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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates generally to apparatus, for providing laser steering and focusing for incision,
excision and/or ablation of tissue in minimally-invasive surgery.

BACKGROUND INFORMATION

[0002] Minimally invasive surgical techniques can offer the potential for reliable cancer control with minimal impact on
post treatment function of the diseased organ. There have been certain advances in providing instrumentation for
minimally invasive surgery of many diseases. Although the use of CO2 lasers has become well established and can be
considered to be as effective and precise scalpel, it is likely still largely limited to operations where the surgeon has
unobstructed access to the tissue. (See, e.g., Polanyi, Bredemei.Hc et al. 1970; Jako 1972; Mihashi, Jako et al. 1976;
Garden, Obanion et al. 1988). A particular advantage of the CO2 laser over other lasers can be that it can be readily
absorbed by water, which is the primary component of most biological tissues. This can facilitate minimal thermal spread
and injury to adjoining normal tissue, making the CO2 laser especially useful for surgery near critical anatomical structures,
for example.
[0003] The CO2 laser can also be used to seal small blood vessels and lymphatics, likely minimizing bleeding and risk
of lymphatic metastases from tumors. With the appropriate surgical optics, the tissue interaction of the CO2 laser can
be used advantageously for a precise excision of a tumor with minimal injury to normal tissue so as to likely preserve
function without compromising the cure. However, an exemplary disadvantage of the CO2 laser can be related to its
beam’s likely inability to travel in any medium other than air. Since the CO2 laser beam is likely unable to be transmitted
along glass or conventional optical fibers, its use has probably been generally restricted to "line-of-sight" applications,
in which it can be passed down a hollow, air-filled, straight rigid instrument or endoscope. Thus, endoscopic applications
of this technique and the CO2 laser has likely been restricted to treatment of tumors of the mouth, pharynx, larynx and
cervix, for example.
[0004] Further, a delivery of any type of surgical laser light into a body cavity by means fiber optics has likely been
limited to use in the near field, e.g., by bringing the distal tip of the fiberoptic close to the tissue in order to keep the
power density high It can be very difficult to facilitate a flexible, variable and accurate maneuvering of such laser beam.
[0005] Instrumentation for endoscopic applications of the CO2 lasers and other surgical lasers has undergone refine-
ment and improvement, but access to the larynx and pharynx in certain patients with adverse anatomic features has
likely continued to pose a problem. This limitation of the conventional technology can be largely responsible for the
potential benefits of certain surgery being denied to a large number of patients, such as patients whose tumors can be
relatively difficult to access for surgical resection with endoscopic CO2 laser instrumentation, for example. Consequently,
many of these patients have been treated using non-surgical options, including radiation with or without chemotherapy,
to avoid the potentially devastating effects that conventional surgery can have on a patient’s quality of life. However, the
use of such non-surgical "organ preserving" approaches can likely often cause permanent and significant side effects
that can drastically alter the lives of patients who survive after treatment.
[0006] Currently, one of the more widely used delivery methods for the CO2 lasers (and other lasers) in surgery is
likely a "line-of-sight" system that may include a laser source that can deliver energy to a micromanipulator coupled to
an operating microscope via an articulated arm. For example, a hollow core fiber optic delivery systems for CO2 surgical
lasers which can facilitate providing a laser beam into a confined space has been described by Hart Temelkuran et al.
(See, e.g., Temelkuran, Hart et al. 2002). As described, the fiber can transmit the light from the laser source to its distal
end that can be used as a "laser scalpel." However, the use of the fiber delivery techniques are likely not ideal as they
can have some of the limitations of line-of-sight technologies. Additionally, fiber delivery techniques can introduce certain
other problems.
[0007] For example, similarly to line-of-sight delivery techniques, it can be important to externally manipulate an
apparatus using fiber delivery techniques if it is to be used in confined spaces. Additionally, because the laser beam
exiting the fiber can rapidly diverge, the fiber likely should be precisely placed near the tissue in order to incise or ablate
the tissue. If the fiber is placed too far away (e.g., over one millimeter), the power density can likely drop, and the laser
scalpel can become ineffective. However, if the fiber tip touches the tissue, it can burn and/or become obstructed. Further,
a precise manipulation of the working end of the fiber inside a body cavity can be challenging for the endoscopic surgeon
due to the difficulty of maintaining a consistent depth of incision with the laser directed through a hand held fiber moving
over an uneven tissue surface in a confined closed space. Moreover, a complex electro-mechanical system should likely
need to be provided for the laser beam to be controlled remotely.
[0008] Certain scanners having dimensions that can likely be appropriate for endoscopic use have been described.
(See, e.g., Fountain and Knopp 1992; Dohi, Sakuma et al. 2003; Wu, Conry et al. 2006; and Tsia, Goda et al. 2009).
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Many of these devices can be instruments that have likely been initially designed specifically for endoscopic imaging,
and only subsequently were considered for use in performing tissue modification and altered to accordingly. However,
the technical requirements of imaging scanners and surgical laser scanners are generally not the same, but rather can
be very different. While imaging scanners generally can require regular scanning patterns to generate the image, surgical
laser scanners generally can utilize random and precise variations of the scanners to address the discrete adjacent and
distant points that can be involved in a typical laser surgery pattern. Thus, conventional apparatuses provided for surgery
are described as having the optics and mechanical control of the scanners external to the body. (See, e.g., Fountain
and Knopp 1992). Endoscopic devices have been described with optics designed to be inserted into the body, but with
the mechanical control external to the body. (See, e.g., Dohi, Sakuma et al. 2003; Wu, Conry et al. 2006). These systems
have certain limitations and associated problems such as spatial and temporal inaccuracies associated with the remote
transmission of positioning forces from the external motors to the internal optics. Additionally, an imaging apparatus can
be provided that can be used for laser surgery, in principle, purportedly without mechanical movements and that can be
internalized. (See, e.g., Tsia, Goda et al. 2009). However, this device requires a tunable laser, and thus would likely not
be able to work with surgical lasers like a CO2 laser, for example.
[0009] WO 2006/088993 A2 relates to a scanning endoscopic probe for laser delivery to tissue comprising two rotating
discs.
[0010] Accordingly, there may be a need to address and/or overcome at least some of the above-described deficiencies
and limitations, and to provide exemplary embodiments of arrangement and method according to the present disclosure
as described in further detailed herein.

SUMMARY OF EXEMPLARY EMBODIMENTS OF THE DISCLOSURE

[0011] The invention is defined in claim 1. Further aspects and preferred embodiments are defined in the dependent
claims. Aspects, embodiments and examples of the present disclosure which do not fall under the scope of the appended
claims do not form part of the invention and are merely provided for illustrative purposes. Indeed, one of the objects of
certain exemplary embodiments of the present disclosure can be to address the exemplary problems described herein
above, and/or to overcome the exemplary deficiencies commonly associated with the prior art as, e.g., described herein.
Accordingly, for example, provided and described herein are certain exemplary embodiments of exemplary apparatus,
system, procedure and method according to the present disclosure which can be used for providing laser steering and
focusing for incision, excision and/or ablation of tissue in minimally-invasive surgery.
[0012] According to one exemplary embodiment of the present disclosure, an exemplary apparatus is provided that
can include at least one optical element which can be configured to refract and/or diffract light provided in at least one
structure which can be configured to be inserted into a body, where at least one of the optical element(s) is structured
to receive the light at a first angle and generate a refracted and/or diffracted light at a second angle which can be different
from the first angle relative to an optical axis (e.g., the straight line which passes through the center of the optical element).
An exemplary actuating arrangement which can be configured to control at least one of the optical element(s) to change
the second angle of the refracted and/or diffracted light can also be provided and situated at least partially within the at
least one structure, for example. The at least one light can be a laser light, and the second angle can be uniform. At
least two of the optical elements can be structured to generate the refracted and/or diffracted light.
[0013] According to certain exemplary embodiments of the present disclosure, at least one of the exemplary element(s)
can be a wedge or prism, and/or a grating, such as a grating of variable spatial frequency, an acoustooptical grating, a
fixed grating, a holographic transmission grating, a blazed grating, etc. The exemplary arrangement can be further
configured to control at least one of the optical element(s) to change the second angle of the refracted and/or diffracted
light and a uniform third angle of the refracted and/or diffracted light which is different from the uniform second angle.
The exemplary actuating arrangement can be controlled manually, mechanically, electrically, electromechanically and/or
remotely. For example, the exemplary actuating arrangement can be controlled at least partially by a mechanical and/or
an electromechanical arrangement.
[0014] An exemplary fiber optic configuration which can be configured to provide the at least one light therethrough
can also be provided in accordance with certain exemplary embodiments of the present disclosure. For example, the
exemplary fiber optic configuration can be configured to deliver the light to at least one of the optical element(s). At least
one lens which is optically associated with at least one of the optical element(s) can further be provided, such as in an
optical path between the optical elements, between the optical element(s) and the fiber optic configuration or after the
optical element(s).
[0015] According to certain exemplary embodiments of the present disclosure, a further arrangement can be provided
which can be configured to provide the laser light and which can be controlled so as to modify a depth of a delivery of
the refracted and/or diffracted light to a target tissue in the exemplary structure(s). For example, the further arrangement
can include an ablation laser, an incision laser and/or an excision laser. A receiving arrangement can also be provided
which can be structured to be provided in the body and configured to receive at least one further light, such as a visual
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light, from a target tissue in the exemplary structure(s). For example, the receiving arrangement can include at least one
light detector, which can be a charged-coupled device (CCD), a fiberoptic bundle and/or a complementary metal oxide
semiconductor (CMOS) detector, for example, and be configured to provide at least one image of the target tissue.
[0016] Further, an additional arrangement can be provided which can be configured to provide the further light to the
target tissue and which can be structured to be situated within the body. A particular arrangement can also be provided
which can facilitate a visual control of an application of the light by, e.g., (i) a user control and/or (ii) automatically.
Additionally, an external configuration, which can be configured to deliver the light to the structure(s), can be provided
and situated externally from the body. The external configuration can be further configured to provide multiple frequencies
of the light sequentially in time and/or at the same time. For example, the external configuration can be or include a
tunable laser arrangement.
[0017] According to certain exemplary embodiments of the present disclosure, at least one dispersive element can
be provided which can be configured to deflect and/or refract the light at a particular wavelength dependent angle in a
radial direction during a rotation of the dispersive element(s) to move the light in a rotational motion. For example, the
external configuration can be configured to vary the wavelength of the light so as to move the light radially and/or to be
rotated so as to move the light.
[0018] According to another exemplary embodiment of the present disclosure, an exemplary apparatus is provided
that can include, inter alia, a plurality of optical elements which can be configured to reflect light, such as laser light, and
which can be provided in at least one structure which can be configured to be inserted into a body. For example, a first
configuration of the optical elements can be positioned or controlled to receive the light at a first angle and generate a
first reflected light at a second angle which can be different from the first angle relative to an optical axis. A second
configuration of the optical elements can be structured to receive the first reflected light and generate a second reflected
light at a third angle which can be different from the second angle relative to the optical axis.
[0019] An actuating arrangement which can be configured to control the first configuration and/or the second config-
uration of the optical elements to change the second angle and/or the third angle of the light can also be provided and
situated at least partially within the structure(s). A third configuration of the optical elements can be structured and/or
controlled to receive the second reflected light and generate a third reflected light at a fourth angle which can be different
from the third angle relative to the optical axis. A fourth configuration of the optical elements can be structured and/or
controlled to receive the third reflected light and generate a fourth reflected light toward the body at a fifth angle which
is different from the fourth angle relative to the optical axis. The actuating arrangement can be further configured to
control at least one of the optical elements to change the second angle of the reflected light and the third angle of the
reflected light relative to the optical axis, wherein the first and/or second angles can be uniform. The actuating arrangement
can be controlled at least one of manually, mechanically, electrically, electromechanically or remotely, such as at least
partially by a mechanical arrangement, for example.
[0020] The second configuration can be further structured to generate the second reflected light so as to have a
cylindrical shape. The first configuration and/or the second configuration can be or include at least one section which
can have a conical shape. For example, the first configuration can be or include a conical mirror, and the second
configuration can be or include a conical section mirror. The third configuration and/or the fourth configuration can be
or include at least one section which can have a parabolic shape. For example, the third configuration can be or include
a parabolic section mirror, and the fourth configuration can be or include a parabolic mirror.
[0021] According to yet another exemplary embodiment of the present disclosure, provided is an exemplary process
for providing laser steering and focusing, which can include, inter alia, defining a pattern to irradiate at least one section
in a body, and controlling at least one optical element provided in a housing to refract and/or diffract at least one light
based on the pattern using an actuating arrangement. The housing can be structured to be inserted into the body, and/or
the actuating arrangement can be structured to be inserted into a body.
[0022] The exemplary process can also include, inter alia, providing the light, controlling at least one of the optical
elements to change an angle of the refracted and/or diffracted light and controlling the at least one light so as to modify
a delivery of the refracted and/or diffracted light to a target tissue in the structure(s). According to certain exemplary
embodiments of the present disclosure, the exemplary process can further include, inter alia, monitoring at least one
position and/or orientation of at least one of the optical elements or the refracted and/or diffracted light, generating at
least one signal based on the position and/or the orientation, and controlling the position and/or the orientation of at
least one of the optical elements based on signal(s).
[0023] According to still yet another exemplary embodiment of the present disclosure, provided is an exemplary com-
puter-accessible medium, which can be non-transitory, and which can have stored thereon computer executable in-
structions for providing laser steering and focusing, which, when executed by a hardware processing arrangement,
configure the hardware processing arrangement to perform certain procedures, such as, e.g., defining a pattern to
irradiate at least one section in a body, and controlling at least one optical element provided in a housing to refract and/or
diffract at least one light based on the pattern using an actuating arrangement. The housing and/or the actuating ar-
rangement can be structured to be inserted into the body.
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[0024] The exemplary processing arrangement can be further configured to control a source arrangement to provide
the at least one light, to control at least one of the optical elements to change an angle of refracted and/or diffracted light
with respect to the optical axis, and/or control a source arrangement by modifying at least one characteristic of the light
so as to modify a position of a delivery of the refracted and/or diffracted light to a target location in the body. Additionally,
according to certain exemplary embodiments of the present disclosure, the exemplary processing arrangement can be
further configured to monitor a position and/or orientation of at least one of the optical elements or the refracted and/or
diffracted light, generate at least one signal based on the position and/or the orientation, and control the position and/or
the orientation of at least one of the optical elements based on the signal(s).
[0025] According to still yet another exemplary embodiment of the present disclosure, an exemplary process can be
facilitated for steering and/or focusing a laser on or to a target tissue within a body, which can include, inter alia, locating
the target tissue within the body from a position within the body and establishing a position of the device relative to the
target tissue using a particular arrangement that has a housing that is inserted into the body. The exemplary process
can also include generating control data by tracing over an image of the tissue a path to be cut with at least one electro-
magnetic radiation, defining an area to be effected by the at least one electro-magnetic radiation, and/or controlling the
position of the at least one electro-magnetic radiation in real time. Further, the exemplary process can include, with at
least one actuating arrangement provided in the housing, controlling at least one optical element provided in the housing,
based on the control data, to refract and/or diffract at least one light. The at least one light can be a laser light, and the
path can be based on a predetermined pattern.
[0026] According to still yet another exemplary embodiment of the present disclosure, an exemplary computer-acces-
sible medium can be provided, which can be non-transitory, and which can have stored thereon computer executable
instructions for steering and/or focusing a laser on or to a target tissue within a body, which, when executed by a hardware
processing arrangement, configure the hardware processing arrangement to perform certain procedures, such as, e.g.,
locating the target tissue within the body from a position within the body and establishing a position of the device relative
to the target tissue using a particular arrangement that has a housing that is inserted into the body. The exemplary
procedure executed using the computer-executable instructions can further include generating control data by tracing
over an image of the tissue a path to be cut with at least one electro-magnetic radiation, defining an area to be effected
by the at least one electro-magnetic radiation, and/or controlling the position of the at least one electro-magnetic radiation
in real time. Further, the exemplary instructions can configure the processing arrangement to with at least one actuating
arrangement provided in the housing, control at least one optical element provided in a housing, based on the control
data, to at least one of refract or diffract at least one light, for example. The at least one light can be a laser light, and
the path can be based on a predetermined pattern.
[0027] These and other objects, features and advantages of the exemplary embodiment of the present disclosure will
become apparent upon reading the following detailed description of the exemplary embodiments of the present disclosure,
when taken in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] For a more complete understanding of the present disclosure and its advantages, reference is now made to
the following description, taken in conjunction with the accompanying drawings, in which:

Figure 1 is a diagram of an endoscopic laser scalpel system in accordance with an exemplary embodiment of the
present disclosure;

Figure 2 is a perspective view of a laser scanning endoscopic head of the exemplary laser scalpel system of Figure
1 in accordance with a first exemplary embodiment of the present disclosure;

Figure 3A is a side view of optical elements that can be included in the exemplary embodiment of the laser scanning
endoscopic head illustrated in Figure 2;

Figure 3B is an illustration of an exemplary scanning geometry generated using the exemplary optical elements of
Figure 3A;

Figure 4A is a sketch of optical elements that can be included in the laser scanning endoscopic head according to
a second exemplary embodiment of the present disclosure;

Figure 4B is an illustration of an exemplary scanning geometry generated by the exemplary optical elements of
Figure 4A;
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Figure 5A is a sketch of a particular optical element that can be included in the laser scanning endoscopic head
according to a third exemplary embodiment of the present disclosure;

Figure 5B is an illustration of an exemplary scanning geometry generated by the exemplary optical element of Figure
5A;

Figure 6A is a sketch of still other optical elements that can be included in the laser scanning endoscopic head
according to a fourth exemplary embodiment of the present disclosure;

Figure 6B is an illustration of an exemplary scanning geometry generated by the exemplary optical elements of
Figure 6A;

Figure 7A is an illustration of further optical elements that can be included in the laser scanning endoscopic head
according to a fifth exemplary embodiment of the present disclosure;

Figure 7B is an illustration of an exemplary scanning geometry generated by the exemplary optical elements of
Figure 7A;

Figure 8A is an illustration of yet another optical configuration that can be included in the laser scanning endoscopic
head according to a sixth exemplary embodiment of the present disclosure;

Figure 8B is an illustration of an exemplary scanning geometry generated the exemplary optical element of Figure 8A;

Figure 9A are illustrations of an endoscopic laser scalpel device and a cutout view at a head section thereof, in
accordance with an exemplary embodiment of the present disclosure;

Figure 9B are illustrations of the endoscopic laser scalpel device and a cutout view of at the head section thereof,
in accordance with another exemplary embodiment of the present disclosure;

Figure 10 is a side cross-sectional view of a laser scanning endoscopic head along with representative dimensions
thereof in accordance with an exemplary embodiment of the present disclosure;

Figure 11 is a perspective view of a servo controlled positioning system in accordance with an exemplary embodiment
of the present disclosure;

Figure 12A is an illustration of an exemplary scanner geometry in accordance with an exemplary embodiment of
the present disclosure;

Figure 12B is an illustration of an exemplary scanner geometry in accordance with another exemplary embodiment
of the present disclosure;

Figure 13A is an exemplary image of an exemplary scanning pattern generated by a device or an arrangement in
accordance with an exemplary embodiment of the present disclosure;

Figure 13B is an illustration of an exemplary scanner geometry in accordance with yet another exemplary embodiment
of the present disclosure;

Figure 13C is an illustration of a further exemplary scanning pattern in accordance with an exemplary embodiment
of the present disclosure;

Figure 14 is a side view of a device in accordance with a further exemplary embodiment of the present disclosure;

Figure 15 is an illustration of a block diagram of a system in accordance with still another exemplary embodiment
of the present disclosure;

Figure 16 is a flow diagram of an exemplary procedure in accordance with certain exemplary embodiments of the
present disclosure; and
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Figure 17 is a flow diagram of an exemplary procedure in accordance with further exemplary embodiments of the
present disclosure.

[0029] Throughout the figures, the same reference numerals and characters, unless otherwise stated, are used to
denote like features, elements, components or portions of the illustrated embodiments. Moreover, while the subject
disclosure will now be described in detail with reference to the figures, it is done so in connection with the illustrative
embodiments.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0030] To address and/or overcome at least some of the above-described deficiencies, exemplary embodiments of
the device, arrangement, apparatus, non-transitory computer-accessible medium and method can be provided in ac-
cording to the present disclosure. For example, it is possible to introduce into the body cavity a small exemplary scanner
that can be controlled remotely by the surgeon to guide the laser. The laser can be delivered to the body cavity and
scanned over the tissue using, e.g., two or more of small, rotating optical wedges. One of the advantages of using one
exemplary prism arrangement, e.g., which can be referred to as a Risley prism pair, is that it can be made with a very
small profile, e.g., not much larger than the diameter of the optical fiber (under 10 mm), and that it can be placed at the
distal end of an endoscope. One or more lenses can be used to focus the light and improve the power density delivered
to the tissue and/or adjust the depth of operation of the device. Using such exemplary embodiment of the arrange-
ment/system can facilitate a precise manipulation of the laser delivered into relatively inaccessible body cavities by a
flexible or rigid conduit. This exemplary embodiment can also be utilized with an articulated arm and/or a straight, line-
of-sight laser delivery procedure/arrangement.
[0031] For example, an exemplary embodiment of the system can include an imaging device e.g., a video camera
which can be provided next, near and/or fixed to the scanners to provide a live endoscopic image to the user (e.g., the
surgeon), who can trace a graphic over the video to establish a particular scanning path on the image of the tissue. The
path can then be translated into appropriate wedge movements to produce a scan with appropriate speed and trajectory
on the tissue. Alternatively or in addition, the user can control the laser path and delivery directly through a pointer or
joystick (or mouse, touch-screen, digital pen, track ball, etc.) from the video stream as displayed on a video monitor.
The exemplary system can also be configured or structured to vary the focus of the beam on the tissue to accommodate
different depths of operation, thus facilitating a real-time three-dimensional control of the laser in the body cavity.
[0032] An exemplary laser delivery using the exemplary embodiments of the devices, systems, apparatus, non-tran-
sitory computer-accessible medium and arrangements according to the present disclosure can be provided so as to
implement and/or utilize multiple configurations. For example, it is possible to include one or more ducts and/or channels,
including, e.g., a duct for a photonic bandgap, and/or a hollowcore fiber for the CO2 laser delivery. It is also possible to
include a direct, line-of-sight configuration for delivery of the laser and/or utilize an articulated arm delivery mechanism
with certain exemplary systems according to the present disclosure. For example, exemplary configurations of the
devices, systems, apparatus, non-transitory computer-accessible medium and arrangement according to the present
disclosure can provide for depth adjustment to be performed by, e.g., moving a negative lens to control the focus. Certain
exemplary configurations can be independent of some or all optical fibers. For example, certain exemplary embodiments
of the devices, systems, apparatus, non-transitory computer-accessible medium and arrangement according to the
present disclosure can utilize a variety of certain electro-magnetic radiation sources which can operate with some or all
of the wavelengths that can be used in performing surgeries, including, e.g., Nd:YAG @ 1064nm, Argon and Krypton
(on @ 488nm, and 684nm, etc.). Further, according to certain exemplary embodiments of the present disclosure, the
endoscope head and body can be composed of biocompatible materials, which can facilitate relatively easy cleaning
and sterilization, for example.
[0033] Figure 1 shows a diagram of an endoscopic laser scalpel system in accordance with an exemplary embodiment
of the present disclosure. The exemplary endoscopic laser scalpel system illustrated in Figure 1 can include a laser
scanning endoscopic head 100 mounted on the distal end of a laryngoscope or endoscope 105. Exemplary embodiments
of a laser scanning endoscopic head of a laryngoscope or endoscope are further described herein with reference to
Figures 2-11. An exemplary imaging device in the endoscopic head 100 can relay a still, live or moving endoscopic
image of the tissue in a body cavity 110 through a video stream to a processor 115 that can display the image, e.g., in
a user-readable format on a monitor and/or screen 120. A user (e.g., a surgeon) can utilize an input device 125, which
can be a graphical input device (e.g., mouse, joystick, touch screen, digital pen, track ball, etc.), that can be used to
overlay the live image with a graphical representation of the path of a desired laser cut. A computer control arrangement
130 can be programmed and/or activated to convert Cartesian coordinates of a graphic path on the display into angular
coordinates for a scanner that can be sent to a scanner control 135. The scanner control 135 can transform the coordinates
into electrical command signals that can be transmitted to the motors in an endoscopic head 100. The scanner control
135 can also activate a laser 140 and control the laser light intensity delivered to the scanners through an optical fiber
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145 or another laser delivery system, for example.
[0034] According to certain exemplary embodiments of the present disclosure, the motors can be activated in response
to the movement of the graphical input device in real time, to provide direct control of the scanners by the user, for
example. It is also possible to utilize a rigid operating laryngoscope instead of a flexible endoscope, such as the endoscope
105. As shown in Figure 1, the exemplary system according to the present disclosure can include an electrooptical
attenuator that can be controlled by a computer control, such as computer control 130, and used to modulate the intensity
of a laser (e.g., laser 140). The optical fiber 145 can be a single mode optical fiber. Alternatively, optical fiber 145 can
be a multi mode optical fiber. Further, for example, optical fiber 145 can be a hollowcore or photonic bandgap optical
fiber. In accordance with certain exemplary embodiments of the present disclosure, direct delivery of the laser, or delivery
of the laser through an articulated arm, to the endoscopic scanning head 100 can be used in conjunction with or instead
of using the optical fiber 145. It is also possible to use a radio frequency (or radio frequencies, including a band thereof)
to interface the scanner control unit 135 with a local processor located in the scanning head 100. Additionally, it is
possible to use a local source of power, such as a battery, that can be located in (or near) the scanning head 100 to
provide power to operate the device. Further, it is possible to incorporate or include the laser source 140 into or within
the endoscopic scanning head 100. Thus, in accordance with certain exemplary embodiments of the present disclosure,
it is possible to operate the exemplary device without any physical connections to the exterior of the body; or, if using
an external laser source, with the only physical connection to the exterior of the body being for the delivery of the laser light.
[0035] Figure 2 shows a perspective view of a laser scanning endoscopic head of the exemplary laser scalpel system
of Figure 1 in accordance with a first exemplary embodiment of the present disclosure. For example, the laser scanning
endoscopic head shown in Figure 2 can have one or more exemplary transmissive elements 210 and 225 (e.g., refractive
and/or diffractive elements), aligned with their centers on an optical axis 200. At least one light beam 205 can be delivered
by a light delivery mechanism/arrangement 206 incident on the first element 210 at a first angle φ1 with respect to the
optical axis 200. As illustrated in Figure 2, the light beam 205 can be refracted or diffracted by the exemplary first element
210, and emerge at a different second angle φ2 with respect to the optical axis 200. The light beam 205 can also emerge
from the first element 210 with a rotation angle and/or azimuthal angle around the optical axis that is dependent on the
rotation angle ϕ1 of the first element 210 around the optical axis 200. The rotation angle ϕ1 can be actuated on and/or
controlled by a motor 215 and an angular position sensor 220 in a servo control positioning arrangement, for example.
The exemplary motor 215 can be provided in the endoscopic head, or adjacent thereto, according to one exemplary
embodiment.
[0036] As further illustrated in Figure 2, the exemplary second element 225 can receive the light at the second angle
φ2 with respect to the optical axis 200, and can induce a further refraction or diffraction of the light beam 205 such that
the resultant light beam 205 emerges at a third angle φ3 with respect to the optical axis, and with a rotation and/or
azimuthal angle around the optical axis 200. According to this exemplary arrangement, the rotation angle ϕ1 around the
optical axis 200 at which the light beam 205 emerges from the second element 225 is dependent on another rotation
angle ϕ2 of the second device 225 which can be actuated and/or controlled by a second motor 230 and a second angular
position sensor 235, operated in a servo control positioning configuration, for example. Thus, the angle of the light
emerging from the second element 225 can have the following dependencies: φ3(φ1,ϕ1,ϕ2) according to the exemplary
arrangement illustrated in Figure 2.
[0037] Additionally, an exemplary focusing element 240 can be included in the exemplary system shown in Figure 2.
In particular, the exemplary arrangement illustrated in Figure 2 can be configured so that focusing element 240 follows
the two elements 210, 225 to focus the light beam 205 onto the target tissue in the body cavity, for example. The
components illustrated in Figure 2 and described herein can be housed or situated in a structure and/or housing 250
which can be configured, sized and/or structured to be inserted into a body cavity of a person, animal or any other
creature for which the exemplary device in accordance with the present disclosure can be utilized.
[0038] Figure 3A shows a functional illustration of a laser scanning endoscopic head of the exemplary laser scalpel
system of Figure 1 in accordance with a first exemplary embodiment of the present disclosure. Exemplary optical elements
300, 310 can each be optical wedges or prisms, or diffraction gratings, or any combination and/or hybrid thereof, for
example. According to certain exemplary embodiments of the laser scanning endoscopic head, the optical elements
210, 225 illustrated in Figure 2 can be the same as or substantially similar to optical elements 300 and 310 illustrated
in Figure 3.
[0039] Figure 3B shows an illustration of an exemplary scanning pattern 320 generated using the exemplary optical
elements of Figure 3A. As illustrated in Figure 3B, the scanning pattern 320 (e.g., a scanned area) can be defined by
the light beam 205 emerging from the second element 225, and thus is dependent on the rotation angles ϕ1,ϕ2 of the
optical elements 210, 225, respectively.
[0040] Figure 4A shows a side view of further optical elements that can be included in the laser scanning endoscopic
head according to a second exemplary embodiment of the present disclosure. The exemplary optical elements 400, 410
illustrated in Figure 4A can be used in an exemplary device having the same or similar basic configuration as the
exemplary laser scanning endoscopic head shown in Figure 2. However, according to the exemplary embodiment of
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the device illustrated in Figure 4A, the first optical element 400 can be a fixed (e.g., non-rotating) grating with a variable
pitch. For example, a first optical element 400 can be an acousto-optical device or a liquid crystal device. The optical
element 400 can modify the second angle φ2 of the diffracted light beam by varying the grating pitch v. As also illustrated
in Figure 4A, the second optical element 410 can be an optical wedge or prism, or diffraction grating that can rotate
about the optical axis to induce the refraction and/or the diffraction of the diffracted light beam. Exemplary optical elements
400,410 can be aligned with their centers on the optical axis.
[0041] Figure 4B shows an illustration of an exemplary scanning pattern 420 generated by the exemplary optical
elements 400, 410 of Figure 4A. As illustrated in Figure 4B, the resulting scanning pattern 420 can be an ellipse with
the long axis orthogonal to the ruling of the fixed grating of the first optical element 400.
[0042] Figure 5A shows a side view of a particular optical layout that can be included in the laser scanning endoscopic
head according to a third exemplary embodiment of the present disclosure. Based on a basic configuration similar or
that of the exemplary laser scanning endoscopic head illustrated in Figure 2, an exemplary device in accordance with
the present disclosure can have a single optical element 500, as illustrated in Figure 5A. For example, the optical element
500 can be a single rotating diffraction grating of variable pitch, such as an acousto-optical device or a liquid crystal
device. The diffracted angle (or elevation angle) φ2 can be varied by modifying the pitch of the grating v. The angle
around the optical axis (or azimuthal angle) can be varied by rotating the optical element 500 by an angle ϕ.
[0043] Figure 5B an illustration of an exemplary scanning pattern 520 generated by the exemplary optical element
500 of Figure 5A. As illustrated in Figure 5B, the scanning pattern 520 resulting from the exemplary embodiment of a
device according to the present disclosure illustrated in Figure 5A can be a circle. The radius of the circle 530 can be
dependent on the grating pitch of the optical element 500.
[0044] Figure 6A shows a side view of still another optical element arrangement that can be included in the laser
scanning endoscopic head according to a fourth exemplary embodiment of the present disclosure. The exemplary optical
elements 600, 610 illustrated in Figure 6A can also be used in an exemplary device having the same or similar basic
configuration as that of the exemplary laser scanning endoscopic head illustrated in Figure 2. However, according to
the exemplary embodiment of the device shown in Figure 6A, the optical elements 600, 610 can both be fixed (e.g.,
non-rotating) and orthogonal diffraction gratings of variable pitch v1 and v2, respectively, such as acousto-optical devices
or liquid crystal devices. As illustrated in Figure 6A, the diffracted angle φ3 of the light beam emerging from optical
element 610 can be dependent on the incident angle φ1 of the light beam and the grating pitches v1 and v2 of the optical
elements 600 and 610, respectively. Thus, for example, in accordance with certain exemplary embodiments of the
present disclosure, it is possible to modify the position of the delivery of the refracted and/or diffracted light to the target
location in the body by modifying and/or controlling the pitch of the grating(s) without using any actuators, motors and/or
sensors to modify and/or control the position and/or orientation of the optical element(s).
[0045] Figure 6B shows an illustration of an exemplary scanning pattern 620 generated by the exemplary optical
elements 600, 610 of Figure 6A. As illustrated in Figure 6B, the resulting scanning pattern 620 of this embodiment is a
rectangle with Cartesian coordinates dependent on the pitches v1 and v2 of the two gratings of optical elements 600
and 610, respectively.
[0046] Further, in accordance with certain exemplary embodiments of the present disclosure, it is possible to modify
the position of the delivery of the refracted and/or diffracted light to the target location in the body by modifying and/or
controlling at least one characteristic of the incident light beam, such as the frequency and/or wavelength of the light,
e.g., without using any actuators, motors and/or sensors to modify and/or control the position and/or orientation of the
optical element(s).
[0047] Figure 7A shows a side view of a further optical arrangement that can be included in the laser scanning
endoscopic head according to a fifth exemplary embodiment of the present disclosure. The exemplary optical elements
700, 710 illustrated in Figure 7A can be used in an exemplary device having the same or similar basic configuration as
that of the exemplary laser scanning endoscopic head illustrated in Figure 2. Similarly to the configuration illustrated in
Figure 4A, the first optical element 700 can be a fixed (e.g., non-rotating) grating with a variable pitch, and the second
optical element 710 can be an optical wedge or prism, or a diffraction grating of fixed pitch. Similarly to the configuration
illustrated in Figure 4A, the second optical element 710 can rotate with respect to the optical axis to induce a refraction
or diffraction of the diffracted beam. Unlike the exemplary configuration illustrated in Figure 4A, however, according to
the exemplary embodiment illustrated in Figure 7A, the second angle φ2 (elevation angle) of the diffracted light beam
can be varied by modifying the frequency and/or wavelength of the incident light beam.
[0048] Figure 7B shows an illustration of still further exemplary scanning pattern 720 generated by the exemplary
optical elements 700, 710 of Figure 7A. As illustrated in Figure 7B, the resulting scanning pattern 720 of the exemplary
embodiment of a device according to the present disclosure illustrated in Figure 7A can be an ellipse, with the long axis
being orthogonal to the grating direction, for example.
[0049] Figure 8A shows a side view of yet another optical arrangement that can be included in the laser scanning
endoscopic head according to a sixth exemplary embodiment of the present disclosure. The exemplary embodiment of
a device according to the present disclosure illustrated in Figure 8A has a similar configuration as the exemplary em-
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bodiment of the exemplary device illustrated in Figure 7A, with an incident light beam of variable frequency/wavelength.
Unlike the exemplary configuration illustrated in Figure 7A, however, the exemplary configuration illustrated in Figure
8A has a single optical element 800, which can be an optical wedge or prism, or a diffraction grating of fixed pitch that
can rotate about the optical axis to induce a rotation azumuthal angle of the diffracted light beam.
[0050] Figure 8B is an illustration of an exemplary scanning pattern 820 generated the exemplary optical element 800
of Figure 8A. As illustrated in Figure 8B, the resulting scanning pattern 820 of the exemplary embodiment of a device
according to the present disclosure illustrated in Figure 8A can be circular.
[0051] Figure 9A shows illustrations of an endoscopic laser scalpel device and a cutout view at a head section thereof,
in accordance with an exemplary embodiment of the present disclosure. As illustrated in Figure 9, the exemplary device
includes a hollow core optical fiber 945 that can deliver the CO2 infrared laser light to the endoscopic scanning head
900. The exemplary device can be configured such that the laser and/or light can first be expanded with a negative lens
905 and then collimated by a positive lens 910 to fill the aperture of scanning optical prisms or wedges 915, 960. The
first scanning optical prism or wedge 915 can be mounted on a rigid ring (or ring mount) 920 that may be held in place
by an array of bearings 925. Ring 920 can be rotated by an ultrasonic motor 930, for example. A magnetic ring 935 can
be attached to the rigid ring 920, and the position of the magnetic ring 935 can be measured and/or monitored, such as
by a hall sensor array 940. An ultrasonic motor 930 and the hall position sensor 940 can be controlled in a servo loop
arrangement by, e.g., a local processor 950 in response to movement commands that can be delivered from a scanner
control unit, such as the scanner control unit 135 illustrated in Figure 1. The movement commands can be delivered via
a signal bus 955 or a wide variety of other wired and/or wireless communication systems and protocols.
[0052] As further illustrated in Figure 9A, a second wedge or prism electro-opto-mechanical unit/arrangement 960 can
follow (e.g., be located further away from the light source than) the first mechanical unit, and may include a second
prism, mounting ring, bearing array, ring magnet, and hall position sensor. The second mechanical unit/arrangement
960 can also be under servo control by the local processor 950. A focusing positive lens 965 can interface the endoscopic
head to the body cavity, and can define the working distance, field of operation and resolution of the endoscopic scanning
head.
[0053] According to the exemplary embodiment of the endoscopic laser scalpel system, device, apparatus and ar-
rangement shown in Figure 9A, some or all of the scanner optics can be composed of zinc selenide (ZnSe) and configured
for use with CO2 laser light. While one having ordinary skill in the art can understand in view of the teachings herein that
other materials can be used, the use of ZnSe can be preferred because of its relatively low bulk absorption coefficient
and good antireflection properties, in comparison to other materials that can be used.
[0054] The endoscopic head can include a fiberscope 970 and/or other endoscopic imaging device adjacent to, and
with a fixed relation to, the scanner. The fiberscope 970 can be configured to provide or facilitate the illumination to the
tissue sample in the body cavity, as well as relay a live video image to the external video processor and image display,
such as the video processor 115 and the display 120 illustrated in Figure 1, for example. Data and/or information
associated with the video image can also be stored in a storage arrangement and/or storage device, which can include
a hardware non-transitory computer-accessible medium for subsequent display and/or processing, for example.
[0055] According to certain exemplary embodiments of the system, device, apparatus and arrangement of the present
disclosure, one or more additional channels configured to be parallel (or substantially parallel) to the fiberscope 970 can
be provided in the endoscopic head. Such additional channel(s) can vary in size and/or cross-sectional shape, and may
be configured and used to provide delivery and/or removal of liquids, gasses and/or small solids from the body cavity,
for example. For example, the additional channel(s) can also be configured and/or used for insertion and removal of
other surgical instruments, devices, tools, detectors and/or sensors, etc.
[0056] According to the exemplary embodiment of the system, device, apparatus and arrangement illustrated in Figure
9A, the endoscopic head can be mounted at the end of a Kleinstasser or Steiner operating laryngoscope 975 with a
moveable coupling 980 that can provide a panning motion of the endoscopic scanning head through a pulley system
985 and an external manipulating lever lock 990. It is also possible to mount the endoscopic scanning head on a flexible
endoscope, such as a gastroendoscope or a sigmoidoscope. As an alternative to using a fiberscope (or in conjunction
therewith), an imaging sensor, such as a CCD or CMOS imaging chip, can be incorporated into the exemplary scanning
head to provide the live image of the tissue, for example. A separate illumination path also can be provided in the
exemplary scanning head 900.
[0057] Further, according to another exemplary embodiment of the present disclosure it is possible to incorporate two
or more imaging devices (e.g., detector chips, imaging devices, and/or fiberscopes) in the exemplary scanning head to
produce a stereoscopic image of the tissue in the body cavity that can be used to provide greater control of the device
to the user (e.g., operating surgeon). According to such exemplary embodiments, the front focusing lens can be adjusted
to modify the working distance, field of operation, and laser spot size of the scanning head, for example. It is also possible
using certain exemplary embodiments of the system, device, apparatus and arrangement according to the present
disclosure to be configured or structured for positioning the scanning head 900 remotely through an electromechanical
arrangement so as to provide for the use of such exemplary embodiments of the system, device, apparatus and ar-
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rangement in telemedicine, for example. Communication interfaces can be used to facilitate real-time direct communi-
cation and/or communication via the Internet, for example, so as to facilitate a user located off-site to remotely control
and/or use the exemplary system, device, apparatus and arrangement. The implementation of simulations and/or pre-
programmed procedures can also be used to overcome any time-delays that can result from the user being located off-
site and otherwise pose a possible difficulty in the performance of certain time-critical operations. It also is possible to
incorporate or include an accelerometer and/or a stabilization system in the scanner head to compensate for any unwanted
movement during operation, for example.
[0058] Figure 9B shows illustrations of the endoscopic laser scalpel device 901 and a cutout view of at the head section
902 thereof, in accordance with another exemplary embodiment of the present disclosure. A hollow-core fiber for CO2
laser delivery can be used for the endoscopic laser scalpel device 901 according to certain exemplary embodiments of
the present disclosure. It is also possible to include and/or utilize other elements/components/arrangements in addition
to the scanning optics, and such other elements/components/arrangements can be located, e.g., adjacent to the scanning
optics. For example, these other elements/components/arrangements can include, e.g., (a) an illumination channel 903
(e.g., optical fiber or LED), (b) a video channel 904 (e.g., which can include CCD and/or fiber bundle), (c) a laser delivery
channel 905 (e.g., single or multimode optical fiber, articulated arm delivery configuration or line-of-sight delivery con-
figuration), (d) an electromechanical control channel 906 that can be used for two or more separate and independent
optical scanning elements 907, 908, (e) other co-axial optical beam shaping and focusing elements 909 (e.g., focusing
and/or correction optics), (f) a remote control system that can be used for positioning and/or orientating the endoscope
head (e.g., which can include angulation control wires and pulleys), and (g) additional channels, working ducts and/or
instruments that can be used for, e.g., delivery and/or removal of fluids, gasses, small solids and/or other instruments,
devices and tools.
[0059] As shown in Figure 9B, the rotation and control of the optical elements 907, 908 (e.g., optical wedges and/or
prisms) can be located or provided in the endoscope head 902 according to certain exemplary embodiments of the
present disclosure, and configured/structured to perform certain exemplary methods and procedures in accordance with
further exemplary embodiments of the present disclosure for miniaturization and precision, for example. This can be
achieved, e.g., using micro-motors and/or actuators located in the endoscope head 902 that can be controlled remotely.
Because optical elements 907, 908 may have little mass or weight, it is possible to use small actuators in the endoscopic
head 902, and maintain accuracy and speed of the exemplary device, system, apparatus and/or arrangement according
to the exemplary embodiment of the present disclosure. For example, an exemplary mechanical system can be used
to control simple and complex movements and/or rotations of the wedges 907, 908, including, e.g., accelerations,
reversals and repetitions, in response to a user’s (e.g., surgeon’s) interaction with a video image and the pointing device.
Exemplary imaging and illumination channels can be provided to facilitate a retrieval and generation of an endoscopic
image of, e.g., 200 lines (or better) of the field in front of the endoscope head to a depth of approximately 2 cm - 10 cm,
for example. The mathematical relationship between the Cartesian space of an image screen and the dual-angle space
of exemplary optical elements which should be understood by those having ordinary skill in the art can facilitate exemplary
results.
[0060] Additionally, according to certain exemplary embodiments of the present disclosure, a light detector and/or
analyzer can be incorporated in the scanner head. Information and/or data can be obtained from the light detector and
displayed in real-time, processed and/or stored in a storage arrangement and/or storage device, and used in real-time
or subsequently to analyze the scattered light from the surgical laser and/or the light reflected from the tissue. Such
exemplary data, information and/or analysis can be used to assess and/or review the performance of the laser device,
system, method, arrangement and/or apparatus and effects of the laser surgery, for example.
[0061] While certain types of optical elements have been described herein, one having ordinary skill in the art should
appreciate in view of the teachings of the present disclosure that relatively lower-cost Germanium optics in the scanner
can be used in accordance with certain exemplary embodiments of the present disclosure. It is also possible to use a
combination of a laser control and various different optics. For example, Table 1 shows exemplary numerical data and
parameters for exemplary combinations of laser control and different optics in accordance with certain exemplary em-
bodiments of with the present disclosure. One having ordinary skill in the art should appreciate, based on the teachings
of the present disclosure, that other exemplary combinations of laser control and different optics can be used in accordance
with certain exemplary embodiments of the present disclosure.



EP 2 477 569 B1

12

5

10

15

20

25

30

35

40

45

50

55

T
ab

le
 1

: E
xe

m
p

la
ry

 n
u

m
er

ic
al

 d
at

a 
an

d
 p

ar
am

et
er

s 
fo

r 
ex

em
p

la
ry

 c
o

m
b

in
at

io
n

s 
o

f l
as

er
 c

o
n

tr
o

l a
n

d
 d

if
fe

re
n

t o
p

ti
cs

 in
 a

cc
o

rd
an

ce
 w

it
h

 th
e 

p
re

se
n

t d
is

cl
o

su
re

#
T

yp
e

C
om

m
en

t
C

ur
va

tu
re

T
hi

ck
ne

ss
G

la
ss

S
em

i-D
ia

m
et

er
P

ar
am

et
er

 1
P

ar
am

et
er

 2
0.

00
00

S
T

A
N

D
A

R
D

0.
00

00
in

f
0.

00
00

0.
00

00
0.

00
00

1.
00

00
P

A
R

A
X

IA
L

0.
00

00
75

.0
00

0
0.

15
00

-5
.0

00
0

1.
00

00
2.

00
00

T
IL

T
S

U
R

F
W

E
D

G
E

0.
00

00
2.

72
00

Z
N

S
E

6.
35

00
-0

.0
52

4
0.

00
00

3.
00

00
S

T
A

N
D

A
R

D
0.

00
00

0.
50

00
6.

35
00

0.
00

00
0.

00
00

4.
00

00
S

T
A

N
D

A
R

D
w

ed
ge

0.
00

00
2.

72
00

Z
N

S
E

6.
35

00
0.

00
00

0.
00

00

5.
00

00
T

IL
T

S
U

R
F

0.
00

00
1.

00
00

6.
35

00
0.

05
24

0.
00

00
6.

00
00

S
T

A
N

D
A

R
D

la
se

r 
rs

rc
h 

op
t

0.
00

00
1.

60
00

Z
N

S
E

7.
62

00
0.

00
00

0.
00

00
7.

00
00

S
T

A
N

D
A

R
D

LX
-0

62
0-

Z
-E

T
1.

5
-0

.0
14

0
0.

00
00

7.
62

00
0.

00
00

0.
00

00
8.

00
00

S
T

A
N

D
A

R
D

0.
00

00
12

8.
46

03
2.

57
18

0.
00

00
0.

00
00

9.
00

00
S

T
A

N
D

A
R

D
0.

00
00

0.
00

00
18

.4
30

6
0.

00
00

0.
00

00



EP 2 477 569 B1

13

5

10

15

20

25

30

35

40

45

50

55

[0062] Figure 10 shows a side cross-sectional view of a laser scanning endoscopic head 1000 along with representative
dimensions thereof in accordance with an exemplary embodiment of the present disclosure, in which the diameter of
the scanner optics can define the numerical aperture of the surgical laser beam. For example, as illustrated in Figure
10, a diameter of the scanner optics 1010 according to an exemplary embodiment of the present disclosure can be
approximately 8 mm. It is also possible for the diameter of the scanner optics 1010 to be in the range of approximately
2 mm to 14 mm. Other exemplary ranges for the diameter of the scanner optics 1010 can be 4 mm to 12 mm, 6 mm to
10 mm (or approximations thereof), etc. It should be understood that the diameter of the scanner optics 1010 can be
smaller than 2 mm or larger than 15mm in accordance with certain exemplary embodiments of the present disclosure.
With the diameter of the scanner optics 1010 being approximately 8 mm, an aperture diameter can be approximately 5
mm, for example.
[0063] As further illustrated in Figure 10, the diameter 1020 of the head 1000 can be dependent on other elements
and/or components in the exemplary system in addition to the optics, such as, e.g., imaging, illumination and instrument
channels, motors, processors, controls systems, etc. For example, the diameter 1020 of the head 1000 can be approx-
imately 16 mm, as illustrated in Figure 10. It is also possible for the diameter 1020 of the head 1000 to be in a range of
approximately 8 mm to 24 mm. For example, the diameter 1020 of the head 1000 can also be 10 mm to 22 mm, 12 mm
to 20 mm (or approximations thereof), etc. it should be understood that the diameter 1020 of the head 1000 can be
smaller than 8 mm or larger than 24 mm in accordance with certain exemplary embodiments of the present disclosure.
The diameter 1020 of the head 1000 can depend on several factors, including the application(s) for which the system
is to be used, the features (e.g., channels) to be included in the head, and the associated manufacturing feasibility and
expense, for example. Accordingly, considering precision manufacturing and technologies related to producing the optics
and other elements that can be included in an exemplary system and device according to the present disclosure, it may
be possible to produce heads having continuously smaller diameters will be possible and is thus considered to be in
accordance with the present disclosure.
[0064] The length of the head 1000 can depend on the optical design, the selection, and/or the configuration of the
optical elements used to generate the scan. For example, a length 1030 of the head 1000 can be approximately 17 mm,
as illustrated in Figure 10. It is also possible for the length 1030 of the head 1000 to be in a range of approximately 9
mm to 25 mm. Further, the length 1030 of the head 1000 can be 11 mm to 23 mm, 13 mm to 21 mm (or approximations
thereof), etc. For example, the length 1030 can be smaller than 9 mm or larger than 25 mm in accordance with certain
exemplary embodiments of the present disclosure.
[0065] Figure 11 shows a perspective view of a servo controlled positioning system in accordance with an exemplary
embodiment of the present disclosure. The exemplary scanner illustrated in Figure 11 can include one or more optical
fibers 1145 that can be configured to deliver the light to the exemplary system, device, apparatus, arrangement, etc.
Two or more lenses 1100, 1105 can expand and/or collimate the light beam to fill the aperture of the scanner elements.
A first scanning wedge 1110 can be mounted on a mounting ring 1115 with a magnetic ring 1120 fixed concentrically
with respect thereto. An ultrasonic motor 1125 can be configured to rotate the mounting ring 1115 with the direction and
acceleration being controlled by a microprocessor/frequency generator arrangement 1130. An array of four or more
orthogonal magnetic detectors 1135 can relay (and/or communicate) the rotational position of the magnetic ring to the
arrangement 1130. The ultrasonic motor 1125 and the detector(s) 1135 can be connected to the arrangement 1130
through a signal bus 1140 in a servo control arrangement, for example. It is also possible to use other communication
system(s), configuration(s) and/or protocol(s) that can be either wired and/or wireless to connect the ultrasonic motor
1125 and the detector(s) 1135 with the arrangement 1130. A second scanner unit/arrangement may be provided which
can have a second optical wedge 1150, a further mounting ring 1155, another magnetic ring 1160, another ultrasonic
motor 1165 and position sensor array 1170, which are provided in the endoscopic head. A focusing lens 1175 can
establish the resolution, working distance and working field diameter of the scanner, for example. The arrangement
1130 can be connected via a signal bus 1180 to an external scanner control, such as the computer control arrangement
130 illustrated in Figure 1.
[0066] Figure 12A shows an illustration of a geometrical sketch 1200 representing a scanning pattern generated by
an exemplary optical element and/or arrangement in accordance with an exemplary embodiment of the present disclo-
sure, which can be based on an exemplary model. For example, the exemplary geometric sketch 1200 illustrated in
Figure 12A can be generated using the exemplary device, arrangement, system, apparatus, etc. according to the present
disclosure that can include two or more optical elements, such as, e.g., optical elements 300, 310 illustrated in Figure
3A, or an exemplary model thereof. The optical wedges and/or corresponding model that can be used to generate the
geometrical sketch 1200 can include, e.g., two wedges 1110, 1150 shown in Figure 11. Exemplary variables that can
be used in a corresponding exemplary model are shown in Figure 12A, for example.
[0067] Figure 12B shows an exemplary geometrical sketch 1220 with the variables that can be used in a model in
accordance with an exemplary embodiment of the present disclosure. The exemplary geometrical sketch 1220 can be
the same or substantially similar to the geometrical sketch 1200 illustrated in Figure 12A. It should be understood that
the geometries and/or patterns used to generate and/or can be modeled by the two exemplary sketches 1200, 1220,
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respectively, can be different, as illustrated by a comparison of Figures 12A and 12B, for example. While the geometrical
sketch 1220 illustrated in Figure 12B can be generated by and/or represent the model of operation of the exemplary
device that can be the same or substantially similar to the exemplary device used to generate the scanning pattern
and/or be represented by the sketch 1200 (e.g., using two or more optical wedges), the geometries of the geometrical
sketches 1200, 1220 with respect to the angles can be different from one another. For example, as illustrated in Figure
12B, there can be a gap 1230 resulting from different angles, which can be modeled by the variable a, representing the
distance between the optical elements used to generate a scanning pattern corresponding to geometrical sketch 1220.
As illustrated in Figure 12A, in this exemplary embodiment, a gap 1230 does not exist and σ is not represented in the
geometrical sketch 1200.
[0068] For example, the following exemplary equations can be used with a model in accordance with an exemplary
embodiment of the present disclosure, such as the exemplary models corresponding to the exemplary sketches 1200,
1220 as illustrated in Figures 12A and 12B. 

where ri is the radial displacement from the axis. βi is the wedge angle, σ is the distance between the two wedges, R
and θ are the radius and angle of target points in polar coordinates, X and Y are the positions in Cartesian coordinates,
and ni is the refractive index of the wedges.
[0069] Figure 13A is an exemplary image 1300 of an exemplary scanning pattern 1305 generated by a device in
accordance with an exemplary embodiment of the present disclosure. To generate the exemplary scanning pattern 1305,
an exemplary software arrangement (e.g., a set of computer-executable instruction) is provided that can be stored on
a hardware computer-accessible medium which, when executed, configure a hardware processing arrangement to
execute procedures to facilitate and/or control the operation of the exemplary system using optical devices via the
controller to plot and trace an irradiation path corresponding to the scanning pattern 1305 illustrated in Figure 13A.
[0070] For example, image 1305 can be a photograph of a trace made on a piece of thermal paper by a laser beam
scanned and controlled by an exemplary device made and used in accordance with an exemplary embodiment of the
present disclosure. The exemplary trace can be of a previously programmed path established in the computer control
130 illustrated in Figure 1 and executed by the scanner control 135 illustrated in Figure 1.
[0071] Provided herewith in the Appendix is exemplary code that can be used for performing an exemplary procedure
in accordance with the present disclosure which can, e.g., generate the scanning pattern 1305 shown in the exemplary
image 1300 of Figure 13A.
[0072] For example, the exemplary procedures illustrated in the Appendix can be used with a CO2 laser being delivered
through a hollow core or photonic bandgap fiber. Such exemplary arrangement and/or system can be coupled with, e.g.,
a motor controller and industrial Zn-Se optics for CO2 lasers. Certain exemplary motor control equations can be utilized
via a computer software and/or programming language such as Matlab, for example. As described herein above, it is
possible to use a fiber delivery configuration for the laser, as well as a direct laser delivery procedure.
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[0073] According to such exemplary embodiment, the exemplary relationship between the desired points in the video
image space and the rotational position of the optical elements can be represented by the following equations in a similar
manner as described herein above with reference to Figure 12A. For example, if r1 = r2 = r, the angles for each point
(x,y) can be calculated by: 

[0074] For example, such exemplary equations (or functions) can provide absolute angles of each wedge for each
point in a scanning pattern space, which can then be converted to relative angles that each wedge can rotate to obtain
to the desired point from the previous point (e.g., to obtain an angle between 35° and 37°, a wedge can rotate about 2°
from a starting point of 35°). According to the exemplary procedures of this exemplary embodiment of the present
disclosure, the exemplary angles can then be verified by certain conditions to ensure that the shortest path is taken
every time an wedge is rotated from one point to another point (e.g., to ensure that a wedge rotates -5° as opposed to
355°). The exemplary angles are then fed into the ’MotorRotateRelative’ function (as illustrated in the exemplary code
and procedures provided in the Appendix) which sends the motor rotation commands to an exemplary motor controller.
Further details of the exemplary procedures and programming instructions are provided in enclosed Appendix, which
include comments providing descriptions of the functions and commands used in accordance with certain exemplary
embodiments of the present disclosure.
[0075] Figure 13B shows an illustrations of an exemplary optical wedge or prism scanner 1310 which can be used in
accordance with an exemplary embodiment of the present disclosure. As described herein above, the scanner in the
exemplary system can include, e.g., two or more co-axial circular optical wedges and/or prisms that can each bend
(refract) a laser beam or other light by an angle. This bend angle 1315 can depend on wedge parameters and wavelength
of the laser or light, for example. For small angles, the relationship can be represented by, e.g., α∼φn(λ) where α is the
bend angle (known as the refracted angle), φ is the angle of the wedge or prism, and n(λ) is the optical index of refraction
of the wedge or prism material that can be dependent on the wavelength λ of the light. For example, according to certain
exemplary embodiments of the present disclosure, it is possible to use zinc selenide (ZnSe) as an optical material with
an index of 2.34 at the 10.6 mm wavelength of a CO2 laser.
[0076] Figure 13C shows an illustration of a further exemplary scanning pattern 1320 in accordance with an exemplary
embodiment of the present disclosure. For example, by rotating one wedge or prism, a light beam can be scanned in a
circular motion at a fixed angle and, depending on the distance to the target, can generate a scanned circle 1321 having,
e.g., a fixed diameter. If two or more wedges or prisms are used in series with one another, the light beam can be
scanned over any point in a circular area 1325 with a diameter equal to twice the diameter of the scanned circle 1321
resulting from the single wedge scan, for example.
[0077] The first wedge can rotate the light beam by an angle ϕ1 to provide the light beam to the second prism, which
can then produce a second angle ϕ2 for the light beam. If the two angles are equal and opposite from one another, then
the light beam would provide little or no net angular change. If the angles are equal and oriented in the same direction
as one another, the light beam will likely undergo double (or approximately double) the angular change of a single wedge.
A characteristic of this type of the exemplary scanning system can be that the periphery of the corresponding scanned
area can be uniquely defined by a single pair of angles. For example, every point in the circular area can be defined by
two pairs of angles, and the center can be defined by infinite pairs of angles. Thus, to scan a straight line from one side
of the circle, through the center and to the other side, the wedges can be moved simultaneously in opposite directions,
for example. Such exemplary optical device/arrangement can be used for accurate optical alignment, and can be effec-
tively and readily operated by a variety of motor and control systems, including, e.g., servo control and/or electrome-
chanical motors and systems
[0078] Figure 14 shows a side view of another device/arrangement 1400 in accordance with a further exemplary
embodiment of the present disclosure. As illustrated in Figure 14, the exemplary device/arrangement 1400 can be used
to expand an incident laser beam 1405 with a conical mirror 1410 and a conical section mirror 1420 into a wider hollow
cylindrical (or tubular) beam of light, for example. The light beam can then be focused with a parabolic section mirror
1430 onto a parabolic mirror 1440, e.g., on the same or substantially the same axis with the incident laser beam 1405.
The parabolic mirror 1440 can be mounted on a biaxial angular stage to control the direction of a reflected beam 1460.
One of the advantages of the exemplary embodiment illustrated in Figure 14 is that the exemplary device/arrangement
1400 can maintain a relatively small profile with respect to a relatively large aperture. For example, it is possible to utilize
angular components of higher spatial frequencies without using central or low frequency components for a relatively
large exemplary focused beam angular spectrum.
[0079] Figure 15 shows an exemplary block diagram of an exemplary embodiment of a system according to the present
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disclosure. For example, an exemplary procedure in accordance with the present disclosure can be performed by a
processing arrangement and/or a computing arrangement 1510. Such processing/computing arrangement 1510 can
be, e.g., entirely or a part of, or include, but not limited to, a computer/processor 1520 that can include, e.g., one or more
microprocessors, and use instructions stored on a computer-accessible medium (e.g., RAM, ROM, hard drive, or other
storage device).
[0080] As shown in Figure 15, e.g., a computer-accessible medium 1530 (e.g., as described herein above, a storage
device such as a hard disk, floppy disk, memory stick, CD-ROM, RAM, ROM, etc., or a collection/combination thereof)
can be provided (e.g., in communication with the processing arrangement 1510). The computer-accessible medium
1530 can contain executable instructions 1540 thereon. In addition or alternatively, a storage arrangement 1550 can be
provided separately from the computer-accessible medium 1530, which can provide the instructions to the processing
arrangement 1510 so as to configure the processing arrangement to execute certain exemplary procedures, processes
and methods, as described herein above, for example.
[0081] Further, the exemplary processing arrangement 1510 can be provided with or include an input/output arrange-
ment 1570, which can include, e.g., a wired network, a wireless network, the internet, an intranet, a data collection probe,
a sensor, etc. As shown in Figure 15, the exemplary processing arrangement (computing arrangement) 1510 can be in
communication with an exemplary display arrangement 1560, which, according to certain exemplary embodiments of
the present disclosure, can be a touch-screen configured for inputting information to the processing arrangement in
addition to outputting information from the processing arrangement, for example. Further, the exemplary display 1560
and/or a storage arrangement 1550 can be used to display and/or store data in a user-accessible format and/or user-
readable format. The exemplary procedure described herein above can be performed using the exemplary system shown
in Figure 15 and described herein.
[0082] Figure 16 shows a flow diagram of a procedure in accordance with certain exemplary embodiments of the
present disclosure. As shown in Figure 16, the exemplary procedure can be executed on and/or by, e.g., the process-
ing/computing arrangement 1510 of Figure 15, and can be stored by a hardware computer-accessible medium, which
can include the storage arrangement 1550 of Figure 15. The processing/computing arrangement 1510 can be or included
in the computer control 130 of Figure 1, for example. The processing/computing arrangement 1510 can access the
storage arrangement 1550 to obtain the instructions which can be used to configure the processing/computing arrange-
ment 1510 to execute such exemplary procedure. For example, starting at subprocess 1610, in accordance with certain
exemplary embodiments of the present disclosure, the exemplary processing/computing arrangement 1510 can, in
subprocess 1620, define a pattern to irradiate at least one section in a body. In subprocess 1630, the exemplary process-
ing/computing arrangement 1510 can control at least one optical element provided in a housing to refract and/or diffract
light based on the pattern using an actuating arrangement. The housing and/or actuating arrangement can be structured
to be inserted into the body, for example.
[0083] Figure 17 shows a flow diagram of another procedure in accordance with certain exemplary embodiments of
the present disclosure. As shown in Figure 17, the exemplary procedure can be executed, at least in part, on and/or by,
e.g., the processing/computing arrangement 1510 illustrated in Figure 15, and can be stored by a hardware computer-
accessible medium, which can include the storage arrangement 1550 of Figure 15. The processing/computing arrange-
ment 1510 can be or included in the computer control 130 of Figure 1, for example. The processing/computing arrange-
ment 1510 can access the storage arrangement 1550 to obtain the instructions which can be used to configure the
processing/computing arrangement 1510 to execute such exemplary procedure.
[0084] For example, starting at subprocess 1710, a device (e.g., endoscope) in accordance with an exemplary em-
bodiment of the present disclosure can locate target tissue within a body from a position within the body. In subprocess
1730, the exemplary processing/computing arrangement 1510 can establish a position of the device relative to the target
tissue using a particular arrangement that has a housing that is inserted into the body, for example. Then, the exemplary
processing/computing arrangement 1510 can generate control data by (i) tracing over an image of the tissue a path to
be cut with at least one electro-magnetic radiation in subprocess 1740, (ii) defining an area to be effected by the at least
one electro-magnetic radiation in subprocess 1750, and/or (iii) c controlling the position of the at least one electro-
magnetic radiation in real time in subprocess 1760. The exemplary processing/computing arrangement 1510 can then,
in subprocess 1770, with at least one actuating arrangement provided in the housing, control at least one optical element
provided in the housing, based on the control data, to refract and/or diffract at least one light. The exemplary path can
be based on a pattern in accordance with certain exemplary embodiments of the present disclosure, and the housing
and/or actuating arrangement can be structured to be inserted into the body, for example.

EXEMPLARY APPLICATIONS

[0085] While the exemplary embodiment of the steering and focusing system/arrangement according to the present
disclosure can be used to improve a minimally invasive surgical treatment of cancers of the head and neck, it is possible
to use such exemplary systems/arrangements to treat diseases of other anatomical regions and to work with other types
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of laser wavelengths. Other exemplary areas of application can include laparoscopic, gastrointestinal, urologic and
thoracoscopic minimally invasive surgery
[0086] The foregoing merely illustrates the principles of the disclosure. Various modifications and alterations to the
described embodiments will be apparent to those skilled in the art in view of the teachings herein, and especially in the
appended claims. It will thus be appreciated that those skilled in the art will be able to devise numerous systems,
arrangements, and methods which, although not explicitly shown or described herein, embody the principles of the
disclosure and are thus within the spirit and scope of the disclosure. In addition, all publications and references referred
to above are incorporated herein by reference in their entireties. It should be understood that the exemplary procedures
described herein can be stored on any computer accessible medium, including a hard drive, RAM, ROM, removable
disks, CD-ROM, memory sticks, etc., and executed by a processing arrangement which can be a microprocessor, mini,
macro, mainframe, etc. In addition, to the extent that the prior art knowledge has not been explicitly incorporated by
reference herein above, it is explicitly being incorporated herein in its entirety.

I. Script file used to entirely run the system by setting parameters, defining the desired laser path, and sending the
necessary commands to each motor. Calls the various functions listed on the following pages. (ControlMotorMAS-
TER.m):
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II. Motor initialization function to set motor parameters. Sends commands to the motor driver/controller. (Motorlni-
tialization.m):
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III. Motor homing function which zeros the motor position. (MotorHome.m)
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IV. Motor relative rotation function that sends the necessary commands to move each motor relative to its current
position. (MotorRotateRelative.m)
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V. Function to convert (x,y) point to angles of rotation for each wedge. (xy2th1th2.m)
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Claims

1. An endoscopic laser scalpel system, comprising:

a laser source (945) configured to provide laser light for at least one of incision, excision, and ablation of tissue
in minimally invasive surgery; and
a laryngoscope or endoscope (975) having a distal end configured to be inserted into a body cavity to deliver
the laser light to a target tissue therein,
an endoscopic head (900) mounted on the distal end of the laryngoscope or endoscope, the endoscopic head
comprising:

an expansion negative lens (905) positioned to expand the laser light from the laser source;
a focusing positive lens (965) interfacing the endoscopic head to the body cavity; and
at least two rotatable optical elements (915, 960) positioned between the expansion lens and the focusing
lens, each of which comprises an optical wedge or prism configured to refract light or a diffraction grating
configured to diffract light,

wherein the rotatable optical elements and the lenses are aligned with their centers on a common optical axis,
and each of the optical elements is configured to rotate about the optical axis, and
wherein the endoscopic head further comprises:

at least two actuating arrangements each configured to rotate a respective optical element around the
optical axis, each actuating arrangement comprising an electro-optomechanical unit; and
a fiberscope (970) and/or other endoscopic imaging device configured to provide or facilitate illumination
of the tissue in the body cavity and to relay a live video image to an external video processor and image
display.

2. The endoscopic laser scalpel system according to claim 1, wherein the laser source comprises an optical fiber for
CO2 laser delivery.

3. The endoscopic laser scalpel system according to claim 1, wherein the optical fiber is a hollow core or photonic
bandgap optical fiber.

4. The endoscopic laser scalpel system according to claim 1, wherein the at least two rotatable optical elements
comprise a Risley prism pair.

5. The endoscopic laser scalpel system according to claim 1, wherein the endoscopic head further comprises a colli-
mating positive lens (910) positioned to collimate the laser light from the expansion lens, and wherein the at least
two rotatable optical elements are positioned between the collimating lens and the focusing lens.

6. The endoscopic laser scalpel system according to claim 1, each actuating arrangement comprising a mounting ring
(920) to which the respective optical element is mounted.

7. The endoscopic laser scalpel system according to claim 6, wherein each mounting ring is held in place by an array
of bearings (925).

8. The endoscopic laser scalpel system according to claim 6, wherein each mounting ring is rotated by an ultrasonic
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motor (930).

9. The endoscopic laser scalpel system according to claim 8, each actuating arrangement further comprising a magnetic
ring (935) attached to the mounting ring, and a hall position sensor (940) to measure and/or monitor the position of
the magnetic ring.

10. The endoscopic laser scalpel system according to claim 9, wherein the motor and the hall position sensor are
controlled in a servo loop arrangement by a local processor (950) in response to movement commands delivered
from a control unit.

11. The endoscopic laser scalpel system according to claim 10, wherein the movement commands are delivered via a
signal bus (955).

12. The endoscopic laser scalpel system according to claim 1, wherein the imaging device comprises a CCD or CMOS
imaging chip in the endoscopic head to provide the live image of the tissue.

13. The endoscopic laser scalpel system according to claim 1, further comprising a separate illumination path in the
endoscopic head.

14. The endoscopic laser scalpel system according to claim 1, further comprising two or more detector chips, imaging
devices, and/or fiberscopes in the endoscopic head to provide a stereoscopic image of the tissue in the body cavity.

15. The endoscopic laser scalpel system according to claim 1, further comprising one or more additional channels
substantially parallel to the fiberscope.

16. The endoscopic laser scalpel system according to claim 15, wherein the additional channels are configured to
provide delivery and/or removal of liquids, gases, and/or small solids from the body cavity.

17. The endoscopic laser scalpel system according to claim 15, wherein the additional channels are configured for
insertion and removal of other surgical instruments, devices, tools, detectors, and/or sensors.

18. The endoscopic laser scalpel system according to claim 1, wherein the laryngoscope or endoscope (975) is a
Kleinstasser or Steiner operating laryngoscope with a moveable coupling (980) configured to provide a panning
motion of the endoscopic head through a pulley system (985) and a lever lock (990).

19. The endoscopic laser scalpel system according to claim 1, wherein the laryngoscope or endoscope (975) is a flexible
endoscope comprising a gastroendoscope or a sigmoidoscope.

20. The endoscopic laser scalpel system according to claim 1, wherein the system is configured for positioning the
endoscopic head remotely through an electromechanical arrangement.

Patentansprüche

1. Endoskopisches Laserskalpellsystem, das Folgendes umfasst:

eine Laserquelle (945), die dazu konfiguriert ist, Laserlicht für mindestens eines von Inzision, Exzision und
Ablation von Gewebe bei minimalinvasiver Chirurgie bereitzustellen; und
ein Laryngoskop oder Endoskop (975) mit einem distalen Ende, das dazu konfiguriert ist, in eine Körperhöhle
eingeführt zu werden, um das Laserlicht einem Zielgewebe darin zuzuführen,
einen endoskopischen Kopf (900), der an dem distalen Ende des Laryngoskops oder Endoskops angebracht
ist, wobei der endoskopische Kopf Folgendes umfasst:

eine negative Streuungslinse (905), die dazu positioniert ist, das Laserlicht von der Laserquelle zu streuen;
eine positive Sammellinse (965), die den endoskopischen Kopf an die Körperhöhle koppelt; und
mindestens zwei zwischen der Streuungslinse und der Sammellinse positionierte drehbare optische Ele-
mente (915, 960), die jeweils einen optischen Keil oder ein optisches Prisma der bzw. das dazu konfiguriert
ist, Licht zu brechen, oder ein zum Beugen von Licht konfiguriertes Beugungsgitter umfassen,
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wobei die drehbaren optischen Elemente und die Linsen mit ihren Mitten auf einer gemeinsamen optischen
Achse ausgerichtet sind und die optischen Elemente jeweils dazu konfiguriert sind, sich um die optische Achse
zu drehen, und
wobei der endoskopische Kopf weiter Folgendes umfasst:

mindestens zwei Betätigungsanordnungen, die jeweils dazu konfiguriert sind, ein jeweiliges optisches Ele-
ment um die optische Achse zu drehen, wobei die Betätigungsanordnungen jeweils eine elektro-optome-
chanische Einheit umfassen; und
ein Faserendoskop (970) und/oder eine andere endoskopische Abbildungsvorrichtung, die dazu konfiguriert
ist, die Beleuchtung des Gewebes in der Körperhöhle bereitzustellen oder zu ermöglichen und ein Live-
Videobild zu einem externen Videoprozessor und einer externen Bildanzeige zu übertragen.

2. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei die Laserquelle eine optische Faser zur CO2-Las-
erzuführung umfasst.

3. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei es sich bei der optischen Faser um eine optische
Hohlfaser oder eine optische photonische Bandlückenfaser handelt.

4. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei die mindestens zwei drehbaren optischen Elemente
ein Risley-Prismenpaar umfassen.

5. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei der endoskopische Kopf weiter eine positive Kolli-
matorlinse (910) umfasst, die dazu positioniert ist, das Laserlicht von der Streuungslinse zu kollimieren, und wobei
die mindestens zwei drehbaren optischen Elemente zwischen der Kollimatorlinse und der Sammellinse positioniert
sind.

6. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei die Betätigungsanordnungen jeweils einen Befesti-
gungsring (920) umfassen, an dem das jeweilige optische Element befestigt ist.

7. Endoskopisches Laserskalpellsystem nach Anspruch 6, wobei die Befestigungsringe jeweils von einer Gruppierung
von Lagern (925) in Position gehalten werden.

8. Endoskopisches Laserskalpellsystem nach Anspruch 6, wobei die Befestigungsringe jeweils von einem Ultraschall-
motor (930) gedreht werden.

9. Endoskopisches Laserskalpellsystem nach Anspruch 8, wobei die Betätigungsanordnungen weiter jeweils einen
an dem Befestigungsring angebrachten magnetischen Ring (935) und einen Hall-Positionssensor (940) zum Messen
und/oder Überwachen der Position des magnetischen Rings umfassen.

10. Endoskopisches Laserskalpellsystem nach Anspruch 9, wobei der Motor und der Hall-Positionssensor von einem
lokalen Prozessor (950) als Reaktion auf von einer Steuereinheit zugeführte Bewegungsbefehle in einer Servoschlei-
fenanordnung gesteuert werden.

11. Endoskopisches Laserskalpellsystem nach Anspruch 10, wobei die Bewegungsbefehle über einen Signalbus (955)
zugeführt werden.

12. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei die Abbildungsvorrichtung einen CCD- oder CMOS-
Abbildungschip in dem endoskopischen Kopf umfasst, um das Live-Bild des Gewebes bereitzustellen.

13. Endoskopisches Laserskalpellsystem nach Anspruch 1, weiter umfassend einen getrennten Beleuchtungsweg in
dem endoskopischen Kopf.

14. Endoskopisches Laserskalpellsystem nach Anspruch 1, weiter umfassend zwei oder mehr Detektorchips, Abbil-
dungsvorrichtungen und/oder Faserendoskope in dem endoskopischen Kopf, um ein stereoskopisches Bild des
Gewebes in der Körperhöhle bereitzustellen.

15. Endoskopisches Laserskalpellsystem nach Anspruch 1, weiter umfassend einen oder mehrere, im Wesentlichen
zu dem Faserendoskop parallele, zusätzliche Kanäle.
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16. Endoskopisches Laserskalpellsystem nach Anspruch 15, wobei die zusätzlichen Kanäle dazu konfiguriert sind, die
Zufuhr und/oder Abfuhr von Flüssigkeiten, Gasen und/oder kleinen Feststoffen aus der Körperhöhle bereitzustellen.

17. Endoskopisches Laserskalpellsystem nach Anspruch 15, wobei die zusätzlichen Kanäle zum Einführen und Ent-
fernen anderer chirurgischer Instrumente, Vorrichtungen, Werkzeuge, Detektoren und/oder Sensoren konfiguriert
sind.

18. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei es sich bei dem Laryngoskop oder Endoskop (975)
um ein Kleinsasser- oder Steiner-Operationslaryngoskop mit einer zum Bereitstellen einer Schwenkbewegung des
endoskopischen Kopfs über ein Umlenkrollensystem (985) und einer Hebelverriegelung (990) konfigurierten be-
weglichen Kupplung (980) handelt.

19. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei es sich bei dem Laryngoskop oder Endoskop (975)
um ein ein Gastroendoskop oder ein Sigmoidoskop umfassendes flexibles Endoskop handelt.

20. Endoskopisches Laserskalpellsystem nach Anspruch 1, wobei das System zum Positionieren des endoskopischen
Kopfs aus der Ferne über eine elektromechanische Anordnung konfiguriert ist.

Revendications

1. Système de scalpel laser endoscopique, comprenant :

une source laser (945) configurée pour fournir de la lumière laser pendant l’une au moins parmi une incision,
une excision et une ablation de tissu en chirurgie mini-invasive ; et
un laryngoscope ou un endoscope (975) ayant une extrémité distale configurée pour être introduite dans une
cavité corporelle afin de délivrer la lumière laser à un tissu cible à l’intérieur de ladite cavité,
une tête endoscopique (900) montée sur l’extrémité distale du laryngoscope ou de l’endoscope, la tête endos-
copique comprenant :

une lentille divergente d’élargissement (905) positionnée pour élargir la lumière laser venant de la source
laser ;
une lentille convergente de focalisation (965) faisant l’interface de la tête endoscopique avec la cavité
corporelle ; et
au moins deux éléments optiques tournants (915, 960), positionnés entre la lentille d’élargissement et la
lentille de focalisation, dont chacun comprend un coin ou prisme optique configuré pour réfracter la lumière
ou un réseau de diffraction configuré pour diffracter la lumière,

dans lequel les éléments optiques tournants et les lentilles sont alignés avec leurs centres sur un axe optique
commun et chacun des éléments optiques est configuré pour tourner autour de l’axe optique, et
dans lequel la tête endoscopique comprend en outre :

au moins deux structures d’actionnement configurées chacune pour faire tourner un élément optique res-
pectif autour de l’axe optique, chaque structure d’actionnement comprenant un ensemble électro-
optomécanique ; et
un fibroscope (970) et/ou un autre dispositif d’imagerie endoscopique configuré pour fournir ou faciliter
l’illumination du tissu dans la cavité corporelle et pour relayer une image vidéo en direct à un processeur
vidéo et un afficheur d’images externes.

2. Système de scalpel laser endoscopique selon la revendication 1, dans lequel la source laser comprend une fibre
optique pour la délivrance de laser au CO2.

3. Système de scalpel laser endoscopique selon la revendication 1, dans lequel la fibre optique est une fibre optique
à âme creuse ou à bande interdite photonique.

4. Système de scalpel laser endoscopique selon la revendication 1, dans lequel lesdits au moins deux éléments
optiques tournants comprennent une paire de prismes de Risley.
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5. Système de scalpel laser endoscopique selon la revendication 1, dans lequel la tête endoscopique comprend en
outre une lentille convergente de collimation (910) positionnée pour collimater la lumière laser venant de la lentille
d’élargissement, et dans lequel lesdits au moins deux éléments optiques tournants sont positionnés entre la lentille
de collimation et la lentille de focalisation.

6. Système de scalpel laser endoscopique selon la revendication 1, dans lequel chaque structure d’actionnement
comprend une bague de montage (920) sur laquelle l’élément optique respectif est monté.

7. Système de scalpel laser endoscopique selon la revendication 6, dans lequel chaque bague de montage est main-
tenue en place par un ensemble de paliers (925).

8. Système de scalpel laser endoscopique selon la revendication 6, dans lequel chaque bague de montage est entraînée
en rotation par un moteur ultrasonique (930).

9. Système de scalpel laser endoscopique selon la revendication 8, dans lequel chaque structure d’actionnement
comprend en outre une bague magnétique (935) fixée à la bague de montage, et un capteur de position à effet Hall
(940) pour mesurer et/ou surveiller la position de la bague magnétique.

10. Système de scalpel laser endoscopique selon la revendication 9, dans lequel le moteur et le capteur de position à
effet Hall sont commandés dans une structure de boucle d’asservissement par un processeur local (950) en réponse
à des commandes de mouvement fournies par un module de commande.

11. Système de scalpel laser endoscopique selon la revendication 10, dans lequel les commandes de mouvement sont
délivrées par le biais d’un bus de signal (955).

12. Système de scalpel laser endoscopique selon la revendication 1, dans lequel le dispositif d’imagerie comprend une
puce d’imagerie CCD ou CMOS dans la tête endoscopique pour fournir l’image en direct du tissu.

13. Système de scalpel laser endoscopique selon la revendication 1, comprenant en outre un trajet d’illumination séparé
dans la tête endoscopique.

14. Système de scalpel laser endoscopique selon la revendication 1, comprenant en outre deux ou plus de deux puces
détectrices, dispositifs d’imagerie et/ou fibroscopes dans la tête endoscopique pour fournir une image stéréoscopique
du tissu dans la cavité corporelle.

15. Système de scalpel laser endoscopique selon la revendication 1, comprenant en outre un ou plusieurs conduits
supplémentaires sensiblement parallèles au fibroscope.

16. Système de scalpel laser endoscopique selon la revendication 15, dans lequel les conduits supplémentaires sont
configurés pour permettre la délivrance et/ou le retrait de liquides, de gaz et/ou de petits solides à/de la cavité
corporelle.

17. Système de scalpel laser endoscopique selon la revendication 15, dans lequel les conduits supplémentaires sont
configurés pour l’insertion et le retrait d’autres instruments chirurgicaux, dispositifs, outils, détecteurs et/ou capteurs.

18. Système de scalpel laser endoscopique selon la revendication 1, dans lequel le laryngoscope ou l’endoscope (975)
est un laryngoscope opératoire Kleinsasser ou Steiner avec un accouplement mobile (980) configuré pour permettre
un mouvement panoramique de la tête endoscopique au moyen d’un système de poulies (985) et d’un blocage à
levier (990) .

19. Système de scalpel laser endoscopique selon la revendication 1, dans lequel le laryngoscope ou l’endoscope (975)
est un endoscope flexible comprenant un gastroscope ou un sigmoïdoscope.

20. Système de scalpel laser endoscopique selon la revendication 1, dans lequel le système est configuré pour posi-
tionner la tête endoscopique à distance au moyen d’une structure électromécanique.
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