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ABSTRACT

Muscular strength is an important component for physical activity and performance of daily living
activities. A phenomenon usually observed is that the capacity of generating maximum strength
is compromised when the homologous extremities bilaterally contract. This phenomenon is called
bilateral deficit. Thus, the aim of this work was to compare the electrical activity of the deltoid muscle,
medial portion, during unilateral and bilateral contractions in a converging articulated military press
machine, with 90% of maximum voluntary load (MVL), in nine men aged between 20 and 30 years,
stature of 174 + 5cm and body mass of 78 + 15 kg. The myoelectrical signals were obtained through
placement of differential active surface electrodes by EMG System of Brazil, a reference electrode
(ground) and a signal conditioner module (electromyograph), which provided numerical data in
RMS (root mean square) for results analysis. Each signal collected picked only the concentric phase
of the movement and it had duration of three seconds. The results evidenced that during bilateral
and unilateral exercise with 90% of MVL, the electric activity of the non-dominant extremity was
significantly higher than in the dominant one (p = 0.018). When the values obtained in the work of
dominant extremity are summed with the work of non-dominant extremity in the bilateral exercise
(2.231 £ 504uv) and compared with the values obtained in the unilateral work (2.663 + 70Tuv),
bilateral deficit was found (p = 0.018). According to our study, it was verified that the bilateral deficit
phenomenon is present in the medium deltoid muscle in the converging multiarticular military
press exercise in individuals familiarized with resistance exercises.
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INTRODUCTION

Muscular strength is an important component for physical
activity and for the development of daily living activities. A generally
observed phenomenon is that the capacity to generate maximum
strength is compromised when the homologous extremities
bilaterally contract. This phenomenon is named bilateral deficit, and
it occurs when bilateral maximum voluntary strength is lower than
the sum of the unilateral strength of the right and left extremities
individually contract',

According to Jakobi and Chilibeck', bilateral deficit has received
considerable attention in the literature. According to the authors men-
tioned here, many dynamic studies have found bilateral deficit, con-
sidering that isometric studies are more numerous and controversial.

The literature related to resistance exercises refers to bilateral
deficit as light neural decrease in recruiting of motor units during
the development of bilateral tasks, when compared with the sum
of unilateral tasks?. Such deficit has been studied through strength
and electromyography, confirmed most of the times with the use
of uniarticular exercises®” being controversial concerning EMG and
strength in multiarticular exercises for lower and upper extremities®.

The strength acquisition and unilateral and bilateral contractions
performance ratio was studied by Schantz et al? and Dieén et al’,
who stated that a unilateral muscular contraction results in signifi-
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cant increase of neuromuscular activity, while a bilateral contraction
results in decrease of this activity.

When load, power and maximum repetitions until exhaustion
are analyzed, Siméao et al”1® and Chaves et al."" verified the existence
of bilateral deficit related to maximal load, but the same episode
did not occur with maximal muscular power®. It is supposed that
uni and bilateral maximal contractions are characterized concerning
their neuromuscular activation, by the recruiting of many muscular
groups or in many frequencies through a parallel process of inter-
muscular coordination. However, it is known that the intramuscular
coordination is a determining performance factor in sports in which
maximal unilateral voluntary contractions are used'?,

Studies related to bilateral deficit and uni and multiarticular
exercises were conducted by Schantz et al?, who verified decrease
of 10% in maximal isometric voluntary strength during bilateral leg
extension (multiarticular) and bilateral superiority of 4% in knee
extension exercises (uniarticular) when compared with the unila-
teral sum. These differences were not followed by the myoelectric
signal, which obtained similar behavior during uni and bilateral
contractions for the multiarticular exercise.

Some studies demonstrated that the activity of the motor cortex
in one hemisphere reduces the maximal motor flow to the opposi-
te hemisphere, being it a possible limiting factor for performance
in bilateral exertion. This inhibition may occur when homologous
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muscles in contralateral extremities are simultaneously activated®’.

Herbert and Gandevia'® suggest that bilateral deficit in large
muscles occurs due to problems in posture maintenance and con-
sequently lower efficiency in strength transmission.

However, little is known about the bilateral deficit phenome-
non and its correlation with different loads during performance
of multiarticular exercises for the upper extremity in practitioners
of resistance exercises. Thus, new tests related to bilateral deficit
should be performed using multiarticular exercises for the upper
extremity with the goal to better understand this phenomenon,
since, according to Gardiner'* the mechanisms through which the
bilateral deficit occurs are not known yet. Thus, our hypothesis is
that bilateral deficit is evident by the highest number of muscles
involved in the same task.

Keeping in mind the importance of a correct diagnosis of bila-
teral deficit and resistance exercises, this study was developed with
the aim to compare the electromyographic signals emitted by the
right medial deltoid muscle (RMD) and left medial deltoid (LMD)
during uni and bilateral contractions performed in multiarticular
exercise with 90% of MVL.

METHOD

Sample

The medial deltoid muscle (MD) was uni and bilaterally analyzed
through electromyography in nine men aged between 20 and 30
years, stature 174 + 5cm and body mass 78 + 15kg. Inclusion criteria
of the study were: practice of resistance exercises for at least three
months and without history of muscular or articular diseases which
could interfere in the results.

General procedures

Before the electromyographic recording, the volunteers received
information about the research, and were submitted to familiarization
procedures. The volunteers received explanations and simulations
about the most adequate posture for performance of the exercise,
initial and final position of each movement, performance velocity
and verbal command given by the electromyograph evaluator. Sub-
sequently, they signed a consent form for participation in the study
and publishing of the results according to resolution number 196/96
of the National Health Board. This study was approved by the ethics
and research committee of the UFTM under protocol number 2,230.

In order to establish a specific muscular preparation, the vo-
lunteers performed three sets of 15 repetitions without overload.

Maximum voluntary workload test

All volunteers were submitted to a concentric bilateral maximal
voluntary load test (MVL) one day before the collection, performed
according to Nazério-de-Rezende et al.”®. During the test, the load
was added ranging from 1 and 2kg at every attempt. The load
adopted for the experiment was of 90% of maximal to which all
volunteers were submitted during the training sessions which pre-
ceded the experiment date.

Electrodes

Skin was cleaned and shaved so that the electric activity (EMG) of
the medial deltoid muscle could be picked during unilateral and bila-
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teral contractions. The electrodes used were surface, active, differential
and single (Lynx Electronics Ltda., Sdo Paulo, SP, Brazil), composed by
two pure silver (Ag) rectangular parallel bars, each one 10mm long,
Tmm wide and 10mm away from each other; 20mm wide x 41mm
long and 5mm thick acrylic resin capsule; one meter long cable; 20
times gain; CMRR - Common Mode Rejection Ratio of 93dB and one
plague grounding electrode (Bio-logic Systems Corp. — SP Médica,
Cientifica e Comercial Ltda,, Sdo Paulo, SP, Brazil), composed by a stain-
less steel disc measuring 30mm of diameter and 1.5mm of thickness
and cable of 1m attached, which was placed at the ulnar head of the
volunteers with the purpose to eliminate external interference 1617

The electrodes were attached to the skin, positioned appro-
ximately 4 + 2cm away from the lateral border of the acromion,
in a region where greater volume of muscle belly of the medial
portion of the deltoid muscle was clear.

Electromyograph

The EMG collection of the studied muscles was obtained with a
conditioning signal module (electromyograph), with simultaneous
acquisition of up eight differential channels, channel entry impedance
of 10GQ in differential modules, 12 bits of resolution, low-pass filter
of 20Hz to 5Hz and CMRR of 93db at 60Hz, entry band of -10a +10v
and data acquisition system (Alc-EMG) which provided number data
in RMS (root mean square) for results analyses. The electromyography
was adjusted with 4,960 times gain, which guaranteed the necessary
amplification for the analog-digital conversion process and sampling
number of 6,000 and frequency per channel of 2,000Hz, resulting in
total acquisition time of three seconds.

Goniometer

Knee and elbow joint angles were measured with the use of
a CARCI plastic universal goniometer with 35 cm of length, used
before the tests performance when the volunteer was already po-
sitioned on the machine.

The knee joint was measured with the screw of the goniometer
being placed on the lateral condyle of the femur, laterally aligned on
the longitudinal axis of the thigh, from the major trochanter to the
lateral condyle and on the axis between the head of the fibula until
the lateral malleolus. The elbow joint had the goniometer aligned
along the mean lateral line of the humerus, from the humeral head
to the lateral epicondyle and from the mean lateral line of the radius
to its styloid process '8,

The articular angles of the upper and lower extremities, in the be-
ginning of the movement, have not been exactly delimited; however,
the knee (106° + 5°) and elbow joint positions (105° + 5°) were similar
to those adopted in their training routines.

Converging articulated military press

In order to determine load in one repetition maximum (1RM)
and performance of bilateral exercise, a machine named Converging
Articulated Military Press by MASTER, was used for the study. Such
machine simulates the military press performed with dumbbells.

Movement performance

The volunteers sat in the machine with trunk and head rested
on the rest and feet on the ground. After load selection with volun-
teers already positioned, the electrodes were placed on the studied
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muscles. The movement started with the volunteer’s arms in semi
abduction, forearms in flexion on the front plane, hands proned
and head erect with eyes looking to the front (figure 1).

The movement occurred with arm abduction and forearm ex-
tension simultaneously following the path allowed by the machine,
being it the concentric phase of the exercise which had duration
of three seconds.

Data collection was performed according to Hakkinen et al?,
and the bilateral tests preceded the unilateral ones. For each test
(uni and bilateral) electromyographic means of three attempts were
used to minimize accuracy of our collection and mean of the sta-
tistical analysis was used.

Figure 1. Converging articulated military press exercise: beginning of bilateral
movement (A) and end of bilateral movement (B); beginning of unilateral movement
(C) and end of unilateral movement (D).

Recovery interval

The volunteers were told not to perform any training on the
previous day of the EMG recording with the aim to avoid possible
fatigue effects and alterations in the results. The volunteers, after
finishing the movement, remained seated, kept upper extremities
relaxed along the body during five minutes of rest between at-
tempts, both for the EMG and MVL tests in order to avoid or mini-
mize the fatigue effects and replace their energy®.

Statistical analysis

Initially, the Shapiro-Wilk's W normality test was applied. After
this test, normality of all sample groups was verified. Comparison of
the two muscles (right medial deltoid added to left one, bilaterally
and unilaterally) with load of 90% of MVL for the nine volunteers
occurred with the application of the t test to the data under analy-
sis, being the significance level established at p < 0.05 or 5%. The
statistical program used was the Statistica 6.0, USA.
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RESULTS

The results obtained of the analysis of the mean of the RMS
values of the electric activity of the nine volunteers and for each
muscle evidenced that, during bilateral and unilateral exercise
with 90% of MVL, the electric activity of the non- dominant ex-
tremity was significantly predominant over the dominant one, as
shown in figure 2 e tabela 1.

When the EMG values of the two limbs obtained in the bila-
teral work are summed and compared with the values unilaterally
obtained, also by the sum of the two limbs, significant differen-
ces were found between the two analyzed variables (P = 0.018)
(table 2 and figure 3).

In the comparison of the laterality between the bilateral do-
minant deltoid versus unilateral dominant deltoid, tendency to
bilateral deficit with p = 0.054 was observed. In the comparison
between the bilateral non-dominant deltoid with the unilateral non-
-dominant deltoid, the results were significantly higher for unilateral
work with p = 0.015.

EMG (V)

DuL
Contraction

Figure 2. Mean and standard deviation of the RMS values of the electric activity of
the bilateral dominant extremity (D BL) and bilateral non-dominant extremity (ND
BL), unilateral dominant (D UL) and unilateral non-dominant (ND UL) with 90% of
MVL for the nine volunteers. * (P < 0.05).

Table 1. Values expressed in RMS (uv) of the electric activity of the deltoid muscle
(medial portion) during unilateral and bilateral contractions performed with 90% of
MVL. * (P < 0.05).

Muscular contraction (pv)

Volunteer Deltoid/bilateral Deltoid/unilateral

1 3.038 3.309

2 2.758 3426

3 1.888 1.950

4 2036 2020

5 1.910 2.093

6 1.659 1.778

7 1.817 3.209

8 2.158 2.747

9 2813 3439
Mean/std 24231 £ 504 2663 £ 701*
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Figure 3. Values expressed in RMS (uv) of electric activity of the deltoid muscle
(medial portion) during unilateral and bilateral contractions performed with 90% of
MVL. * (P < 0.05).

Table 2. Values expressed in RMS (uv) of the electric activity of the deltoid muscle
(medial portion) during unilateral and bilateral contractions performed with 90% of

MVL. * (P < 0.05).

Volunteer D BL ND BL D UL ND UL
1 618 £ 23 2420 £ 169 680 + 17 2629+ 110
2 973 £101 1.785 £ 436 1.287 £ 111 2139+ 112
3 747 £ 11 1.141 £33 808 + 48 1.142 £ 13
4 826 £ 34 1210 £ 63 728+9 1.292 £ 56
5 1.150 £ 126 760+ 136 1.204 £ 83 889 £ 93
6 1.023 £193 636+ 14 1.142 £ 134 636+ 12
7 991 £ 14 826 £ 89 1.950 £ 204 1.259 £ 91
8 1.045 £ 313 1.113£176 1.608 £ 148 1.139 £ 54
9 1.001 £73 1812+ 113 1178 £ 42 2261 +£128
M/SD 930 £ 167 1300 +£589% | 1.176 £416 | 1487 +684*
DISCUSSION

In order to improve the discussions related to bilateral deficit
and verify possible unilateral and bilateral motor efficiency in the
recruiting of muscle fibers, some issues should be clarified concer-
ning the application of the bilateral deficit term. It was observed that
this phenomenon may be found through EMG?, in strength® and
even in the EMG/strength ratio” and studied concerning maximum
repetitions'®. Thus, for better understanding, we can define bilateral
myoelectrical deficit as light or remarkable decrease in the EMG signal
(UM recruiting) during the development of bilateral work when com-
pared with the sum of unilateral work. Bilateral deficit on its turn can
be defined as decrease in strength maximum quantity that a muscle
or muscular group can generate during the development of bilateral
work when compared with the sum of unilateral work. Endurance
deficit of bilateral strength may be defined as the lowest capacity
of strength maintenance during successive bilateral repetitions until
exhaustion compared with the sum of unilateral repetitions.

The literature has not reached a consensus about the bilateral
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deficit phenomenon in multiarticular exercises for upper and lower
limbs>2%2", Our hypothesis was that a myoelectric deficit would not
be evident for complex exercises such as converging articulated
military press (i.e. forearm extension combined with arm abduc-
tion). This hypothesis was based on the literature reviews which
presented contradictory studies concerning the onset of myoelec-
tric bilateral deficit in multiarticular exercises for upper and lower
limbs such as in the leg press exercise (lower limbs). Schantz et al®
found decrease of 10% in maximal voluntary isometric strength
during bilateral leg extension (multiarticular) when compared with
the unilateral with no difference in the electric signal of the vastus
lateralis muscle, possibly for greater mechanic efficiency in the re-
cruiting of muscle fibers during unilateral contractions compared
with the bilateral ones.

Taniguchi?® found deficit of bilateral strength for leg press and
bench press in men and women, as well as Janzen et al?', ho verified
bilateral deficit related to maximum load (kg) both for leg press and
row exercise with no use of electromyographic analysis. Secher et al®
found bilateral deficit in multiarticular exercises as leg press (lower
limb), but not for the bench press (upper limb/multiarticular) in a
group of younger volunteers.

Janzen et al?' reported in their study that bilateral deficit appe-
ars due to the neural inhibition during bilateral tasks compared
with the unilateral contractions, being the nervous system more
involved during contractions which involve multiarticular exercises;
consequently, exercises which involve the movement of multiple
joints may be more sensitive to bilateral deficit than exercises which
involve movement in a single joint. Our results support this hy-
pothesis and can be explained by the EMG analysis of an agonist
muscle in multiarticular exercise, which favors higher level of inter-
muscular coordination for both contractions in individuals trained
in resistance exercises, facilitating hence motor performance for
unilateral exercises. However, it is necessary that more sinergists
are evaluated among themselves, since it is a multiarticular exercise
which presents different strength moments in different joints in the
entire range of motion.

Oda and Moritani* studied the bilateral deficit during isometric
strength and hand myoelectric activity. These authors concluded
that bilateral deficit for strength and EMG is associated to the re-
duction of movements related to cortical power, suggesting that
this bilateral deficit is caused by an inter-hemisphere inhibition.
Similar conclusions were taken by Dieén et al’, who tested the
hypothesis that inter-hemisphere inhibition may result in reduction
of the neural drive in bilateral efforts when compared with unilateral
efforts, both in small and large muscles, being the electromyogra-
phic deficit similar to the strength deficit. It was concluded that
the reduction of neural drive was the cause of the bilateral deficit,
limiting performance in maximal contractions.

Although comparisons cannot be made, our findings disagree
with the ones by Schantz et al.3in which bilateral myoelectric deficit
was not found either, possibly because in this study the authors
assessed a single quadriceps muscle in isolation.

Reduction or elimination of bilateral deficit could be considered
a neural adaptation to strength training, indicating added abili-
ty to activate agonists in bilateral movements. Although bilateral
activities reduce deficit, performance in unilateral exercises may
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constitute an important strategy with the aim to conserve strength,
especially in relevant asymmetry situations’.

In pre-puberty children, the hypothesis of bilateral deficit for
upper limb was tested by Germain et al?? in the isometric flexion
action of the dominant arm. It was demonstrated that no muscular
activity decreased or alterations in recruiting were considered evi-
dent in the electromyographic parameters. It was concluded that
there was no strength or recruiting bilateral deficit. These data are
not in agreement with the ones obtained by this investigation. Ho-
wever, the lack of experience with strength exercises from the side
of these children and the analysis of only one muscle may influen-
ce the results mentioned above. It is important to categorize the
movements studied to establish consistency; since bilateral deficit
is an unstable phenomenon, its presence should be considered in
the context of the studied movement, either uni or multiarticular
for upper or lower extremity.

Behm et al?® studied the increase of the bilateral muscular
activation versus unilateral with multi and uniarticular contractions
in trained and untrained volunteers in resistance exercises. The
isometric activations of the quadriceps between single knee
extension and squat exercises were tested. Significant differences
have not been found between the maximum voluntary contraction
of the dominant leg during uni and multiarticular exercises of leg
extension. However, in untrained volunteers, the non-dominant leg
during knee multiarticular knee extensions presented less strength
than the dominant leg. According to these authors, bilateral deficit
can be expressed due to the lower trust in the non-dominant limb,
data which are in agreement with our study, since it became visible
that the non-dominant side presented electric activity significantly
higher than the dominant side for bilateral contractions. This episode
was probably reached by greater neural drive for the non-dominant
limb, by the existence of possible deficiencies in the intermuscular
coordination levels during movement, causing greater recruiting
of motor units. Opposite data were found by Siméo et al®'® and
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in load and maximum muscular power®.
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Pinto?®. These data make us conclude that adaptation to chronic
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In practical terms, for prescription of neuromuscular training
with use of multiarticular resistance exercises practice of unilateral
exercise can be used as strategy, aiming higher level of intramus-
cular coordination for trained subjects.

CONCLUSION

According to our study, it was verified that the bilateral deficit
phenomenon is present for the medial deltoid muscle in the con-
verging multiarticular military press exercise in individuals familiarized
with resistance exercises.
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