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suMMARY The objective of this study was to deter-
mine the effects of breathing type and body position
on sternocleidomastoid and suprahyoid electromy-
ographic (EMG) activity. The sample included
18 subjects with upper costal breathing type (study
group) and 15 subjects with costo-diaphragmatic
breathing type (control group). All individuals had
natural dentition and bilateral molar support. EMG
recordings at rest and while swallowing saliva were
carried out by placing surface electrodes on the left
sternocleidomastoid and left suprahyoid muscles.
EMG activity was recorded while standing, seated
upright, and in the lateral decubitus position. Upper
costal breathing type subjects showed a significantly
higher suprahyoid EMG activity at rest than costo-
diaphragmatic subjects in all body positions studied
(mixed model with unstructured covariance mat-
rix). In the lateral decubitus position, both breathing

types showed a significantly higher sternocleido-
mastoid EMG activity at rest and while swallowing
saliva. The suprahyoid muscles demonstrated a
significantly higher EMG activity at rest as well as
in the lateral decubitus position (mixed model with
unstructured covariance matrix). These results are
relevant because sternocleidomastoid and suprahy-
oid muscles play an important role in controlling
the head posture and mandible dynamics. The
neurophysiological mechanisms involved are dis-
cussed.
KEYWORDS: costo-diaphragmatic breathing type,
upper costal breathing type, standing position, sea-
ted upright position, lateral decubitus position,
electromyography

In the respiratory system, effective ventilation is
dependent on coordinated activity between the primary
respiratory muscles and those of the upper airway.
Several breathing types have been defined depending
on the expansion of the abdomino-thoracic region
during inspiration at rest (1-3):

1 Costo-diaphragmatic breathing type, is observed
when the abdominal and lateral costal expansion is
predominant over the superior thoracic expansion,
during inspiration at rest. This is considered the opti-
mum breathing type because it allows maximal lung
expansion, and therefore, maximum lung capacity and
gas exchange.

2 Upper costal breathing type, takes place when
superior thoracic expansion exceeds the abdominal
and lateral costal expansion, during inspiration at rest.
This breathing type produces a smaller expansion of the
rib cage and therefore, smaller lung capacity and gas
exchange. Hence, the use of accessory muscles may be
required in order to breath properly.
3 Mixed breathing type, is observed when there is no
clear predominance of superior thoracic expansion or
abdominal and lateral costal expansion.

The sternocleidomastoid has a postural function and
is also considered to be an accessory inspiratory muscle
(4-6). Although Costa et al. (3) observed a higher
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sternocleidomastoid activity in costal breathing-type
individuals when they breathed rapidly and roughly,
during the breathing effort, the effect of breathing type
on resting and swallowing sternocleidomastoid elec-
tromyographic (EMG) activity has not been extensively
studied.

Suprahyoid muscles play an important role in jaw
dynamics. These muscles are directly or indirectly
involved in the functions of mastication, speech, swal-
lowing, and breathing (7, 8).

The influence of body position (standing, sitting,
supine and lateral decubitus) on the EMG activity of
sternocleidomastoid and suprahyoid muscle has been
studied previously. Higher sternocleidomastoid EMG
activity has been observed in the lateral decubitus
position (9, 10), whereas in the suprahyoid muscles,
results are contradictory. Lund et al. (11) found that
EMG activity was significantly influenced by posture,
whereas in other studies this fact has not been observed
(12-14).

This study is a preliminary report that intends to
address the two following questions:

1 Does sternocleidomastoid and suprahyoid EMG
activity depend on the breathing type in the standing,
seated upright and lateral decubitus positions?

2 Does body position influence the sternocleidomastoid
or suprahyoid EMG activity, regardless of breathing

type?

Material and methods

Sample studied

Thirty-three healthy young adult subjects, with natural
dentition, and bilateral molar support volunteered to
participate in this study. They were classified in two
groups: costo-diaphragmatic breathing type and upper
costal breathing type (1-3). First, subjects were instruc-
ted regarding the procedure used to determine the
breathing type. Then, subjects were asked to remain
standing, look straight ahead, with their feet 10 cm
apart, and to breathe normally for a duration of 2 min
as a baseline. Three examiners determined the brea-
thing type as follows: first, they placed their left hand
on the upper chest and their right hand on the upper
back; next, they placed their left hand on the lower
right costal region and their right hand on the upper
abdomen. After checking 10 inspirations on each step of
the clinical examination, the subject was classified to be

of the upper costal breathing type if, during inspiration
at rest, the superior thoracic expansion was predomin-
ant, and the costo-diaphragmatic breathing type when
the abdominal and lateral costal expansion was pre-
dominant. To classify subjects into a certain breathing
type, an agreement among all three examiners was
required. The consistency in the clinical diagnosis of the
breathing type across the examiners was high. Only in
two of 33 cases there was no agreement in the
classification of the breathing type and the subjects
were excluded. The period during which the examiners
selected the sample studied was continuous and lasted
3 weeks.

Those subjects who did not show a clear predomin-
ance of superior thoracic expansion or abdominal and
lateral costal expansion, and of mixed breathing type,
were excluded from the study. None of the individuals
were on a therapeutic medication that could have
influenced muscle activity.

The wupper costal breathing-type group included
18 subjects, 15 females and three males, ranging in
age from 19 to 24 years with a mean age of 21:2 years.
The costo-diaphragmatic breathing-type group included
15 subjects, six females and nine males, ranging in age
from 19 to 25 years, with a mean age of 20-9 years.

Electromyography

Electromyographic recordings were taken with the
informed consent (in writing) of each participant.
EMG recordings were performed by placing bipolar
surface electrodes (BIOTRODE No-Gel*) on the left
sternocleidomastoid and left suprahyoid muscles
(Fig. 1). The skin area was cleaned with alcohol. The
electrodes were placed on the anterior border (mid-
portion) of the sternocleidomastoid muscle, 1 cm above
and below the motor point (9, 10). For suprahyoid
EMG activity recordings, the electrodes were placed in
the direction of the muscle fibre, according to the
technique described in a previous study (15). A surface
ground electrode was attached to the forehead. The
EMG was amplified, integrated and finally registered on
a polygraph (Nihon Kohden'). During recordings, the
EMG was monitored continuously using a Tektronix
type 502 Dual Beam Oscilloscope?.

*BioResearch, Inc., Milwaukee, WI, USA.
tKogyo Co. Ltd, Tokyo, Japan.
*Tektronix Inc., Portland, OR, USA.
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Fig. 1. The electrodes are shown in position.

Each individual underwent three integrated EMG
(IEMG) recordings of the sternocleidomastoid and
suprahyoid, at rest and while swallowing saliva in
the following body positions: (i) habitual standing
position; (ii) seated upright position with the head
unsupported; and (iii) right lateral decubitus position
(head, neck and body horizontally aligned, checked by
an external operator placed approximately 3 m from
the bed).

During the IEMG recordings in the standing and
seated upright positions, subjects were asked to keep
their eyes open while looking straight ahead, and the
head positioned with the Frankfurt plane parallel to the
ground.

During the IEMG recordings in the lateral decubitus
position, the head of each individual was supported by
a Sleep Easy Pillow®, because in a recent study most
subjects (62%) preferred the more rigid support of this
pillow in comparison with other pillows (16). A special
bed and Rosen® mattress was used. The light in the

SInterwood Marketing Groups, Ontario, Canada.
IRunnair Physio-Action, Rosen S.A.I.C., Santiago, Chile.

room was turned off, and subjects were asked to keep
their eyes closed.

Resting IEMG recordings were obtained with the
mandible at rest but without attempting to make the
subjects relax their muscles. IEMG recordings while
swallowing saliva were performed with no previous
instruction to the individuals, allowing a resting period
of 1 min between each swallowing.

Analysis of data

In the present study, total activity (tonic plus phasic)
was recorded during resting as well as during swallow-
ing of saliva.

At rest, IEMG recording time for each body position
was at least 30 s divided into 15 periods of 2 s each.
Values on the ordinate were obtained by measuring
manually and calculating the mean amplitude for each
curve. Subsequently, a mean value based on the three
curves on each body position was used for each
individual.

The peak of EMG activity was measured while
swallowing saliva in each body position. Subsequently,
a mean value based on the three curves on each body
position was used for each individual.

In the comparison between breathing types, mean
values included tonic plus phasic activity. EMG activity
was adjusted by age, gender, breathing type, and body
positions by means of a mixed model with unstructured
covariance matrix. The data were analysed using SAS,
Release 8.1.

Results

Sternocleidomastoid muscle

Higher resting IEMG activity was observed in the lateral
decubitus position than in the standing and seated
upright positions, in both breathing types groups
(Fig. 2). This was also observed during swallowing of
saliva (Fig. 3).

IEMG activity at rest (Table 1) and during swallowing
of saliva (Table 2) was adjusted by age, gender, brea-
thing type and body position (mixed model with
unstructured covariance matrix). IEMG activity was
significantly higher in the lateral decubitus position
compared with the other body positions (P < 0-01).
Age, gender, and breathing type did not show a
significant effect on IEMG activity.
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Fig. 2. Bar graph showing the group mean value of resting
sternocleidomastoid EMG activity recorded in the costo-diaphrag-
matic and upper costal breathing type subjects, in the standing,
seated, and lateral decubitus body positions.
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Fig. 3. Bar graph showing the group mean value of sternoclei-
domastoid EMG activity while swallowing saliva, recorded in the
costo-diaphragmatic and upper costal breathing type subjects, in
the standing, seated, and lateral decubitus body positions.

Suprahyoid muscles

A higher resting IEMG activity in the upper costal
breathing type was observed (Fig. 4). In addition, a
higher activity was found in the lateral decubitus
position than in the standing and seated upright
positions in both breathing types.

Resting activity (Table 3) was also adjusted by age,
gender, breathing type and body position (mixed model

Table 1. Resting sternocleidomastoid EMG activity adjusted by
age, gender, breathing types and body positions (mixed model
with unstructured covariance matrix)

Resting

EMG activity Coef. s.e. t-value P>l 95% CI
Age 0-:03 019 0-18 0:861 NS -0-34 to 0-40
Female 1-01 0-85 1-19 0-235 NS -0-67 to 2:70
Breathing type —-0-19 0-:82 -0-23 0819 NS -1-81 to 144

0549 NS -1-23 to 2:31
0-000 * 357 to 7°11
0-146 -2:09 to 13-88

Seated upright 0-54 0-89  0-60
Lateral decubitus 534 0-89 599
Constant 5:89 4-02 1-47

Reference body position: standing.

Breathing type: costo-diaphragmatic, 0; upper costal, 1.
*P < 0-01.

NS = non-significant.

Table 2. Sternocleidomastoid EMG activity during swallowing of
saliva adjusted by age, gender, breathing types and body positions
(mixed model with unstructured covariance matrix)

Swallowing

EMG activity Coef. s.e. t-value P>l 95% CI
Age 0-25 0-22 1-14 0258 NS -0-18 to 0:68
Female 1-41 0-99 143 0-157 NS -0-55 to 3-37

Breathing type 1-26 0-95 133 0187 NS —-0-62 to 3-15

Seated upright -0-16 104 -016 0876 NS —2-22to 1-89
Lateral decubitus 368 104 356 0-001 * 1-63 to 574
Constant 543 467 1-16 0-248 -3-84 to 1470

Reference body position: standing.

Breathing type: costo-diaphragmatic, 0; upper costal, 1.
*P < 0-01.

NS, non-significant.

with unstructured covariance matrix). Significant
higher IEMG activity was observed in the upper costal
breathing type than in the costo-diaphragmatic type
(P < 0:01). Significant higher IEMG activity was also
observed in the lateral decubitus position than in the
standing or seated upright positions (P = 0-01). Age
and gender did not have a significant effect on resting
EMG activity.

IEMG activity during swallowing of saliva was similar
in both breathing types (Fig. 5). Body position does not
seem to modify the IEMG activity. When activity was
adjusted by age, gender, breathing types and body
positions (mixed model with unstructured covariance
matrix), no significant differences were observed
(P> 0:05).
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Fig. 4. Bar graph showing the group mean value of resting
suprahyoid EMG activity recorded in the costo-diaphragmatic and
upper costal breathing type subjects, in the standing, seated, and
lateral decubitus body positions.

Table 3. Resting Suprahyoid EMG activity adjusted by age,
gender, breathing types and body positions (mixed model with
unstructured covariance matrix)

Resting

EMG activity Coef. s.e. t-value P>l 95% CI
Age 0-47 0-24 191 0:060 NS -0-02 to 0-95
Female -071 1-11 =063 0527 NS -292 to 1-50
Breathing type -3-85 107 -3-59 0001 ** =598 to —1:72
Seated upright -026 117 -022 0826 NS -2-58 to 2:06
Lateral decubitus 3:06 117  2:62 0010 * 0-74 to 538
Constant 466 527 0-88 0379 =580 to 1512

Reference body position: standing.

Breathing type: costo-diaphragmatic, 0; upper costal, 1.
*P = 001; **P < 0-01.

NS, non-significant.

Discussion

Electromyographic findings

Costo-diaphragmatic and upper costal breathing types
did not show a significant difference in resting sternoc-
leidomastoid IEMG activity (Table 1). This result is in
agreement with those of Costa et al. (3) who only
observed a higher sternocleidomastoid activity in the
costal types when they breathed rapidly, roughly and
during breathing effort.

In this study, a significant breathing type effect was
observed on suprahyoid EMG activity. Upper costal
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Fig. 5. Bar graph showing the group mean value of suprahyoid
EMG activity while swallowing saliva, recorded in the costo-
diaphragmatic and upper costal breathing type subjects, in the
standing, seated, and lateral decubitus body positions.

breathing-type subjects showed a significant higher
resting EMG activity than costo-diaphragmatic subjects
in every body position studied (Table 3). This is the first
research that compares the effect of breathing type on
suprahyoid EMG activity at different body positions. It
is well known that upper costal breathing produces a
smaller expansion of the rib cage and therefore, a
smaller lung capacity and less gas exchange (1-3).
A higher resting suprahyoid EMG activity in the upper
costal breathing type could be considered to be an
important adaptive mechanism in the maintenance of
upper-airway patency. This could be more relevant for
the upper costal breathing-type subjects in the lateral
decubitus position, which is one of the habitual side-
sleeping positions. Previous studies have demonstrated
a significant reduction of the pharyngeal cross-sectional
area in healthy subjects from standing to supine
position (17-19). A few studies have been carried out
on dimensional changes in the upper airway by lateral
recumbency (20, 21). They demonstrated a significant
reduction in cross-sectional area in lateral recumbent
position in the oropharyngeal junction. Ono et al. (22),
by means of magnetic resonance imaging in normal
awake subjects during nasal breathing, found that the
cross-sectional area in the retroglossal region was
significantly increased in both the ‘supine with the
head rotated” and ‘lateral recumbent’ position. This
change was accompanied by significant volumetric
changes in the retroglossal region.
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In the present study, we did not examine the effects
of changes in body position on upper airway dimen-
sion. This fact means that it would be necessary to
perform a new study to answer the followings ques-
tions: (i) Is the pharyngeal cross-sectional area in the
upper costal breathing types smaller than the costo-
diaphragmatic breathing type? (ii) Is there a significant
negative correlation between the pharyngeal cross-
sectional area and resting suprahyoid EMG activity in
the upper costal breathing types?

Costo-diaphragmatic and upper costal breathing
types did not show a significant difference of sternoc-
leidomastoid and suprahyoid EMG activity while swal-
lowing saliva (Tables 2 and 4). As far as the authors
know, no previous study has compared sternocleido-
mastoid and suprahyoid EMG activity, while swallow-
ing saliva, between costo-diaphragmatic and upper
costal breathing-type subjects. It was interesting to
note, in both breathing types, a higher EMG activity of
sternocleidomastoid and suprahyoid muscles while
swallowing saliva than during resting activity. This
could be because of the indirect role of the sternoclei-
domastoid muscle in the mandibular stability, and the
direct role of the suprahyoid muscles in the hyoid bone
and larynx elevation while swallowing saliva (23).

In this study, a significant effect of body position on
sternocleidomastoid EMG activity was observed, not
depending on the breathing type. Both costo-diaphrag-
matic and upper costal breathing-type subjects showed
significantly higher EMG activity in lateral decubitus
than standing or seated positions (Tables 1 and 2). This
result is in agreement with those of previous studies
(9, 10) in which a higher sternocleidomastoid EMG

Table 4. Suprahyoid EMG activity during swallowing of saliva
adjusted by age, gender, breathing types and body positions
(mixed model with unstructured covariance matrix)

Swallowing
EMG activity  Coef. s.e. t P> 95% CI
Age 1-01 154 065 0-515NS -2-05to 407

Female -3:65 7:02 —-0-52 0:604 NS -17-59 to 10-22
Breathing type —3-94 676 —0-58 0562 NS —17:36 to 9-48
Seated upright —-1-49 736 —0-20 0-840 NS -16-11 to 13-14
Lateral

-0-11 736 —0-02 0988 NS —-1473 to 1451
4972 3321 1-50 0138 —-16:23 to 11568

decubitus
constant

Reference body position: standing.
Breathing type: costo-diaphragmatic, 0; upper costal, 1.
NS, non-significant.

activity in lateral decubitus than standing and seated
positions was observed.

The sternocleidomastoid EMG pattern suggests that
the variation from both upright positions to the lateral
decubitus position determines a differential modulation
of the motor neuron pools of the sternocleidomastoid
muscles, which is of peripheral and/or central origin
(9, 10). Trigeminal inputs must be considered, because of
the relationship that exists with the descending tract of
the trigeminal nerve to the upper dorsal roots. Neurons
of the three divisions of cranial nerve V and cranial
nerves VII, IX and X share the same neuron pool with
neurons from the upper cervical segments (24). It is
understood that trigeminal influences participate in the
neuromuscular programming during habitual occlusion
as well as during postural mandibular positioning (25).
Variations in jaw position when changing from upright
to lateral decubitus position are expected. Therefore,
trigeminal inputs from periodontal, lingual, temporo-
mandibular joint, and muscle receptors may influence
the motor neuron pool of the sternocleidomastoid
muscle. Furthermore, upon variations in body position
from upright to lateral decubitus, other influences on the
motor neuron pool of the sternocleidomastoid muscle
must also be considered, i.e. vestibular and visual
receptors, neck tonic reflex, and skin receptors (24).

In the present study, a significant effect of body
position on resting suprahyoid EMG activity was
observed (Table 3). Both the costo-diaphragmatic and
upper costal breathing-type subjects showed a signifi-
cantly higher activity in the lateral decubitus position
than in the upright positions. This result is in disagree-
ment with the findings of Ormefio et al. (14). It is
difficult for us to discuss our findings on suprahyoid
EMG activity with those of other authors for the
following reasons: (i) subject selection criteria: in no
previous work has the breathing type been considered;
(ii) body position studied: with the exception of the
study of Ormeno et al. (14), in the other studies (11-13)
the lateral decubitus position was not studied; (iii) the
technique for electromyographic recordings: overall
suprahyoid activity was registered by using surface
electrodes, while other studies (11, 12) have recorded
single suprahyoid muscle (digastricc, mylohyoid, or
genihyoid) by using intramuscular electrodes (fine-
wire or needle electrodes).

The influence of body position on resting EMG
activity of both muscles was similiar (higher activity
in the lateral decubitus position). On the other hand,
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this influence was different on EMG activity while
swallowing saliva for both muscles. In the lateral
decubitus position, activity in the sternocleidomastoid
muscle was higher than in the upright positions
(Table 2), while suprahyoid EMG activity did not
present a significant variation with the change of body
position (Table 4). Data strongly suggest that during the
swallowing of saliva, the suprahyoid muscles assume
their primary function, so that, any other resting inputs
influencing the motor neuron pools could be masked.
This is supported by the fact that the EMG activity of
the suprahyoid muscles during swallowing was four
times greater than that during resting.

From an overall point of view, the similar EMG
pattern recorded in the sternocleidomastoid muscle
during inspiration at rest and during swallowing of
saliva does not support a significant influence depend-
ing on the breathing type. The higher sternocleidomas-
toid EMG activity recorded during inspiration at rest
and during swallowing of saliva in the lateral decubitus
position than upright positions in both the breathing
types studied supports its important role as a head
postural muscle.

The EMG pattern recorded in the suprahyoid muscles
during inspiration at rest support a significant influence
depending on the breathing type and the body position
(lateral decubitus position). During swallowing of
saliva, the EMG pattern observed seems to be non-
significantly modulated by the breathing type or body
position, probably because this muscle participates
actively because of its primary functional role. Finally,
the results of the present study contribute to the
concept of interrelatedness between the different com-
ponents of the cranio—cervical-mandibular system.

Methodological considerations

In the comparison between breathing types, mean
values included tonic plus phasic activity. This fact
could be a limitation to a better interpretation of the
results and discussion of our work (26). Nevertheless,
using tonic plus phasic activity gives a good overall
approach for accomplishing the aim of our work (7).
Another limitation of the present study, that could
influence our results, is the different male/female ratio
in both experimental groups (costal breathing type and
costo-diaphragmatic breathing type). Several studies
have compared the airway anatomy of healthy men
and women and reported that the cross-sectional area

of the pharynx is larger in men than in women (27, 28,
29). However, it was recently reported that there is no
gender difference in the upper airway size, whether
measured directly by imaging methodologies or indi-
rectly by the upper airway resistance (30).

Conclusions

A significant breathing type effect was observed on
suprahyoid EMG activity. Upper costal breathing type
subjects showed a significantly higher resting suprahy-
oid EMG activity than costo-diaphragmatics, in all body
positions studied.

A significant effect of body position on resting
sternocleidomastoid and suprahyoid EMG activity was
observed. Both costo-diaphragmatic and upper costal
breathing type subjects showed a significantly higher
activity in the lateral decubitus position when com-
pared with standing and seating positions. This same
EMG pattern was only observed in the sternocleido-
mastoid muscle while swallowing saliva.

The EMG activity of both muscles was influenced
more by changes in body position than by the individ-
ual’s breathing type.
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