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ABSTRACT

Pupi§ M, Slizik M, Bartik P. The use of hyperoxia as a way to accelerate recovery after a karate and judo
match. J. Hum. Sport Exerc. Vol. 8, No. Proc3, pp. S608-S614, 2013. The research study is concerned with
the use of hyperoxia (an abnormally increased supply or concentration of oxygen) as a possible way to
accelerate recovery time after anaerobic load in karate and judo. The study sample consisted of 23 top
athletes (14 karatekas, 9 judokas) aged 22 to 29. All these athletes inhaled a hyperoxic gas mixture
(containing 95 + 4% of oxygen in the inhaled air) or a placebo (air) from an oxygen concentrator before and
after the match. Lactate level was measured in the third and 10th minute after the match. Following the
match before which the athletes had inhaled the concentrated oxygen, the average lactate level was 10.44
(SD 2.76) mmol/L. On the other hand, the lactate level after the match before which they had inhaled
placebo equalled 10.43 (SD 2.92) mmol/L. The difference between the results represents 0.0009 % which
is considered not to be of any statistically significance. A statistically significant difference (p < 0.05) was
recorded after three-minute recovery — following the inhalation of the hyperoxic gas mixture the average
lactate level reached 8.53 (SD 2.82) mmol/L. This represented a decrease of 18.12 % while after inhaling
the placebo the average lactate level equalled 9.06 (SD 2.98) mmol/L (a 13.4% decrease). Following the
ten-minute recovery we observed the average lactate level of 6.65 (SD 2.31) mmol/L after the inhalation of
the hyperoxic gas mixture (a 36.3% decrease compared to the values before the match). The average
lactate level measured after the inhalation of placebo represented 7.73 (SD 2.39) mmol/L (a 25.86%
decrease). We ascertained the statistical significance of the difference between the dynamics of lactate
metabolism after the inhalation of the hyperoxic gas mixture and after inhaling air (p < 0.05). The inhalation
of hyperoxic gas mixture before a match does not have a statistically significant effect on the lactate level
after the load. However, the inhalation of hyperoxic gas mixture does significantly affect the dynamics of
lactate metabolism in the third and 10th minute of the recovery time, based on the p < 0.05 level of
statistical significance. Based on this result, we consider the inhalation of hyperoxic gas mixture an
appropriate way to accelerate recovery time after a judo and karate match. Key words: HYPEROXIA,
MATCH LOAD, RECOVERY TIME, JUDO, KARATE
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INTRODUCTION

In general, a lack of oxygen negatively affects performance and increases recovery time. Regarding this,
the question arises whether the inverse is also true. The reason for this may be the increased oxygen
saturation of blood and tissue and the anaerobiosis of the working muscles, which accelerates subsequent
recovery and return to the baseline levels (Haseler et al., 1999, Nummela et al., 2002). The positive effect
of hyperoxia decreases with the longer duration of the load since our organism cannot create oxygen
reserves. This is caused by the limited capacity of the tissue to produce non-physiologically increased
amounts of oxygen (Robbins et al., 1992). Yamaiji & Shephard (1985) stated that the effect of concentrated
oxygen inhalation lasts from tens of seconds to several minutes. Therefore, we can presume that in
hyperoxic conditions more effective lactate utilization will take place. Heigenhauser et al. (2006) confirmed
a significant relationship between lactate accumulation and the oxygen concentration of inhaled air.
Nummela et al. (2006) affirmed a significant relationship between the oxygen saturation of blood and the
concentration of oxygen in inhaled air.

As a part of the VEGA 1/1175/12 and 1/0927/12 grant programmes, we decided to monitor the impact of
hyperoxia on the acceleration of recovery time after judo and karate matches, since these sports comprise
a relatively short-term anaerobic load.

We know that lactic acid (C3H603) is produced during intensive load. It is immediately dissociated into
lactate (C3H503), the lactate anion (La-) and hydrogen cation (H+). This causes organism acidosis during
load. The human organism enables the resynthesis of lactate into glycogen. Havlickova et al. (2008)
confirms that an adequate supply of oxygen must be ensured during and after anaerobic exercise to enable
energy resynthesis and the suppression of acidosis. In sport training, the balance between quantity and
quality is of great importance. While maintaining quality, the quantity of the exercise may cause fatigue
associated with muscle weakness. The causes of muscle weakness are complex. The important factor
associated with short-term intensive load is the phosphocreatine level, which significantly decreases after
crossing the individual’s critical threshold, while at the same time the inorganic phosphate concentration
increases (Jones et al., 2008). Inorganic phosphate can affect subsequent muscle contraction by entering
the sarcoplasmic reticulum and excreting calcium cation (Allen et al., 2008). Creatine is phosphorylated to
high-energy phosphocreatine solely in aerobic conditions (Haseler et al., 1999), while at the same time
inorganic phosphate is reduced. In this way, hyperoxia can accelerate recovery.

Judo and sport karate are both martial and power-speed sports in which the intensity of the load changes in
irregular intervals from medium to maximum. In a single judo duel (match), the duration of the load is 5
minutes in men and up to 4 minutes in women. In a karate duel the duration of the load equals 3 minutes in
men (4 minutes in the case of a medal match) and 2 minutes in women (3 minutes in the case of a medal
match). Such loads are managed by the metabolic energy system in the form of ATP-CP, consisting of
anaerobic glycolysis and aerobic phosphorylation. According to Zemkova et al. (2006), the maximum heart
rate in men performing karate ranges from 182 to 198 bpm, and the average lactate concentration following
performance in training conditions ranges from 8.4 up to 16.7 mmol/L. The adaptation to aerobic and
anaerobic load, which is determined by the recovery time between the loads, is one of the key factors
affecting individual performance in speed-power combat sports, including judo and karate.

$609 | 2013 | Proc3 | VOLUME 8 © 2013 University of Alicante



Pupis et al. / Hyperoxia to accelerate recovery in karate & judo JOURNAL OF HUMAN SPORT & EXERCISE

MATERIAL AND METHODS

The study sample consisted of 23 athletes (14 karatekas, 9 judokas) aged approximately 22. The sample
was composed of top athletes, members of the national teams of Slovakia. All monitored athletes went
through the match load, before and after which they inhaled air from the oxygen concentrator.

Each of the monitored athletes took part in 4 to 6 matches (kumite/randori) against different opponents. The
length of the karate match (kumite) was 3 minutes and the judo match (randori) lasted for 5 minutes. All
matches were conducted in training conditions without interruption by the referee of the event. After one of
the competitors successfully scored, the model match continued until the total duration of a single match
was reached. The recovery time between the matches was established as a model with respect to a real
competition load from 3 to 10 minutes. Each of them entered four matches. After two of them they were
given the placebo to inhale, and after two more they were given the concentrated oxygen (95 + 4% oxygen
in the inhaled air). We monitored the lactate level after the match load and also in the third and the tenth
minute after the match ended.

RESULTS

If our results are to be objective, it is important to know the input values of lactate levels prior to the load.
Our findings show that all monitored athletes displayed input values corresponding to the baseline, i.e. 1.6
mmol/L. After the standard warm-up they took part in the match.

Once the match was over, the average lactate level in the athletes who had inhaled the concentrated
oxygen was 10.44 (SD 2.76) mmol/L. On the other hand, following the match played by the athletes who
had inhaled the placebo the lactate level was 10.43 (SD 2.92) mmol/L. The difference between the results
is 0.0009%, which is not considered to be of any statistical significance. However, in the first minute the
athletes who had inhaled the hyperoxic gas mixtures had lower heart rates (-5.6 bpm), which constitutes a
p < 0.05 level of statistical significance. Nevertheless, after the first minute of load both of these values
equalized (Figure1).

A statistically significant difference (p < 0.05) was recorded only after three minutes of recovery, when the
athletes who had inhaled the hyperoxic gas mixture exhibited an average lactate level of 8.53 (SD 2.82)
mmol/L, which represented an 18.12% decrease. After inhaling the placebo, the average lactate level
equalled 9.06 (SD 2.98) mmol/L (a 13.4% decrease). We also recorded a statistically significant decrease
of heart rate after the first minute of recovery (-8.1 bpm) compared to the recovery with the use of the
placebo. In the 10th minute of resting, we recorded average lactate levels of 6.65 (SD 2.31) mmol/L
following the inhalation of the hyperoxic gas mixture. This represents a 36.3% decrease compared to the
figures immediately after the match. The average lactate level measured after the inhalation of the placebo
was 7.73 mmol/L (SD 2.39), i.e. a 25.86% decrease. We determined a statistical significance in the
difference between the dynamics of lactate metabolism after the inhalation of the hyperoxic gas mixture
and after inhaling air (p < 0.05). The average heart rate in the third to the tenth minute was on average
lower by 2.8 bpm, which is not statistically significant.
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Figure 1. Comparison of the dynamics of lactate metabolism after inhalation of hyperoxic gas mixture and
after inhaling placebo

The adaptation to the alternation of aerobic and anaerobic loads is one of the key factors affecting
performance in judo and karate. It is determined by the speed of regeneration and recovery between the
loads. The quality and recovery time between individual matches significantly influences the performance in
the following match. This is directly related to the availability of energy in the form of ATP-CP (anaerobic
glycolysis and aerobic phosphorylation) as well as the functional capability of the organism to provide
speed-strength performance. The energy and biochemical intensity of the psychological load (emotional
instability, temperament) is an integral part of the particular demands of the two martial sports. The
functionality of cognitive and sensorimotor skills such as reaction time, disjunctive reaction capabilities and
continuous attention are among the factors determining sport performance in judo and karate. Not only do
the speed and efficiency of recovery time after a match have a significant effect the physiological state and
health of the body, but they also affect the optimal function of mental regulatory processes and mental
activation. With regard to the organization of top sport events according to international rules, the
competitive load during an elimination tournament (bracket system) is of a cumulative nature, because the
time for regeneration between matches shortens. The regeneration time before medal matches usually
lasts from 3 hours to 2 days, depending on the nature of the tournament. The most important part of the
competition is elimination, in which it is decided whether the athlete continues in the competition or not. In
terms of regeneration and recovery, we have to take into account that the athlete will face a more difficult
opponent in the next round. It is important to ensure that s/he is supplied with the maximum amount of
energy. In the stage of recovery, lactate resynthesizes into glucose (glycogen). Our research indicates that
the inhalation of hyperoxic gas mixtures accelerates the creation of energy reserves after the intense load.
Consequently, it leads to the activity of buffered systems and suppression of acidosis. In terms of sport
performance in karate and judo, the suppression of acidosis and energy deficit are the most limiting factors.
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DISCUSSION

The inhalation of concentrated oxygen (hyperoxia) has been the subject of study since the mid-20th
century, with numerous authors investigating the effects of hyperoxia on the human organism (Bannister &
Cunningham, 1954; Welch, 1982, 1987; Snell et al., 1986; Plet et al., 1992; Knight et al.,1996; Takafumi &
Yasukouchi, 1997; Morris et al., 2000; Harms et al., 2000; Peltonen et al., 2001; Wilber et al., 2004, 2003;
Kay et al., 2008; Suchy et al., 2008, 2010a, b; Pupi$ et al., 2009, 2010). The positive impact of hyperoxia
on the organisms of athletes has been largely confirmed by these authors. A single or repeated short-term
application of concentrated oxygen or hyperoxic gas mixtures temporarily increases the oxygen saturation
of blood and tissue, which can be used to accelerate recovery after intermittent loads (Nummela et al.,
2002, Suchy et al., 2008, 2010a, b). However, there have been some research studies which did not
confirm the positive impact of oxygen inhalation on the human organism. Robbins et al. (1992) and Yamaji-
Shephard (1985) did not observe any positive effects of oxygen inhalation on the human organism, in the
cases of short-term submaximal and maximum loads. Macek et al (2011) questioned pure oxygen
inhalation and stated that hyperoxic gas mixtures can increase the oxygen level in blood by 1 ml per 100
ml. Nevertheless, if one considers that 100 ml of blood contains about 20 ml of oxygen, this represents an
increase of up to 5%. On the other hand, Macek et al (2011) also acknowledged that redressing the
balance between oxygen and carbon dioxide takes 12 hours after the load, while the removal of excess
lactate also takes a few hours.

CONCLUSIONS

According to our study, inhalation of hyperoxic gas mixtures is an appropriate method to accelerate the
recovery and regeneration time under loads of anaerobic exercises. Our research shows that the inhalation
of hyperoxic mixture before a match does not have a statistically significant impact on the lactate level after
the load. The inhalation of the hyperoxic gas mixture significantly (p < 0.05) affected the dynamics of
lactate metabolism in the 3rd and 10th minute of recovery. Based on our results, the inhalation of a
hyperoxic gas mixture can be said to be an appropriate way to accelerate recovery time after a judo or
karate match. The effect of a hyperoxic gas mixture is stronger when one inhales it for a longer time.
According to our results, the recovery and restoration of energy stores after inhaling a hyperoxic gas
mixture is approximately one-third faster than without the use of hyperoxic gas mixtures.
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