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(57) ABSTRACT

An optical measuring instrument 1 is equipped with an opti-
cal system 20 to be used for measuring a characteristic of the
aqueous humor in the anterior chamber 13 of an eyeball 10 of
a measurement subject person and a holding unit 50 which
holds the optical system 20 etc. The optical system 20 is
equipped with a light emitting system 20 A and a photodetect-
ing system 20B. An optical path 28 is set so that light emitted
from the light emitting system 20A passes through (traverses)
the anterior chamber 13 and is detected by the photodetecting
system 20B in a state that the eyeball 10 is turned outward.
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EYEBALL OPTICAL MEASURING
INSTRUMENT, EYEBALL OPTICAL
MEASURING METHOD, AND METHOD FOR
IRRADIATING AN EYEBALL AND
DETECTING LIGHT COMING FROM
EYEBALL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation of International Application
No. PCT/IP2015/058351 filed on Mar. 19, 2015, and claims
priority from Japanese Patent Application No. 2014-059222,
filed on Mar. 20, 2014 and Japanese Patent Application No.
2015-046085, filed on Mar. 9, 2015.

TECHNICAL FIELD

[0002] The present invention relates to an eyeball optical
measuring instrument, an eyeball optical measuring method,
and a method for irradiating an eyeball and detecting light
coming from the eyeball.

SUMMARY OF THE INVENTION

[0003] According to an aspect of the invention, there is
provided an eyeball optical measuring instrument comprising
a light emission unit that emits light toward an anterior cham-
ber of an eyeball of a measurement subject person; a photo-
detection unit that detects the light that has passed through
aqueous humor in the anterior chamber; and a holding unit
that holds the light emission unit and the photodetection unit
at such positions that the light emitted from the light emission
unit passes through the anterior chamber and is detected by
the photodetection unit in a state that the eyeball is turned
outward.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 shows an example configuration of an optical
measuring instrument according to an exemplary embodi-
ment.

[0005] FIG. 2 illustrates a method for measuring a polar-
ization plane rotation angle (optical rotatory power) of opti-
cally active substances contained in the aqueous humor in the
anterior chamber by means of the optical measuring instru-
ment

[0006] FIG. 3 outlines an eyeball; part (a) of FIG. 3 is a
vertical sectional view of the eyeball 10 and part (b) of FIG. 3
shows the coordinate system for the eyeball.

[0007] FIG. 4 illustrates relationships between the eyeball
and optical paths; part (a) of FIG. 4 is a front view of the
eyeball, part (b) of FIG. 4 shows an optical path that occurs in
a state that the eyeball is directed to the front side, and part (c)
of FIG. 4 shows an optical path that occurs in a state that the
eyeball is turned outward.

[0008] FIG. 5 illustrates an example method for placing a
holding unit with respect to a face.

[0009] FIG. 6 is a flowchart for description of an optical
measuring method for measuring a concentration of an opti-
cally active substance contained in the aqueous humor in the
anterior chamber and a method for irradiating the eyeball and
detecting light coming from the eyeball.
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DESCRIPTION OF SYMBOLS

[0010] 1...Optical measuring instrument; 10 . . . Eye-
ball; 11 . . . Vitreous body; 12 . . . Crystalline lens; 13 . .
. Anterior chamber; 14 . . . Cornea; 15 . . . Pupil; 16 . . .
Retina; 20 . . . Optical system; 20A . . . Light emitting
system; 20B . . . Photodetecting system; 21 . . . Light
emitting unit; 22 . . . Polarizer; 23 . . . First mirror; 24 . .
. Second mirror; 25 . . . Compensator; 26 . . . Analyzer;
27 . . . Photodetecting unit; 28 . . . Optical path; 40 . . .
Control unit; 50 . . . Holding unit; 51 . . . Eyepiece
member; 60 . . . Calculation unit.

MODES FOR CARRYING OUT THE INVENTION

[0011] An exemplary embodiment of the present invention
will be hereinafter described with reference to the accompa-
nying drawings (optical measuring instrument 1).

[0012] FIG. 1 shows an example configuration of the opti-
cal measuring instrument 1 according to the exemplary
embodiment.

[0013] The optical measuring instrument 1 is equipped
with an optical system 20 to be used for measuring a charac-
teristic of the aqueous humor in the anterior chamber 13 of an
eyeball 10 of a measurement subject person, a control unit 40
for controlling the optical system 20, a holding unit 50 which
holds the optical system 20 and the control unit 40, and a
calculation unit 60 for calculating a characteristic of the aque-
ous humor on the basis of data measured using the optical
system 20.

[0014] The eyeball 10 shown in FIG. 1 is of the left eye.
[0015] In the following description, in the optical measur-
ing instrument 1 shown in FIG. 1, the direction connecting the
top side and the bottom side of a paper surface may be referred
to as the top-bottom direction. The direction connecting the
front side and the rear side of the measurement subject person
may be referred to as the front-rear direction. And the direc-
tion connecting the inside (internal canthus side, nose side)
and the outside (external canthus side, ear side) of the mea-
surement subject person may be referred to as the inside-
outside direction.

[0016] The aqueous humor characteristic to be measured
by the optical measuring instrument 1 is an angle of rotation
of the polarization plane of linearly polarized light (optical
rotation angle ., ) by optically active substances contained in
the aqueous humor, the degree of color absorption for circu-
larly polarized light (circular dichroism), or the like. The term
“polarization plane of linearly polarized light” means a plane
in which the magnetic field of linearly polarized light oscil-
lates.

[0017] The anterior chamber 13 of the eyeball 10 is the
region between the crystalline lens 12 (see FIG. 3 (referred to
later)) which serves as a lens and the cornea 14, and is filled
with the aqueous humor. The anterior chamber 13 is circular
when viewed from the front side. Although the eyeball 10 is
approximately spherical, the anterior chamber 13 somewhat
projects from the sphere surface. FIG. 1 shows a state that an
eyelid 17 is open.

[0018] The optical system 20 is equipped with a light emit-
ting unit 21, a polarizer 22, a first mirror 23, a second mirror
24, a compensator 25, an analyzer 26, and a photodetecting
unit 27.

[0019] The light emitting unit 21 may be either a light
source having a wide wavelength range such as a light-emit-
ting diode (LED) or a lamp or a light source having a narrow
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wavelength range such as a laser. The employment of a light
source having a narrow wavelength range is preferable.
[0020] The light emitting unit 21 may be one that emits
light having at least two wavelengths.

[0021] The polarizer 22, which is, for example, a Nicol
prism, transmits linearly polarized light having a predeter-
mined polarization plane that is a component of incident light.
[0022] The first mirror 23 and the second mirror 24, which
bend an optical path 28, are preferably such as to keep the
polarization state of linearly polarized light through reflec-
tion. The use of ones that disorder the polarization state, such
as ones that rotate the polarization plane or convert linearly
polarized light into circularly polarized light, is not prefer-
able. Where it is not necessary to bend the optical path 28, the
first mirror 23 and/or the second mirror 24 may be omitted.
[0023] The compensator 25, which is, for example, a mag-
neto-optical device such as a Faraday device using a garnet or
the like, rotates the polarization plane of linearly polarized
light using a magnetic field. The compensator 25 is not an
essential part in this embodiment.

[0024] The analyzer 26, which is a member similar to the
polarizer 22, transmits linearly polarized light having a pre-
determined polarization plane.

[0025] The photodetecting unit 27, which is a photodetect-
ing device such as a silicon diode, outputs an output signal
corresponding to light intensity.

[0026] A display unit (not shown) may be provided which
displays a characteristic (e.g., a concentration of an optically
active substance) of the aqueous humor calculated by the
calculation unit 60.

[0027] The control unit 40 acquires measurement data
relating to a characteristic of the aqueous humor by control-
ling the light emitting unit 21, the compensator 25, the pho-
todetecting unit 27, etc. of the optical system 20, and sends
the measurement data to the calculation unit 60.

[0028] The holding unit 50 holds the optical system 20 and
the control unit 40. The holding unit 50 holds the optical
system 20 so that the optical path 28 that is set in the optical
system 20 goes through the aqueous humor in the anterior
chamber 13 in a state that end portions of the holding unit 50
are positioned being in contact with predetermined portions
near the eyeball 10. The holding unit 50 may be brought into
contact with portions neighboring the eyeball 10 in such a
manner that the measurement subject person or another per-
son does so gripping the optical measuring instrument 1 with
his or her own hands or a driving device moves the optical
measuring instrument 1 automatically in the front-rear direc-
tion. The portions with which the holding unit 50 is to be
brought into contact need not always be portions near the
eyeball 10 as long as the holding unit 50 can be positioned
with respect to the eyeball 10, and may be other portions of
the face of the measurement subject person. The holding unit
50 need not be brought into contact with the face if it can be
positioned without coming into contact with the face.

[0029] As described later, the optical path 28 (indicated by
abroken line) may be set so that when the eyeball 10 is turned
(outward as mentioned later), light emitted from the light
emitting unit 21 passes through (traverses) the anterior cham-
ber 13 and is detected by the photodetecting unit 27.

[0030] The sentence “light passes through (traverses) the
anterior chamber 13” means that when the eyeball 10 is seen
from the front side, light passes through the anterior chamber
13 in a direction that is closer to the inside-outside direction
than the top-bottom direction (i.e., in a direction that forms an
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angle smaller than +45° with the horizontal axis extending in
the inside-outside direction); this definition includes a case
that light passes through the anterior chamber 13 obliquely in
the front-rear direction.

[0031] The holding unit 50 may be equipped with an eye-
piece member 51 that is formed so as to fix the optical mea-
suring instrument 1 with respect to the eyeball 10 and thereby
prevent deviation of the optical path 28.

[0032] The holding unit 50 shown in FIG. 1 has a shape as
obtained by cutting a cylinder by a plane that is parallel with
its axial direction. However, this is to make the optical system
20 seen easily; the holding unit 50 may be cylindrical. The
holding unit 50 may assume a tubular shape having an ellip-
tical or rectangular quadrilateral cross section. Furthermore,
the holding unit 50 may assume a partially cutaway cylindri-
cal shape like the one shown in FIG. 1.

[0033] The holding unit 50 may be an eyeglass frame; that
is, the optical measuring instrument 1 may be of a glasses type
in which the optical system 20 and the control unit 40 are
mounted on glasses.

[0034] The calculation unit 60 receives measurement data
from the control unit 40 and calculates a characteristic of the
aqueous humor.

[0035] In the exemplary embodiment, light that is emitted
from the light emitting unit 21 goes along the optical path 28
and enters the photodetecting unit 27. More specifically, light
that is emitted from the light emitting unit 21 toward the
eyeball 10 side passes through the polarizer 22 and is then
bent by the first mirror 23 to the direction that traverses the
anterior chamber 13 (i.e., the direction parallel with the eye).
Then the light passes through (traverses) the anterior chamber
13. The light is thereafter bent to such a direction as to go
away from the eye. Finally, the light passes through the com-
pensator 25 and the analyzer 26 and shines on the photode-
tecting unit 27.

[0036] InFIG.1,apart including the light emitting unit 21,
the polarizer 22, and the first mirror 23 is a light emitting
system 20A and is an example of a light emission unit. Apart
including the second mirror 24, the compensator 25, the ana-
lyzer 26, and the photodetecting unit 27 is a photodetecting
system 20B which is an example of a photodetection unit.
[0037] Asdescribed later, the holding unit 50 holds the light
emitting system 20A and the photodetecting system 20B in
such a manner that the light emitting system 20A is deviated
rearward (toward the deep side) from the photodetecting sys-
tem 20B, that is, they are arranged unsymmetrically.

[0038] An arrangement may be employed that the light
emitting system 20A and the photodetecting system 20B are
interchanged.

[0039] Now, a description will be made of an example use
of the optical measuring instrument 1 in which the aqueous
humor in the anterior chamber 13 is subjected to a measure-
ment and a glucose concentration is calculated.

[0040] In diabetics, the amount of insulin administered is
controlled according to the glucose concentration in blood.
Diabetics are therefore required to recognize the glucose
concentration in blood all the time. The mainstream method
for measuring a glucose concentration in blood is to acquire a
very small amount of blood by sticking, for example, a fin-
gertip with an injection needle. However, taking even a very
small amount of blood causes suffering, that is, a pain. This is
why the demand for noninvasive test methods to replace
invasive test methods such as ones involving needle sticking
has increased.
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[0041] The aqueous humor in the anterior chamber 13 that
has approximately the same components as serum contains
proteins, glucose, ascorbic acid, etc. It is known that a corre-
lation exists between the glucose concentration in blood and
that in aqueous humor. Aqueous humor contains no cellular
substances as found in blood and produces only small influ-
ences due to light scattering there. And proteins, glucose,
ascorbic acid, etc. contained in aqueous humor are optically
active substances and have optical rotatory power. As such,
aqueous humor is advantageous as a part for optical measure-
ment of a concentration of, for example, glucose utilizing
optical rotatory power.

[0042] In methods for optically obtaining, for example, a
concentration of an optically active substance contained in
aqueous humor, the following two kinds of optical paths can
be set.

[0043] One kind of optical path is an optical path for shin-
ing light on the eyeball 10 approximately perpendicularly,
causing reflection of the light at the interface between the
cornea 14 (see FIG. 3 (referred to later)) and the aqueous
humor or the interface between the aqueous humor and the
crystalline lens 12 (see FIG. 3), and receiving (detecting) the
reflection light. The other kind of optical path is an optical
path for shining light on the eyeball 10 at such an angle that
the light goes approximately parallel with the eyeball 10 and
receiving (detecting) light that has passed through the aque-
ous humor in the anterior chamber 13.

[0044] The optical path for shining light on the eyeball 10
approximately perpendicularly is associated with risk that the
light reaches the retina 16 (see FIG. 3). In particular, where
laser light which is high in coherence is used, light reaching
the retina 16 is not preferable.

[0045] Incontrast, in the case of the optical path for shining
light on the eyeball 10 at such an angle that the light goes
approximately parallel with the eyeball 10, light passes
through the cornea 14 and then passes through (traverses) the
anterior chamber 13 and resulting light that has passed
through the aqueous humor is received (detected). Therefore,
the probability that light reaches the retina 16 is low.

[0046] However, there are only narrow spaces where to
place the light emitting unit 21, the polarizer 22, the compen-
sator 25, the analyzer 26, the photodetecting unit 27, etc. of
the optical system. 20 because the eyeball 10 has an approxi-
mately spherical outward shape and the nose (nasal bridge)
exists on the light incidence side or the transmission light
reception side.

[0047] Inview ofthe above, to set the optical path 28 so that
light shines on the eyeball 10 at such an angle that the light
goes approximately parallel with the eyeball 10 and passes
through (traverses) the anterior chamber 13, as shown in FIG.
1 the spaces are used effectively by bending the optical path
28 by disposing the first mirror 23 and the second mirror 24.
[0048] Where the optical system 20 is small, it is not nec-
essary to bend the optical path 28.

[0049] FIG. 2 illustrates a method for measuring a polar-
ization plane rotation angle (optical rotatory power) of opti-
cally active substances contained in the aqueous humor in the
anterior chamber 13 by means of the optical measuring
instrument 1. In FIG. 2, to facilitate understanding, the first
mirror 23 and the second mirror 24 are omitted with an
assumption that the optical path 28 is not bent (i.e., it is
straight).

[0050] In the optical system 20 shown in FIG. 2, polariza-
tion as viewed from the destination side of light propagation
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is indicated by an arrow(s) in a circle between each set of
adjoining ones of the light emitting unit 21, the polarizer 22,
the anterior chamber 13, the compensator 25, the analyzer 26,
and the photodetecting unit 27.

[0051] It is assumed that the light emitting unit 21 emits
light having random polarization planes. Receiving that light,
the polarizer 22 allows passage of linearly polarized light
having a predetermined polarization plane. The example of
FIG. 2 is such that linearly polarized light whose polarization
plane is parallel with the paper surface passes through the
polarizer 22.

[0052] The linearly polarized light that has passed through
the polarizer 22 is subjected to polarization plane rotation by
optically active substances contained in the aqueous humor in
the anterior chamber 13. In FIG. 2, it is assumed that the
polarization plane is rotated by an angle a.,, (optical rotation
angle o, ).

[0053] Then a magnetic field is applied to the compensator
25, whereby the polarization plane that has been rotated by
the optically active substances contained in the aqueous
humor in the anterior chamber 13 is returned to the original
state.

[0054] Linearly polarized light that has passed through the
analyzer 26 is received by the photodetecting unit 27 and
thereby converted into an output signal corresponding to a
light intensity.

[0055] An example method for measuring an optical rota-
tion angle a.,, using the optical system 20 will be described
below.

[0056] First, the compensator 25 and the analyzer 26 are set
s0 as to minimize the output signal of the photodetecting unit
27 in the optical system 20 including the light emitting unit
21, the polarizer 22, the compensator 25, the analyzer 26, and
the photodetecting unit 27 in a state that light that is emitted
from the light emitting unit 21 does not pass through the
anterior chamber 13. As shown in FIG. 2, in a state that light
does not pass through the anterior chamber 13, the polariza-
tion plane of linearly polarized light that has passed through
the polarizer 22 is perpendicular to that of linearly polarized
light that passes through the analyzer 26.

[0057] InFIG. 2, it is assumed that the polarizing plane of
the polarizer 22 and the polarization plane that linearly polar-
ized light has before passing through the analyzer 26 are both
parallel with the paper surface. However, where the polariza-
tion plane is rotated by the compensator 25 in advance, the
polarization plane that linearly polarized light has before
passing through the analyzer 26 may be inclined from the
plane that is parallel with the paper surface. That is, the
compensator 25 and the analyzer 26 are set so as to minimize
the output signal of the photodetecting unit 27 in a state that
light that is emitted from the light emitting unit 21 does not
pass through the aqueous humor in the anterior chamber 13.

[0058] Subsequently, a state that light passes through the
anterior chamber 13 is established. In this state, the polariza-
tion plane is rotated by the optically active substances con-
tained in the aqueous humor in the anterior chamber 13. As a
result, the output signal of the photodetecting unit 27 deviates
from the minimum value. In this state, the magnetic field that
is applied to the compensator 25 is set so as to minimize the
output signal of the photodetecting unit 27. That is, the polar-
ization plane is rotated by the compensator 25 so as to become
perpendicular to the polarization plane for passage through
the analyzer 26.
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[0059] In this state, the polarization plane rotation angle
caused by the compensator 25 corresponds to an optical rota-
tion angle a,, produced by the optically active substances
contained in the aqueous humor. Since the relationship
between the magnitude of the magnetic field applied to the
compensator 25 and the polarization plane rotation angle is
known in advance, an optical rotation angle o, can be
obtained from the magnitude of a magnetic field applied to the
compensator 25.

[0060] Although in the above example an optical rotation
angle o, 1s determined using the compensator 25, an optical
rotation angle o, may be determined using a thing other than
the compensator 25. Although the measuring method shown
in FIGS. 1 and 2 show the crosses Nicols method (with the use
of the compensator 25) which is the most fundamental mea-
suring method for measuring a polarization plane rotation
angle (optical rotation angle a,,), any of other measuring
methods such as the rotating analyzer method, Faraday
method, and optical delay modulation method may be used.
[0061] Amore specific description will be made below.
Light beams having respective wavelengths A (A, Ay, A5, . ..
) are shone on the aqueous humor in the anterior chamber 13
from the light emitting unit 21 and optical rotation angles a., ,
(Casrs Cpgms Qagss - - - ) are determined the respective light
beams. The calculation unit 60 receives the sets of a wave-
length A and an optical rotation angle a,, and calculates a
concentration of a target optical active substance.

[0062] As mentioned above, the aqueous humor contains
plural optically active substances. Therefore, each measured
optical rotation angle o, ,is the sum of optical rotation angles
a of the plural respective optically active substances. It is
therefore necessary to calculate a concentration of the target
optical active substance from the measured optical rotation
angles a.,,.

[0063] A concentration of the target optical active sub-
stance may be calculated by a known method as disclosed in,
for example, JP-A-09-138231 (above-mentioned Patent
document 2), and hence a description therefor is omitted here.
[0064] FIG. 3 outlines the eyeball 10. Part (a) of FIG. 3 is a
vertical sectional view of the eyeball 10 and part (b) of FIG. 3
shows the coordinate system for the eyeball 10.

[0065] Asshown in part (a) of FIG. 3, the eyeball 10 has an
approximately spherical outward shape and has the vitreous
body 11 at the center. The crystalline lens 12 which serves as
alens is buried in the vitreous body 11. The anterior chamber
13 is located outside the crystalline lens 12 and the cornea 14
is located outside the anterior chamber 13. The crystalline
lens 12 is surrounded by the iris, and a central portion of
crystalline lens 12 is the pupil 15. The vitreous body 11 is
covered with the retina 16 except a portion that is in contact
with the crystalline lens 12.

[0066] That is, the anterior chamber 13 is the portion that is
surrounded by the cornea 14 and the crystalline lens 12, and
projects from the sphere of the eyeball 10 so as to assume a
convex shape. The anterior chamber 13 is filled with the
aqueous humor.

[0067] Itis assumed that the eyeball 10 shown in part (b) of
FIG. 3 is of the left eye and is directed to the front side. That
is, the left side and the right side as viewed from the viewer’s
side are the internal canthus side (nose side) is the external
canthus side (ear side), respectively. The X axis is defined as
the axis that goes right to left (when viewed from the viewer’s
side) passing through the center O (rotation center) of a turn
of the eyeball 10, the Y axis is defined as the axis that goes
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from the deep side to the viewer’s side, and the Z axis is
defined as the axis that goes from the bottom side to the top
side.

[0068] A turn of the eyeball 10 about the Z axis toward the
internal canthus side (nose side) will be referred as an “inward
turn,” and a turn of the eyeball 10 about the Z axis toward the
external canthus side (ear side) will be referred as an “out-
ward turn.” The directions of the inward turn and the outward
turn of the right eye are opposite to those of the left eye.
[0069] Incidentally, an upward turn of the eyeball 10 about
the X axis is called an “upward turn,” and a downward turn of
the eyeball 10 about the X axis is called a “downward turn.”
And a rotation of the eyeball 10 about the Y axis is called a
“rotation.”

[0070] The term “outward turn” includes not only a turn
toward the external canthus side (ear side) from a state that the
eyeball 10 (pupil 15) is directed to the front side but also a turn
toward the external canthus side (ear side) in a state that the
eyeball 10 (pupil 15) is turned upward (e.g., by +45° or less
toward the Z axis) or downward (e.g., by —45° or less toward
the Z axis).

[0071] Similar things apply to the term “internal turn.”
[0072] FIG. 4 illustrates relationships between the eyeball
10 and the optical paths 28. Part (a) of FIG. 4 is a front view
of'the eyeball 10, part (b) of FIG. 4 shows an optical path 28
that occurs in a state that the eyeball 10 is directed to the front
side, and part (c) of FIG. 4 shows an optical path 28 that
occurs in a state that the eyeball 10 is turned outward. Parts (b)
and (c) of FIG. 4 show states that the person is viewed from
the top (i.e., from above). These figures were drawn by simu-
lations using a face model.

[0073] Asshown in part (a) of FIG. 4, the optical path 28 is
set so that light goes from the external canthus side (ear side)
to the internal canthus side (nose side), to facilitate the
description. The optical path 28 may be set so that light goes
from the internal canthus side (nose side) to the external
canthus side (ear side).

[0074] As shown in part (b) of FIG. 4, when the eyeball 10
is directed to the front side, light that is emitted from the light
emitting system 20A (see FIG. 1) passes through the cornea
14 and shines on the anterior chamber 13. Since the refractive
indices of the cornea 14 and the aqueous humor in the anterior
chamber 13 are larger than the refractive index of air and the
anterior chamber 13 and the cornea 14 are convex, the light
(optical path 28) is bent toward the eyeball 10 side. In leaving
the anterior chamber 13, the light is also bent toward the
eyeball 10 side. Thus, after passing through the anterior
chamber 13, the light takes a locus that is closer to the face
surface.

[0075] In ordinary persons, an internal-canthus-side skin
portion F1 is closer to the front side than an external-canthus-
side skin portion F2. Furthermore, the nose exists on the
internal canthus side. When the eyeball 10 is directed to the
front side, there may occur a situation that it is difficult to
secure, on the internal canthus side, a space where to place the
photodetecting system 20B (see FIG. 1).

[0076] Ifthe photodetecting system 20B can be placed at a
position that is very close to the eyeball 10 (e.g., a position
that is very close to a white portion I of the eye in a region R
where the eyeball 10 is exposed from the skin portions F1 and
F2), the presence of the internal-canthus-side skin portion F1
and the nose can be disregarded. However, in this case, a
member of the photodetecting system 20B is prone to touch
the eyeball 10.
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[0077] On the other hand, as shown in part (c) of FIG. 4,
when the eyeball 10 is turned outward, that is, when the line
of'sight is directed to the external canthus side (ear side), light
that is emitted from the light emitting system 20A passes
through the cornea 14 and shines on the anterior chamber 13.
In this case, since the eyeball 10 is turned outward, after
passing through the anterior chamber 13, the light takes a
locus that is more distant from the face surface than in the case
of part (b) of FIG. 4.

[0078] Turning the eyeball 10 outward increases the inter-
nal-canthus-side space and thereby makes it easier to place
the photodetecting system 20B on the internal canthus side
than in the case shown in part (b) of FIG. 4 where the eyeball
10 is directed to the front side. That is, utilizing the increased
space on the internal canthus side, the photodetecting system
20B can be placed on the internal-canthus-side skin portion
F1 between the nose and the region R where the eyeball 10 is
exposed. In this case, since the members constituting the
photodetecting system 20B are set distant from the eyeball
10, the probability that a member of the photodetecting sys-
tem 20B touches the eyeball 10 is lowered.

[0079] Even where the photodetecting system 20B is
placed close to an exposed white portion I' of the eyeball 10,
the white portion I' is wider and is more distant from the
optical path 28 than the white portion I of the case shown in
part (b) of FIG. 4 that the eyeball 10 is directed to the front
side. Therefore, by placing the photodetecting system 20B at
a position that is more distant from the eyeball 10, the prob-
ability that a member of the photodetecting system 20B
touches the eyeball 10 is lowered.

[0080] On the other hand, on the external canthus side,
when the eyeball 10 is turned outward, the space is made
narrower than in the case shown in part (b) of FIG. 4 that the
eyeball 10 is directed to the front side. However, since origi-
nally a wide space can be secured more easily on the external
canthus side than on the internal canthus side, the light emit-
ting system 20A can be placed close to an exposed white
portion II', on the external-canthus-side skin portion F2, or
outside it.

[0081] The probability that a member of the light emitting
system 20A or the photodetecting system 20B touches the
eyeball 10 can be lowered by placing the light emitting sys-
tem 20A and the photodetecting system 20B outside the
region R where the eyeball 10 is exposed on both of the
internal canthus side and the external canthus side (e.g., on
the skin portions F1 and F2) rather than inside the region R.
With this measure, the probability that a member touches the
eyeball 10is lower even if the light emitting system 20 A orthe
photodetecting system 20B is deviated in the front-rear direc-
tion. It suffices that the light emitting system 20A or the
photodetecting system 20B be placed outside the region R
where the eyeball 10 is exposed on at least the internal canthus
side and the external canthus side.

[0082] The above description is directed to the case that the
optical path 28 is set so that light goes from the external
canthus side (ear side) to the internal canthus side (nose side).
The same concept applies to the case that the optical path 28
is set so that light goes from the internal canthus side (nose
side) to the external canthus side (ear side). That s, read “light
emitting system 20A” in the above description as “photode-
tecting system 20B” and vice versa.

[0083] In the exemplary embodiment, the phrases “on the
skin portion F1” and “on the skin portion F2” each include
both of a state that contact is made to the skin and a state that
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contact is not made to the skin, that is, mean a state that the
system concerned coexists with the skin portion when the
eyeball 10 is viewed from the front side.

[0084] Deviation of the optical path 28 from the anterior
chamber 13 may disable a correct measurement. That is, a
more correct measurement is enabled by setting the optical
path 28 so that light traverses the anterior chamber 13 without
deviating from it. The optical rotation angle o, is affected by
the optical path length which is the length over which light
passes through the aqueous humor in the anterior chamber 13.
Therefore, if the portion concerned of the optical path 28 is
short, a relative variation between the optical path length over
which light actually travels and the optical path length for
calculation of an optical rotation angle a,, tends to be large
and hence the measurement accuracy tends to be lower than in
acase that the portion concerned of the optical path 28 is long.
[0085] Inthe exemplary embodiment, since the optical path
is set so as to traverses the anterior chamber 13, the optical
path length can be set longer than in the above-described case
that light shines on the eyeball 10 approximately perpendicu-
larly. This makes it easier to increase the measurement accu-
racy than in the case that light is incident approximately
perpendicularly.

[0086] FIG. 5 illustrates an example method for placing the
holding unit 50 with respect to a face.

[0087] As described above with reference to FIG. 4, in
ordinary persons, the internal-canthus-side skin portion F1 is
closer to the front side than the external-canthus-side skin
portion F2. In view of this, the holding unit 50 is formed so as
to conform to the shapes (undulation) of the internal-canthus-
side skin portion F1 and the external-canthus-side skin por-
tion F2 of the face. More specifically, an external-canthus-
side end portion 50B to come into contact with the external-
canthus-side skin portion F2 deviates rearward (toward the
deep side) from an end portion 50A to come into contact with
the internal-canthus-side skin portion F1. In other words, the
holding unit 50 is formed in such a manner that its internal-
canthus-side portion and external-canthus-side portion are
asymmetrical with each other. Likewise, the light emitting
system 20A and the photodetecting system 20B which are
held by the holding unit 50 deviate from each other so that the
one placed on the internal canthus side is located on the front
side, in the front-rear direction respective to the eyeball 10, of
the one placed on the external canthus side.

(Optical Measuring Method and Method for Irradiating an
Eyeball and Detecting Light Coming from the Eyeball)
[0088] FIG. 6 is a flowchart for description of an optical
measuring method for measuring a concentration of an opti-
cally active substance contained in the aqueous humor in the
anterior chamber 13 and a method for irradiating the eyeball
10 and detecting light coming from the eyeball.

[0089] First, a measurement subject person powers on the
optical measuring instrument 1 and has it attached to himself
or herself (step 11; denoted by S11 in FIG. 6 (this kind of
notation applies to the other steps)). Upon being powered on,
the optical measuring instrument 1, the optical system 20, the
control unit 40, and the calculation unit 60 are rendered
operational.

[0090] Then the control unit 40 judges whether or not the
measurement subject person has completed mounting of the
optical measuring instrument 1 (step 12). For example, the
optical measuring instrument 1 is equipped with a button for
notification of mounting completion and the measurement
subject person pushes it upon completion of mounting of the
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optical measuring instrument 1. And the control unit 40
judges whether or not the measurement subject person has
completed mounting of the optical measuring instrument 1
according to whether the button for notification of mounting
completion has been pushed or not.

[0091] Ifanegative judgment (“no”)is made at step 12, that
is, if mounting has not completed yet, the process returns to
step 12 to wait for completion of mounting.

[0092] On the other hand, if an affirmative judgment
(“yes”) is made, then the control unit 40 judges whether to
start a measurement (step 13). For example, the optical mea-
suring instrument 1 is equipped with a button for command-
ing a measurement start and the measurement subject person
pushes it upon completion of mounting of the optical mea-
suring instrument 1. And the control unit 40 judges whether to
start a measurement according to whether the button for com-
manding a measurement start has been pushed or not.
[0093] Ifanegative judgment (“no”)is made at step 13, that
is, if a measurement should not be started, the process returns
to step 13 to wait for a time to start a measurement.

[0094] On the other hand, if an affirmative judgment
(“yes”) is made, that is, if a measurement start has been
commanded, the control unit 40 causes the light emitting unit
21 of the light emitting system 20A to emit light (step 14) and
causes a measurement of an optical rotation angle o, ,of light
that has passed through the aqueous humor in the anterior
chamber 13 (step 15). Then the control unit 40 sends mea-
surement data such as the measured optical rotation angle o, ,
to the calculation unit 60.

[0095] Inresponse, the calculation unit 60 calculates a con-
centration of a target optical active substance (measurement
target object) contained in the aqueous humor in the anterior
chamber 13 (step 16).

[0096] Although the method for calculating a concentra-
tion of a target optical active substance contained in the aque-
ous humor has been described as an example with reference to
the flowchart of FIG. 6, a configuration is possible that mea-
sures another characteristic of aqueous humor.

[0097] The configuration described in the exemplary
embodiment may be applied to determination of a character-
istic relating to, for example, the cornea 14 existing on the
optical path 28 instead of a characteristic of the aqueous
humor. More specifically, the configuration described in the
exemplary embodiment can be applied to any of other cases in
which a characteristic relating to the eyeball 10 is determined
by shining light on the eyeball 10 from outside and causing
the light to pass through the cornea 14 and the aqueous humor
in the anterior chamber 13.

[0098] Although the exemplary embodiment has been
described using the left eye, the invention can be appliedto a
measurement on the right eye. The direction of the outward
turn of the eyeball 10 is such a direction that the pupil 15 goes
away from the nose, and the optical path 28 may be set so that
light that is emitted from the light emitting system 20A passes
through (traverses) the anterior chamber 13 and is detected by
the photodetecting system 20B.

[0099] Although the mode that the holding unit 50 holds the
light emitting system 20A and the photodetecting system 203
in such a manner that the former deviates from the latter
rearward (toward the deep side), that is, they are asymmetrical
with each other, is disclosed in the exemplary embodiment,
the invention is not necessarily limited to that mode. A mode
(configuration) is possible that the light emitting system 20A
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and the photodetecting system 20B are held symmetrically
with each other as long as light can be shone and detected so
as to traverse the anterior chamber 13 of the eyeball 10 with
the eyeball 10 turned outward. Asymmetrical configurations
other than the one disclosed in the exemplary embodiment
may also be employed.

[0100] Furthermore, the control unit 40 and the calculation
unit 60 may be integrated with each other. Data exchange
between the control unit 40 and the calculation unit 60 may be
performed either by wire or wirelessly.

[0101] The optical measuring instrument etc. according to
the invention are useful for acquisition of a characteristic of
the aqueous humor of an eyeball.

[0102] Although the invention has been described in detail
by referring to the particular exemplary embodiment, it is
apparent to those skilled in the art that various changes and
modifications are possible without departing from the spirit
and scope of the invention.

[0103] The present application is based on Japanese Patent
Application No. 2014-059222 filed on Mar. 20, 2014 and No.
2015-046085 filed on Mar. 9, 2015, the disclosures of which
are incorporated herein by reference.

1. An eyeball optical measuring instrument comprising:

a light emission unit that emits light toward an anterior

chamber of an eyeball of a measurement subject person;

a photodetection unit that detects the light that has passed

through aqueous humor in the anterior chamber; and

a holding unit that holds the light emission unit and the

photodetection unit at such positions that the light emit-
ted from the light emission unit passes through the ante-
rior chamber and is detected by the photodetection unit
in a state that the eyeball is turned outward.

2. The eyeball optical measuring instrument according to
claim 1, wherein the holding unit holds the light emission unit
and the photodetection unit in such a manner that at least one
of them is placed outside a region where the eyeball is
exposed.

3. The eyeball optical measuring instrument according to
claim 1, wherein the holding unit holds the light emission unit
and the photodetection unit in such a manner that both of them
are placed outside a region where the eyeball is exposed.

4. The eyeball optical measuring instrument according to
claim 1, wherein the holding unit holds the light emission unit
and the photodetection unit so that one of the light emission
unit and the photodetection unit placed on an internal canthus
side of the eyeball is located on a front side, in a front-rear
direction respective to the eyeball, of other of the light emis-
sion unit and the photodetection unit placed on an external
canthus side of the eyeball.

5. An eyeball optical measuring method comprising:

causing light to pass through an anterior chamber of an

eyeball of a measurement subject person in such a man-
ner as to traverse the anterior chamber in a state that the
eyeball is turned outward; and

detecting the light that has passed through aqueous humor

in the anterior chamber.

6. A method for irradiating an eyeball and detecting light
coming from the eyeball, comprising:

shining light on an anterior chamber of an eyeball in a state

that the eyeball is turned outward; and

detecting the light that exits the eyeball after traversing the

anterior chamber.
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