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Aim: To determine (1) how electromyographic activities of the genioglossus and geniohyoid
muscles can be differentiated, and (2) whether changes in breathing modes and body positions
have effects on the genioglossus and geniohyoid muscle activities.

Method: Ten normal subjects participated in the study. Electromyographic activities of both
the genioglossus and geniohyoid muscles were recorded during nasal and oral breathing, while
the subject was in the upright and supine positions. The electromyographic activities of the
genioglossus and geniohyoid muscles were compared during jaw opening, swallowing, mandib-
ular advancement, and tongue protrusion.

Results: The geniohyoid muscle showed greater electromyographic activity than the genio-
glossus muscle during maximal jaw opening. In addition, the geniohyoid muscle showed a
shorter (P < 0.05) latency compared with the genioglossus muscle. Moreover, the genioglossus
muscle activity showed a significant difference among different breathing modes and body
positions, while there were no significant differences in the geniohyoid muscle activity.

Conclusion: Electromyographic activities from the genioglossus and geniohyoid muscles are
successfully differentiated. In addition, it appears that changes in the breathing mode and body
position significantly affect the genioglossus muscle activity, but do not affect the geniohyoid

muscle. muscle activity.
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Introduction

The mammalian genioglossus (GG) and geniohyoid
(GH) muscles are both innervated by the medial branch
of the hypoglossal nerve.!# The GH muscle is one of the
suprahyoid muscles, which acts during mastication and
deglutition. It is well known that contraction of the GH
muscle advances the hyoid bone thus dilating the upper
airway.>7 Therefore, the GH muscle serves as an acces-
sory respiratory muscle.® Previous studies have investi-
gated electromyographic (EMG) activity of the GH
muscle in reference to ingestion and respiration in both
animals®!! and humans.>%!2-17 However, it is difficult
to differentiate EMG activity of the GG and GH
muscles using surface!®!7 or needle>-0:12-15.18 electrodes

due to the proximity of these muscles. Most previous
studies have determined the position of the tip of needle
electrode purely by anatomical landmarks.!213-15.18 How-
ever, Wiegand and colleagues®¢ determined anatomical
landmarks for placement of intra-muscular electrodes
for EMG recording from the GH muscle in the cadaver.
Unfortunately, they did not confirm whether the intra-
muscular electrode was placed in the GH muscle and
not in the GG muscle. Nevertheless, O’Dwyer and asso-
ciates!4 failed to functionally differentiate EMG activities
from different muscles by speech-related gesture.
Recently, we demonstrated that the resting tongue
pressure on the lingual surface of the mandibular
incisors showed respiratory-related oscillations, with a
maximal value during expiration and a minimal value
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during inspiration.!? In addition, changes in the mode of
breathing and body position influenced tongue pressure
and EMG activity of the GG muscle. As a result, we
suggested that change of the maximum tongue pressure,
and mode of breathing and body position was respons-
ible for the GG EMG activity. Furthermore, we specu-
lated that these factors may have an important role in
determining the maximum tongue pressure.!® We, there-
fore, suggested that change in breathing modes and
body position have the same effects on the GH EMG
activity as they do on the GG EMG activity. To test this
hypothesis, it is necessary to establish a lay method to
differentiate the GH EMG activity from that of the
neighboring muscles including the GG muscle.

It has also been shown that the canine GG muscle
could be divided into horizontal and oblique compart-
ments.20 The horizontal compartment has a slow muscle
fibre profile, suggesting that it is related to respiratory
function. In contrast, the canine GH muscle has a rela-
tively low percentage of the slow muscle fibre compared
to the horizontal component of the GG muscle in
canine.2! Although the angle between the oral cavity and
the upper airway in canine is apparently different from
that of humans, one may be able to separate the human
GG EMG activity from that of the GH muscle by the
neuromuscular characteristics.

The purposes of this study were determine:

* a method of differentiating EMG activities of GG
and GH;

* if changes in breathing modes and body positions had
effects on the GG and GH EMG activities.

Materials and methods
Subjects

This study was carried out in 10 skeletal Class I males
with a mean age of 28.6 = 2.3 (mean = SD) years. Sub-
jects with an ongoing respiratory infection or who were
taking any medication that was known to affect muscle
activity were excluded from the study. They all had a
complete dentition with the exception of the third
molars. Each subject had a normal overjet and overbite.
Informed consent was obtained from each person prior
to the study.

EMG recording

The respiratory movement of the chest wall was
simultaneously recorded using an inductance band
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(TR-751T, Nihon-Kohden, Tokyo, Japan). The EMG
activity of the right GG and GH muscles was recorded
monopolarly using a stainless steel fine-wire electrode.
The electrode was inserted through the lingual sulcus for
the GG muscle, while the electrode was inserted extra-
orally at a point 10 mm off the mid-point between the
mandibular symphysis and the hyoid bone for the GH
muscle.!* A neutral electrode was placed on the right ear
lobe. The wire electrodes were 0.03 mm in diameter and
insulated with urethane. The tip of the electrode was
bared approximately 1 mm. After waiting for 15 minutes
following insertion of the electrode, we compared the
EMG activity without abnormal sporadic discharge
during jaw opening, swallowing, mandibular advance-
ment, as well as tongue protrusion to confirm that the
EMG signals were recorded from either the GG or the
GH muscle. During experimental sessions, the subjects
reported no problems with pain and discomfort due to
the placement of the electrode.

Protocol

The subjects sat in a reclining chair with a headrest in an
upright position and were instructed to remain awake
with both eyes open. After identification of two muscles,
respiratory movement, the GH, and GG EMG activities
were recorded simultaneously over 20 respiratory cycles
during quiet breathing through the nose with the mouth
completely closed. Recordings were then repeated while
the subject quietly breathed through the mouth with the
nose completely occluded using a clip. The chair was
then reclined and the subject lay down in a supine
position. After at least 5 minutes, the protocol was
repeated. EMG signals were amplified and band-pass
filtered at 30 Hz to 1 kHz. After conversion of the signals
through an A/D converter (Maclab/8S, ADinstruments,
Castle Hill, Australia), they were then stored in a
personal computer (Macintosh Performa 5270, Apple
Computer, Cupertino, CA, USA) for data analysis.

Data analysis

The onset and latency of the EMG activity during four
tasks were defined as described in Figure 1. A paired
t-test was used to compare the latency between the GG
and GH muscles for 10 trials from 10 subjects. In each
subject, 10 respiratory phases were randomly selected
during oral and nasal breathing in both the upright and
supine positions. Both the GG and GH EMG signals
that had been stored in the personal computer in selected
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Fig. 1 Definitions of the onset and latency of the electromyographic activity. The onset was defined when the electromyographic activity exceeded
the level of 5 standard deviations of the baseline electromyographic activity in association with jaw opening. The baseline electromyographic activity
was calculated during 200 ms before verbal command of jaw opening. The latency was measured between the onset and the timing when the
electromyographic activity reached the level of 10 standard deviations of the baseline electromyographic activity. Abbreviation: SD, standard

deviation.

respiratory phases were integrated with a time constant
of 200 ms. The mean minimum amplitude of EMG
activity in the expiratory phase was determined in each
condition. The mean EMG amplitude in each condition
was normalized to the mean EMG amplitude in the
expiratory phase during nasal breathing in the upright
position in each subject. A one-way repeated analysis of
variance (ANOVA) and contrasts were used to compare
the maximum value of the tongue pressure, and both
the GG and GH EMG activities among the different
respiratory modes and body positions. Statistical signifi-
cance was established at P < 0.05.

Results

Both the GG and GH muscles show EMG activity
during jaw opening, swallowing, mandibular advance-
ment, and tongue protrusion (Figure 2A). In all 10 sub-
jects, maximum GH EMG activity was always greater
than that of the GG muscle during jaw opening. The
latency of the GG EMG activity elicited by jaw opening
was significantly longer than the GH muscle (Figure
2B). On the other hand, there were no significant differ-
ences between the latency of the two muscles during
swallowing, and mandibular advancement and tongue
protrusion.

Figure 3A shows a typical simultaneous record of
chest wall movement, the GG and GH EMG activities
during nasal breathing in the upright position in a
subject. Among the 10 subjects, seven subjects showed

Table 1 The degree of inspiratory phasic
EMG activity in 10 subjects

Subject GG GH
1 S 4
2 S -
3 S S
4 S 4FaF
5 S 4
6 — —
7 S 4
8 I A F
9 A A ar
10 S -

The degree of EMG activities of the GG
and GH muscles was arbitrarily graded as
evident (++), weak (+), or indiscernible
(-) to describe the phasic EMG activity
during inspiration.

the respiratory-related EMG activity in both muscles
(Table 1). However, neither muscle showed any
respiratory-related EMG activity in one subject. The
mean amplitude of the GG EMG activity during expira-
tion in different breathing modes and body positions is
illustrated in Figure 3Ba. A significant difference was
found between nasal and oral respiration in the supine
position, while there was no significant difference between
nasal and oral respiration in the upright position. In
addition, there were significant differences between the
upright and supine positions during both oral and nasal
respiration. The GH EMG activity during expiration in
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Fig. 2 (A) Typical simultaneous records of electromyographic activities of the genioglossus and geniohyoid muscles during jaw opening, swallowing,
mandibular advancement and protruding the tongue in representative two individuals. Vertical bar represents 500 uV for both the genioglossus and
geniohyoid muscle activities, and horizontal bar represents 1 second for swallowing and 3 seconds for other maneuvers. The geniohyoid muscle
activity is truncated in the second half during jaw opening in the subject 2. (B) Comparison of the latency of electromyographic activity between the
genioglossus and geniohyoid muscles during jaw opening. *P < 0.05. Abbreviations for this and the following figure: GG, genioglossus muscle;

GH, geniohyoid muscle.

different breathing modes and body positions is illus-
trated in Fig. 3Bb. No significant differences were found
between different breathing modes and body positions.

Discussion

With respect to the motor task to differentiate EMG
signals from either the GG or the GH muscles, we asked
the subjects to perform jaw opening and mandibular
advancement because both the GG and GH muscles
have close anatomical relationship with both the tongue
and mandible. Likewise, both muscles show close

temporal interaction during swallowing. It is known
that the GG muscle shows maximum contraction during
tongue protrusion. Consequently, we employed these
four tasks to segregate EMG signals from either the GG
muscle or the GH muscle. Maximum EMG activity of
GH was greater than that of the GG muscle during jaw
opening in all subjects. In addition, the latency of the
EMG onset of the GH muscle was significantly shorter
than that of the GG muscle. While, we applied unipolar
electrode technique that inevitably accompanies the
problem of picking up EMG activity from adjacent
muscles. However, our results suggest that jaw opening
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Fig. 3 (A) Representative simultaneous record of ribcage movement (Resp) and electromyographic activities of the genioglossus (GG) and
geniohyoid (GH) muscles during nasal breathing in the upright position in a subject. Upward and downward arrows indicate inspiration and
expiration, respectively. Vertical bar represents 50 wV for both the genioglossus and geniohyoid muscle activities, and horizontal bar represents

3 seconds. (B) Comparisons of expiratory electromyographic activities of the genioglossus (a) and geniohyoid (b) muscles in different modes of

respiration and body position. Note that electromyographic activities were normalized to that during nasal respiration in the upright position. Means

and standard deviations are shown. Abbreviations: upnb, nasal respiration in the upright position; upob, oral respiration in the upright position;
supnb, nasal respiration in the supine position; supob, oral respiration in the supine position; A. U., arbitrary unit. * P < 0.05.

is a reliable maneuver to distinguish EMG signals from
the GG and GH muscles. O’Dwyer and associates!4
recorded the GG and GH EMG activities by using the
needle electrode during eight tasks: curling up sides of
the tongue, saliva swallow, drawing the tongue back
and up, gentle tongue protrusion, lowering the mandible
against resistance, intercuspal biting on hard objects,
and curling up tip of the tongue. However, they could
not show clear difference in EMG activities of the two
muscles during these tasks.!4 With regard to the sequen-
tial temporal activation of the GG and GH muscles
during swallowing, Cunningham & Basmajian!2 reported
that the onset of the GG EMG activity precedes that of
the GH muscle. However, we could not find this trend

during swallowing. This discrepancy may be attribut-
able to neuromuscular specialization of the compart-
mentalized muscle.20

We could not neglect the possibility that EMG signals
from the mylohyoid muscle contaminated with those
from the GH muscle. The mylohyoid muscle, locating
beneath the GH muscle, shows similar activity during
mastication, swallowing and respiration as the GH
muscle.?2 When we advanced the needle electrode upward
by the extra-oral approach, we could feel a sudden
increase in resistance. If we advanced deeper (ca. 5 mm
from the surface), the resistance was increased again. We
believe that the initial resistant feeling was provided
from the mylohyoid muscle, while the following from
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the GH muscle. Therefore, it is easy to differentiate the
GH muscle from the mylohyoid muscle. This sensa-
tional differentiation appears to be a useful tool, and we
suppose that previous researchers probably used this
method for differentiation between the two muscles.

It has been demonstrated in animal studies the GH
muscle is one of accessory respiratory muscles.?-11:23.24,
It has also been reported that the human GH muscle
shows the respiratory-related activity during inspira-
tion.>¢-16.17 As the GH muscle runs beneath the GG
muscle, it is likely that the GH muscle plays a role in
correct functioning of the upper airway, which is similar
to the GG muscle. Nonetheless, changes in the breathing
mode and body position had no effect on the GH EMG
activity, whereas the GG muscle was affected as
reported previously.!® This may indicate that the GH
muscle plays a minor role as a respiratory muscle
compared to the GG muscle. However, this does not
foreclose the GH muscle from the respiratory-related
function because the GH muscle attaches directly to the
hyoid bone, which is important in the maintenance of
upper-airway patency. Previous studies have demon-
strated both the similarity and divergence in the respira-
tory function of upper-airway muscles including the GH
muscle.?2-2426 For instance, Bishara and colleagues?*
showed that the electrical stimulation of the GG and
GH muscles both resulted in a significant reduction in
upper-airway resistance. However, stimulation of the
GG muscle was more effective than that of the GH
muscle in reducing upper-airway resistance at low
magnitude.?’” Furthermore, electrical stimulation of the
GG muscle, but not of the GH muscle released total
airway obstruction.?* In contrast, electrical stimulation
of the sternohyoid and sternothyroid muscles produced
no significant change in upper-airway resistance.?
Therefore, there is a divergence in respiratory function
even in upper-airway muscles. Although the GH muscle
activity did not change with alteration in the breathing
mode and body position in our study, it might change
under more critical conditions. Indeed, Salmone and
Van Lunteren?® showed that the ability of the GH
muscle to maintain force output during high levels of
activation was adversely affected by severe hypoxia, but
not mild hypoxia or hypercapnia.

Based on the findings in our study, it is concluded that
EMG activities from the adjacent GG and GH muscles
are successfully differentiated. In addition, it appears
that changes in the breathing mode and body position
significantly affect the GG EMG activity but do not
affect the GH EMG activity. In other words, there is a
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likelihood that contraction of the GG muscle is more
effective than that of the GH muscle in correct func-
tioning of the upper airway.
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