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ABSTRACT

Background and Aims: The purpose of this study was to evaluate the
effect of quadriceps muscle fatigue on electromyographic activity of
selected lower limb muscles during lifting loads using different
techniques.

Methods: Surface electromyography activity of the rectus femoris,
vastus latralis, vastus medialis, biceps femoris, semitendinous,
gastrocnemius medialis and tibialis anterior muscles of 20 able-bodied
women were recorded before and after the quadriceps muscle fatigue
using leg-press movement, squat, stoop and strudel techniques with 20%
of body weight. Analysis of Variance with repeated measures was used
for data analyses (p<0.05).

Results: After fatigue when lifting the load, the activity of the rectus
femoris, vastus medialis, biceps femoris and gastrocnemius medialis in
squat and stoop techniques was significantly different compared to
before fatigue condition. But no significant difference was observed
between the activity of any of the muscles before and after fatigue in the
straddle method.

Conclusion: According to the results, it seems that when quadriceps
muscle fatigue, the use of straddle technique to lift the load is more
appropriate.
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Extended Abstract:

Background and Objectives: Lifting is a stressful task that can expose individuals to
adverse physical conditions such as force application and improper body postures,
leading to a range of musculoskeletal disorders (2). These disorders have the potential
to cause long-term and serious pain that, in addition to affecting the health and
efficiency of the affected individual, also causes significant financial losses. For
example, lower back pain caused by manual lifting is one of the most common of these
disorders in different societies, even in developed countries, which imposes significant
direct and indirect economic costs on different societies annually [3]. The significant
prevalence of musculoskeletal disorders caused by manual lifting and carrying of loads
in societies has led to the dedication of a wide range of studies to this important
problem. It seems that the technique of lifting loads is one of the important issues raised
in these recommendations and has been the focus of a wide range of research
conducted in this area. Since adopting a correct lifting strategy has a significant impact
on reducing the risk of musculoskeletal problems, paying attention to the lifting
technique is of particular importance [9]. Among the various lifting methods, squat and
stoop have been considered more and straddle less in previous studies, and from a
biomechanical perspective, squat has usually been mentioned as a safer method than
stoop technique; while some studies have reported contradictory results [10, 11]. Failure
to adopt the correct lifting technique and repetition and, as a result, fatigue are
important reasons for impairment in this job task. Despite the evidence and
documentation showing the effect of fatigue on muscle performance characteristics,
researchers are still looking for an appropriate lifting technique following muscle fatigue.
The aim of this study was to determine the effect of local fatigue of the quadriceps
muscles on the electromyographic activity of selected lower limb muscles during lifting
with squat, stoop, and straddle techniques in healthy women.

Materials and Methods: Twenty female students were selected through convenience
sampling and participated in this quasi-experimental study. To record the electrical
activity of the rectus femoris, vastus lateralis, vastus medialis, biceps femoris,

semitendinosus, gastrocnemius medialis, and tibialis anterior muscles of the dominant
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leg, a 16-channel electromyography device, model ME6000, with a sampling frequency
of 2000 Hz and a bandwidth of 8-500 dB3/HZ was used. The center-to-center distance
of the electrodes was 2 cm, and the ground electrode was placed on the tibia. The
subjects lifted a weight equivalent to 20% of their body weight in front of their body
using the squat, stoop, and straddle techniques. The method and manner of lifting the
load was according to the study by Faber et al. (2009) with the feet shoulder-width apart
[17]. The technique execution rate was such that lifting the load, holding the load,
lowering it, and pausing time were each performed for 3 seconds. Each technique was
repeated three times and the average was used for analysis. This process was
considered as a pre-test. After the pre-test, the quadriceps muscle fatigue protocol was
performed using a leg press machine and performing knee extension movements. After
the fatigue protocol, all the steps of the experiments similar to the pre-test were
repeated as a post-test. To analyze the raw signals obtained from the surface
electrodes, Mega Win 3.0.1 software and a band-pass filter of 8 to 500 Hz were used.
Then, the root mean square (RMS) of the filtered data was calculated. To normalize the
activity level of each muscle, the values obtained in each of the lifting techniques were
divided by the values obtained for the maximum voluntary isometric contraction (MVIC)
of that muscle and multiplied by 100. The body was analyzed using the repeated
measures analysis of variance method. Then, in follow-up tests, the paired t-test was
used to compare muscle activity in the pairs of conditions before and after fatigue and
the position of the load relative to the body. The significance level was considered to be
p<0.05.

Results: According to the results obtained, the rectus femoris (p=0.002), vastus
medialis (p=0.028), biceps femoris (p=0.004) and gastrocnemius medialis (p=0.019)
muscles showed a significant increase in their activity after fatigue. The rectus femoris
(p=0.014), vastus lateralis (p=0.007), vastus medialis (p=0.014) and biceps femoris
(p=0.003) muscles had a significant increase in their activity after fatigue; while the
gastrocnemius medialis muscle (p=0.004) had a decrease in activity. None of the
muscles had a significant change in their activity with the Straddle method before and
after the fatigue of the quadriceps muscles.
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Discussion and Conclusion: The findings showed that local fatigue of the quadriceps
muscles increased the electromyographic activity of the rectus femoris, latissimus dorsi,
biceps femoris, and gastrocnemius medialis muscles during weight lifting in the squat
and stop techniques, while no significant difference was observed in the straddle
technique. Previous studies have shown that skeletal muscle fatigue causes changes in
the characteristics of the electromyographic signal. These changes include a decrease
in the median frequency and an increase in the RMS amplitude [19, 20]. It seems that
the increase in activity of the studied muscles following fatigue in the two mentioned
techniques was probably to increase knee joint stability. In comparing the squat
technique with the stop technique, it should be said that despite the increase in muscle
activity, especially due to fatigue in both techniques; the pattern of these changes is
different in proportion to the different postures of the two techniques compared to each
other during the execution of the lifting movement. In examining the other muscles
studied, it should be noted that the initiation of the squat technique is controlled by the
extroverted activity of the quadriceps muscles, and during the rise, the introverted
contraction of the quadriceps muscles and the extroverted contraction of the gluteal and
hamstring muscles cause extension in the knee and hip joints and position the trunk in a
vertical position. When performing the squat technique, the contraction of the spinal
extensor muscles prevents increased flexion in the trunk and also prevents the
reduction of the angle of the trunk with the femur. The contraction of the hamstring and
gastrocnemius muscles and the interaction of these muscles with the hip and knee
extensors are other features of the squat technique. These results are consistent with
the study by Huang et al. in 2009 [24]. In this study, an interesting result was the lack of
significant increase in muscle activity following fatigue in the straddle technique (despite
the greater similarity of this technique to squats compared to stoops). Although no
significant changes were observed in any of the muscles, we observed a decrease
(even if slight) in activity after fatigue in most of the muscles studied. Notably, there was
a decrease of about 9% in the activity of the vastus medialis muscle (from the
quadriceps group) after fatigue. In explaining this, it may be stated that the straddle
technique allows the individual to bring the pelvis closer to the load compared to the
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squat technique and to keep the torso in a more upright position compared to the stop
technique. Also, the provision of part of the force required to lift the load by the leg
muscles in the straddle technique should not be ignored. According to the results of this
study, local fatigue of the quadriceps muscles can cause changes in the
electromyographic activity of the lower limb muscles when lifting a load with different
methods. When lifting a load, fatigue is effective on the squat and stop techniques, but it
does not have much effect on the straddle technique. Accordingly, it seems that using
the straddle technique for lifting weights may be more appropriate when the quadriceps

muscles are fatigued. However, this issue requires more detailed investigation.
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