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 Background: Basketball is a sport with a global impact and recognized major leagues, and is one of the most studied and 
analyzed sports for improvement at the level of the high-performance athlete. Increasing the jump height of 
basketball players is an essential factor for high athletic performance.

 Material/Methods: This study aimed to identify the effect of low-intensity training with flow restriction versus the eccentric ex-
ercise protocol on amateur athletes. Eighteen amateur basketball players aged 16-45 years were divided into 
2 groups: Group A consisted of 9 participants with low-intensity training with flow restriction (40% intensity) 
with 200 mmHg occlusion applying flow restriction bands in the popliteal area, while Group B consisted of 9 
participants who performed an eccentric exercises protocol on the gastrocnemius. An anthropometric evalua-
tion was applied, which consisted of perception of effort, range of movement (ROM), muscle strength intensi-
ty, and the power of the jump measured with a jump platform.

 Results: Notable changes were observed in favor of Group A for the right dorsiflexion, with mean difference (MD)=-2.444 
(P=0.018); left dorsiflexion with MD=-2.778 (P=0.027) and left foot perimeter variable with MD=-0.667 (P=0.026) 
at 95% confidence interval (CI); while the vertical jump was in favor of Group B, with MD=-2.899 (P=0.006).

 Conclusions: Low-intensity training with flow restriction and eccentric exercise protocol were both effective in improving 
jumping performance. A significant improvement was shown in the jump height and ROM of the 2 study groups.
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Introduction

Basketball was created by James Naismith in 1891 and be-
came part of the Olympics in 1936 [1].

Basketball is a sport with a global impact and recognized major 
leagues, and is one of the most studied and analyzed sports for 
improvement at the level of the high-performance athlete [2].

Performance in basketball is characterized by having differ-
ent changes of intensities and directions in the runs and fakes 
during training or in a game [3]. In addition, several game ac-
tions are carried out: throwing for 2 or 3 points, filtering to-
wards the basket during attack, and defensively preventing 
the opposing team from scoring [4].

There is usually a stopper, which prevents the attacker from 
making a basket. All these actions are executed with the jump, 
leading us to think that the jump is an unbalancing action in 
the performance of the game [5]. For this reason, increasing 
jump height in basketball players is an essential factor for high 
athletic performance [6]. Several studies have tried to deter-
mine what type of training increases the power of the jump, 
concerning the set of lower limbs (MMII), by performing the 
jump a muscular synergy of the entire MMII is needed [3].

The vertical jump is a multi-joint and ballistic movement in 
which a maximum explosive force is used, depending on the 
speed, strength, and agility of the athlete [5].

Restriction of blood flow is an important method in jump train-
ing, which consists of positioning athletes in a sitting position 
on their heels, presenting swelling in the distal area of the 
lower limbs due to a maintained posture [7-9]. It is based on 
partial flow restriction with tourniquets in the muscular area 
and working with low-intensity load training. The parameters 
that must be taken into account are: a) the dimension of the 
occlusion sleeve, b) the pressure of the flow restriction, c) the 
location of the device, d) occlusion time, e) the type of train-
ing, f) and the intensity of training [10].

Regarding the physiological components of flow restriction, it 
is important to note that the physiological changes that oc-
cur with flow restriction combined with low-intensity train-
ing which consists in 30-40% of one-repetition maximum test 
(1RM) are the same as for high-intensity training with 75% 
of the 1RM [11].

Low-intensity blood flow restriction (BFR) training can achieve 
greater increase in muscle capacity compared to high-intensi-
ty training [12,13]. During high-intensity training, the mechan-
ical tension serves as primary driver of muscle hypertrophy, 

but the mechanism underlying low-intensity BFR the muscle 
growth is not well understood [14,15].

Some of the mechanisms involved in the hypertrophic response 
from low-intensity BFR training include an accumulation of 
metabolites, cell swelling, increased motor unit recruitment, 
reactive hyperemia, and reduced protein breakdown [16-18].

The processes behind muscle growth might enhance hypertro-
phy during low-intensity BFR training when mechanical ten-
sion is lacking. Some studies have demonstrated that low-in-
tensity BFR training is a safe and effective way to increase 
muscle size and strength in elderly people and in people with 
myositis [19,20].

There are many publications on various factors that are al-
tered, such as metabolic stress and mechanical tension, which 
are responsible for muscle hypertrophy generating changes at 
the cellular level [21]. In addition, markers that cause muscle 
growth are associated with increased recruitment of fast-twitch 
fibers that help increase muscle strength [11,22]. However, 
not all the effects produced by flow restriction at the physi-
ological level are known. Eccentric exercises on the gastroc-
nemius muscles also have an important role in training ath-
lete to jump. These exercises generate muscle contraction at 
the physiological level of muscle elongation. During exercise, 
a slowing of movement can occur, involving both concentric 
and eccentric contraction phases, which activates type 2 mus-
cle fibers, leading to increased strength [22-24].

The position of the patient is in a monopodal support with the 
knee in extension, supporting all the body weight on the fore-
foot with the ankle in plantar flexion. Another treatment has 
the same position of the patient with a change at the level of 
the knee, since a slight flexion must be performed in this way 
working at the level of the soleus muscle [23]. Based on sci-
entific data and the importance of the 2 different jump train-
ing protocols, this study aimed to compare adaptations in the 
gastrocnemius muscle from exercise programs with and with-
out low-intensity blood flow restriction banding in 18 male am-
ateur basketball players aged 16-45 years.

Material and Methods

Ethics Statement, Study Design, and Participants

This study adhered to the Declaration of Helsinki and was ap-
proved by the Ethics Committee of the Catholic University of 
Murcia “San Antonio” with protocol No. CE012206. All partic-
ipants were informed about the trial, and the screening be-
gan after consent forms were signed.
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This was a double-blind, randomized controlled trial focused on 
the effectiveness or differences between the eccentric exercise 
protocol and low-intensity flow-restricted training. The CONSORT 
2016 guideline for randomized clinical trials was used [25].

The individuals who participated in the trial were selected from 
Basket Club Molina from the Junior and Senior categories in 
Molina de Segura, Murcia, Spain. To be eligible, participants 
had to be basketball players aged 16-45 years, with a mini-
mum 3 days of training per week for a total of at least 4.5 h 
of weekly training (4 and a half hours), and without injuries at 
the level of the calves. We excluded professional league bas-
ketball players who had a previous injury within the last 15 
days, with presence of recurrent pain at the level of the Achilles 
tendon, and regular gym training (more than 3 times a week).

Twenty-two male amateur basketball players from Basket Club 
Molina were divided in 2 groups: Group A with low-intensity 
training (40% of 1RM) with flow restriction with 9 participants 
and Group B with eccentric exercise protocol with 9 participants.

The sample size was calculated in a finite population, num-
ber of players 24 in the junior and senior male category of 
16-45 years of age with the finite population formula with a 
confidence level percentage of (Z2 a=95%), the probability of 
(P=50%), the probability that it does not occur (q=50%) and 
finally with a maximum error estimate of (e=3%), resulting in a 
desired sample of subjects of n=21, which, due to exclusion cri-
teria, was able to obtain a sample of n=18 players in this study.

N *Z2 a * p*q
n=

e2 * (N-1) + Z2 a * p* q

Randomization and Blinding

The group selection process was manual, in which the partic-
ipant had to take a piece of paper from an envelope contain-
ing Group A with low-intensity training with flow restriction) 
and Group B with eccentric exercise protocol. This envelope 
contained 18 papers divided into 9 from Group A and 9 from 
Group B. In this way, the selection of groups would be balanced 
and randomized. The participants did not know which group 
they belonged to. They underwent the exercise protocols with-
out being aware of the types of exercises they were assigned.

The randomization process was performed by the coaches, 
who did not participate in this study.

This clinical trial was double-blind. Specifically, the partici-
pants were unaware of the participation group assignment 
and the outcome assessor was unaware of the intervention 
of each group.

For the distribution of groups, the division was carried out in a 
balanced random manner in 2 equal samples in 1: 1 frequen-
cy. The individuals had to select an envelope without know-
ing the content, which consisted in 2 different groups selec-
tion: Group A was low-intensity training with flow restriction 
on the gastrocnemius muscles and Group B was a protocol of 
eccentric exercises on the gastrocnemius muscles. The clini-
cal trial had a 4-week duration with a frequency of 3 days a 
week and 1 h of training per day.

Study Intervention

The players were evaluated at the beginning of the first train-
ing session of week 1 and at the end of week 4 on the last 
day of training. The study lasted 4 weeks. The training pro-
tocol consisted in a training class where the instructions, ad-
vantages, and potential benefits were explained. There were 
no associated risks. Each training lasted 1.4 h and was devel-
oped in collaboration with the coach.

The training was planned as follows: Warm-up: 10-15 min of 
jogging at a medium intensity for 6 min and exercises with the 
ball (eg, passing, throwing) for 9 min. After the warm-up, the 
players continued the exercises planned for each study group.

Group A participated in low-intensity training with blood flow 
restriction applied to the gastrocnemius muscles. Bands were 
placed 2 finger-widths below the apex of the patella, with 200 
mmHg occlusion. The exercise was performed at 40% of the 1 
RM intensity, with an intervention time of 5 min. This includ-
ed 3 sets of repetitions, with 15 s of rest between each rep-
etition and 30 s between each set. The exercises were per-
formed 3 times in a lunge position, with the athlete pushing 
with unipodal support and performing plantar flexion using a 
3-10 kg elastic band.

Group B engaged in eccentric exercises, completing 4 sets of 
15 repetitions, with 30 s of rest between sets. These exercis-
es were repeated 3 times and included both Alfredson exer-
cises and exercises with a 3-10 kg elastic band.

At the end of the training, a special stretching session was car-
ried out with emphasis on the gastrocnemius muscles. These 
stretches were performed in a sustained manner for 30 s and 
culminated with ballistic stretching.

Figure 1 describes the 2 protocols.

Assessments

The evaluation was carried out at baseline and after 4 weeks 
of intervention. The sampling was done manually. The anthro-
pometric assessments of this trial were: ROM [26,27] measured 
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Figure 1.  (A) Five-kg medicine ball lunge (Group A). (B) Push up with unipodal plantiflexion and 5-kg medicine ball (Group A). 
(C) Plantar flexion with elastic band, in prone position (Group A). (D) Bipodal Alfredson exercises (Group B). (E) Monopodal 
Alfredson exercises (Group B). (F) Plantar flexion exercises with elastic band, sitting down (Group B). Interventions of Group 
A with low-intensity training with flow restriction and Group B with eccentric exercises treatment protocol (Photo Mania App 
iOS version).
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with athlete in prone position with 90° knee flexion to perform 
plantiflexion and dorsiflexion. Gastrocnemius girth [28] was 
measured with the athletes in seated position; the measure-
ment was taken with a tape measure in the most prominent 
part of the muscle and the perimeter of both legs was assessed. 
Muscle strength was measured using the Daniels scale [29]. 
The strength of the gastrocnemius muscles was assessed with 
the athletes in prone position for evaluation of plantiflexion.

The Jump Power DMJUMP 2.5 brand jumping platform was 
used, through a mobile application (DMLAB) that takes data 
on the athletes’ jumping power [31,31]. The athlete stands on 
the platform in a standing position; the evaluator teaches the 
way to execute the jump, which is arms at the hips, knee flex-
ion, and jump with both feet at the same time. The participant 
must make 3 jumps to choose the one with the higher value.

Baseline effort perception was measured in Group A, in which 
the researchers counted the maximum repetitions performed, 
the effort was assessed with the scale, and the work intensity 
of 40% was calculated with the rule of three [32].

Statistical Analysis

The values presented in the text, figures, and tables are 
means±standard deviation (SD). Variables were described and 
between-group difference tests were performed for means and 

proportions (the t test for continuous variables and chi-square 
for categorical variables).

Analysis of covariance (ANCOVA) was performed to compare 
the 2 groups, and the baseline data served as the covariate. 
A 2×2 (time×group) ANOVA was used to determine differenc-
es in the type of training protocol of each group. Where nec-
essary, Bonferroni post hoc analysis was performed, adjust-
ed for type I error.

Statistical significance was accepted for all cases at a confi-
dence level of 95% (P£0.05).

Statistical analysis was performed using IBM SPSS Statistics 25 
(SPSS, Inc., Chicago, IL, USA). No missing data were presented 
in the analysis of the information. For the secondary analysis, 
a two-way ANOVA with graphical illustration was performed, 
using the GraphPad Prism 8.0.1 program.

Results

Based on the sample size calculation and the eligibility crite-
ria, athletes who met the study conditions were included in 
this trial. Considering the small number of participants and 
the exclusion criteria, only 18 basketball players were ran-
domized (Figure 2).

Eligibility
(n=22)

Randomization
(n=18)

Excluded (n=0)
• Not meet the selection criteria (n=4)
Did not receive the intervention, ankle
sprain
• Withdraw participating (n=0)
• Other reasons (n=0)

• Assigned to intervention (n= 9)
• Received the assigned intervention (n=9)
• Did not receive the intervention (n=O)

• Assigned to intervention (n= 9)
• Received the assigned intervention (n=9)
• Did not receive the intervention (n=O)

• Lost to follow-up (n=0)
• Interrupt the intervention (n=0)

• Lost to follow-up (n=0)
• Interrupt the intervention (n=0)

• Analysed (n=9)
• Excluded frorn the study (n=0)

• Analysed (n=9)
• Excluded frorn the study (n=0)

Figure 2. Flowchart of the study participants.
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The characteristics of the athletes in Group A were average age 
21 years, weight 82.22 kg, and height 1.84 m, while the aver-
age of group B was age 19 years, weight 79.67 kg, and height 
1.80 m. No significant difference was shown between the 2 
study groups at the baseline (P>0.05) (Table 1).

Referring to the ROM, the following has been verified for the 
2 study groups at the end of the training: the Group A had 
an improvement at the right dorsiflexion with a mean of 2.44 
grades and Group B had an improvement of 1 grade with no 
significant difference between groups (P=0.113) compared 
with the baseline data. For left dorsiflexion, Group A had an 
improvement of 2.78 grades and for the same side Group B 
had an improvement with a mean of 1.56 grades with P=0.187. 
For right plantar flexion, Group A had an improvement of 0.78 
grades and for the same side Group B had an improvement 
of 1.56 grades with P=1. For left plantar flexion, Group A had 
an improvement of 0.44 grades and the Group B had an im-
provement of 1.22 grades with P=0.85. Right leg circumfer-
ence for Group A was 0.33 cm and for Group B it was 0.55 
cm with P=0.681. Left leg circumference had an improvement 
of 0.66 cm for Group A and Group B had an improvement of 
0.45 cm, with P=0.824.

The jump height had an improvement of 1.4 cm for Group A 
at the end of the treatment and an improvement of 2.89 cm 
for Group B (P=0.944). Therefore, based on the data analyzed, 
no significant difference was shown between groups (Table 2). 
The applied force was 5 Daniels in all cases.

Also, difference between groups was detected, applying the 
ANCOVA with baseline measurements as covariance (P>0.05). 
ANCOVA univariate test showed no significant difference in the 
baseline covariance between the 2 groups (Table 2).

The ANOVA repeated measures analysis showed a significant 
difference within groups in time (P<0.05) except for left plan-
tiflexion ROM (p=0.164). Regarding the difference between 
group*time and between groups, there was no significance 
difference (P>0.05) (Table 3).

The Tukey post hoc test also did not detect any significant dif-
ferences. Therefore, another secondary analysis two-way ANOVA 
with graphical illustration was performed, using GraphPad 
Prism software (Figure 3).

Applying the bidirectional ANOVA, a significant difference was 
verified between the 2 groups in favor of Group A on the right 
dorsiflexion variable with P=0.018 and a difference between 
means with 95% confidence interval (CI) -2.444 (-4.487 to 
-0.4021). Regarding left dorsiflexion, there was also a differ-
ence between groups in favor of Group A, with P=0.027 and a 
difference between means in 95% CI -2.778 (-5.249 to -0.3068); 
while in the right plantar flexion, there was no significant dif-
ference between groups (P>0.05). No significant difference be-
tween groups for the left plantar flexion variable, with P>0.05, 
and there was no significant difference between groups regard-
ing the perimeter of the right foot (P>0.05). A significant differ-
ence was found between the 2 groups in favor of Group A on 
the left foot perimeter variable, with P=0.026 and a difference 
between means in 95% CI -0.667 (-1.258 to -0.075). There was a 
significant difference between the 2 groups regarding the height 
of the jump in favor of Group B, with P=0.006 and a difference 
between means in 95% CI -2.899 (-4.932 to -0.865) (Figure 3).

Discussion

This study aimed to analyze the effect of low-intensity train-
ing with flow restriction versus the eccentric exercise protocol 

N – number of participants; % percentage; m – meter; kg – kilogram.

Group A (n=9) Group B (n=9)

Psychometric variables

 Height (m)  184.33 (5.650)  180.67 (10.060)

 Weight (kg)  82.22 (17.100)  79.67 (17.240)

Clinical variables 

 Age (years)  21.44 (4.900)  19.00 (3.960)

Table 1. Baseline group characteristics.

n % n %

Sociodemographic variables

Gender (Male) 9/18 100/X,X 9/18 100/X,X

e944627-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Gjini E. et al: 
Adaptations in the gastrocnemius muscle from an exercise program

© Med Sci Monit, 2024; 30: e944627
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



on vertical jump power between 2 groups, in which important 
findings were identified as the improvement of ROM in favor 
of Group A training for the right/left dorsiflexion and the left 
leg circumference compared with the Group B protocol, which 
had an improvement for the right/left plantar flexion ROM, 
right leg circumference, and jump height.

Both groups had an improvement in the one month for the 2 
different training protocols.

ROM analysis showed a significant difference in favor of 
Group A on right (P=0.018) and left (P=0.027) dorsiflexion, 
with a mean difference of 95%, due to the training protocol 
of Group A. Lunge exercises were performed using both legs 

Measures
Group A Group B

Pre Post Pre Post 

Right dorsiflexion (°) 23.78 (±2.682) 26.22 (±1.856) 25.67(±2.062) 26.67 (±1.732)

Left dorsiflexion (°) 23.00 (±3,041) 25.78 (±1.202) 25.11 (±3.44) 26.67 (±2.236)

Right plantiflexion (°) 37.44 (±4.746) 38.22 (±4.738) 37.44 (±5.876) 39.00 (±4.123)

Left plantiflexion (°) 37.67 (±4.093)  38.11(±3.756) 38.11 (±5.833) 39.33 (±3.606)

Right leg perimeter (cm) 40.56 (±4.216) 40.89 (±4.372)  39.78 (±3.632) 40.33 (±3.606)

Left leg perimeter (cm) 39.78 (±4.265) 40.44 (±4.126) 39.33 (±4.062) 39.78 (±3.456)

Jump height (cm) 32.44 (±3.802) 33.84 (±5.060) 32.63 (±6.928) 35.52 (±7.339)

Table 2. Pre/post 1-month training measurements, mean differences, and analysis of variance.

° – grade; cm – centimeter.

Variables
T1-T0

MD IC 95% Sig.

Right dorsiflexion (°) -1.889 [-4.279 to 0.502] 0.113

Left dorsiflexion (°) -2.111 [-5.358 to 1.136] 0.187

Right plantiflexion (°) 0.000 [-5.338 to -5.338] 1.000

Left plantiflexion (°) 0.444 [-5.509 to 4.620] 0.855

Right leg perimeter (cm) 0.778 [-3.155 to 4.710] 0.681

Left leg perimeter (cm) 0.444 [-3718 to 4.607] 0.824

Jump height (cm) -0.188 [-5.773 to 5.395] 0.944

MD – mean difference; IC – Interval of Confidence, T1 – time 1 month; T0 – time baseline; Sig – significance.

Variables
Univariance ANCOVA for dependent variables 

F Sig. Eta partial

Right dorsiflexion (°) 0.000 0.984 0.000

Left dorsiflexion (°) 0.236 0.634 0.016

Right plantiflexion (°) 0.930 0.350 0.058

Left plantiflexion (°) 1.352 0.263 0.083

Right leg perimeter (cm) 0.318 0.581 0.021

Left leg perimeter (cm) 0.847 0.372 0.053

Jump height (cm) 1.549 0.232 0.094

F – F test explained variance; Sig – significance.
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by enhancing the ROM since it starts from a position in which 
the athlete increases this dorsiflexion. The weight of the ath-
lete, the 5-kg medicine ball, and environmental factors such 
as gravity are considered contributing factors [33,34]. These 
ROM measurements (dorsiflexion and plantiflexion) were tak-
en at the beginning and at the end of the study. A 2016 study 
by Scott et al found minimal changes between groups, such 
as the control group and the group with an eccentric exer-
cise protocol by using isometric exercises [22], and no signifi-
cant findings were found in the plantiflexion ROM. Our study 
did not find significant differences in plantar flexion between 
groups (Figure 3).

It is important to highlight the mechanical changes at the tib-
iofibular-talar joint during the initial execution of the Alfredson 
exercise. This begins with the arthrokinematics of the ankle, 
particularly the posterior sliding of the talus during dorsiflex-
ion. The loads and intensity used in the training played a sig-
nificant role in the noteworthy findings of this study [35,36].

Regarding the measurement of the gastrocnemius perimeters, 
the statistics verified important changes between groups in 
favor of Group A of the perimeter of the left leg, with P=0.026 
and difference between means in 95%; while in the right leg 
there were no differences between groups. Athletes always 
maintain a dominant leg for the execution of necessary re-
sponses that occur during the game, so it is important to know 
the dominant side of an athlete since a change in the differ-
ence in perimeters in the gastrocnemius is not worrisome if it 
remains within a range of 1-2 cm [5,26]. Therefore, most ath-
letes carry out the initial impulse with the left leg to perform 
jumps, feints, and other game actions.

Further research is needed to assess this difference in perim-
eters between sides and see what changes were found on 
measurement of perimeters of the lower limbs. However, it is 
important to emphasize that studies have shown there is an 
increase in the perimeter at the lower limbs’ muscle level with 
eccentric training for 1 month [13,22,37-39], so it would be of 
great interest to investigate the subject to find better expla-
nations for this effect found in our study.

Finally, the vertical jump results favored Group B, with a P val-
ue of 0.006. This group worked under ischemia with loads at 
40% of 1 RM, following a base protocol of 3 sets of 15 repe-
titions with an occlusion pressure of 200 mmHg, applied con-
tinuously for a maximum of 5 min.

This protocol was also applied in the Picón study [10]. It is im-
portant to evaluate the factors that could contribute to low-
intensity training with flow restriction generating gains in 
jumping power.

Anatomically speaking, during medium- to high-intensity 
training (60-75% of 1 RM), there are physiological changes in 
the recruitment of muscle fibers. Specifically, there is an in-
crease in the activation of fast-twitch muscle fibers. These 
fast-twitch fibers are predominantly responsible for generat-
ing muscle strength. This can be important aspect to consid-
er about the application of bands (BFR) [39-41]. A 2020 study 
by Doma et al [34] involved a control group and an exercise 
group in which BFR was applied. They found a great change in 
the power of the jump compared to the control group; reach-
ing a favorable result that influenced the training under isch-
emia, showing that this type of training can increase muscle 
strength with low intensities, which could be important. The 

Variables

Differences within groups Differences between 
groupsTime Time*groups

F Sig.
Eta 

partial 
F Sig.

Eta 
partial 

F Sig.
Eta 

partial

Right dorsiflexion (°) 8.697 0.009 0.352 1.529 0.234 0.087 2.085 0.168 0.115

Left dorsiflexion (°) 9.403 0.007 0.370 0.748 0.400 0.045 2.181 0.159 0.120

Right plantiflexion (°) 5.784 0.029 0.266 0.643 0.435 0.039 0.030 0.866 0.002

Left plantiflexion (°) 2.133 0.164 0.118 0.464 0.505 0.028 0.172 0.684 0.011

Right leg perimeter (cm) 5.565 0.031 0.258 0.348 0.564 0.021 0.128 0.725 0.008

Left leg perimeter (cm) 10.811 0.005 0.403 0.432 0.520 0.026 0.088 0.771 0.005

Jump height (cm) 13.682 0.002 0.461 1.657 0.216 0.094 0.116 0.737 0.007

Table 3. Difference within/between group analysis by time interactions, time, and group effect.

° – grade; cm – centimeter; F – F test explained variance; sig – significance.
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Figure 3.  Mean and individual change comparison between group A, which followed low-intensity training with flow restriction and 
Group B with eccentric exercises treatment protocol pre and post 1-month training. Error bars represent standard deviation 
(GraphPad Prism 8.0.1 version for Windows).
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study by Gavanda et al used 7 cm wide cuffs secured below 
the patella during calf muscle training sessions, comprising 4 
sets at 30% of the participants’ 1-repetition maximum (1-RM) 
until failure. Their study findings indicated that utilizing blood 
flow restriction (BFR) during this regimen resulted in superi-
or muscle mass and strength gains in the calf muscles com-
pared to training without BFR. The results were similar to our 
study, where both groups were similar and had an improve-
ment after 6 weeks of training. BFR protocols in both studies 
were more efficient in time.

The effect of low-intensity training with flow restriction versus 
the eccentric exercise protocol on jump power was identified 
through the platform jump. For both protocols, the measured 
effect was positive because the jump power percentage in-
creased with respect to the initial values, represented in Table 3.

Referring to the means of the ANOVA statistical analysis of 
multiple comparisons, the significance between the variables 
was determined, reaching the conclusion that there was a 
significant difference between groups in favor of Group A for 
right/left dorsiflexion and left foot circumference and in fa-
vor of Group B for the height of the jump, measured with the 
jump platform.

The increase in muscle mass obtained with low-intensity train-
ing with flow restriction over the gastrocnemius muscles was 
determined by measuring it with a tape measure. An increase 
in muscle mass of approximately 50% was observed (Table 3).

The effects of the optimal range of movement in the ankle dor-
siflexion and plantarflexion were analyzed by comparing the 
goniometer instrument means for both study groups. These 
results were significant, observing increased mobility in the 
ankle (Table 3).

Study limitations were the evaluation of the calf perimeter, 
since there is no exact method to calculate the location of the 
tape measure, obtaining quantifiable objective results with a 
margin of error and the limited number of participants en-
rolled in the study. Studies with larger sample sizes are need-
ed. With the objective of finding a greater specificity in the 
evaluation of the 1RM, it could be carried out in a gym and fa-
miliarize the athletes with multiple sessions of the 1RM test. 
Another study weakness is the lack of a standardized protocol 
consisting of 1 set of 30 repetitions followed by 3 sets of 15.

A recommendation to enhance the applicability of this study 
would be to incorporate equipment that accurately measures 
the occlusion pressure being applied during BFR training. By 
using such equipment, researchers can ensure a more precise 
and consistent application of ischemic pressure across partici-
pants, thereby improving the study’s specificity and replicabil-
ity. This approach would facilitate a deeper understanding of 
the relationship between occlusion pressure and training out-
comes, making it easier to implement BFR training in a stan-
dardized manner across different settings and populations.

It is important to have a larger number of samples and to have 
a control group, which would allow us to better evaluate the 
changes at the level of the variables with the respective train-
ing and evaluate the control group without any type of add-
ed training, to see if there are significant changes. Finally, the 
application of the BFR bands use the same pressure in each 
evaluation.

Conclusions

Low-intensity training with flow restriction and the eccentric 
exercise protocol were both effective in improving jumping per-
formance. A significant improvement was shown in the jump 
height and ROM of the 2 study groups.
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