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(57) ABSTRACT

A medical diagnostic instrument or a plurality of disparate
medical diagnostic instruments are configured with a com-
mon optical architecture that functionally creates a virtual eye
to create closer proximity to a patient and therefore increase
the field of view in regard to a target of interest. The optical
system includes a distal optical element, at least one relay lens
and an eyepiece lens in which the optical system can be
integrated within at least one instrument or be provided using
a releasable module. Additionally, at least one of a viewing
assembly and illumination assembly of at least one medical
diagnostic instrument can be assembled using a series of
components that are connected by interlocking features.
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BORESCOPIC OPTICAL SYSTEM FOR
MEDICAL DIAGNOSTIC INSTRUMENTS
AND MEDICAL DIAGNOSTIC
INSTRUMENTS HAVING INTERLOCKING
ASSEMBLY FEATURES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This applicationis based on U.S. Patent Application
Ser. No. 62/071,128, entitled Borescopic Optical System for
Medical Diagnostic Instruments and Medical Diagnostic
Instruments Having Interlocking Assembly Features, filed
Sep. 15,2014, pursuant to relevant portions of 35 U.S.C. §111
and 37 CFR §1.53, the entire contents of which is herein
incorporated by reference.

TECHNICAL FIELD

[0002] This application relates generally to the field of
diagnostic medicine and more specifically to a medical diag-
nostic instrument having an enhanced field of view, as well as
an optical architecture that can be commonly shared by a suite
of disparate diagnostic instruments.

BACKGROUND

[0003] Certain instruments are well known in the medical
field for conducting physical assessments of patients and in
which separate instruments are used for examining specific
target areas. For example, ophthalmoscopes are used by a
primary physician or ophthalmologist for examining the eyes,
otoscopes are utilized for examining the ear canal and tym-
panic membrane, and laryngoscopes are used for examining
the throat passage.

[0004] A general pervasive issue with these physical
assessment devices is in providing a suitably large field of
view of the intended target of interest. For example, it is
desirable and advantageous to be able to access the entire
tympanic membrane while using an otoscope. It is further
desirable to be able to capture more of the retinal area of the
eye all at once during an examination.

[0005] An issue in creating a larger field of view is that of
the instrument itself. For example and with ophthalmoscopes,
the field of view can be expanded by shortening the working
distance between the patient and the instrument. The forego-
ing, however, creates issues in terms of anxiety and discom-
fort for the patient. It is therefore desirable to provide a
medical diagnostic instrument that can provide a larger field
of view, but without having to shorten the working distance
between the instrument and the patient.

[0006] Yet another pervasive issue in the field relates to
improving manufacturability of such diagnostic instruments
in order to reduce labor and associated material costs by using
a minimum number of components, but without sacrificing
reliability. To better deal with this concern, it would be
extremely beneficial to develop a suitable optical architecture
that could be shared between multiple types of physical
assessment devices and to develop a simpler manufacturing
method for these devices.

BRIEF DESCRIPTION

[0007] According to one aspect, there is provided a medical
diagnostic instrument configured for viewing a target of inter-
est, the instrument comprising an instrument housing having
a distal end, an opposing proximal end and an interior. An
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optical system that is disposed within the interior of the
instrument housing comprises a distal objective lens, at least
one intermediately disposed relay lens and a proximal eye-
piece lens. Each of the lenses are commonly disposed along
an optical axis, in which the optical system is configured to
create an entrance pupil distal of the distal end of the instru-
ment in order to create an increased field of view of the target
of interest. According to at least one embodiment, the instru-
ment is an ophthalmoscope.

[0008] In a preferred version, the herein described optical
system creates an entrance pupil that is distal of the instru-
ment housing. This entrance pupil establishes a “virtual eye”
of the caregiver that increases the working distance and the
field of view by effectively shifting the eye of the caregiver
away from the patient’s eye. The optical elements used for
purpose of this system can be defined by a plastic molded
design in which each of the optical elements are reversible/
symmetrical and corrected for optical aberrations by means
of aspheric curves. According to at least one embodiment,
each of the lenses include a raised peripheral edge to protect
the lenses from surface damage. At least one field stop can be
provided for minimizing glare or unwanted light from the
system.

[0009] Theoptical system can be disposed within a viewing
assembly that includes features that enable interlocking con-
nection with the illumination assembly.

[0010] In at least one embodiment, the optical system can
be integrated as part of the instrument. In one version, a
module equipped with the above optical system can be releas-
ably attached to the medical diagnostic instrument to create
the entrance pupil and also thereby increase the field of view.
[0011] According to yet another aspect, an otoscope is pro-
vided that comprises an instrument head having a distal end
opening, an opposing proximal end opening and a substan-
tially hollow interior enabling a target of interest to be viewed
by a caregiver in a first mode. A module is releasably attach-
able for insertion into the interior of the instrument head, the
module having an optical system that increases the field of
view for viewing a target of interest in a second mode.
[0012] According to at least embodiment, the module com-
prises a distal optical element, at least one intermediate relay
lens element and a proximal eyepiece lens element, each of
the lens elements being aligned with the distal and proximal
end openings of the instrument head when attached. The
instrumenthead caninclude a proximal window that is releas-
ably removable to permit inclusion of the module.

[0013] In at least one embodiment, each of the lens ele-
ments of the module are made from a molded plastic, wherein
each of the lens elements of the module are symmetric and
reversible. In at least one version, each of the lens elements in
the optical system are interchangeable. According to at least
one embodiment, each of the lens elements can further
include a raised peripheral edge along each optical surface
thereof to minimize damage during handling and assembly.
[0014] Theatleastonerelay lens and eyepiece lens element
can be axially disposed in relation to at least one flexible
member within a module housing, the module further includ-
ing a twistable retaining cap that can permit minor positional
adjustments of the lens elements to effect minor focus adjust-
ments.

[0015] According to another aspect, a plurality of medical
diagnostic instruments are provided wherein each of the
medical diagnostic instruments include an optical system that
is configured to produce a virtual pupil at the distal end of the
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instrument in order to increase the field of view. The plurality
of instruments may include an otoscope and an ophthalmo-
scope, among others.

[0016] In one embodiment, the optical system can be inte-
grated within at least one instrument housing. In another
version, a module having the optical system can be releasably
attached to at least one of the medical diagnostic instruments.
[0017] The optical system can include an objective distal
lens, at least one intermediate relay lens and a proximal
eyepiece lens, each of the lenses being commonly disposed
along an optical axis of the instrument. In one version, each of
the lenses of the optical system comprise symmetric revers-
ible optical surfaces. In a preferred version, the lenses can be
made from a moldable plastic in which each side of the lens
can include a raised peripheral edge that can act in order to
minimize damage to the optical surfaces during handling
thereof in assembly.

[0018] Inatleast one embodiment, at least one of the medi-
cal diagnostic instruments further comprises an illumination
assembly and in which the optical system and the illumina-
tion assembly can include features to enable an interlocking
connection therebetween. In at least one version, the illumi-
nation assembly can includea plurality of components having
respective features to enable interlocking connection therebe-
tween.

[0019] The instruments having the common optical system
can include ophthalmoscopes and otoscopes, among others.
The optical system can include at least one distal optical
element and at least one pair of relay lenses commonly dis-
posed along an optical axis of the instrument and wherein the
optical system is configured to create an entrance pupil that is
distal of the distal end of the instrument housing in order to
create the expanded field of view.

[0020] According to yet another aspect, a method is pro-
vided for manufacturing a medical diagnostic instrument to
increase the effective field of view of the instrument. The
method comprises providing an optical system in the instru-
ment, the optical system having at least a distal objective lens,
at least one intermediate relay lens and a proximal eyepiece
lens in which the optical system is configured to create an
entrance pupil distal of a distal end of the instrument.

[0021] In one version, each of the lenses of the optical
system can be symmetric and reversible. According to one
embodiment, the lenses can include a raised peripheral edge
along each optical surface that can minimize damage while
handling during assembly. In one version, the lenses can be
made from plastic.

[0022] The medical diagnostic instrument can be at least
one of an ophthalmoscope and an otoscope. According to one
version, the optical system is provided as a module to an
existing medical diagnostic instrument, such as an otoscope,
the method further including the step of providing the module
for inclusion into the interior of the instrument following
removing of a releasable proximal window of the instrument.
As such, the otoscope can then be configured to operate in
separate modes depending on the inclusion of the releasably
attachable module; namely, a first mode that enables the
inclusion of tools within the interior of the otoscope, and a
second enhanced field of view mode that includes the module.
[0023] According to yetanother aspect, there is provided an
optical module for placement within a medical diagnostic
instrument to increase the effective field of view with respect
to a target of interest, the module comprising a module hous-
ing including at least one distal optical element and at least
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one pair of relay lenses disposed within an interior of the
housing and aligned commonly along an optical axis and
wherein the optical system forms an entrance pupil distal of
the distal end of the module to create an entrance pupil.
[0024] According to yet another aspect, there is provided a
physical assessment device comprising an instrument hous-
ing having an interior, a viewing assembly disposed between
distal and proximal end openings of the instrument housing,
and an illumination assembly including at least one light
source for illuminating a target of interest. According to this
aspect, at least one of the viewing assembly and illumination
assembly can have a plurality of components that are
assembled by means of interlocking engagement. According
to at least one embodiment, the illumination assembly and
viewing assembly can include interlocking features that
enable releasable connection therebetween.

[0025] According to one version, the illumination assem-
bly can be configured for interlocking connection with a first
viewing assembly having a first field of view and a second
viewing assembly having a second field of view in which one
of the viewing assemblies produces a distal entrance pupil for
providing an enhanced field of view of an intended target of
interest. In one version, the viewing assembly can be pro-
vided with a borescopic optical system comprising a distal
objective lens, at least one intermediate relay lens, and a
proximal eyepiece lens. The instrument can, for example, be
an ophthalmoscope.

[0026] In one embodiment, each of the lenses used in the
optical system are symmetrical and reversible, enabling the
lenses to be easily assembled and without creating manufac-
turing errors. To further prevent damage to optical surfaces,
the lenses can include a raised peripheral edge on each optical
surface.

[0027] One advantage realized herein is that of modular-
ization which can provide a common optical architecture for
a number of disparate medical diagnostic instruments.
[0028] Another advantage is that the optical adapter when
attached to a medical instrument, such as an otoscope, can
further permit access of an intended target by tools, as needed.
[0029] Yet another advantage is that an enhanced field of
view as provided by the herein described optical system per-
mits more reliable and comprehensive examinations of a
patient to be conducted.

[0030] Still another advantage realized is that of faster diag-
nostic patient examinations in that the realized enhanced field
of view permits easier navigation by the caregiver of a larger
target area in order to find the intended point of interest and to
pan the instrument.

[0031] Additionally and through the virtual pupil that is
created, the target of interest is actually made closer which
provides more magnification, thereby making it considerably
easier for the caregiver to discern features of the intended
medical target.

[0032] These and other features and advantages will be
readily apparent from the following Detailed Description,
which should be read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1(a) is a side perspective view of a prior art
medical diagnostic instrument and more specifically, an oto-
scope;

[0034] FIG. 1(b) is a rear perspective view of the prior art
otoscope of FIG. 1(a);
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[0035] FIG. 2(a)is a front view of another prior art medical
diagnostic instrument and more specifically, an ophthalmo-
scope;

[0036] FIG. 2(b) is a side elevational view of the ophthal-

moscope of FIG. 2(a);

[0037] FIG. 3 isa perspective view of a medical diagnostic
instrument made in accordance with an embodiment;

[0038] FIGS. 4(a)-4(g) are partial assembly views, shown
in sequence, of the medical diagnostic instrument of FIG. 3;
[0039] FIG.5 is a simplified perspective view of a modular
version of an optical system for releasable attachment to a
medical diagnostic instrument and in accordance with
another embodiment;

[0040] FIG. 6 is a partially assembled side elevational view
of a medical diagnostic instrument made in accordance with
another embodiment;

[0041] FIGS. 7(a)-7(k) depicts sequential partial assembly
views of a portion of the medical diagnostic instrument of
FIG. 6;

[0042] FIGS. 8(a)-(f) depict sequential partial assembly
views of an optical assembly for a medical diagnostic instru-
ment made in accordance with an embodiment, including a
sectioned view of an optical system which is shown in FIG.
8(c);

[0043] FIGS. 9(a)-(c) depict partial views of a medical
diagnostic instrument made in accordance with yet another
embodiment;

[0044] FIGS. 10(a) and 10() are perspective views of the
assembled medical diagnostic instrument of FIGS. 9(a)-9(c);
[0045] FIG. 11 is a side elevational view, shown in section,
of a medical diagnostic instrument in accordance with yet
another embodiment;

[0046] FIG. 12 is a optical layout comparing a prior art
otoscope with an otoscope having an optical system in accor-
dance with an embodiment;

[0047] FIG. 13 is an optical layout comparing a prior art
ophthalmoscope with an ophthalmoscope configured in
accordance with an embodiment; and

[0048] FIG. 14 is a schematic depiction comparing a prior
direct ophthalmoscope with an instrument configured with an
optical system in accordance with an embodiment.

DETAILED DESCRIPTION

[0049] The following relates to various embodiments of
physical assessment devices or instruments as well as com-
ponents that are engageable therewith, each of which can be
configured with a common optical architecture that permits
an enhanced field of view ofa medical target of interest. More
specifically, the description relates to embodiments that are
directed to optical otoscopes and ophthalmoscopes. It will be
readily understood that the concepts discussed herein may be
applicable to other physical assessment devices, including
versions of digitally configured devices employing electronic
imagers or devices. In addition and throughout this descrip-
tion, several terms are often used in order to provide a suitable
frame of reference with regard to the accompanying draw-
ings. These terms, which include “exterior”, “interior”, “dis-
tal”, “proximal”, “inner”, “outer” and the like are not
intended to limit the scope of the concepts which are dis-
cussed and claimed herein, except in those instances where so
specifically indicated.

[0050] For purposes of background and referring to FIGS.
1(a)and 1(b), atypically known otoscope 100 is defined by an
instrument head 104 having a distal end 108 and an opposing

Mar. 17, 2016

proximal end 112, which further defines a hollow interior
115. An axisymmetric speculum tip element (not shown) can
be releasably attached, typically by means of a bayonet-type
connection, in overlaying relation onto a truncated frusto-
conical insertion portion 124 disposed at the distal end 108 of
the instrument head 104. The distal insertion portion 124
includes a slot 126 for releasably engaging an interior feature
of the speculum tip element, as well as a distal opening 128
that is aligned with the distal opening of the speculum tip
element. When attached to the instrument 100 and in use, the
speculum tip element is configured to be placed up to a
predetermined distance into the ear canal of a patient.

[0051] Thecaregiver observes the ear canal through a mag-
nifying optic or window 130 that is provided at the proximal
end 112 of the instrument head 104. The instrument head 104
is supported by a handle (not shown) that includes at least one
rechargeable battery configured to electrically power a con-
tained light source, typically an incandescent or halogen bulb,
that is disposed at an upper end of the instrument handle. A
lower portion of the instrument head 104 includes a contact
disposed in a bayonet connector 132. A polished proximal
end of the bundle of optical fibers (not shown) is optically
coupled to the light source with the opposing ends encircling
the interior of the distal end of the insertion portion 124 to
create uniform illumination. An adjustment control, such as a
rheostat (not shown), is further provided in order to control
the level of illumination. In use, this instrument 100 is con-
figured to have a field of view of approximately 15 degrees,
while the diameter of the average tympanic membrane is
approximately 7 mm. Details relating to the design and opera-
tion of this medical diagnostic instrument, including the
attachment to the handle are provided in U.S. Pat. Nos. 3,698,
387 and 3,978,850, the entire contents of which are herein
incorporated by reference.

[0052] With reference to FIGS. 2(a) and 2(b), a known
optical ophthalmoscope 200 typically includes an instrument
head 204 that includes a distal end 205 and an opposing
proximal end 207, the instrument head 204 being supported to
and connected through a bayonet connector 214 to an instru-
ment handle (not shown) that contains at least one recharge-
able battery connected to a light source provided in the upper
end of the handle. As in the case of the otoscope 100, FIG. 1,
one polished end of a bundle of optical fibers are optically
coupled to the contained light source and the opposing end of
the fiber bundle encircles the interior of a distal opening of the
instrument head 204 in order to direct illumination toward the
target of interest (eye). A diopter wheel 220 is disposed for
rotational movement relative to an optical axis of the instru-
ment 200, in which the caregiver can view portions of the eye
through analigned opening 232, 236 provided in the proximal
and distal ends 207, 205 of the instrument 200, as well as an
aperture wheel 226. The instrument 200 further includes a
sliding polarizer red/free switch 228 beneath the opening 232.

[0053] Moving the instrument 200 closer to the patient will
increase the field of view, but patients are made anxious when
the instrument 200 is brought into immediate proximity with
the eye, and as a result these instruments 200 are typically
used at an appropriate working distance (approximately
13-15 mm) between the patient and the instrument with the
instrument having a field of view of approximately 5 degrees.
Details relating to the workings, design and operation of this
instrument are known found in U.S. Pat. No. 4,526,449, the
entire contents of which are herein incorporated by reference.



US 2016/0073875 Al

[0054] A medical diagnostic instrument made in accor-
dance with a first exemplary embodiment is provided in
FIGS. 3-4(g). More specifically, the instrument 400 is an
otoscope having an instrument head 404 defined by respec-
tive distal and proximal ends 406, 408. An illumination con-
nector 411 extends from the bottom of the instrument head
404, which is mechanically and electrically connected to the
upper end of an instrument handle (not shown). The instru-
ment head 404 includes a cover 428 having an insufflation
port 409, as well as an attachment and retention mechanism
413 for releasably securing a speculum tip (not shown) in
overlaying fashion onto a substantially conical distal inset-
tion portion 416, the latter mechanism including a rotatable
actuator knob 419 disposed in relation to the insertion portion
416.

[0055] Though not shown, the illuminator connector 411 is
configured to engage the upper end of the instrument handle,
using a bayonet-type connection and in which the instrument
handle is configured to retain at least one battery (not shown),
such as a rechargeable battery. A light source (not shown)
such as an incandescent lamp or bulb is further provided at the
upper end of the instrument handle in relation to a bundle of
optical fibers. The proximal ends of the optical fiber bundle
are polished and optically coupled with the light source. The
optical fiber bundle extends into the instrument head 404 and
encircle the interior diameter of a distal opening 406 of the
conical distal insertion portion 416. The distal insertion por-
tion 416 is shaped and configured to releasably retain an
axisymmetric speculum tip, the latter being configured for
insertion to a predetermined distance into the ear canal. The
actuator knob 419 of the tip attachment and retention mecha-
nism 413 is configured to engage and/or disengage with cor-
responding features on the speculum tip based on relative
rotation between the speculum tip and the actuator knob 419.
Details relating to the tip attachment and retention mecha-
nism 413 and related aspects of the speculum tip and distal
insertion portion 416 are provided, for example, in U.S. Pat.
No. 7,399,275, the entire contents of which are herein incor-
porated by reference.

[0056] The following description details an assembly flow
or process for the otoscope 400. First and as shown in FIG.
4(a), the herein described otoscope 400 is shown with various
components in an exploded view including the illumination
connector 411, the distal insertion portion 416, an inner
former 420, an optics assembly 430, and a portion of the outer
cover 428. The inner former 420 is a structural portion of the
instrument 400 that includes a lower section 423 configured
to receives the optical fiber bundle (not shown) extending
upwardly from the light source (not shown) contained within
the instrument handle (not shown) for purposes of illumina-
tion, similar to that described in regard to the instrument 100
of FIG. 1 as well as an opening 427 that is sized to receive the
optics assembly 430. The tip attachment and retention mecha-
nism 413 is not shown in these assembly views for reasons of
clarity.

[0057] As shown in FIGS. 4(5) and 4(c), the optics assem-
bly 430 is configured to be fitted within the opening 427 of the
inner former 420 with the outer cover 428 being further
disposed about the exterior of the optics assembly 430, as
shown in FIG. 4(d), and the illumination connector 411 being
secured to the bottom of the assemblage, as shown in FIG.
4(e). A cutaway version of the assembled otoscope 400 is
shown in FIG. 4(e) without a portion of the outer cover 428 for
purposes of clarity. As shown in FIG. 4(e) and when
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assembled, the proximal end of the optics assembly 430 is
roughly coplanar with the proximal end of the instrument
head (i.e., cover 428).

[0058] The components of the herein described optics
assembly 430 are shown in an exploded view in FIG. 4(f).
According to this exemplary embodiment, the optics assem-
bly 430 is defined by a housing 432 having a three separate
diametrical sections; namely, a distal section 434, an inter-
mediate section 435, and a proximal section 437. According
to this embodiment, the distal section is defined by an
extended length terminating at the intermediate section 435,
the latter having a larger interior diameter than the distal
section 434 and the proximal section 437 having a larger
diameter than that of the intermediate and distal sections 434,
435. Overall, the housing 432 is defined by a cylindrical
configuration having tapered axial sections between the distal
and intermediate sections 434 and 435 and between the inter-
mediate section 435 and the proximal section 437 of the
housing 432.

[0059] Thehousing 432 is essentially hollow and is further
defined by respective distal and proximal end openings 439,
441 in which the housing 432 is further configured to support
a plurality of optical components. A plano window 444 is
disposed at the distal end 439 of the housing 432 in the distal
section 434 with an objective lens 447 being proximally dis-
posed adjacent a plano window 444. According to this exem-
plary embodiment, the objective lens 447 is made from an
optical grade plastic, although alternatively, other materials
that have optical quality can be substituted. Referring to
FIGS. 4(f) and 4(g), a relay lens 449 is further disposed within
the intermediate section 435 of the housing 432, with a field
stop 451 being disposed between the relay lens 449 and the
objective lens 447.

[0060] Still referring to FIGS. 4(f) and 4(g), a first spacer
453 is proximally disposed relative to the relay lens 449. The
first spacer 453 is defined by a substantially cylindrical con-
figuration having a distal portion 454 that extends into the
intermediate section 435 of the housing 432, a proximal sec-
tion 456 that is disposed within the proximal section 435 of
the housing 432 and an intermediate portion 458 having a
taper corresponding to the taper formed between the interme-
diate and proximal sections 435, 437 of the housing 432. The
first spacer 453 is substantially hollow, other than being con-
figured with an interior narrowed aperture 459 which is
intended to block stray light, the first spacer 453 and aperture
459 being centrally aligned with an optical axis of the assem-
bly 430. A pair of O-rings 461 are disposed between the first
spacer 453 and a proximally disposed second spacer 463,
wherein a field stop 465 is disposed at the distal end of the
second spacer 463. When assembled, the second spacer463 is
disposed within the proximal section 437 of the housing 432
and includes a series of exterior peripheral grooves 467 at the
proximal end thereof that are sized and configured to retain at
least one O-ring 469. An eyepiece lens 471 is retained at the
proximal end of the second spacer 463. A retaining cap 473 is
configured to engage the exterior of the third section 437 of
the housing 432 in which the retaining cap 473 is defined by
a cylindrical configuration having an open distal end 475 as
well as a set of engagement features, including annular slots
477, configured to engage corresponding exterior features
479 provided on the exterior of the proximal portion 437 of
the housing 432 when the retaining cap 473 is attached there-
upon and twisted or rotated in a first direction.
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[0061] The retaining cap 473 is further configured to retain
a plano window 480 that is sandwiched between a rear or
proximal wall of the retaining cap 473 and the proximal end
of the housing 432, including the eyepiece lens 471, wherein
the rear wall of the retaining cap 473 further includes a proxi-
mal viewing opening 481.

[0062] As assembled, the plano windows 443, 480 at the
distal and proximal ends of the housing 432 provide an effec-
tive seal relative to the interior of the optics assembly 430.
Other than the relative sizes of the lenses 447, 449 and 471,
each of the lenses used herein according to this exemplary
embodiment are symmetric, meaning that both the distal and
proximal facing sides are defined by the same curvature,
which according to the present embodiment is a biconvex
design. In addition, each of the lenses 447,449, 471 according
to this exemplary embodiment are made from an optical grade
plastic, although any or all of the lenses could also be made
from glass or other suitable material of optical quality. At the
time of assembly, the engagement of the O-ring 469 as well as
the O-rings 461 between the first and second spacers 453 and
469 can create a spring force when engaged by the retaining
cap 473, when twisted, that enables slight focus adjustments
to be made to the herein described optics assembly 430.

[0063] When assembled, the distal end of the optics assem-
bly 430 extends into the interior of the conical insertion
portion 416 and is substantially aligned with the distal open-
ing 406 thereof. With reference to the optical trace diagram
provided at FIG. 11, illumination from a contained light
source in the instrument handle (not shown) can be directed
through the distal opening 406 of the instrument head 404 in
a manner that is known and in which an enhanced (larger)
field of view as compared to prior otoscopes, such as previ-
ously described according to FIG. 1, is produced. More spe-
cifically, the herein described optics assembly 430 creates an
entrance pupil 483 that is distal to the distal opening 406 of
the otoscope 400 in which the contained objective lens 447,
relay lens 449 and eyepiece lens 471 create a upright image of
the target of interest through imaging plane 482. The field
stop 451 is provided to reduce the effects of glare while the
field stop 465 narrows the light relative to the eyepiece lens
471, creating a borescopic optical train that effectively shifts
the location of the caregiver’s pupil to the entrance pupil 483,
thereby creating an expansive field of view.

[0064] Referring to FIG. 5 and shown schematically, an
alternative instrument version can be contemplated in which
an optical module 540, similar to the herein described optical
assembly 430, can be releasably disposed within the interior
ofan otoscope, such as the prior art version 100, FIG. 1, in lieu
of providing an optical assembly that is already integrated
within the instrument. According to this version, the module
540 can have a similar configuration to that of the optics
assembly of the previously described instrument, the module
540 being defined by a tapering housing 544 that includes a
distal end opening 546 and a opposing proximal end opening
548 that are axially aligned along a defined optical axis with
the distal and proximal ends of the instrument housing. As in
the preceding version, the contained optics produce a virtual
pupil equivalent to that of the caregiver’s eye which is created
distally relative to the distal end of the instrument with the
light being directed through a contained relay lens system to
the caregiver’s eye.
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[0065] At least one additional pair of relay lenses could be
provided in tandem along the herein described optical axis of
the instrument, depending on the application/use of the
instrument.

[0066] A medical diagnostic instrument made in accor-
dance with another exemplary embodiment is herein
described with reference to FIGS. 6-8(f). The instrument 600
described in accordance with this embodiment is an ophthal-
moscope, partially shown without a cover and instrument
handle in FIG. 6, which is configured to function similarly to
that previously described with reference to FIG. 2. The herein
described version includes an illumination assembly 610,
having a plurality of components, as well as a viewing or
optical assembly 710.

[0067] First referring to FIGS. 7(a)-7(k), the assembly flow
of an illumination assembly 610 is herein described. As dis-
cussed herein, the major components of the illumination
assembly 610 can be constructed using a set of interlocking
components, facilitating the process of manufacture. At an
initial point of assembly and referring to FIG. 7(a), a first
series of components are assembled including an LED 612,
such as a white LED, that is disposed omnto a upper facing
surface of a circuit board 614. A spacer 616 used in the
subassembly includes a defined through aperture 618, as well
as a lower flange 620 that is sized to retain an O-ring 622. A
curved light pipe 624, made from a light conducting plastic,
can be assembled with a portion 627 of light pipe being
retained within a slot 625 formed in the bottom surface 626 of
the spacer 616 and in which the light pipe 624 includes an
external notch 631 that enables the O-ring 622 to secure the
light pipe 624 ina predetermined position. Referring to FIGS.
7(c) and 7(d), the spacer 616 can be fitted within a defined
recess 629, F1G. 7(c), that is formed in a lower portion 630 of
an assembly support member 628 relative to an aperture 634
that retains a lens element 636, which according to this
embodiment is an objective lens. A slot 638 is provided in the
lower portion 630 of the assembly support member 628 adja-
cent the recess 629 that permits the retained light pipe 624 to
extend outwardly from the assembly 610, as shown in FIG.
7(d).

[0068] In terms of assembly flow and prior to assembling
the spacer 616, the objective lens 636 is placed into the
aperture 634 defined in the lower portion 630 of the assembly
support member 628. The assembly support member 628
according to this embodiment includes the lower portion 630,
as well as an upper portion 637 and an intermediate portion
639. The lower portion 630 of the assembly support member
628 is recessed with a bottom surface having the recess 629
being disposed between a pair of projecting leg portions 642
that are configured and spaced in order to receive an illumi-
nation connector 650 as well as the LED 612 and circuitboard
614.

[0069] Referring to FIG. 7(e), the assembly support mem-
ber 628 and more specifically the lower portion 630 thereof,
is configured to receive the illuminator connector 650, shown
partially exploded in. FIG. 7(f). The illuminator connector
650 according to this exemplary embodiment is defined by an
upper portion 654, a necked intermediate section 656, and a
lower section 658, the latter section being defined with a
bayonet-type connector. The connector 650 is defined by a
through axial center opening 660 defined by a first diameter
extending into the intermediate necked portion 656 and a
narrower diameter extending into the lower portion 658,
which is essentially hollow. A hollow insulator 664 is
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installed within the center axial opening 660 of the upper
portion 654 of the illuminator connector 650 with a lower
portion 667 of the insulator 664 being sized to extend partially
into the lower portion 658. A center conductor 670 made from
an electrically conductive material is similarly fitted within
the confines of the hollow insulator 664. When installed, and
as shown in the assembled condition of FIG. 7(e), an axial
contacting end 673 of the center connector 670 extends out-
wardly from the insulator 664, with the end of the insulator
664 being substantially flush with the top surface of the illu-
minator connector 650, as shown in FIG. 7(e).

[0070] Referring to FIGS. 7(e), (f) and (g), the upper por-
tion 654 of the illuminator connector 650 is shaped and con-
figured to releasably engage the lower portion 630 of the
assembly support member 628, as shown in FIG. 7(g) in an
interlocking manner. More specifically and according to this
exemplary embodiment, the upper portion 654 is defined by a
pair of diametrically opposed curved portions 677 and a pair
of flats 678 that are spaced to fit between the extending leg
portions 642 of the lower portion 630. The curved portions
677 extend above the plane of the top surface of the illumi-
nator connector 650 to provide ample spacing for the LED
612 and circuit board 614 which is sandwiched therebetween
such that the axial contacting end 673 of the center connector
670 can be brought into contact with the circuit board 614.
When assembled according to this configuration, the LED
612 and circuit board 614 are retained between the spacer 616
and more specifically, the O-ring 622 and the center conduc-
tor 670 of the illumination connector 650 with the curved
portions 677 of the illuminator connector 650 being aligned
with corresponding curved portions 679 formed at the bottom
ofthe lower portion 630 of the assembly support member 628.
A conductive spring clip 682 can be used to secure the assem-
bly support member 628 with the illuminator connector 650
by placement of same over the aligned curved portions 677,
following assembly in the position shown in FIG. 7(g).

[0071] Referring to FIG. 7(%), and following attachment of
the assembly support member 628 to the illumination con-
nector 650, a reticle wheel assembly 686 can be attached to
the intermediate portion of the assembly support member
628. According to this embodiment, the reticle wheel assem-
bly 686 includes an upper engagement portion 688, a lower
engagement portion 690 and an aperture wheel 692 that is
supported for rotation and disposed between the upper and
lower engagement portions 688, 690. The reticle wheel
assembly 686 is fitted within a defined recess 644 formed in
the intermediate section 639 of the assembly support member
628. More specifically, respective upper and lower surfaces
defining the recess 644 each include engagement rails 646
that are configured to engage sidewalls of the upper and lower
engagement portions 688, 690 of the reticle wheel assembly
686 with the reticle wheel assembly 686 being sized to fit in
an interlocking manner with the assembly support member
628. When assembled, a through aperture 696, including a
reticle, is aligned with the LED 612, FIG. 4(a), and the lens
element along an illumination axis of the assembly 610, as
well as a through aperture 698 in the upper section 637 of the
assembly support member 628, as shown in FIG. 7(i).

[0072] As shown in FIGS.7(i) and 7(j), a reticle lens 700 is
then placed into the through aperture 698. As shown in FIG.
7(k), a prismatic member 704 is then attached to the upper
portion 637 of the herein described assembly member 628
and more specifically within a receiving cavity 706 that is
formed at the top of the upper portion 637 of the assembly
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support member 628 and in alignment with the through aper-
ture 698. The prismatic member 704 according to this
embodiment includes an angled reflective surface 707. Alter-
natively, a mirror could be disposed to provide similar func-
tionality. The design of the prismatic member can be suitably
varied, such as shown by prismatic member 704A in F1G. 11.
[0073] As discussed, each of the components of the herein
described illumination assembly 610 can be assembled
according to this embodiment in an interlocking fashion with-
out requiring fasteners such as screws, bolts or rivets. That is,
each of the components of the foregoing assembly 610 can be
built onto one another in a sequential fashion, such as
described with reference to FIGS. 7(a)-7(k). The components
can be made, for example, from a durable plastic.

[0074] Referring to FIG. 8(a), an optical assembly 710 in
accordance with an exemplary embodiment is disposed in
relation to the herein described illumination assembly 610
prior to assembly therewith. Additional details regarding the
optical assembly 710 are herein discussed with reference to
FIGS. 8(4) and 8(c) in which the herein described assembly
includes a housing 712 made up of an lower or bottom section
716 and an upper or top section 720. The lower section 716 is
defined a top surface 724 having a semicircular groove 728
defined therein in which a first lens 732 is provided at one end
of the groove 728 and a second lens 736 is defined at the
opposing end of the groove 728. A pair of ears 730 extend
upwardly from opposing sides of the lower section 716 rela-
tive to the second lens 736, the ears 730 including a vertical
portion 734 and a transverse portion 738 extending from the
top of the vertical portion 734 in substantially the same direc-
tion as the defined groove 728, but outwardly relative to the
top surface 724. A plurality of posts 742 extend upwardly
from the top surface 724 on opposing sides of the semicircular
groove 728.

[0075] Theupper section 720 of the housing 712 according
to this embodiment includes a first portion 750 that is sized to
cover the lower section 716, the interior surface (not shown)
of this section 720 including a semicircular groove (not
shown) that is aligned with the groove 728 provided on the
lower section 716 and forming an optical tube with respect to
the first and second lenses 732, 736. The first portion 750 is
sized to be fitted between the ears 730 of the lower section 716
wherein the spaced ears 730 are sized to extend above the
upper section 720 of the housing 712. A second adjacent
portion 754 of the top section 720 includes a raised surface
756 that, when assembled, is substantially parallel to the top
surface 724 of the lower section 716 but directly beneath and
between the transverse ear portions 738, this surface 756
including a center slot or opening 760 that is sized to receive
a detent 764.

[0076] A third adjoining section 766 of the housing 712 is
defined by a tubular section 770 that is aligned with the
semicircular groove of the first section 750. A plurality of
components are disposed within the tubular section 770,
which combines to form an optical system with the two lens
elements 732, 736 provided in the semicircular groove 728
formed in the top surface 724 of the lower section 716. It will
be understood, however, that this two-part design is exem-
plary and that other variations and modifications are possible.
[0077] Still referring to FIG. 8 () and (¢), the components
disposed within the tubular section 770 of the housing include
a relay lens 776 that is positioned within the distal end of a
lens carrier 780 having a through aperture. The lens carrier
780 is essentially hollow and for convenience can be built as
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a two-part assembly to enable assembly of the relay lens 776.
The lens carrier 780 is defined by a substantially cylindrical
section having a first diameter that is sized to support the relay
lens 776 and a second diameter that is retained against a
shoulder formed in the tube. An O-ring 784 is disposed
between the lens carrier 780 and a spacer 790, the spacer 790
having a field stop 794 at its distal end. An eyepiece lens 798
is disposed in engagement with the proximal end of the spacer
790. Each of the lenses 776, 798 according to this configura-
tion are symmetrical; that is, each lens 776, 798 includes
identically curved (convex) distal and proximal surfaces.
Additionally and according to at least one version, each of the
peripheral edges of the lenses 776, 798 can be raised to
prevent damage, such as scratching to the optical surfaces.
[0078] A retaining cap 800 engageable with the proximal
end of the tubular section 770, the retaining cap 800 includes
an open distal end 802 and engagement features, such as
annular slots 806, as well as a proximal viewing opening. A
plano window 804 is disposed between the eyepiece lens 798
and the rear wall of the retaining cap 800 wherein the retain-
ing cap 800 can be twisted in order to apply a compressive
force against the resilient O-rings 784 to effect minor focus
adjustments at the factory level, for example, to compensate
for manufacturing tolerances,.

[0079] A thin sheet 810 of copper or other flexible metal
can be positioned such that each end of the sheet 810 is
secured beneath the extending ear portions 738 and spans
across the raised surface 756 of the second section 754. As
discussed herein, this portion of the assembly is used in
connection with diopter wheel 840,

[0080] According to this version, the upper portion 720 of
the housing 712 includes a plurality of holes 744 that can be
aligned with the posts 742 of the lower portion 716 to enable
the housing 712 to be secured.

[0081] Upon assembly, the optical assembly 710 can be
attached to the illumination assembly 610 in which the lower
portion 716 is includes a pair of spaced rail sections 850 that
can be engaged with the upper portion sidewalls 698, FIG.
8(a), of the assembly support member 628.

[0082] Referring to FIG. 8(e), the diopter wheel 840 is
shown prior to attachment, along with a retention cap or hub
844. The diopter wheel 840 includes a center through aperture
842 that is aligned with a lateral cavity 699 formed in the
intermediate portion 637 of the assembly support member
628. The hub 844 is engageable with to extend through the
aperture 842 and into the cavity 699 to retain the wheel 840,
as shown in FIG. 8(f). In this embodiment, the outer periphery
846 of the diopter wheel 840 is caused to extend into the
raised second section 754 of the viewing assembly 710 and
into contact with the detent 764, which is held in place by the
thin metal sheet 810, acting as a biasing spring.

[0083] The illumination assembly 610 and optical assem-
bly 710 according to this instrument design does not require
fasteners, wherein all of the components can be assembled
based on a series of interconnecting fits between the various
components.

[0084] Referring to FIGS. 9(a)-10(d) and according to
another embodiment, the preceding illumination assembly
can be used with an existing viewing assembly 610, as would
be found, for example, in conjunction with the ophthalmic
instrument 200 of FIG. 2.

[0085] A partially assembled version is shown in FIGS.
9(b) and 9(c), wherein the illumination assembly 610 is iden-
tical to that previously described and further including a
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diopter wheel 840 that is attached to the assembly 610. For
purposes of this discussion, similar parts are herein labeled
with the same reference numerals for the sake of clarity. The
viewing assembly 910 is attached to the upper portion 637 of
the illumination assembly 610, the viewing assembly 910
according to this exemplary embodiment comprising a single
component that includes a pair of engagement rails 918 to
enable the viewing assembly 910 to slidingly engage with the
sidewalls 698, FIG. 8(a), of the upper section 637 of the
assembly support member 628. The viewing assembly 910
according to this embodiment includes a pair of upwardly
extending ears 924, similar to those previously described
along with a spring support section 928 having a surface 932
disposed between the spaced ears 924. The surface 932
includes a center opening 936 sized to receive a detent 940 in
which the exterior of the surface of the support section 928
supports a thin metallic sheet section 810 whose ends are
disposed beneath the ears 924 in order to engage the outer
periphery 846 of the supported diopter wheel 840 when
rotated. The single component is configured to permit view-
ing, including a groove disposed on the upper surface.
[0086] FIGS. 10(a) and 10(5) illustrate a fully assembled
version of this latter instrument 1000, including a cover 1020
having slots 1032 and 1036 each sized to enable access to the
diopter wheel 840 and aperture wheel 692, as well as a flex-
ible eye cup 1028 at the distal end thereof for contacting the
patient.

[0087] Functionally, the overall effects provided by the cre-
ation of a virtual pupil for each instrument are schematically
depicted in FIGS. 12 and 13, comparing the otoscopic and
ophthalmic versions described herein with the prior art ver-
sions depicted in FIGS. 1 and 2, respectively. With the herein
described optical systems, the field of view can be increased
from about 5 degrees to about 15 degrees for each device and
enables the entire tympanic membrane and a larger portion of
the retina to be viewed all at once by the caregiver by an
otoscope and ophthalmoscope, respectively.

[0088] Another illustration of the overall benefit of the
herein described invention is shown comparatively with ref-
erence to FIG. 14 between a prior art instrument 1100 having
a distance D1 between the eye of the patient 1104 and that of
the clinician 1108 and a field of view based on this distance.
In the instrument 1150 and creating a “virtual eye” 1158 as
previously described the field of view is significantly
increased based on the shorter distance between the virtual
eye 1158 and that of the patient 1104. The foregoing advan-
tage s provided in spite of the overall increase in thickness of
the instrument 1150, in which the creation of an entrance
pupil (or “virtual eye”) reduces the effective working distance
between the eye of the caregiver and the patient by negating
the thickness of the instrument to permit the extended field of
view and using a direct ophthalmoscope.

PARTS LIST FOR FIGS. 1-14

[0089] 100 instrument (otoscope)

[0090] 104 instrument head

[0091] 108 distal end, instrument head
[0092] 112 proximal end, instrument head
[0093] 115 hollow interior

[0094] 124 distal insertion portion

[0095] 126 slot

[0096] 128 distal opening

[0097] 130 magnifying optic or window
[0098] 132 bayonet connector
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[0099]
[0100]
[0101]
[0102]
[0103]
[0104]
[0105]
[0106]
[0107]
[0108]
[0109]
[0110]
[0111]
[0112]
[0113]
[0114]
[0115]
[0116]
[0117]
[0118]
[0119]
[0120]
[0121]
[0122]
[0123]
[0124]
[0125]
[0126]
[0127]
[0128]
[0129]
[0130]
[0131]
[0132]
[0133]
[0134]
[0135]
[0136]
[0137]
[0138]
[0139]
[0140]
[0141]
[0142]
[0143]
[0144]
[0145]
[0146]
[0147]
[0148]
[0149]
[0150]
[0151]
[0152]
[0153]
[0154]
[0155]
[0156]
[0157]
[0158]
[0159]
[0160]
[0161]
[0162]

200 instrument (ophthalmoscope)
204 instrument head

205 distal end

207 proximal end

214 bayonet connector

220 diopter wheel

226 aperture wheel

228 sliding switch

400 instrument

404 instrument head

406 distal end

408 proximal end

409 insufflation port

411 illumination connector
413 tip attachment and retention mechanism
416 conical insertion portion
419 actuator knob

420 inner former

423 lower portion

427 operning

428 cover

430 optics assembly

432 housing

434 distal section, housing
435 intermediate section, housing
437 proximal section, housing
439 distal opening

441 proximal opening

444 plano window

447 objective lens

449 relay lens

451 field stop

453 first spacer

454 distal section

456 proximal section

457 intermediate section

459 aperture, narrowed

461 O-rings

463 second spacer

465 field stop

467 peripheral grooves

469 O-ring

471 eyepiece lens

473 retaining cap

475 distal open end

477 annular slots

479 exterior engagement features
480 image

481 proximal viewing opening
482 image plane

483 entrance pupil

540 optical module

544 housing

546 distal end opening

548 proximal end opening
600 instrument, medical diagnostic
610 illumination assembly
612 LED

614 circuit board

616 spacer

618 through aperture, spacer
620 lower flange

622 O-ring

624 curved light pipe

[0163]
[0164]
[0165]
[0166]
[0167]
[0168]
[0169]
[0170]
[0171]
[0172]
[0173]
[0174]

ber
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]
[0194]
[0195]
[0196]
[0197]
[0198]
[0199]
[0200]
[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]
[0224]
[0225]
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625 slot

626 bottom surface

627 portion of light pipe

628 assembly support member

629 recess

630 lower portion, assembly support member
631 external notch

634 aperture

636 lens element

637 upper portion, assembly support member
638 slot

639 intermediate portion, assembly support mem-

642 projecting leg portions

644 recess

646 engagement rails

650 illumination connector

654 upper portion, illumination connector
656 intermediate portion, illumination connector
658 lower portion, illumination connector
660 axial through opening

664 insulator

667 lower portion, insulator

670 center conductor

673 axial contacting end

677 curved portions

678 flats

679 curved portions, assembly support member
682 spring clip

686 reticle wheel assembly

688 upper engagement portion, wheel assembly
690 lower engagement portion, wheel assembly
692 aperture wheel

696 through aperture

698 sidewalls, upper portion

699 cavity

700 reticle lens

704 prismatic member

704A prismatic member

706 receiving cavity

710 optical or viewing assembly

712 housing

716 lower or bottom portion

720 upper or top portion

724 top surface

728 semi-circular groove

730 ears

732 first lens

734 vertical portion

736 second lens

738 transverse portion

742 posts

744 holes

750 first portion

754 second portion

756 raised surface

760 center slot

764 detent

766 third portion

770 tubular portion

776 relay lens

780 lens carrier

784 O-ring

790 spacer
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[0226] 794 field stop

[0227] 798 eyepiece lens

[0228] 800 retaining cap

[0229] 802 open distal end

[0230] 804 plano window

[0231] 806 annular slots, cap

[0232] 810 thin metal sheet

[0233] 840 diopter wheel

[0234] 842 center aperture

[0235] 844 hub

[0236] 846 outer periphery, diopter wheel
[0237] 850 spaced rail portions
[0238] 910 viewing assembly

[0239] 918 engagement rail portions
[0240] 924 ears

[0241] 928 support section

[0242] 932 surface

[0243] 936 center opening

[0244] 940 groove

[0245] 1000 instrument

[0246] 1020 cover

[0247] 1028 eye cup

[0248] 1032 slot, cover

[0249] 1100 instrument

[0250] 1104 patient eye

[0251] 1108 clinician eye

[0252] 1150 instrument

[0253] 1158 virtual eye

[0254] It will be apparent that other modifications and

variations of the foregoing exemplary embodiments will be
understood from the foregoing description as well as the
following claims:

1. An ophthalmoscope configured for viewing a target of
interest, the ophthalmoscope comprising:

a housing having a distal end, an opposing proximal end

and an interior;

an optical system disposed within the interior of the hous-

ing, the optical system comprising;

a distal objective lens; and

atleast one intermediately disposed relay lens and proxi-
mal eyepiece lens each commonly disposed along an
optical axis and in which the optical system is config-
ured to create an entrance pupil external of the distal
end of the instrument in order to create closer prox-
imity and an increased field of view of the target of
interest.

2. The ophthalmoscope according to claim 1, further
including an illumination assembly for directing light at the
target of interest, the illumination assembly comprising a
plurality of components assembled in an interlocking man-
ner.

3. The ophthalmoscope according to claim 1, wherein the
objective lens, at least one relay lens and eyepiece lens each
comprise opposing optical surfaces that are symmetrical to
one another.

4. The ophthalmoscope according to claim 3, wherein each
of the lenses include a raised peripheral edge to protect the
lenses from surface damage.

5. The ophthalmoscope according to claim 1, wherein the
lenses are manufactured from plastic.

6. The ophthalmoscope according to claim 1, including at
least one field stop.
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7. The ophthalmoscope according to claim 6, including at
least one field stop for preventing glare.

8. The instrument according to claim 3, wherein the optical
system is disposed within a viewing assembly that is con-
nected by interlocking with the illumination assembly.

9. A plurality of medical diagnostic instruments, wherein
each of the medical diagnostic instruments include an optical
system that is configured to produce a virtual pupil at the
distal end of the instrument in order to obtain closer proximity
relative to a target and increase the field of view and in which
at least one of the plurality of instruments is an ophthalmo-
scope.

10. The plurality of medical diagnostic instruments accord-
ing to claim 9, including an otoscope and an ophthalmoscope.

11. The plurality of medical diagnostic instruments accord-
ing to claim 9, in which the optical system is integrated within
at least one instrument housing.

12. The plurality of medical diagnostic instruments accord-
ing to claim 9, further comprising a module that is releasably
attached to at least one of the medical diagnostic instruments.

13. The plurality of medical diagnostic instruments accord-
ing to claim 9, in which the optical system comprises an
objective distal lens, at least one relay lens and a proximal
eyepiece lens, each commonly disposed along an optical axis
of the instrument.

14. The plurality of medical diagnostic instruments accord-
ing to claim 13, wherein each of the lenses of the optical
system comprise symmetric optical surfaces.

15. The plurality of medical diagnostic instruments accord-
ing to claim 14, in which the lenses are reversible.

16. The plurality of medical diagnostic instruments accord-
ing to claim 9, in which at least one of the instruments further
comprises an illumination assembly and in which the optical
system and the illumination assembly include features to
enable interlocking connection therebetween.

17. The plurality of medical diagnostic instruments accord-
ing to claim 16, wherein the illumination assembly includes a
plurality of components each having features to enable inter-
locking connection therebetween.

18. The plurality of medical diagnostic instruments accord-
ing to claim 14, in which each of the reversible lenses is made
from plastic.

19. The plurality of medical diagnostic instruments accord-
ing to claim 18, in which each of the reversible lenses include
a raised peripheral edge on each of the optical surfaces
thereof.

20. An optical module for placement within a medical
diagnostic instrument to increase the effective field of view
with respect to a target of interest, the instrument including an
instrument head, the optical module comprising:

a module housing sized to be fitted within the instrument

head; and

an optical system disposed within the module housing, the

optical system including least one distal optical element,
at least one pair of relay lenses and an imaging lens
disposed within an interior of the housing and aligned
commonly along an optical axis, and wherein the optical
system forms an entrance pupil distal of the distal end of
the module to increase the effective field of view of a
medical target.
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