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Conclusion:
Fartlek training reduces fatigue and muscle damage and improves physical fitness
capabilities in soccer players.
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Extended Abstract

Introduction:

Soccer is currently the most popular sport worldwide (1). Soccer players need good technical and
tactical skills and high levels of endurance, speed, strength, and coordination to achieve successful
performance (2). The energy used by soccer players is mainly generated by aerobic metabolism,
and an adequate level of aerobic fitness allows players to perform high-intensity repetitive actions
in a soccer match, accelerate the recovery process, and maintain their physical condition at an
optimal level throughout the game and season. Maximum oxygen consumption (VO:max) in
professional soccer players can range from 55 to 65 ml/kg of body weight per minute (2). Due to
the high intensity of the game, blood lactate production is high, especially in the first half.
Therefore, designing training programs based on changes in blood lactate and time to fatigue is
one of the main goals of preparation programs in soccer (6). Various training methods have been
used to improve lactate and LDH response, including high-intensity interval training (10), speed
training (11), continuous training (12), and circuit training (13). Given that the choice of training
program is important and decisive for achieving high-level performance, examining the effect of
diverse training methods through different studies will lead to better practical results. Fartlek, a
Swedish term meaning "speed play," involves variable intensity and continuous training, placing
sufficient stress on both anaerobic and aerobic systems. This study aims to answer the question of
whether fartlek training can improve aerobic and anaerobic capacity, fatigue index, and lactate and
lactate dehydrogenase response in soccer players.

Methodology:

This study was a quasi-experimental study with a pre-test/post-test design, including a training
group and a control group. The statistical population included young male soccer players in Tabriz
League One. Thirty subjects were randomly selected from 119 eligible subjects and randomly
divided into two groups of 15 (experimental and control). One week before the start of the study
protocol, subjects completed a medical history questionnaire. Written informed consent was
obtained from all subjects in accordance with the Declaration of Helsinki (ethical principles in
medical research involving humans). Subjects were prohibited from performing strenuous
activities such as official soccer games 48 hours before testing. On the day of blood collection, a
standardized breakfast was consumed by all subjects. Functional tests and blood collection were
performed in two different sessions with a 48-hour interval. First, the Yo-Yo test was administered
to assess aerobic power. Forty-eight hours later, the RAST test was administered to assess
anaerobic power and fatigue index, with blood sampling before and five minutes after to assess
serum lactate and lactate dehydrogenase response. After 48 hours of rest, the main fartlek training
began. The training was performed for eight weeks, two sessions per week on Monday and
Thursday. The post-test phase was repeated after eight weeks of fartlek training under conditions
similar to the pre-test. Fartlek training was performed in each session after general warm-up and
before regular soccer training during the off-season at the Takhti Maragheh Sports Complex. The
American College of Sports Medicine (ACSM) intensity rating scale was used to control exercise
intensity with a rating of perceived exertion (RPE) of 15-17 and a heart rate of 85-95% of
maximum heart rate (HRmax) (20). Previous studies have reported an RPE score of 16 as
appropriate for fartlek training (21). In searches conducted, there was no specific implementation
method for fartlek training, and most studies did not mention the method of performing the
exercises (22, 23). Fartlek training in this study consisted of fast running at an intensity of 16 RPE
(equivalent to 90% of maximum heart rate) and slow running at a lower intensity. Training load
was increased by increasing the training volume (number of repetitions).
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Results:

After the RAST test, in both pre- and post-test stages, lactate and lactate dehydrogenase levels in
both experimental and control groups showed a significant increase (p < 0.05) (Table 3). In the
post-test, the response (delta values before and after the RAST test) of lactate (p = 0.045 and t =
2.11) and LDH (p =0.027 and t = 2.33) showed a significant difference between the experimental
group (LDHA = 38.53 and LA = 76.93) and the control group (LDHA = 59 and LA = 92.64). The
results of other variables, according to Table 4, indicate an increase in aerobic capacity (VO:max)
and peak anaerobic power after eight weeks of fartlek training compared to the pre-test, and a
significant decrease in the fatigue index in the experimental group compared to the control group
(p <0.05).

Discusion:

High lactate threshold training, including high-intensity interval training, has been reported to
stimulate an improved lactate response in athletes. It has been suggested that high-intensity interval
training delays lactate accumulation to a greater extent, and that increased oxidative capacity and
muscle fiber recruitment, increased lactate tolerance, or increased lactate clearance may contribute
to better tolerance of high-intensity exercise (26). Another possible mechanism is alterations in the
enzyme pyruvate dehydrogenase and modulation of carbohydrate metabolism through the entry of
pyruvate-derived acetyl into the citric acid cycle and increased acetyl-coenzyme A, resulting in
reduced lactate production (27). Since lactate production occurs simultaneously with the formation
of hydrogen ions (H"), excessive hydrogen ion accumulation during high-intensity exercise may
affect the adaptations of the pH-regulating system within skeletal muscle. It has been reported that
interval training with long rest periods leads to an increase in intracellular buffering capacity
compared to short rest periods (1 min) (29). The one- to two-minute rest periods in this study may
be effective in increasing muscle buffering capacity and enhancing lactate removal. The
observation of increased LDH resulting from intense interval exercise activities such as the
Copenhagen football protocol suggests that intense interval training, such as that occurring in a
soccer match, may lead to muscle damage in players. Therefore, the use of such training has been
suggested to help soccer players adapt to competitions and reduce recovery time (9). Studies
confirm that the enzyme lactate dehydrogenase, in addition to creating inflammatory conditions
for muscle cells and increasing its level due to damage to the muscle fiber membrane after physical
activity, also plays an effective role in the process of energy and lactate production (31). The
immediate increase in whole blood LDH after an intense anaerobic test may be due to damage to
the muscle cell membrane and increased penetration of the long-chain M-isoenzyme, including
LDHS, into the blood. LDHS is produced in skeletal muscle and catalyzes the conversion of
pyruvate to lactate. Fartlek training may have led to an increase in the long-chain H-isoenzymes,
including LDH1, which improve the aerobic oxidation of pyruvate, thereby reducing lactate
production (32). Regarding the mechanism of action of intense interval training in improving
VO:max, central adaptations such as increased stroke volume and cardiac output, or peripheral
adaptations with greater oxygen uptake by active muscles as well as increased mitochondrial
number or calcium pump function, have been suggested (33). Fartlek training is used to increase
endurance and VO:max in all sports. The characteristics of fartlek training, such as fast and slow
running or walking over long periods of time and distance, are very similar to the characteristics
of soccer, in which players must run at different speeds and sometimes walk for extended periods
(34). Therefore, soccer players can benefit from this type of training to adapt and improve aerobic
endurance.
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