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Extended Abstract

Background and Aim: Football has become one of the most popular sports worldwide,
attracting millions of fans. Muscle damage following a football match presents a
significant challenge for players due to the high metabolic demands and physical
nature of the game. Disturbances in the oxidant-antioxidant system following exercise
can lead to skeletal muscle damage, tropomyosin disruption , increased serum levels of
muscle troponin T (sTNT), and damage to mitochondrial DNA (mtDNA). However, focusing
on training-related injuries across different levels has become a challenge for researchers.
When comparing the impact of plyometric exercises at various levels on physical performance
and fitness, conflicting results have been reported. Due to the limited information in this field,
this study aimed to compare the effects of eight weeks of plyometric training on grass
versus indoor surfaces, with respect to markers of muscle damage in soccer players.
Materials and Methods: In this semi-experimental study, 36 soccer players from
the first and second leagues of the Youth and Omid Kashiri leagues (average age
20.94 £ 2.81 years) were selected. The participants were randomly divided into three
groups: (1) plyometric training on grass, (2) plyometric training in a gym, and (3) a
control group. The control group followed their regular exercises under the supervision
of a coach, while the two experimental groups performed two additional plyometric
training sessions per week alongside their regular training. The plyometric program
lasted for eight weeks, with each session lasting 60 minutes. The exercises focused

on increasing strength and enhancing explosive power through jumping movements,
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targeting the hip and leg muscles. Specific exercises included vertical jumps for maximum height, jumps emphasizing leg speed,
and deep jumps from varying heights on both hard and soft surfaces.

To measure serum sTnT, an ELISA kit from Casabio (economic code CSB-EL024015RA) with a sensitivity of 0.97 ng/ml was
used. For mtDNA analysis, the quantitative real-time PCR method was employed. Data were analyzed using paired sample t-test
and one-way ANOVA, followed by Tukey’s post-hoc test, with a significance level set at p<0.05.

Findings: No significant differences were observed in serum sTnT levels between the groups. However, mtDNA levels were
significantly higher in both the grass (p=0.001) and indoor (p=0.001) training groups compared to the control group. Additionally,

mtDNA values were significantly higher in the grass training group compared to the indoor training group (p=0.001) (See Figure 1).

Figure 1. Serum sTNT values and mtDNA gene expression in the studied groups;
* significant change compared to the pre-test, # significant change compared to the
control group; $ significant change compared to the grass training group
Conclusion: The results suggest that muscle damage following intense training can serve as a catalyst for beneficial adaptations,
leading to enhanced mitochondrial biogenesis and improved antioxidant function in the long term. While plyometric training in
both indoor and grass environments results in increased mtDNA expression in blood leukocytes, training on grass appears
to be more effective. Therefore, it is recommended that soccer players incorporate plyometric exercises on grass to enhance
mitochondrial content.
Keywords: Exercise training, sTnT, mtDNA, Soccer players.
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