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Purpose: To determine how anterior advancement of the mandible (ADM) affects spontaneous breathing
through the nasal route in healthy human volunteers sedated with intravenous midazolam.
Methods: In four subjects who exhibited nasal breathing during midazolam sedation (intravenous dose: 0.09 ±
0.02 mg·kg- 1, mean ± SD), we measured respiratory rate (RR), peak nasal inspiratory airflow rate (V nIpeak), peak
nasal expiratory airflow rate (V nEpeak), duty ratio (Ti/Ttot) and nasal resistance (Rn) before and after ADM. Nasal
resistance was calculated by dividing the difference between nasal mask and oropharyngeal pressure by airflow
rate at peak nasal inspiratory airflow.
Results: The RR, VnIpeak, and V nEpeak increased following ADM (P < 0.001, respectively). On the contrary, Ti/Ttot
decreased after ADM (P < 0.001). Consequently, ADM decreased Rn from 30.4 ± 40.8 to 5.0 ± 5.6
(cmH2O·l–1·sec- 1) (mean ± SD) (P < 0.001). In these four subjects, no respiratory airflow was observed through
the oral route before and after ADM. 
Conclusion: Advancement of the mandible decreases nasal resistance, thereby facilitating spontaneous breath-
ing through the nasal route in normal humans sedated with midazolam.

Objectif : Déterminer l’effet de la mobilisation antérieure de la mandibule (MM) sur la respiration nasale spon-
tanée chez des volontaires sains qui reçoivent du midazolam par voie intraveineuse.
Méthode : Chez quatre sujets qui présentaient une respiration nasale pendant la sédation avec du midazolam
(dose intraveineuse : 0,09 ± 0,02 mg·kg-1, moyenne ± écart type), nous avons mesuré la fréquence respiratoire
(FR), la vitesse maximale de l’écoulement d’air inspiratoire nasal (VmaxIn), la vitesse maximale de l’écoulement d’air
expiratoire nasal (VmaxEn), le coefficient de durée (Ti/Ttot) et la résistance nasale (Rn) avant et après la MM. On
obtient la résistance nasale en divisant la pression différentielle masque nasal-oropharynx par la vitesse d’écoule-
ment de l’air lors de l’inspiration nasale maximale.
Résultats : La FR, la VmaxIn, et la VmaxEn ont augmenté après la MM (P < 0,001, respectivement). Par contre,
Ti/Ttot a diminué après la MM (P < 0,001). En conséquence, la MM a réduit la Rn de 30,4 ± 40,8 à 5,0 ± 5,6
(cmH2O·l–1·s-1) (moyenne ± écart type) (P < 0,001). Chez les quatre sujets, aucun écoulement de l’air par voie
orale n’a été noté avant et après la MM.
Conclusion : La mobilisation antérieure de la mandibule réduit la résistance nasale et facilite ainsi la respiration
nasale spontanée chez des humains normaux qui reçoivent du midazolam.
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IDAZOLAM increases upper airway
resistance.1 We have recently shown
that midazolam impairs nasal airway
patency in normal humans.2 On the

other hand, advancement of the mandible (ADM)
increases the cross-sectional area of the velopharynx,
that portion of the nasopharynx bounded ventrally by
the soft palate, during wakefulness,3 during midazo-
lam-induced sedation4 and during general anesthesia
and total muscle paralysis.5 If velopharyngeal patency
is improved by ADM, nasal breathing should be facil-
itated. However, there are no data regarding the
effects of ADM on the mechanical parameters of spon-
taneous breathing through the nasal route in humans
sedated with midazolam. We hypothesized that ADM
would reduce nasal resistance, thereby facilitating
spontaneous breathing through the nasal route during
midazolam sedation. Our study was performed to test
this hypothesis in normal human subjects.

Methods
The study protocol was approved by the Ethics
Committee of Tokyo Medical and Dental University.
Five male and three female volunteers, aged 25 to 33
yr, participated in the study. After obtaining written
informed consent from each subject, we conducted a
history and physical examination. Exclusion criteria
were clinical evidence of nasal, pulmonary, cardiac, or
CNS disease, obesity, use of centrally acting medica-
tions within the previous week, a history of smoking,
sleep disordered breathing, recent upper respiratory
infections, drug or alcohol abuse. Subjects refrained
from oral intake for eight hours, and from alcohol and
caffeine for 24 hr before the study. 

Each subject had one nasal passage anesthetized
with 0.05 ml lidocaine 8 % spray. No nasal deconges-
tants were used. Oropharyngeal pressure (Pop) was
measured using a balloon catheter (Millar, od 1.7
mm) introduced through the anesthetized nostril.
The tip of the catheter was located just caudal to the
inferior margin of the soft palate and rostral to the
tongue in the oropharynx. The position was verified
by direct visual examination of the posterior orophar-
ynx. No migration of the oropharyngeal balloon
catheter was observed during the study.

An airtight custom-made, partitioned face mask
(Senkousha, Japan)1,6,7 was fitted while the subject
rested in the supine position. A hard rubber septum
separated the mask into nasal and oral chambers, each
with its own port (i.d. 9 mm, length 40 mm) and a
side-arm outlet (i.d. 3.5 mm). The rubber septum was
positioned above the upper lip, so that the mouth and
lips were kept slightly apart. Each mask chamber was

tested separately for air leaks by pressurizing to 10
cmH2O and ensuring that the pressure was constant
for 10 sec. The dead space for nasal and mouth cham-
bers was 90 and 120 ml, respectively. Nasal airflow
rate (V

.
n), nasal mask pressure (Pnm), and Pop were

monitored with a C-P pulmonary monitor (model C-
P 100, BICORE monitoring system, USA) connected
to the breathing circuit. Oral airflow rate (V. o) was
measured using a Fleisch No. 2 pneumotachograph.

All measurements were continuously recorded on a
paper chart recorder (model WS-800R, Nihon
Kohden, Japan), and stored on a tape recorder (model
XR-5000, TEAC, USA). To avoid any confounding
information from upper airway anesthesia, we waited
for 30 min after application of topical anesthesia
before starting measurements.

Experimental protocol
After inserting a 22-Gauge catheter in the left cephal-
ic vein, an intravenous infusion of acetated Ringer’s
solution was started at 100 ml·hr–1. Oxygen satura-
tion, ECG, and noninvasive blood pressure measure-
ments were recorded.

After determining baseline respiratory measure-
ments, we began midazolam administration: 0.01
mg·kg–1 by rapid (< 1 sec) intravenous injection,
administered every minute, until subjects reached a
consciousness level where they exhibited spontaneous
eye closure and responded only to prodding or shak-
ing. The midazolam dose required to attain this seda-
tion ranged from 0.06 to 0.12 mg·kg– 1, with a mean
of 0.09 ± 0.02 (mean ± SD) mg·kg–1. 

Four of the eight subjects exhibited snoring with
oronasal airflow following midazolam administration.
To simplify data analysis, they were excluded from fur-
ther participation in the study. The other four sub-
jects, consisting of three men and one woman,
continued breathing through the nasal route during
sedation with midazolam. In these four subjects, the
mandible was manually displaced anteriorly by one of
the authors. Maximal mandibular advancement was
achieved with a two-handed technique.

Respiratory rate (RR), peak nasal inspiratory airflow
rate (V

.
nIpeak), peak nasal expiratory airflow rate

(V
.

nEpeak), the duty ratio (Ti/Ttot) and the nasal resis-
tance (Rn) were obtained from 10 consecutive breaths
before and after ADM. Ti/Ttot was calculated by divid-
ing the duration of inspiration by total duration of each
respiratory cycle. Rn was calculated by dividing the
pressure difference between Pnm and Pop by airflow
rate at V

.
nIpeak. To determine how these five respiratory

parameters changed after ADM, two tailed paired t test
was used. A significance level of 0.05 was used.
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Results
Four subjects who underwent advancement of the
mandible (ADM) consisted of three men and one
woman. Mean (± SD) height and weight was 170.0 ±
5.8 cm and 61.0 ± 8.3 kg, respectively. As demonstrat-
ed by low BMI (20.9 ± 2.0 kg·m-2, mean ± SD), none
were obese. Before midazolam administration, V

.
n

increased proportionally to the negative pressure swing
of Pop within each inspiration (breaths 1-10), exhibit-
ing a round contour (Figure 1). Figure 2 shows a rep-
resentative change in spontaneous breathing pattern
before and after ADM. During midazolam-induced
sedation, spontaneous breathing was characterized by
inspiratory airflow limitation accompanied by enhanced
negative pressure swing of Pop (breaths 1-10).
Immediately after ADM, the pressure swing of Pop
decreased and both peak nasal inspiratory (V

.
nIpeak) and

expiratory airflow rate (V
.

nEpeak) increased (breaths 11-
21). Respiratory rate increased following ADM. There
was no respiratory airflow through the oral route before
and after ADM.

In the four subjects, respiratory rate (RR), V
.

nIpeak
and V

.
nEpeak increased (P < 0.001) (Table). Conversely,

the duty ratio decreased following ADM (P < 0.001)
(Table). Overall, the nasal resistance (Rn) decreased

from 30.4 ± 40.8 to 5.0 ± 5.6 (cmH2O·l–1·sec-1)
(mean ± SD) (P < 0.001) (Figure 3). In these four
subjects, no respiratory airflow was observed through
the oral route before and after ADM.

Discussion
The present study showed that advancement of the
mandible (ADM) rapidly decreases nasal resistance
(Rn), thereby facilitating spontaneous breathing
through the nasal route in normal human subjects
sedated with midazolam.

We have shown previously that midazolam impairs
both nasal patency and the ability to change the
breathing route in response to nasal airway obstruc-
tion.1 On the other hand, several investigators have
previously demonstrated that ADM increases cross-
sectional area of the velopharynx in patients with
OSA.2–4 Furthermore, anterior mandible protruding
devices are known to be effective in treating OSA.8

However, there were no data concerning acute effects
of ADM on spontaneous breathing pattern through
the nasal route in normal human subjects sedated with
midazolam.
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FIGURE 1 Representative record during wakefulness
Vn increased proportionally to the negative pressure swing of Pop
within each inspiration (breaths 1-10), exhibiting a round contour.
Each arrow indicates the time point when peak nasal airflow
occurred within each inspiration. Pnm = nasal mask pressure
(cmH2O), Pop = oropharyngeal pressure (cmH2O); Nasal (V. n)
and oral airflow rate (V. o) (l·sec– 1) (See text for detail)

FIGURE 2 Representative record before and after ADM during
midazolam sedation.
Inspiratory airflow limitation was observed before ADM (breaths
1-10). Immediately after ADM, inspiratory Vn increased simulta-
neously with enhancement of the negative pressure swing of Pop
(breaths 11-21). Respiratory rate was also increased following
ADM. There was no respiratory airflow through the oral route
before and after ADM. Each arrow indicates the time point when
peak nasal airflow occurred within each inspiration. Pnm = nasal
mask pressure (cmH2O), Pop = oropharyngeal pressure (cmH2O);
Nasal (V. n) and oral airflow rate (V. o) (l·sec– 1) (See text for detail)
ADM = advancement of the mandible, Pnm = nasal mask pressure
(cmH2O), Pop = oropharyngeal pressure (cmH2O); Nasal (V. n)
and oral airflow rate (V. o) (l·sec– 1) (See text for detail)



Since the tip of the oropharyngeal catheter was
located just below the inferior margin of the soft
palate, anatomical structures associated with Rn
included the nasal passage from the inferior margin of
the soft palate. Inspiratory airflow limitation, which
sometimes occurred during midazolam-induced seda-
tion (Figure 2), suggests partial collapse of the nasal
airway segment related to Rn. This partial collapse
should allow airflow to increase with the negative
pressure swing of Pop only up to a critical value for the
transmural pressure (Pcrit).9 At more negative Pop,
greater collapse occurs and there is no further increase
in airflow despite greater inspiratory effort. This char-
acteristic behaviour of the airway segment has been
described as flow limitation.1 0

Following ADM, V
.

nIpeak increased proportionally to
the negative pressure swing of Pop, resulting in a round
contour during each inspiration (Figure 2). This change
in the contour of the inspiratory airflow tracing sug-
gests a decrease in inspiratory UA resistance.1 1In fact, a
decrease in Rn occurred after ADM (Figure 3). These
findings indicate that ADM improves nasal patency.

Although the mechanism of action remains to be deter-
mined, two general modes of action are possible 1)
ADM could increase the calibre of the passive velophar-
ynx, and/or 2) ADM could activate upper airway dila-
tor muscles. The first possibility has been verified in
patients with OSA5 and in normal human subjects.12,13

Since Rn was used as indirect index of upper airway
patency in the present study, the decrease in Rn may be
consistent to this hypothesis.

With regard to the second possibility, we have
recently demonstrated, using a remotely controlled
mandibular positioner, that mandibular advancement
decreases upper airway dilator muscle activity during
sleep in patients with OSA.14 This device enables us to
minimize the physical stimuli when the subject’s
mandible is protruded.4,14 However, the subject’s
mandible was manually advanced in the present study.
The subject is more likely to be aroused by manual
ADM, thereby activating upper airway dilator muscle.
Further studies are needed to elucidate the role of
upper airway dilator muscle during manual ADM.

The increase in RR, V
.

nIpeak, and V
.

nEpeak observed in
the present study may also be related to a brief arousal
from sedation. On the other hand, a decrease in
Ti/Ttot may be in part caused by the decrease in Rn.
As shown in Figure 2, ADM decreased the pressure
swing of Pop and increased V

.
nEpeak. These findings

suggest that ADM may also decrease expiratory nasal
resistance. To discuss this possibility, however, more
information is necessary regarding the effects of mida-
zolam on expiratory resistance along various segments
of the total upper airway.

In the present study, no respiratory airflow was
observed through the oral route before and after
ADM. Sedation produced by thiopental7 and midazo-
lam1 suppresses the ability to change the breathing
route. ADM is unlikely to facilitate oral breathing in
normal human subjects sedated with midazolam.

Our partitioned face mask is the same as that used
by Nishino and coworkers, which enables measure-
ment of nasal and oral airflow separately.1,6,7 Clearly,
this mask produces a somewhat artificial situation with
a considerable pressure exerted on the orofacial
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TABLE Changes in respiratory measurements before and after ADM
Mean ± SD for V

.
nIpeak, V

.
nEpeak, Ti/Ttot; Median for RR

*P < 0.001 compared with before ADM
ADM = advancement of the mandible, V

.
nIpeak= peak nasal inspiratory airflow rate (l·sec– 1), V

.
nEpeak= peak nasal expiratory airflow rate

(l·sec– 1), RR = respiratory rate (min– 1), Ti/Ttot = duty ratio

V
.

nIpeak(l·sec– 1) V
.

nEpeak(l·sec– 1) RR (min– 1) Ti/Ttot
Before ADM 0.21 ± 0.06 0.19 ± 0.05 15 0.52 ± 0.12
After ADM 0.52 ± 0.12* 0.45 ± 0.10* 19* 0.40 ± 0.08*

FIGURE 3 Nasal resistance (Rn) (cmH2O·l– 1·sec, mean ± SD)
before and after ADM.
Rn significantly decreased from 30.4 ± 40.8 to 5.0 ± 5.6
(cmH2O·l– 1·sec) (mean ± SD) (P < 0.001).
*P < 0.001 compared with before ADM
ADM = advancement of the mandible (See text for detail)



region. This artificial environment may affect the
results of our study. Furthermore, a final limitation of
the present study is the small number of subjects
showing effects of ADM on spontaneous breathing
through the nasal route. To simplify data analysis, four
subjects who exhibited snoring and/or oronasal
breathing during midazolam-induced sedation were
excluded from further participation in the study.
Confirmation of these observations in a large number
of subjects is necessary.

We conclude that ADM decreases nasal resistance,
thereby facilitating spontaneous breathing through
the nasal route in human subjects sedated with mida-
zolam.
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