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Abstract: In soccer, blood flow restriction (BFR) is used to optimise between-match recovery. However,
the benefits are unclear. This study evaluated the effects of BFR as a recovery strategy after a
competition on countermovement jump (CMJ) height, rating of perceived exertion (RPE) and the
wellness of soccer players. Forty national-level soccer players were allocated into two conditions:
BFR (an active recovery session wearing a BFR device, 24 h after a competition) or NoBFR (the
same recovery without BFR). CMJ, RPE and wellness were evaluated the day (CMJ and RPE) or
the morning (wellness) before the competition; just after the competition (CMJ and RPE); and 24,
48 (wellness) and 72 h later. After 4 weeks, the players changed conditions. All players showed
impaired CMJ (p = 0.013), RPE (p < 0.001) and wellness (p < 0.001) after the match compared with
the baseline. The CMJ returned to the baseline 24 h later and wellness returned 48 h later. Only in
the BFR condition did the RPE remain impaired 24 h after the match, which was also the moment
after finishing the BFR recovery session (p < 0.001). BFR during active recovery does not provide any
additional benefits compared with traditional exercise modalities to recover CMJ, RPE and wellness
in youth national-level soccer players. BFR could even induce an immediate higher RPE.

Keywords: blood flow restriction therapy; athletic performance; soccer; fatigue; recovery; wellness

1. Introduction

In elite soccer, the players must play up to three competitive matches per week
in European leagues due to social demands and soccer monetisation [1]. Because the
recovery time is becoming shorter and shorter, optimising recovery is crucial to maintain
optimal performance [1,2] and to prevent additional injuries [3,4]. Consequently, sports
professionals implement active post-match strategies to accelerate the recovery process
in terms of psychological and physical parameters [4]. Jogging, submaximal sprints and
small-sided games (SSGs) are frequently considered for active recovery in a tactical soccer
periodization schema [5,6].

Recently, adding blood flow restriction (BFR) to the aforementioned recovery rou-
tines has become popular among professional soccer teams and for other team sports [7].
It consists of applying adjustable cuffs to the limb to be trained and through a sphyg-
momanometer, controlling the blood pressure [8]. This technique has traditionally been
combined with resistance training at a low or moderate intensity [9] to accelerate the in-
jury rehabilitation procedure. This application is often justified due to the effects of this
technique to optimise the supply of oxygen (O2) and nutrients, and to remove metabolic by-
products from active muscles [10]. This same explanation has motivated sports professional
to include it as part of the recovery strategy between competitive matches [7].

It seems that, combined with aerobic exercises, BFR could be an alternative to tradi-
tional passive therapies such as cryotherapy, massage or pressotherapy [11]. The potential
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regenerative character of this technique is based on its effects on vasodilatation and the
O2 supply to induce faster restoration of the stretch-shortening cycle (SSC) [12]. Ischemic
preconditioning (IPC) or post-exercise ischemic conditioning (PEIC) consisting of short rest
periods of intermittent vascular occlusion of the lower limbs has been proved to benefit
performance recovery. The schema frequently used by other authors is based on two to five
sets × 2–5 min separated by 5 min of reperfusion with a pressure of 50 or 220 mmHg. [7].
Daab et al. [13] suggested that applying PEIC using a schema of 3 × 5 min separated by
5 min of reperfusion at 50 mmHg of the systolic blood pressure (SAP) after a simulated
soccer match could contribute to the faster recovery of neuromuscular functions by decreas-
ing muscle soreness and muscle damage in semi-professional soccer players. Similarly,
Patterson et al. [14] showed the benefits of IPC prior to exercise-induced muscle damage
(EIMD) regarding the recovery time of the maximum involuntary contraction (MIVC) in
healthy males. On the contrary, Gibson et al. [15] indicated that the IPC protocol did not
benefit the sprint performance of team sports players. The possible mechanisms associated
with IPC or PEIC may be increased blood flow [16], reduced oxidant production [17],
higher adenosine levels [18] and decreased inflammatory responses [19]. However, there is
not a standardised IPC or PEIC methodology and a simulated match may not require the
same physical and psychological demands as a real competitive match. To our knowledge,
there are no studies that have applied BFR during active recovery as a post-competition
strategy in soccer players. Therefore, studies need to confirm these potential regenerative
effects to determine whether the practical applications after a competitive soccer match can
avoid muscle soreness and fatigue. The purpose of this study is to evaluate the effects of
BFR as strategy to recover jumping ability, subjective fatigue and wellness perception in
youth male national-level soccer players after a competitive soccer match. We hypothesise
that active recovery including BFR decreases the time to recover for the aforementioned
variables compared with the same recovery strategy without BFR.

2. Materials and Methods
2.1. Design

A crossover randomised controlled trial with two conditions was designed: BFR and
NoBFR. For the BFR condition, the participants wore the BFR device during an active
recovery session 24 h after a competitive soccer match. For the NoBFR condition, the
participants carried out the same recovery session but without BFR. To ensure a similar
physical and psychological status among the players, only those who played 50 min or more
in the previous competitive match were included. The following variables were assessed in
all soccer players before and after the competitive match: the maximal vertical jump ability
based on countermovement jump (CMJ), subjective fatigue by rating perceived exhaustion
and wellness perception assessed with the Wellness Questionnaire (WQ). Four weeks later,
the players repeated the entire process with the other condition (Figure 1). The players
were randomly assigned to the BFR or NoBFR condition to establish the intervention order.
For randomisation, the web-based randomizer.org program was used. The competitive
soccer matches were previously selected to ensure four weeks between both conditions, but
also considering a similar level in the opponent soccer team. In all cases, the competitive
soccer match ended in a tie. Testing, the competitive soccer match and the recovery sessions
were completed in the sport facilities of the soccer teams. This study took place during the
2021–2022 soccer season of Youth League and Honour Spanish Division teams.
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Figure 1. Study design. CMJ = Countermovement jump; RPE = rated of perceived exertion. 
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Figure 1. Study design. CMJ = Countermovement jump; RPE = rated of perceived exertion.

2.2. Participants

The sample size was calculated with G*power version 3.1.9. Considering an alpha
level of 0.05, a beta risk of <0.2 in a bilateral contrast and 10% as the possible subject
loss, a minimum of 30 participants were required to identify a statistically significant
difference (p < 0.05, power level of 0.8) for vertical jump as the primary outcome variable.
The inclusion criteria included: participants who belong to a soccer team from the Spanish
Youth Soccer League (Youth League and Honour Spanish Division), at least 5 years of
soccer experience and no previous experience with wearing a BFR device during exercise.
Furthermore, the players had to be included in the starting line-up for the match during the
intervention period. The exclusion criterion was the presence of injuries within 3 months.
In addition, goalkeepers were excluded because their fatigue was not comparable to the
rest of the player positions (defenders, midfielders and forwards). All regional soccer teams
that participated in the Spanish Youth Soccer League (n = 6) were contacted by mail by the
research staff. Only three soccer teams agreed to participate in the study. Thus, 40 youth
male national-level soccer players (age: 17.06 ± 0.77 years; body mass: 70.16 ± 6.96 kg;
height: 1.77 ± 0.06 m; body mass index: 22.20 ± 1.93 kg/m2; minutes played during match:
79.85 ± 14.06 min) voluntarily participated in the study. During the study period, the
players regularly performed five weekly soccer training sessions with their team. The
weekly programme was similar for all players and consisted of a tactical periodization
model for soccer, with one official match per week [6]. The study was conducted according
to the Declaration of Helsinki. All participants received detailed information about the
study and signed the informed consent form. For underage athletes, a parent or legal
guardian also signed the informed consent form.

2.3. Testing

Before the start of the study, all players completed a questionnaire to gather informa-
tion about sociodemographic and medical characteristics (age, years of experience in soccer
and previous injuries). Height and body mass data were collected for all players using a
portable height rod Seca® 213 (Hamburg, Germany) and a Tanita BC-731 scale (Dongguan,
China), respectively. All evaluations were completed at a similar time (3:30–4:30 p.m.),
with similar climatological conditions. Prior to testing, players received instructions to
abstain from strenuous activity outside of the proposed training or competition during the
intervention period (from 24 h before testing to 72 h after the match) and were encouraged
to maintain their normal dietary and fluid intake habits during the study. The testing
sessions were always carried out under the supervision of the fitness coach, who was
blinded to the participants’ group assignments.
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2.3.1. Countermovement Jump (CMJ) Test

The CMJ test was developed to evaluate neuromuscular function. All soccer players
started in an upright position with their hands contacting their hips before executing a
quick flexion–extension movement of the legs and a maximum vertical jump. Three non-
consecutive jumps were performed, with 45 s of rest between the trials [20]. The participants
were instructed with the command ‘3, 2, 1, Jump’. Moreover, verbal encouragement was
provided to ensure maximal effort in each jump. A force platform (ForceDecks FDLite-7735,
Vald Performance, Brisbane, Australia) was used to obtain the average jump height (cm), in
line with a previous study [21]. We selected jump height, one of the most important metrics
supported by the literature, due to the complex study protocol and the close measurement
times and to avoid extending the evaluation time [22]. Measurements were taken as follows:
24 h before the competitive soccer match (Pre24h), just after the competitive soccer match
(PostMatch), 24 h after the competitive soccer match (and just after the active recovery
session) (Post24h) and 72 h after the competitive soccer match (Post72h). Because the
weekly programme established a rest day 48 h after the competitive soccer match, CMJ
was not evaluated at this time. To ensure the correct execution of the test, all soccer players
performed a standardised warm-up consisting of 5 min of jogging on a treadmill (Salter
Terra PT1750, Barcelona, Spain) at 9 km/hour, 5 min of active mobility, 5 min of running
exercises similar to FIFA11+ [23] and progressive CMJ. On match day (MD), a warm-up
was not needed because CMJ was assessed just after the competitive soccer match [24].
We used a sampling rate of 1000 Hz to detect the beginning and the end of the movement
at a 30 N deviation from the starting body weight. We employed ForceDecks software
(Vald Performance, Brisbane, Australia) to analyse the data and the force–time curve to
determine the CMJ height derived from the flight time [25].

2.3.2. Rating of Perceived Exertion (RPE)

RPE was evaluated using the modified Borg Scale (from 0 points [no fatigue at all]
to 10 points [maximal fatigue]) [26]. It was completed 30 min after the end of the training
sessions or competitive soccer match [27] as follows: Pre24h, PostMatch, Post24h and
Post72h [28]. Because the players had a rest day 48 h after the competitive soccer match
(Post48h), RPE was not evaluated at that time. A comparable training load was ensured
by evaluating the RPE and multiplied by the duration of the training session according to
other studies [29]. Additionally, the external load was measured using GPS data (distance
covered in metres) collected with a device that the players wore during the match and
training sessions.

2.3.3. Wellness Questionnaire (WQ)

The WQ comprised five items: fatigue, sleep quality, general muscle soreness, stress
level and mood. Each item was evaluated according to a 5-point scale (from 1 point
[worst status] to 5 points [best status]) [30]. The sum of the scores from the five items was
the Hooper index, which was used to measure stimulus-induced fatigue in each player
(with 25 points as the best well-being status) [31]. The participants always completed the
questionnaire in the morning, 2 h before beginning the training session or competitive
soccer match, as follows: on MD, Post24h, Post48h and Post72h, similarly to previous
studies [32,33].

2.4. Interventions

Two weeks before the start of the study, all players completed a familiarisation process
consisting of one session wearing the BFR device during active recovery using the specific
interventions explained below.
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2.4.1. BFR Active Recovery Session (BFR Condition)

The participants completed a recovery session while wearing the BFR device 24 h
after the competitive soccer match. The participants wore an Occlusion Cuff® (Belfast,
United Kingdom) with a wrap size (7 × 82 cm in length) that restricted the blood flow
with a mechanical manometer. The cuffs were placed below the gluteal line in both legs
and inflated at the same time. The upright position was used to set the blood pressure
to ~60% of the limb occlusion pressure (LOP) [34]. The arterial blood flow occlusion was
determined using the following formula for the lower limb:

Lower limb arterial occlusion (mmHg) = 5.893 × (thigh circum f erence) + 0.734 ×
(diastolic blood pressure) + 0.912 × (systolic blood pressure) − 220.046

Between drills, the elastic wraps were deflated for 90 s [35]. The recovery session
consisted of a warm-up with running (5 min), six sprints from one box to the other box of
the field at 60–70% of a maximum repetition measured during the preseason (jogging from
the box to the middle and walking to the other box) and an interval drill in the form of
rounds with the ball, nine versus two players (three sets of 5 min, with 90 s of rest between
each set). Figure S1 shows an example of these exercises. Prior to the recovery session, an
activation part was executed following the recommendations of FIFA11+ [23].

2.4.2. No-BFR Active Recovery Session (NoBFR Condition)

The participants completed the same recovery session as the BFR condition, but they
did not wear the BFR device.

2.5. Statistical Analyses

Descriptive data were presented as the mean ± standard deviation (SD). The normality
of the data was checked using the Shapiro–Wilk test. Repeated measured analysis of
variance (ANOVA) was used to explore within- and between-group differences for CMJ,
RPE and the WQ items. The assumption of sphericity was checked using Mauchly’s test.
When the assumption of sphericity was not met, Greenhaus–Geisser adjusted values and
the degrees of freedom test were used. In the case of a significant F-test, the Bonferroni
test for multiple comparisons was applied. To determine the magnitude of between-
group differences, the 95% confidence interval (CI) and the calculated effect size (ES) were
determined using Cohen’s d, interpreted as small (d ≤ 0.2), moderate (0.2 < d ≤ 0.8) or
large (d > 0.8). SPSS Statistics version 21.0 (IBM Corp., Armonk, NY, USA) was used for all
statistical analyses. Statistical significance was set at p < 0.05.

3. Results

The RPE, CMJ and WQ results are shown in Table 1 for the BFR and NoBFR conditions.
There were no significant between-group differences before and after the competitive
soccer match, except for RPE at Post24h. The repeated measures ANOVA did not show
a significant group effect or a group-by-time interaction, except for RPE, which showed
a significant group-by-time interaction (F = 3.695, p = 0.018). There were significant time
effects for all of the variables.

Concerning the RPE, the perceived exhaustion increased in all players at PostMatch
(p < 0.001). These values decreased at Post24h (p < 0.001), but were significantly higher for
the BFR group compared with the NoBFR group (p = 0.002). The RPE increased at Post72h
for both conditions (NoBFR p < 0.001; BFR p = 0.005), but this increase was greater for the
NoBFR group (p = 0.026) (Figure 2).
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Table 1. Countermovement jump (CMJ), rate of perceived exertion (RPE) and the Wellness Question-
naire for both conditions at baseline and all follow-up time points.

BFR NoBFR Between-Group Differences
Mean (SD) Mean (SD) Mean (95% CI) ES (d)

CMJ (cm)
Pre24h 35.39 (3.62) 35.27 (3.06) 0.13 (−1.21–1.62) NS
PostMatch 34.31 (4.01) 34.45 (4.10) 0.14 (−1.66–1.80) NS
Post24h 34.81 (4.15) 34.81 (3.40) 0.01 (−1.70–1.71) NS
Post72h 36.03 (4.29) 36.33 (3.30) 0.30 (−1.38–1.96) NS
RPE (0–10 scale)
Pre24h 2.40 (1.00) 2.69 (1.28) 0.29 (−0.20–0.80) NS
PostMatch 7.87 (2.04) 7.41 (2.11) 0.46 (−0.40–1.36) NS
Post24h 4.20 (2.11) 2.76 (1.73) 1.43 (0.56–2.30) ** 0.8
Post72h 5.90 (2.1) 5.90 (1.8) 0.05 (−0.85–0.94) NS
Hooper index (5–25 points)
MatchDay 21.30 (3.08) 21.05 (2.87) 0.25 (−1.12–1.56) NS
Post24h 18.15 (2.76) 18.56 (2.88) 0.41 (−0.85–1.60) NS
Post48h 20.05 (2.65) 20.33 (2.65) 0.28 (−0.91–1.49) NS
Post72h 21.00 (2.77) 21.10 (2.86) 0.10 (−1.11–1.23) NS

BFR, blood flow restriction; CI, confidence interval; CMJ, countermovement jump; ES, effect size; NoBFR, control
group; NS, not significant; SD, standard deviation. ** p < 0.01.
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Regarding the CMJ, all players, regardless of the group, showed a decreased jump
ability at PostMatch (p = 0.014). Although the values remained low at Post24h, there were
no significant differences compared with the baseline (p > 0.05). At Post72h, all players
increased their jump ability compared with PostMatch (NoBFR p = 0.001, BFR p = 0.003)
and compared with Post24h (NoBFR p < 0.001, BFR p = 0.015) (Figure 2).

Regarding the WQ, the Hooper index significantly decreased at Post24h for both
conditions (p < 0.001). Although this score improved at Post48h, the values remained lower
than those observed prior to the match (p = 0.010). At Post72h, the values were similar to the
baseline (p > 0.05). Regarding the WQ sub-items, there were no significant between-group
differences (p > 0.05), but there were time effects for fatigue, sleep and muscle soreness. All
players, regardless of the conditions, showed decreased values in these three sub-items at
Post24h compared with the baseline (fatigue p < 0.001; sleep p < 0.001; muscle soreness
p < 0.001). In the case of fatigue, the values were also lower at Post48h compared with
those observed prior to the match (p = 0.015), but were similar to the baseline at Post72h
(p > 0.05) (Figure 2). The sub-item data are presented in Table S1.

4. Discussion

The main finding of this study was that wearing a BFR device during an active
recovery session 24 h after a competitive soccer match did not provide beneficial effects
to recover jumping ability or perceived wellness. Only players who wore the BFR device
had increased perceived exhaustion immediately after the recovery session. For the other
variables, the fluctuations were similar for both conditions from 24 h before the competitive
soccer match up to 72 h after the match.

To the best of the knowledge of the authors, researchers have not evaluated the method-
ology used in this research. Hence, it is difficult to compare our data to the literature. The
previous studies that investigated BFR in endurance athletes either cyclically (i.e., during
repeated sprint ability exercises, during lower intensity intervals, etc.) or continuously
(i.e., during strength training) reported physiological responses of fatigue and performance
in different populations [12]. Although Held et al., who evaluated the effects of rowing
at a low intensity with BFR for 5 weeks, observed increased VO2max (maximal oxygen
consumption) in elite rowers [36], most of the studies have not reported benefits in terms
of performance or fatigue recovery when BFR is used. These studies suggest that the
mechanical stress, contractile capacity or protection of cerebral function as key factors
that could condition the beneficial effects [7,37]. Mechanical stress has been related to a
higher heart rate and ventilation during aerobic exercise with BFR [38]. Contractile capacity
is affected by BFR due to venous distension and metabolic accumulation, increasing the
nociceptive group IV muscle afferents [39]. The protection of cerebral function under BFR
could be linked to the spinal motoneurons reducing muscle activation and provoking
central fatigue [40].

As other authors have suggested, the pain induced while wearing a BFR device could
be detrimental to the motivation of the players to continue exercising [41]. Our results were
in line with this explanation: we observed a temporal detrimental effect from wearing the
BFR device on perceived exhaustion. In agreement, Williams et al. [42] applied intermittent
lower limb occlusion with PEIC (2 × 3 min at 176–266 mmHg) and reported no positive
effects compared with the sham group (2 × 3 min at 50 mmHg) on CMJ height after
sprinting in academy rugby players at 24 h. The authors suggested that the training status
could be an additional reason mediating the efficacy of vascular occlusion on physical
performance [42]. Although an immediate increase in RPE when players wore the BFR
device was observed, this negative affect did not occur for the other variables at the
subsequent time points. It is important to note that because the rest day was established
48 h after the competitive soccer match, we could not assess RPE or CMJ 24 h after the
recovery session.

Another result to highlight was the perceived exhaustion at Post72h, regardless of
the recovery session that the players completed. At this time, the perceived exhaustion
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increased to ~6 points, which was a midpoint between ‘heavy’ and ‘very heavy’. This result
was expected because the RPE was always evaluated 30 min after the training session.
Moreover, the high RPE values were common on that day due to the progressive increment
and distribution of the load during the week. The results of the present study agreed
with those reported by other researchers who evaluated professional soccer players with
a similar periodization training method [43]. The potential influence of the timing in the
season when our study was completed should be highlighted, due to the congestion of the
competitive soccer matches.

In the present study, the CMJ height was measured to know the maximal jumping
ability due to its sensitivity, reliability and validity in team sports, as corroborated in a
previous study [21]. The CMJ height was immediately affected due to the competitive soccer
match in all players. After this time, the CMJ height increased to values comparable to 24 h
before the match, a finding that was similar to a previous study [44]. CMJ height is a sensible
value to monitor neuromuscular fatigue after a soccer match [44]. In the present study, the
CMJ height results confirmed that the players reached similar neuromuscular fatigue and
performance following the soccer competition. Thus, all soccer players had a comparable
neuromuscular fatigue status before the recovery session, regardless of the condition they
were submitted to each time. Once the recovery session was completed, with or without
BFR, all soccer players showed similar recovery in the vertical jump. The CMJ performance
presented in the BFR group was consistent with the study by Daab et al. [13] at 72 h after
PEIC (3 × 5 min separated by 5 min of reperfusion at 50 mmHg) in semi-professional soccer
players compared with a placebo group. The values at Post72h were comparable to those
reached 24 h before the soccer competition. Page et al. [45] indicated that PEIC (3 × 5 min
separated by 5 min of reperfusion at 220 mmHg) effectively accelerated vertical jump height
after EIMD in healthy, recreationally active men. In contrast, Northey et al. [46] showed a
decrease in the jumping ability of strength-trained men using PEIC (2 × 3 min separated
by 3 min of reperfusion alternating in each leg at 220 mmHg) 24 h after fatiguing resistance
exercise. There have been controversial effects regarding jump height and neuromuscular
function presented by several authors, a phenomenon that has contributed to the current
inability to clarify the hypothetical associated mechanisms. These possible mechanisms
might attenuate oxidative stress by reducing mitochondrial reactive oxygen species (ROS)
production. This reduction in ROS could prevent oxidative stress in muscle cells [46]. An
increase in nitric oxide could simultaneously decrease ROS, enhancing performance and
reducing muscle damage and neuromuscular fatigue [46]. Moreover, attenuation of the
inflammatory response is linked to downregulation of circulating leucocytes [19].

Regarding the WQ, the Hooper index was immediately impaired after the soccer
competition and remained affected 24 h later. The psychological effect reflected in the
WQ in this study was consistent with the neuromuscular fatigue reflected in the CMJ
height. Nedelec et al. [47] reported a similar finding during a standard soccer training
week. Indeed, according to Silva et al. [48], jump performance was not recovered despite
the fact that sprint ability was recovered at 72 h after a match. These authors also affirmed
that recovery might depend on the individual characteristics of the players, suggesting that
the psychological parameters need more than 72 h to be completely recovered.

When we specifically analysed the five sub-items in the WQ, there were no differences
between the conditions. In all players, muscle soreness, fatigue and sleep quality were
negatively affected the morning after the competitive soccer match, while mood and stress
were unaffected. These results were consistent with those observed by Deely et al. [33]
after a strenuous training session. These authors found that fatigue, muscle soreness and
readiness to train were the most affected perceptual items in academic-level soccer players.
The muscle soreness results did not conform to the theory of reducing muscle pain by
increasing the NOS (nitric oxide synthase) level [49]. Daab et al. [13] reported opposite
results from the present study, and in agreement with the aforementioned theory. They
found lower muscle soreness in soccer players at 24 h after a simulated soccer match.
Subjective fatigue was the sub-item that took the longest to be completely recovered,
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perhaps because of the metabolic accumulation of BFR [39]. Moreover, the strenuous
training session could have induced greater neuromuscular and physical fatigue than the
competitive soccer match considered in the present study [33].

Despite the fact that the competitive soccer match induced similar neuromuscular
fatigue and subjective perception of fatigue for all players, the results did not support the
initial hypothesis for any of the measured variables. It seems that the physiological and
metabolic benefits that make BFR an appropriate method to accelerate injury recovery [50]
do not support it as a tool to accelerate fatigue recovery [7,51]. Because wearing the BFR
device increased perceived exhaustion in the players, other applications of BFR would
need to be explored to adapt pressure and to diminish pain perception during exercise. As
Kilgas et al. [37] observed, a LOP under 60% could avoid causing severe pain perception
while still promoting similar results for muscle function. However, a methodology to ensure
this LOP during the entire training session might not be accessible for all practitioners.

This study had some limitations. First, establishing 50 min as the minimum time
to be included as a participant in this study was a great limitation because these players
would start their recovery earlier than the first substitution after 5 min during the second
half of the game, thus affecting the results presented here. Second, despite blinding the
evaluators, the players could not be blinded to the recovery process due to the nature of
the study design. Third, because we needed to incorporate a washout period between the
intervention with BFR and without BFR, the players carried out the intervention at different
timing in the season. To account for this factor, we randomly assigned the intervention
order for all of the players. Fourth, we could not evaluate the CMJ height and RPE 48 h
after the competitive soccer match because the players had a rest day. Hence, we do not
know the fluctuations in these variables at this time. We only evaluated the WQ on the
rest day. Fifth, because the participants were young male national-level soccer players, our
results could be extrapolated to other sports population. Finally, although the players were
instructed to abstain from strenuous physical exercise and to maintain their dietary habits,
it was difficult to control all of the potential factors influencing perceived wellness 72 h
after the soccer match. We compensated for this issue by using a crossover study design,
but it should be considered in the interpretation of the results

Future studies should clarify whether active recovery methods with less pressure,
load and wearing a more comfortable BFR device could help to recover neuromuscular
fatigue or those parameters related to psychological effects. In addition, these recovery
methodologies need to be assessed in female soccer players.

As practical applications, coaches were advised to not include active recovery sessions
with BFR one day after a match because this approach has not been proved to exert a greater
beneficial effect than active recovery on restoring performance, perceived exertion and
wellness in youth professional soccer players. BFR could be useful if the perceived exertion
needs to be immediately increased as part of competitive or compensatory training or
immediately after the end of a match in order to generate greater metabolic stress. Finally,
the effectiveness of this recovery protocol may be affected by the pressure, the timing in
the season and the fitness level of the players.

5. Conclusions

The use of BFR during active recovery sessions, starting 24 h after competition, pro-
duced comparable effects to the same active recovery without BFR regarding jump ability,
perceived exertion and wellness in youth male national-level soccer players. We empha-
sise that the use of BFR during active recovery did not show additional beneficial effects
on the recovery status. In addition, BFR could induce greater immediate perceived ex-
ertion, although it would be recovered for the following training session carried out at
72 h post-match.
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17. Aktaş, E.; Atay, Ç.; Deveci, M.A.; Arikan, M.; Toğral, G.; Yildirim, A. Impact of oxidative stress on early postoperative knee
function and muscle injury biochemical markers: Is it possible to create an ischemic preconditioning effect in sequential ischemic
surgical procedures? Acta Orthop. Traumatol. Turc. 2015, 49, 387–393. [CrossRef]

18. Liu, G.S.; Richards, S.C.; Olsson, R.A.; Mullane, K.; Walsh, R.S.; Downey, J.M. Evidence that the adenosine A3 receptor may
mediate the protection afforded by preconditioning in the isolated rabbit heart. Cardiovasc. Res. 1994, 28, 1057–1061. [CrossRef]

19. Konstantinov, I.E.; Arab, S.; Kharbanda, R.K.; Li, J.; Cheung, M.M.H.; Cherepanov, V.; Downey, G.P.; Liu, P.P.; Cuker-
man, E.; Coles, J.G.; et al. The remote ischemic preconditioning stimulus modifies inflammatory gene expression in humans.
Physiol. Genom. 2004, 19, 143–150. [CrossRef]

20. Fernandez-Fernandez, J.; Sanz, D.; Sarabia, J.M.; Moya, M. The effects of sport-specific drills training or high-intensity interval
training in young tennis players. Int. J. Sport. Physiol. Perform. 2017, 12, 90–98. [CrossRef]

21. Alba-Jiménez, C.; Moreno-Doutres, D.; Peña, J. Trends Assessing Neuromuscular Fatigue in Team Sports: A Narrative Review.
Sports 2022, 10, 33. [CrossRef] [PubMed]

22. Bishop, C.; Turner, A.; Jordan, M.; Harry, J.; Loturco, I.; Lake, J.; Comfort, P. A Framework to Guide Practitioners for Selecting
Metrics during the Countermovement and Drop Jump Tests. Strength Cond. J. 2022, 44, 95–103. [CrossRef]

23. Nuhu, A.; Jelsma, J.; Dunleavy, K.; Burgess, T. Effect of the FIFA 11+ soccer specific warm up programme on the incidence of
injuries: A cluster-randomised controlled trial. PLoS ONE 2021, 16, e0251839. [CrossRef] [PubMed]

24. Anagnost, N.G.; Lates, A.; Taber, C. Validity of a Wireless Inertia Measurement Device in Quantifying Performance in Vertical
Jumping Tests. In Proceedings of the 13th Annual Coaching and Sport Science College Conference, East Tennessee State University,
Johnson City, TN; 2018. Available online: https://www.sportscienceed.com/2018-archive.html (accessed on 12 September 2022).

25. Merrigan, J.J.; Stone, J.D.; Hornsby, W.G.; Hagen, J.A. Identifying Reliable and Relatable Force–Time Metrics in
Athletes—Considerations for the Isometric Mid-Thigh Pull and Countermovement Jump. Sports 2021, 9, 4. [CrossRef]

26. Ritchie, C. Rating of Perceived Exertion (RPE). J. Physiother. 2012, 58, 62. [CrossRef]
27. Impellizzeri, F.M.; Rampinini, E.; Coutts, A.J.; Sassi, A.; Marcora, S.M. Use of RPE-based training load in soccer.

Med. Sci. Sport. Exerc. 2004, 36, 1042–1047. [CrossRef]
28. Mcguigan, M.R.; Foster, C. A New Approach to Monitoring Resistance Training. Natl. Strength Cond. Assoc. 2004, 26, 42–47.

[CrossRef]
29. Fessi, M.S.; Nouira, S.; Dellal, A.; Owen, A.; Elloumi, M.; Moalla, W. Changes of the psychophysical state and feeling of wellness

of professional soccer players during pre-season and in-season periods. Res. Sport. Med. 2016, 24, 375–386. [CrossRef]
30. Mclean, B.D.; Coutts, A.J.; Kelly, V.; Mcguigan, M.R.; Cormack, S.J. Neuromuscular, Endocrine, and Perceptual Fatigue Responses

During Different Length Between-Match Microcycles in Professional Rugby League Players. Int. J. Sport. Physiol. Perform. 2010,
5, 367–383. [CrossRef]

31. Hooper, S.L.; Mackinnon, L.T. Monitoring overtraining in athletes. Recommendations. Sport. Med. 1995, 20, 321–327. [CrossRef]
32. Campos Vázquez, M.Á.; Toscano Bendala, F.J. Monitorización de la carga de entrenamiento, la condición física, la fatiga y el

rendimiento durante el microciclo competitivo en fútbol. Rev. Prep. Física Fútbol 2014, 12, 23–36.
33. Deely, C.; Tallent, J.; Bennett, R.; Woodhead, A.; Goodall, S.; Thomas, K.; Howatson, G. Etiology and Recovery of Neuromuscular

Function Following Academy Soccer Training. Front. Physiol. 2022, 13, 1170. [CrossRef] [PubMed]
34. Loenneke, J.P.; Allen, K.M.; Mouser, J.G.; Thiebaud, R.S.; Kim, D.; Abe, T.; Bemben, M.G. Blood flow restriction in the upper and

lower limbs is predicted by limb circumference and systolic blood pressure. Eur. J. Appl. Physiol. 2015, 115, 397–405. [CrossRef]
[PubMed]

35. Kakhak, S.A.H.; Kianigul, M.; Haghighi, A.-H.; Nooghabi, M.J.; Scott, B.R. Performing Soccer-Specific Training with Blood Flow
Restriction Enhances Physical Capacities in Youth Soccer Players. J. Strength Cond. Res. 2022, 36, 1972–1977. [CrossRef]

36. Held, S.; Behringer, M.; Donath, L. Low intensity rowing with blood flow restriction over 5 weeks increases VO2max in elite
rowers: A randomized controlled trial. J. Sci. Med. Sport 2020, 23, 304–308. [CrossRef]

37. Kilgas, M.A.; Yoon, T.; McDaniel, J.; Phillips, K.C.; Elmer, S.J. Physiological Responses to Acute Cycling With Blood Flow
Restriction. Front. Physiol. 2022, 13, 409. [CrossRef]

38. Loenneke, J.P.; Thrower, A.D.; Balapur, A.; Barnes, J.T.; Pujol, T.J. The energy requirement of walking with restricted blood flow.
Sport Sci. 2011, 4, 7–11.

39. Jankowski, M.P.; Rau, K.K.; Ekmann, K.M.; Anderson, C.E.; Koerber, H.R. Comprehensive phenotyping of group III and IV
muscle afferents in mouse. J. Neurophysiol. 2013, 109, 2374. [CrossRef]

40. Willis, S.J.; Alvarez, L.; Borrani, F.; Millet, G.P. Oxygenation time course and neuromuscular fatigue during repeated cycling
sprints with bilateral blood flow restriction. Physiol. Rep. 2018, 6, e13872. [CrossRef]

41. Clarkson, M.J.; May, A.K.; Warmington, S.A. Is there rationale for the cuff pressures prescribed for blood flow restriction exercise?
A systematic review. Scand. J. Med. Sci. Sport. 2020, 30, 1318–1336. [CrossRef]

42. Williams, N.; Russell, M.; Cook, C.J.; Kilduff, L.P. The effect of lower limb occlusion on recovery following sprint exercise in
academy rugby players. J. Sci. Med. Sport 2018, 21, 1095–1099. [CrossRef]

43. Marynowicz, J.; Kikut, K.; Lango, M.; Horna, D.; Andrzejewski, M. Relationship between the session-RPE and external measures
of training load in youth soccer training. J. Strength Cond. Res. 2020, 34, 2800–2804. [CrossRef]

https://doi.org/10.3944/AOTT.2015.14.0352
https://doi.org/10.1093/cvr/28.7.1057
https://doi.org/10.1152/physiolgenomics.00046.2004
https://doi.org/10.1123/ijspp.2015-0684
https://doi.org/10.3390/sports10030033
https://www.ncbi.nlm.nih.gov/pubmed/35324642
https://doi.org/10.1519/SSC.0000000000000677
https://doi.org/10.1371/journal.pone.0251839
https://www.ncbi.nlm.nih.gov/pubmed/34029321
https://www.sportscienceed.com/2018-archive.html
https://doi.org/10.3390/sports9010004
https://doi.org/10.1016/S1836-9553(12)70078-4
https://doi.org/10.1249/01.MSS.0000128199.23901.2F
https://doi.org/10.1519/00126548-200412000-00008
https://doi.org/10.1080/15438627.2016.1222278
https://doi.org/10.1123/ijspp.5.3.367
https://doi.org/10.2165/00007256-199520050-00003
https://doi.org/10.3389/fphys.2022.911009
https://www.ncbi.nlm.nih.gov/pubmed/35770192
https://doi.org/10.1007/s00421-014-3030-7
https://www.ncbi.nlm.nih.gov/pubmed/25338316
https://doi.org/10.1519/JSC.0000000000003737
https://doi.org/10.1016/j.jsams.2019.10.002
https://doi.org/10.3389/fphys.2022.800155
https://doi.org/10.1152/jn.01067.2012
https://doi.org/10.14814/phy2.13872
https://doi.org/10.1111/sms.13676
https://doi.org/10.1016/j.jsams.2018.02.012
https://doi.org/10.1519/JSC.0000000000003785


Sports 2023, 11, 99 12 of 12

44. Fekri-Kurabbaslou, V.; Shams, S.; Amani-Shalamzari, S. Effect of different recovery modes during resistance training with blood
flow restriction on hormonal levels and performance in young men: A randomized controlled trial. BMC Sports Sci. Med. Rehabil.
2022, 14, 47. [CrossRef]

45. Page, W.; Swan, R.; Patterson, S.D. The effect of intermittent lower limb occlusion on recovery following exercise-induced muscle
damage: A randomized controlled trial. J. Sci. Med. Sport 2017, 20, 729–733. [CrossRef]

46. Northey, J.M.; Rattray, B.; Argus, C.K.; Etxebarria, N.; Driller, M.W. Vascular Occlusion and Sequential Compression for Recovery
after Resistance Exercise. J. Strength Cond. Res. 2016, 30, 533–539. [CrossRef]

47. Nedelec, M.; McCall, A.; Carling, C.; Legall, F.; Berthoin, S.; Dupont, G. The influence of soccer playing actions on the recovery
kinetics after a soccer match. J. Strength Cond. Res. 2014, 28, 1517–1523. [CrossRef]

48. Souza-Silva, E.; Christensen, S.W.; Hirata, R.P.; Larsen, R.G.; Graven-Nielsen, T. Blood flow after contraction and cuff occlusion is
reduced in subjects with muscle soreness after eccentric exercise. Scand. J. Med. Sci. Sport. 2018, 28, 29–39. [CrossRef]

49. Alderton, W.K.; Cooper, C.E.; Knowles, R.G. Nitric oxide synthases: Structure, function and inhibition. Biochem. J. 2001, 357, 593.
[CrossRef] [PubMed]

50. Hughes, L.; Paton, B.; Rosenblatt, B.; Gissane, C.; Patterson, S.D. Blood flow restriction training in clinical musculoskeletal
rehabilitation: A systematic review and meta-analysis. Br. J. Sport. Med. 2017, 51, 1003–1011. [CrossRef] [PubMed]

51. Tanaka, T.; Kubota, A.; Nozu, S.; Ozaki, H.; Kishimoto, K.; Nishio, H.; Takazawa, Y. Effect of low-intensity exercise with blood
flow restriction during rest intervals on muscle function and perception. Clin. Physiol. Funct. Imaging 2022, 42, 348–355. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13102-022-00442-0
https://doi.org/10.1016/j.jsams.2016.11.015
https://doi.org/10.1519/JSC.0000000000001080
https://doi.org/10.1519/JSC.0000000000000293
https://doi.org/10.1111/sms.12905
https://doi.org/10.1042/bj3570593
https://www.ncbi.nlm.nih.gov/pubmed/11463332
https://doi.org/10.1136/bjsports-2016-097071
https://www.ncbi.nlm.nih.gov/pubmed/28259850
https://doi.org/10.1111/cpf.12775

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Testing 
	Countermovement Jump (CMJ) Test 
	Rating of Perceived Exertion (RPE) 
	Wellness Questionnaire (WQ) 

	Interventions 
	BFR Active Recovery Session (BFR Condition) 
	No-BFR Active Recovery Session (NoBFR Condition) 

	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

