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ABSTRACT
Introduction: The Wingate Test (WAnT) has been used to evaluate anaerobic performance in cycle ergometer. Objective: The purpose 
of the present study was to analyze the EMG response of the superficial quadriceps femoris muscles during the Wingate anaerobic 
test (WAnT). In addition, we investigated the influence of these muscles in performance and fatigue during the WAnT. Methods: For 
this purpose eight male cyclists performed a 30-s WAnT. Electromyographic amplitude (RMS) and median power frequency (MPF) data 
of the vastus lateralis (VL), vastus medialis (VM), and rectus femoris (RF) muscles, performance index (mean power, MP) and rate of 
fatigue (fatigue index, FI) were recorded during the test; and compared along six time points. The correlation between EMG data and 
performance parameters were made. Results: No significant differences were found in maximal EMG amplitude for all the muscles. 
The MPF of the VL and VM muscles decreased throughout the test (12% and 13%, respectively), however, the decline for the RF was twice 
greater (25%). Correlation among MP and EMG amplitude was observed only for VL (r=0.83; P<0.01). There was significant correlation 
between the FI and the MPF decrease in the RF muscle only (r=0.78; P<0.05). Conclusion: During the WAnT, MPF decrease of RF muscle 
was significantly larger when compared to the VL and VM. The VL muscle electrical activity was positively correlated with MP, suggesting 
that VL is an accurate predictor of the performance in the WAnT. The MPF decrease of the RF muscle was positively correlated to the FI. 
These results may be explained by differences in the fiber type composition, biomechanics and architecture properties of these muscles. 
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iNtRODUctiON
The Wingate Test (WAnT) has been widely used to 

evaluate anaerobic performance in mechanically and 
electro‑magnetically braked cycle ergometer,(1-3)since it is a 
non‑invasive test that is easily applied, validated and with high 
reproducibility.(1, 4, 5) The WAnT requires all-out pedaling or arm 
cranking for 30 seconds against constant load relative to the 
body mass of the subject.(1, 4)

An interesting aspect is that the majority of investigations 
that have used the WAnT as physical performance index have 
analyzed the energy systems in isolation(6‑10) or combined with the 
use of ergogenic aid.(11-18) Undoubtedly, information produced by 
these studies has contributed a lot to understanding metabolic 
aspects and fatigue mechanisms related to high intensity 
exercise. Nevertheless, it is important to point out that in general 
in the above studies the analyses were performed by means of 
blood samples or muscular biopsy. These investigations provided 
information about the organic system as a whole or only about 

a specific muscle, respectively. On the other hand, using surface 
electromyography (EMG), it is possible that the samples be 
taken simultaneously in different muscles involved in physical 
effort. During exercise performed on a cycle ergometer, the 
vastus lateralis (VL), vastus medialis (VM) and rectus femoris 
(RF) muscles are the major muscles involved in the pedaling.(19, 20)

In the light of these considerations, several researchers 
have found a dissociation in the EMG response between the VL, 
VM and RF muscles during the exercise of knee extension.(21‑25) 
Regarding the WAnT, there are little studies that have analyzed 
the EMG response between QF muscles in maximum effort on 
the cycle ergometer.(26‑28)

Thus, we must consider the lack of studies analyzing the EMG 
responses of the QF muscles simultaneously, so the purpose of 
the present study was to analyze the EMG response of the VL, 
VM and RF muscles during the WAnT. We hypothesized that 
differences in the fiber type composition, biomechanics and 
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architecture properties of these muscles would induce in a 
dissociation of EMG signal responses during the WAnT.

MethODs

subjects
Eight male cyclists (age: 26.9 ± 6.4 years; body mass: 

74.8 ± 8.7 kg; height: 179.6 ± 9.4 cm; body mass index: 
23.1 ± 1.4 kg/m2) volunteered to participate in the study. 
All were fully informed about the procedures and risks of 
the study. The subjects were familiar with equipment and 
protocol. Subsequently, they signed an informed consent 
term. The study was approved by the local University’s 
Research Ethics Committee according to number 427/2003 
and performed in accordance with the declaration of Helsinki.

anthropometry
Body mass was measured on a model ID‑1500 Filizola scale 

with margin of error of 0.1 kg. Height was obtained on an 
stadiometer with a margin of error of 0.1 cm. The individuals 
were measured in their stocking feet and only wearing light 
clothes.

Want
Ambient temperature and relative humidity were kept 

constant during tests. The WAnT was conducted according to 
the widely accepted recommendations for standardization.(4) 
Initially, they had a four‑minute warm up with a 32 watts 
load at a cadence between 70 and 80 rpm. After the warm 
up there was an interval of two minutes to measure body 
mass, adjust the seat height and the intensity of effort. 
A resistance corresponding to 90 g.kg-1of the body mass was 
applied.(29) The subjects performed the WAnT for lower-limb 
that consisted of maximum intensity pedaling continuously for 
30 s. The test was conducted on a mechanically braked cycle 
ergometer (Monark, Brasil) adapted with optical sensors to 
count cadence (rpm). The subjects were encouraged verbally 
to pedal as fast as possible during the test. The performance 
indexes produced peak power (PP); mean power (MP) and 
fatigue index (FI) were determined by the Wingate Test 
computerized program (CEFISETM). After termination of 
the test the subjects performed an active recovery on the 
cycle ergometer without resistance for three minutes as an 
attempt to minimize possible side effects induced by their 
efforts. The subjects were oriented to not do vigorous physical 
activities nor eat or drink substances with caffeine (coffee, 
chocolate, mate tea, guarana powder, Coca Cola, Guarana soft 
drink) or alcoholic beverages during the 24 hours preceding 
the test to avoid possible interference.

eMG signal acquisition and processing
For collecting and processing the EMG signals, a model 

MP150, Biopac System (Inc., Santa Barbara, CA, USA) 

containing sixteen channels was used. The sample rate 
established for acquiring the EMG registers was 1000 Hz. Raw 
EMG signals were bandpass filtered at 20‑500 Hz and stored 
on computer disk. The common mode rejection of the current 
system was >80 dB. Surface muscles of the QF (RF, VL and VM) 
of the dominant lower-limb were analyzed. Bipolar surface 
active electrodes (model TSD 150, BIOPAC System, Inc., Santa 
Barbara, CA, USA) were placed on each muscle with an inter 
electrode distance (center‑to‑center) of 20 mm. Prior to 
electrode placement, the skin area was shaved, cleaned with 
alcohol and abraded in order to reduce skin impedance and 
to ensure electrode adherence. Electrode placement for the 
muscles followed the standard procedure.(30)

To analyze the EMG responses of the VL, VM and RF 
muscles, the WAnT was broken up into six periods of five 
seconds intervals. The frequency spectrum of each epoch of 
EMG data was analyzed using a Fast Fourier transformation. 
The mean power frequency (MPF) was then determined. 
Furthermore, the amplitude of the EMG signals represented 
by the RMS value was determined in all periods of 5 seconds 
as an average of this time. Both indexes were normalized 
by the result obtained in the first five seconds of the test. 
We employed AcqKnowledge 3.8.1 software (Biopac System, 
Inc., Santa Barbara, CA, USA) to process the EMG signals.

statistical analysis
The results obtained were grouped in mean and standard 

deviation values. Results of the performance variables and 
EMG signals of the VL, VM and RF muscles obtained during the 
WAnT were contrasted by analysis of variances (ANOVA) with 
repeated measures. To locate possible differences, the Post hoc 
Tukey test was employed. Correlations between EMG signals 
obtained from the VL, VM and RF muscles and the physical 
performance indexes (MP) in the WAnT were established by 
Pearson correlation. The level of significance adopted for all 
the analysis was 5%.

ResUlts
Figure 1 shows the power and EMG signals responses of 

the VL, VM and RF muscles during the WAnT.
In relation to performance (Figure 1a), there was a time 

(period) effect during the WanT (P<0.05) indicating that the 
power suffered significant alterations between the periods 
in WAnT.

Means and standard deviations of amplitude (RMS) of the 
EMG signals of the VL, VM and RF muscles every five seconds 
during WanT are shown in Figure 1b. Regarding amplitude of 
the RMS, no time effect during the WAnT was verified for all 
the muscles (P>0.05). Concerning the MPF (Figure 1c), in all 
muscles investigated a time effect during WanT with significant 
reductions (P<0.05) during the course of the test was verified, 
the RF differed statistically from the VL and VM muscles and 
presented greater reduction of the MPF over the 30 s period.
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Table 1 shows the results of correlation including 
information related to the muscular activation of the 
VL, VM and RF muscles and the MP obtained in the WAnT.

It was found that just activation of the VL muscle were 
correlated (P<0.01) to MP in the WAnT.

In Table 2, there can be seen correlations obtained between 
the FI and the MPF decrease during the WAnT.

There was significant correlation between the FI and the 
MPF decrease in the RF muscle only.

DiscUssiON
As main find of this research, a dissociation in the responses 

of the QF muscles was observed. Regarding initial values, the 
VL and VM muscles presented reductions of 12‑13% during 
the test. On the other hand, the drop of the RF muscle was 
25%. Findings of the present study are similar to those of other 
researchers(21, 22, 31‑33) who found a dissociation in the EMG 
responses of the VL, VM and RF muscles in the face of the 
fatigue protocols in the exercise of knee extension. The same 
results was observed during the protocol identifying the EMG 
fatigue threshold in cycle ergometer.(34) It was seen that the 
intensity corresponding to EMG fatigue threshold for the RF 
muscle was around 1‑23% less than that obtained by the VL. 
One aspect that could explain this result is the difference in 
the proportion of fiber type between muscles. In a study of six 
cadavers, it was found that the RF is constituted predominantly 
by type II fibers when compared to the VL and VM muscles.(35, 36) 
The RF presents a specific characteristic in relation to the 
rest of the muscles that compose the QF, possible because 
it is a bi‑articulated muscle, it is responsible for extending 
the knees and flexing the hips while the VL and VM muscles 
are mono-articulated and promote only extension of the 
knees.(19, 20, 37) In relation to the VL and VM muscles, although 
both have similar anatomic properties, the characteristics 
regarding fiber type composition show differences. The VL 
is constituted of a greater proportion of type II fibers in 

Table 2. Correlation among variables during Wingate anaerobic test.

r P

FI x VL 0.31 0.44

FI x VM 0.56 0.15

FI x RF 0.78 0.02
Fatigue index (FI), vastus lateralis (VL), vastus medialis (VM) and rectus femoris (RF)

Table 1. Correlation among mean power and electromyographic amplitude 
of quadriceps muscles during Wingate anaerobic test.

r P

MP x RMS‑VL 0.83 0.01

MP x RMS‑VM 0.12 0.78

MP x RMS‑RF 0.40 0.33
Mean power (MP), electromyographic amplitude (RMS), vastus lateralis (VL), vastus 
medialis (VM) and rectus femoris (RF).

Figure 1a. Peak power. “*” Significant differences from periods 10s, 25s, 
and 30s (P<0.01). ** Significant differences from periods 20s, 25s, and 30s 
(P<0.01). “ω” Significant differences from subsequent periods of five seconds 
intervals (P<0.01).

Figure 1b. Electromyographic amplitude (RMS).

Figure 1c. Median power frequency (MPF) during the Wingate anaerobic test. 
“a” Significant differences from the vastus lateralis and vastus medialis (P<0.05).
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relation to the VM.(35, 38, 39) In addition, the VL presents a 
greater cross‑sectional area than the VM, resulting in greater 
absolute muscular tension and intra-muscular pressure.(20, 33) 
In situations where intra‑muscular pressure is increased, blood 
flow for the active muscle is diminished, which contributes to 
the instauration of an anaerobic condition.(40) Based on these 
facts, the expected results would be differentiated responses 
of the two muscles in the fatigue condition. However, in the 
present study the results do not support the hypothesis raised. 
In both muscles, reduction of the MPF was similar (12‑13%);one 
of the possible explanations for these results can be linked to 
crosstalk. Crosstalk refers to interference of one signal by 
others that emanate from adjacent muscles.(41, 42) In this sense, 
hypothetically, we would have interference of the synergist 
muscles (RF and Vastus Intermedius) in picking up signals. It 
is important to consider that the VM muscle is located at the 
level of the tendon of the RF and vastus intermedius muscles. 
Therefore, in this case, the crosstalk would be a problem above 
all of the VL muscle. This contribution of the synergist muscles 
signals could result in underestimated fatigue patterns that 
could lead us to erroneous interpretations.

Concerning the influence of the muscles on performance 
(Table 1), a significant correlation was found only between 
VL muscle and MP. A possible explanation for that is related 
to morphological aspects of the muscles. The cross‑sectional 
area of the VL is greater than the VM and RF muscles.(20, 33) 
Hence, the VL muscle shows greater capacity for tension than 
the rest of the muscles.(20)

Among the muscles analyzed in this present study, only 
the RF was correlated with the FI presented in WAnT (Table 2). 
The RF has the largest proportion of type II fibers (70.5%)(33) 
and as suggested by Hannukainen (43) muscles with large type 
two fibers receive lass blood flow, being more susceptible to 
fatigue. Results indicate that the subjects who showed the 
greatest capacity for maintaining the MPF of the RF apparently 
are those who probably suffered less fatigue during the effort.

cONclUsiON
In summary, the amplitude response of the EMG signals 

(RMS) of the muscles investigated was similar during the 
WAnT. Regarding the MPF, the magnitude of the decrease 
of RF muscle was significantly larger when compared to 
the VL and VM. The VL muscle contributes the most to 
better MP performance in the WAnT. In relation to the 
fatigue instauration, the MPF decrease of the RF muscle was 
correlated to the drop in performance. It should be pointed out 
that in the present study only the QF muscles were analyzed. 
Nevertheless, other muscles have effective participation in 
the action of pedaling. In the light of all this, there is a need 
for new investigations involving other muscle groups in order 
to verify the participation as well as the level of fatigue of the 
muscles during the WAnT.
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