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ABSTRACT

The purpose of this study was to assess the effect of changes in body and head positions on respiratory-related activity of
the genioglossus muscle in normal subjects in 8 body and head positions: (1) upright body with head straight, (2) upright
body with head rotated to the right, (3) upright body with head rotated to the left, (4) supine body with head straight, (5) supine
body with head rotated to the right, (6) supine body with head rotated to the left, (7) lateral recumbent body to the right, and
(8) lateral recumbent body to the left. Phasic activity of the genioglossus muscle decreased significantly when subjects
rotated their heads and moved from the supine to the lateral recumbent position. It is therefore concluded that genioglossus
muscle activity is modulated in response to head rotation and changes in body position.
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Because the genioglossus (GG) muscle is the main protruder of the tongue, its relaxation and contraction substantially affect the
anteroposterior dimensions of the upper airway, especially the oropharynx and hypopharynx.: Several studies have shown that changes in
head posture,2=2 mandibular position,2 breathing route,Z2and body positionZ-2 induce changes in the electromyographic (EMG) activity of
the GG muscle in awake humans. In addition, a sleep-related decrease in GG EMG activity:9=12 partially explains sagging of the tongue
into the pharyngeal space, which may cause sleep-related breathing disorders such as obstructive sleep apnea (OSA).£2=’ Tonic as well
as phasic GG EMG activity, in pace with respiration, plays an essential role in providing adequate upper-airway patency. Indeed, Odeh et
alt® demonstrated that among various upper-airway—dilating muscles, enhanced EMG activity in the GG muscle was most effective in

reducing upper-airway resistance and increasing the negative pressure at which upper-airway collapse occurred, independent of head
position.

Sleeping position strongly affects upper-airway morphology, which in turn affects respiratory function. In patients who snore and who
exhibit hypopnea and OSA, symptoms are more common when lying down than when sitting22:2 and are also more common when lying

supine than when in a laterally recumbent position.22=22 This phenomenon may be explained by the influence of gravitational pull, which is
responsible for posterior displacement of the tongue, because this vector is smaller when the subject is sitting than when lying down, and is



also smaller in the lateral recumbent position than in the supine position.22 Another explanation may be that changes in body position
reflexively activate upper-airway—dilating muscles, including the GG muscle. Either of these mechanisms could alleviate upper-airway
narrowing and improve sleep-related breathing disorders. Although changes in head position in the sagittal dimension, ie, flexion and

extension of the neck, are known to influence upper-airway function,2:2:15.25 far |ess is known regarding the effect of changes in head
position in the horizontal dimension, ie, head rotation, on upper-airway function.28 It has been demonstrated that head rotation alters the
timing and pattern of infant tidal breathing.2Z Moreover, dysphagia is significantly improved with swallowing rehabilitation during head
rotation.28 These findings suggest that head rotation affects upper-airway function.

The purpose of the current study was to assess the effect of changes in body and head positions on respiratory-related GG EMG activity.
We hypothesized that head rotation and the lateral recumbent position induce changes in GG EMG activity by changing the relative
direction of gravitational pull and/or reflexive modulation.

MATERIALS AND METHODS Return to TOC
Subjects

The present study was carried out on 10 male volunteers with a mean age of 27.1 + 1.66 years (mean * standard deviation [SD]) and a
mean body mass index of 22.0 + 2.27 kg/m? . Subjects with ongoing respiratory disorders or infections, subjects taking medication known
to affect muscle activity, and subjects with severe orofacial skeletal disharmonies were excluded from the study. Informed consent was
obtained from each subject before the study.

Simultaneous recordings of GG EMG activity and respiratory movement

EMG signals from the left GG muscle were recorded in a monopolar fashion using a stainless steel fine-wire electrode (diameter, 0.03
mm, MT Giken, Tokyo, Japan) via the perioral approach.12 The tip of the urethane-insulated wire was bared approximately 2 mm. The wire
was inserted using a 27-gauge needle, which was removed immediately after the electrodes were placed. A reference electrode was placed
on the left earlobe. EMG activity of the GG muscle was identified by (1) tonic burst activity during tongue protrusion, and (2) rhythmic
phasic activity coinciding with inspiration. Respiratory movement of the chest wall was recorded simultaneously by an inductance band (TR-
751T, Nihon-Kohden, Tokyo, Japan).

Protocol

Recordings were made in 8 body and head positions: (1) upright body with head straight, (2) upright body with head rotated to the right,
(3) upright body with head rotated to the left, (4) supine body with head straight, (5) supine body with head rotated to the right, (6) supine
body with head rotated to the left, (7) lateral recumbent body position to the right, and (8) lateral recumbent body position to the left.

In the upright-body position, the subject sat erect in a reclining chair without a headrest and kept the Frankfort horizontal parallel to the
floor. In the supine body position, the chair was reclined flat and the subject lay down, using a headrest. The Frankfort horizontal was kept
perpendicular to the floor, and the longitudinal head axis coincided with the trunk axis through the use of a pillow. In the lateral recumbent
body position, the subject lay on his right or left side and, using a pillow, held his head in line with his trunk. In positions with the head
rotated, the subject was instructed to rotate his head as much as possible without overstraining or producing discomfort.

In each position and at least 5 minutes after setting up the electrodes and monitoring respiratory movement and body and head position,
GG EMG activity was recorded for 3 minutes. During these recordings, subjects were instructed to breathe 20 times per minute through the
nose with the mouth closed and to keep their teeth in contact in the intercuspal position.

After each recording session with the head rotated, subjects were instructed to return their heads to the straight position. Similarly, after
each recording session in the lateral recumbent position, subjects returned to a supine position, and we confirmed recovery of GG EMG
activity. EMG signals were amplified, band-pass filtered at 50 Hz to 3 kHz, full-wave rectified, and integrated at a time-constant of 0.3
seconds. After the signals were passed through an A/D converter (Maclab/8S, AD Instruments, Castle Hill, Australia), they were stored on
a personal computer (Macintosh Performa 5270, Apple Computer, Cupertino, Calif) for data analysis. We also examined the reproducibility
and temporal changes in GG EMG activity in 2 subjects, respectively. All EMG signals were recorded and stored in the same manner.

Data analysis

Integrated GG EMG signals were averaged with reference to respiratory movement. Tonic GG EMG activity was defined as the minimum
GG EMG activity during expiration. Phasic GG EMG activity was defined as the difference between the maximum EMG activity during
inspiration and the minimum EMG activity during expiration. EMG activity was normalized to the maximum value during tongue protrusion in
the upright position. In studies of reproducibility and temporal changes in GG EMG activity, EMG activity was standardized to the maximum
value during inspiration in the upright position. The paired t-test was used to evaluate the dependence of GG EMG activity on laterality, eg,
upright body position with the head rotated to the right and left. A 1-way, repeated analysis of variance (ANOVA) was used to investigate



significant differences. For the purpose of multiple comparisons, contrasts were used to compare GG EMG activities among different body
and head positions in both phasic and tonic activities. Statistical significance was established at P < .05.

RESULTS Return to TOC

We observed remarkable changes in GG EMG activity in response to head rotation and changes in body position. Figure 1 @= shows a
typical simultaneous recording of chest wall movement and GG EMG activity when a subject rotated his head and changed body position.
Phasic GG EMG activity was recorded during inspiration in the upright position. When the subject rotated his head to the left, phasic GG
EMG activity almost disappeared. A similar change in phasic GG EMG activity was observed when the subject rotated his head to the right.
When the subject moved from the upright to the supine position, both phasic and tonic GG EMG activity increased. In the supine position,
phasic GG EMG activity decreased when the subject rotated his head to the left or right. When the subject lay on his left side, the GG
muscle showed decreased phasic EMG activity relative to activity in the supine position. A similar change in phasic GG EMG activity was
observed when the subject lay on his right side.

GG EMG activity was independent of the direction of head rotation and lateral recumbency (Figure 2 ©=). Neither phasic nor tonic GG
EMG activity was significantly different when the subject rotated his head to either the right or the left in both the upright (Figure 2A, D &)
and supine (Figure 2B, E @) positions. In addition, neither phasic (Figure 2C ©%) nor tonic (Figure 2F ©=) GG EMG activity was
significantly different when the subject lay on his right or left side. Table 1 ©= shows mean and standard error values for both phasic and
tonic GG EMG activity in different body and head positions. Because GG EMG activity did not significantly depend on the direction of head
rotation or recumbency, the mean values for laterality during head rotation in the upright position, head rotation in the supine position, and
lateral recumbent position are calculated and used hereafter.

Changes in GG EMG activity in response to head rotation and changes in body position are illustrated in Figure 3 @=. Phasic GG EMG
activity decreased significantly when the head was rotated in the upright position (Figure 3A ©@=). When the subject moved from the upright
to the supine position, phasic GG EMG activity increased significantly. However, when the subject rotated his head, phasic GG EMG
activity decreased significantly in the supine position. Moreover, when the subject moved from the supine to the lateral recumbent position,
phasic GG EMG activity decreased significantly. In contrast, tonic GG EMG activity showed less significant variation in response to
changes in body and head positions (Figure 3B ©); tonic GG EMG activity increased significantly when the subject moved from the upright
to the supine position. In addition, when the subject rotated his head, tonic GG EMG activity decreased significantly in the supine position.
Moreover, when the subject moved from the supine to the recumbent position, tonic GG EMG activity decreased significantly. Table 2 ©=
shows means and standard errors in both phasic and tonic GG EMG activity in each body/head position. The P values for multiple
comparisons are shown in Table 3 @=.

The reproducibility of GG EMG activity in response to head rotation and changes in body position was examined in 2 subjects on
different days (Figure 4 ©=). With regard to phasic GG EMG activity, values in the upright position with the head straight tended to be
greater than those in the upright position with the head rotated for both subjects. In addition, values in the supine position with the head
straight tended to be greater than those in the supine position with the head rotated and greater than those in the lateral recumbent
position. Moreover, values in the supine position consistently seemed to be greater than values in the upright position. Regarding tonic GG
EMG activity, values in the supine position consistently appeared to be greater than those in the upright position. In addition, values in the
supine position with the head straight appeared to be greater than those in the supine position with the head rotated and those in the lateral
recumbent position.

In the present study, we investigated temporal changes in GG EMG activity in 2 subjects. In these studies, GG EMG activity in each
position was recorded for up to 20 minutes (Figure 5 ©=). In both subjects, phasic GG EMG activity was always greater in the supine
position than in the upright position. In addition, phasic GG EMG activity was almost always less in the supine position with the head
rotated and in the lateral recumbent position than in the upright or supine positions with the head straight. Tonic GG EMG activity was
always greater in the supine position than in the upright position. In addition, tonic GG EMG activity was always less in the supine position
with the head rotated and in the lateral recumbent position than in the supine position with the head straight.

DISCUSSION Return to TOC
GG EMG activity and changes in body positions

Many studies have examined changes in GG EMG activity when subjects move from an upright position to a supine position. Sauerland
and Mitchell2 observed activation of the GG muscle with a change from the head-up to the supine-body position. In addition, Pae et alt4
reported that GG EMG activity was approximately 34% greater in the supine position than in the upright position. In the present study, both
phasic and tonic GG EMG activity increased significantly in association with a change from the upright to the supine position, which was in
accordance with previous studies.214 Takahashi et al22 suggested that gravity would pull the tongue posteriorly with a change from the
upright to the supine position and that augmented GG EMG activity in the supine position could counteract the increased effect of gravity to
maintain adequate upper-airway patency. In contrast, Wasicko et al2? reported that there was less GG EMG activity in the supine position
than in the head-up position. They suggested that the increment in GG EMG activity reported by Sauerland and Mitchell2 was short-term



and may have been related to movement of the head per se, which could possibly activate GG EMG activity via vestibular mechanisms. It is
known that vestibular afferents are stimulated during dynamic head movements.21=23 |n the present study, because each subject kept his
head and jaw in a given position during recording, it is unlikely that vestibular mechanisms were involved in inducing changes in GG EMG
activity. Although we examined temporal changes in GG EMG activity in only 2 subjects for up to 20 minutes, the above assumption is
supported by the consistent GG EMG activity we observed.

Head rotation and GG EMG activity

We were interested in examining the effect of the direction of head rotation on GG EMG activity, because it is known that head rotation
activates the tonic neck reflex pathway and that this reflex affects extreme muscles in a laterally asymmetric manner. These reflexes have
been characterized in the orofacial region. Funakoshi and AmanoZ26 studied the effect of the tonic neck reflex on jaw muscles in the
decerebrated rat. They demonstrated that when the head was rotated, the temporal, masseter, and digastric muscles were activated with
ipsilateral dominance. In our study, however, there was no laterality in the effects of head rotation on GG EMG activity. This may be
because of specific anatomical features of the GG muscle, which originates from the mental spine of the mandible and runs midsagittally
toward the tongue body. Therefore, it may not be necessary for the GG muscles on either side to behave differently when the head is
rotated. However, further studies are needed to explain why head rotation causes GG EMG activity to decrease rather than increase.

Phasic GG EMG activity decreased during head rotation in both the upright and supine positions in the present study. Ohmae et al22 and
Karaho et al®2 examined morphological changes in the pharynx during head rotation. They reported that bony structures, such as the
mandible, hyoid bone, and thyroid cartilage, rotated with the cervical spine but that less rotation was observed for more caudal structures.
They also showed that upper-esophageal resting pressure decreased significantly during head rotation. Their studies suggest that
morphological changes in the upper airway are attributable to changes in the position of the hyoid bone and the larynx. The hyoid bone is
suspended by supra- and infrahyoid muscles and surrounding soft tissue that could be deformed by head rotation. Because it has been
shown that forces acting on the hyoid bone can change upper-airway resistance during respiration,2:28 it is likely that displacement of the
hyoid bone by head rotation can maintain adequate upper-airway patency. If this is the case, the GG muscle would not necessarily be
activated during head rotation. Therefore, we speculate that the change in position of the hyoid bone may account for the decreased GG
EMG activity during head rotation.

Lateral recumbent position and GG EMG activity

Little is known about changes in upper-airway physiology in the lateral recumbent position. In our study, we observed significant
decreases in both phasic and tonic GG EMG activity when subjects moved from the supine to the lateral recumbent position. Using the
acoustic reflection technique, Jan et al found that there were no significant differences between upper-airway cross-sectional areas in the
supine and lateral recumbent positions in normal awake subjects. A factor that may explain the our discrepant findings is the difference in
the relative direction of the gravitational pull on the tongue: there is less gravitational effect in the lateral recumbent position than in the
supine position. Pevernagie et alt studied the influence of changes in the direction of the gravitational pull on upper-airway structures in
patients with OSA. They reported that in both the supine and lateral recumbent positions, subjects with positional OSA, ie, patients in
whom the rate of apnea and hypopnea during sleep in the supine position was 2 or more times greater than the rate in the lateral position,
had a larger upper-airway cross-sectional area during wakefulness than subjects with nonpositional OSA.2%22 They also demonstrated that
subjects with positional OSA had a greater transverse upper-airway diameter in the lateral recumbent position than did subjects with
nonpositional OSA. Accordingly, they assumed that gravity predisposed patients with nonpositional OSA to upper-airway collapse when
they slept on their sides and that gravity had a smaller effect on patients with positional OSA. Although we did not examine morphological
changes in the upper airway in response to movement from the supine to the lateral recumbent position in the current study, it is possible
that the decreased gravitational force on the tongue in the lateral recumbent position diminishes encroachment of the tongue on the upper
airway,2Z which in turn requires less GG EMG activity.

CONCLUSIONS Return to TOC

Head rotation induced significant reductions in phasic GG EMG activity in both the upright and supine positions and in tonic GG EMG
activity in the supine position. Both phasic and tonic GG EMG activities decreased significantly when subjects moved from the supine to
the lateral recumbent position. Although these findings need to be explained in the context of several associated factors contributing to the
dimensions of the upper airway, such as gravitational pull, neuromuscular compensations, and the lateral pharyngeal fat pad, the interaction
of body and head position and upper-airway—muscle function during wakefulness may have profound implications for sleep-disordered
breathing.

ACKNOWLEDGMENTS

This work was supported by Grants-in-Aid for Scientific Research Projects (07407060 and 09470467) from the Japanese Ministry of
Education, Science, Sports and Culture.

REFERENCES Return to TOC



1. van de Graaff WB, Gottfried SB, Mitra J, van Lunteren E, Cherniack NS, Strohl KP. Respiratory function of hyoid muscles and hyoid
arch. J Appl Physiol. 1987; 57:197-204.

2. Sauerland EK, Mitchell SP. Electromyographic activity of intrinsic and extrinsic muscles of the human tongue. Tex Rep Biol Med. 1975;
33:445-455.

3. Milidonis MK, Kraus SL, Segal RL, Widmer CG. Genioglossi muscle activity in response to changes in anterior/neutral head posture. Am
J Orthod Dentofac Orthop. 1993; 103:39-44.

4. Jan MA, Marshall I, Douglas NJ. Effect of posture on upper airway dimensions in normal human. Am J Respir Crit Care Med. 1994;
149:145-148. [PubMed Citation]

5. Tsuiki S, Ono T, Ishiwata Y, Kuroda T. Modulation of respiratory-related genioglossus motor unit activity associated with changes in head
position in humans. Jpn J Oral Biol. 1998; 40:53-61.

6. Lowe AA, Johnston WD. Tongue and jaw muscle activity in response to mandibular rotations in a sample of normal and anterior open bite
subjects. Am J Orthod. 1979; 76:565-576. [PubMed Citation]

7. Douglas NJ, Jan MA, Yildirim N, Warren PM, Drummond GB. Effect of posture and breathing route on genioglossal electromyogram
activity in normal subjects and in patients with the sleep apnea/hypopnea syndrome. Am Rev Respir Dis. 1993; 148:1341-1345. [PubMed
Citation

8. Basner RC, Simon PM, Schwartzstein RM, Weinberger SE, Weiss JW. Breathing route influences upper airway muscle activity in awake
normal adults. J Appl Physiol. 1989; 66:1766—1771.

9. Wasicko MJ, Knuth SL, Leiter JC. Response of genioglossus EMG activity to passive tilt in men. J Appl Physiol. 1993; 74:73-81.

10. Sauerland EK, Harper RM. The human tongue during sleep: electromyographic activity of the genioglossus muscle. Exp Neurol. 1976;
51:60-70.

11. Tangel DJ, Mezzanotte WS, Sandberg EJ, White DP. Influences of NREM sleep on the activity of tonic vs. phasic muscles in normal
men. J Appl Physiol. 1992; 73:1058-1066.

12. Wheatley JR, Mezzanotte WS, Tangel DJ, White DP. Influence of sleep on genioglossus muscle activation by negative pressure in
normal men. Am Rev Respir Dis. 1993; 148:597-605. [PubMed Citation]

13. Mezzanotte WS, Tangel DJ, White DP. Waking genioglossus electromyogram in sleep apnea patients versus normal controls (a
neuromuscular compensatory mechanism). J Clin Invest. 1992; 89:1571-1579. [PubMed Citation]

14. Pae E, Lowe AA, Sasaki K, Price C, Tsuchiya M, Fleetham JA. A cephalometric and electromyographic study of upper airway
structures in the upright and supine positions. Am J Orthod Dentofac Orthop. 1994; 106:52-59.

15. Martin SE, Marshall I, Douglas NJ. The effect of posture on airway caliber with the sleep-apnea/hypopnea syndrome. Am J Respir Crit
Care Med. 1995; 152:721-724. [PubMed Citation]

16. Pevernagie DA, Stanson AW, Sheedy PF, Daniels BK, Shepard JW. Effects of body position on the upper airway of patients with
obstructive sleep apnea. Am J Respir Crit Care Med. 1995; 152:179-185. [PubMed Citation]

17. Sériés F, Simoneau J, St Pierre S, Marc |. Characteristics of the genioglossus and musculus uvulae in sleep apnea hypopnea
syndrome and in snores. Am J Respir Crit Care Med. 1996; 153:18 70-1874.

18. Odeh M, Schnall R, Gavriely N, Oliven A. Dependency of upper airway patency on head position: the effect of muscle contraction.
Respir Physiol. 1995; 100:239-244. [PubMed Citation]

19. McEvoy RD, Sharp DJ, Thornton AT. The effects of posture on obstructive sleep apnea. Am Rev Respir Dis. 1986; 133:662—666.
[PubMed Citation]

20. Yildirim N, Fitzpatrich MF, Whyte KF, Jalleh R, Wightman AJA, Douglas NJ. The effect of posture on upper airway dimensions in
normal subjects and in patients with the sleep apnea/hypopnea syndrome. Am Rev Respir Dis. 1991; 144:845-847. [PubMed Citation]

21. Cartwright RD. Effect of sleep position on sleep apnea severity. Sleep. 1984; 7:110-114. [PubMed Citation]

22. Cartwright RD, Ristanovic R, Diaz F, Caldarelli D, Alder G. A comparative study of treatments for positional sleep apnea. Sleep. 1991,
14:546-552. [PubMed Citation]




23. Lloyd SR, Cartwright RD. Physiologic basis of therapy for sleep apnea [letter]. Am Rev Respir Dis. 1987; 136:525-526. [PubMed
Citation

24. Miyamoto K, Ozbek MM, Lowe AA, Fleetham JA. Effect of body position on tongue posture in awake patients with obstructive sleep
apnoea. Thorax. 1997; 52:255-259. [PubMed Citation]

25. Liistro G, Stanescu D, Dooms G, Rodenstein D, Veriter C. Head position modifies upper airway resistance in men. J Appl Physiol.
1988; 64:1285-1288.

26. Funakoshi M, Amano N. Effects of the tonic neck reflex on the jaw muscles of the rat. J Dent Res. 1973; 52:668—673. [PubMed
Citation

27. Downs JA, Stocks J. Effect of neck rotation on the timing and pattern of infant tidal breathing. Pediatr Pulmonol. 1995; 20:380—386.
[PubMed Citation]

28. Logemann JA, Kahrilas PJ, Kobara M. The benefit of head rotation on pharyngoesophageal dysphasia. Arch Phys Med Rehab. 1989;
70:767-771.

29. Takahashi S, Ono T, Ishiwata Y, Kuroda T. Effect of changes in the breathing mode and body position on tongue pressure with
respiratory-related oscillations. Am J Orthod Dentofac Orthop. 1999; 115:239-246.

30. Wasicko MJ, Knuth SL, Letiter JC. Response of genioglossus EMG activity to passive tilt in men. J Appl Physiol. 1993; 74:73-81.

31. Chan YS, Kasper J, Wilson VJ. Dynamics and directional sensitivity of neck muscle spindle responses to head rotation. J
Neurophysiol. 1987; 57:1716-1729.

32. Kasper J, Schor RH, Yates BJ, Wilson VJ. Three-dimensional sensitivity and caudal projection of neck spindle afferents. J
Neurophysiol. 1988; 59:1497-1509. [PubMed Citation]

33. Thomson DB, Loeb GE, Richmond FJR. Effect of neck posture on the activation of feline neck muscles during voluntary head turns. J
Neurophysiol. 1994; 72:2004-2014. [PubMed Citation]

34. Ohmae Y, Ogura M, Karaho T, Kitahara S, Inoue T. Effects of head rotation on pharyngeal function during normal swallow. Ann Otol
Rhinol Laryngol. 1998; 107:344—-348. [PubMed Citation]

35. Karaho T, Ohmae Y, Tanabe T, Haniu Y, Murase Y, Kitahara S. Effect of head rotation maneuvers on pharyngeal shape and the
swallowing function. J Jpn Bronchoesophagol Soc. 1997; 48:242—-248.

36. van Lunteren E, Haxhiu MA, Cherniack NS. Relation between upper airway volume and hyoid muscle length. J Appl Physiol. 1987;
63:1443-1449.

37. Otsuka R, Ono T, Kuroda T, Honda E, Sasaki T. Do head and body position influence on upper-airway space? abstract. J Dent Res.
1999; 78:200

TABLES Return to TOC

TABLE 1. Phasic and Tonic GG EMG Activity During Head Rotation and in the Lateral Recumbent Positions to the Left and Right*



Activity Side

Phasic Left Right
UP,n 4.97 (2.53) 2.65 (1.15)
SUP, s 3.40 (1.15) 4.48 (1.46)
REC 3.00 (0.74) 5.59 (0.90)
Tonic Left Right
UP.r 21.93 (2.90) 22.92 (3.15)
SUP,5 21.10 (3.05) 20.54 (1.81)
REC 18.07 (2.91) 18.74 (2.85)

* Data are given as mean (SE) percent. GG indicates genioglos-
sus; EMG, electromyogram; UP,;, upright position with head rotat-
ed; SUP,;, supine position with head rotated; and REC, lateral re-

cumbent position.

Phasic and Tonic GG EMG Activity in Different Head and Body Positions*

Activity
Position Phasic Tonic
UP 9.04 (1.67) 19.32 (1.59)
UP,q 3.81 (1.69) 22.43 (2.83)
SUP 13.30 (2.73) 26.92 (3.43)
SUP,s 3.94 (1.24) 20.82 (2.19)
REC 4.29 (0.74) 18.41 (2.49)

* Data are given as mean (SE) percent. GG indicates genioglos-
sus; EMG, electromyogram; UP, upright position; UP,,,, upright po-
sition with head rotated; SUP, supine position; SUP,s, supine posi-
tion with head rotated; and REC, lateral recumbent position.

P values for Multiple Comparison Tests



Activity Position

Phasic UP UP, SUP SUP, REC
UP .004* .0173* .0049* .0084*
UPyq .0001* 9393 T773
SUP .0001" .0001*
SUP, 8362
REC
Tonic
UP 1988 .0029* 5309 7035
UPy,n .0671 5032 0992
SUP 0147+ 001"
SUP, 3162
REC

UP indicates upright position; UP,s, upright position with head ro-
tated; SUP, supine position; SUP,;, supine position with head ro-
tated; and REC, lateral recumbent position. * P < .05.
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FIGURE 1. Typical simultaneous recordings of chest wall movement (RESP) and raw (raw GG) and integrated (BENTLINE GG) GG EMG
activities. Arrow indicates inspiration. Insets schematically show direction of the head in both upright and supine positions and direction of
the body in supine position. UP indicates upright position; UPHR(L), upright position with head rotated left; UPHR(R), upright position with

head rotated right; SUP, supine position; SUPHR(L), supine position with head rotated left; SUPHR(R), supine position with head rotated right;
REC(L), lateral recumbent position to left; and REC(R), lateral recumbent position to right
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FIGURE 2. Comparisons of phasic (A—C) and tonic (D—F) GG EMG activity during head rotation to left (L) and right (R). GG EMG activity
is standardized to the maximum value during tongue protrusion in the upright position. UP, indicates upright position with head rotated;

SUP,r, supine position with the head rotated; REC, lateral recumbent position; and NS, not significant. Vertical bars indicate standard

errors
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FIGURE 3. Comparisons of phasic (A) and tonic (B) GG EMG activity in different body and head positions. P values revealed by ANOVA
are shown in each panel. GG EMG activity is standardized to the maximum value during tongue protrusion in the upright position. UP
indicates upright position; UP,, upright position with head rotated; SUP, supine position; SUP ., supine position with head rotated; and
REC, lateral recumbent position. Vertical bars indicate standard errors
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FIGURE 4. Mean of phasic and tonic GG EMG activity values in 2 subjects (A, B) in different body and head positions on different days.
GG EMG activity is normalized to the maximum value during inspiration in the upright position. UP indicates upright position; UP,., upright

position with head rotated; SUP, supine position; SUP,,., supine position with head rotated; REC, lateral recumbent position; phasicdayl,
phasic GG EMG activity recorded on first day; phasicdayz, phasic GG EMG activity recorded on second day; tonicdayl, tonic GG EMG
activity recorded on the first day; and tonicdayz, tonic GG EMG activity recorded on second day

Click on thumbnail for full-sized image.

FIGURE 5. Temporal fluctuation of GG EMG activity in 2 subjects (A, B) in different body and head positions. Recordings were repeated
for 20 minutes for each position. GG EMG activity is normalized to the maximum value during inspiration in the upright position.UP
indicates upright position; UP ., upright position with head rotated; SUP, supine position; SUP, ., supine position with head rotated; and
REC, lateral recumbent position
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