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Abstract: The electromyography (EMG) is the study of electrical activity in the muscles. The first study was
performed by Piper in 1912, and he registered the voluntary contraction potentials using surface electrodes
and a wire galvanometer. Actually the register and interpretation of electromyographic activity is an
important tool in the diagnosis and rehabilitation of the muscles mechanic activity. The objective of this study
is to evaluate the electromyographic activity of the lips orbicular muscle during rest, phonation, chewing and
swallowing in young patients with background of lip and cleft palate compared with patients without this

pathology.
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1. INTRODUCTION

The electromiography begins at the end of the
XVIIIl century with the discovery of animal
electric stimulation by Galvany, who achieved a
muscular contraction by stimulation of a nerve
without metal use for this purpose. This finding
were reproduced by Humbold in 1797 and
Marrecucci in 1844. Duchenne of Eculogne, in
1833 saw that a muscle could be stimulated with
electricity from a cutaneous surface by
electrodes, and was the first to use the current
for stimultaion.’. In 1922 Gasser and Erlanger
contributed one of the greatest advances in
technology, the cathode ray osciloscope, that
eliminate the mechanical limitations of the
galvanometers. At the same time a new advance
in the neurophysiologic knowledge was
produced, because Hoffmann in 1922
discovered the monosynaptic reflexes in the
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man by stimulation of the tibial nerve and
registering the action potential of soleus
muscle?.

The contractile unit of the musculature of the
skeleton is the muscular fiber, a cylindrical cell
with a diameter of 50 um, that after stimulation
generates a contracts developing force. A
muscle consists of parallel bundles of muscular
fibers. The activation of each muscle fiber is
completed through the axon of the motor nerve
fiber that innervates it. According to the position
and function of the muscle, the number of
muscular fibers innervated by the same axon
could vary between one to more than a
thousand. The complex constituted by the motor
nerve in the dorsal spine, their axon and the
muscular fibers innervated by this constitutes
the basic functional unit of the muscular system
and is called motor unit. When the nerve
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potential of action is reached, the acetylcholine
is released causing a local depolarization of the
muscle fiber membrane. The neurotransmitter is
rapidly neutralized by the acetylcholine
estereate, allowing a free myoneural union for
another excitatory impulse.™?

Actually the electromyography is defined as a
technique of registry of the electrical signal
originated in the muscular fiber and is
transmitted through the adjacent tissues that
allow us to register the muscular activity during
different actions. (Kimura, 1989; Buchthal,
1991; Miller, 1991; Moyers, 1962).

One of the objectives of electromyography is to
evaluate the motor and sensitive function of the
neuromuscular system through the register of
the electric stimuli observed in an
electromagnetic wave; this research of the
correlation between the form and function of the
muscular apparatus have been applied to the
research in quantitative oral physiology in
chewing, swallowing and phonation.**®

From the technical view, the electromyographic
activity registries are influenced by biological
variables like sex, age, health of masticatory
system, the occlusion stress, facial types,
contraction level and instrumental factors such
as the type of electrodes®™, the amplification of
the contact surface area, the relation signal-
sound and the signals interpretation technique®*
16, All the mentioned factors can influence the
reproducibility of records inclusive in the same
day®#.  This problem is not limited to
electromyography, and could be appreciated in
many imaging studies like blood pressure or
glycosylated hemoglobin??,

Blair and Smith in 1986, mention that the
surface electrodes have two advantages over the
needle eletrodes to analize the
electromiographic activity of orbicular muscle
of the lips, the first is that it is not invasive and
the second is that this muscle is constituted by
the union of left and right muscle fibers. One
disadvantege of the use of surface electrodes are
the reflex pick signals by the thinness of the skin
and connecive tissue, and the action potentials
of adjacent nerve terminals. %

The objective of surgical techniques for repair
of cleft lip are the restoration of the anatomical
form and muscular function, a fundamental
point to prevent the secondary eskeletal changes
in the facial middle third (Kernahan and Bauer,
1983; Joos, 1987).”% Classically growing
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differences in the facial middle third of this
patients were attributed to a iatrogenic effect of
the palate surgical correction. In 1977 Bardach
and Eisbach mention that the palate correction
always produce tension against the adjacent
maxilar and that this affects significatively the
normal growing of maxilar.”” Although this, in
1990 Bardach change his hypothesis mentioning
that is the lip reconstruction and not the palate
reconstruccion that must be considered like the
factor that affects the dentofacial deformities in
this population.

2. MATERIALS AND METHODS

Six patients were included in the study, divided
in two groups, three in the control group and
three in the experimental group, both groups
were conformed by two woman and a men
between 12 and 16 years old.

The study was explained to each one of the
patients and an informed consent was obtained.

The patients facial skin was cleaned with
alcohol and two chloride/silver electrodes
(Nicolet, Biomedical Inc. Wisconsyn USA)
were placed with conductor gel Noprep ™
(Weaver y Co, Aurora, CO. USA) and fixed
with micropore ™® in the upper orbicular muscle
of the lips, and one reference electrode over the
sternocleidomastoid  muscle according to
Carbajal et. al. technique®(Figure 1).

Patients were sitted in a reposet, with the head
with the Frankfort horizontal plane parallel to
the floor and eyes open in rest position for 90
seconds to realice the calibration test, with a
resolution of 12 bits and sample frequency of 10
khz (Figure 2).

Figure 1. Carbajal et. al. electrodes placement. a.
Line between the corners of the mouth and the lateral
nose wing. b. Line between the corners of the lips
and the subnasal point, ¢. Point between the
electrodes marked with and x.

Page |21



Comparative Study of the Electromyographic Activity of the Lips Orbicular Muscle in Patients with and

without Cleft Palate

Figure 2. Viking Quest Nicolet Electromyograph
(Viasys Healthcare)

Posteriorly the measurement at rest was
performed. Subject was instructed to realice a
swallowing of saliva after drinking 3ml of
water, for chewing 1cm * of apple was used.

The last probe was the articulation of the
bilabial phonemes /p/, /b/, /m/ followed by the
consonant /a/ for the phonation probe and
register of all the data.

Each probe was repeated three times with a rest
period of 90 seconds between measurements
obtaining the electromiographic registry in a
curve of wave amplitude of the peak activity in
MV, and the highest value was selected for their
analysis.

The detected signals at rest by the surface
electrode are about 5 to 10 pV, with a frequence
less than 10 Hz. The spontaneous activity
represent changes in the basal line that were
discarded to register only the changes when the
patients complete the requested activities. The
speed of registry for the action potentials were
60 to 100 milimeters per second.

After the completed instructions were carried
out and registered the study was completed with
the removal of electrodes and cleaning of the
skin. (Figure 3.)
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Figure 4. Electromyographic images during different test. A. Electromyographic calibration. B. Rest. C.

Swallowing. D. Chewing. E. Phonation (Phonema /P/).

The statistical test of Wilcoxon was used to
compare two independent samples. The null
hypothesis was  considered (HO0). The
popullation media of group 1 is higher or equal
that the one for group 2. The alternative
hypothesis was that the popullation media 1 is
smaller compared with the group 2 media. By
the sample bigger than 8 patients a normal
distribution probe was used, and the stadistic
value of the probe was calculated with .
Zw=(W-Media)/Root(Variance), where W =
Sum of sample 1 ranges , Media=
n1*(nl+n2+1)/2 and Variance=
n1*n2*(n1+n2+1)/12, with nl and n2 as the
number of observations in the respective
samples. The value of p would be P(Z) of left
tale. The Za critical value was calculated from
the significance grade o, using the normal
distribution tables to stablish the decision rule.

2.1.Rule Of Decision
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To the one left tale probe, if the Zw value is
higher than Za it is then accepted Ho, the other
way Ho is rejected and Ha accepted.

3. RESULTS

In the control group the muscular activity was
observed during the requested function as a fast
reference to know and compare with the
experimental group. Although the registered
numbers represents the changes of the electric
impulses in the muscular fibers, this numbers
can vary between each patient.

The electromyiographic activity of the orbicular
muscles in patients operated of cheloplasty

was appreciated with an increasing of action
potentials and a higher energy consumption that
affects the muscle growing, although there is
homogeneity in the electromyiographic activity
of the lips orbicular muscle during rest in both
groups, there exist a significative difference
(Graphicl).
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Graphic 1. Electromyographic response comparation between groups in uV during A. rest. B. swallowing C.
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The muscular activiy during swallowing is
sligthly higher in the experimental group, and
the motor units activity of the lips orbicular
muscle of the lips reflex more voluntary action.

During chewing there exist a tendency of higher
activity in the group with cleft lip and palate
than in the control group with an increasing in
the value of action potentials of the orbicular
muscle of the lips.

In the bilabial phonemas test /ma/ba/pa/ there
existed an increasing in the electromyographic
activity in patients with cleft lip and palate
compared with control group, specially in the
/P/ phonema (Graphic 2).

BILABIAL PHONEMES

Graphic 5. Phoneme pronunciation comparing both groups

Graphic 2. Electromyographic response of
phonemas. /P/B/M/ compared between groups
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4. DISCUSSION

In the worldwide literature there are no
diagnostic criteria for the excessive activity or
defficient activity of the orbicular muscle of the
lips in patients with cleft lip and palate.
Although the superior lip position have been
studied by the sof tissues cephalometry, it had
been evaluated according to the vertical line that
cross over the concavity that exist at the base of
the upper lip (A point) and the relation with the
position of inferior lip (point B). It have been
demonstrated that the upper lip is protrusive or
proinctive if it is well ahead of this line, and if it
is behind this is retrusive, although this
description leaves us with parafunctional
limitants of the upper lip. Other author
mention  that to consider the lips
morphologically and functionally normal, they
must have contact between them without effort
or contraction of the perioral muscles, where the
lip contour in close position must be soft and
armonic? . The lips incompetence is defined
as the abscense of sealed or close of the lips, and
when this happened the upper lip becomes
hypotonic, flacid with bow shape, and the
inferior lip becomes hypertonic. Some
competent lips have addapted to the surgical
correction of the lip cleft; although there exist a
closure, is not a lip-lip closure, it is a lip-tooth-
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lip arrangement. The hyperactive lips are bigger,
more red and moist that the normal or
hypoactive ones. Sometimes the lips are correct
in size but did not adquiere normal function. >

For the present study variables like surgical
technique, age, surgeon, time between surgical
correction and electromyiography were not
considered for the analysis because this
variables must influence drastically each patient
result.

Secondary to the variety of amplitude in the
studies of electrical signals, in the present study
the maximum amplitude peaks were taken as the
register measure. Although those limitants the
studies using electromyography do not lose
validity because the obtained results can help to
differentiate between the clinical and functional
characteristics of each analized patient.

Bardach and Eisbach (1977) indicated that the
primary cleft lip repair always result in lip
tension that transfers tension to the underlying
maxilla, and mentioned that the sagital facial
middle third developement is affected after the
growing up ends.

This have been attributed to the contraction of
scar tissue after surgery, suggesting that the lip
function could have an important role in the
maxilla developement (Goz, et al., 1985,1987).

This theory was confirmed in an experimental
study in rabbits and dogs (Eisbach et al, 1978;
bardach, 1990). One characteristic finding in the
soft tissue of child with cleft lip and palate is a
short upper lip (Smahel and Mullerova, 1986).
To evaluate the functional importance of lip
function and the face and maxilla morphology,
Goz et. al. performed in 1987 an study of the
muscular activity of the lip orbicular muscle
with surface electrodes during rest They report
an insufficient activity of the lip in patients with
cleft lip and palate background, with an
increasing in mucular activity during rest.
Carvajal et. al. (1992) performed an study of the
electromyographic acticity of the upper
orbicular muscle in 15 child with cleft lip and
palate after surgical correction during their first
year of life (group 1), and compared it with 10
child without this background (group 2). They
found a similar electromyographic activity
during rest in both groups. During swallowing
the activity was greater in group 1. Genaro et al
(1994) measured the electromyographic activity
of upper lip wih surface electrodes during
phonation to evaluate the lip function in child
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with cleft lip and palate correction. They
compared 18 patients between 15 and 23 years
old with cleft lip and palate corrected with 24
healthy child, and found that the amplitude of
action potentials of the upper lip were higher in
the patients of first group suggesting that if there
is improvement in the upper lip activity the
anormalities in the facial growing could be
limited in this popullation.

According to the results the electromyographic
activity at rest is similar in patients with and
without cleft lip and palate, but there is a
significant ~ difference  during  functional
activities with a higher activity in patinets with
cleft lip and palate due to the increase in the
contribution of forces in the contraction of the
superior orbicular of the lips muscle.

5. CONCLUSION

We can conclude that due to the importance of
the lip function to the facial expression,
chewing, phonation and swallowing, the
abnormal activity of the lip during this functions
could represents an adittional factor that
compromises the integrity of the adjacent facial
structures.

This study allow us to measure the muscle fiber
activity to strengthen the rehabilitation therapy
in an individualized manner.
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