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ABSTRACT: In posterior rhinomanometry (PRM), oropharyngeal pressure is meas-
ured using a tube placed between the tongue and the hard palate. For valid results the
patient must position the tongue and soft palate so that both the oropharynx and
nasopharynx remain open. A high rate of failure of conventional PRM has been
reported in normal individuals. In patients with obstructive sleep apnoea syndrome
(OSAS), upper airway abnormalities may further increase the failure rate.

This study proposes a modification of the technique in which protrusion of the
tongue enhances pressure transmission between the nasopharynx and the mouth.

In eight normal subjects, resistance was similar when measured by both methods.
Of 24 OSAS patients, conventional PRM was unsuccessful in 11. In the remaining 13
patients, a significant correlation between the two methods was found, but resistance
was lower by "tongue-out" than by conventional PRM, consistent with a decrease,
during tongue protrusion, in retropalatal resistance, which is a component of the
"nasal" resistance measured by PRM. In 26 OSAS patients, unilateral nasal res-
istance values measured by "tongue-out" PRM were similar to those measured by
anterior rhinomanometry. When the "tongue-out" method was used routinely in 541
snorers, failure rates were 1.1% in the 272 non-OSAS patients and 3.7% in the 269
OSAS patients.

These results indicate that posterior rhinomanometry with tongue protrusion is a
highly effective tool for measuring nasal resistance in snorers.
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Rhinomanometry provided an objective assessment of
nasal patency by measuring nasal resistance to airflow,
requiring simultaneous determination of transnasal pres-
sure and airflow. In posterior rhinomanometry (PRM),
oropharyngeal pressure is measured using a tube inserted
through the closed lips and placed between the tongue and
the hard palate with airflow measured using a pneumo-
tachograph incorporated in the breathing port of a face
mask.The presence of the tube in the mouth can cause
discomfort. The patient must be told how to position the
tongue so that both the oropharynx and nasopharynx
remain open [1]. Failure rates for PRM of up to 30% have
been reported in normal individuals [1±5].

In obstructive sleep apnoea syndrome (OSAS), negative
intraluminal airway pressure plays a key role in the
destabilization that leads to pharyngeal airway obstruction.
Because an increase in nasal resistance is associated with
decreased intraluminal airway pressure, elevated nasal
resistance has been suggested as a factor in sleep apnoea,
although conflicting results have been reported [6±11]. To
assist in identifying those OSAS patients most likely to
benefit from nasal surgery, PRM was included in the
evaluation of sleep apnoea syndrome. Adequate orophar-
yngeal pressure measurements could not be obtained
which was ascribed to the upper airway abnormalities
associated with OSAS. These abnormalities may make it

difficult to obtain free communication between the mouth
and the nasopharynx, a requirement for satisfactory PRM.

Alternatively unilateral nasal resistance can be evaluated
by anterior rhinomanometry (ARM), where the pressure in
the nasopharynx is recorded via a small tube sealed in an
occluded nasal cavity while the subject breathes through
the other nostril. Although ARM is easy to perform, it
requires that total nasal resistance be calculated using
Ohm's law for parallel resistors, which is reliable only for
the decongested nose [5].

In this study, a modification of conventional PRM is
presented, in which protrusion of the tongue is used to
facilitate pressure transmission between the nasopharynx
and the mouth. This method was found to be highly
effective in OSAS patients.

Materials and methods

Rhinomanometry

Conventional methods. Measurements were made acc-
ording to international recommendations [12]. For PRM,
flow measurements were carried out using a transparent
plastic face mask fitted with a Fleisch No.1 pneumo-
tachograph (Lausanne, Switzerland). The pneumotacho-
graph was connected to a pressure transducer (Validyne
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MP 45, Northridge, CA, USA; �2 cmH2O). Oropharyngeal
pressure was recorded via a tube inserted through the
closed lips and placed between the tongue and the hard
palate while the patient breathed through the nose. The
plastic tube (0.5cm) was placed as far back in the
mouth as the subject could tolerate. One port of a diff-
erential pressure transducer (Validyne MP 45, �70
cmH2O) was connected to the oral tube and the other
port to the mask to allow transnasal pressure measure-
ment. PRM is the only method for determining total
nasal resistance. When one nostril is sealed off with
adhesive tape, it also allows the measurement of unilat-
eral resistance. For ARM, unilateral transnasal pressure
was obtained by connecting the pressure transducer to
an occluded nasal cavity, while the subject breathed
through the other side.

Pressure and flow signals were recorded simultaneously
at a rate of 32 Hz on the hard disk of a microcomputer
using the Acknowledge software and device (Biopac
Systems Inc., Santa Barbara, CA, USA). With this soft-
ware, the pressure-time and flow-time curves, together
with the pressure-flow curve, can be displayed in real time,
allowing visual feedback to the patient from the trace on a
monitor. Data were processed immediately after each 30 s
recording to compute resistance as the pressure-flow ratio
at a transnasal pressure of 1 cmH2O [5].

The "tongue out" posterior rhinomanometry method. As
shown in figure 1 the patient was instructed to stick out
the tongue between the lower edge of a modified
mouthpiece and the lower lip. No leakage around the
tongue was observed. The position of the tongue could
be easily modified as needed, using the visual feedback
from the pressure and flow signals displayed on a screen.

A catheter connected to the pressure transducer was
inserted through a hole drilled in a stopcock obstructing the
cylindrical part of the mouthpiece. The distal end of the
catheter remained inside the mouthpiece, so that it could
not be obstructed by saliva or by the tongue.

Because of the presence of a mouthpiece, a nasal mask
was used instead of a facial mask to record nasal flow.
Respironics vinyl masks (Nantes, France) in three different
sizes were used. These masks have a soft plastic rim that
seals tightly without deforming the nose.

Subjects and protocol

Comparison of the two posterior rhinomanometry meth-
ods in normal subjects. Eight healthy volunteers with no
history of nasal disease or trauma and no evidence of septal
deviation were recruited from the staff of the authors'
department. Their age range was 18±50 yrs. All subjects
were informed about the study objectives and were all-
owed enough time to become familiar with the rhinoma-
nometry procedure. Total nasal resistance was computed
first, followed by right and left nasal resistances with the
other nostril sealed using adhesive tape. Unilateral res-
istances were measured to evaluate how well the method
assessed high levels of resistance.

In each subject, nasal resistance was recorded three
times for each method (conventional and "tongue out") and
each condition (total, right, and left resistances), and the
averages were used for subsequent analysis.

Comparison of rhinomanometry methods in obstructive
sleep apnoeics. Twenty-four consecutive OSAS patients
(mean apnoea-hypopnoea index (AHI) 37 events.h-1) vol-
unteered to participate in the study. Nasal resistance was
measured following the same protocol as for the normal
subjects, except that only total nasal resistance was eval-
uated. The two methods (conventional and "tongue out")
were used in random order. Since a high rate of failure
occurred with the conventional method (see Results sec-
tion), the number of trials was limited to six, varying the
position of the tongue (inside the mouth) and catheter
between trials. Total test duration was ~10 min.

In another group of 26 OSAS patients (mean AHI 32
events.h-1), unilateral nasal resistances were measured by
the "tongue out" PRM method and by ARM, in random
order.

a)

b)

Fig. 1. ± During the "tongue out" posterior rhinomanometry method,
the patient is instructed to protrude the tongue between the lower edge of
the mouth piece and the lower lip (a). A conventional mouthpiece was
modified by cutting off part of the flange intended to be placed between
the teeth and lower lip (b). The pressure catheter was inserted through a
hole drilled in a stopcock obstructing the cylindrical part of the
mouthpiece, with the distal end of the catheter remaining inside the
mouthpiece. A nasal mask was used to record nasal flow.
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Failure rate during routine use of the "tongue out" meth-
od. After the preliminary validation, the "tongue out"
method was found to be much easier to perform and it
was therefore decided to use it on a routine basis. Dur-
ing a 2-yr period, 541 patients who attended the sleep
clinic for snoring and varying degrees of daytime som-
nolence were investigated. The rate of failure to obtain
reliable data in this population was recorded.

Statistics

Regression analysis was performed to compare the
results obtained with the two rhinomanometry methods. In
addition, as recommended by BLAND and ALTMAN [13] for
the comparison of a new method to an established one,
the agreement between the two methods was determined
by plotting the difference between the methods against
their mean.

Results

Comparison of the two posterior rhinomanometry meth-
ods in normal subjects

In each of the normal subjects, the two rhinomanometry
methods provided adequate pressure-flow data allowing
computation of total, right and left nasal resistances. Total
nasal resistance ranged 1.3±3.0 cmH2O.L-1.s, whereas uni-
lateral resistances were usually higher.

Regression analysis showed a highly significant corre-
lation between the two methods (y ("tongue out")=0.96,
x (conventional) + 0.07, r=0.99). BLAND and ALTMAN

analysis showed the absence of systematic bias in the mea-
surement (mean�SD 2�8%) and showed that the error did
not increase with the level of resistance. In two subjects,
unilateral nasal resistances were >10 cmH2O.L-1.s: even
at these high levels, the two rhinomanometry methods
yielded similar results.

Comparison of the two posterior rhinomanometry meth-
ods in obstructive sleep apnoeics

In 11 of the 24 patients, adequate pressure-flow data
using the conventional method could not be obtained. In
each of these 11 patients, the "tongue out" method gave the
expected pattern of pressure and flow signals. A repre-
sentative set of data is presented in figure 2.

For the 13 remaining patients, satisfactory pressure-
flow data were obtained using both methods. As shown in
figure 3, a significant correlation was found between the
results of the two methods. In the higher resistance range,
however, the conventional method yielded higher values
than the "tongue out" method. The mean�SD difference
between the methods was 13�15%.

"Tongue out" posterior rhinomanometry versus anterior
rhinomanometry in obstructive apnoeics

It was found that unilateral nasal resistance values
provided by the "tongue out" PRM method were similar to
those obtained using ARM (data not shown).

Regression analysis showed a highly significant cor-
relation between the two methods (y (PRM) r=0.98); x
(ARM)+0.2, r=0.99). Bland and Altman analysis showed
the absence of systematic bias in the measurement (mean�
SD 2�3%) and that the error did not increase with the level
of resistance. In three subjects, unilateral nasal resistances
were >10 cmH2O.L-1.s; even at these high levels, the two
rhinomanometry methods yielded similar results.

Rate of failure during routine use of the "tongue out"
method

During a 2-yr period, rhinomanometry was performed in
541 patients with suspected OSAS, using the "tongue out"
rhinomanometry method only.

The "tongue out" method gave reliable data in all but
three (1.1%) of 272 non-OSAS patients with an AHI <15
events.h-1. Of 269 OSAS patients with an AHI $15, 10
(3.7%) failed the investigation. Mean AHI was similar in
these 10 patients and in the other 259 OSAS patients
(42�15 versus 37�19, respectively).

Discussion

The key to successful PRM is to obtain a reliable
measurement of transnasal pressure by means of the oral
tube. Patients must be trained to keep the soft palate
elevated and the upper surface of the tongue away from the
palate so as to ensure free communication between the
oropharynx and the oral cavity. Insufficient palatal control,
together with an unwillingness to suck the tube, seems to
be responsible for poor tolerance of the tube. As stated by
COLE [5], "patience and persuasion are required to coach
each patient in the suitable positioning of the tongue and
the soft palate to maintain patency of both the oro-
pharyngeal and nasopharyngeal orifices, while breathing
through the nose". This author reported a failure rate of
15% in more than 5,000 patients. Similarly, a review by
SCHUMAKER [14] indicates that ~20% of normal indivi-
duals have insufficient palatal control to allow pressure-
flow recordings consistently free of artefacts. In other
studies, failure rates have ranged from 8% (in well-trained
individuals) [15] to 50% (in children) [16]. In a recent
study by CANBAY et al. [2], nine of 56 (16%) subjects did
not complete the PRM recordings satisfactorily and were
therefore excluded from the study. Interestingly, the same
group who reported a failure rate of 15% with conven-
tional PRM suggested that a plethysmograph be used for
recording flow in order to leave free access to the face and
therefore to obtain better control of the position of the oral
tube; with this technique, the failure rate was as low as
1.4% in 1,000 paediatric patients [17].

To the authors' knowledge, the PRM failure rate in
OSAS patients has not been evaluated. In the experience of
the authors, conventional PRM is especially difficult to
perform in OSAS patients, even by highly-trained tech-
nicians. In the group of 24 patients used in the present
study to compare conventional versus "tongue out" PRM,
reliable data could not be obtained in 11 patients. These
failures may have been ascribable to various craniofacial
abnormalities and/or upper airway soft tissue abnormalities
known to occur in adult OSAS patients [18]. In addition, a
large, posteriorly-positioned tongue base contributes to
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narrowing of the posterior oropharynx. These anatomical
factors make it difficult to obtain free communication
between the mouth and the nasopharynx in a number of
patients with OSAS, leading to failure of pharyngeal pres-
sure measurements during conventional PRM. It was
hypothesized that protruding the tongue may improve
communication between the mouth and pharynx, thus
circumventing the problems raised by the anatomical
abnormalities that place the base of the tongue closer to
the posterior wall of the pharynx and to the soft palate. A
recent study [19] found that protruding the tongue in-
creased the cross-sectional area in the hypopharynx, oro-
pharynx and velopharynx. Furthermore, obese patients
had a larger relative increase in the upper airway cross-
sectional area than did subjects of normal weight.

A sealed mouthpiece was used during rhinomanometry,
as previously described [1], which allowed positioning of
the oral tube so that it was not in contact with the tongue.
It is usually recommended that the tube be held as far
back in the mouth as the subject can tolerate [20]. On the
other hand, it has also been suggested that a short oral
tube is adequate for pharyngeal pressure monitoring
provided the position of the tongue allows free commu-

nication between the anterior part of the oral cavity and
the oropharynx [14]. Since tongue protrusion used in the
present study appeared to improve this communication
substantially, it was reasoned that pressure measurement
could be performed at any site in the oral cavity. It was
chosen to perform the pressure measurements within the
mouthpiece to avoid contact between the pressure tube
and the tongue, thus making it easier for the subject to
control the position of the tongue. Furthermore, this
method avoids obstruction of the tube by saliva forced
into the tube lumen after swallowing.

With the modified PRM method, erratic pressure signals
were avoided and reliable measurements obtained in most
OSAS patients. In the large series of patients investigated
using "tongue out" PRM, the failure rate was only 3.7%,
clearly attesting to the usefulness of this method in such
patients.

Resistance was higher by conventional PRM than by
"tongue out" PRM in some OSAS patients. PRM measures
pressure in the oropharynx and, consequently, the calcu-
lated resistance includes any resistive elements located
between the atmosphere and the oropharynx during nasal
breathing. In normal subjects, the calculated resistance
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Fig. 2. ± Representative data obtained in a patient with obstructive sleep apnoea syndrome during conventional (a, b) and "tongue out" (c, d) posterior
rhinomanometry. a, c) Time curves of nasal flow and oral pressure signals; b, d) the same signals presented as XYplots. In this patient, adequate pressure-
flow relationships were obtained with the conventional methods during a single respiratory cycle, whereas expected patterns of pressure and flow signal
were recorded throughout the investigation with the "tongue out" method.
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may be due only to the nose, whereas in OSAS patients,
additional resistance may be produced by the anatomical
abnormalities of the pharyngeal region. Sticking out the
tongue may minimize this additional resistance, thus
lowering the calculated resistance as compared to the value
obtained during conventional PRM. The present findings
that "tongue out" PRM gives unilateral nasal resistance
values similar to those obtained with anterior rhinomano-
metry further supports the fact that the "tongue out" PRM
may be especially appropriate for evaluating nasal res-
istance in patients with increased pharyngeal resistance.

In summary, these data demonstrate that "tongue out"
posterior rhinomanometry increases the success rate of
nasal resistance measurement compared to conventional
posterior rhinomanometry, even in patients with anatomi-
cal abnormalities of the pharyngeal region such as the
macroglossia or long soft palate commonly present in
obstructive sleep apnoea syndrome patients. Although
rhinomanometry has been in use for many years, it has not
been widely adopted as a routine method in clinical trials,

primarily because of the high failure rate of posterior
rhinomanometry. The "tongue out" variant investigated in
this study may be a substantial improvement in rhinoma-
nometry technique and may provide valuable data regard-
ing the potential role of nasal obstruction in the occurrence
of sleep apnoea.
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Fig. 3. ± Comparison of total nasal resistance measured using the
conventional and "tongue out" posterior rhinomanometry (PRM) meth-
ods in 13 obstructive sleep apnoea syndrome patients. a) The regression
analysis shows a significant correlation between the two methods (y
("tongue out" PRM)=0.63 x (conventional PRM)+0.85, r=0.81). The
solid and dashed lines are the identity line and the regression line,
respectively. Bland and Altman analysis: the mean�SD difference be-
tween the methods is 13�15%. In the higher resistance range, the
conventional method provided higher values than "tongue out" method.
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