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ABSTRACT
Objective: To compare the myoelectric activity before and after ground contact between 

single-leg (SL) and double-leg (DL) landings in male athletes. Participants: Fifteen male volley-
ball athletes without signs and symptoms of lesions in the lower extremities, with a minimum 
of three years experience in the sport (13 ± 1 years, 1.70 ± 0.12 m, 60 ± 12 kg). Measurements: 
Participants performed two vertical jumps, landing unilaterally and bilaterally. The myoelectric 
activity of the rectus femoris (RF), biceps femoris (BF), hip adductors (HA) and the BF/RF ratio 
were compared between the two landings and between the phases characterized by 100ms 
before (PRE) and after 100 ms (POST) ground contactusing ANOVA two-way test with post hoc 
test of Bonferroni (α = 5%). Results: In both landings activation of RF was higher in the POST in 
relation to the PRE (p <0.0001). Comparing the landings in the same phase statistical differences 
(p = 0.2212) were not found. Although the BF did not present significant differences between 
the PRE and POST in each landing (p = 0.2321), its activation was higher in SL (p = 0.0051). The 
HA showed greater activation in the POST during the SL (p = 0.0013), however there were no 
differences when comparing the two landings (p = 0.9233). The BF/RF ratio was higher in both 
landings during PRE (p = 0.0012). Nevertheless, no differences between the landings (p = 0.7037) 
were found. Conclusion: The results suggest that each muscle has a different role during land-
ing tasks in men. While RF has the main function to decelerate the knee and the downward 
movement, characterized by increased activation in the POST, BF seems to attenuate the loads 
on the knee in activities of higher impact, staying more active throughout the cycle in the SL. 
The increased activation of HA after ground contact in the SL highlights the importance of core 
region in stabilizing the pelvis in situations of great instability. Further studies are needed to 
determine the effects of muscle activation at the imposition of mechanical load on the knee that 
are potentially harmful to male athletes.
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INTRODUCTION
Tillman et al.(1) reported that 90% of the offensive and defen-

sive jumps in volleyball are performed bilaterally and 40% of the 
landings are performed with only a lower limb. Consequently, 
great part of the mechanical loads is absorbed by only one lower 
limb. Kovacs et al.(2) proposed that the most common mechanism 
of knee injury in volleyball is the asymmetrical landing , when the 
lower limbs are in contact with the ground at different moments. 

Thus, the study of the motor demands in landings with dif-
ferent constraints is essential to the assessment of the potential 
risks for injuries in the lower extremities and develop intervention 
programs to reduce the incidence of these injuries(3).

Concerning the myoelectric activity, few studies have com-
pared the motor demands between single-leg and double-leg 
landings. The anterior and posterior muscle coactivation with the 
ground plays a crucial role in the control of the articular stiffness 
as well as in the maintenance of the dynamic articular stability(4). 
The articular stiffness determines the resistance of a segment to 
movements, being responsible for the maintenance of postures 
considered of low  risk(5).

To our knowledge, only two studies have compared the myo-

electric activity between single-leg and double-leg landings (6,7). 
Tillman et al.(1) compared single-leg landings with the dominant 
limb and the non-dominant limb and double-leg landings to 
verify the differences in the myoelectric activity and vertical forces 
of the ground reaction and to examine the possible influence 
of the dominance of one of the limbs in these parameters in 
different phases of the jump. However, the sample used in this 
study was composed only of women. It is known that women 
and men are different about the myoelectric activation in lan-
dings, making it impossible hence to generalize the results(8,9). 
Pappas et al.(7) examined the effects of the type of jump, namely 
single-leg or double-leg, and the sex in kinetic and kinematic 
variables, besides assessing the muscular activity of the rectus 
femoris, hamstrings and lateral gastrocnemius when the knee 
was at 40º of flexion.

Nevertheless, none of these studies has examined the dif-
ference in the electrical activity in muscles which act over the 
anterior and posterior knee in contact with the ground in single-
leg and double-leg landings in men, neither examined the diffe-
rence between the activation rate between the biceps femoris 
and the rectus femoris. This step is considered important in the 
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Figure 1. Cyclegram of the landings In the two conductions, the initial jump is bilaterally 
performed and followed by a single leg landing (A) or double leg landing (B), followed by 
another jump. Phases were divided where I4 is the moment of contact with the ground. 
The pre-contract phase was determined as the 100ms prior to the I4 moment and the 
post-contact phase was determined as the 100ms subsequent to the I4 moment.

evaluation of the risk factors for injuries in the lower extremi-
ties. According to zebis et al.(10), the excessive activation of the 
quadriceps over the hamstrings muscles is a possible risk fac-
tor for injuries of the anterior cruciate ligament (ACL) in women. 
Despite the population used in this study, we believe that these 
mechanisms are true for men, since in vitro studies have demon-
strated that the excessive activation of the quadriceps in relation 
to the hamstrings muscles increases the anterior shear forces of 
the tibia in relation to the femur and the tension in the referred 
ligament(11) as well as evidence suggests that this is the main 
injury mechanism  in men(12).

Another aspect little investigated is the difference in the elec-
trical activity in muscles of the lumbopelvic region between dif-
ferent landings in the male population(13). This region is crucial 
in the control of the positioning of the lower limbs as well as in 
the absorption of mechanical loads(14), with increase in the risk 
of injury in individuals with strength and proprioception attenu-
ation in this region(13,15).

Based on the findings in the literature, we believe that a first 
step in identifying the risk factors for injuries in the ACL in men 
is to characterize the myoelectric activity presented in motor 
conduct, normally associated with the injury mechanism in the 
referred ligament. Thus, the aim of this study was to compare the 
muscular activity of the rectus femoris, biceps femoris, hip adduc-
tors and the BF/RF ratio before and after contact with the ground 
between single-leg and double-leg landings in male athletes.

METHODS
The sample was composed of 15 male athletes from a re-

gional volleyball team (13 ± 1 year, 1.70 ± 0.12m, 60 ± 12kg), with 
a minimum of three years of experience. All parents and legal 
tutors of the participants signed the Free and Clarified Consent 
Form allowing them to participate in the study. This study was 
approved by the Ethics Committee of the State University of 
Rio de Janeiro.

Each individual performed two types of vertical jumps. For 
each one, the athletes performed the propulsion phase with 
both lower limbs and landed with one lower limb (single-leg 
landing) or with the two lower limbs (double-leg landing). Im-
mediately after landing, the athletes performed another jump, 
in the same condition of the first landing (Figure 1). These jumps 
were selected, since usually in volleyball the impulsion phase 
for attack and defense jumps is performed with the two lower 
limbs, and the landings are performed both with the two and 
only with one lower limb(6).

Initially, the athletes performed familiarization with the mo-
tor conduct used. Subsequently, each athlete performed three 
landings with one lower limb and three landings with the two 
lower limbs for the myoelectric activity (EMG). Data collection 
was performed in the dominant lower limb(7,9). The jumps were 
randomly performed to minimize the possible fatigue or learn-
ing process effects. Randomization was performed through 
an algorithm programmed in MatLab (The MathWorks, USA). 
One-minute interval was given between trials. 

In order to have the myoelectric activity taken, Ag/AgCl 
electrodes (KOBME, Bio Protection Corp., Korea) were placed 
on the rectus femoris, biceps femoris and adductor longus/
gracilis, which Will be referred in this work as hip adductors, 

according to the terminology by Cram et al.(16) for surface 
bipolar electrodes. The electrodes on the rectus femoris were 
placed on the Center of the anterior portion of the thigh, 
approximately on the half of the distance between the knee 
and the antero superior iliac spine. On the biceps femoris, the 
electrodes were placed on the lateral region of the thigh, two 
thirds of distance between the trochanter major and the knee 
posterior region, and the electrodes of the hip adductors were 
placed on the medial region of the thigh, in an oblique direc-
tion, four centimeters below the pubis(16). The electrodes were 
placed parallel to the muscle fibers and the interelectrode 
distance was of two centimeters for all muscles (Figure 2).

Before the application of the electrodes, the skin was 
prepared by shaving the area and cleansing with alcohol to 
reduce surface impedance. To prevent movement artifacts in 
the signals, the electrode cables were fixed to the skin using 
adhesive tape (3M, Brazil).

The electrical signals of all muscles were collected at acquisi-
tion frequency of 2 kHz (EMG 100B, BIOPAC Systems Inc., Santa 
Barbara, CA, USA), amplified (Differential Bipolar Amplification, 
input impedance = 2MΩ, common mode rejection ratio > 110 
dB, gain = 1,000), converted analog to digital (12bit, MP100WSW 
BIOPAC Systems Inc.) and stored in a personal computer to be 
analyzed in the Acknowledge 3.5 software (BIOPAC Systems Inc., 
Holliston, MA, USA).

L1              L2            L3             L4             L5               L6 
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Figure 2. Positioning of the electrodes of the rectus femoris (A), biceps femoris (B) 
and hip adductors (C) muscles.

A B C

The signals were filtered using a fourth-order Butterworth 
filter, in the direct and reverse direction to avoid phase distor-
tions, with cutoff frequencies of 20Hz and 500Hz. Subsequently, 
root mean square values – RMS were obtained from the filtered 
signal at every 5ms.

In order to normalize the amplitude of the myoelectric signal, 
a RMS value of one maximum isometric voluntary contraction 
(MVIC) with six seconds of duration was used as reference. These 
six seconds were divided in six windows of one second each and 
the highest value obtained in these windows was used to nor-
malize data. The MVIC processing was equal to the other signals 
previously described. 

Concerning the rectus femoris, the MVICT was performed 
through a resisted isometric contraction with knee at 60° of fle-
xion, in a trial to perform one extension, while for the biceps 
femoris, a resisted isometric contraction with knee at 45° of flexion, 
was performed in a trial to perform one flexion and for the hip 
adductors, a resisted isometric contraction with hip at 0° of ab-
duction was performed in a trial to perform one adduction.

To determine the initial ground contact, an electrical circuit 
was structured so that a terminal located in the sole in the 
first meta-tarsus region of the subject’s shoe emitted a digital 
electrical signal upon contact with a metal platform fixed the 
ground that was then captured by the UMI 100B module (BIO-
PAC Systems, USA).

STATISTICAL ANALYSIS

The myoelectric activity was analyzed with the determination 
of two phases, through the generated signal in relation to the 
contact with the ground. The first, named pre-contact phase, was 
determined as the 100ms prior to the contact with the ground, 
while the second one, named post-contact phase, was determined 
by the 100ms after the contact with the ground. The values used in 
the statistics analysis were the arithmetic means of the normalized 
RMS values, obtained in the three trials in each phase for each 
landing. This procedure was adopted as a strategy to reduce the 
variability of the myoelectric signal.

In order to compare the myoelectric activity between the 
landings and the pre and post-contact with the ground periods, 
the two-way ANOVA test with the TYPE OF JUMP (single and 

double-leg) x JUMP PHASE (pre and post-contact) factors with 
the Bonferroni post hoc test were used. Significant level of 5% was 
used in this study. The statistics analyses used were performed 
with the GraphPad Prism software (Version 5.0).

RESULTS
Statistics analysis of the contraction of the rectus femoris 

muscle revealed significant differences for the jump phase 
factor (F1,.8 = 121.6, p < 0.0001), but not for the type of jump 
factor (F1,.8 = 1.56, p = 0.2212). The Bonferroni post hoc test 
confirmed the differences, demonstrating higher values for 
the post-contact phase compared to the pre-contact phase 
both for the single-leg landing (difference = 28.89, p < 0.001) 
and the double-leg landing (difference= 29.29, p < 0.001). 
The biceps femoris presented differences only in the type 
of jump factor (F1,28 = 9,23, p = 0,0051), but not for the jump 
phase factor (F1.28 = 1.49, p = 0.2321). The Bonferroni post hoc 
test confirmed the differences, presenting higher values for 
the single-leg landing than in the double-leg landing in the 
pre-contact phase (difference = 11.35, p < 0.05) and in the 
post-contact phase (difference = 9.33, p < 0.05).

The hip adductors demonstrated significant differences for 
the jump phase factor (F1.28 = 13.55, p = 0.0013), but not for the 
type of jump factor (F1.28 = 0.01, p = 0.9233). The Bonferroni post 
hoc test revealed differences between phases in the single-leg 
landing (difference = 8.67, p < 0.01), but not for the double-leg 
landing (difference = 3.47, p > 0.05).

Likewise for the rectus femoris and hip adductors, the ANO-
VA test revealed significant differences in the jump phase factor 
(F1.28 = 13.01, p = 0.0012) for the BF/RF ratio. There were not dif-
ferences in the type of jump factor (F1.28 = 0.15, p = 0.7037). The 
Bonferroni test identified differences between the two phases 
both in the single-leg (difference = 0.69, p < 0.05) and double-
leg landing (difference = 0.74, p < 0.05).

The means, standard errors and variation coefficients of the 
EMG data are described in table 1.

Table 1. Normalized EMG values (%) for the single leg and double leg landings, in 
the pre and post-contact phases. Results expressed by mean ± standard error (% 
variation coefficient). 

Single leg landing Double leg landing

Pre-contact Post-contact Pre-contact Post-contact

Rectus femoris (%)
27.1 ± 2.8***

(39.5%)
56 ± 5.1***

(35%)
20.3 ± 2.8***

(52.6%)
49.6 ± 5.4***

(42.5%)

Biceps femoris (%)
28.8 ± 4&

(53.2%)
30.2 ± 2&

(31.8%)
17.5 ± 2.3&

(50.3%)
20.8 ± 1.9&

(35.2%)

Hip aductors (%)
21.1 ± 4.6**

(75.3%)
29.8 ± 6.4**

(75%)
24.4 ± 5.3

(74.9%)
27.9 ± 4.6

(56.9%)

BF/RF ratio
1.28 ± 0.27*

(82.1%)
0.60 ± 0.06*

(41.2%)
1.22 ± 0.33*

(103.9%)
0.48 ± 0.07*

(53.6%)

* p < 0.05 concerning the JUMP PHASE factor, ** p < 0.01 concerning the JUMP PHASE factor, *** p < 0.001 
concerning the JUMP PHASE factor, p < 0.05 concerning the JUMP TYPE factor.
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DISCUSSION
In this study, the electric activation of hip and knee muscles 

in two different landing types before and after contact with the 
ground was compared. Our results suggest that each muscle 
assessed presents a specific role in the landing control. 

The rectus femoris presented increase in its activation in the 
pre-contact phase for the post-contact phase, as reported in 
other studies for other quadriceps muscles(17,18) and for the rectus 
femoris itself (9,18). These findings seem to be related to the knee 
joint function, more specifically through the eccentric contrac-
tion of the quadriceps in absorbing the energy generated by the 
forces ground reaction(19) and, consequently, stop the movement. 
Thus, after contact with the ground, increase in the myoelectric 
activity was expected. 

However, an intriguing finding of out study was the lack of 
differences between the activity of this muscle in the two types 
of landing. Studies have demonstrated that the ground reac-
tion forces and the energy generated during the landing with 
one lower limb are higher than with two lower limbs(1). Thus, it 
is expected that the quadriceps activity is higher in the former 
than in the latter type of landing. The lack of statistical differences 
in this study may be related to different heights reached by the 
sample used in this study in the vertical jump in each landing 
situation presented by Leporace et al.(20). Our population reached 
higher vertical dislocation in the jump with subsequent double-
leg landing. Therefore, the potential energy generated in the 
jump in the single-leg landing was lower, which means lower 
activity of the rectus femoris to stop the movement.

The biceps femoris presented activation strategies different 
from those of the rectus femoris. Although the statistics analy-
sis has revealed differences between the two landing types in 
each phase, the activation of this musculature remained with no 
statistical differences during the pre and post-contact phases in 
the two conducts. This maintenance of the activation leads us 
to believe in pre-set strategies based on previous experiences(21), 
especially under the perspective that the activation of this mus-
culature is able to reduce stress on the ACL(22,23) through increase 
of stiffness on the knee(24,25), reduction of anterior tibial shear 
force on the femur (26,27) and of the knee internal rotation(28). These 
findings corroborate to some studies in the literature which pre-
sented tendency of maintenance of the activity of the biceps 
femoris in men before and after contact with the ground,(18). 

However, data analysis of the female population in the study 
by Hanson et al.(18) and Tillman et al.(6) suggest that the gender 
may be an important variable concerning the activation of this 
musculature, constituting in a potential factor for injury in the 
ACL in women(10).

Besides gender, other factors which can have influenced on 
these differences between studies, such as training status(29), the 
sport practiced by the tested individuals(30) and the motor con-
ducts used in the test, since to some studies used running with 
change of direction(18,31) and other different jump and landing 
types(1,7,17,29). However, even if all variables were controlled, there 
could have been discrepancy in the results of the studies in the 
literature, since the study by Fagenbaum and Darling(17) demon-
strated high variability of the activation of the biceps femoris be-
tween trials, corroborated in the present study through the high 
variation coefficient (table 1), which generates the hypothesis of 

different strategies of motor coordination based on the absence 
of global strategies, making the individual strategies necessary (32).

The results of the BF/RF ratio corroborate the discussed fin-
dings. Excessive quadriceps activation with no sufficient activation 
of the hamstrings muscles increases the tension in the ACL(11), 
constituting in a possible risk factor for injuries in this ligament(23). 
Decrease in the values after landing demonstrates increase of acti-
vation of the rectus femoris with more magnitude than presented 
by the biceps femoris, which is according to the literature(9,18). 
Nevertheless, an important factor was the absence of differences 
between the two types of landing. Concerning gender compari-
son, the studies demonstrated that women present lower BF/RF 
ratio after contact with the ground(9,17,18), which is usually called 
quadriceps dominance. However, in the present study, differences 
between the two types of landing have not been found, which 
suggests that in order to attenuate the articular stress men pre-
sent different strategies of muscular activation to keep the BF/
RF ratio constant even between motor conducts with different 
mechanical stress. These findings should be carefully interpreted, 
though, since the maximum vertical dislocation reached was not 
controlled, which may interfere in the results.

The results of the hip adductors demonstrated absence of 
statistical differences between the two types of landing within 
each phase, despite the fact that in the single-leg landing after 
contact with the ground there is greater activity compared to the 
activity in the pre-contact phase. The increase in the activity of 
this group after contact with the ground in this type of landing 
seems to be related to the function of the adductors in aiding 
in the maintenance of the suitable positioning as well as of the 
pelvis stability during motor conducts which involve some spe-
cific instability levels(33). From this point of view, the absence of 
statistical differences in the double-leg landing may be explained 
by higher stability of this conduct, since contact with the ground 
with the two lower limbs leads to more suitable symmetry and 
greater balance condition than in the single-leg landing.

Hewett et al.(34) suggested that decrease in the knee adduction 
and abduction torques after plyometric training would be related 
to alterations in the muscular behavior of the lower extremities on 
the frontal plane. Concerning the importance of the muscles which 
act in this hip joint, Olmstead et al.(35) found that the tensor fasciae 
latae (hip abdutor) synergically acts with the quadriceps during 
the knee extension,while the gracillis (hip adductor) synergically 
acts with the semitendinosus and semimembranosus during 
the knee flexion, indicating that the hip adductor and abductor 
musculatures may have direct influence on the maintenance of 
the dynamic stability of the knee.

Our study presents some limitations. Firstly, the tests were 
performed in laboratory environment. Although this situation 
contributes to the control of intervenient variables during the 
tests, it does not necessarily represent which occurs during the 
sports practice, due to several variables which are present in the 
game situations, which are controlled in laboratory situations, 
such as the ball, opponents, fatigue, attention to the movement, 
among others. It seems that these variables may influence on the 
injury mechanism in sports(3,36). Another aspect not controlled 
was the lack of standardization between the peak of vertical 
dislocation performed in the jumps. This aspect undoubtedly 
influences on the muscle activation(37). However, the aim of this 
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study was to compare motor techniques present during the 
sports practice, in the case of this study, volleyball(6). Leporace 
et al.(20) showed that the vertical dislocation between the two 
conducts was different for the population in the present study, 
which possibly justifies some findings.

CONCLUSION
The results suggest that each muscle tested presents 

a different role during the lading phase in men. While the 
rectus femoris presents as main role the deceleration of the 
knee articulation and the descending movement, characte-
rized by the increase in the activation in the post-contact 
phase, the biceps femoris seems to attenuate the articular 

tension of the knee in activities of greater impact, remai-
ning more active during the entire single-leg landing cycle. 
Higher activation of the hip adductors after contact with the 
ground in the single-leg landing justifies the importance of 
the lumbopelvic region in the pelvic stabilization in situa-
tions of great instability. Further investigation is necessary 
to determine the effects of the muscle activation presented 
in the potentially harmful mechanical loads imposed to the 
knee in male athletes.

All authors have declared there is not any potential conflict of 
interests concerning this article.
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