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Obstructive sleep apnea (OSA) is a syndrome char-
acterized by repeated collapse of the upper airway

during sleep, resulting in recurrent episodes of apnea.
OSA is a common syndrome that affects 1% to 4% of
middle-aged men, and the prevalence increases with
age up to 60 years. OSA is a complex and multifactor-
ial problem, and some of the most commonly reported
risk factors for OSA are morbid obesity, abnormalities
of the craniofacial and upper airway structures, famil-

ial aggregation, smoking, hormonal differences, alco-
hol consumption, and nasal congestion at night.1–10

Most epidemiologic studies and clinical studies of
OSA thus far have involved mainly Caucasians, and
there is limited information on OSA in other racial
groups.11–15 Several recent studies have suggested
that ethnicity may be an important risk factor in
OSA.7,9,16–28 In one study performed in Chinese pa-
tients, it was suggested that since increased body mass
index (BMI) is a predictor of sleep-disordered breath-
ing (SDB) and most Asians are not obese, then cran-
iofacial abnormalities may be a more significant risk
factor in Asians.24 In fact, several studies have exam-
ined this issue and have supported the idea that cran-
iofacial abnormalities might be a stronger predictor
than BMI for OSA in Asians.7,20,21

Nasal continuous positive airway pressure (nCPAP)
is a highly effective and safe treatment for OSA and is
generally considered to be the current primary treat-
ment for it, but a variety of other therapeutic ap-
proaches have also been proposed, including such
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surgical treatments as uvulopalatopharyngoplasty,
tongue reduction or advancement, and chin-hyoid ap-
paratus advancement; oral appliances; weight loss;
medication; head and neck extension collars; and mod-
ification of sleep position.29–32 These treatments have
been evaluated for their indication, effectiveness, com-
pliance, and side effects in various publications.33–38

The oral appliance treatment approach has been ef-
fective in some patients with mild to moderate OSA.33,34

In addition, oral appliances have recently been proven
effective (although not as good as nCPAP) even in
moderate to severe OSA patients who cannot tolerate
or refuse nCPAP.39,40 Oral appliances are also used
after nasal and jaw surgery when adequate results are
not achieved through surgery.41 Several authors report
discomfort or strain in the jaw muscles and/or the tem-
poromandibular joint as one potential side effect of an
oral device.39,40,42–55 For these reasons, it is considered
necessary to be able to adjust the device for optimal pa-
tient management. 

The question of concern in this study is: “What is the
jaw position at which most of the patients will respond
and effectively treat their OSA?” Earlier, the authors
evaluated the effect of jaw position and body posture
on forced inspiratory airflow (considered an analog
for airway caliber changes) in normal subjects and in
patients with OSA. 56 This prior study revealed that the
jaw protrusion position had a greater effect on maxi-
mum forced inspiratory airflow in OSA patients than in
normal subjects. The earlier study did not have matched
groups for age or BMI, and the craniofacial features of
the studied groups were not measured or assessed. In

the present study, subjects were matched by age, BMI,
gender, and their response to a sleepiness question-
naire, and Japanese OSA patients and Japanese con-
trols were measured and classified according to their
craniofacial features. The different effects of jaw posi-
tion on the maximum forced inspiratory airflow were
also assessed. The null hypothesis was that these
groups do not differ in regard to these parameters.

Materials and Methods

Subjects

This study involved 15 male patients with OSA who vis-
ited Kyushu Dental College Hospital to have an oral ap-
pliance fabricated for their OSA. They had received the
diagnosis based on polysomnographic recordings. An
AHI (Apnea-Hypopnea Index) was obtained from the
polysomnographic recordings. The study also included
8 normal, nonsnoring, nonhypersomnolent male vol-
unteers with no history of sleep respiratory disorder. The
aim and potential risks of the study were fully explained
to each subject, and informed consent was obtained
from each according to the procedures and protocol es-
tablished by Kyushu Dental College Hospital. Before the
intervention, a clinical examination of the stomatog-
nathic system, including measurements of mandibular
mobility, palpation of the temporomandibular joint and
masticatory muscles, and recordings of pain on jaw mo-
tion was performed. The Epworth Sleepiness Scale
questionnaire was administered to all subjects. Any
subject exhibiting symptoms of temporomandibular
joint dysfunction, a history of respiratory disease, loss
of molars, or occlusal dysfunction was excluded from
this study; to eliminate any potential confounding ef-
fect of gender, women were also excluded.

Cephalometric Measurements

A lateral cephalogram was obtained from the 15 pa-
tients with OSA. A radiograph film holder was placed
next to the left side of the head, and the cone of the ra-
diography unit was 1.5 m from the subjects. Two
cephalometric variables were measured: distance from
hyoid (H) to mandibular plane (MP), and distance from
sella (S) to nasion (N) (Fig 1). These measurements
were chosen based on a publication that examined
craniofacial form and SDB in Japanese patients.27

Individual craniofacial (CF) scores were then calculated
according to the method of Yao and colleagues.27 This
scoring method produces a number that increases
when the S-N distance becomes shorter and H-MP be-
comes longer. Based on this score, the OSA subjects
were divided into 2 groups: a high-score group (CF
score ≥ 4) and a low-score group (CF score ≤ 3).
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Fig 1 Cephalometric landmarks, reference lines, and abbre-
viations (from Yao et al27). A = point A; B = point B; Go = go-
nion; H = most anterosuperior point of the hyoid bone; IAS = in-
ferior airway space; Me = menton; MP = mandibular plane; N
= nasion; P = lowest point of the soft palate; PNS = posterior
nasal spine; S = sella. 
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Spirometer

An electric spirometer (Chestgraph Jr, HI-101, Chest)
was used to measure the middle portion (25%–75%) of
each subject’s maximum forced inspiratory flow
(FIF25–75). For all measurements, the interincisal open-
ing was standardized at 12 mm with a customized mouth
prop between the posterior teeth on one side. This dis-
tance was established based on the authors’ prior
study,57 which was a pilot study of 5 control subjects that
used different thicknesses of mouth prop to determine
(1) which degree of separation was most comfortable
for the subjects and (2) which thickness consistently al-
lowed an FIF25–75 that was 90% or more of the value
achieved for a maximum effort without a mouth prop.
Based on these data, the amount of the interincisal
opening at the anterior tooth region was standardized
at 12 mm to avoid any dental restriction of airflow. To
fabricate these bite-positioning blocks, individual plas-
ter casts of both jaws were made and mounted into a
centric occlusal record on an articulator. 

A special jig was also fabricated to measure how
much each patient could protrude the mandible. The
jig was made from an acrylic resin block (18 � 30 �
12 mm) and fixed on the mandibular teeth. The habit-
ual closure and maximum protrusive positions were
marked on the jig, and then the 0% forward (F), 50%
F, and 75% F positions were indicated. Each subject
was given an individual set of bite-positioning blocks
and a nose clip. Before each experimental session, the
subjects were asked to practice making maximum in-
halations and exhalations to familiarize themselves
with the spirometric equipment and the wearing of
the bite-positioning block. All subjects performed max-
imum FIF25–75 maneuvers with the 0% protrusive posi-
tion in the upright position (upright 0% F) and 0%,
50%, and 75% protrusive positions in the supine posi-
tion (supine 0% F, 50% F, 75% F). All supine measure-
ments were performed with the subjects lying on a flat
bed with the head supported by a pillow constructed
of soft sponge material and designed to facilitate the
subjects’ natural head-to-body positions during their

habitual supine sleep posture. Measurement of each
posture and mandibular position was done 3 times by
random assignment, accomplished using a random-
ization table.

Statistical Analysis

The patients were divided into 2 groups by CF score lev-
els. Group A had a low CF score, and group B had a
high CF score. These 2 groups were compared to the
control subjects. The statistical significance of the dif-
ferences in AHI between the patient groups was eval-
uated with the t test. The FIF25–75 data in the upright 0%
protrusive position were used as a control, and all sub-
sequent values were normalized to a percentage of this
value. After testing with the Bartlett test, repeated-
measures analysis of variance (ANOVA) was followed
by the Tukey-Kramer test, used for multiple compar-
isons of FIF25–75 in different groups. As indicated, a 1-
way ANOVA followed by the Tukey-Kramer test was
used for comparisons of FIF in different mandibular 
positions. The statistical significance was established
at P < .05. Statistical analysis was performed using a
computer program (Stat View 5.0, SAS Institute).

Results

The patients were classified into groups by CF score;
6 fell into group A (CF score ≤ 3) and 9 fell into group
B (CF score ≥ 4). Demographic data are shown in Table
1. In normal controls and group A patients, there was
no supine jaw position in that exceeded FIF25–75 in the
upright position. But, in group B patients, FIF25–75 in
supine 50% F and supine 75% F exceeded that of the
upright 0% F. By repeated-measures ANOVA, there
were statistically significant main effects for the change
in the FIF25–75 score with a change in jaw position (P <
.004) and for the change in the FIF25–75 score by group
(P = .029) (Table 2). When the position data were an-
alyzed further, there were statistically significant dif-
ferences between upright 0% F versus supine 0% F, up-
right 0% F versus supine 50% F, and upright 0% F

Tsuda et al

Volume 20, Number 1, 2007 27

Table 1 Demographic Characteristics of Subjects

Controls Group A Group B
(n = 8) (n = 6) (n = 9)

Age 30.1 ± 8.7 43.0 ± 14.1 41.8 ± 13.4
BMI (kg/m2) 22.2 ± 1.8 24.2 ± 2.1 23.9 ± 4.7
ESS 5.4 ± 2.1 8.0 ± 2.5 7.0 ± 4.1
MP (mm) 7.8 ± 1.9 8.8 ± 2.8 9.1 ± 2.5
AHI NS 15.0 ± 8.8 23.00 ± 17.3

BMI = Body Mass Index; ESS = Epworth sleepiness scale; MP = maxi-
mum protrusion; AHI = Apnea-Hypopnea Index; NS = not significant. 

Table 2 Forced Inspiratory Flow (FIF25-75) of 3 Groups in
Upright and Supine Positions

Position/ Control Group A Group B
amount of flow (n = 8) (n = 6) (n = 9)

Upright
0% F 100 100** 100**

Supine
0% F 80.5 ± 10.5* 72.5 ± 10.0 76.3 ± 12.6
50% F 84.9 ± 8.7* 94.1 ± 10.0** 104.7 ± 21.8**
75% F 88.7 ± 12.9* 95.3 ± 14.3** 104.1 ± 15.2**

*Significant difference versus upright 0% F;**significant difference ver-
sus supine 0% F.
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versus supine 75% F in controls, and in the patient
groups there were statistically significant differences
between upright 0% F versus supine 0% F, supine 0%
F versus supine 50% F, and supine 0% F versus supine
75% F (Fig 2). 

Discussion

The changes in the controls in FIF25–75 when lying
supine in the current study were almost identical to
what was reported in our earlier study,57 namely, the
control subjects experienced a diminished FIF25–75 in
the supine position (80.5%) versus the upright position
(100%). Moreover, as the jaw was advanced in this
group, there was a return toward the 100% level. The
control group in the previous study had a BMI of 21 and
a maximum protrusive motion of 7.9 mm compared to
the current controls, who had a BMI of 22.2 and 7.8 mm
of protrusive jaw motion. The biggest difference be-
tween the current study and the prior study is with re-
gard to the change in the FIF25–75 scores in the OSA
subjects. Because the jaw was advanced in our previ-
ous study, the return to baseline was similar to what
was seen in the control group (returned to 92%). In the
present study, the OSA subjects also returned to base-
line moreso than controls, as the jaw was progressively
advanced in group B subjects. 

This above-baseline return could be explained by
several factors. First, the OSA subjects in the previous
study were substantially more obese and had a much
higher level of apnea than the OSA subjects in the pre-
sent study. In the earlier study, the OSA subjects had
a BMI of 31.6, whereas the current OSA subjects had
a BMI between 23 and 24. Second, if the upright
FIF25–75 0% score was a true maximum effort, it should
not have been possible to have a greater than 100% re-

sponse in the supine position, so it may be that our OSA
subjects did not make a maximum effort. 

Of course, any and all of these reasons could explain
the greater-than-baseline response to jaw advance-
ment in the supine position in the OSA groups. Another
question investigated in the present study was whether
the subjects with a larger CF score would have a sub-
stantially different FIF25–75 response than subjects with
a low CF score. Because CF scoring was not available
for the controls, this means that comparisons can be
made only between groups A and B. The magnitude
and pattern of the changes in these 2 groups were not
greatly divergent, with the most evident change being
10% at the FIF25–75 50% position, and in fact there was
a statistically significant difference between groups A
and B in this position (P < .05). It would be easy to
speculate that because the FIF25–75 increased more at
the 50% level for patients with OSA, especially in the
subjects with a higher CF score, this might mean that
less mandibular advancement is necessary in subjects
with this CF profile. However, such a conclusion would
need to be tested using an adjustable mandibular-
positioning device and polysomnographic recording of
AHI in the different positions. This speculation is sup-
ported by a Scandinavian study that reported that, in
mild to moderate OSA patients, a starting jaw position
should not be more than 50% protrusive.58

There are some limitations to the present research.
First, the sample size was very small, so further inves-
tigation is needed using a larger sample population.
Second, the subjects of this study had a large age
range, so age may have influenced the result. Third, be-
cause only cephalometry was used in this analysis, in-
formation about the upper airway form is limited to this.
Fourth, bias may have occurred, because all mea-
surements were done by one person.
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trol subjects and in groups A and B (*P < .05).
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As stated earlier, there are inherent limitations in
using spirometric measurements of airflow as an ana-
log of airway caliber. These include: (1) the subjects
were awake during all measurements; (2) maximum
forced inspiratory flow is not natural breathing, and
while it can assess the effect of jaw position on airflow,
it does not assess the collapsibility of the airway dur-
ing sleep; (3) the amount of incisal opening was stan-
dardized at 12 mm, which is a larger opening than typ-
ically occurs with an oral appliance for apnea.

Conclusion

In this study, the effects of jaw position on FIF25–75 in a
supine posture were measured for OSA and control
subjects. Essentially, the decrease in the FIF25–75 0% for-
ward jaw position from the upright to the supine body
position was the same in controls and in OSA subjects.
Moreover, with protrusive motion, all OSA subjects
demonstrated a return toward baseline in their FIF
score. The OSA patients were separated into 2 sub-
groups (high and low CF scores); patients with a high
CF score demonstrated a full return to baseline with jaw
protrusion, while patients with a low CF score did not
reach baseline. The magnitude of this return was ac-
tually greater than that seen in the control subjects. In
the subgroup with the higher CF score, the return to
and above baseline was largest. This may be related to
the CF form of the subjects, or it may simply be that
these patients had larger protrusive motion than the
control group. Additional research is needed that con-
trols for these factors.
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