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Abstract
Introduction. Neuromuscular electrical stimulation is applied in muscle atrophy and in muscle strength and endurance training in athletes. Muscle soreness and temporary reduction in muscle strength may occur as adverse effects. Laser therapy has
been used as a method of counteracting delayed onset muscle soreness following volitional exercise, but not following electrical stimulation. The aim of the study was to determine whether low-level laser therapy applied prior to electrical stimulation
accelerates the recovery of muscle strength and decreases the duration and intensity of muscle soreness at rest after intensive isometric neuromuscular electrical stimulation of the quadriceps femoris muscle. Material and methods. A randomised
crossover trial was carried out on 24 healthy, recreationally active men aged 22-24 years. Low-level laser therapy or sham laser
therapy was applied prior to a single session of neuromuscular electrical stimulation of the quadriceps femoris muscle with
typical technical and training-related parameters. Irradiations were performed immediately prior to and shortly after electrical
stimulation as well as 24, 48, 72, and 96 hours after this procedure. Muscle soreness was examined using the VAS scale in the
same time periods. Quadriceps moments of force were recorded with the use of a Biodex 4 Pro device during maximum voluntary static contraction and during electrical stimulation that triggered a tetanic contraction of the quadriceps femoris muscle
reaching the level of maximum tolerance. Results. No significant differences were noted in the severity of quadriceps soreness
and in the magnitude of the decrease in the moments of force of maximum voluntary contractions after stimulation preceded
by laser therapy and that preceded by sham irradiations. Conclusions. In the group studied, laser therapy applied before single
electrical stimulation with typical parameters did not bring about a faster recovery of muscle strength or a more rapid decrease
in soreness than sham laser therapy used prior to electrical stimulation. Further research on larger groups of subjects with the
application of various procedures as well as research on training programmes is needed.
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Introduction
Physical exercise is defined as the activity of the skeletal
muscles with accompanying functional changes and, in the case
of repeatability, with morphological changes in the whole body
[1]. Skeletal muscle activity naturally leads to muscle fatigue,
whose scope depends on such factors as exercise intensity, duration, and frequency as well as environmental conditions [2].
Skeletal muscle fatigue results in biochemical, biomechanical,
and subjective changes. They may be determined by testing
changes in the levels of enzymes in blood plasma and the typical activity of creatine kinase (CK) and lactate dehydrogenase
(LDH), as well as by defining morphological changes with medi-

cal imaging methods, conducting dynamometric tests, and determining the intensity of muscle soreness [3-5]. Muscle fatigue
is manifested through a decrease in muscle strength at different
times after exercise as compared to the pre-exercise value [6, 7].
Moreover, qualitative tests such as muscle soreness tests are carried out before and after exercise. Soreness, especially delayed,
is one of the main symptoms of myocyte damage [8].
The long-lasting consequences of muscle microdamage in
athletes, such as muscle pain and weakening, may lead to earlier
exhaustion during training, a lower ability to tolerate training
loads and, as a consequence, diminished sports performance
[9]. This is the reason why researchers seek effective methods of
limiting these effects [2-4, 6, 8].
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