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Provided are a method of deciding the risk of obstructive
sleep apnea syndrome capable of deciding the risk of a subject
to become obstructive sleep apnea syndrome objectively and
easily in a short time, its program and an X-ray diagnostic
system having the program.

The method of'includes detecting at least the hyoid bone, sella
S, gonion Go and menton Me by lateral head and neck radi-
ography of the subject; and deciding whether the center of the
body or the whole of the body of the detected hyoid bone is
included in an area above a perpendicular drawn toward the
extended line of the segment S-Go from Me or not.
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METHOD OF DECIDING RISK OF
OBSTRUCTIVE SLEEP APNEA SYNDROME,
METHOD OF DECIDING SINKING OF
HYOID BONE, PROGRAMS, X-RAY
DIAGNOSTIC SYSTEM, AND METHOD OF
MAKING ORAL APPLIANCE

TECHNICAL FIELD

[0001] The present invention relates to a method of decid-
ing the risk of obstructive sleep apnea syndrome, a method of
deciding sinking of the hyoid bone, programs, an X-ray diag-
nostic system and a method of making an oral appliance,
which are preferably applied to decide the risk of a subject to
become obstructive sleep apnea syndrome, or to decide the
presence or absence or the degree of sinking of the hyoid
bone, or to make an oral appliance for treatment of obstructive
sleep apnea syndrome based on the result of decision.

BACKGROUND ART

[0002] Obstructive sleep apnea syndrome (OSAS) is a dis-
ease in which the upper respiratory tract of a patient is
obstructed during sleep and respiration stops. It is known that
obstructive sleep apnea syndrome leads to aggravation of life
prognosis through a rise in blood pressure, complications
from arrhythmia, acceleration of arteriosclerosis, etc. due to
marked decrease of arterial oxygen saturation (Sa0,) etc.
Obstructive sleep apnea syndrome results in wakefulness and
excessive daytime sleepiness (EDS) due to midway arousal
reaction associated with apnea. On the other hand, obstructive
sleep apnea syndrome not only lowers working efficiency due
to disorder of attention, recognition, memory, etc. but also
becomes the cause of traffic accidents, industrial accidents,
etc. Therefore, obstructive sleep apnea syndrome becomes a
serious social problem.

[0003] Conventionally, for example, diagnosis of obstruc-
tive sleep apnea syndrome is carried out as follows (for
example, see non-patent literature 1). That is, for a patient
diagnosed by a medical institution, if two or more among
EDS, a feeling of suffocation, a gasp and repeating awaken-
ing during sleep, lack of feeling fine at the time of rising, a
feeling of fatigue in the daytime and lack of power of con-
centration are recognized, polysomnography (PSG) is carried
out. As a result, when an apnea and hypopnea index (AHI)=5
and a large majority of apnea is obstructive apnea, diagnosis
as obstructive sleep apnea syndrome is decided. If AHI<5,
development is observed. On the other hand, if two or more
among EDS, a feeling of suffocation, a gasp and repeating
awakening during sleep, lack of feeling fine at the time of
rising, a feeling of fatigue in the daytime and lack of power of
concentration are not recognized, an examination by a simple
diagnostic device is carried out. The simple diagnostic device
is an examination system for simultaneously recording air
flow through nares, breathing movement of the chest or abdo-
men, tracheal sounds, percutaneous oxygen saturation of
arterial blood (Sp0O,), etc. and thereafter carrying out auto-
matic analysis. If AHI=S5 as a result of the examination by the
simple diagnostic device, multiple sleep latency test (MSLT)
is carried out. As a result, if sleep disorder is found, PSG is
carried out. If sleep disorder is not found, development is
observed. As a result of the examination by the simple diag-
nostic device, if AHI<S, development is observed.

[0004] On the other hand, not infrequently, obstructive
sleep apnea syndrome is accompanied by morphological
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abnormity of the upper respiratory tract. Therefore, observa-
tion of the upper respiratory tract by visual examination,
upper respiratory tract endoscope, etc. is indispensable to
diagnose obstructive sleep apnea syndrome and it is consid-
ered that more objective morphological evaluation of the
upper respiratory tract is possible by carrying out cephalom-
etry etc. (for example, see non-patent literature 1). More
specifically, described in non-patent literature 1 are extension
of the distance between the mandibular plane and the hyoid
bone (height ofthe hyoid bone)(lower part of the hyoid bone),
extension of the length of the soft palate, reduction of the
degree of projection of the apical base of the mandible, etc. as
features of patients of obstructive sleep apnea syndrome.

PRIOR ART LITERATURE

Non-Patent Literature

[0005] [NON-PATENT LITERATURE 1] Edited by work-
shop of sleep respiratory disorder*“Guideline for diagnosis
and treatment of sleep apnea syndrome of adults”; pp.
15-16, p. 25(Medical Review Corporation, published in
July, 2005)

SUMMARY OF INVENTION

Subjects to be Solved by Invention

[0006] However, for PSG, one must enter the hospital and
be subjected to examination over night, so PSG has draw-
backs that it not only takes a long time to diagnose but also
gives patients serious mental and physical burden. In addi-
tion, it is difficult for a simple diagnostic device to diagnose
correctly. Furthermore, the effectiveness of morphological
evaluation of the upper respiratory tract by cephalometry is
unknown. On the other hand, if the risk of a subject to become
obstructive sleep apnea syndrome is easily known, it is pos-
sible to take measures to reduce the risk to stop becoming
obstructive sleep apnea syndrome. However, heretofore, no
effective method of deciding the risk has been proposed.

[0007] Therefore, a subject to be solved by the present
invention is to provide a method of deciding the risk of
obstructive sleep apnea syndrome capable of deciding the risk
of a subject to become obstructive sleep apnea syndrome
objectively and easily in a short time, its program, an X-ray
diagnostic system having the program and a method of mak-
ing an oral appliance capable of making easily an effective
oral appliance for treatment of obstructive sleep apnea syn-
drome based on the result of decision of the risk of obstructive
sleep apnea syndrome.

[0008] Another subject to be solved by the present inven-
tion is to provide a method of deciding sinking of the hyoid
bone capable of deciding the presence or absence or the
degree of sinking of the hyoid bone of a subject objectively
and easily in a short time, its program, an X-ray diagnostic
system having the program and a method of making an oral
appliance capable of making easily an effective oral appli-
ance for treatment of sinking of the hyoid bone based on the
result of decision of sinking of the hyoid bone.

[0009] The above subjects and the other subjects will be
apparent from the following description of the present
description.
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Means for Solving the Subjects

[0010] Inthe process of earnest study to solve the subjects,
the inventor of the present invention analyzed the position of
the hyoid bone, especially the position of the body of the
hyoid bone in lateral head and neck radiographs taken for
patients diagnosed as obstructive sleep apnea syndrome and
subjects without respiratory disorder and found that the posi-
tion of the center of the body of the hyoid bone was definitely
different between the two parties. Furthermore, when poster-
oanterior head and neck radiographs or anteroposterior head
and neck radiographs of patients diagnosed as obstructive
sleep apnea syndrome were taken, the hyoid bone, that is not
observed for patients without respiratory disorder because it
overlapps with the mandible etc., was definitely observed.
Based on this observation, the inventor found that it is pos-
sibleto decide the risk of a patient to become obstructive sleep
apnea syndrome easily by deciding that when a posteroante-
rior head and neck radiograph or an anteroposterior head and
neck radiograph of the patient is taken, the hyoid bone was
observed in the image or not. The present invention has been
worked out as the results of the earnest study based on the
knowledge that the inventor obtained.

[0011] That is, to solve the above subjects, according to the
invention, there is provided a method of deciding the risk of
obstructive sleep apnea syndrome, comprising:

[0012] using atleast the hyoid bone, sella S, gonion Go and
menton Me which are detected by lateral head and neck
radiography of a subject and deciding whether the detected
center of the body of the hyoid bone is included in an area
above a perpendicular drawn toward the extended line of the
segment S-Go from Me or not.

[0013] The method of deciding the risk of obstructive sleep
apnea syndrome is specifically carried out by a computer
having a program comprising the above step. Typically, the
method of deciding the risk of obstructive sleep apnea syn-
drome comprises: the first step of detecting at least the hyoid
bone, sella S, gonion Go and menton Me by lateral head and
neck radiography of the subject; and the second step of decid-
ing whether the detected center of the body of the hyoid bone
is included in the area above the perpendicular drawn toward
the extended line of the segment S-Go from Me or not. More
specifically, in this case, the method of deciding the risk of
obstructive sleep apnea syndrome is carried out by a com-
puter having a program comprising the first step and the
second step. According to the method of deciding the risk of
obstructive sleep apnea syndrome, when the center of the
body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me, it can be decided that there is no risk of
obstructive sleep apnea syndrome, and when itis not included
in the area, in other words, when it is included in an area
below the perpendicular drawn toward the extended line of
the segment S-Go from Me, it can be decided that there is the
risk of obstructive sleep apnea syndrome. Preferably, in the
second step, it is decided whether the detected center of the
body of the hyoid bone is included in the first triangle formed
by the extended line of the segment S-Go, the perpendicular
drawn toward the extended line of the segment S-Go from Me
and the segment Go-Me or not. In this case, when the center
of'the body of the hyoid bone is included in the inside of the
first triangle, it can be decided that there is no risk of obstruc-
tive sleep apnea syndrome, and when it locates in an area
below the first triangle, it can be decided that there is the risk
of obstructive sleep apnea syndrome. According to the
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method of deciding the risk of obstructive sleep apnea syn-
drome, as needed, in the first step, condylion Cd is further
detected by lateral head and neck radiography of the subject,
and in the second step, it is decided that which area of the
inside of the first triangle, the inside of the second triangle
formed by the extended line of the segment Cd-Go, a perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me and a perpendicular drawn toward the extended line
of the segment S-Go from Me and the area below the second
triangle the detected center of the body of the hyoid bone is
included in. In this case, when the center of the body of the
hyoid bone is included in the inside of the first triangle, it can
be decided that there is no risk of obstructive sleep apnea
syndrome, and when it locates in the inside of the second
triangle or the area below the second triangle, it can be
decided that there is the risk of obstructive sleep apnea syn-
drome. Furthermore, generally, when the center of the body
of the hyoid bone locates in the area below the second tri-
angle, it can be decided that the risk of obstructive sleep apnea
syndrome is higher than the case where the center of the body
of'the hyoid bone locates in the inside of the second triangle.
Detection of the center of the body of the hyoid bone, S, Go,
Me and Cd in the first step typically can be carried out by
image processing using a computer, for example.

[0014] Here, S, Go, Me and Cd are measured points to be
obtained by lateral head and neck radiography, especially
cephalometric radiography. The positions of each measured
point are shown in FIG. 1. “S” is an abbreviation of Sella, and
is a central point of pot-shaped shaded image of the sella
turcica of the sphenoid bone . “Go” is an abbreviation of
Gonion, and is a cross point of the angle of the mandible and
the bisector of the cross angle between the line connecting the
posterior plane of the head of the temporomandibular joint
and the posterior part of the angle of the mandible and the
mandibular plane. “Me” is an abbreviation of the menton, and
is the lowest point of the median section image ofa chin. “Cd”
is the upper most point of the head of the mandible
(condylion). FIG. 1 shows the first triangle and the second
triangle.

[0015] As shown in FIG. 2, the hyoid bone is a mobile
single bone separate from other bones of head skeletal sys-
tem, which is generally considered to locate at a height of the
same level as the third cervical vertebra of the front neck. The
hyoid bone is connected with the mandible, the styloid pro-
cess, the manubrium and the scapula by muscles and liga-
ments. As shown in FIG. 3A (right front outer side) and FIG.
3B (front plane view), the hyoid bone is comprised of the
body (the body of the hyoid bone), the greater horn and the
lesser horn and has a U-shape as a whole. The body is located
in the central part of the hyoid bone and faces toward. The
greater horn is comprised of the body and the both edge parts
of the hyoid bone continuing from the body. The lesser horn
is a small process projecting upward from a place near the
junction of the greater horn and the body toward the styloid
process and connected with the styloid process via the stylo-
hyoid ligament. As shown in FIG. 3C, the cross section of the
body of the hyoid bone on the median sagittal plane has a
square shape with the rounded corners. According to lateral
head and neck radiography, because the X-ray transmission
length penetrating through the body of the hyoid bone is much
greater than that of the other parts of the hyoid bone, the body
is definitely detected as a rectangular shape with the rounded
corners and the greater horn is detected continuous with the
body.
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[0016] Furthermore, according to the invention, there is
provided a method of deciding sinking of the hyoid bone,
comprising:

[0017] using at least the hyoid bone, sella S, gonion Go and
menton Me which are detected by lateral head and neck
radiography of a subject and deciding whether the detected
center of the body of the hyoid bone is included in an area
above a perpendicular drawn toward the extended line of the
segment S-Go from Me.

[0018] More specifically, the method of deciding sinking of
the hyoid bone is carried out by a compute having a program
comprising the above step. The method of deciding sinking of
the hyoid bone typically comprises the first step of detecting
at least the hyoid bone, sella S, gonion Go and menton Me by
lateral head and neck radiography of the subject and the
second step of deciding whether the detected center of the
body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me or not. More specifically, in this case, the
method of deciding sinking ofthe hyoid bone is carried out by
a computer having a program comprising the first step and the
second step. As needed, the method of deciding sinking of the
hyoid bone decides in the second step whether the detected
center of the body of the hyoid bone is included in the inside
of'the first triangle formed by the extended line of the segment
S-Go, the perpendicular drawn toward the extended line of
the segment S-Go from Me and the segment Go-Me. Further-
more, as needed, in the first step, condylion Cd is further
detected by lateral head and neck radiography of the subject
and in the second step, it is decided which area ofthe inside of
the first triangle, the inside of the second triangle formed by
the extended line of the segment Cd-Go, a perpendicular
drawn toward the extended line of the segment Cd-Go from
Me and the perpendicular drawn toward the extended line of
the segment S-Go from Me and an area below the second
triangle the detected center of the body of the hyoid bone is
included in. Detection of the center of the body of the hyoid
bone, S, Go, Me and Cd in the first step is typically carried out
by image processing using a computer, for example.

[0019] The method of deciding the risk of obstructive sleep
apnea syndrome and the method of deciding sinking of the
hyoid bone can be easily carried out by a computer having at
least one of the predetermined programs comprising the first
step and the second step, as described above. Kinds of the
computer are not limited and may be any one of a desk top
type, a lap top type, various mobile terminals such as a tablet
terminal etc. The programs can be stored in various computer-
readable recording media such as, for example, a CD-ROM
etc., or can be provided through electrical communication
line such as internet etc. Typically, for example, lateral head
and neck radiography of the subject is carried out using an
X-ray diagnostic system with the computer having the pro-
gram and the method of deciding the risk of obstructive sleep
apnea syndrome and the method of deciding sinking of the
hyoid bone are carried out based on the result. The computer
and the X-ray diagnostic system may be connected by cable
communications or radio communications.

[0020] Furthermore, according to the invention, there is
provided a method of deciding the risk of obstructive sleep
apnea syndrome, comprising:

[0021] deciding whether the hyoid bone is detected or not
in an image taken by posteroanterior head and neck radiog-
raphy or anteroposterior head and neck radiography of a
subject.
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[0022] Here, posteroanterior head and neck radiography is
a radiography in which X rays transmit from the rear to the
front of the subject and posteroanterior head and neck radi-
ography is a radiography in which X rays transmit from the
front to the rear of the subject. When the hyoid bone is not
detected in the image taken by posteroanterior head and neck
radiography or the anteroposterior head and neck radiogra-
phy, it can be decided that there is no risk of obstructive sleep
apnea syndrome. And when the hyoid bone is detected in the
image taken by posteroanterior head and neck radiography or
the anteroposterior head and neck radiography, it can be
decided that there is the risk of obstructive sleep apnea syn-
drome. The case where the hyoid bone is not detected in the
image taken by posteroanterior head and neck radiography or
anteroposterior head and neck radiography corresponds to a
case where the hyoid bone is hidden by the mandible, in other
words, the mandible and the hyoid bone cannot be distin-
guished. The case where the hyoid bone is detected in the
image taken by posteranterior head and neck radiography or
anteroposterior head and neck radiography corresponds to a
case where the hyoid bone is not hidden by the mandible,
because the position of the hyoid bone is low and the man-
dible and the hyoid bone can be distinguished. The method of
deciding the risk of obstructive sleep apnea syndrome can be
easily carried out by a computer having a predetermined
program comprising the above step. Kinds of the computer
are not limited and may be any one of a desktop type, a laptop
type, various mobile terminals such as a tablet terminal etc.
The program can be stored in various computer-readable
recording media such as, for example, a CD-ROM etc., or can
be provided through electrical communication line such as
internet etc. Typically, for example, lateral head and neck
radiography of the subject is carried out by an X-ray diagnos-
tic system having a computer comprising the program and the
method of deciding the risk of obstructive sleep apnea syn-
drome is carried out based on the result. The computer and the
X-ray diagnostic system may be connected with cable com-
munications or wireless communications.

[0023] In lateral head and neck radiography, posteroante-
rior head and neck radiography or anteroposterior head and
neck radiography, it is preferable to take a radiograph under
the same tilt in the front-rear direction of the head of the
subject. The tilt in the front-rear direction of the head is
typically set so that for example, the Frankfort plane of the
head or a plane near to it (for example, a plane tilted at an
angle within £5° to the Frankfort plane becomes parallel to
the floor surface(or the horizontal plane). In order to set the tilt
in the front-rear direction of the head of the subject, it is
preferable to use an X-ray radiographic apparatus or an X-ray
radiographic method as described below.

[0024] The X-ray radiographic apparatus comprises: a pair
of arms provided facing each other, ear rods respectively
provided on inside surfaces facing each other of the pair of
arms; and a head tilt setting device for setting the tilt in the
front-rear direction of the head of the subject which is pro-
vided at at least one of the pair of arms or outside of the pair
of arms. The pair of arms is typically provided facing each
other with a reference line therebetween, and is constituted to
be ableto rotate around the reference line. The head tilt setting
device typically sets the head tilt of a subject under the state
inserting the ear rods of the pair of arms in the external
acoustic openings of both ears of the subject. The head tilt
setting device typically sets the head tilt so that when looking
at the head from the lateral side (side surface), a straight line
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connecting the first reference point on the arms or the ear rods
with the second reference point of the face of the subject
becomes the horizontal line, or a straight line tilted at a
predetermined angle to the horizontal line. The head tilt set-
ting device has preferably the function of a protractor for
measuring the inclination angle to the horizontal line centered
on the first reference point. By using the function of a pro-
tractor, the tilt in the front-rear direction of the head can be set
accurately. The inclination angle to the horizontal line cen-
tered on the first reference point may be a positive angle
(when the straight line connecting the first reference point
with the second reference point tilts upward to the horizontal
line), or a negative angle (when the straight line connecting
the first reference point with the second reference point tilts
downward to the horizontal line).

[0025] The head tilt setting device is comprised of, for
example, a transparent plate provided integrally with the arm,
or provided on the exterior surface of the arm. The transparent
plate is typically provided vertically to the central axis of the
ear rods. The transparent plate preferably has a horizontal
plane verification mechanism. The horizontal plane verifica-
tion mechanism may be provided to the transparent plate or
may be provided outside of the transparent plate. The hori-
zontal plane verification mechanism can be used for an
inspector to recognize the horizontal plane when setting the
head tilt using the head tilt setting device. As described later,
it can be said that the horizontal plane verification mechanism
essentially constitutes a part of the head tilt setting device.
That is, it can be said that the head tilt setting device has the
transparent plate and the horizontal plane verification mecha-
nism. As the horizontal plane verification mechanism, for
example, a horizontal plate provided on the transparent plate
protruding inside vertically to the transparent plate is used. In
addition, as the horizontal plane verification mechanism, a
colored horizontal line provided at the position of both sides
of the transparent plate facing each other can be used. Con-
firmation of the horizontal plane may be carried out with an
optical device (including a light source and a scanning
mechanism) capable of irradiating a visible light beam or
scanning it in the horizontal plane. The visible light beam
may be a laser beam generated by a laser source such as a
semiconductor laser (preferably, an eye-safe laser) or a beam-
like light which is made from the light emitted from a light-
emitting diode. The optical device may be provided to the
transparent plate or may be provided outside of the transpar-
ent plate. Or, when providing the horizontal plane verification
mechanism outside of the transparent plate, as the horizontal
plane verification mechanism, for example, a horizontal plate
capable of moving up and down or moving in the horizontal
plane, an optical device(including a light source and a scan-
ning mechanism) capable of scanning the visible light beam
in the horizontal plane as the same as the optical device
described above, a horizontal colored line, etc. may be used,
but the horizontal plane verification mechanism is not limited
to these. The horizontal plate may be a simple plate, and
further, for example, the one having a foldable scale-like
constitution which is able to open and close in the horizontal
plane. The colored line is, for example, a thin linear wire
made of metal, carbon fiber, plastics, etc. of which surface is
colored, or a linear transparent fiber colored by making a
visible light such as a red light or a green light, etc. wave guide
from the end face. Further, the colored line may be the visible
light beam itself. On the transparent plate constituting the
head tilt setting device, as needed, a scale showing a length
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made of X-ray shielding materials is provided. Preferably, the
transparent plate is provided on one of the pair of arms, and
another transparent plate provided with a scale showing a
length made of X-ray shielding materials is provided on the
other arm of the pair of arms. These scales can serve as a
reference of the length in radiographs or images obtained by
cephalometric radiography. The head tilt setting device may
be, for example, a camera (a digital still camera, a video
camera, etc.) taking the head of the subject from the lateral
direction and a display (a liquid crystal display, an organic EL.
display, etc.) displaying the images taken by the camera, and
a protractor measuring the inclination angle to the horizontal
line centered on the first reference point may be displayed on
the display and looking at the display, the tilt of the head of the
subject may be set to the desired angle.

[0026] Inorderto make the straight line connecting the first
reference point with the second reference point become the
Frankfort plane of the head or a plane near to it, the first
reference point is selected to be, for example, the uppermost
point of the ear rods (which coincides with the porions of both
ears of a subject at the time of taking a radiograph), and the
second reference point is selected to be, for example, the
orbitale, the orbital margin just under the center of the pupil,
or the center of the palpebral fissure, etc.

[0027] The X-ray radiographic apparatus is, for example, a
cephalometric X-ray radiographic apparatus, but may be the
other X-ray radiographic apparatus for medical and dental
use, or may be a computed tomography (CT) apparatus, etc.
For example, it is possible to construct an X-ray diagnostic
apparatus for diagnosing obstructive sleep apnea syndrome
by incorporating the function of deciding the risk of obstruc-
tive sleep apnea syndrome into the X-ray radiographic appa-
ratus. Furthermore, it is also possible to construct a medical
examination car for diagnosing obstructive sleep apnea syn-
drome by installing the X-ray diagnostic apparatus for diag-
nosing obstructive sleep apnea syndrome to a car such as abus
etc.

[0028] Furthermore, according to a method of measuring
head tilt in taking a radiograph, when taking a radiograph of
the head of the subject, set is the tilt in the front-rear direction
of the head of the subject under the state that the ear rods
respectively provided on inside surfaces facing each other of
a pair of arms provided to mutually facing each other are
inserted in the external acoustic openings of both ears of the
subject so that the straight line connecting the first reference
point on the arm or the ear rods with the second reference
point of the face of the subject becomes the horizontal line or
a straight line tilted at a predetermined angle to the horizontal
line when looking at the head from the lateral direction. For
this, preferably, the tilt of the head is measured by the head tilt
setting device having the function of a protractor for measur-
ing the inclination angle to the horizontal line centered on the
first reference point.

[0029] It is also possible to use a stand for X-ray radio-
graphic apparatus having the head tilt setting device for set-
ting the tilt in the front-rear direction of the head of the subject
when taking a radiograph. Here, the stand for X-ray radio-
graphic apparatus is typically set so that the head tilt setting
device comes to the same position as the head tilt setting
device in the X-ray radiographic apparatus at the time of
taking a radiograph.

[0030] It is also possible to use a chair for X-ray radio-
graphic apparatus having the head tilt setting device for set-
ting the tilt in the front-rear direction of the head of the subject
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at the time of taking a radiograph. Here, the head tilt setting
device of the chair for X-ray radiographic apparatus is typi-
cally set at the same position as the head tilt setting device in
the X-ray radiographic apparatus at the time oftaking a radio-
graph.

[0031] In the stand for X-ray radiographic apparatus and
the chair for X-ray radiographic apparatus, regarding other
than those of mentioned above, the explanation concerning
the X-ray radiographic apparatus comes into effect unless it is
contrary to its character.

[0032] According to the X-ray radiographic apparatus, the
method of measuring head tilt in taking a radiograph, the
stand for X-ray radiographic apparatus and the chair for X-ray
radiographic apparatus, it is possible to take a lateral head and
neck radiograph, a posteroanterior head and neck radiograph
and an anteroposterior head and neck radiograph under the
same tilt in the front-rear direction of the head of the subject
easily and with high reproducibility.

[0033] By theway, conventionally, an oral appliance (this is
not a formal name and referred also as a mouthpiece.) has
been used for treatment of obstructive sleep apnea syndrome.
The oral appliance is divided into two types, one moving the
mandible forward for the maxilla by attaching the oral appli-
ance in the oral cavity and another one supporting the tongue
forward. However, until now, the oral appliance has been
made by dentists according to symptoms of a patient after
repeated trial and error. Therefore, it takes a lot of time to
make the oral appliance and it is not always possible to obtain
the oral appliance effective for treatment. The present inven-
tor has come to the conclusion that these problems can be
solved by the result of decision by the method of deciding the
risk of obstructive sleep apnea syndrome or the method of
deciding sinking of the hyoid bone and devised a novel
method of making an oral appliance.

[0034] That is, according to the invention, there is provided
a method of making an oral appliance, comprising:

[0035] using at least the hyoid bone, sella S, gonion Go and
menton Me which are detected by lateral head and neck
radiography of a subject and deciding whether the detected
center of the body of the hyoid bone is included in an area
above a perpendicular drawn toward the extended line of the
segment S-Go from Me or not; and making an oral appliance
based on the result of decision.

[0036] According to the method of making an oral appli-
ance, as needed, condylion Cd detected by lateral head and
neck radiography of the subject is further used and it is
decided which area of the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me, an
area between the perpendicular drawn toward the extended
line of'the segment S-Go from Me and a perpendicular drawn
toward the extended line of the segment Cd-Go from Me and
an area below the perpendicular drawn toward the extended
line of the segment Cd-Go from Me the detected center of the
body of the hyoid bone is included in and based on the result
of'decision the oral appliance is made. And when it is decided
that the detected center of the body of the hyoid bone is not
included in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me, the oral appli-
ance is made so that when the oral appliance is attached in the
oral cavity of the subject, the hyoid bone is lifted up by
forward movement of the mandible for the maxilla, and as a
result, the center of the body the hyoid bone is included in the
area above the perpendicular drawn toward the extended line
of'the segment S-Go from Me. Or, when it is decided that the
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detected center of the body of the hyoid bone is included in
the area between the perpendicular drawn toward the
extended line of the segment S-Go from Me and the perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me, the oral appliance is made so that when the oral
appliance is attached in the oral cavity of the subject, by
forward movement of the mandible for the maxilla, the center
of'the body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me. Furthermore, when it is decided that the
center of the body of the hyoid bone is included in the area
below the perpendicular drawn toward the extended line of
the segment Cd-Go from Me, the oral appliance is made so
that when the oral appliance is attached in the oral cavity of
the subject, by forward movement of the mandible for the
maxilla, the center of the body of the hyoid bone is included
in the area between the perpendicular drawn toward the
extended line of the segment S-Go from Me and the perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me or the area above the perpendicular drawn toward
the extended line of the segment S-Go from Me. Or, it is
decided whether the detected center of the body of the hyoid
bone is included in the inside of the first triangle formed by
the extended line of the segment S-Go, the perpendicular
drawn toward the extended line of the segment S-Go from Me
and the segment Go-Me or not, and based on the result of
decision the oral appliance is made. And when it is decided
that the detected center of the body of the hyoid bone is not
included in the inside of the first triangle, the oral appliance is
made so that when the oral appliance is attached in the oral
cavity, by forward movement of the mandible for the maxilla,
the center of the body of the hyoid bone is included in the
inside of the first triangle. Or, condylion Cd detected by
lateral head and neck radiography of the subject is further
used, and it is decided which area of the inside of the first
triangle, the inside of the second triangle formed by the
extended line of the segment Cd-Go, the perpendicular drawn
toward the extended line of the segment Cd-Go from Me and
the perpendicular drawn toward the extended line of the seg-
ment S-Go from Me and an area below the second triangle the
detected center of the body of the hyoid bone is included in
and based on the result of decision the oral appliance is made.
And when it is decided that the detected center of the body of
the hyoid bone is included in the inside of the second triangle,
the oral appliance is made so that when the oral appliance is
attached in the oral cavity, by forward movement of the man-
dible for the maxilla, the center of the body of the hyoid bone
is included in the inside of the first triangle. Or, when it is
decided that the detected center of the body of the hyoid bone
is included in the area below the perpendicular drawn toward
the extended line of the segment Cd-Go from Me, the oral
appliance is made so that when the oral appliance is attached
in the oral cavity of the subject, by forward movement of the
mandible for the maxilla, the center of the body of the hyoid
bone is included in the inside of the second triangle or the first
triangle. Depending on the subject, when it is decided that the
detected center of the body of the hyoid bone is not included
in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me or the inside of
the first triangle, it may be difficult or a great burden to move
the mandible forward for the maxilla by a single oral appli-
ance to make the detected center of the body of the hyoid bone
included in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me or the inside of
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the first triangle. In this case, it may be possible to prepare
plural kinds of oral appliance capable of moving the mandible
forward for the maxilla by different distances and use these
oral appliances sequentially to move the mandible forward
for the maxilla stepwise. Or, even if the detected center of the
body of the hyoid bone of a subject is decided to be included
in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me or the inside of
the first triangle, when the hyoid bone sinks a little, the center
of'the body of the hyoid bone may become not included in the
area above the perpendicular drawn toward the extended line
of'the segment S-Go from Me or the inside of the first triangle.
For such a subject, it is possible to make an oral appliance so
as to pull up the hyoid bone to prevent sinking of the hyoid
bone from happening.

[0037] Furthermore, according to the invention, there is
provided a method of making an oral appliance, comprising:
[0038] deciding whether the hyoid bone is detected in an
image taken by posteroanterior head and neck radiography or
anteroposterior head and neck radiography of a subject or not;
and

[0039] making an oral appliance based on the result of
decision.
[0040] According to the method of making an oral appli-

ance, when the hyoid bone is detected in the image, the oral
appliance is made so that when the oral appliance is attached
in the oral cavity of the subject, by forward movement of the
mandible for the maxilla, the hyoid bone is not detected in the
image taken by posteroanterior head and neck radiography or
anteroposterior head and neck radiography of the subject.
[0041] In each of'the above inventions deciding the risk of
obstructive sleep apnea syndrome or deciding sinking of the
hyoid bone by deciding which area the center of the body of
the hyoid bone belongs to, it is possible to use the whole of the
body of the hyoid bone instead of the center of the body of the
hyoid bone and decide the risk of obstructive sleep apnea
syndrome or decide sinking of the hyoid bone by deciding
which area the whole of the body of the hyoid bone belongs
to. For example, it is possible to use a method of deciding the
risk of obstructive sleep apnea syndrome or a method of
deciding sinking of'the hyoid bone, comprising; using at least
the hyoid bone, sella S, gonion Go and menton Me which are
detected by lateral head and neck radiography ofa subject and
deciding whether the whole of the body of the detected hyoid
bone is included in the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me or not.
Furthermore, in each of the above inventions, gnathion Gn or
pogonion Pog may be used instead of Me.

Effect of the Invention

[0042] According to the invention, it is possible to decide
the risk of a subject to become obstructive sleep apnea syn-
drome or the presence or absence or the degree of sinking of
the hyoid bone of a subject objectively and easily in a short
time. In addition, it is possible to make an oral appliance
effective for treatment of obstructive sleep apnea syndrome or
sinking of the hyoid bone easily based on the result of deci-
sion of the risk of obstructive sleep apnea syndrome or deci-
sion of sinking of the hyoid bone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] [FIG. 1] A schematic drawing for explaining the
measured points in the image taken by lateral head and neck
radiography, the first triangle and the second triangle.
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[0044] [FIG. 2] A left side view of the cranium.

[0045] [FIG. 3A] A perspective view showing the hyoid
bone.

[0046] [FIG. 3B] A cross sectional view showing the hyoid
bone.

[0047] [FIG. 4] A flow chart showing a method of deciding

the risk of obstructive sleep apnea syndrome according to the
first embodiment of the invention.

[0048] [FIG. S5A] A schematic drawing for explaining an
example of input method of the body of'the hyoid bone on the
image taken by lateral head and neck radiography in the
method of deciding the risk of obstructive sleep apnea syn-
drome according to the first embodiment of the invention.
[0049] [FIG. 5B] A schematic drawing for explaining an
example of input method of the body of'the hyoid bone on the
image taken by lateral head and neck radiography in the
method of deciding the risk of obstructive sleep apnea syn-
drome according to the first embodiment of the invention.
[0050] [FIG. 6] A schematic drawing showing an example
of'the shape of the hyoid bone observed on the image taken by
lateral head and neck radiography in the method of deciding
the risk of obstructive sleep apnea syndrome according to the
first embodiment of the invention.

[0051] [FIG. 7] A flow chart showing a method of deciding
the risk of obstructive sleep apnea syndrome according to the
second embodiment of the invention.

[0052] [FIG. 8] A flow chart showing a method of deciding
the risk of obstructive sleep apnea syndrome according to the
third embodiment of the invention.

[0053] [FIG. 9] A tracing made based on a lateral head and
neck radiograph of a patient 1.

[0054] [FIG.10] A tracing made based on a lateral head and
neck radiograph of a patient 2.

[0055] [FIG.11] A tracing made based on a lateral head and
neck radiograph of a patient 3.

[0056] [FIG.12]A tracing made based on a lateral head and
neck radiograph of a patient 4.

[0057] [FIG.13] A tracing made based on a lateral head and
neck radiograph of a patient 5.

[0058] [FIG.14] A tracing made based on a lateral head and
neck radiograph of a patient 6.

[0059] [FIG.15] A tracing made based on a lateral head and
neck radiograph of a patient 7.

[0060] [FIG.16]A tracing made based on a lateral head and
neck radiograph of a patient 8.

[0061] [FIG.17]A tracing made based on a lateral head and
neck radiograph of a patient 9.

[0062] [FIG.18] A tracing made based on a lateral head and
neck radiograph of a patient 10.

[0063] [FIG.19]A tracing made based on a lateral head and
neck radiograph of a patient 11.

[0064] [FIG.20] A tracing made based on a lateral head and
neck radiograph of a patient 12.

[0065] [FIG.21] A tracing made based on a lateral head and
neck radiograph of a patient 13.

[0066] [FIG.22] A tracing made based on a lateral head and
neck radiograph of a patient 14.

[0067] [FIG.23] A tracing made based on a lateral head and
neck radiograph of a patient 15.

[0068] [FIG.24] A tracing made based on a lateral head and
neck radiograph of a patient 16.

[0069] [FIG.25] A tracing made based on a lateral head and
neck radiograph of a subject 17.
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[0070] [FIG.26] A tracing made based on a lateral head and
neck radiograph of a subject 18.

[0071] [FIG.27] A tracing made based on a lateral head and
neck radiograph of a subject 19.

[0072] [FIG. 28] A tracing made based on a lateral head and
neck radiograph of a subject 20.

[0073] [FIG.29] A tracing made based on a lateral head and
neck radiograph of a subject 21.

[0074] [FIG. 30] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the fourth embodiment of the invention.

[0075] [FIG.31] A tracing made based on a lateral head and
neck radiograph of a subject 22.

[0076] [FIG.32] A substitute picture for a drawing showing
aposteroanterior head and neck radiograph of the subject 22.
[0077] [FIG.33] A flowchart showing a method of deciding
sinking of the hyoid bone according to the fifth embodiment
of the invention.

[0078] [FIG.34] A flowchart showing a method of deciding
sinking of the hyoid bone according to the sixth embodiment
of the invention.

[0079] [FIG.35] A flowchart showing a method of deciding
sinking of the hyoid bone according to the seventh embodi-
ment of the invention.

[0080] [FIG. 36] A schematic drawing looking at a cepha-
lometric radiographic apparatus according to the ninth
embodiment that is preferably applied to lateral head and
neck radiography, posteroanterior head and neck radiography
and anteroposterior head and neck radiography in the first to
the seventh embodiments of the invention.

[0081] [FIG. 37] A schematic drawing showing an arm of
the cephalometric radiographic apparatus shown in FIG. 36
and a head tilt setting device provided on the arm.

[0082] [FIG. 38] A plan view showing a horizontal plate
provided at the bottom edge of the head tilt setting device of
the cephalometric radiographic apparatus shown in FIG. 36.
[0083] [FIG. 39] A schematic drawing for explaining a
method of taking a lateral head and neck radiograph using the
cephalometric radiographic apparatus shown in FIG. 36.
[0084] [FIG. 40] A schematic drawing for explaining a
method of taking a lateral head and neck radiograph using the
cephalometric radiographic apparatus shown in FIG. 36.
[0085] [FIG. 41] A schematic drawing for explaining a
method of taking a lateral head and neck radiograph using the
cephalometric radiographic apparatus shown in FIG. 36.
[0086] [FIG. 42] A schematic drawing for explaining a
method of taking a lateral head and neck radiograph, facing
the face upward and tilting the head at a 10° in the front-rear
direction using the cephalometric radiographic apparatus
shown in FIG. 36.

[0087] [FIG. 43] A schematic drawing for explaining a
method of taking a posteroanterior head and neck radiograph
using the cephalometric radiographic apparatus shown in
FIG. 36.

[0088] [FIG. 44] A schematic drawing for explaining a
method of taking a posteroanterior head and neck radiograph
using the cephalometric radiographic apparatus shown in
FIG. 36.

[0089] [FIG. 45] A substitute picture for a drawing showing
a lateral head and neck radiograph of a subject 23 taken by
using the cephalometric radiographic apparatus shown in
FIG. 36.
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[0090] [FIG. 46] A substitute picture for a drawing showing
a posteroanterior head and neck radiograph of the subject 23
taken by using the cephalometric radiographic apparatus
shown in FIG. 36.

[0091] [FIG. 47] A substitute picture for a drawing showing
a lateral head and neck radiograph of a subject 24 taken by
using the cephalometric radiographic apparatus shown in
FIG. 36.

[0092] [FIG. 48] A substitute picture for a drawing showing
a posteroanterior head and neck radiograph of the subject 24
taken by using the cephalometric radiographic apparatus
shown in FIG. 36.

[0093] [FIG. 49] A schematic drawing for explaining the
measured points in a cephalometric radiogram.

[0094] [FIG. 50] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the tenth embodiment of the invention.

[0095] [FIG. 51] A tracing made based on a cephalometric
radiogram of a patient 31.

[0096] [FIG. 52] A tracing made based on a cephalometric
radiogram of a patient 32.

[0097] [FIG. 53] A tracing made based on a cephalometric
radiogram of a patient 33.

[0098] [FIG. 54] A tracing made based on a cephalometric
radiogram of a patient 34.

[0099] [FIG. 55] A tracing made based on a cephalometric
radiogram of a patient 35.

[0100] [FIG. 56] A tracing made based on a cephalometric
radiogram of a patient 36.

[0101] [FIG. 57] A tracing made based on a cephalometric
radiogram of a patient 37.

[0102] [FIG. 58] A tracing made based on a cephalometric
radiogram of a patient 38.

[0103] [FIG. 59] A tracing made based on a cephalometric
radiogram of a patient 39.

[0104] [FIG. 60] A tracing made based on a cephalometric
radiogram of a patient 40.

[0105] [FIG. 61] A tracing made based on a cephalometric
radiogram of a patient 41.

[0106] [FIG. 62] A tracing made based on a cephalometric
radiogram of a patient 42.

[0107] [FIG. 63] A tracing made based on a cephalometric
radiogram of a patient 43.

[0108] [FIG. 64] A tracing made based on a cephalometric
radiogram of a patient 44.

[0109] [FIG. 65] A tracing made based on a cephalometric
radiogram of a patient 45.

[0110] [FIG. 66] A tracing made based on a cephalometric
radiogram of a patient 46.

[0111] [FIG. 67] A tracing made based on a cephalometric
radiogram of a patient 47.

[0112] [FIG. 68] A tracing made based on a cephalometric
radiogram of a patient 48.

[0113] [FIG. 69] A tracing made based on a cephalometric
radiogram of a patient 49.

[0114] [FIG. 70] A tracing made based on a cephalometric
radiogram of a patient 50.

[0115] [FIG. 71] A tracing made based on a cephalometric
radiogram of a patient 51.

[0116] [FIG. 72] A tracing made based on a cephalometric
radiogram of a patient 52.

[0117] [FIG. 73] A tracing made based on a cephalometric
radiogram of a patient 53.
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[0118] [FIG. 74] A tracing made based on a cephalometric
radiogram of a subject 54.

[0119] [FIG. 75] A tracing made based on a cephalometric
radiogram of a subject 55.

[0120] [FIG. 76] A tracing made based on a cephalometric
radiogram of a subject 56.

[0121] [FIG. 77] A tracing made based on a cephalometric
radiogram of a subject 57.

[0122] [FIG. 78] A tracing made based on a cephalometric
radiogram of a subject 58.

[0123] [FIG. 79] A tracing made based on a cephalometric
radiogram of a subject 59.

[0124] [FIG. 80] A tracing made based on a cephalometric
radiogram of a subject 60.

[0125] [FIG. 81] A tracing made based on a cephalometric
radiogram of a subject 61.

[0126] [FIG. 82] A tracing made based on a cephalometric
radiogram of a subject 62.

[0127] [FIG. 83] A tracing made based on a cephalometric
radiogram of a subject 63.

[0128] [FIG. 84] A tracing made based on a cephalometric
radiogram of a subject 64.

[0129] [FIG. 85] A tracing made based on a cephalometric
radiogram of a subject 65.

[0130] [FIG.86] A schematic drawing showing the result of
calculation of the OSAS index P of the patients 31 to 53 and
the subjects 54 to 65 in the tenth embodiment of the invention.
[0131] [FIG. 87] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the eleventh embodiment of the invention.

[0132] [FIG. 88] A schematic drawing showing the result of
calculation of the OSAS index Q of the patients 31 to 53 and
the subjects 54 to 65 in the eleventh embodiment of the
invention.

[0133] [FIG. 89] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the twelfth embodiment of the invention.

[0134] [FIG.90] A schematic drawing showing the result of
calculation of the OSAS index Q of the patients 31 to 53 and
the subjects 54 to 65 in the twelfth embodiment of the inven-
tion.

[0135] [FIG. 91] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the thirteenth embodiment of the invention.

[0136] [FIG.92] A schematic drawing showing the result of
calculation of the OSAS index Q of the patients 31 to 53 and
the subjects 54 to 65 in the thirteenth embodiment of the
invention.

[0137] [FIG. 93] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the fourteenth embodiment of the invention.

[0138] [FIG.94] A schematic drawing showing the result of
calculation of the OSAS index Q of the patients 31 to 53 and
the subjects 54 to 55 in the fourteenth embodiment of the
invention.

[0139] [FIG. 95] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the fifteenth embodiment of the invention.

[0140] [FIG.96] A schematic drawing showing the result of
calculation of the OSAS index Q of the patients 31 to 53 and
the subjects 54 to 65 in the fifteenth embodiment of the
invention.

[0141] [FIG. 97] A schematic drawing for explaining the
measured points in the cephalometric radiogram that is used
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in a method of deciding the risk of obstructive sleep apnea
syndrome according to the sixteenth embodiment of the
invention.

[0142] [FIG. 98] A flow chart showing a method of decid-
ing the risk of obstructive sleep apnea syndrome according to
the sixteenth embodiment of the invention.

[0143] [FIG. 99A] A perspective view showing an oral
appliance made by a method of making an oral appliance
according to the twenty-second embodiment of the invention.
[0144] [FIG. 99B] A cross sectional view showing the oral
appliance made by the method of making an oral appliance
according to the twenty-second embodiment of the invention.
[0145] [FIG. 100A] A plan view showing the state where
the maxilla part of the oral appliance made by the method of
making the oral appliance according to the twenty-second
embodiment of the invention is attached to the maxillary
dentition.

[0146] [FIG. 100B] A plan view showing the state where
the mandible part of the oral appliance made by the method of
making an oral appliance according to the twenty-second
embodiment of the invention is attached to the mandibular
dentition.

[0147] [FIG. 101] A tracing made based on a lateral head
and neck radiograph taken at centric occlusion of a subject 66.
[0148] [FIG. 102] A tracing made based on a lateral head
and neck radiograph taken at edge to edge occlusion of the
subject 66.

[0149] [FIG. 103] A tracing made based on a lateral head
and neck radiograph taken at a position moving the mandible
forward for the maxilla of the subject 66.

[0150] [FIG. 104] A tracing made based on a lateral head
and neck radiograph taken at centric occlusion of a subject 67.
[0151] [FIG. 105] A tracing made based on a lateral head
and neck radiograph taken at edge to edge occlusion of the
subject 67.

[0152] [FIG. 106] A tracing made based on a lateral head
and neck radiograph taken at a position moving the mandible
forward for the maxilla of a subject 68.

[0153] [FIG. 107] A schematic drawing showing a data
processor to be used for execution of the methods of deciding
the risk of obstructive sleep apnea syndrome or the methods
of deciding sinking of the hyoid bone according to the first to
the sixteenth embodiments of the invention.

[0154] [FIG. 108] A schematic drawing for explaining
another method of deciding the risk of obstructive sleep apnea
syndrome.

[0155] [FIG. 109] A schematic drawing for explaining still
another method of deciding the risk of obstructive sleep apnea
syndrome.

MODES FOR CARRYING OUT THE INVENTION

[0156] Modes for carrying out the invention (hereafter
referred as “embodiments”™) will now be explained below.

1. The First Embodiment

[0157] In the first embodiment, the method of deciding the
risk of obstructive sleep apnea syndrome based on lateral
head and neck radiography of a subject is described.

[0158] FIG. 4 shows a flow chart of the method of deciding
the risk of obstructive sleep apnea syndrome. Programs are
created according to the flow chart and are executed on a
computer.
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[0159] Instep S1, the center of the body of the hyoid bone,
S, Go and Me are detected by lateral head and neck radiog-
raphy of the subject. That is, lateral head and neck radiogra-
phy of the subject is carried out and the center of the body of
the hyoid bone, S, Go and Me are detected from the image or
radiograph. Radiography is carried out at centric occlusion or
ataposition near to it. Furthermore, radiography is carried out
by setting the tilt in the front-rear direction of the head of the
subject so that the Frankfort plane of the head becomes par-
allel to the floor surface.

[0160] Detection of the center of the body of the hyoid
bone, S, Go and Me can be carried out, for example, in the
state where the image is displayed on a display connected
with a computer as follows. First, with respect to S, Go and
Me, a cursor is moved to S, Go and Me by on the display using
a mouse and clicked. Or, when a touch panel display is used,
S, Go and Me are touched by fingers of the hand, touch pen,
etc. on the display. In this way, S, Go and Me can be detected.
The body of the hyoid bone can be detected as follows. That
is, plural points showing the whole outline are clicked by the
mouse on the outline of the body of the hyoid bone (the hyoid
bone body) on the image and these points are connected by a
straight line or a curved line, preferably a smooth curved line.
A program connecting these points by a straight line or a
curved line can be easily created. The outline of the body of
the hyoid bone (the hyoid bone body) observed on the image
has generally a rectangular shape having four rounded edges,
which is relatively simple shape. Therefore, usually four to
ten points will suffice for the number of these points. How-
ever, the more the number of points is, it is possible to depict
the outline more correctly. Or, when the touch panel display is
used, it is possible to trace the outline of the body of the hyoid
bone on the display by fingers of the hand, touch pen, etc.,
magnifying and displaying the body of the hyoid bone as
needed. The center of the body of the hyoid bone can be
detected by obtaining the center of the figure made up of the
outline of the body of the hyoid bone (the hyoid bone body)
detected as described above. An example is shown in FIG. 5A
and FIG. 5B. As shown in FIG. 5A, in the example, points P,
to P, are clicked by using the mouse on the outline of the
body of the hyoid bone on the image so as to depict the whole
outline and these points P, to P, are connected smoothly by
a curved line, so that an input image of the body of the hyoid
bone (the hyoid bone body) can be obtained as shown in FIG.
5B. From the input image of the body of the hyoid bone
obtained in this way the center of the body of the hyoid bone
can be obtained as follows. That is, for example, the input
image of the body of the hyoid bone is displayed on the xy
coordinate plane with the x axis in the lateral direction and the
y axis in the vertical direction. Y coordinates of the uppermost
point and the lowermost point of the input image on the xy
coordinate plane are obtained and the y coordinate of the
uppermost point is denoted as y, and the y coordinate of the
lowermost point is denoted as y,. Then the y coordinate ofthe
center of the input image of the body of the hyoid bone is
denoted as (y,+y,)/2. Next, a straight line (a straight line
parallel to the x axis) denoted as (y,+y,)/2 is drawn and x
coordinates of two points at which the straight line intersects
with the input image are denoted as x; and x, As a result, the
x coordinate of the center of the input image of the body of the
hyoid bone is equal to (x,+x,)/2. From the above, coordinates
of'the center of the input image of the body of the hyoid bone
can be obtained as ((x,+X,)/2, (¥, +Y,)/2). Or, the center of the
body of the hyoid bone can also be obtained by obtaining the
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center of gravity of the figure made up of the outline of the
body of the hyoid bone by calculation. Unless the body of the
hyoid bone has a peculiar shape, the position of the center of
gravity almost coincides with the center having the coordi-
nates of ((X;+x,)/2, (V,+Y,)/2).

[0161] The center of the body of the hyoid bone can also be
detected by using image recognition technique as follows.
That is, the shape of the whole hyoid bone observed on the
image taken by lateral head and neck radiography is almost
the same and has a curved shape as a whole as shown in FI1G.
6,in which the body of the hyoid bone (the hyoid bone body)
constitutes the right side part of the hyoid bone. Therefore, the
position of the body of the hyoid bone (the hyoid bone body)
is detected by conventionally known pattern recognition tech-
nique, specifically, for example, template matching tech-
nique. That is, the image data of the image taken by lateral
head and neck radiography is taken in a computer, the stan-
dard shape of the hyoid bone shown in FIG. 6 is used as the
standard image, i.e., the template and the image is used as an
input image. As the hyoid bone locates in the lowermost part
of'the image, the input image can be limited to the lowermost
part of the image, resulting a sharp reduction of data of the
input image. And by moving the template on the input image,
the position of the hyoid bone on the image can be detected.
In this way, the body of the hyoid bone (the hyoid bone body)
can be detected as the right side part of the hyoid bone and
then the center of the body of the hyoid bone can be detected.
[0162] Instep S2, it is decided whether the detected center
of'the body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me or not.

[0163] Whenitis decided in step S2 that the detected center
of'the body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me, it is decided in step S3 that there is no risk of
OSAS.

[0164] Instep S4, the result of decision that there is no risk
of OSAS is output to, for example, a display.

[0165] Whenitis decided in step S2 that the detected center
of'the body of the hyoid bone is not included in the area above
the perpendicular drawn toward the extended line of the seg-
ment S-Go from Me, it is decided in step S5 that there is the
risk of OSAS.

[0166] Instep S6, the result of decision that there is the risk
of OSAS is output to, for example, the display.

[0167] Doctors can finally decide the risk of becoming
OSAS by using also the result of other examinations conven-
tionally used for examination of OSAS etc. in addition to the
above decision, as needed. This is the same for the borderline
case where the detected center of the body of the hyoid bone
locates on the perpendicular drawn toward the extended line
of the segment S-Go from Me or near to it.

[0168] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the first
embodiment, based on the center of the body of the hyoid
bone, S, Go and Me which are detected by lateral head and
neck radiography, it is possible to decide the risk of becoming
OSAS objectively and in a short time with certain accuracy
without depending on experiences of a doctor.

2. The Second Embodiment

[0169] In the second embodiment, the method of deciding
the risk of obstructive sleep apnea syndrome based on lateral
head and neck radiography of a subject is described.
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[0170] FIG. 7 shows a flow chart of the method of deciding
the risk of obstructive sleep apnea syndrome. Programs are
created according to the flow chart and are executed on a
computer.

[0171] Instep S11, the center of the body of the hyoid bone,
S, Go and Me are detected by lateral head and neck radiog-
raphy of the subject. That is, lateral head and neck radiogra-
phy of the subject is carried out and the center of the body of
the hyoid bone, S, Go and Me are detected from the image or
radiograph. Radiography is carried out at centric occlusion or
ataposition near to it. Furthermore, radiography is carried out
by setting the tilt in the front-rear direction of the head so that
the Frankfort plane ofthe head of the subject becomes parallel
to the floor surface.

[0172] Detection of the center of the body of the hyoid
bone, S, Go and Me can be carried out as the same as the first
embodiment.

[0173] Instep S12,itis decided whether the detected center
of'the body of the hyoid bone is included in the inside of the
first triangle (hereafter referred as “the area 1) formed by the
extended line of the segment S-Go, the perpendicular drawn
toward the extended line of the segment S-Go from Me and
the segment Go-Me or not.

[0174] When it is decided in step S12 that the detected
center of the body of the hyoid bone is included in the inside
of the area 1, it is decided in step S13 that there is no risk of
OSAS.

[0175] Instep S14,the result of decision that there is no risk
of OSAS is output to, for example, the display.

[0176] When it is decided in step S12 that the detected
center of the body of the hyoid bone is not included in the
inside of the area 1, in other words, it locates below the area
1, it is decided in step S15 that there is the risk of OSAS.
[0177] In step S16, the result of decision that there is the
risk of OSAS is output to, for example, the display.

[0178] Doctors can finally decide the risk of becoming
OSAS by using also the result of other examinations conven-
tionally used for examination of OSAS etc. in addition to the
above decision, as needed. This is the same for the borderline
case where the detected center of the body of the hyoid bone
locates on the base of the area 1 (the perpendicular drawn
toward the extended line of the segment S-Go from Me) or the
side (the extended line of the segment S-Go)or near to it.
[0179] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the second
embodiment, based on the center of the body of the hyoid
bone, S, Go and Me which are detected by lateral head and
neck radiography, itis possible to decide the risk of becoming
OSAS objectively and in a short time with certain accuracy
without depending on experiences of a doctor.

3. The Third Embodiment

[0180] Inthe third embodiment, the method of deciding the
risk of obstructive sleep apnea syndrome based on lateral
head and neck radiography of a subject is described.

[0181] FIG. 8 shows a flow chart of the method of deciding
the risk of obstructive sleep apnea system. Programs are
created according to the flow chart and are executed on a
computer.

[0182] Instep S21, the center of the body of the hyoid bone,
S, Go, Me and Cd are detected by lateral head and neck
radiography of the subject. That is, lateral head and neck
radiography of the subject is carried out and the center of the
body of the hyoid bone, S, Go, Me and Cd are detected from
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the image or radiograph. Radiography is carried out at centric
occlusion or at a position near to it. Furthermore, radiography
is carried out by setting the tilt in the front-rear direction of the
head so that the Frankfort plane of the head of the subject
becomes parallel to the floor surface.

[0183] Detection of the center of the body of the hyoid
bone, S, Go, Me and Cd can be carried out as the same as the
first embodiment.

[0184] Instep S22,itis decided whether the detected center
of'the body of the hyoid bone is included in the inside of the
area 1 or not.

[0185] When it is decided in step S22 that the detected
center of the body of the hyoid bone is included in the inside
of'the area 1, it is decided in step S23 that there is no risk of
OSAS.

[0186] Instep S24, the result of decision that there is no risk
of OSAS is output to for example, the display.

[0187] When it is decided in step S22 that the detected
center of the body of the hyoid bone is not included in the
inside of the area 1, in other words, it locates below the area
1, it is decided in step S25 whether the detected center of the
body of the hyoid bone is included in the inside of the second
triangle (hereafter referred as “the area 2”) formed by the
extended line of the segment Cd-Go, the perpendicular drawn
toward the extended line of the segment Cd-Go from Me and
the perpendicular drawn toward the extended line of the seg-
ment S-Go from Me.

[0188] When it is decided in step S25 that the detected
center of the body of the hyoid bone is included in the inside
of'the area 2, it is decided in step S26 that there is the risk of
OSAS.

[0189] In step S27, the result of decision that there is the
risk of OSAS is output to, for example, the display.

[0190] When it is decided in step S25 that the detected
center of the body of the hyoid bone is not included in the

inside of the area 2, in other words, it locates in the area 3, it
is decided in step S28 that the risk of OSAS is high.

[0191] In step S29, the result of decision that the risk of
OSAS is high is output to, for example, the display.

[0192] Doctors can finally decide the risk of becoming
OSAS by using also the result of other examinations conven-
tionally used for examination of OSAS etc. in addition to the
above decision, as needed. This is the same for the borderline
case where the detected center of the body of the hyoid bone
locates on the base of the area 1 (the perpendicular drawn
toward the extended line of the segment S-Go from Me) or the
side (the extended line of the segment S-Go) or near to it, or,
it locates on the base of the area 2 (the perpendicular drawn
toward the extended line of the segment Cd-Go from Me) or
the side (the extended line of the segment Cd-Go) or near to it.
[0193] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the third
embodiment, based on the center of the body of the hyoid
bone, S, Go, Me and Cd which are detected by lateral head
and neck radiography, it is possible to decide the risk of
becoming OSAS objectively and in a short time with certain
accuracy without depending on experiences of a doctor.

EXAMPLE 1

[0194] Taken were head and neck radiographs of sixteen
patients who were diagnosed as a serious illness, a medium
illness or a slight illness by examination of OSAS carried out
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by PSG. Radiography was carried out at centric occlusion or
at a position near to it by setting the Frankfort plane parallel
to the floor surface.

[0195] Tracings of the patients 1 to 16 are shown in FIG. 9
to FIG. 24. AHI (supine position) and SaO, (the lowest value)
obtained by PSG of the patients 1 to 16 are as follows. With
respect to the patient 13, SpO, (the lowest value) is shown
instead of Sa0, (the lowest value).

Patient AHI Sa0, (%)
1 43.1 70
2 36.8 87
3 30.2 33
4 62.9 73
5 53.5 71
6 25.7 79
7 112.5 85
8 11.9 93
9 355 30
10 66.0 76
11 24.8 92
12 9.6 90

13 41.1 68(Sp05)
14 59.7 30
15 71.2 71
16 43.9 85

[0196] As a control group, five subjects 17 to 21 who were
not recognized respiratory disorder during sleep were
adopted. Head and neck radiographs of the subject 17 to 21
were taken. Tracings of the subjects 17 to 21 are shown in
FIG. 25 to FIG. 29.

[0197] The center of the body of the hyoid bone of the
patients 1 to 16 were detected. As a result, the area in which
the center of the body of the hyoid bone locates was as
follows.

Area in which the center Risk of
of the body of becoming
Patient the hyoid bone locates OSAS
1 area 3 yes(high)
2 area 3 yes(high)
3 area 2 yes
4 area 2 yes
5 area 3 yes(high)
6 area 2 yes
7 area 3 yes(high)
8 area 2 yes
9 area 2 yes
10 area 3 yes(high)
11 area 2 yes
12 area 2 yes
13 area 2 yes
14 area 3 yes(high)
15 area 2 yes
16 area 2 yes
[0198] The center of the body of the hyoid bone of the

subjects 17 to 21 were detected. As a result, the area in which
the center of the body of the hyoid bone locates was as
follows.
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Area in which the Risk of
center of the body of becoming
Subject the hyoid bone locates OSAS

17 area 1 no

18 area 1 no

19 area 1 no

20 area 1 no

21 area 1 no

[0199] Asunderstood from the above result, it is possible to
decide the risk of becoming OSAS by taking a head and neck
radiography and detect which area of the areas 1, 2 and 3 the
center of the body of the hyoid bone locates from the image or
the radiograph.

4. The Fourth Embodiment

[0200] In the fourth embodiment, the method of deciding
the risk of obstructive sleep apnea syndorom based on pos-
teroanterior radiography of a subject is described.

[0201] FIG. 30 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0202] In step S31, posteroanterior head and neck radiog-
raphy of a subject is carried out and the hyoid bone is detected
from the image. Radiography is carried out at centric occlu-
sion or at a position near to it. Radiography is carried out by
setting the tiltin the front-rear direction of the head so that the
Frankfort plane of the head of the subject becomes parallel to
the floor surface.

[0203] Detection of the hyoid bone can be carried out, for
example, by image recognition technique in the state where
the image is displayed on the display connected with a com-
puter as follows. That is, the shape of the whole hyoid bone
observed on the image taken by posteroanterior head and
neck radiography is almost the same and the hyoid bone has,
as a whole, a shape with its both end parts bent outward in the
diagonally upward direction with respect to its central part
(See FIG. 3A and FIG. 3B). Therefore, the position of the
hyoid bone is detected by using conventionally known pattern
recognition technique, specifically, for example, template
matching technique. That is, the image data of the image
taken by postroanterior head and neck radiography is taken in
acomputer, the standard shape of the hyoid bone is used as the
standard image, i.e., the template and the image is used as an
input image. As the hyoid bone locates in the lowermost part
of'the image, the input image can be limited to the lowermost
part of the image, resulting a sharp reduction of data of the
input image. And by moving the template on the input image,
the hyoid bone on the image can be detected.

[0204] Instep S32, it is decided whether the hyoid bone is
detected or not.
[0205] When the hyoid bone is detected in step S32, it is

decided in step S33 that there is the risk of OSAS.

[0206] In step S34, the result of decision that there is the
risk of OSAS is output to, for example, the display.

[0207] When the hyoid bone is not detected in step S32, it
is decided in step S35 that there is no risk of OSAS.

[0208] Instep S36, the result of decision that there is no risk
of OSAS is output to, for example, the display.
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[0209] Doctors can finally decide the risk of becoming
OSAS by using also the result of other examinations conven-
tionally used for examination of OSAS etc. in addition to the
above decision, as needed.

[0210] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the fourth
embodiment, it is possible to decide the risk of becoming
OSAS objectively and in a shor time with certain accuracy
without depending on experiences of a doctor.

EXAMPLE 2

[0211] Taken were a lateral head and neck radiograph and a
posteroanterior head and neck radiograph of the subject 22.
Radiography was carried out at centric occlusion or a position
near to it by setting the Frankfort plane parallel to the floor
surface.

[0212] A tracing of the lateral head and neck radiograph of
the subject 22 is shown is FIG. 31. The posteroanterior head
and neck radiograph of the subject 22 is shown in FIG. 32.
[0213] The center of the body of the hyoid bone, S, Go, Me
and Cd were detected from FIG. 31. As a result, it was known
that the center of the body of the hyoid bone located in the
inside of the area 3 and the risk of becoming OSAS was high.
On the other hand, the hyoid bone was detected from FIG. 32,
so that the hyoid bone was detected below the mandible. That
is, as the hyoid bone was detected, it can be decided that there
is the risk of becoming OSAS. Taking into consideration that
the center of the body of the hyoid bone locates in the inside
of'the area 3, it is possible to decide that the risk of becoming
OSAS of the subject 22 is high.

[0214] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the fourth
embodiment, by deciding whether the hyoid bone is detected
by posteroanterior head and neck radiography or not, it is
possible to decide the risk of becoming OSAS objectively and
in a short time with certain accuracy without depending on
experienees of a doctor.

5. The Fifth Embodiment

[0215] In the fifth embodiment, the method of deciding
sinking of the hyoid bone based on lateral head and neck
radiography of a subject is described.

[0216] FIG. 33 shows a flow chart of the method of decid-
ing sinking of the hyoid bone. Programs are created according
to the flow chat and are executed on a computer.

[0217] Instep S41, lateral head and neck radiography ofthe
subject is carried out and the center of the body of the hyoid
bone, S, Go and Me are detected from the image. Radiogra-
phy is carried out at centric occlusion or at a position near to
it. Furthermore, radiography is carried out by setting the tiltin
the front-rear direction of the head so that the Frankfort plane
of'the head of the subject becomes parallel to the floor surface.
[0218] Detection of the center of the body of the hyoid
bone, S, Go and Me can be carried out as the same as the first
embodiment.

[0219] Instep S42,itis decided whether the detected center
of'the body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me or not.

[0220] When it is decided in step S42 that the detected
center of the body of the hyoid bone is included in the area
above the perpendicular drawn toward the extended line of
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the segment S-Go from Me, it is decided in step S43 that the
sinking distance of the hyoid bone is small.

[0221] In step S44, the result of decision that the sinking
distance of the hyoid bone is small is output to, for example,
to the display.

[0222] When it is decided in step S42 that the center of the
body of the hyoid bone is not included in the area above the
perpendicular drawn toward the extend line of the segment
S-Go from Me, it is decided in step S45 that the sinking
distance of the hyoid bone is large.

[0223] In step S46, the result of decision that the sinking
distance of the hyoid bone is large is output to, for example,
the display.

[0224] According to the method of deciding sinking of the
hyoid bone according to the fifth embodiment, based on the
center of the body ofthe hyoid bone, S, Go and Me which are
detected by lateral head and neck radiography, it is possible to
decide the presence or absence or the degree of sinking of the
hyoid bone objectively and in a short time with certain accu-
racy without depending on experiences etc. of a doctor.

6. The Sixth Embodiment

[0225] In the sixth embodiment, the method of deciding
sinking of the hyoid bone based on lateral head and neck
radiography of a subject is described.

[0226] FIG. 34 shows a flow chart of the method of decid-
ing sinking of the hyoid bone. Programs are created according
to the flowchart and are executed on a computer.

[0227] Instep S51, lateral head and neck radiography ofthe
subject is carried out and the center of the body of the hyoid
bone, S, Go and Me are detected from the image. Radiogra-
phy is carried out at centric occlusion or at a position near to
it. Furthermore, the radiography is carried out by setting the
tilt in the front-rear direction of the head so that the Frankfort
plane of the head of the subject becomes parallel to the floor
surface.

[0228] Detection of the center of the body of the hyoid
bone, S, Go and Me can be carried out as the same as the first
embodiment.

[0229] Instep S52,itis decided whether the detected center
of'the body of the hyoid bone is included in the inside of the
area 1 or not.

[0230] When it is decided in step S52 that the detected
center of the body of the hyoid bone is included in the inside
of'thearea 1, it is decided in step S53 that the sinking distance
of'the hyoid bone is small.

[0231] In step S54, the result of decision that the sinking
distance of the hyoid bone is small is output to, for example,
the display.

[0232] When it is decided in step S52 that the detected
center of the body of the hyoid bone is not included in the
inside of the area 1, in other words, it locates below the area
1, it is decided in step S55 that the sinking distance of the
hyoid bone is large.

[0233] In step S56, the result of decision that the sinking
distance of the hyoid bone is large is output to, for example,
the display.

[0234] According to the method of deciding sinking of the
hyoid bone according to the sixth embodiment, based on the
center of the body ofthe hyoid bone, S, Go and Me which are
detected by lateral head and neck radiography, it is possible to
decide the presence or absence or the degree of sinking of the
hyoid bone objectively and in a short time with certain accu-
racy without depending on experiences etc. of a doctor.
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7. The Seventh Embodiment

[0235] In the seventh embodiment, a method of deciding
sinking of the hyoid bone based on lateral head and neck
radiography of a subject is described.

[0236] FIG. 35 shows a flow chart of the method of decid-
ing sinking of the hyoid bone. Programs are created according
to the flowchart and are executed on a computer.

[0237] Instep S61, lateral head and neck radiography ofthe
subject is carried out and the center of the body of the hyoid
bone, S, Go, Me and Cd are detected from the image. Radi-
ography is carried out at centric occlusion or at a position near
to it. Furthermore, radiography is carried out by setting the tilt
in the front-rear direction of the head so that the Frankfort
plane of the head of the subject becomes parallel to the floor
surface.

[0238] Detection of the center of the body of the hyoid
bone, S, Go, Me and Cd can be carried out as the same as the
first embodiment.

[0239] Instep S62, it is decided whether the detected center
of'the body of the hyoid bone is included in the inside of the
area 1 or not.

[0240] When it is decided in step S62 that the detected
center of the body of the hyoid bone is included in the inside
of'thearea 1, it is decided in step S63 that the sinking distance
of the hyoid bone is small.

[0241] In step S64, the result of decision that the sinking
distance of the hyoid bone is small is output to, for example,
the display.

[0242] When it is decided in step S62 that the detected
center of the body of the hyoid bone is not included in the
inside of the area 1, in other words, it locates below the area
1, it is decided in step S65 whether the center of the body of
the hyoid bone is included in the inside of the area 2 or not.
[0243] When it is decided in step S65 that the detected
center of the body of the hyoid bone is included in the inside
of'the area 2, it is decided in step S66 that the sinking distance
of the hyoid bone is large.

[0244] In step S67, the result of decision that the sinking
distance of the hyoid bone is large is output to, for example,
the display.

[0245] When it is decided in step S65 that the detected
center of the body of the hyoid bone is not included in the
inside of the area 2, in other words, it locates below the area
2,thatis, inthe area 3, it is decided in step S68 that the sinking
distance of the hyoid bone is especially large.

[0246] In step S69, the result of decision that the sinking
distance of the hyoid bone is especially large is output to, for
example, the display.

[0247] According to the method of deciding sinking of the
hyoid bone according to the seventh embodiment, based on
the center of the body of the hyoid bone, S, Go, Me and Cd
which are detected by lateral head and neck radiography;, it is
possible to decide the presence or absence or the degree of
sinking of the hyoid bone objectively and in a short time with
certain accuracy without depending on experiences etc. of a
doctor.

8. The Eighth Embodiment

[0248] In the eighth embodiment, described is an X-ray
diagnostic system capable of carrying out the methods of
deciding the risk of obstructive sleep apnea syndrome or the
methods of deciding sinking of the hyoid bone according to
the first to the seventh embodiments.
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[0249] That is, the X-ray diagnostic system has a computer
having the stored programs to carry out one or more among
the methods of deciding the risk of obstructive sleep apnea
syndrome or the methods of deciding sinking of the hyoid
bone according to the first to the seventh embodiments based
on the image taken by lateral head and neck radiography,
posteroanterior head and neck radiography and anteroposte-
rior head and neck radiography.

[0250] According to the eighth embodiment, by carrying
out any one of lateral head and neck radiography, posteroan-
terior head and neck radiography and anteroposterior head
and neck radiography and carrying out one or more among the
methods of deciding the risk of obstructive sleep apnea syn-
drom or the methods of deciding sinking of the hyoid bone
according to the first to the seventh embodiments based on the
obtained image, it is possible to decide the risk of becoming
OSAS or the presence or absence or the degree of sinking of
the hyoid bone of the subject.

9. The Ninth Embodiment

[0251] In the ninth embodiment, described is a cephalom-
etric radiographic apparatus which is preferably used for
lateral head and neck radiography, posteroanterior head and
neck radiography and anteroposterior head and neck radiog-
raphy of the subject in the methods of deciding the risk of
obstructive sleep apnea syndrome or the methods of deciding
sinking of the hyoid bone according to the first to the seventh
embodiments. By combining a computer having the stored
programs to carry out one or more among the methods of
deciding the risk of sleep apnea syndrome or the methods of
deciding sinking of the hyoid bone according to the first to the
seventh embodiments with the cephalometric radiographic
apparatus, it is possible to construct the X-ray diagnostic
system capable of deciding the risk of obstructive sleep apnea
syndrome or deciding sinking of the hyoid bone.

[0252] FIG. 36 shows the cephalometric radiographic
apparatus according to the ninth embodiment. As shown in
FIG. 36, the cephalometric radiographic apparatus has an
X-ray generator 11, arms 12 and 13, an arm control device 14,
and an X-ray detector 15. The X-ray generator 11 has an
X-ray tube 11q, and from the X-ray tube 11a, X rays are
generated. The arm control device 14 is supported for the
floor surface by a support part of which drawing is omitted.
[0253] The X rays generated from the X-ray tube 11a are
irradiated to the head of a subject, the X rays transmitted
through the head enter into the X-ray detector 15, and the
transmission X-ray image is obtained. The X-ray detector 15
is not specifically limited, but, for example, an X-ray film, an
imaging plate, a semiconductor detector, etc. are used. The
transmission X-ray image is, as necessary, converted to a
digital image signal, for example. Although not illustrated,
the transmission X-ray image obtained in the X-ray detector
15 is taken in an image collecting part.

[0254] The arms 12 and 13 are provided facing each other
with a reference line 16 parallel to the vertical line and per-
pendicular to the central X ray therebetween. The upper parts
of the arms 12 and 13 are fixed to the arm control device 14.
And by the arm control device 14, the arms 12 and 13 are able
to rotate around the reference line 16, move up and downina
parallel direction to the reference line 16, and move transla-
tory in an opposite direction each other in the horizontal
direction. The width of the lower parts of the arms 12 and 13
becomes gradually narrowing towards the bottom edge, and
the bottom edge has a circular shape (see FIG. 37). Also, the
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bottom edges of the arms 12 and 13, after folded back at a
predetermined angle inward to the vertical line respectively,
again becomes parallel to the vertical line. At least the parts of
the arms 12 and 13 irradiated by X-rays at the time of taking
a radiograph are constituted of transparent materials. Gener-
ally, almost all the parts of the arms 12 and 13 are constituted
of the transparent materials. The inside surfaces facing each
other of the bottom edges of the arms 12 and 13 are respec-
tively provided concentrically with column-shaped ear rods
17 and 18 with pointed tips. As the ear rods 17 and 18,
publicly known ear rods can be used. The outlines of the ear
rods 17 and 18 come out at the time of taking a radiograph.

[0255] At least on one of the exterior surfaces of the arms
12 and 13, a head tilt setting device 19 for setting the tilt in the
front-rear direction of the head of a subject is fixed. In FIG.
36, an example that the head tilt setting device 19 is fixed to
the exterior surface of the arm 13 is shown. In this case, the
head tilt setting device 19 is constituted of a rectangular
transparent plate vertical to the central axis of the ear rod 18.
As the transparent plate, a transparent plastic plate such as an
acrylic plate, a PET (polyethylene terephthalate) plate, etc. or
a glass plate, etc. can be used. The transparent plate may be
that a necessary mechanical strength can be obtained, and
thickness is enough not to fold easily. The thickness of the
transparent plate may be, for example, 2 mm or more and 10
mm or less. The method of fixing the head tilt setting device
19 is not specifically limited, but may be adhesion, screwed
down, clip-on, etc.

[0256] The details of the head tilt setting device 19 are
shown in FIG. 37. FIG. 37 is a drawing looking at the head tilt
setting device 19 from the vertical direction to the surface. As
shown in FIG. 37, the bottom edge surface (the base) of the
head tilt setting device 19 is parallel to the horizontal plane.
The bottom edge surface of the head tilt setting device 19
coincides with the tangential direction drawn toward the ver-
tical direction to the central axis of the ear rod 18 at the
uppermost point of the ear rod 18. At the head tilt setting
device 19, an angle scale 194 centered on the uppermost point
of'the ear rod 18 is formed, and has the function of a protrac-
tor. In FIG. 37, the angle scale 19a is formed from 0° to 90°
marked every 10°, but a method of marking the angle scale
19a is not limited to this. For example, the angle scale 194
may be formed, marked every 5° or 1°. Or the angle scale 194
may be formed only within a specific angle range, for
example, from 0°to 30°. The line at a 0° of the angle scale 19a
coincides with the bottom edge surface of the head tilt setting
device 19. The angle scale 194 is typically formed with a
black colored line as the same as a general protractor, for
example, but is not limited to this. The angle scale 19a except
for the 0° may be provided on one surface of the head tilt
setting device 19 and is preferably provided respectively on
the corresponding position each other to both surfaces. Like
this, by providing the angle scale 19« at the corresponding
position each other to the both surfaces of the head tilt setting
device 19, when looking at the angle scale 19a from the
horizontal direction, the direction that the angle scales 19a of
the both surfaces coincide is the horizontal direction, and in
case not coinciding, it can be judged to go off from the
horizontal direction. At at the bottom edge surface of the head
tilt setting device 19, a horizontal plate 20 protruding inward
vertically to the head tilt setting device 19 is provided. FIG. 38
shows a plan view of the head tilt setting device 19 and the
horizontal plate 20. As shown in FIG. 38, the horizontal plate
20 has a wide part at the part distant from the ear rod 18. In
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order to make the visual confirmation easy when confirming
the horizontal plane, the horizontal plate 20 is preferably
colored, specifically, for example, is colored in black. Mate-
rials, thickness, width in the horizontal direction, etc. of the
horizontal plate 20 are selected, preferably so as to come out
to the X-ray transmission images. The materials of the hori-
zontal plate 20 are, for example, transparent plastics such as
acryl, etc., opaque plastics, metal, etc. The thickness of the
horizontal plate 20 is, for example, 0.2 mm or more and 2 mm
or less, but is not limited to this . The width in the horizontal
direction of the horizontal plate 20 is, for example, 1 mm or
more and 30 mm or less, but not limited to this.

[0257] Next, amethod oftaking a head and neck radiograph
of a subject using the cephalometric radiographic apparatus
will be explained.

(1) A Method of Taking a Lateral Head and Neck Radiograph

[0258] In FIG. 36, the arms 12 and 13 are made to move
translatory to the outside in the horizontal direction, well
away from each other, and to move to a high enough position.
Under the state, as shown in FIG. 39, the head 21 of a subject
is positioned between the arms 12 and 13 so that its median
sagittal plane becomes vertical to the central X ray from the
X-ray tube 11a. The subject may be in a sitting position,
sitting on a chair or in a standing position, standing up. Next,
by descending the arms 12 and 13, the ear rods 17 and 18 are
made to come to the position of the height of the right and left
external acoustic openings of the head 21 of the subject. Next,
the arms 12 and 13 are made to move translatory inward in the
horizontal direction, and the ear rods 17 and 18 are inserted in
the right and left external acoustic openings of the head 21 of
the subject. And by making the uppermost points of the ear
rods 17 and 18 contact with the porions, the head 21 is fixed
so that the irradiation direction of the central X-ray coincides
with the central axis of the ear rods 17 and 18. Next, an
inspector searches for a predetermined reference point (the
second reference point) of the face of the head 21, for
example, the orbitale (Or), the orbital margin just under the
center of the pupil, the center of the palpebral fissure, etc. For
example, when making the orbitale as a reference point, the
inspector can search by touching the vicinity of the infraor-
bital margin with a fingertip. And as shown in FIG. 40, a
circular small colored seal 22 is put on the reference point that
is searched for like this. The color of the seal 22 may be
basically any color, but, for example, may be red, yellow,
green, blue, white, black, etc. In case that it is difficult to look
the seal 22 put on the reference point from the lateral direction
of'the head 21, another seal 22 is also put on the outside of the
horizontal direction from the seal 22 on the face, for example,
at the position apart from 5 to 20 mm. Next, as shown in FIG.
41, the inspector looks at the head tilt setting device 19 in the
horizontal direction from the outside. At this time, the seal 22
can be seen through the head tilt setting device 19 made of the
transparent plate. And, using the angle scale 194 of the head
tilt setting device 19, a straight line connecting the porion
(that coincides with the uppermost point of the ear rod 18)
with the orbitale is set at an intended angle. In FIG. 41, as an
example, a case where a plane connecting the porion with the
orbitale, that is, the Frankfort plane is set horizontally. In case
the Frankfort plane is set horizontally like this, the horizontal
plate 20 that coincides with a 0° of the angle scale 19a is
observed from the outside. In case the horizontal plate 20 is
seen like a line, the observation is made from the horizontal
direction, and the tilt in the front-rear direction of the head 21
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is set so that the straight line connecting the porion with the
orbitale coincides with the horizontal plate 20. Thus, the
Frankfort plane of the head 21 is set to parallel to the hori-
zontal plane (floor surface).

[0259] By taking a radiograph under the state that the tilt of
the head 21 is set at an intended tilt as mentioned above, a
lateral head and neck radiograph is taken.

[0260] As an example of taking a lateral head and neck
radiograph at the position that the Frankfort plane of the head
21 is tilted at positive or negative angle to the horizontal
plane, a case of taking a lateral head and neck radiograph
under the state that the Frankfort plane of the head 21 is tilted
at a 10° (the face faces upward) to the horizontal plane is
shown in FIG. 42. As shown in FIG. 42, in this case, using the
angle scale 19a of the head tilt setting device 19, adjusting the
tilt in the front-rear direction of the head 21, the straight line
connecting the porion with the orbitale is set at an angle of
10°.

(2) A Method of Taking a Posteroanterior Head and Neck
Radiograph

[0261] As shown in FIG. 43, the arms 12 and 13 are rotated
90° around the reference line 16 from the position shown in
FIG. 36. And as shown in FIG. 44, as the same as the case of
taking a lateral head and neck radiograph, inserting the ear
rods 17 and 18 in the right and left external acoustic openings
of'the head 21 of a subject, and by contacting the uppermost
point of the ear rods 17 and 18 with the porion, the head 21 is
fixed. In this case, the face of the head 21 faces the X-ray
detector 15. Also, the irradiation direction of the central X ray
intersects at right angles with the central axis of the ear rods
17 and 18. On the predetermined reference point of the face of
the head 21, specifically, for example, on the orbitale, the seal
22 is kept putting. Next, the inspector looks at the head tilt
setting device 19 from the outside in the horizontal direction.
At this time, the seal 22 can be seen through the head tilt
setting device 19. And, as the same as the case of taking a
lateral head and neck radiograph, using the angle scale 19a of
the head tilt setting device 19, the straight line connecting the
porion with the orbitale is set at the same angle as in the case
of'taking the lateral head and neck radiograph. And, by taking
a radiograph at the position, the posteroanterior head and
neck radiograph can be taken under the state that the tilt in the
front-rear direction of the head 21 is the same as when taking
the lateral head and neck radiograph. For example, a lateral
head and neck radiograph and also a posteroanterior head and
neck radiograph can be taken at the position that the Frankfort
plane of the head 21 becomes parallel to the horizontal plane
(floor surface).

(3) A Method of Taking an Anteroposterior Head and Neck
Radiograph

[0262] A method of taking an anteroposterior head and
neck radiograph is the same as the method of taking a poster-
oanterior head and neck radiograph, except that the head 21 is
positioned so that the face of the head 21 faces to the X-ray
generator 11.

[0263] By the cephalometric radiographic apparatus
according to the ninth embodiment, the following various
advantages can be obtained. That is, using the head tilt setting
device 19, the tilt in the front-rear direction of the head 21 at
the time of taking a radiograph can be set at the intended tilt.
By this, a lateral head and neck radiograph, a posteroanterior
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head and neck radiograph, an anteroposterior head and neck
radiograph, a head and neck radiograph in any direction
between the posteroanterior direction and anteroposterior
direction, etc. can be taken easily and with high reproducibil-
ity under the same state of the tilt in the front-rear direction of
the head 21 of a subject. For this, it is possible to improve
reliability of detection of the positions of the center of the
body of the hyoid bone, S, Go, Me and Cd based on lateral
head and neck radiography, posteroanterior head and neck
radiography and anteroposterior head and neck radiography
in the methods of deciding the risk of obstructive sleep apnea
syndrome or the methods of deciding sinking of the hyoid
bone according to the first to the second embodiments, result-
ing improvement of reliability of the decision of the risk of
obstructive sleep apnea syndrome or the decision of sinking
of the hyoid bone. Furthermore, for example, when taking a
lateral head and neck radiograph or a posteroanterior head
and neck radiograph at different time, for example, when
taking a radiograph one year after from a certain time taking
a radiograph, a radiograph can be taken under the same state
of the tilt in the front-rear direction of the head 21. Like this,
because of being able to take a radiograph any time under the
same tilt in the front-rear direction of the head 21, the super-
position of a lateral head and neck radiograph or an antero-
posterior head and neck radiograph can be made easily. By
this, the aging of the hyoid bone or the maxilla and mandible
of the head 21 can be investigated correctly, and the growth
and development or change of the position of the hyoid bone
or the growth and development of the maxilla and mandible
can be investigated correctly.

EXAMPLE 3

[0264] By using the head tilt setting device 19, the lateral
head and neck radiographs and the posteroanterior head and
neck radiographs of the subjects 23 and 24 were taken at the
position that the Frankfort plane of the head 21 is parallel to
the floor surface. The radiographs were taken at centric occlu-
sion or a position near to it. FIG. 45 and FIG. 47 show the
lateral head and neck radiograph of the subjects 23 and 24,
respectively. Here, the lateral white lines seen in FIG. 45 and
FIG. 47 are the images of the horizontal plate 20 provided at
the bottom edge of the head tilt setting device 19, and show
the Frankfort plane. Also, FIG. 46 and FIG. 48 show the
posteroanterior head and neck radiographs of the subjects 23
and 24, respectively.

[0265] From FIG. 45 to FIG. 48, of all of these subjects 23
and 24, it is known that the lateral head and neck radiographs
and the anteroposterior head and neck radiographs can be
taken at the position that the Frankfort plane of the head is
parallel to the floor surface.

10. The Tenth Embodiment>

[0266] The methods of deciding the risk of obstructive
sleep apnea syndrome according to the first to the fourth
embodiments are methods of deciding the risk of becoming
OSAS in view of the position of the hyoid bone. It is more
effective to combine the methods with a method of deciding
the risk of obstructive sleep apnea syndrome which decides
the risk of becoming OSAS in view of skeletal pattern of the
jaw. Described now is the method of deciding the risk of
obstructive sleep apnea syndrome which decides the risk of
becoming OSAS in view of skeletal pattern of the jaw.
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[0267] In the process of earnest study, the inventor of the
present invention measured the distances between the specific
measured points in a cephalometric radiogram for patients
who were diagnosed as obstructive sleep apnea syndrome and
subjects without respiratory disorder and found that the dis-
tribution of the numerals obtained by calculation based on the
special equations using the distances was definitely different
between them.

[0268] More specifically, according to the method of decid-
ing the risk of obstructive sleep apnea syndrom comprises
steps of:

[0269] using distances selected from a group consisting of
the distance (S-A) between S and A, the distance (S-B)
between S and B, the distance (Go-A) between Go and A, the
distance (Go-B) between Go and B, the distance (Go-Me)
between Go and Me and the distance (Cd-Go) between Cd
and Go which are measured by cephalometric radiography of
a subject,

[0270] calculating P by at least one equation among equa-
tions (1) to (6),

[0271] or

[0272] when calculating P by the equation (1) or (2), further
omitting the figures of the fourth decimal place and under of
P/4 and calculating

O=(Pr4)x1000,

[0273] when calculating P by the equation (3), further omit-
ting the figures of the fourth decimal place and under of P and
calculating

O=(P-[P])x1000 ([ ] denotes Gauss’s symbol) (where
2.000=P<3.000)

or

O=(P-([P]+1))x1000 ([ ] denotes Gauss’s symbol)
(where P<2.000),

[0274] when calculating P by equation (5) or (6), further
omitting the figures of the fourth decimal place and under of
P and calculating

Q=Px1000; and

[0275] deciding therisk of obstructive sleep apnea syndrom
of the subject by comparing the calculated P or Q with the
predetermined value, respectively.

P=((S-B)+(Go-B)+(Cd-Go))/(5-4) (1)
P=((S-B)+(Go-Me)+(Cd-Go))/(S-4) 2)
P=((S-B)+(Go-Me))/(5-4) 3)
P=(Go-4)-(Go-B) (©)]
P=((Go-4)~(Go-B))/(Go-4) (5)
P=((Go-4)~(Go-B))/(Go-B) (6)

[0276] With respectto processing of the decimal of P/4 or P,

any method other than the method omitting the figures of the
fourth decimal place and under may be used.

[0277] Here, S, A, B, Go, Me and Cd are measured points to
be obtained by cephalometric radiography. The positions of
each measured point are shown in FIG. 49. S, Go, Me and Cd
are described previously. “A” is an abbreviation of the point
A, and is the deepest point on the median sagittal plane
between ANS (the forefront of the anterior nasal spine, an
abbreviation of an anterior nasal spine which is the forefront
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part of the palatine shelf of maxilla) and the Prosthion which
is the most frontal point of an alveolar process between the
upper central incisors. “B” is an abbreviation of the point B,
and is the deepest point between the Infradentale, the most
front point of an alveolar process between the lower central
incisors and pogonion (the most protruding point of protu-
berantia mentalis of the mandible for the Frankfort plane).
Although the details will be described later, the equation (3)
can be more generally expressed by an equation P=((S-X,)+
(Go-X))/(S-A) using the distance (S-X,) between S and X,(i
is aninteger from 1to 4. X,=B, X,=Pog, X,=Gnand X ,=Me.)
and the distance (Go-X;) between Go and X (j is an integer
from 1 to 4. j=i or j=i.).

[0278] The inventor of the present invention measured the
distances (S-A), (S-B), (Go-B) and (Cd-Go) in cephalometric
radiograms of many patients of obstructive sleep apnea syn-
drom and calculated the quation (1). As a result, it was found
that the majority of the patients of obstructive sleep apnea
syndrom were to be in the range of 2.800=<P<3.200. This was
the same for the case where the distances (S-A), (S-B), (Go-
Me) and (Cd-Go) were measured and the equation (2) is
calculated. As the index for deciding the risk of obstructive
sleep apnea syndrom, P itself may be used, but the presenta-
tion of integers is easy to understand. For this, typically, for
example, after calculating P, further omitting the figures of the
fourth decimal place and under of P/4,

O=(P/4)x1000

is calculated. For example, when P=2.924, Q=(P/4)x1000=
(2.924/4)x1000=0.731x1000=731.

[0279] Onthe other hand, the inventor of the present inven-
tion measured the distances (S-A), (S-B) and (Go-Me) in
cephalometric radiograms of many patients of obstructive
sleep apnea syndrome, and calculated the equation (3). As a
result, it was found that for the patients of obstructive sleep
apnea syndrome

P=((S-B)+(Go-Me))/(S-4)=2.XYZ

[0280] (X,Y and Z are integers of 0 to 9).

In other words, P of the majority of the patients is in the range
01'2.000=P<3.000, especially in the range of 2.000=P<2.500.
However, for a few patients it may become P<2.000. In this
case, as the index for deciding the risk of obstructive sleep
apnea syndrome, P itself may be used, but presentation of
integers is easy to understand. For this, in case of 2.000=P<3.
000, typically, after calculating P, further omitting the figures
of the fourth decimal place and under, Q=(P-[P])x1000 is
calculated. [P] denotes omitting decimal places of P, there-
fore, P-[P] denotes taking out the decimal places of P. Q=(P-
[P])x1000 denotes multiplying the decimal places taken out
in this way by 1000 times. In this case, it becomes P-[P]=2.
XYZ-[2XYZ]=2.XYZ-2=0.XYZ. Therefore, it becomes
Q=(P-[P])x1000=XYZ, and becomes integers equal to or
larger than 0 and equal to or less than 999. For example, when
P=2.212, it becomes P=(P-[P])x1000=(2.212-[2.212])x
1000=(2.212-2)x1000=0.212x1000=212. P-[P] or numer-
als XYZ multiplied P-[P] by 1000 times can be considered
numerals which evaluate the ratio of the size of the mandible
for the maxilla in the profile of a head.

[0281] When P is calculated by the equation (4), as P has
the unit of length, it is possible to use the length P directly as
the index for deciding the risk of obstructive sleep apnea
syndrome.
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[0282] When P is calculated by the equation (5) or (6), for
example, the figures of the fourth decimal place and under of
P are further omitted and

0=Px1000

is calculated.

[0283] The method of deciding the risk of obstructive sleep
apnea syndrome can be easily carried out by a computer
having at least one of the predetermined programs including
the equations of P and Q. Kinds of the computer are not
limited and may be any one of a desk top type, a lap top type,
various mobile terminals such as a tablet terminal etc. The
programs can be stored in various computer-readable record-
ing media such as a CD-ROM etc., or, can be provided
through electrical communication line such as internet. In the
computer, as the necessary data for calculation, for example,
the distances selected from a group consisting of the distances
(8-A), (S-B), (Go-A), (Go-B), (Go-Me) and (Cd-Go) in a
cephalometric radiogram are entered. Or taking in the image
data to be obtained by cephalometric radiography in the com-
puter, and from the image data, measuring the coordinates of
S, A, B, Go, Cd and Me, from the measured coordinates, the
distances (S-A), (S-B), (Go-A), (Go-B), (Go-Me) and (Cd-
Go) are obtained by calculations, then using the distances P
and Q are calculated by the equations. Typically, for example,
lateral cephalometric radiography of the subject is carried out
using the X-ray diagnostic system with the computer having
the program and the method of deciding the risk of obstruc-
tive sleep apnea syndrome is carried out based on the result.
The computer and the X-ray diagnostic system may be con-
nected by cable communications or radio communications.
[0284] More specifically, according to the method of decid-
ing the risk of obstructive sleep apnea syndrome, decision of
the risk is carried out based on the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments and further, by using the distance
selected from a group consisting of the distance (S-A)
between S and A, the distance (S-B) between S and B, the
distance (Go-A) between Go and A, the distance (Go-B)
between Go and B, the distance (Go-Me) between Go and Me
and the distance (Cd-Go) between Cd and Go which are
measured by cephalometric radiography of a subject, P is
calculated by at least one of the equations (1) to (6), or Q is
calculated by using P, and by comparing the calculated P or Q
with the predetermined value, decision of the risk of obstruc-
tive sleep apnea syndrome of the subject is carried out.
[0285] The method of deciding the risk of obstructive sleep
apnea syndrome according to the tenth embodiment based on
lateral cephmalometric radiography of a subject is specifi-
cally described.

[0286] FIG. 50 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0287] Before making the calculation, taking a cephalom-
etric radiogram of a subject to be decided the risk of becoming
OSAS, the distance (Go-A) between Go and A and the dis-
tance (Go-B) between Go and B are measured. The measure-
ment of the distances can be easily carried out by using S, Go
and Me which are detected by, for example, entering the
coordinate data of measured points of A, B and Go on the
cephalometric radiogram by using a pen tablet or a digitizer,
or by displaying the image on the display connected with a
computer, moving the cursor to S, Go and Me and clicking on
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the display by a mouse, or by touching S, Go and Me by
fingers of the hand, a touch pen, etc. when the touch panel
display is used. Or, by taking the image data to be obtained by
cephalometric radiography in a computer and measuring the
coordinates of A, B and Go from the image data, the distances
(Go-A) and (Go-B) may be obtained by calculation from the
measured coordinates.

[0288] As shown in FIG. 50, in step S81, the distances
(Go-A) and (Go-B) which are measured as described above
are entered.

[0289] In step S82, from the entered distances (Go-A) and
(Go-B), P is calculated according to

P=(Go-4)-(Go-B).

[0290] In step S83, from P which is obtained by the above
calculation, it is decided whether P=C, or not.

[0291] When P=C,, it is decided in step S84 that the risk of
becoming OSAS is high. For example, when P=7 mm, it is
decided that the risk of becoming OSAS is high. In this case,
further, when P=10 mm, for example, it may be decided that
the risk of becoming OSAS is especially high.

[0292] In step S85, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.
[0293] When it is decided in step S83 that P=C, does not
hold, in other words, P<C, holds, itis decided in step S86 that
the risk of becoming OSAS is low.

[0294] In step S87, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 4

[0295] Taken were cephalometric radiograms of twenty
three patients who were diagnosed a serious illness, a medium
illness or a slight illness by carrying out examination of
OSAS by PSG. Radiography was carried out at centric occlu-
sion or a position near to it (hereafter the same). Tracings were
made based on the cephalometric radiograms, the distances
(Go-A) and (Go-B) were measured and P=(Go-A)-(Go-B)
was calculated.

[0296] Tracings of the patients 31 to 53 are shown in FIG.
51 top FIG. 73. Distances measured from FIG. 51 to FIG. 73,
(Go-A), (Go-B), P=(Go-A)-(Go-B) and AHI (supine posi-
tion) and Sa0, (the lowest value) obtained by PSG are as
follows. With respect to the patient 33, SpO, (the lowest
value) is shown instead of SaO, (the lowest value). It is to be
noted thatthe patients 41,36, 37,48, 34,42, 49,51, 39, 45,43,
44, 33, 52, 32, 53 are the same as the patients 1 to 16,
respectively.

(Go-A) (Go-B) P Sa0,
Patient (mm) (mm) (mm) AHI (%)
31 79 66 13 70.4 87
32 86 71 15 71.2 71
33 77 65 12 41.1 68(Sp0>)
34 80 66 14 53.5 71
35 82 75 7 58.4 78
36 78 67 11 36.8 87
37 72 64 8 30.2 83
38 82 74 8 36.4 90
39 87 67 20 355 80
40 78 70 8 23.2 73
41 96 85 11 43.1 70
42 80 65 15 257 79
43 84 71 13 24.8 92
44 83 68 15 9.6 90
45 81 68 13 66.0 76



-continued

(Go-A) (Go-B) P Sa0,

Patient (mm) (mm) (mm) AHI (%)
46 85 70 15 6.2 90
47 72 60 12 37.9 78
48 82 70 12 62.9 73
49 82 72 10 1125 85
50 77 67 10 29.1 87
51 86 78 8 11.9 93
52 83 73 10 59.7 80
53 87 76 11 43.9 85

[0297] As acontrol group, twelve subjects 54 to 65 without

respiratory disorder were adopted. Cephalometric radio-
grams of the subjects 54 to 65 were taken. From the tracings
made based on the cephalometric radiograms the distances
(Go-A) and (Go-B) were measured and P=(Go-A)-(Go-B)
was calculated.

[0298] The tracings of the subjects 54 to 65 are shown in
FIG. 74 to FIG. 85. The distance (Go-A) and the distance
(Go-B) which were measured from FIG. 74 to FIG. 85 and
P=(Go-A)-(Go-B) are as follows.

(Go-A) (Go-B) P
Subject (mm) (mm) (mm)

54 77 78 -1
55 78 80 -2
56 85 80 5
57 78 76 2
58 74 73 1
39 79 80 -1
60 86 73 13
61 79 80 -1
62 81 74 7
63 83 72 11
64 78 69 9
65 87 70 17

[0299] FIG. 86 shows the result of plotting the values of
AHI and P of the patients 31 to 53. In FIG. 86, the values of P
of'the subjects 54 to 65 are plotted on the line of AHI=0. It is
understood from FIG. 86 that P of the subjects 54 to 65
distribute in the wide range from -2 mm to 17 mm, whereas
P of' the patients 31 to 53 distribute in the range from 7 mm to
20 mm in a concentrated way, and both distributions are quite
different. Therefore, by using the difference of distributions,
it is possible to decide the risk of OSAS by the value of P.

[0300] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the tenth
embodiment, based on the distances (Go-A) and (Go-B)
which are measured by cephalometric radiography, it is pos-
sible to decide the risk of becoming OSAS objectively and in
a short time with certain accuracy without depending on
experiences of a doctor, and by combining the result of deci-
sion with the result of decision by the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments, it is possible to decide the risk of
becoming OSAS with higher accuracy.

<11. The Eleventh Embodiment>

[0301] Intheeleventh embodiment, the method of deciding
the risk of obstructive sleep apnea syndrome is described.
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[0302] FIG. 87 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0303] As the same as the tenth embodiment, before carry-
ing out the method of deciding the risk of obstructive sleep
apnea syndrome, the distances (Go-A) and (Go-B) are mea-
sured.

[0304] As shown in FIG. 87, in step S101, the distances
(Go-A) and (Go-B) measured as described above are entered.
[0305] Instep S102, from the entered distances (Go-A) and
(Go-B), P is calculated according to

P=((Go-4)~(Go-B))(Go-A).

[0306] Instep S103, after the figures of the fourth decimal
place and under of P calculated as described above are omit-
ted and

0=Px1000

is calculated.

[0307] Instep S104, from Q obtained by the above calcu-
lation, it is decided whether Q=C, or not.

[0308] When Q=C,, it is decided in step S105 that the risk
of becoming OSAS is high. For example, when Q=85, it is
decided that the risk of becoming OSAS is high. In this case,
further, when Q=110, for example, it may be decided that the
risk of becoming OSAS is especially high.

[0309] In step S106, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.
[0310] When it is decided in step S104 that Q=C, does not
hold, in other words, Q<C, holds, it is decided in step S107
that the risk of becoming OSAS is low.

[0311] In step S108, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 5

[0312] From FIG. 51 to FIG. 73 which show the tracings
made based on the cephalometric radiograms of the patients
31 to 53 the distances (Go-A) and (Go-B) were measured,
P=((Go-A)-(Go-B))/(Go-A) was calculated and Q=Px1000
was calculated.

[0313] Thedistance (Go-A) and the distance (Go-B) which
were measured from FIG. 51 to FIG. 73 and Q are as follows.
AHI and Sao, or SpO, of the patients 31 to 53 obtained by
PSG were the same as the Example 4.

(Go-A) (Go-B)

Patient (mm) (mm) Q
31 79 66 164
32 86 71 174
33 77 65 155
34 80 66 175
35 82 75 85
36 78 67 141
37 72 64 111
38 82 74 98
39 87 67 229
40 78 70 102
41 96 85 114
42 80 65 187
43 84 71 154
44 83 68 180
45 81 68 160
46 85 70 176
47 72 60 166
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(Go-A) (Go-B)
Patient (mm) (mm) Q
48 82 70 146
49 82 72 121
50 77 67 129
51 86 78 93
52 83 73 120
53 87 76 126
[0314] As a control group, the subjects 54 to 65 were

adopted. From FIG. 74 to FIG. 85 which show the tracings
made based on the cephalometric radiograms of the subjects
54 to 65 the distances (Go-A) and (Go-B) were measured,
P=((Go-A)-(Go-B))/(Go-A) was calculated and Q=Px1000
was calculated.

[0315] Thedistance (Go-A) and the distance (Go-B) which
were measured from FIG. 74 to FIG. 85 and Q are as follows.

(Go-A) (Go-B)

Subject (mm) (mm) Q
54 77 78 -12
55 78 80 =25
56 85 80 58
57 78 76 25
58 74 73 13
39 79 80 -12
60 86 73 151
61 79 80 -12
62 81 74 86
63 83 72 132
64 78 69 115
65 87 70 195

[0316] FIG. 88 shows the result of plotting the values of
AHI and Q of'the patients 31 to 53. In FIG. 88, the values of
Q of'the subjects 54 to 65 are plotted on the line of AHI=0. It
is understood from FIG. 88 that Q of the subjects 54 to 65
distribute in the wide range from -25 to 195, whereas Q of the
patients 31 to 53 distribute in the range from 85 to 229 in a
concentrated manner, and both distributions are quite difter-
ent. Therefore, by using the difference of distributions, it is
possible to decide the risk of OSAS by the value of Q.

[0317] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the eleventh
embodiment, based on the distances (Go-A) and (Go-B)
which are measured by cephalometric radiography, it is pos-
sible to decide the risk of becoming OSAS objectively and in
a short time with certain accuracy without depending on
experiences of a doctor, and by combining the result of deci-
sion with the result of decision by the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments, it is possible to decide the risk of
becoming OSAS with higher accuracy.

12. The Twelfth Embodiment

[0318] In the twelfth embodiment, the method of deciding
the risk of obstructive sleep apnea syndrome is described.
[0319] FIG. 89 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are aerated according to the flow chart and are executed on a
computer.
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[0320] As the same as the tenth embodiment, before carry-
ing out the method of deciding the risk of obstructive sleep
apnea syndrome, the distances (Go-A) and (Go-B) are mea-
sured.

[0321] As shown in FIG. 89, in step S121, the distances
(Go-A) and (Go-B) measured as described above are entered.
[0322] Instep S122, from the entered distances (Go-A) and
(Go-B), P is calculated according to

P=((Go-4)~(Go-B))/(Go-B).

[0323] Instep S123, after the figures of the fourth decimal
place and under of P calculated as described above are omit-
ted and

0=Px1000

is calculated.

[0324] Instep S124, from P obtained by the above calcula-
tion, it is decided whether Q=C; or not.

[0325] When Q=C;, it is decided in step S125 that the risk
of becoming OSAS is high. For example, when Q=93, it is
decided that the risk of becoming OSAS is high. In this case,
further, when Q=110, for example, it may be decided that the
risk of becoming OSAS is especially high.

[0326] In step S126, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.
[0327] When it is decided in step S124 that Q=C; does not
hold, in other words, Q<Cj; holds, it is decided in step S127
that the risk of becoming OSAS is low.

[0328] In step S128, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 6

[0329] From FIG. 51 to FIG. 73 which show the tracings
made based on the cephalometric radiograms of the patients
31 to 53 the distances (Go-A) and (Go-B) were measured,
P=((Go-A)-(Go-B))/(Go-B) was calculated and Q=Px1000
was calculated.

[0330] Thedistance (Go-A) and the distance (Go-B) which
were measured from FIG. 51 to FIG. 73 and Q are as follows.
AHI and Sao, or SpO, of the patients 31 to 53 obtained by
PSG were the same as the Example 4.

(Go-A) (Go-B)

Patient (mm) (mm) Q
31 79 66 196
32 86 71 211
33 77 65 184
34 80 66 212
35 82 75 93
36 78 67 164
37 72 64 125
38 82 74 108
39 87 67 298
40 78 70 114
41 96 85 129
42 80 65 230
43 84 71 183
44 83 68 220
45 81 68 191
46 85 70 214
47 72 60 200
48 82 70 171
49 82 72 138
50 77 67 149
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-continued
(Go-A) (Go-B)
Patient (mm) (mm) Q
51 86 78 102
52 83 73 136
53 87 76 144
[0331] As a control group, the subjects 54 to 65 were

adopted. From FIG. 74 to FIG. 85 which show the tracings
made based on the cephalometric radiograms of the subjects
54 to 65 the distances (Go-A) and (Go-B) were measured,
P=((Go-A)-(Go-B))/(Go-B) was calculated and Q=Px1000
was calculated.

[0332] Thedistance (Go-A) and the distance (Go-B) which
were measured from FIG. 74 to FIG. 85 and Q are as follows.

(Go-A) (Go-B)

Subject (mm) (mm) Q
54 77 78 -12
55 78 80 =25
56 85 80 62
57 78 76 26
58 74 73 13
39 79 80 -12
60 86 73 178
61 79 80 -12
62 81 74 94
63 83 72 152
64 78 69 130
65 87 70 242

[0333] FIG. 90 shows the result of plotting the values of
AHI and Q of'the patients 31 to 53. In FIG. 90, the values of
Q of'the subjects 54 to 65 are plotted on the line of AHI=0. It
is understood from FIG. 90 that Q of the subjects 54 to 65
distribute in the wide range from -25 to 195, whereas Q of the
patients 31 to 53 distribute in the range from 93 to 298 in a
concentrated way, and both distributions are quite different.
Therefore, by using the difference of distributions, it is pos-
sible to decide the risk of OSAS by the value of Q.

[0334] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the twelfth
embodiment, based on the distances (Go-A) and (Go-B)
which are measured by cephalometric radiography, it is pos-
sible to decide the risk of becoming OSAS objectively and in
a short time with certain accuracy without depending on
experiences of a doctor, and by combining the result of deci-
sion with the result of decision by the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments, it is possible to decide the risk of
becoming OSAS with higher accuracy.

13. The Thirteenth Embodiment

[0335] In the thirteenth embodiment, the method of decid-
ing the risk of obstructive sleep apnea syndrome is described.
[0336] FIG. 91 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0337] As the same as the tenth embodiment, before carry-
ing out the method of deciding the risk of obstructive sleep
apnea syndrome, the distances (S-A), (S-B), (Go-B) and (Cd-
Go) are measured.
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[0338] As shown in FIG. 91, in step S141, the distances
(S-A), (S-B), (Go-B) and (Cd-Go) which are measured as
described above are entered.

[0339] In step S142, from the entered distances (S-A),
(S-B), (Go-B) and (Cd-Go), P is calculated according to

P=((S-B)+(Go-B)+(Cd-Go))/(S-A).

[0340] In step S143, after P/4 is calculated from P calcu-
lated as described above and the figures of the fourth decimal
place and under of P/4 are omitted and

O=(P/4)-1000

is calculated.

[0341] In step S144, from Q obtained by the above calcu-
lation, it is decided whether Q=C, or not.

[0342] When Q=C,, it is decided in step S145 that the risk
of becoming OSAS is high. For example, when Q=693, it is
decided that the risk of becoming OSAS is high. In this case,
further, when Q=720, for example, it may be decided that the
risk of becoming OSAS is especially high.

[0343] In step S146, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.
[0344] When it is decided in step S144 that Q=C, does not
hold, in other words, Q<C,, it is decided in step S147 that the
risk of becoming OSAS is low.

[0345] In step S148, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 7

[0346] From FIG. 51 to FIG. 73 which show the tracings
made based on the cephalometric radiograms of the patients
31 to 53 the distances (S-A), (S-B), (Go-B) and (Cd-Go) were
measured, P=((S-B)+(Go-B)+(Cd-Go))/(S-A) was calcu-
lated and Q=(P/4)x1000 was calculated.

[0347] The distances (S-A), (S-B), (Go-B) and (Cd-Go)
which were measured from FIG. 51 to FIG. 73 and Q were as
follows. AHI and Sao, or SpO, of the patients 31 to 53 were
the same as the Example 4.

(S-A)  (S-B) (Go-B)  (Cd-Go)
Patient (mm) (mm) (mm) (mm) Q
31 75 106 66 68 800
32 83 111 71 67 750
33 77 104 65 63 753
34 79 103 66 60 724
35 84 117 75 64 761
36 78 108 67 60 753
37 79 102 64 60 715
38 89 121 74 71 747
39 83 111 67 68 740
40 80 111 70 59 750
41 88 115 85 65 752
) 80 105 65 68 743
43 83 109 71 64 734
4 83 111 68 60 719
45 79 103 68 66 750
46 84 108 70 61 711
47 70 108 60 61 760
48 70 97 70 56 717
49 85 115 72 59 756
50 77 101 67 60 693
51 80 107 78 48 747
52 85 113 73 63 731
53 83 111 76 59 773
[0348] As a control group, the subjects 54 to 65 were

adopted. From FIG. 74 to FIG. 85 which show the tracings
made based on the cephalometric radiograms of the subjects



US 2015/0320379 Al

5410 65 the distances (S-A), (S-B), (Go-B) and (Cd-Go) were
measured, P=((S-B)+(Go-B)+(Cd-Go))/(S-A) were calcu-
lated and Q=(P/4)x1000 was calculated.

[0349] The distances (S-A), (S-B), (Go-B) and (Cd-Go)
which were measured from FIG. 74 to FIG. 85 and Q were as
follows.

(S-A) (S-B) (Go-B) (Cd-Go)

Subject (mm) (mm) (mm) (mm) Q
54 78 123 78 60 836
55 83 123 80 68 816
56 88 126 80 66 772
57 85 119 76 67 770
58 75 109 73 59 803
59 87 128 80 68 793
60 86 111 73 57 700
61 90 127 80 65 755
62 79 105 74 50 724
63 81 103 72 64 737
64 81 108 69 63 740
65 91 115 70 70 670

[0350] FIG. 92 shows the result of plotting the values of
AHI and Q of the patients 31 to 53. In FIG. 92, the values of
Q of'the subjects 54 to 65 are plotted on the line of AHI=0. It
is understood from FIG. 92 that Q of the subjects 54 to 65
distribute in the wide range from 670 to 836, whereas Q of the
patients 31 to 53 distribute in the range from 693 to 800 in a
concentrated way, and both distributions are quite different.
Therefore, by using the difference of distributions, it is pos-
sible to decide the risk of OSAS by the value of Q.

[0351] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the thirteenth
embodiment, based on the distances (S-A), (S-B), (Go-B)and
(Cd-Go) which are measured by cephalometric radiography,
itis possible to decide the risk of becoming OSAS objectively
and in a short time with certain accuracy without depending
on experiences of a doctor, and by combining the result of
decision with the result of decision by the methods of decid-
ing the risk of obstructive sleep apnea syndrome according to
the first to the fourth embodiments, it is possible to decide the
risk of becoming OSAS with higher accuracy.

<14. The Fourteenth Embodiment>

[0352] In the fourteenth embodiment, the method of decid-
ing the risk of obstructive sleep apnea syndrome is described.
[0353] FIG. 93 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0354] As the same as the tenth embodiment, before carry-
ing out the method of deciding the risk of obstructive sleep
apnea syndrome, the distances (S-A), (S-B), (Go-Me) and
(Cd-Go) are measured.

[0355] As shown in FIG. 93, in step S161, the distances
(S-A), (8-B), (Go-Me) and (Cd-Go) which are measured as
described above are entered.

[0356] In step S162, from the entered distances (S-A),
(8-B), (Go-Me) and (Cd-Go), P is calculated according to

P=((S-B)+(Go-Me)+(Cd-Go))/(S-A).

[0357] In step S163, after P/4 is calculated from P calcu-
lated as described above and the figures of the fourth decimal
place and under of P/4 are omitted and

O=(P/4)x1000

is calculated.
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[0358] In step S164, from Q obtained by the above calcu-
lation, it is decided whether Q=C; or not.

[0359] When Q<Cs;, it is decided in step S165 that the risk
of becoming OSAS is high. For example, when Q=703, it is
decided that the risk of becoming OSAS is high. In this case,
further, when Q=720, for example, it may be decided that the
risk of becoming OSAS is especially high.

[0360] In step S166, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.

[0361] When it is decided in step S164 that Q=C, does not
hold, in other words, Q<Cj, it is decided in step S167 that the
risk of becoming OSAS is low.

[0362] In step S168, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 8

[0363] From FIG. 51 to FIG. 73 which show the tracings
made based on the cephalometric radiograms of the patients
31 to 53 the distances (S-A), (S-B), (Go-Me) and (Cd-Go)
were measured, P=((S-B)+(Go-Me)+(Cd-Go))/(S-A) was
calculated and Q=(P/4)x1000 was calculated.

[0364] The distances (S-A), (S-B), (Go-Me) and (Cd-Go)
which were measured from FIG. 51 to FIG. 73 and Q were as

follows. AHI and SaO, or SpO, of the patients 31 to 53
obtained by PSG were the same as the Example 4.

(S-A) (S-B) (Go-Me) (Cd-Go)

Patient (mm) (mm) (mm) (mm) Q
31 75 106 65 68 796
32 83 111 67 67 737
33 77 104 68 63 762
34 79 103 65 60 721
35 84 117 76 64 764
36 78 108 70 60 762
37 79 102 69 60 731
38 89 121 75 71 750
39 83 111 65 68 734
40 80 111 70 39 750
41 88 115 81 65 741
42 80 105 60 68 728
43 83 109 67 64 722
44 83 111 65 60 710
45 79 103 65 66 740
46 84 108 70 61 711
47 70 108 61 61 764
48 70 97 70 56 717
49 85 115 70 39 750
50 77 101 70 60 703
51 80 107 77 48 744
52 85 113 73 63 731
53 83 111 73 39 764

[0365] As a control group, the subjects 54 to 65 were
adopted. From FIG. 74 to FIG. 85 which show the tracings
made based on the cephalometric radiograms of the subjects
54 to 65 the distances (S-A), (S-B), (Go-Me) and (Cd-Go)
were measured, P=((S-B)+(Go-Me)+(Cd-Go))/(S-A) was
calculated and Q=(P/4)x1000 was calculated.

[0366] The distances (S-A), (S-B), (Go-Me) and (Cd-Go)
which were measured from FIG. 74 to FIG. 85 and Q are as
follows.
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(S-A)  (S-B) (Go-Me)  (Cd-Go)

Subject (mm) (mm) (mm) (mm) Q

54 78 123 78 60 836

55 83 123 81 68 819

56 88 126 78 66 767

57 85 119 77 67 773

58 75 109 70 59 793

59 87 128 80 68 793

60 86 111 69 57 688

61 90 127 80 65 755

62 79 105 73 50 721

63 81 103 70 64 731

64 81 108 68 63 737

65 91 115 65 70 656
[0367] FIG. 94 shows the result of plotting the values of

AHI and P of the patients 31 to 53. In FI1G. 94, the values of Q
of'the subjects 54 to 65 are plotted as the line of AHI=0. It is
understood from FIG. 94 that Q of the subjects 54 to 65
distribute in the wide range from 656 to 836, whereas Q of the
patients 31 to 53 distribute in the range from 710 to 796 in a
concentrated way, and both distributions are quite different.
Therefore, by using the difference of distributions, it is pos-
sible to decide the risk of OSAS by the value of Q.

[0368] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the fourteenth
embodiment, based on the distances (S-A), (S-B), (Go-Me)
and (Cd-Go) which are measured by cephalometric radiog-
raphy, it is possible to decide the risk of becoming OSAS
objectively and in a short time with certain accuracy without
depending on experiences of a doctor, and by combining the
result of decision with the result of decision by the methods of
deciding the risk of obstructive sleep apnea syndrome accord-
ing to the first to the fourth embodiments, it is possible to
decide the risk of becoming OSAS with higher accuracy.

15. The Fifteenth Embodiment

[0369] Inthe fifteenth embodiment, the method of deciding
the risk of obstructive sleep apnea syndrome is described.
[0370] FIG. 95 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0371] As the same as the tenth embodiment, before carry-
ing out the method of deciding the risk of obstructive sleep
apnea syndrome, the distances (S-A), (S-B) and (Go-Me) are
measured.

[0372] As shown in FIG. 95, in step S181, the distances
(S-A), (S-B) and (Go-Me) which are measured as described
above are entered.

[0373] In step S182, from the entered distances (S-A),
(S-B) and (Go-Me), P is calculated according to

P=((S-B)+(Go-Me))/(S-A).

[0374] In step S183, after the figures of the fourth decimal
place and under of P calculated as described above are omit-
ted and

O=(P-[P])x1000 (where 2.000=P<3.000)
or

O=(P—([P]+1)33 1000 (where P<2.000)

is calculated.
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[0375] In step S184, from Q obtained by the above calcu-
lation, it is decided whether Q=C or not.

[0376] When Q=C,, it is decided in step S186 that the risk
of becoming OSAS is high. For example, when Q=62, it is
decided that the risk of becoming OSAS is high. In this case,
further, when Q=120, it may be decided that the risk of
becoming OSAS is especially high.

[0377] In step S186, the result of decision that the risk of
becoming OSAS is high is output to, for example, the display.

[0378] When it is decided in step S184 that Q=C, does not
hold, in other words, Q<C, it is decided in step S187 that the
risk of becoming OSAS is low.

[0379] In step S188, the result of decision that the risk of
becoming OSAS is low is output to, for example, the display.

EXAMPLE 9

[0380] From FIG. 51 to FIG. 73 which show the tracings
made based on the cephalometric radiograms of the patients
31 to 53 the distances (S-A), (S-B) and (Go-Me) were mea-
sured, P=((S-B)+(Go-Me)/(S-A) was calculated and Q=(P-
[P)x1000 or Q=(P—([P]+1))x1000 was calculated.

[0381] The distances (S-A), (S-B) and (Go-Me) which
were measured from FIG. 51 to FIG. 73 and Q were as

follows. AHI and SaO, or SpO, of the patients 31 to 53
obtained by PSG were the same as the Example 4.

(S-A) (S-B) (Go-Me)
Patient (mm) (mm) (mm) Q
31 75 106 65 280
32 83 111 67 144
33 77 104 68 233
34 79 103 65 126
35 84 117 76 297
36 78 108 70 282
37 79 102 69 164
38 89 121 75 202
39 83 111 65 120
40 80 111 70 262
41 88 115 81 227
42 80 105 60 62
43 83 109 67 120
44 83 111 65 120
45 79 103 65 126
46 84 108 70 119
47 70 108 61 257
48 70 97 70 176
49 85 115 70 220
50 77 101 70 212
51 80 107 77 235
52 85 113 73 216
53 83 111 73 211
[0382] As a control group the subjects 54 to 65 were

adopted. From FIG. 73 which show the tracings made based
on the cephalometric radiograms of the subjects 54 to 65 the
distances (S-A), (S-B) and (Go-Me) were measured, P=((S-
B)+(Go-Me))/(S-A) was calculated and Q=(P-[P])x1000 or
Q=(P’([P]+1))x1000 was calculated.

[0383] The distances (S-A), (S-B) and (Go-Me) which
were measured from FIG. 51 to FIG. 73 and Q were as
follows.
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(S-A) (S-B) (Go-Me)
Subject (mm) (mm) (mm) Q
54 78 123 78 576
55 83 123 81 457
56 88 126 78 318
57 85 119 77 305
58 75 109 70 386
59 87 128 80 390
60 86 111 69 93
61 90 127 80 300
62 79 105 73 253
63 81 103 70 135
64 81 108 68 172
65 91 115 65 -22
[0384] FIG. 96 shows the result of plotting the values of

AHI and Q of the patients 31 to 53. In FIG. 96, the values of
Q of'the subjects 54 to 65 are plotted on the line of AHI=0. It
is understood from FIG. 96 that Q of the subjects 54 to 65
distribute in the wide range from -22 to 576, whereas Q of the
patients 31 to 53 distribute in the range from 62 to 297 in a
concentrated way, and both distributions are quite different.
Therefore, by using the difference of distributions, it is pos-
sible to decide the risk of OSAS by the value of Q.

[0385] Here, Q can be used as an index for deciding dishar-
mony of the maxilla and mandible and the degree of dishar-
mony of the maxilla and mandible can be classified according
to the values of Q. For example, the degree of disharmony of
the maxilla and mandible is classified into below O (class 1),
1 to 150 (class 2), 151 to 250 (class 3), 251 to 300 (class 4),
301to350(class 5), 351 to 400 (class 6) and above 401 (class
7) according to the value of Q. The class 1 corresponds to
serious disharmony of the maxilla and mandible and shows
dentofacial deformity. The class 2 shows medium to slight
disharmony of the maxilla and mandible. The class 3 corre-
sponds to the range that does not show disharmony of the
maxillaand mandible and is considered that the skeletal patter
is normal. The class 4 corresponds to slight disharmony ofthe
maxilla and mandible. The class 5 corresponds to slight to
medium disharmony of the maxilla and mandible. The class 6
corresponds to above medium disharmony of the maxilla and
mandible. The class 7 corresponds to serious disharmony of
the maxilla and mandible and shows dentofacial deformity.
With respect to the patients 1 to 23, eight patients belong to
the class 2, ten patients belong to the class 3, five patients
belong to the class 4 and no patient belongs to the classes 1,5
to 7. On the other hand, with respect to the subjects 24 to 35,
one subject belongs to the class 1, two subjects belong to the
class 2, one subject belongs to the class 3, two subjects belong
to the class 4, two subjects belong to the class 5, two subjects
belong to the class 6 and two subjects belong to the class 7. It
should be noted that Q of the subjects 24 to 35 evenly distrib-
ute over the classes 1 to 7, whereas Q of the patients 1 to 23
concentrate in the classes 2 to 4.

[0386] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the fifteenth
embodiment, based on the distances (S-A), (S-B) and (Go-
Me) which are measured by cephalometric radiography, it is
possible to decide the risk of becoming OSAS objectively and
in a short time with certain accuracy without depending on
experiences of a doctor, and by combining the result of deci-
sion with the result of decision by the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments, it is possible to decide the risk of
becoming OSAS with higher accuracy.
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16. The Sixteenth Embodiment

[0387] In the sixteenth embodiment, described is the
method of deciding the risk of obstructive sleep apnea syn-
drome in which the distance (S-A) between S and A, the
distance (S-X,) between S and X, (i is an integer from 1 to 4.
X,=B, X,=Pog, X;=Gn and X,=Me.) and the distance (Go-
X,) between Go and X, (j is an integer from 1 to 4. j=i or j=i.)
which are measured by cephalometric radiography of a sub-
ject are used and Q=(P-[P])x1000 or Q=(P-([P]+1))x1000
calculated by P=((S-X,)+(Go-X))/(S-A)(where the case of
X, =B and X =Me is excluded) is used as an OSAS index.
[0388] Here, S, A, B, Go, Pog, Gn and Me are measured
points to be obtained by cephalometric radiography. The
positions of each measured point are shown in FIG. 97. “Pog”
is an abbreviation of Pogonion, and is the most protruding
point of protuberantia mentalis of the mandible for the Frank-
fort plane. “Gn” is an abbreviation of Gnathion, and is a cross
point of the bone edge image of protuberantia mentalis and
the bisector of the angle between the facial plane (the line
connecting N (abbreviation of Nasion, and the front point of
the frontal suture of the nasal bone) and Pog) and the man-
dibular plane.

[0389] FIG. 98 shows a flow chart of the method of decid-
ing the risk of obstructive sleep apnea syndrome. Programs
are created according to the flow chart and are executed on a
computer.

[0390] Before making the calculation, taking a cephalom-
etric radiogram of a subject to be decided the risk of becoming
OSAS, the distance (S-A) between S and A, the distance
(8-X,) between S and X, and the distance (Go-X) between Go
and X are measured. The measurement of the distances can
be carried out as the same as the tenth embodiment.

[0391] As shown in FIG. 98, in step S201, the distances
(S-A), (8-X,) and (Go-X) which are measured as described
above are entered.

[0392] In step S202, from the entered distances (S-A),
(5-X,) and (Go-X)), P is calculated according to

P=((S-X)+(Go-X)))/(S-4).

[0393] Instep S203, after the figures of the fourth decimal
place and under of P calculated as described above are omit-
ted and

O=(P-[P])x1000 (where 2.000=P<3.000)
or

O=(P—([P]+1))x1000 (where P<2.000)

is calculated.

[0394] In step S204, the OSAS index Q calculated as
described above is output to, for example, the display.
[0395] When the OSAS index Q calculated as described
above is equal to or larger than the predetermined value C, it
can be decided in view of skeletal pattern of the jaw that the
risk of becoming OSAS is high. Cy can be determined as
needed, and is 62, for example.

[0396] Whenthe OSAS index Q is smaller than Cg, it can be
decided in view of skeletal pattern of the jaw that the risk of
becoming OSAS is low.

[0397] Generally, a doctor finally decides the risk of
becoming OSAS by using the result of other examinations
conventionally used to examine OSAS etc. in addition to the
OSAS index Q.
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[0398] According to the method of deciding the risk of
obstructive sleep apnea syndrome according to the sixteenth
embodiment, based on the distances (S-A),(S-X,) and (Go-
X;) which are measured by cephalometric radiography, it is
possible to decide the risk of becoming OSAS objectively and
in a short time with certain accuracy without depending on
experiences of a doctor, and by combining the result of deci-
sion with the result of decision by the methods of deciding the
risk of obstructive sleep apnea syndrome according to the first
to the fourth embodiments, it is possible to decide the risk of
becoming OSAS with higher accuracy.

17. The Seventeenth Embodiment

[0399] In the seventeenth embodiment, when the whole of
the body of the hyoid bone detected by lateral head and neck
radiography of the subject, not the center of the body of the
hyoid bone as in the first to the third embodiments, is included
in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me, it is decided that
there is no risk of obstrucive sleep apnea syndrome, when the
whole of the body of the hyoid bone is included in the area
below the perpendicular drawn toward the extended line of
the segment S-Go from Me, but not included in the area below
the perpendicular drawn toward the extended line of the seg-
ment Cd-Go from Me, it is decided that there is the risk of
obstructive sleep apnea syndrome, and when the whole of the
body of the hyoid bone is included in the area below the
perpendicular drawn toward the extended line of the segment
Cd-Go from Me, it is decided that the risk of obstructive sleep
apnea syndrome is higher. The case where the whole of the
body of the hyoid bone extends over the areas above and
below the perpendicular drawn toward the extended line of
the segments S-Go from Me is a borderline case and it is
decided that the risk of becoming obstructive sleep apnea
syndrome is high. Furthermore, the case where the whole of
the body of the hyoid bone extends over the areas above and
below the perpendicular drawn toward the extended line of
the segment Cd-Go from Me is also a borderline case and it is
decided that the risk of becoming obstructive sleep apnea
syndrome is higher.

[0400] Decision that which area the whole of the body of
the hyoid bone belongs to can be carried out as the same as the
first to the third embodiments.

[0401] According to the seventeenth embodiment, based on
the whole of the body of the hyoid bone, S, Go, Me and Cd
which are detected by lateral head and neck radiography;, it is
possible not only to decide the risk of becoming OSAS objec-
tively and in a short time with certain accuracy without
depending on experiences of a doctor but also to decide the
degree of the risk of becoming OSAS.

EXAMPLE 10

[0402] From FIG. 9 to FIG. 24 which show the tracings of
the patients 1 to 16 in the Example 1 the whole of the body of
the hyoid bone of the patients 1 to 16 were detected. As a
result, areas in which the whole of the body of the hyoid bone
locates were as follows.
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Area in which the Risk of
whole of the body of becoming
Patient the hyoid bone locates OSAS
1 area 3 yes(high)
2 area 3 yes(high)
3 area 2,3 yes(high)
4 areal, 2 probable
5 area 3 yes(high)
6 areal, 2 probable
7 area 2,3 yes(high)
8 area 2,3 yes(high)
9 area 2,3 yes(high)
10 area 3 yes(high)
11 area 2,3 yes(high)
12 areal, 2 probable
13 areal,2,3 probable
14 area 3 yes(high)
15 area 2,3 yes(high)
16 area 2,3 yes(high)

[0403] From FIG. 25 to FIG. 29 which show the tracings of
the subjects 17 to 21 the body of the hyoid bone of the subjects
17 to 21 was detected. As aresult, areas in which the whole of
the body of the hyoid bone were as follows.

Area in which the Risk of
center of the body of becoming
Subject the hyoid bone locates OSAS

17 area 1 no

18 area 1 no

19 area 1 no

20 area 1 no

21 area 1 no

[0404] As understood from the above result, by taking a
head and neck radiograph and detecting which of the areas 1,
2 and 3 the whole of the body of the hyoid bone locates from
the image or the radiograph, the risk of becoming OSAS can
be decided as the same the first to the third embodiments.

18. The Eighteenth Embodiment

[0405] In the eighteenth embodiment, instead of Me in the
first to the third embodiments Gn near to Me is used. That is,
in the eighteenth embodiment, when the center of the body of
the hyoid bone is included in the area above the perpendicular
drawn toward the extended line of the segment S-Go from Gn,
it is decided that there is no risk of obstructive sleep apnea
syndrome, when it is included in the area between the per-
pendicular drawn toward the extended line of the segment
S-Go from Gn and the perpendicular drawn toward the
extended line of the segment Cd-Go from Me, it is decided
that there is the risk of obstructive sleep apnea syndrome and
when it is included in the area below the perpendicular drawn
toward the extended line of the segment Cd-Go from Me, it is
decided that the risk of obstructive sleep apnea syndrome is
higher.

[0406] According to the eighteenth embodiment, the same
advantages as the first to the third embodiments can be
obtained.

19. The Nineteenth Embodiment

[0407] In the nineteenth embodiment, it is not decided
which area the center of the body of the hyoid bone belongs to
as in the eighteenth embodiment, but it is decided which area
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the whole of the body of the hyoid bone belongs to. That is, in
the nineteenth embodiment, when the whole of the body of
the hyoid bone is included in the area above the perpendicular
drawn toward the extended line of the segment S-Go from Gn,
it is decided that there is no risk of obstructive sleep apnea
syndrome, when it is included in the area below the perpen-
dicular drawn toward the extended line of the segment S-Go
from Gn, but it is not included in the area below the perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Gn, it is decided that there is the risk of obstructive sleep
apnea syndrome, and when itis included in the area below the
perpendicular drawn toward the extended line of the segment
Cd-Go from Gn, it is decided that the risk of obstructive sleep
apnea syndrome is higher.

[0408] According to the nineteenth embodiment, the same
advantage as the seventeenth embodiment can be obtained.

20. The Twentieth Embodiment

[0409] In the twentieth embodiment, instead of Me in the
first to the third embodiments, Pog near to Me is used. That is,
in the twentieth embodiment, when the center of the body of
the hyoid bone is included in the area above the perpendicular
drawn toward the extended line of the segment S-Go from
Pog, it is decided that there is no risk of obstructive sleep
apnea syndrome, when it is included in the area between the
perpendicular drawn toward the extended line of the segment
S-Go from Pog and the perpendicular drawn toward the
extended line of the segment Cd-Go from Pog, it is decided
that there is the risk of obstructive sleep apnea syndrome, and
when it is included in the area below the perpendicular drawn
toward the extended line of the segment Cd-Go from Pog, it is
decided that the risk of obstructive sleep apnea syndrome is
higher.

[0410] According to the twentieth embodiment, the same
advantage as the seventeenth embodiment can be obtained.

21. The Twenty-First Embodiment

[0411] It the twenty-first embodiment, it is not decided
which area the center of the body of the hyoid bone belongs to
as in the twentieth embodiment, but it is decided which area
the whole of the body of the hyoid bone belongs to. That is, in
the twenty-first embodiment, when the whole of the body of
the hyoid bone is included in the area above the perpendicular
drawn toward the extended line of the segment S-Go from
Pog, it is decided that there is no risk of obstructive sleep
apnea syndrome, when it is included in the area below the
perpendicular drawn toward the extended line of the segment
S-Go from Pog, but it is not included in the area below the
perpendicular drawn toward the extended line of the segment
Cd-Go from Pog, it is decided that there is the risk of obstruc-
tive sleep apnea syndrome, and when it is included in the area
below the perpendicular drawn toward the extended line of
the segment Cd-Go from Pog, it is decided that the risk of
obstructive sleep apnea syndrome is higher.

[0412] According to the twenty-first embodiment, the same
advantage as the seventeenth embodiment can be obtained.

22. The Twenty-Second Embodiment

[0413] In the twenty-second embodiment, a method of
making an oral appliance is described.

[0414] According to the method of making an oral appli-
ance, using at least the hyoid bone, S, Go and Me which are
detected by lateral head and neck radiography of a subject, it
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is decided whether the detected center of the body of the
hyoid bone is included in the area above the perpendicular
drawn toward the extended line of the segment S-Go from Me
or not. Or, by further using Cd detected by lateral head and
neck radiography of the subject, it is decided which area of the
area above the perpendicular drawn toward the extended line
of the segment S-Go from Me, the area between the perpen-
dicular drawn toward the extended line of the segment S-Go
from Me and the perpendicular drawn toward the extended
line of the segment Cd-Go from Me and the area below the
perpendicular drawn toward the extended line of the segment
Cd-Go from Me the center of the body of the hyoid bone is
included in.

[0415] Then, an oral appliance is made according to the
result of decision. More specifically, when it is decided that
the detected center of the body of the hyoid bone is not
included in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me, the oral appli-
ance is made so that when the oral appliance is attached in the
oral cavity of the subject, the hyoid bone is pulled up by
forward movement of the mandible for the maxilla and as a
result, the center of the body of the hyoid bone is included in
the area above the perpendicular drawn toward the extended
line of'the segment S-Go from Me. Or, when it is decided that
the detected center of the body of the hyoid bone is included
in the area between the perpendicular drawn toward the
extended line of the segment S-Go from Me and the perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me, the oral appliance is made so that when the oral
appliance is attached in the oral cavity of the subject, by
forward movement of the mandible for the maxilla, the center
of body of the hyoid bone is included in the area above the
perpendicular drawn toward the extended line of the segment
S-Go from Me. Furthermore, when it is decided that the
detected center of the body of the hyoid bone is included in
the area below the perpendicular drawn toward the extended
line of the segment Cd-Go from Me, the oral appliance is
made so that when the oral appliance is attached in the oral
cavity of the subject, by forward movement of the mandible
for the maxilla, the center of the body of the hyoid bone is
included in the area between the perpendicular drawn toward
the extended line of the segment S-Go from Me and the
perpendicular drawn toward the extended line of the segment
Cd-Go from Me or the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me. In this
case, it is possible to obtain the forward moving distance A of
the mandible relative to centric occlusion easily.

[0416] Then, respective plaster models of the maxillary
dentition and the mandibular dentition of the subject are
made. By using these plaster models, members for the max-
illa and mandible (splint) are made by harmless materials for
use in the oral cavity, typically resin. Finally, these members
for the maxilla and mandible are combined as one body. In
this case, these members for the maxilla and mandible are
combined as one body so that the mandible moves forward by
A obtained previously. In this way, the oral appliance of the
type of forward holding and fixing the mandible is made. As
resin, for example, acrylic resin can be used. An example of
the oral appliance is shown in FIG. 99A and FIG. 99B. Here,
FIG. 99B shows a cross sectional view of the part of the oral
appliance shown in FIG. 99A corresponding to the central
incisors. As shown in FIG. 99A and FIG. 99B, the oral appli-
ance 40 is comprised of a maxilla part 41 and a mandible part
42. The maxilla part 41 has a part for accommodating denti-
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tion 43 of the maxilla and the mandible part 42 has apart for
accommodating dentition 44 of the mandible. Reference
numeral 45 denotes the central incisors of the maxilla and
reference numeral 46 denotes the central incisors of the man-
dible. As shown in FIG. 99B, the mandible part 42 lies for-
ward by A+ relative to the maxilla part 41. Here, 8 shows the
distance between the maxilla front teeth and the mandibular
front teeth at centric occlusion. FIG. 100A illustrates the state
where the maxilla dentition is accommodated in the part for
accommodating dentition 43 of the maxilla part 41. FIG.
100B illustrates the state where the mandibular dentition is
accommodated in the part for accommodating dentition 44 of
the mandible part 42.

[0417] Members for the maxilla and mandible are generally
made after impression taking, preparation of plaster model,
etc., but it is possible to make them as follows. That is, first,
the maxilla dentition and the mandibular dentition are photo-
graphed by a camera from at least two directions and three-
dimensional images of the maxilla dentition and the man-
dibular dentition are obtained from the photographs. And
using the three-dimensional coordinate data obtained from
the three-dimensional images, the members for the maxilla
and mandible are made by a 3D printer.

[0418] Described above is the method of making an oral
appliance combining members for the maxilla and mandible
as one body, but it is possible to make an oral appliance having
members for the maxilla and mandible separated each other.
For example, first, members for the maxilla and mandible are
made as described above. Then, for example, a connecting
member is attached to sides of the member for the maxillaand
the member for the mandible so as to connect the both mem-
bers. In this case, the connecting member is attached so that
the mandible lies forward by A relative to the maxilla. The
connecting member may be rotatable around the both ends in
a constant angle range, or maybe elastic in a constant range.
[0419] Here, described is the result of experiment to exam-
ine that when the mandible moves forward relative to the
maxilla, how the hyoid bone moves.

[0420] FIG. 101, FIG. 102 and FIG. 103 show tracings
made based on lateral head and neck radiographs of a subject
66 taken at centric occlusion, edge to edge occlusion and a
position in which the mandible moves forward relative to
edge to edge occlusion, respectively. FIG. 104, FIG. 105 and
FIG. 106 show tracings made based on lateral head and neck
radiographs of a subject 67 taken at centric occlusion, edge to
edge occlusion and a position in which the mandible moves
forward relative to edge to edge occlusion, respectively. As
shown in FIG. 101, the center of the body of the hyoid bone of
the subject 66 locates near the borders of the area 1 and the
area 2 at centric occlusion and it is decided that the possibility
of resulting the risk of obstructive sleep apnea syndrome is
low. However, as shown in FIG. 102, at edge to edge occlu-
sion in which the mandible moves forward by several milli-
meters, the center of the body of the hyoid bone is completely
pulled up to the area 1. And, as shown in FIG. 103, at a
position in which the mandible moves forward further than
the edge to edge occlusion, the center of the body of the hyoid
bone is also included in the area 1. Furthermore, as shown in
FIG. 104, the center of the body of the hyoid bone of the
subject 66 locates near the borders of the area 2 and the area
3 at centric occlusion and it is decided that there is the risk of
obstructive sleep apnea syndrome or the risk is high. How-
ever, as shown in FIG. 105, at edge to edge occlusion in which
the mandible moves forward by several millimeters, the cen-
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ter of the body of the hyoid bone is completely pulled up to the
area 1. And, as shown in FIG. 106, at a position in which the
mandible moves forward further than edge to edge occlusion,
the center of the body of the hyoid bone is included in the area
1.

[0421] As described above, with respect to the subjects 66
and 67, it was possible to pull up the hyoid bone by moving
the mandible forward. Based on the result, for example, with
respectto the subjects 66 and 67, it can be decided that the oral
appliance may be made so that the mandible moves forward
by the same distance as FIG. 102 or FIG. 105. However, it is
not always possible for all subjects to pull up the hyoid bone
similarly by moving the mandible forward. And when the
mandible moves forward by the same distance, the moving
distance of the hyoid bone in the upward direction differs
among the subjects. Furthermore, for particular subjects, it is
almost impossible to pull up the hyoid bone by moving the
mandible forward. Therefore, when the oral appliance is
made, it is important to confirm previously the manner of
movement of the hyoid bone when the mandible moves for-
ward. In fact, for a certain subject, although the center of the
body of the hyoid bone was included in the area 2, the body of
the hyoid bone was pulled up by about 20 mm at a position in
which the mandible moves forward by 5 mm than edge to
edge occlusion and the center of the body of the hyoid bone
became included in the area In contrast to this, for another
subject, although the center of the body of the hyoid bone was
included in the area 3 at centric occlusion, the body of the
hyoid bone did not almost move even in a position in which
the mandible moved forward as much as possible than edge to
edge occlusion and the center of the body of the hyoid bone
remained in the area 3.

[0422] Here, explained is a data processor which is used to
carry out the methods of deciding the risk of obstructive sleep
apnea syndrome or the methods of deciding sinking of the
hyoid bone according to the first to the sixteenth embodi-
ments.

[0423] FIG. 107 shows an example of the data processor 50.
As shown in FIG. 107, the data processor 50 is comprised of
an auxiliary storage device 51, a memory 52, a CPU (Central
Processing Unit) 53 as a processing part, an input part 54, an
output part 55 and an input-output interface 56.

[0424] The auxiliary storage device 51 is a device to store
various kinds of information. For example, the auxiliary stor-
age device 51 is comprised of a hard disk, a ROM (Read Only
Memory), etc. The auxiliary storage device 51 stores a pro-
gram 111, a compiler 112 and an execution module 113.
[0425] The program 111 is a program (source program)
describing the processing on the flowcharts shown in FIG. 4,
FIG. 7, FIG. 8, FIG. 30, FI1G. 33 to FIG. 35, FIG. 50, FI1G. 87,
FIG. 89, FIG. 91, FIG. 93, FIG. 95, FIG. 97 or FIG. 98. The
compiler 112 compiles and links the program 111. The execu-
tion module 113 is a module which is compiled and linked by
the compiler 112.

[0426] The memory 52 is temporary storing means to store
various kinds of information, and is comprised of a RAM
(Random Access Memory), etc., for example. The CPU 53
executes various types of arithmetic processing such as addi-
tion, subtraction, multiplication and division, etc., and plays a
role executing the execution module 13 through the memory
52 and the input-output interface 56. The input part 54 is an
input device to enter various kinds of execution commands
etc. The output part 55 is an output device to output the
various kinds of execution results etc. The input-output inter-
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face 56 is to mediate the input-output between each compo-
sition element of the data processor 50.

[0427] Next, the operation of the data processor 50 com-
prised as described above is explained. First, the compile
commands entered from the input part 50 by an operator are
stored in the memory 52 through the input-output interface
56. In the memory 52, the program 111 of the auxiliary
storage device 51 is compiled and linked by the compiler 112,
and the execution module 113 which is a machine language
code is generated.

[0428] Next, by entering the execution commands from the
input part 54 by an operator, the CPU 53 loads the execution
module 113 in the memory 52. When the execution module
113 is loaded in the memory 52, by the CPU 53, each pro-
cessing on the flowcharts shown in FIG. 4, FIG. 7, FIG. 8,
FIG. 30, FIG. 33 to FIG. 35, FIG. 50, F1G. 87, FIG. 89, FIG.
91, FI1G. 93, FIG. 95, FIG. 97 or FIG. 98 is sequentially called
to the CPU 53 from the memory 52, after executing each
processing, the execution results are stored in the memory 52.
The execution results stored in the memory 52 are output to
the output part 55 through the input-output interface 56 by the
CPU 53.

[0429] Heretofore, embodiments and examples of the
present invention have been explained specifically. However,
the present invention is not limited to these embodiments and
examples, but contemplates various changes and modifica-
tions based on the technical idea of the present invention.

[0430] For example, numerical numbers, flowcharts, etc.
presented in the aforementioned embodiments and examples
are only examples, and the different numerical numbers,
flowcharts, etc. maybe used as necessary. Furthermore, as
needed, it may be possible to combine two or more of the
methods of deciding the risk of obstructive sleep apnea syn-
drome or the methods of deciding sinking of the hyoid bone
according to the first to the twenty-first embodiments.

[0431] As needed, it is possible to carry out decision of the
risk of obstructive sleep apnea syndrome or decision of sink-
ing of the hyoid bone by detecting the center of the body of the
hyoid bone, S, Go, Me and Cd by lateral head and neck
radiography of a subject and deciding which area of the area
above the perpendicular drawn toward the extended line of
the segment S-Go from Me, the area between the perpendicu-
lar drawn toward the extended line of the segment S-Go from
Me and the perpendicular drawn toward the extended line of
the segment Cd-Go from Me and the area below the perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me the detected center of the body of the hyoid bone is
included in. Furthermore, instead of Me shown in FIG. 1, itis
also possible to use Gn or Pog near to Me.

[0432] As needed, when the whole of the body of the hyoid
bone, not the center of the body of the hyoid bone, is included
in the area above the perpendicular drawn toward the
extended line of the segment S-Go from Me, it may be
decided that there is no risk of obstructive sleep apnea syn-
drome, when it is included in the area between the perpen-
dicular drawn toward the extended line of the segment S-Go
from Me and the perpendicular drawn toward the extended
line of the segment Cd-Go from Me, it maybe decided that
there is the risk of obstructive sleep apnea syndrome and
when it is included in the area below the perpendicular drawn
toward the extended line of the segment Cd-Go from Me, it
may be decided that the risk of obstructive sleep apnea syn-
drome is higher.
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[0433] Depending on circumstances, the center of the body
of the hyoid bone, S, Go Me and Cd are detected by lateral
head and neck radiography of a subject and when the detected
center of the body of the hyoid bone is included in the area
above an area between the perpendicular drawn toward the
extended line of the segment S-Go from Me and a straight line
apart from the perpendicular upward by a small distance d, for
example, 0<d<2 mm, it may be decided that there is no risk of
obstructive sleep apnea syndrome, and when it is included in
an area below the straight line, it may be decided that there is
the risk of obstructive sleep apnea syndrome. Or, for example,
the body of the hyoid bone, S, Go, Me and Cd are detected by
lateral head and neck radiography of the subject and when the
part of the body of the detected hyoid bone within the prede-
termined distance from the center of the body of the hyoid
bone in the vertical direction or the part of the body within the
predetermined distance from the upper edge or the lower edge
is included in the area above the perpendicular drawn toward
the extended line of the segment S-Go from Me, it may be
decided that there is no risk of obstructive sleep apnea syn-
drome and when it is included in the area below the straight
line, it may be decided that there is the risk of obstructive
sleep apnea syndrome.

[0434] As needed, it may be possible to detect the body of
the hyoid bone by methods other than lateral head and neck
radiography and obtain the center of the body. For example, it
may be possible to detect the body of the hyoid bone by
applying ultrasonic wave to the side of the neck of the subject
and obtain the center of the body.

[0435] As needed, instead of the segment Go-Me, the man-
dibular plane maybe also used. Furthermore, instead of the
perpendicular drawn toward the extended line of the segment
S-Go from Me or the perpendicular drawn toward the
extended line of the segment Cd-Go from Me, it may be
possible to use a straight line tilted for the perpendicular
drawn toward the extended line of the segment S-Go from Me
at the predetermined angle, for example, at an angle within
+5° ora straight line tilted for the perpendicular drawn toward
the extended line of the segment Cd-Go from Me at the
predetermined angle, for example, at an angle within +5°.
Furthermore, it may be possible to use other segments instead
of the segment S-Go or the segment Cd-Go. For example,
segments tilted for the segment S-Go or the segment Cd-Go at
the predetermined angle, for example, at an angle within £5°
may be used.

[0436] Furthermore, as the hyoid bone is generally consid-
ered to locate at a height of the same label as the third cervical
vertebra of the front neck, as needed, it may be possible to
detect the body of the hyoid bone, Me and the cervical verte-
brae by lateral head and neck radiography of the subject and
draw a straight line (the first straight line) connecting, for
example, Me and the end (the rear end) of the spinous process
of the third cervical vertebra. And, when the center of the
body of the hyoid bone is included in an area above the first
straight line, it may be decided that there is no risk of obstruc-
tive sleep apnea syndrome, and when it is included in an area
below the first straight line, it may be decided that there is the
risk of obstructive sleep apnea syndrome. In this case, it may
be possible to further draw a straight line (the second straight
line) connecting Me and the end (the rear end) of the spinous
process of the fourth cervical vertebra. And, when the center
of'the body of the hyoid bone is included in an area between
the first straight line and the second straight line, it may be
decided that there is the risk of obstructive sleep apnea syn-
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drome and when it is included in an area below the second
straight line, it may be decided that the risk of obstructive
sleep apnea syndrome is higher. It is also possible to decide
the risk of obstructive sleep apnea syndrome by deciding
which area the whole of the body of the hyoid bone, instead of
the center of the body of the hyoid bone, belongs to. It may be
also possible to use Gn or Pog instead of Me.

[0437] Itis well known that the ratio of the mandible occu-
pying the maxilla and mandible of patients of obstructive
sleep apnea syndrome tends to be small. Therefore, for
example, in FIG. 109, when the area of the triangle GoAB is
denoted as S, and the area of the triangle GoBM is denoted as
S,, for example, (S,/S,)x100 may be an index indicating the
ratio of the mandible, so it is possible to use it as an index for
deciding the risk of obstructive sleep apnea syndrome (OSAS
index). It is also possible to use Gn or Pog instead of Me.
[0438] As needed, it is also possible to draw a straight line
(the first straight line) connecting Me and an arbitrary point
on the thyroid cartilage, for example, the rear end of the upper
edge ofthe thyroid cartilage. And, when the center of the body
of'the hyoid bone is included in an area above the first straight
line or it is apart from the first straight line upward more than
the predetermined distance, it may be decided that there is no
risk of obstructive sleep apnea syndrome, and when it is
included in an area below the first straight line or it is not apart
from the first straight line upward more than the predeter-
mined distance, it may be decided that there is the risk of
obstructive sleep apnea syndrome. Or, it is also possible to
draw a straight line (the first straight line) connecting Me and
an arbitrary point on the glottis (rima glottidis, vestibular fold
and vocal fold). And, when the center of the body of the hyoid
bone is included in an area above the first straight line or it is
apart from the first straight line upward more than the prede-
termined distance, it may be decided that there is no risk of
obstructive sleep apnea syndrome, and when it is included in
an area below the first straight line or it is not apart from the
first straight line upward more than the predetermined dis-
tance, it may be decided that there is the risk of obstructive
sleep apnea syndrome. In these cases, it is possible to decide
the risk of obstructive sleep apnea syndrome by deciding
which area the whole of the body of the hyoid bone, instead of
the center of the body of the hyoid bone, belongs to. It is also
possible to use Gn or Pog instead of Me.

[0439] Furthermore, the hyoid bone observed by lateral
head and neck radiography differs in its tilting angle for the
horizontal plane depending on subjects. Therefore, the tilting
angle may contribute to decision of the risk of obstructive
sleep apnea syndrome. The hyoid bone observed by, for
example, posteroanterior head and neck radiography or
anteroposterior head and neck radiography may also differ in
its tilting angle for the horizontal plane depending on subjects
or deviate from the median plane to the right side or the left
side. Therefore, the tilting angle or the deviation may also
contribute to decision of the risk of obstructive sleep apnea
syndrome.

EXPLANATION OF REFERENCE NUMERALS

[0440] 11 X-ray generator
[0441] 11a X-ray tube

[0442] 12,13 Arm

[0443] 14 Arm control device
[0444] 15 X-ray detector
[0445] 16 Reference line
[0446] 17,18 Earrod
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[0447] 19 Head tilt setting device

[0448] 20 Horizontal plate

[0449] 21 Head

[0450] 22 Seal

[0451] 40 Oral appliance

[0452] 41 Maxilla part

[0453] 42 Mandible part

[0454] 43, 44 Part for accommodating dentition

1-32. (canceled)

33. A method of deciding the risk of obstructive sleep
apnea syndrome executed by a computer having a program
comprising a step of using at least the hyoid bone, sella S,
gonion Go and menton Me which are detected by lateral head
and neck radiography of a subject and deciding whether the
center of the body or the whole of the body of the detected
hyoid bone is included in an area above a perpendicular drawn
toward the extended line of the segment S-Go from Me or not.

34. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 33 wherein when the
center of the body or the whole of the body of the hyoid bone
is included in the area above the perpendicular drawn toward
the extended line of the segment S-Go from Me, it is decided
that there is no risk of obstructive sleep apnea syndrome, and
when the center of the body or the whole of the body of the
hyoid bone is included in an area below the perpendicular
drawn toward the extended line of the segment S-Go from
Me, it is decided that there is the risk of obstructive sleep
apnea syndrome.

35. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 33 wherein the method is
executed by a computer having a program comprising:

the first step of detecting at least the hyoid bone, S, Go and

Me by lateral head and neck radiography of the subject;
and

the second step of deciding whether the center of the body

or the whole of the body of the detected hyoid bone is
included in the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me
or not.

36. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 35 wherein in the second
step, it is decided whether the center of the body or the whole
of'the body of the detected hyoid bone is included in the inside
of'the first triangle formed by the extended line of the segment
S-Go, the perpendicular drawn toward the extended line of
the segment S-Go from Me and the segment Go-Me or not.

37. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 36 wherein in the first
step, condylion Cd is further detected by lateral head and neck
radiography ofthe subject and in the second step, itis decided
that which area of the inside of the first triangle, the inside of
the second triangle formed by the extended line of the seg-
ment Cd-Go, a perpendicular drawn toward the extended line
of'the segment Cd-Go from Me and the perpendicular drawn
toward the extended line of the segment S-Go from Me and an
area below the second triangle the center of the body or the
whole of the body of the detected hyoid bone is included in.

38. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 36 wherein when the
center of the body or the whole of the body of the hyoid bone
is included in the inside of the first triangle, it is decided that
there is no risk of obstructive sleep apnea syndrome, and
when the center of the body or the whole of the body of the
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hyoid bone is included in an area below the first triangle, it is
decided that there is the risk of obstructive sleep apnea syn-
drome.

39. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 37 wherein when the
center of the body or the whole of the body of the hyoid bone
is included in the inside of the first triangle, it is decided that
there is no risk of obstructive sleep apnea syndrome, and
when the center of the body or the whole of the body of the
hyoid bone is included in the inside of the second triangle or
an area below the second triangle, it is decided that there is the
risk of obstructive sleep apnea syndrome.

40. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 35 wherein in the first
step, condylion Cd is further detected by lateral head and neck
radiography of the subject and in the second step, it is decided
that which area of the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me, an
area between the perpendicular drawn toward the extended
line of'the segment S-Go from Me and a perpendicular drawn
toward the extended line of the segment Cd-Go from Me and
an area below a perpendicular drawn toward the extended line
of the segment Cd-Go from Me the center of the body or the
whole of the body of the detected hyoid bone is included in.

41. The method of deciding the risk of obstructive sleep
apnea syndrome according to claim 33 wherein the lateral
head and neck radiography is carried out by setting the tilt of
the head of the subject in the front-rear direction so that the
Frankfort plane of the head is parallel to the floor surface.

42. A method of deciding sinking of the hyoid bone
executed by a computer having a program comprising a step
of'using at least the hyoid bone, S, gonion Go and menton Me
which are detected by lateral head and neck radiography of a
subject and deciding whether the center of the body or the
whole of the body of the detected hyoid bone is included in an
area above a perpendicular drawn toward the extended line of
the segment S-Go from Me or not.

43. The method of deciding sinking of the hyoid bone
according to claim 42 wherein the method is executed by a
computer having a program comprising:

the first step of detecting at least the hyoid bone, S, Go and

Me by lateral head and neck radiography of the subject;
and

the second step of deciding whether the center of the body

or the whole of the body of the detected hyoid bone is
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included in the area above the perpendicular drawn
toward the extended line of the segment S-Go from Me
or not.

44. The method of deciding sinking of the hyoid bone
according to claim 43 wherein in the second step, it is decided
whether the center of the body or the whole of the body of the
detected hyoid bone is included in the inside of the first
triangle formed by the extended line of the segment S-Go, the
perpendicular drawn toward the extended line of the segment
S-Go from Me and the segment Go-Me or not.

45. The method of deciding sinking of the hyoid bone
according to claim 44 wherein in the first step, condylion Cd
is further detected by lateral head and neck radiography ofthe
subject and in the second step, it is decided that which area of
the inside of the first triangle, the inside of the second triangle
formed by the extended line of the segment Cd-Go, a perpen-
dicular drawn toward the extended line of the segment Cd-Go
from Me and the perpendicular drawn toward the extended
line of the segment S-Go from Me and an area below the
second triangle the center of the body or the whole of the body
of the detected hyoid bone is included in.

46. The method of deciding sinking of the hyoid bone
according to claim 43 wherein in the first step, condylion Cd
is further detected by lateral head and neck radiography ofthe
subject and in the second step, it is decided that which area of
the area above the perpendicular drawn toward the extended
line of the segment S-Go from Me, an area between the
perpendicular drawn toward the extended line of the segment
S-Go from Me and a perpendicular drawn toward the
extended line of the segment Cd-Go from Me and an area
below the perpendicular drawn toward the extended line of
the segment Cd-Go from Me the center of the body or the
whole of the body of the detected hyoid bone is included in.

47. A program for executing by a computer the method of
deciding the risk of obstructive sleep apnea syndrome accord-
ing to claim 33.

48. An x-ray diagnostic system comprising a computer
having a program according to claim 47.

49. A program for executing by a computer the method of
deciding sinking of the hyoid bone according to claim 42.

50. An x-ray diagnostic system comprising a computer
having a program according to claim 49.
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