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Abstract 

The presented study is a continuation of experiments devoted to the influence of KAATSU training on the 
strength abilities of athletes. The purpose of this study was to examine the effectiveness of the use of KAATSU 
training for development of maximum muscle strength of the lower extremities of qualified football players. The 
experiment involved 18 qualified football players, who were included in experimental (n=9) and control (n=9) 
groups. Athletes in both groups performed three weightlifting exercises for the lower extremities twice a week 
for 19 days. These exercises included back squats, knee extensions on a leg extension machine (exercise for the 
quadriceps muscle), and knee flexion lying on a horizontal bench (exercise for the hamstrings muscles). The 
method of “to muscular failure” was applied. The experimental group performed weightlifting exercises using 
KAATSU training, and the control group did not apply it. During the 40 days of the experiment, the maximum 
isometric voluntary contraction (MVC) of the quadriceps and hamstrings muscles of the athletes was assessed. In 
the athletes of the experimental group, KAATSU training led to an increase in the maximum strength of their 
quadriceps muscles only after a certain time after its completion. As a result, immediately after the end of 
KAATSU use, the MVC value reached 560±50 N, and after three weeks, it significantly (p<0.01) increased to 
750±60 N. The MVC of the hamstring muscles three weeks after the completion of KAATSU training also 
significantly (p<0.01) increased from 138±14 N to 195±13 N. The change in the MVC level of the quadriceps 
and hamstring muscles in athletes from the control group was significantly lower. Moreover, no significant 
increase in MVC of the athletes in both groups compared to at the beginning of the experiment was found. The 
intensive increase in the MVC of the lower extremity muscles in the experimental group that occurred three 
weeks after the end of KAATSU training was associated with regeneration and restoration of skeletal muscles 
damaged by ischemic training and increased protein synthesis. Additionally, restoration of skeletal muscle 
energy resources under the influence of KAATSU, which we observed in a previous study, occurs faster than 
restoration of composition and structure of skeletal muscle myofibrils. We found differences in the change of 
MVC for the considered muscles, which were presumably conditioned with the specificity of the weightlifting 
exercises applied. 
Key Words: football, resistance training, Blood Flow Restriction (BFR), “to muscular failure” method 

 
Introduction 

  Development of strength abilities with local strength endurance and maximum strength being among 
them of key importance, forms the basis of football players physical training for performances in the competitive 
period. Strength training, aimed at the development of maximum strength, is an important energy-generating 
factor in the process of adaptation to training and competitive loads (Cherepanov, 2009). It is based on the 
improvement of motor system functioning mechanisms and the relationship between power and functional 
fitness (Kraemer, 2002; Wilmore & Costill, 2004). A lot of specialists pay attention to the effectiveness and 
necessity of involving strength and the use of various training programs for this purpose (Wilmore & Costill, 
2004; Pereira, 2001; Godik, 2006; Stone et al., 2007; Seluyanov et al., 2012). Also, it is necessary to take into 
account that there is a positive correlation between maximum strength and power abilities, which are essential 
for football players (Zaciorskij, 2009). It was found that the maximum isometric strength in highly qualified 
football players is significantly higher than in less qualified football players (Gissis, 2013). The same is true for 
maximum isokinetic strength (Yılmaz et al., 2019). This is confirmed by the found relationship between the 
maximum strength of the shin extensors and the acceleration time in the first 10 m of single sprint runs of 
football players (Newman et al., 2004). 
  To ensure the training shifts of athletes, a directed force impact suggesting effective options for working 
with weights is required. It is supposed that such impact can be organized using KAATSU training or Blood 
Flow Restriction (BFR) method, which involves skeletal muscle ischemia that occurs with partial restriction of 
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the blood flow (Takarada et al., 2000). The active study of this technique began more than half a century ago, 
and it was initially focused on gaining muscle mass of a person. It has also been found useful in the treatment of 
cardiovascular diseases and other ailments (Sato, 2005). Recently, there have been numerous data on the 
effectiveness of KAATSU training as part of strength training using various weights (Pearson & Hussain 2015; 
Patterson et al., 2019). In addition, strength training using the KAATSU approach has been confirmed to be 
more effective than traditional resistance training owing to a relatively small amount of load (Loenneke et al., 
2012a; Jessee et al., 2018b). It is emphasized that in elite athletes KAATSU training increases muscle strength 
with relatively small external weights, which under normal conditions are not effective (Scott et al., 2016). 
KAATSU training allows to directionally implement specific muscle groups when using local exercises. This 
assumption is supported by the results of studies on the application of this method when increasing the maximum 
isometric muscle strength (Takarada et al., 2002; Moore et al., 2005). 
  However, the extent to which KAATSU training affects the development of strength with various 
training methods is not yet fully understood. In particular, it has been suggested that the “to failure” approach 
does not seems to offer the advantages that KAATSU training offers (Dankel et al., 2018). Of paramount 
importance is the relationship between the scope and intensity of load, pressure in the pneumatic cuffs, and the 
ultimate result of KAATSU training (Yasuda et al., 2008; Longo et al., 2020). A recent study showed that the 
use of KAATSU training in knee extension with small resistance using the “to failure” approach resulted in a 
decrease in the total scope of activities completed only at the cuff pressure of 150 mm Hg (Ewertton et al., 
2021). 
  Despite the potential of the technique of limiting blood flow to actively engaged muscles, its 
applicability for the development of strength abilities in athletes of various specializations definitely requires 
further investigation. To a lesser degree, this is true for sports such as bodybuilding. However, strength training 
is more or less important in all sports including combat sports, game-oriented sports, and others. Football is one 
of these sports. However, there are practically no data on the application of KAATSU training in the preparation 
of footballers, in particular, in the development of the highest possible strength of the lower limb muscles. 
Therefore, the aim of this study is to investigate the effectiveness of the impact of KAATSU training for the 
indicators of changes in the maximum muscle strength of the lower extremities of qualified football players. 
 
Material & methods 

  An experiment aimed at determination of the impact of KAATSU training on the maximum muscle 
strength of the lower extremities of football players was conducted. The experiment was conducted during 40 
days in July-August 2019 during the preparatory period of the training of athletes. In parallel, local strength 
endurance of muscles was assessed (Golubev et al., 2020). The experiment involved two homogeneous groups of 
qualified football players: experimental and control. Each group included 9 persons.  
  The average age of the experiment participants was 18.7±0.5 years. All subjects had previous training 
experience at least 6 years. 
At the end of the training sessions on 1, 5, 8, 12 and 19 days of the experiment, all the participants performed the 
following weightlifting exercises for 15 minutes: back squats, knee extensions on leg extension machine 
(exercise for the quadriceps muscle) and knee flexion lying on a horizontal bench (exercise for the hamstrings 
muscles). The training sessions also included technical and tactical exercises and control games. Barbell weight 
when performing squats was 40% RM and when performing knee extensions on leg extension machine and knee 
flexion lying on a horizontal bench – 25% RM and increased by 2% in each workout. Exercises were performed 
in three approaches with “to muscular failure” method with a rest between the sets of 40 s. The difference 
between the experimental and control groups was that weightlifting exercises in the experimental group were 
carried out using KAATSU training according to KAATSU NANO method (Sato, 2005). On the upper thighs of 
both legs 50 mm wide pneumatic cuffs with a pressure of 400 SCU (Standard KAATSU Unit) were put on. 
KAATSU method in the control group was not used. 
  The measurement of the maximum isometric voluntary contraction force (MVC) of the quadriceps and 
hamstrings muscles was carried out before the experiment, as well as on days 1, 5, 8, 12, 19, 26 and 40 of the 
experiment. MVC of quadriceps muscles was assessed by the effort value, developed in a static position at the 
distal end of the calf at an angle between the thigh and the calf of 90 degrees. Therewith, the subject was sitting 
on the bench of the leg extension machine. 
  MVC measurement of hamstrings muscles was carried out in the lying position on the bench of the 
lying leg curl machine. The angle between the thigh and the lower calf was also 90 degrees. An electronic 
dynamometer DOR-3-5i (Russia) with measuring range of 0.5-5 kN and reading accuracy up to 0.5 N. The 
dynamometer was attached by means of a cable on the one side to the retainer at the end of the link, and on the 
other – to the base of the lying leg curl machine. 
  The processing of experimental data was carried out using the STATGRAPHICS Centurion XVI 
Version 16.2.04 package. All the examined were medically fit and before the beginning of the experiment they 
were familiarized with its program and gave their voluntary written consent to the participation. The study 
protocol was approved by the Ethics Committee of the Lesgaft National State University of Physical Culture, 
Sports and Health, St. Petersburg. 
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Results 

  Before the experiment, values of MVC of the quadriceps and hamstrings muscles in athletes from the 
experimental and control groups did not differ significantly (p>0.05). On each of the following days of 
KAATSU training application, no significant differences were also observed, and when it was completed on the 
19th day of the experiment, the values of the MVC in both groups of athletes became almost equal and reached 
up to 560±50 N and 560±80 N respectively (Fig. 1). Further, during three weeks and until the end of the 
experiment (40th day) in the experimental group of athletes the maximum force of the quadriceps muscles 
increased and by the end of the experiment it reached 750±60 N, that is significantly (p<0.01) increased by 34% 
in comparison with the 19th day of the experiment and insignificantly – in comparison with the beginning of the 
experiment. During the same period, in the MVC control group the quadriceps muscle of thigh practically did 
not change. 

Thus, by the end of the use of KAATSU training (19th day of the experiment), compared to the beginning 
of the experiment, there was no significant increase in the MVC of the hamstrings muscle in both groups of 
athletes. Moreover, the MVC values of the muscles of the hamstrings on day 19 of the experiment in both groups 
of athletes did not even reach the initial level. However, in the experimental group, the MVC of the quadriceps 
muscle of thigh significantly increased within three weeks after the completion of KAATSU training. 

Fig. 1. Change of the MVC of the quadriceps muscles in experimental and control groups (○ - days of 
application of KAATSU training; * - before experiment; average force values are shown in the table below the 
figure) 
  The nature of the change in the MVC values of the hamstring’s muscles (Fig. 2) confirms the tendency 
we established for the quadriceps muscle. Namely, during 19 days of using KAATSU training, the MVC values 
practically remain unchanged and only after its completion they begin to increase. Three weeks after the end of 
the use of KAATSU in the experimental group of athletes, the MVC values significantly (p<0.01) increased by 
57 N, this means by 41%, and reached 195±13 N. In the control group, over the same period, the MVC values 
also significantly (p<0.05) increased and reached 205±15 N, but the change was 37 N, that means 22%, which is 
almost two times less than in the experimental group. Compared to the beginning of the experiment, there was 
no growth of the MVC of the hamstring’s muscles in the experimental and control groups of athletes. 

Fig. 2. Change of the MVC of the hamstrings muscles in experimental and control groups (○ - days of 
application of KAATSU training; * - before experiment; average force values are shown in the table below the 
figure) 
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Discussion 

  The increase in the maximum muscle strength of the lower extremities of football players three weeks 
after the termination of KAATSU training, especially characteristic of the quadriceps muscles, indicates the 
manifestation of a cumulative effect from the work performed. At the same time, the increase in muscle strength 
was not as significant as shown in the number of studies (Moore et al., 2005; Scott et al., 2016; Takarada et al., 
2002). The reason for this discrepancy might be, primarily, the magnitude of the load when performing specific 
weightlifting exercises and, secondly, the duration of KAATSU training. In the conducted experiment it 
composed about three weeks, while according to the data of (Loenneke et al., 2012b) expressed increase in 
muscle strength occurs only after 10 weeks of training. This assumption is supported by the dynamics of MVC 
muscle growth after the end of KAATSU training. It was not possible to determine the change in maximum 
strength during longer time in this experiment due to the participation of football players in games. Therefore, 
the issue of the influence of KAATSU training on the maximum strength of the lower extremities in the long-
term period of adaptation remains relevant. 
  The difference in the dynamics of changes of the maximum strength of the anterior and posterior thigh 
ground of muscles during the experiment is most likely explained by the specificity of the weightlifting exercises 
used. Two of them (back squats and knee extensions on leg extension machine) were aimed at the developing of 
the strength abilities of the quadriceps muscles and only one (knee flexion lying on a horizontal bench) was 
aimed at the developing of the hamstring’s muscles. Insufficient load on the hamstring’s muscles may also be 
associated with an increased probability of their injury and the fear of athletes to perform exercises with the 
required intensity (Lobachev, 2006). It is known that the effect of the use of weightlifting exercises also depends 
on the composition of muscle fibers in the muscles. It could be assumed that the differences in the changes in the 
MVC of the quadriceps and hamstrings muscles under the influence of KAATSU training are associated with the 
different ratio of fast and slow muscle fibers in these muscles. However, this is not supported by experimental 
data. As shown by Terzis (Terzis et al., 2010) in the quadriceps muscles of young men the composition of 
muscle fibers is as follows: 46±15 (type I); 39±12 (type IIA); 15±9 (type IIB). In the hamstring’s muscles, 
according to (Evangelidis et al., 2017). the composition of muscle fibers is practically the same: 47.1±9.1 (type 
I); 35.5±8.5 (type IIA); 17.4±9.1 (type IIB). 
  It is necessary to pay attention to the fact that impact of KAATSU training on different strength abilities 
of athletes is not the same. Previously, in the first part of the presented study, it was shown that KAATSU 
training has a positive effect on the local strength endurance of the muscles of the lower extremities of football 
players (Golubev et al., 2020). From the fifth day of the experiment until its completion, the indicators of the 
local strength endurance gradually increased. In this study it was found that a clear increase in the maximum 
isometric muscle strength occurs only from the 19th day of the experiment after the end of the use of KAATSU. 
Apparently, this can be explained with different physiological mechanisms underlying the development of 
strength endurance and maximum strength of skeletal muscles. In the first case, a relatively rapid accumulation 
of energy substances in muscle fibers and an improvement in their capillarization, which is facilitated by 
KAATSU training, what is of a great importance. In the second case, an increase in the values of the maximum 
isometric muscle strength is primarily reasoned by an increased protein synthesis in muscle fibers, which 
ultimately leads to an increase in the volume and number of myofibrils. 
  In this respect, restoration of skeletal muscle energy resources under the influence of KAATSU 
training, which we observed in the previous study (Golubev et al., 2020), occurs faster than restoration of the 
composition and structure of skeletal muscle myofibrils. That is why, under the influence of KAATSU training, 
carried out every four days, muscle strength endurance increased, but maximum isometric strength did not. And 
only after the termination of KAATSU training MVC of skeletal muscles began to increase significantly. 
 
Conclusions 

  KAATSU training has such a strong damaging influence on the skeletal muscles of the lower 
extremities that during its use their strength does not increase. A break of four days between KAATSU workouts 
prevents the muscles from finally recovering of their composition and structure. Presumably, training with the 
use of KAATSU training, aimed at the developing of muscle strength, should be carried out less frequently, for 
example, once a week. This must be taken into account when planning the training and results of the cumulative 
training effect. 
  Recovering of the skeletal muscle energy resources under the influence of KAATSU training, which we 
observed in the previous study, occurs faster than restoration of the composition and structure of skeletal muscle 
myofibrils. This is precisely why under the influence of KAATSU training, carried out every four days, the 
strength endurance increases, but the maximum isometric muscle strength does not. 
  The highest possible strength of the lower limb muscles in skilled footballers can be developed using 
KAATSU training through the aid of muscle-strengthening exercises using the “to failure” approach with a load 
of 25-40% 1PM. In terms of improving the efficiency of application of KAATSU training in the work-out 
sessions of athletes, further research is required to clarify the scope and intensity of load for special muscle-
strengthening exercises, as well as the peculiarities of KAATSU methodology (i.e., position and width of 
pneumatic cuffs and pressure in them). 
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