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Palatopharyngeus has respiratory activity and responds 
to negative pressure in sleep apnoeics

I.L. Mortimore, N.J. Douglas

Palatopharyngeus has respiratory activity and responds to negative pressure in sleep
apnoeics.  I.L. Mortimore, N.J. Douglas.  ERS Journals Ltd 1996.
ABSTRACT:  The intrinsic tongue muscle, genioglossus, and soft palatal muscles,
tensor palatini, levator palatini and palatoglossus, are known to exhibit phasic res-
piratory activity and to respond reflexly to negative pressure in man, which may
be important in the maintenance of upper airway patency.  We hypothesized that
the palatopharyngeus muscle should also have respiratory activity and increased
activity in response to negative upper airway pressure.

We have, therefore, examined the palatopharyngeus and the antagonist muscle,
levator palatini, in eight awake sleep apnoea patients, using bipolar electromyo-
graphy during nose- or mouth-breathing in different postures, and with or without
application of negative pressure.

Overall, palatopharyngeus and levator palatini demonstrated phasic respiratory
activity.  Palatopharyngeus demonstrated increased activity in the supine compared
to erect posture.  Analysis by route of respiration showed palatopharyngeus to be
more active in the supine posture when nose-breathing compared to mouth-breath-
ing.  Graded negative pressure application caused significant increases in palatopha-
ryngeus and levator palatini activity when applied via the mouth.  Nasal negative
pressure application caused a nonsignificant trend to increasing palatopharyngeus
activity with increasing negative pressure compared to a significant increase for lev-
ator palatini.

We conclude that palatopharyngeus and levator palatini demonstrate respira-
tory activity and reflex activation in response to negative pressure.  Palatopharyngeus
may, therefore, have a role as an upper airway dilator.  The differential response
of palatopharyngeus to oral and nasal negative pressure application may be impor-
tant in the pathogenesis of sleep apnoea.
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The upper airway muscles, genioglossus [1], tensor
palatini [2], levator palatini and palatoglossus [3], are
known to demonstrate predominantly inspiratory phasic
activity and to be reflexly activated by upper airway neg-
ative pressure in man [3–6].  Furthermore, the activity
of palatal muscles changes with route of respiration [3].
These observations suggest that the upper airway muscles
play a role in the maintenance of upper airway patency,
which may be relevant to the pathogenesis of the sleep
apnoea/hypopnoea syndrome (SAHS).

Both genioglossus [1] and palatoglossus [3] are more
active in the supine compared to the erect posture, which
corresponds to increased retroglossal diameter and main-
tenance of retropalatal diameter when supine [7]. In
addition, genioglossus reflex activation in response to
negative pressure has been shown fluoroscopically to
increase retroglossal diameter [8]. Reflex activity of
genioglossus is also reduced during sleep in normal sub-
jects [9], and sleep deprivation is known to reduce genio-
glossus activity [10].  These observations may be relevant
to upper airway collapse in patients with SAHS, which
occurs at the retropalatal/retroglossal level [11–13].

No studies have so far examined the palatopharyngeus
with respect to respiratory activity. KUEHN et al. [14]

were unable to find muscle spindles in palatopharyngeus
and levator palatini, which suggests that the characteris-
tics of these muscles may be different to the other upper
airway muscles.  However, these observations are at vari-
ance with those of LISS [15]; and we have shown leva-
tor palatini to behave in the same way as genioglossus
and palatoglossus [1, 3] in awake subjects. We, there-
fore, hypothesized that palatopharyngeus should have res-
piratory activity and be reflexly activated by upper airway
negative pressure.

Methods

Subjects

Eight male sleep apnoea patients (mean (SEM) age 44
(4) yrs; body mass index 30 (2.0) kg·m-2; apnoea/hypop-
noea index 51 (10.4) episodes·h-1) were recruited after local
Ethics Committee approval and informed consent had
been obtained. Subjects took no medication or alcohol
on the day of study.



Electrodes

The electrodes were made of sterile silver wire (A
5766-36, Cooner Wire Company, Chatsworth, CA, USA)
with an uncoated diameter of 0.125 mm and a Teflon-
coated diameter of 0.175 mm. The last 2–3 mm of the
wire was bared and lightly chloridated.  The wires were
threaded through 23 guage needles and the tip bent over
the bevel of the needle to make hooked intramuscular
wire electrodes [1]. Electrodes were then sterilized in
ethylene oxide for 5 days.

Electrode placement

After spraying with topical lignocaine, two needles
containing electrodes were inserted perorally under direct
vision into the palatopharyngeal arch of the pharyangeal
fauces on the same side, parallel to the plane of the hard
palate, 5–10 mm apart and 5 mm deep.  Electrode posi-
tion was confirmed initially in cadavers.

Levator palatini electrodes were placed as described
by HAIRSTON and SAUERLAND [2].

Electromyography (EMG) recording

A grounding electrode was placed on the subject's clavi-
cle. EMG signals were processed by a unity gain bipo-
lar 4 channel alternating current (AC) preamplifier close
to the electrodes (Neurolog NL 824, Digitimer Ltd,
Welwyn Garden City, Herts, UK) and then further ampli-
fied (Isolator NL 820) to give an amplification of 0.1–
50 K.

After filtering between 10 Hz and 2 kHz (NL 125),
the signals were rectified and integrated with a time con-
stant of 100 ms (NL 703).  The raw and integrated EMGs
were displayed on oscilloscope monitor (Knott Elektro-
nik, Multichannel large screen display SG 4100) and
recorded on videotape (JVC HR - D725EK) through an
analogue-to-digital (A/D) Video Cassette Recorder (VCR)
adapter (model PCM 4/8, Medical Systems Corp., Green-
vale, NY, USA).  The videotape was subsequently played
back through the same VCR adapter and the output print-
ed on a paper printer (Mark 10-1 Thermal Array Corder,
Western Graphtec Inc.).  A recording was also made of
the output from the amplifier system with the input elec-
trodes shorted to obtain a zero reference baseline signal.

Respiration monitoring

Chest wall movements were monitored using thoracic
and abdominal inductance bands displayed on the moni-
tor as well as recorded on videotape.

Application of negative pressure stimuli

The system of HORNER et al. [4] was modified so that
subjects breathed either via a nose mask with an expi-
ratory valve to minimize dead space (approximately 100
mL) or via a mouthpiece (dead space 100 mL) attached
to a circuit open to the atmosphere, such that inspiration
occurred through a solenoid pilot actuated spring return
valve (Martonair/Beech, B/6S5P/122/M).  At end-expi-
ration (functional residual capacity) the solenoid valve
was activated to rapidly change (10 ms) the breathing

circuit from the atmosphere to a 50 L reservoir eva-
cuated to an excess negative pressure of -100 cmH2O.
Spring loaded valves (Vital Signs Inc.) vented excess
negative pressure to atmosphere so that subjects were
exposed to a square wave of negative pressure for approxi-
mately 400 ms. Negative pressures of 2.5, 5, 7.5, 10 and
12.5 cmH2O were compared to a "dummy stimulus" of
0 cmH2O.  Integrated EMG amplitudes were measured
100 ms after the start of negative pressure application in
order to avoid voluntary muscle effects [4].

Negative pressures were monitored at the nose mask
and mouthpiece using a micromanometer (Furness Con-
trols Ltd, Bexhill, UK) connected via 136 cm of tubing,
which introduced a delay of 2 ms; 0–90% response time
was 10 ms. Retropalatal and oropharyngeal pressures
were monitored using a catheter tip transducer (Gaeltec
Ltd, S8b, Skye, Scotland) inserted via the nose with the
tip positioned by visual inspection 1 cm below the uvula,
so that during mouth-breathing the tip was below the soft
palate and during nose-breathing the tip was located
behind the soft palate. This allowed both oropharyngeal
(oral-breathing) and nasopharyngeal (nose-breathing)
pressures to be measured. All pressure recordings were
stored on videotape and transferred to paper for analy-
sis as described above.

Airway resistance

Upper airway resistance was calculated using the dif-
ference between nose mask/mouthpiece pressure and ret-
ropalatal/nasopharyngeal pressure at inspiratory and
expiratory flows of 15 L·min-1. Flow was measured
using a pneumotachograph. Airway resistance was expres-
sed as cmH2O·L·s-1.

Protocol

Twenty minutes after the application of lignocaine, maxi-
mum EMG amplitudes were recorded for levator pala-
tini and palatopharyngeus by swallowing five times and
also by breathing forcefully via the nose with the mouth
open (palatopharyngeus), as described by FRITZELL [16].

Subject position was standardized by seating subjects
and asking them to look straight ahead (erect) and by
lying on a trolley with no head support (supine).  Subjects
were instructed to breathe "through the mouth only",
"through the nose only" and "through the nose only with
the mouth open".  Noseclips were not used when mouth-
breathing.

Data were recorded for at least 30 breaths, with sub-
jects breathing through the nose or mouth both in erect
and supine postures.  The mean values from these record-
ings were used in the analysis, in order to allow for
breath-by-breath variation.  Negative pressure was applied
at least 10 times at each negative pressure level and the
mean of 10 technically acceptable recordings was used
for further analysis.  The order of the various manoeu-
vres (negative pressure application, posture and route)
were randomized for each subject in a balanced design.

Recordings were also made during nose-breathing with
the mouth open. Absence of oral airflow was verified
using a pneumotachograph held at the mouth.

Maximal manoeuvres were repeated at the end of the
experiment.
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Analysis of results

All integrated EMGs were expressed as a percentage
of the maximum [1, 17] to allow intra- and intersubject
comparison. Inspiratory activity quoted was peak inte-
grated EMG during the respiratory cycle (phasic), and
expiratory (tonic) EMG activity the lowest value [5].
Integrated EMG values were averaged over at least 30
breaths in both postures and routes. The average inte-
grated EMG for a minimum of 10 negative pressure appli-
cations at each level was used for statistical analysis.

The effects of phase of respiration, route and posture
on integrated EMGs and airway resistance were com-
pared using repeated measures analysis of variance, and
the effects of pressure by one way analysis of variance
(ANOVA) and t-tests with Bonferroni corrections where
appropriate (Statistical Package for the Social Sciences-
Personal Computer (SPSS-PC) package).

Nose mask and mouthpiece pressures were compared
with pressures measured with the catheter tip transducer
100 ms after negative pressure application by paired t-
tests.

Results

Phase

Both levator palatini (F=11.9; p=0.01) and palatopharyn-
geus (F=19.2; p=0.003) demonstrated phasic respiratory
activity, with higher inspiratory compared to expiratory
activity as shown in figure 1 for one subject. The low-
est value during the respiratory cycle (tonic activity)
occurred during expiration in all eight subjects. The
presence of phasic activity was not significantly affec-
ted by route or posture for levator palatini (p>0.05) or
palatopharyngeus (p>0.05), as shown in figure 2.

Posture

There was no significant overall effect of change in
posture from erect to supine for levator palatini (F=4.5;
p=0.07).  Palatopharyngeus demonstrated increased acti-
vity in the supine posture overall (F=6.26; p=0.04) (fig.
2).

Route

Nasal-compared to mouth-breathing (fig. 2) caused no
significant change in levator palatini (F=0.02; p=0.91)
or palatopharyngeus activity (F=0.05; p=0.83) overall.
However, analysis of route of respiration by posture
showed palatopharyngeus to be more active when nose-
breathing supine (F=20.6; p=0.003) compared to mouth-
breathing (fig. 2).

Comparison of nose-breathing with the mouth open and
closed

Nose-breathing with the mouth open (fig. 3) caused a
significant increase both in levator palatini (F=49.4;
p<0.001) and palatopharyngeus (F=10.4; p=0.02) acti-
vity compared to breathing with the mouth closed.
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Fig. 1.  –  Integrated electromyographs (EMGs) of levator palatini and
palatopharyngeus during mouth-breathing (erect) in one subject.  Phase
of respiration is shown by respitrace.
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Fig. 2.  –  Electromyographic (EMG) activity of: a) levator palatini;
and b) palatopharyngeus shown for nose- and mouth-breathing both in
erect and supine postures for eight SAHS patients.       : inspiratory
(phasic) activity;       : expiratory (tonic) activity. Values are pre-
sented as mean±SEM.  SAHS: sleep apnoea/hypopnoea syndrome.



Negative pressure application

The effects of negative pressure application on levator
palatini and palatopharyngeus integrated EMGs 100 ms
after the stimulus are shown in figures 4 and 5.  There were
no significant differences in the negative pressure stimuli
applied to the pharynx via the nasal or oral route (table 1).

Reflex levator palatini activity was significantly increased
by negative pressure applied via the mouth (F=15.3;
p<0.001) and also via the nose (F=3.75; p=0.008).  When
individual negative pressures were compared to the "dum-
my stimulus" of 0 cmH2O, levator palatini activity was
significantly increased by all pressures from -2.5 to -12.5
cmH2O when applied via the mouth (p<0.01), and for
pressures from -5 to -12.5 cmH2O when applied via the
nose (p<0.01).  Palatopharyngeus activity was signifi-
cantly increased by graded negative pressure applied via
the mouth (F=3.86; p=0.006) but there was only a non-
significant trend to increasing activity when increasing-
ly negative pressure was applied via the nose (F=1.85;
p=0.17).  Analysis of individual negative pressures com-
pared to the "dummy" stimulus showed a significant dif-
ference for all pressures from -2.5 to -12.5 cmH2O
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Fig. 3.  –  Electromyographic (EMG) activity of:  a) levator palatini;
and b) palatopharyngeus during nose-breathing with the mouth held
open and closed both in erect and supine postures for eight sleep apnoea
patients.      : inspiratory (phasic) activity;      : expiratory (tonic)
activity.  Values are presented as mean±SEM.  
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Fig. 4.  –  Integrated electromyographic (EMG) activity of levator pala-
tini and palatopharyngeus in response to negative pressure applied via
the nose in one subject. Negative pressures are measured in cmH2O
and pressure stimulus duration is approximately 300–400 ms.  This is
a composite figure and the responses shown are not consecutive.
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Fig. 5.  –  Effect of route of negative pressure application on levator
palatini (      ) and palatopharyngeus (       ) integrated electromyo-
graphic (EMG) activity.  a) Mouth-breathing; b) Nose-breathing.



(p<0.002) when applied via the mouth. However, when
negative pressure was applied via the nose, palatopharyn-
geus was not activated significantly by pressures of -2.5
(p>0.05) or -5.0 cmH2O (p>0.05).

The increased EMG responses to negative pressures
of -2.5 and -5 cmH2O applied via the nose were greater
for levator palatini compared to palatopharyngeus, both
when analysed as a change of percentage maximal EMG
activity (p<0.05 and p<0.01, respectively) and when
analysed as a percentage change from baseline EMG
(p<0.002 and p<0.001, respectively).

Airway resistance

Upper airway resistance was significantly lower when
mouth-breathing compared to nose-breathing (F=8.2;
p=0.02) and in the erect compared to supine posture
(F=12; p=0.01).  Expiration was associated with a lower
resistance compared to inspiration (F=20.0; p=0.003).
Mean values are shown in table 2.

Discussion

Palatopharyngeus and levator palatini both demon-
strate respiratory activity and reflex activation in res-
ponse to upper airway negative pressure application.  The
respiratory activity of palatopharyngeus is greatest when
nose-breathing in the supine posture.  These observations
suggest that levator palatini and palatopharyngeus may
play a role in maintenance of upper airway patency.

EMG activity was expressed as percentage maximum
activity to allow inter- and intrasubject comparison [1,
17].  Both for levator palatini and palatopharyngeus the
manoeuvre which elicited the greatest activity was swal-
lowing. This manoeuvre proved to be highly reprodu-
cible, which is probably reflected by the fact that  swallowing
is initiated voluntarily but, thereafter, is involuntary.

Manoeuvres such as forced nasal-breathing with the
mouth open and saying "aah" [16], which are reported
to produce maximal activity, were subject effort-depen-
dent and often produced submaximal and variable results.

SAHS patients were chosen as subjects because palato-
pharyngeus is not easily accessible and, in our experience,
they are more tolerant of palatal muscle electromyo-
graphy than normal subjects. This may be related to a
reduced gag reflex in SAHS patients (our subjective
impression) or may be related to the greater oropharyn-
geal soft tissue mass [18], which makes electrode place-
ment less traumatic.  In the present study, the characteristics
of levator palatini in SAHS patients were essentially the
same as demonstrated previously for normal subjects [3],
and palatopharyngeus has been shown, for the first time,
to demonstrate phasic respiratory activity and a reflex
response to negative pressure.

Spontaneous breathing

Analysis of spontaneous breathing at rest showed both
levator palatini and palatopharyngeus to be inspiratory
phasic muscles irrespective of route/posture, which sup-
ports upper airway dilating action as one of their roles.
Overall, palatopharyngeus was more active in the supine
posture when nose-breathing, the situation when airway
resistance was highest (table 2).  This should, theoreti-
cally, help to maintain retropalatal patency by pulling
the soft palate anteriorly (against gravity and inspiratory
negative pressure).  The increased activity of palatopha-
ryngeus in this situation is similar to that of palatoglos-
sus [3]. Thus, palatopharyngeus and palatoglossus are
probably acting in concert to maintain retropalatal pat-
ency when nose-breathing supine, a position in which
the retropalatal space, especially in SAHS patients, is
compromised [7]. The larger soft palates of SAHS pati-
ents [7] may explain the posterior movement observed
in SAHS patients when supine.

Nose-breathing with the mouth held open caused a
marked increase in levator palatini and palatopharyngeus
activity. During this manoeuvre, palatopharyngeus is
probably pulling the soft palate hard against the tongue,
as is palatoglossus [3], to stop air leaking into the mouth.
The increased activity of levator palatini in this situa-
tion may serve to stiffen the soft palate and thus, in con-
junction with the increased activity of palatopharyngeus
and palatoglossus, may prevent inspiratory posterior
movement of the soft palate.  However, a relative over-
activity of levator palatini EMG activity compared to
palatopharyngeus (and possibly palatoglossus) may occur
in SAHS and contribute to reduced retropalatal patency.
The increased EMG activity when nose-breathing with
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Table 1.  –  Comparison of nasopharyngeal and oropha-
ryngeal pressures measured 100 ms after negative pres-
sure application at the nose or mouth for eight subjects

Pressure applied Nasopharyngeal Oropharyngeal  
at nose/mouth pressure pressure

cmH2O cmH2O cmH2O

0 -0.1 (0.37) -0.1 (0.14) 
-2.5 -2.4 (0.7) -2.6 (0.42) 
-5.0 -4.8 (0.45) -4.8 (0.25) 
-7.5 -7.1 (0.73) -6.8 (0.65)

-10.0 -8.8 (1.42) -8.7 (2.0) 
-12.5 -10.4 (1.73) -10.4 (2.12) 

Values are presented as mean±SD.

Table 2.  –  Effect of posture, route and phase of respiration on airway resistance
(cmH2O·L·s-1) measured at 15 L·min-1 inspiratory (I) and expiratory (E) flow

Erect Supine

Nose-breathing           Mouth-breathing               Nose-breathing          Mouth-breathing
I         E                  I          E                    I         E                  I         E 

5.1 2.8 3.0 1.7 8.0 3.2 3.5 1.6
±3.1 ±2.2 ±1.7 ±1.4 ±4.5 ±1.1 ±2.5 ±1.1

Values are presented as mean±SD. 



the mouth held open may be a reflex response to mouth
opening (muscle stretch) initially, but in awake subjects
probably has a significant voluntary (central) component.
The results mirror those for levator palatini (and palato-
glossus) previously observed in normal subjects [3].

Negative pressure application

Levator palatini activity was significantly increased by
increasing negative pressures from -2.5 to -12.5 cmH2O,
irrespective of route of application (nose/mouth), which
is similar to normal subjects [3]. Palatopharyngeus acti-
vity was increased by negative pressures from -2.5 to
-12.5 cmH2O when applied via the mouth. Increasing
negative pressure applied via the nose, however, caused
only a nonsignificant trend towards increased palatopha-
ryngeus activity.  This route-dependent differential response
to negative pressure application for palatopharyngeus may
compromise upper airway patency because the relative
underactivity of palatopharyngeus with nasal negative
pressure (fig. 4) may allow the soft palate to be pulled
posteriorly by levator palatini, thus compromising an
upper airway which is already smaller when compared
to normal subjects [7].  KUEHN et al. [19] observed palatal
position to correlate best with palatopharyngeus and
palatoglossus activity during nonrespiratory manoeuvres,
which supports our hypothesis. However, at present,
there is no way of knowing for palatal muscles the amount
of force generated by each individual muscle, and there-
fore, the overall effect on palatal position. Thus, further
studies combining electromyography with real time soft
palate imaging would be helpful in determining the pre-
cise roles of the individual muscles in maintenance of
upper airway patency.

In summary, palatopharyngeus behaves in a similar
manner to genioglossus and the other soft palatal mus-
cles, demonstrating phasic respiratory activity and reflex
activity in response to upper airway negative pressure.
This suggests several mechanisms which together may
compromise the upper airway dilating activity of palatopha-
ryngeus during nasal breathing asleep, thus allowing
retropalatal collapse in SAHS patients. Firstly, upper
airway muscles probably have a reduced response to
negative pressure during sleep [9]. Secondly, soft palatal
muscles have a reduced response to negative pressure in
SAHS patients compared to normals [20]. Thirdly, pala-
topharyngeus appears to demonstrate a route-dependent
response to negative pressure, such that activity is rela-
tively lower in response to nasal compared to oral nega-
tive pressure, which is a similar response to that observed
for palatoglossus in normals [3].  A narrow upper airway
[7] combined with the above factors could, thus, contri-
bute to retropalatal collapse during sleep in patients with
SAHS.
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