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ABSTRACT

Introduction: Muscle fatigue is characterized by reduced ability to produce maximum strength or
power, and may differ between men and women. Changes in velocity of movement during exercise, and
in the ability to produce strength after exercise, may help when comparing fatigue in men and women.
Objective: To analyze the differences between men and women in relation to number of repetitions,
kinetics, kinematics and isometric force-time curve performance, and their respective muscle activation
in horizontal leg press exercises. Methods: Fifteen men and fifteen women underwent isometric force-
-time curve (Cf-t) and electromyographic (EMG) assessments before and after performing horizontal leg
press exercises. The exercises were performed in three sets until voluntary exhaustion, at 70% maximal
repetition. During the exercises, kinetic and kinematic variables were obtained by means of two force
transducers, a linear position potentiometer and accelerometer adapted for the horizontal leg press and
synchronized by a signal conditioning plate. Results: The mean propulsive velocity significantly reduced
between the first and last repetition of each series, with a similar reduction for men (-12.4 to -29.2%) and
women (-29.2 to -35.6%). The same pattern was observed for the other kinetic and kinematic variables.
The maximum voluntary contraction and peak force development rate also decreased for both men
(-15.1 £ 8.7% and -26.9 + 21.2%, respectively) and women (-13.9 + 10.4% and -28.2 + 11.5%, respecti-
vely). Conclusion: Based on the different variables used to quantify the effect of fatigue during and after
horizontal leg press exercises, the research found practically no differences between men and women.
Level of evidence Il; Comparative prospective study.

Keywords: Resistance training; Sex; Kinetics; Kinematics.

RESUMO

Introducao: A fadiga muscular é caracterizada pela reducéo na capacidade de produzir forca ou poténcia
mdxima e pode diferir entre homens e mulheres. As alteracées na velocidade de movimento durante o exercicio e
na capacidade de produzir forca apds o exercicio podem auxiliar na comparagéo da fadiga em homens e mulheres.
Objetivo: Analisar as diferengas entre homens e mulheres em relacéo ao nimero de repeticoes, cinética, cinemdtica
e desempenho da curva forca-tempo isométrica e sua respectiva ativagdo muscular no exercicio leg press horizontal.
Métodos: Quinze homens e 15 mulheres foram submetidos as avaliacées da curva forca-tempo (Cf-t) isométrica e
atividade eletromiogrdfica (EMG) antes e apds realizarem um exercicio leg press horizontal. Os exercicios foram rea-
lizados em trés séries até a exaustdo voluntdria a 70% de uma repeticdo mdxima. Durante os exercicios, as varidveis
cinéticas e cinemdticas foram obtidas através de dois transdutores de for¢a, um potenciémetro linear de posicdo e
um acelerémetro adaptados para o equipamento leg press horizontal e sincronizados por uma placa condiciona-
dora de sinais. Resultados: A velocidade média propulsiva foi reduzida significativamente entre a primeira e a Gltima
repeticdo de cada série com uma redugdo similarem homens (-12,4 a-29,2%) e mulheres (-29,2 a -35,6%). O mesmo
comportamento foi observado para as demais varidveis cinéticas e cinematicas. A contragdo voluntdria mdxima e
a taxa de desenvolvimento de forca de pico foram reduzidas igualmente tanto para homens (-15,1 £ 8,7% e -26,9 +
21,2%, respectivamente) quanto para mulheres (-13,9+ 10,4% e-28,2 + 11,5%, respectivamente). Conclusdo: Com base
nas diferentes varidveis utilizadas para quantificar o efeito da fadiga durante e apds o exercicio leg press horizontal,
a pesquisa revelou que nao ha, praticamente, diferencas entre homens e mulheres. Nivel de evidéncia Il; Estudo
prospectivo comparativo.

Descritores: Treinamento de resisténcia; Sexo; Cinética; Cinemdtica.

RESUMEN

Introduccién: La fatiga muscular se caracteriza por la reduccidn en la capacidad de producir fuerza o po-
tencia mdxima y puede diferir entre hombres y mujeres. Las alteraciones en la velocidad de movimiento durante
el ejercicio y en la capacidad de producir fuerza después del ejercicio pueden ayudar en la comparacién de la
fatiga en hombres y mujeres. Objetivo: Analizar las diferencias entre hombres y mujeres con relacion al ndimero
de repeticiones, cinética, cinemdtica y desempenio de la curva de fuerza-tiempo isométrica y su respectiva activa-
cién muscular en el ejercicio leg press horizontal. Métodos: Quince hombres y quince mujeres fueron sometidos
aevaluaciones de curva fuerza-tiempo isométrica (Cf-t) y actividad electromiogrdfica (EMG) antes y después de
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realizar un ejercicio leg press horizontal. Los ejercicios fueron realizados en tres series hasta el agotamiento volun-
tario a 70% de una repeticion mdxima. Durante los ejercicios, las variables cinéticas y cinemdticas se obtuvieron
mediante dos transductores de fuerza, un potenciémetro lineal de posicién y un acelerémetro adaptados para
el equipamiento leg press horizontal y sincronizados por una placa de acondicionamiento de sefial. Resultados:
La velocidad promedio propulsiva fue reducida significativamente entre la primera y la Ultima repeticidn de cada
serie con una reduccidn similaren hombres (-12,4 a-29,2%) y mujeres (-29,2 a-35,6%). El mismo comportamiento
fue observado para las demds variables cinéticas y cinemditicas. La contraccion voluntaria mdxima y la tasa de
desarrollo de la fuerza de pico fueron reducidas igualmente tanto para hombres (-15,1 + 8,7% y -26,9 + 21,2%,
respectivamente) como para mujeres (-13.9 + 10,4% y -28,2 + 11,5%, respectivamente). Conclusién: Con base en
las diferentes variables utilizadas para cuantificar el efecto de la fatiga durante y después del ejercicio leg press
horizontal, la investigacidn reveld que no hay, prdcticamente, diferencias entre hombres y mujeres. Nivel de

evidencia ll; Estudio prospectivo comparativo.

Descriptores: Entrenamiento de resistencia; Sexo; Cinética; Cinemdtica.
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INTRODUCTION

Strength training (ST) has been recommended as a safe and effective
method to improve musculoskeletal fitness in different populations.! Ade-
quate levels of maximum strength, power and local muscular endurance
are positively associated with improved sports performance, functional
independence and quality of life."* The different metabolic, structural
and functional adaptations of the neuromuscular system promoted by
ST may be related to manipulation of the acute training variables (e.g.,
intensity and volume) and factors intrinsic to the subject (e.g., genetics
and sex). Hunter* suggests that men and women may have different
adaptive responses to muscular fatigue, depending on the choice of the
acute training variables (i.e,, type and intensity of contraction, muscle
group assessed and movement velocity).

Yoon et al.® observed that women were less fatigued than men
(17.0 min vs. 10.6 min, respectively) when they performed dynamic
contractions of the elbow flexor muscles with slow velocity and low
load (20% of maximal voluntary contraction - MVC). No difference was
found when intensity increased to 809% of CVM. On the other hand, Se-
nefeld et al.b did not show sex-related differences in the power decrease
during the dynamic task under low load conditions (20% of MVC), but
with maximum movement velocity. Although these studies support the
understanding of sex-related differences in the ability to resist fatigue in
dynamic tasks, the intensities and durations of the tasks used are notin
line with recommendations to promote increases in different expressions
of muscle strength.'?

When the objective is to promote increases in local muscular resis-
tance of novice, it is recommended to perform moderate to high number
of repetitions with a longer time under tension.! Due to the inverse
relationship between intensity and number of repetitions, lighter loads
should be adopted to allow more repetitions. In addition, the increase
in the time under tension can be obtained by intentional reduction of
repetitions’ cadence as a result of the change in muscular activation
pattern.” Thus, when lighter loads and submaximal velocities are used,
it is possible for women to be more resistant to fatigue compared to
men in an exercise protocol characteristic of local muscular endurance.
However, this is a hypothesis that needs to be investigated. The kinetics
and kinematics changes induced by fatigue during multiple series until
voluntary exhaustion and the pattern of isometric strength and muscle
activation after exercise are important indicators of fatigue that can help
in understanding the watery responses of men and women to the ST.

This study aimed to analyze the effect of sex-related differences
in the number of repetitions, kinetics and kinematics during the three
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series until the voluntary exhaustion in the horizontal leg press exercise.
In addition, the effect of exercise on the performance of the isometric
force-time curve (Cf-t) and its respective muscle activation were analyzed.

MATERIALS AND METHODS

The sample consisted initially of 16 women and 15 men, who did not
practice physical exercises. The following inclusion criteria were adopted: i)
to be aged between 18 and 30 years; i) not present any relative or absolute
contraindications that make it impossible to carry out the proposed proce-
dures; (iii) not performing strength training for at least three months. Only
one participant was excluded from the study for not attending all evaluations.
Thus, the study was conducted in 15 women and 15 men. All participants
were informed of the procedures and signed an Informed Consent Term (Cer-
tificate of Presentation for Ethical Assessment - CAAE: 70529917.0.0000.5196).

Each participant attended the laboratory on four different occasions
(48 to 72 hours apart). The aim of the first three visits were to familiarize
with the isometric Cf-t record, determination of the absolute loads of
TRM and anthropometric assessment (first visit). The fourth visit was
composed by: warm up; isometric Cf-t and electromyographic (EMG)
activity of vastus lateralis (VL) and medial gastrocnemius (GM) of the
dominant leg record; horizontal leg press exercise; isometric Cf-t and EMG
activity record. All evaluations were performed on the same equipment
and schedule. Participants were instructed not to engage in intense
physical activity and avoid consuming alcohol and caffeine.

The absolute loads for TRM were determined in a horizontal leg press
(CyberTech, S&o José do Rio Preto, SP, Brazil) during the first three visits (48-72
hours of interval). Each participant was instructed to support the feet in the
same position on metal plates that attach two force transducers (single point
model, EMG System, So José dos Campos, SP, Brazil) to the horizontal leg
press platform. The sliding seat was individually adjusted for the knee angle
to start the effort by 90° (0° = extended knees). The arms were positioned
parallel to the trunk, with hands resting on the seat support. The Individual
adjustment was noted and used in all study procedures (i.e, isometric asses-
smentand dynamic exercise). The test procedures were based on Ribeiro et
al.8 After a warm-up with 15 repetitions at 50% of the estimated load for the
first attempt, followed by a series of six repetitions at 70% was offered reco-
very interval of three minutes. The load was adjusted and participants were
asked to perform two repetitions. If one or two repetitions were performed
the load was increased by three to 10%. In situations where the participant
did not succeed in moving the load, decreases of three to 10% were made.
On each test day a maximum of five trials were performed. The highest load
moved to one repetition was used for the analyzes.
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Familiarization with the evaluation procedures was carried out during
thefirst three visits. On the fourth visit, after a dynamic warm-up (1 x 15
repetitions at 40% of 1RM), records of isometric Cf-t and EMG activity of
VL and GM muscles (dominant limb) were performed before and one
minute after leg exercise horizontal press. Participants were instructed
to reach their maximum strengths as fast as possible and sustain the
effort for three seconds. Participants were verbally encouraged and visual
feedback of strength performance was offered. During the evaluations
that preceded the horizontal leg press exercise, five trials with a 3-minute
recovery interval were recorded and the mean of the three best attempts
was used for the analyzes. After the horizontal leg press exercise, only
three trials were recorded, and the mean of the trials was adopted.° The
onset of force production was defined as the time instant at which the
measured force value exceeded 4.5 N above the baseline. The peak force
development rate (TDF) was determined by the first derivative test. The
CVMwas considered as the mean of 250 ms around the peak value of the
force signal. The EMG activity of the VL and GM muscles were recorded
synchronously with the isometric Cf-t, as recommended by Hermens
et al.'The raw signal of the EMG activity was initially rectified and the
amplitude was determined by means of the root mean square (RMS)
in the time window of the CVM.

The horizontal leg press exercise (3 x 70% of 1RM) was started
three minutes after the initial isometric Cf-t records. Participants
were instructed to perform repetitions until voluntary exhaustion
in all three series, with full range of motion and cadence from one
second to the concentric phase and one second to the eccentric
phase (1:1), with no pauses between phases. A metronome set at
60 bpm was used to assist the participants. Kinetic and kinematic
variables were obtained through force transducers, linear poten-
tiometer and accelerometer. The linear potentiometer was used to
determine the beginning and end of the concentric phase of each
repetition. The accelerometer was used to subdivide the concentric
phase in propulsive stage (acceleration> 0) and braking (accelera-
tion <0) and generate the absolute velocity curves (i.e., sum of the
instant velocities).'"'> The mechanical power of the system was
determined by multiplying the absolute velocity with the respective
external force.”? The variables of the first repetition, of the repetition
corresponding to half of the series and for the last repetition in the
three series were used in the analyzes.

Statistical analysis

Statistical procedures were performed in SPSS software (version 22.0).
The Shapiro-Wilk, independent Samples t test, two-way and three-way
ANOVA for repeated measures and Bonferroni post hoc were used
analyze the pattern of the different variables between men and women.
The a-level of 5% was adopted.

RESULTS

Regarding the anthropometric characteristics, age and maximum
strength, men presented higher values of height and 1RM when com-
pared to women. (Table 1)

Table 1. Anthropometric characteristics, age and maximum strength (one maximal
repetition test) in the horizontal leg press exercise for men and women.

Women (n = 15) Men (n = 15)
Age (anos) 243+33 247 +4.1
Weight (kg) 62.8+18.8 724 +12.7
Stature (m) 1.62 +0.06 1.74 +£0.08 *
BMI (kg/m?) 235+ 60 240+ 42
Maximum strength (kg) 95.7 + 251 1663 £ 548 *

*Significant difference (p <0.05) in relation to women. BMI = body mass index. Values in mean + standard deviation.
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The decrease in the number of repetitions between the series was
similar between men and women (delta variation between the first and
third series: -39.5 + 19.1% and -43.2 + 20.4%, respectively) (Figure 1).
Also, no differences were observed in the sum of the repetitions (46.3
+10.7 vs.45.9 + 13.9 repetitions, respectively). Thus, the highest volume
obtained by men (5156.8 + 1329.6 vs. 2952.4 + 930.7 kg) is attributed to
the higher absolute load lifted.

When compared to the initial repetition, mean propulsive velocity
of the last repetition significantly reduced without differences between
men (-12.4t0-29.2%) and women (-29.2 to -35.6%) (Figure 2). The same
pattern was observed for the variables of mechanical power. (Table 2)

The magnitude of reduction after exercise for CVM and TDF peak
was similar for women (-13.9 + 10.4% and -28.2 + 11.5%, respectively)
andmen (-15.1+8.7 % and -26.9 + 21.2%, respectively). No change was
observed for EMG activity. (Figure 3)

Number of repetition
&

* *
. #O*H
Set 1 Set 2 Set 3
Hl Men [ _]Women

Mean + standard deviation. * Significant difference (p <0.05) compared to set 1; # Significant difference

(p <0.05) compared to set 2.

Figure 1. Number of repetitions performed per set until voluntary exhaustion for men
(n=15) and women (n = 15) in the horizontal leg press exercise.
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Figure 2. Mean propulsive velocity for the first repetition, repetition corresponding to
half of the set (middle) and for the last repetition in the three sets performed by men
(n=15) and women (n = 15) in the horizontal leg press exercise.
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Table 2. Kinematic variables for the first repetition, repetition corresponding to half
of the set (middle) and for the last repetition in the three sets performed by men (n
=15) and women (n = 15) in the horizontal leg press exercise.

LCE] Prc':/;?.:sr,‘ive Peak
Power (W) Power (W) Power (W)
First | 3123+ 947 | 2951 +885 | 5039 + 14.2
Set1 | Middle |2533=118°| 2577+ 111 | 4578+ 214
last | 231.0£125% | 2134 + 1127 | 4643 + 183
0y
A0 50 e371 | 2912273 | 954198
First/Last
" First | 2688+ 115 | 2675+91.7 | 4343 + 167
. fTS) Set2 | Middle | 2659+ 129 | 2699+ 11.1 | 4772 + 206
- last | 2416+ 101 | 2276896 | 4359+ 156
0
A06) 42+359 | 1214299 | 72+393
First/Last
First | 2781+ 103 | 2693 + 937 | 4648+ 17.2
Set3 | Middle | 2440+ 115 | 2444+872 | 4288+ 14,
Last | 1966+ 11.0% | 1915 + 89.9% | 4012 + 195
A%)
, 2314486 | 2424400 | 106+ 442
First/Last
First | 1679+ 675% | 1698 + 504 | 2881 + 11.1°
Set1 | Middle | 1549+ 71.1% | 1544 + 586" | 2883 + 13.0°
last  |1183 +528%[117.0 + 49. 5% %] 2314 + 12.0*
0,
A0 554307 | 3014251 | 153+ 399
First/Last
W First | 1547 + 753" | 1553+ 69.7% | 270.8 + 11.3'
(nofm]e;) Set2 | Middle | 1597 +66.2° | 1587 £ 536° | 2934 + 11.0°
- last | 1002 = 6127 [100.8 + 5487 | 1844 + 113"
A%)
, 3024922 | -362+650 | 275 + 544
First/Last
First | 1603 + 76.0° | 1634 + 64.9% | 2946 + 14.4*
Set3 | Middle | 1680+ 739%| 1680+ 619" | 3020 + 121
last | 970+ 47.1% | 998 + 3697 " | 2074 + 96.7"
A%)
_ 3734356 | 3324294 | 246+270
First/Last

*Significant difference (p <0.05) compared to the first repetition; # Significant difference (p <0.05) compared to men.
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Figure 3. Pre and post-horizontal leg press exercise (70% 1RM) isometric force-time
curve for men (n = 15) and women (n = 15).
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DISCUSSION

The main objective of this study was to analyze the effect of the sexual
differences in the number of repetitions, kinetics and kinematics during the
three series until the voluntary exhaustion in the horizontal leg press exercise.
In addition, the pattern of isometric Cf-t and muscle activation before and
after exercise was also investigated. These variables analysis allowed us to
quantify the extent of fatigue during (i.e, kinetics and kinematics) and after
exercise (i.e, isometric Cf-t and EMG activity). As a main finding, fatigue-induced
changes were similar between the sexes, with no changes in muscle activation.

The pattern of repetitions per set and total repetitions were not
different between sexes. Our results are different from those reported
by other studies™' Salvador et al.!? verified that women presented a
performance of repetitions 24% lower than men.

For both sexes, both the mean propulsive velocity and the mechanical
power variables presented decreases only for the last repetition, leading
to an increase in the time of execution of the concentric phase. These
results are in accordance with that reported by Gentil et al.”> when they
observed a greater delta of variation between the penultimate and last
repetitions (-22.1%) in the mean propulsive velocity. Despite the higher
mean propulsive power generated by men (Table 2), the mean propulsive
velocity values were not different between the sexes (Figure 1), indicating
that the greater mechanical power of men is related to the higher abso-
lute load. Comfort et al,'® on the other hand, showed that men exhibited
significantly (p <0.05) higher bar velocity in the mid-thigh clean pull throw
exercise. Differences in results may be associated with the control of the
exercise cadence used in the present study and the type of exercise.

Gorostiaga et al."” investigated the energy metabolism during repea-
ted series in the horizontal leg press exercise (5 x 10RM). Linear negative
correlation was observed between the mean change in power output of
the last two repetitions (expressed as a percentage of the values of two
first repetitions) and the decreases in ATP levels (expressed as a percent-
age of the initial value). In addition, the negative curvilinear correlation
between the change in power output in the last two repetitions and the
corresponding levels of muscle lactate indicates that the power output
may change little if the lactate levels do not exceed a higher level of 10-15
mmol / kg of wet muscle. However, when they exceed this higher level,
the power output decreases drastically. In this study, the combination of
performing repetitions with controlled velocity (1:1) and moderate loading
(70% of 1RM) allowed participants to achieve a large number of repeti-
tions. Under these conditions, the rate of lactate production may not be
high when compared to protocols involving maximal velocities or heavier
loads, however, because of the longer time that exercise can be sustained,
the maximum blood lactate concentration may be high, especially in final
repetitions.'®2° In addition to the energy metabolism, the fatigue process can
affect other components of the neuromuscular system and affect kinetics
and kinematics of strength exercise, such as neurais changes (central and
peripheral) or biomechanics of the muscle-tendon unit.

Previous studies have revealed a great variability in the magnitude of the
acute decrease in fatigue-induced neuromuscular performance. Variables
related to exercise (e.g, intensity and volume) or the sample investigated
(e.g., gender, training level) may play a key role in the pattern of isometric
strength after dynamic exercise.?" In addition, most investigations involving
strength exercises with characteristics close to the present study (i.e, inten-
sity, volume, and cadence) have been conducted in males and the direct
comparison between males and females has received less attention.?24
Recently, Mendonca et al.»> submitted men and women to two protocols
of elbow flexion exercises. The CVM of men and women showed similar
relative decrease magnitude after both exercise protocols (-37.2% and
-34.7%, respectively). Although the magnitude of CVM reduction is greater
than that found in the present study, the results agree with each other.
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The present study presents, as a limitation, the recording of perfor-
mance variables (kinetics, kinematics, isometric Cf-t and EMG activity) in
the absence of control of the menstrual cycle phase of the participants,
making it impossible to control possible changes that may occur in
muscle strength in certain cycles.?

CONCLUSION

Based on the analyzes of the different variables that allowed
quantification of the fatigue during and after exercise, it can be

concluded that men and women were similarly influenced by the
fatigue process.
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