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Abstract - Aims: The current study aimed to compare the anaerobic power output through the Wingate test in differ-
ent positions, i.e., standing and seated, and identify the relationship between power-output and body mass.Methods:
Eleven male competitive cyclists (age: 30.3 ± 4.7 years; body mass: 73.7 ± 7.7 kg; body fat: 11.3 ± 4.2%) were sub-
mitted to two sessions of the Wingate test (WT) in different positions, on different days.Results: The peak power (W),
average power (W), relative peak power (W·kg-1), relative average power (W·kg-1), average cadence (rpm), and average
velocity (km·h-1) presented significant differences in the standing position compared with the seated position (p < 0.05),
1155 ± 130 vs. 1082 ± 182 (W), 875 ± 96 vs. 818 ± 116 (W), 15.9 ± 1 vs. 15.0 ± 2 (W kg-1), 12.1 ± 1 vs. 11.3 ± 1 (W
kg-1), 117.5 ± 7 vs. 109.8 ± 10 (rpm), 37.0 ± 2 vs. 34.6 ± 3 (km·h-1), respectively. However, when controlled the body
mass, the differences in variables power output ceased to exist (p > 0.05). The fatigue and peak heart rate (bpm) indices
did not present significant differences between the tests (p > 0.05). Conclusions: Sprint performance was improved
when the WT was performed in a standing position in competitive cyclists. The study also reports the important rela-
tionship between body mass and anaerobic production capacity in the WT, emphasizing that it is desirable an increase in
lean body mass and a reduction in fat mass, similar in competitions. We suggest that, for anaerobic assessment in
cyclists, the standing position should be used during the WT, to determine the maximum power-output capacity.
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Introduction
The characteristics of competitive cycling include endur-
ance aerobic actions for long periods of races in different
types of landscape, that request decisive (accelerations,
attacks, and sprints) actions mainly from the anaerobic
system to supply energy, to produce greater force and
power1. Therefore, the anaerobic pathways are present in
actions such as start, climbs, and sprints, as well as, pri-
marily, in final moments of the competition, characterized
as short term and high-intensity events. In this case, rapid
energy-producing pathways are required to supply the
needs of these actions, resulting in high metabolic demand
and high power production on the pedals2. In addition,
athletes performed several high sprints in the course of a
race, resulting in elevated levels of anaerobic power pro-
duction3.

A factor that influences individual response is rela-
ted to the modes of power production for the force to be
applied to the pedals. The magnitude of effort applied and
orientation determines the force production which results
in movement and, subsequently, the individual pedaling

standard4. Therefore, the Wingate test (WT) is an anaero-
bic exercise test, most often performed on a stationary
bicycle, that measures peak anaerobic power and anaero-
bic capacity5. It has been utilized in different popula-
tions1,6,7, especially to evaluate anaerobic performance in
an all-out 30-s sprint (i.e., high-intensity effort). The data
provided from this test are: peak power (PP), normally
obtained in the initial seconds, average power generated
during the test (AP), and the fatigue index (FI) which con-
sists of performance reduction between the maximum and
minimum power output5.

The main recommendation in the execution of the
WT is the position of the cyclist on the saddle, who should
remain seated from the initial moment of acceleration of
the pedals until the end of the test8,9. However, in race
situations, there is a possibility of creating greater power
according to the adopted position of the cyclist, that is,
standing or seated6,7. Reiser et al.6 observed an increase in
PP when the WT was conducted with the cyclist standing,
although subsequent studies did not find an effect of posi-
tion on power production1,7. Since the WT aims to evalu-
ate the maximal anaerobic power, the test proposes
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standardization so that the athlete remains seated through-
out the protocol. However, in competition situations, the
moments of higher power output are performed with the
athlete in a standing position (start, sprint, attacks, long
stretches with elevation, and ending the race). Therefore,
athletes must be evaluated in these conditions to verify
that the maximal anaerobic power produced during the
WT is close to that produced in a competition.

Taking into consideration the importance of deter-
mining differences between positions, the primary objec-
tive of the present study was to compare the power
production through the WT in the standing position con-
cerning the seated position in competitive cyclists, and the
secondary objective was to identify the relationship
between body mass and the power variables obtained in
the test. The hypothesis was that athletes in a standing
position would produce a greater power index in the WT
when compared to a seated position.

Methods
The sample of the present study (Table 1) was com-

posed of eleven male competitive cyclists who partici-
pated in road cycling races at state, national, and
international levels. All volunteers were previously
informed of the risks and benefits of the study and famil-
iarized with the experimental procedures in the laboratory.
The study was approved by the Institutional Ethics Com-
mittee for Research on Human Subjects (number CAAE:
33095714.3.0000.0107) and performed following the
standards established by the Declaration of Helsinki.

The study participants trained between 5 and 6 days
per week with session durations of between 1 and 4 h. The
training was based on strategies such as training at high-
intensity using repeated sprints with variations in the gears
(heavy and light), specific training in climbs with dura-
tions of 10 to 20 min (between 5 to 10 repetitions), as well
as training sessions in a circuit and time-trial, being per-
formed between 2 and 3 days a week. The moderate-
intensity training was characterized by a course with a
long distance (over 3 h).

All participants were submitted to anthropometric
evaluations and two experimental sessions in the WT

(standing and seated) with an interval of 24 h between
sessions. In both conditions, the laboratory environmental
temperature between 22 and 24 °C, relative humidity
between 60 and 70%, and atmospheric pressure (724 mm
Hg) were similar, as well as the time of the performance
test. During the evaluations, water consumption was
allowed ad libitum. All participants were instructed not to
perform a physical exercise on the day before evaluation
and not to consume foods with high energy content or
drinks containing caffeine for three hours before the start
of the sessions.

Anthropometric measurements of body mass and
height were performed using a scale with a resolution of
0.1 kg (Model 2096, Toledo, Brazil) and stadiometer with
a resolution of 1 mm (Standard, Sanny, Brazil). In addi-
tion, four skinfolds were measured using a scientific cali-
per with a resolution of 1 mm (Cescorf, Brazil), according
to the protocol proposed by Jackson and Pollock10:
abdominal, supra-iliac, tricipital, and thigh.

A cycle ergometer was utilized (Cefise, model Bio-
tec 2100, Brazil), which allows biomechanical adjustment
during the execution of the test, through the triangulation
between handlebar, saddle, and crank, being positioned
according to the individual characteristics of each athlete.
The cycle ergometer used is equipped with mechanical
braking connected to a microcomputer. Data collection
and analysis were performed through Ergometric software
(Cefise, Brazil). A heart rate monitor was used in all tests
(model S610, Polar, Finland).

The order of WTwas randomized (http://www.rando
mization.com) and counterbalanced. At the first moment
the athletes were divided into two groups to perform the
first test in the standing position (n = 6) or seated position
(n = 5). After respecting 24 h of the interval, the volun-
teers returned to the laboratory to perform the test in the
other position. Athletes were informed of the position in
which they would perform the test a few minutes before
the test. Resistance utilized in the WTwas relative to 10%
of body mass using the measurements obtained immedi-
ately before each session5.

The WT was preceded by a warm-up of 5 min in
approximately 100 rotations per minute (rpm) on the cycle
ergometer, with 2 sprints of approximately 6 s every min-
ute, followed by a 2-min rest interval before the start of the
test11. All athletes wore their cycling shoes. Both tests had
a duration of 30 s and the athletes were verbally motivated
to perform at the fastest rate possible to complete the test.
The seated WT consisted of the athlete remaining seated
throughout the test, that is, supporting their hands, feet,
and hips on the cycle ergometer. The standing WT con-
sisted of the athlete remaining without the support of the
saddle throughout the test, that is, only supporting their
hands and feet on the cycle ergometer. Variables provided
by the software during WT were: peak power (PP), aver-
age power (AP), average cadence (AC), average speed

Table 1 - Descriptive data of the study athletes.

Variables Mean SD Lower Upper

Age (years) 30.0 4.8 18.0 38.0

Body Mass (kg) 72.1 5.5 62.0 82.3

Height (m) 1.76 0.04 1.7 1.8

Fat Percentage (%) 10.6 3.7 5.0 16.2

Fat Mass (kg) 7.84 3.1 3.4 12.8

Lean Mass (kg) 64.3 3.8 56.1 69.8

Weekly training (h) 16.4 5.6 13.2 20.4

Note: kg = kilograms; m = meters; h = hours.
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(AS), and fatigue index (FI). Relative peak power (RPP)
and relative average power (RAP) was calculated accord-
ing to the body mass of each athlete (PP/BM=RPP; AP/
BM=RAP), and peak heart rate (PHR).

All data are expressed as mean ± SD. Data normal-
ity was assessed through visual inspection and the Sha-
piro-Wilk test. To compare the WT between the positions,
the paired student t-test was used. Multivariate analysis of
covariance (MANCOVA) with a post hoc of Bonferroni
was realized to determine the differences between groups,
using body mass as a covariate. This procedure was cho-
sen with the intent of removing the influence of body mass
on power production. To verify the relation between body
mass and the delta power variable in the test, the Pearson
correlation was used for analyzes. Results were considered
significant at p < 0.05. The statistical software SPSS, ver-
sion 19.0, was utilized for data analysis.

Results
Table 1 presents the general characteristics of the

study sample, expressed as mean and SD.
Standing position presented greater values in vari-

ables PP (p = 0.019), AP (p ≤ 0.001), RPP (p = 0.033),
RAP (p ≤ 0.001), AC (p ≤ 0.001), and AS (p ≤ 0.001),

presented significant differences compared with the seated
position. No significant differences were found for vari-
ables FI (p = 0.710) or PHR (p = 0.279). Controlling for
body mass as a covariate, significant differences were
observed for AC (F = 5.385; p = 0.030) and AS (F = 5.391;
p = 0.030). No significant differences were found for vari-
ables PP (F = 3.127; p = 0.092), AP (F = 4.235; p = 0.052),
or FI (F = 0.200; p = 0.660) (Table 2).

Figure 1 presents the correlations of body mass and
delta (Δ) differences between WT positions for the vari-
ables RAP, AS, and AC, which all presented significant
correlations with body mass, r = -0.71; p = 0.01, r = -0.71;
p = 0.01 and r = -0.71; p= 0.01, respectively.

Discussion
The present study aimed to compare power produc-

tion between different positions in the WT in competitive
cyclists. The main finding demonstrated that the standing
position in the WT presented greater power production
concerning the seated position in the variables PP, AP,
RPP, RAP, AC, and AS. These findings confirm, in part,
the main hypothesis of the study that the standing position
would result in greater power production compared with
the seated position.

Table 2 - Variables obtained in the Wingate Test in both positions.

Mean ± SD MANCOVA

Variables Seated Standing P-value F p-value

Peak Power (W) 1082 ± 182 1155 ± 130* 0.019 3.127 0.092

Average Power (W) 818 ± 116 875 ± 96* 0.000 4.235 0.052

Fatigue Index 44.4 ± 12 42.9 ± 3 0.710 0.200 0.60

Relative Peak Power (W·kg-1) 15.0 ± 2 15.9 ± 1* 0.033 - -

Relative Average Power (W·kg-1) 11.3 ± 1 12.1 ± 1* 0.001 - -

Average Cadence (rpm) 109.8 ± 10 117.5 ± 7* 0.000 5.385 0.030*

Average Speed (km·h-1) 34.6 ± 3 37.0 ± 2* 0.000 5.391 0.030*

Peak Heart Rate (bpm) 176.6 ± 7 178.7 ± 3 0.279 0.721 0.405

Note: W = watts; W·kg-1 = watts/kilograms; rpm = rotations per minute; km·h-1 = kilometers per hour; bpm = beats per minute. Values expressed as mean
± standard deviation. *significant differences when compared to WT seated at the level p < 0.05.

Figure 1 - Coefficient of the correlation between body mass (kg) and delta (Δ) of the variables relative to the average power (RAP) (W·kg-1) (Figure 1A),
average speed (AS) (km·h-1) (Figure 1B), and average cadence (AV) (rpm) (Figure 1C).
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Until now, the relationship between the power pro-
duced in different positions remains unclear, and the pre-
sent study provides important results reinforcing this
discussion. For example, Wilson et al.7 did not report dif-
ferences between positions in the variables PP and AP.
Differently, Reiser et al.6 demonstrated differences in
variables PP and AP, however, the authors did not report
the differences in AC between positions. Mclester et al.1 in
a protocol with three repetitions of WTwith a four-minute
recovery reported differences for AP and FI in the third
test. In this regard, the authors affirmed that these differ-
ences in variables between positions are achieved in the
initial 5 s of the test, is the result of higher recruitment of
the muscles, increasing energy transfer to the pedals, as
well as interference from the amplitude of movement and
articulations of the standing position compared with the
seated position12,13. More recently, Merkes et al.14 investi-
gated differences among three positions of WT (seated,
standing, and forward standing). Standing and forward
standing (attack positions) were different of seated posi-
tion in higher peak power and mean power output, never-
theless, in competition the forward position shown its
aerodynamic benefits when compared to seated and stand-
ing positions.

The RAP and AS presented differences between
positions, however, we did not find any other studies that
approached these variables utilizing the WT. According to
Wilson et al.7, these findings are directly related to the
sample characteristics, level of training, individual techni-
que, a specificity of the sport, and levels of muscular acti-
vation1,6. Other interesting data in the present study were
the influence of body mass on the power production capa-
city in the WT, as the significant differences ceased to
exist when body mass was used as a covariate (i.e., PP and
AP). Thus, the findings of Kim et al.15 emphasized that for
a better index of anaerobic power in the WT, an increase in
lean body mass and reduction in fat mass are necessary,
presenting better use of muscular fibers indispensable for
contraction. In this way, an excess of body fat presents
disadvantages in sports performance16.

As regards mechanical differences between posi-
tions, studies show that the standing position presents bet-
ter redistribution of the energy of the upper body forward
during realization of the WT, becoming a determinant fac-
tor of performance17. Furthermore, the authors related that
the linear movement increased in cyclists in the standing
position when compared with the seated position. Neptune
and Hull18 affirm that energy generated resulting from ris-
ing in the saddle, to increase the force imposed by the hip
joint, classified as a linear movement, is fully transferable
to the pedaling movement, and maybe one of the determi-
nant factors in the WT results between positions.

Therefore, the generated power output in the stand-
ing position is usually better compared with the seated
position, however, it is difficult to maintain this position

for a long period, due to the high demand for neural
recruitment in upper and lower body muscles13,19.
Regarding the energy cost, Costes et al.20 affirmed that
there are smaller alterations in the relationship of the posi-
tion adopted (seated vs. standing), however, the protocol
used was different from the present study. This technique
can be utilized to reach or overtake an adversary, win a
short and very steep climb, or vary the position on long
climbs, thus, the standing position facilities generation of
better workload, better force production, and pedal
cadence7, according to the present study.

Consequently, when WT was performed in the
seated position, athletes have three bases of support: han-
dlebar, saddle, and pedals, dividing the load, however,
when the support of the saddle is eliminated in the stand-
ing position, the mass moves in the direction of the pedals,
increasing load and, consequently, the force imposed6.
This alteration in the pedaling position associated with
gravitational force could effectively help in the propulsion
phase, that is, the mass of the cyclist is propelled favorably
against the pedals, assisting in the torque generation12,
besides the anthropometric characteristics, poor balance,
and coordination14.

Duc et al.19 investigating different slopes in standing
and seated positions in an incremental test demonstrated
that a change from the seated position to standing affected
the intensity and time of electromyography activation of
the lower limb and, mainly, arm and trunk muscles. A
study conducted by Li and Caldwell13 reported that
cyclists in the standing position produced greater electro-
myography activity in monoarticular muscles, gluteus
maximus, and vastus lateralis when compared with biarti-
cular straight muscles and femoral biceps, which could
translate into a reduction in fatigue of the biarticular mus-
cles and selective fatigue of the monoarticular muscles
during cycling while standing. In this way, we can infer
that the same movement can generate different levels of
fatigue in distinct muscle groups. Furthermore, the level of
training can influence the test results, causing divergence
in the data in the literature.

In the FI relationship, no significant differences were
found between positions, which corroborates the results of
Reiser et al.6, however, studies have used the FI as an
index to indicate the capacity of athletes to maintain anae-
robic performance and, possibly, not suffer the effects of
fatigue21. In cycling, fatigue has been related to a reduc-
tion in pedaling technique and quantified through changes
in the standards of muscular electrical activation22, which
may explain the results of the present study. However, to
verify this affirmation it is necessary to quantify peripheral
fatigue across specific and more reliable techniques. The
PHR did not present statistical differences7, indicating that
the athletes performed both tests at maximum effort.

Lastly, studies that utilized the same approach pre-
sent methodological inconsistencies in the realization of
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the protocol7, for example, the type of warm-up preceding
the test can cause interference in the validity of informa-
tion obtained. Another situation found that can directly
affect data is the WT resistance adopted for each test and
the sample of the studies. For example, Reiser et al.6 used
resistance of 8.5% of body mass in university cyclists,
while Mclester et al.1 and Wilson et al.7 used 7.5% of body
mass of active college students and professional ice speed
skating athletes, respectively. Even so, the protocols
should consider the principal variable investigate since
different resistance applied may offer differences in power
peak23 and other strategies24. More specifically, the
authors argued that to quantify the maximal power, differ-
ent resistances are recommended in different trials to
identify higher power output20. Thus, the specificity of the
test can interfere with the results, as well as the learning
effect1.

The principal's limitations of the study were the size
of the sample, just like not-realization of familiarization
session, nevertheless, exists a specificity between training
types performed by athletes with WT. In relationship with
the practical applications, the evaluation sprints positions
reflect the reality of cycling, in addition, it enables the
knowledge of power values comparable with performance
in races, training, and tests.

Conclusions
The results found this study confirm that, the perfor-

mance obtained was better in the WT realized in the
standing position when compared with the seated position
in competitive cyclists. We suggest that for anaerobic eva-
luation of cyclists, the WT performed in both positions
could be a useful tool to establish the characteristics of
power production between positions. This result also
assists in the discussion of the importance and interference
of the relationship of body mass with anaerobic power
production capacity in the WT, which should be taken into
account in future studies. Furthermore, we suggest the
manipulation of the time in the standing position at the
start of the test, in order to verify the optimal time to
maintain this position before sitting, as well as perfor-
mance in different positions on cycle ergometers with
electromagnetic braking in professional cyclists.
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