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SURGICAL DRILL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit and priority of U.S. provisional patent applications
Ser. No. 61/800,883, filed March 15, 2013, entitled “SURGICAL DRILL”, and Ser. No.
61/915,203, filed December 12, 2013, entitled “SURGICAL DRILL”, the contents of all of

which are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION
[0002] This invention relates to devices and methods for surgical access to the body, and

particularly to surgical drills for accessing a body cavity and methods therefor.

BACKGROUND OF THE INVENTION

[0003] Stereotactic head frames have a long and proven history in neurosurgery. The two
most commonly used are the Leksell (Elekta) and CRW (Integra Neurosciences) frames. In these
procedures, a frame is mounted to the head by screwing pins directly against the patient’s skull
for fixation at four points. The head with attached frame are then imaged by CT or MRI to
identify targets, either manually or more frequently with computerized software, in relation to
the external frame. Since both the frame and target can be viewed on the images, the distance of
the target from given reference points on the frame can be measured in three coordinates. Next in
the OR, an arc apparatus is attached to the head frame and adjusted based on the previously
measured coordinates and desired trajectory. One in position, a guide is used to drill a hole along
a trajectory to the target. These head frames are associated with high accuracy (1-2 mm) for
reaching target structures, much of which is achieved by having a permanent fixation between
the skull and guide being used for creating the cranial access. Unfortunately, the frame is
cumbersome, uncomfortable for patients, and time intensive.

[0004] Frameless stercotactic procedures rely on registration of the patient’s skull using
anatomical landmarks, skin fiducial, or bone fiducials to a pre-acquired MRI or CT scan. In the
operating room the orientation of fiducial markers or skin surfaces is registered using

stereoscopic cameras on the navigation system to a volume of brain images. Once registration is
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completed, the navigation system can show the relationship of any registered surgical
instruments to patient’s brain anatomy. The two major manufacturers of these neuronavigation
systems are Medtronic and Brainlabs. Both companies offer accessories which attach to the
patients bed to allow twist drill access to a target along a defined trajectory. The drawback to
these accessories (Medtronic — Precision Aiming Device and Brainlab Varioguide) are that
neither is directly attached to the patient’s head, and therefore any movement of the drill is not
directly accompanied by a corresponding movement of the head. Both systems require additional
time and resource to set up in the operating room. Finally, because skin fiducials are movable in

relation to the underlying skull, additional error may be realized from the registration alone.

SUMMARY OF THE INVENTION

[0005] This invention is directed to devices and methods for surgical access to the body, and
particularly to surgical drills which may be stercotactically guided to a predetermined trajectory
to access a body cavity and methods therefor. In general, a surgical drill is utilized to gain access
to a body cavity or part, such as where bone and/or other hard tissues need to be pierced. For
example, the skull and other bones with internal cavities may require surgical access to treat
body portions contained within the bone. Further in general, it may be genecrally desirable to
create access holes or openings which may be as small as possible and at a particular direction
and/or trajectory. In this manner the access hole or opening may be utilized to guide another
device, such as a treatment device, to a particular target along the established trajectory of the
access hole or opening. Also in general, it may be desirable for portions or the entirety of the
surgical drill to be sterilizable for use in surgical procedures, such as by autoclave. It may further
be generally desirable for the surgical drill to be disposable, small, to require minimal assembly
for use, and to be as powerful as possible to gain access, such as through bone, as quickly and
cfficiently as possible.

In an exemplary aspect of the invention, a surgical drill of the present invention may
generally include a main body, and a mounting feature towards one end of the main body
adapted for mounting a drill bit. A channel or cannulation inside the main body is adapted for
receiving a navigation device in a fixed orientation relative to said drill bit. The channel or
cannulation may extend partially through the inside of the main body. In one aspect, the drill bit

may be removably mounted to the mounting feature. In another aspect, the drill bit may be
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permanently mounted to the mounting feature. The handle may aid in providing for simple and
precise use during a surgical procedure.

The navigation device may include a stercotactic tracking feature, for example a
navigation probe or wand, or tracking equipment, for stercotactically tracking and controlling
the trajectory of the surgical drill during use such that, for example, an access hole may be
drilled along a particular trajectory, such as towards a particular target, guided by the tracking
feature. In one aspect, the navigation device may be received into the channel or cannulation and
be substantially disposed inside the main body of the surgical drill. In another aspect, the
navigation device may be mounted to the channel or cannulation through an adaptor and be
substantially disposed outside the main body of the surgical drill. In a further aspect, the
navigation device may be received into the channel or cannulation and be mounted substantially
inside the main body of the surgical drill. For example, the surgical drill may generally be
compatible and/or be compatible via adapters to receive a standard navigation probe or wand
and/or other tracking equipment used in stereotactic surgery. In general, the channel or partial
cannulation may be relatively deep in relation to the insertable probe or wand, as this may aid in
stability and accuracy of tracking. The channel or partial cannulation may also be adapted for
fitting insertable probes, wands or devices of different diameters without the use of an adapter,
sleeve or shim, such as, for example, by including at least a tapering portion, a portion having
different diameters, such as a stepped portion, and/or a combination thercof. The channel or
partial cannulation may also include a locking and/or other retaining feature such that an inserted
probe, wand or device may be seccurcly retained in the channel or partial cannulation. The
locking and/or other retaining feature may also be adapted to aid in retention of the inserted
probe, wand or device, but may, for example, allow free rotation of the inserted probe, wand or
device in the channel or partial cannulation. In some embodiments, the channel or partial
cannulation may also be in direct line with the drill bit such that the orientation of the inserted
probe or wand matches the trajectory of the drill bit and thus the drilled access hole. In general, it
may be desirable for the channel or partial cannulation not to pass through the entire drill such
that the sterility of the channel or partial cannulation may be separately maintained from the

sterility of the drill bit end of the surgical drill.
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[0006] In another embodiment, the surgical drill itself may include features that enable the
tracking of the position and/or orientation of the surgical drill, such as navigation fiducials which
may be built in or removable.

[0007] In one aspect of the invention, a surgical drill may generally include a main body with
a handle for simple and precise use during a surgical procedure. The main body and/or handle
may generally include a motor, a power source, a control system for the motor and/or gearing
mechanisms for the output of the motor. A drill bit and/or other tool may be generally attached to
the drill, such as reversibly by a chuck, or permanently by direct attachment to a gearing
mechanism or to the motor, and may extend from one end of the main body. In some
embodiments, the drill bit may be permanently mounted to the motor and/or to a gearing
mechanism, such that the drill bit may not be removed from the surgical drill. This may be
utilized to make the surgical drill more resistant to user error, such as, for example, by
preventing the wrong type of drill bit from being used, and/or make the surgical drill simplified
in construction and/or more disposable. The surgical drill may further include an actuator, such
as a trigger or other appropriate control, for actuating the motor and the attached drill bit. The
actuator may be present on the outside of the surgical drill, such as at the handle or other portion
of the main body, or other controls may be utilized, such as wired controls, wireless controls,
voice control, and/or other appropriate control mechanism. In some embodiments, the power
source may be non-rechargeable and/or non-removable. This may be utilized to make the
surgical drill more disposable and/or to prevent the surgical drill from being utilized past its
intended life. For example, the power source may hold a known, finite charge, which may be
selected to match a given expected usage life for the surgical drill.

[000&] In another aspect of the invention, the surgical drill may be utilized with a stereotactic
access device.

[0009] In general, a stereotactic device may include portions or features for fixing the device
to a portion of a patient’s body, such as, for example, a skull, such that the device may be
generally spatially fixed in relation to the patient’s body or part thereof. The stercotactic device
may also generally include portions or features for guiding a medical device or other device at a
particular trajectory in relation to the patient’s body or part thereof.

[0010] In one aspect, a stercotactic access device includes a plurality of mounting arms

which may further include mounting devices or features such that, for example, the stercotactic
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access device may be mounted securely to a patient’s body or part thereof. In some
embodiments, the mounting arms may gencrally be adapted to provide a stable mounting of the
stereotactic access device to a patient’s body or part thereof. For example, many body parts have
curved or irregular surfaces such that stable mounting may be desirable. In an exemplary
embodiment, the mounting arms may form at least a stable planc such that when the mounting
arms arc attached to the patient’s body, the stereotactic access device may generally be spatially
stable and/or attached securely. In one embodiment, the stercotactic access device may include
three mounting arms which may form a stable plane. The mounting arms may also be adapted to
conform to the contours of a patient’s body or part thercof, such as, for example, a skull. The
mounting arms may further be adapted to contour, for example, such that there may be access
space between the stercotactic access device and the patient’s body and/or portion thereof. This
may be desirable, for example, to manipulate a medical device and/or other device between the
stereotactic access device and the patient’s body and/or portion thercof.

[0011] In another aspect, a stercotactic access device includes a mounting and/or guiding
feature such that a medical device and/or other device may be mounted to or guided to the
stereotactic access device such that, for example, the device may be retained at a particular
orientation and/or spatial relationship to the patient’s body or part thereof. In some embodiments,
the mounting and/or guiding feature may include a rotatable portion, such as an orbitally
rotatable and/or swivelable portion, such that the orientation of the portion may be changed with
respect to the patient’s body, a portion thercof, and/or the rest of the stercotactic access device.
In an exemplary embodiment, the mounting and/or guiding feature may include, for example, a
rotating sphere which may further include a guide channel to, for example, receive a medical
device and/or other device.

[0012] In a further aspect, a stereotactic access device includes features for aiding in
mounting, positioning and/or registering the position and/or orientation of the stercotactic access
device, for example, in relation to the patient’s body and/or portion thereof. In some
embodiments, the stercotactic access device may include, for example, mounting hardware such
as, for example, screws, nails, bolts, pins, and/or any other appropriate mounting hardware or
combination thereof. For certain curvatures and/or shapes of a body and/or portion thereof,
spacers and/or other adjustment accessories, such as spacers between the end of the mounting

arm(s) and the body, may be utilized such that a stable planc may be established with the
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stereotactic access device. In general, the mounting hardware may provide, for example, stable
and/or secure retention and/or fixation of the stereotactic access device to a patient’s body and/or
portion thereof, such as, for example, to a bone or soft tissue via, for example, mounting arms. In
some embodiments, the mounting hardware may also provide and/or act as, for example, fiducial
markers for aiding in positioning and/or registering the position and/or orientation of the
stereotactic access device, such as, for example, relative to the patient’s body and/or portion
thereof. For example, the mounting hardware may be registered and/or imaged by a detection
modality, such as, for example, magnetic resonance imaging (MRI), X-ray, computerized
tomography (CT), ultrasound, and/or any other appropriate detection modality or combination
thereof.

[0013] Reusable and/or rechargeable surgical drills are useful and may be desirable in certain
uses. In general, surgical drills are made of expensive components as all of the components are
sterilizable components and is thus not economical to dispose of them after one, or even a few
uses. The drills are also generally constructed such that the drill bits are mounted and replaced by
the operator(s). However, for some delicate operations, it is not desirable to have a drill that may
stop working in the middle of a drilling operation, for example, due to part failure because of
wear or harsh sterilization process used, due to operator errors during assembly or replacement
or the drill bit, or due to failure of rechargeable batteries.

[0014] In a further exemplary aspect of the invention, a surgical drill of the present
invention may generally include a main body, and a drill bit permanently mounted towards one
end of the main body. A channel or cannulation inside the main body is adapted for receiving a
navigation device in a fixed orientation relative to said drill bit. The channel or cannulation may
extend partially through the inside of the main body. The drill bit may be mounted to a mounting
feature present on the main body or it may be an extension of the main body.

[0015] In one aspect, the surgical drill of the present invention may be manufactured from
materials which may not be sterilized by certain methods, such as, for example, by autoclave,
such that it may not be reused. In another aspect, the surgical drill of the present invention may
include a power source of the disposable surgical drill to be non-rechargeable and/or non-
removable such that the disposable surgical drill may only be used for a finite period of time. It
may generally be desirable for the surgical drill to be disposable to, for example, prevent reuse,

prevent use in excess of its design life, decrease the chance of cross-contamination, and/or to
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simplify and/or decrease the cost of the design. In a further example, it may generally be
desirable to have a surgical drill that may require minimal assembly to minimize operator error.
[0016] The further exemplary aspect of the invention of the drill may include all the aspects
and features discussed above for all the other exemplary aspects of the invention.

[0017] In another aspect, a stercotactic access device is utilized in methods for accessing the
interior of a patient’s body at a particular location and/or along a particular trajectory. In an
exemplary embodiment, a method for stercotactic access may include:

[001&] Step 1: After registration of the patient and navigation tools, a standard navigation
wand may be inserted into a channel of a surgical drill, which is used to determine and mark a
rough entry point, and the patient may then be prepped. The drill bit may then be inserted into
the sphere of the stereotactic access device such that the surgeon may hold both devices, for
example, with one hand.

[0019] Step 2: Using stereotactic navigation software, the surgeon may find the desired entry
point again and may then align the navigation wand and the coupled surgical drill with the
planned trajectory to a target. The surgeon may then slide the stereotactic access device down
onto the patient’s body and mounting hardware, such as, for example, three small titanium
screws, may then be secured, for example, through the skin and into bone, such as, for example,
the skull. The wand may be used again to confirm the trajectory, such as prior to locking the
device in place.

[0020] Step 3: A stab incision may also be made at the entry site under the stereotactic access
device. The surgeon may then drill a hole through, for example, a bone such as the skull, with the
drill bit locked onto the trajectory by the stercotactic access device and tracked with the coupled
navigation wand.

[0021] Step 4: The drill may then be retracted to optionally allow, for example, a bone screw
or anchor to be placed under the stercotactic access device. The drill adapter may be made to fit
into the bone screw or anchor’s proximal end such that the threads of the screw may fall into the
hole created in step 3. A biopsy probe may also be passed directly through an appropriate
adapter, for example, such as with its own thumb screw, and may be used to acquire, for
example, tissue samples.

[0022] Step 5: For placement of probes or electrodes, the surgeon may secure the bone screw

by securing it in, for example, the previously drilled hole.
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[0023] Step 6: The stercotactic access device may be removed, for example, by unscrewing
the three screws, and if any stab incisions were created, they may be closed using a single staple
or suture. A Touhy-Borst adapter may also be threaded onto the proximal female luer of the bone
screw, which may allow applicators to pass through while ensuring a sterile field.

[0024] In some embodiments, the stereotactic access device may also be left in place after a
hole is drilled. For example, a bone screw may connect to the stereotactic access device such that
a continuous sealed channel may be established from the stercotactic access device through the
bone screw and into the body. A sealing cap and/or other scaling component may also be
included to close off the introducing end of the stereotactic access device.

[0025] In other embodiments, the stercotactic access device may be left in place and an
introducer may be inserted into the channel of the stereotactic access device and into the drilled
hole in the body. The end of the introducer may further include a cap and/or a scal such that the
channel may be kept sterile.

[0026] In some aspects, the stereotactic access device may be desirable as it may generally
be utilized with existing and/or standard practice navigation devices, probes and/or systems, and
may thus be adaptable to a diverse number of medical practices with very little additional
training and/or the need for specialized equipment. For example, the stercotactic access device
may generally be compatible and/or be compatible via adapters to receive a standard navigation
probe or wand, treatment devices, drills and/or other equipment used in stercotactic surgery.
Further, use of the stercotactic access device may generally be intuitive and aid in surgical usage
with a minimal number of moving parts and/or components such that, for example, users may
usc the stereotactic access device with minimal difficulty, while still being highly versatile in
application due to a universal use design.

[0027] The present invention together with the above and other advantages may best be
understood from the following detailed description of the embodiments of the invention

illustrated in the drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIGs. 1 and 2 illustrate a surgical drill in an embodiment of the present invention;
[0029] FIG. 2A illustrates a navigation wand mounted in a surgical drill;

[0030] FIG. 2B illustrates an example of a navigation wand;
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[0031] FIG. 3 illustrates a partial cutaway of a surgical drill;

[0032] FIGs. 4, 4B and 4C illustrate a stereotactic access device in some embodiments of the
present invention;

[0033] FIG. 4A illustrates a surgical drill with a stercotactic access device and a navigation
wand;

[0034] FIG. 5 illustrates another embodiment of a surgical drill;

[0035] FIGs. 5A and 5B illustrate the internal components of a surgical drill with a variable
diameter cannulation; and

[0036] FIGS. 5C and 5D illustrate examples of variable diameter cannulations.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The detailed description set forth below is intended as a description of the presently
exemplified devices, methods and materials provided in accordance with aspects of the present
invention, and it is not intended to represent the only forms in which the present invention may
be practiced or utilized. It is to be understood, however, that the same or equivalent functions
and components may be accomplished by different embodiments that are also intended to be
encompassed within the spirit and scope of the invention.

[0038] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices and materials similar or equivalent to those described
herein can be used in the practice or testing of the invention, the exemplified methods, devices
and materials are now described.

[0039] This invention is directed to devices and methods for surgical access to the body, and
particularly to surgical drills for accessing a body cavity and methods therefor. In general, a
surgical drill is utilized to gain access to a body cavity or part, such as where bone and/or other
hard tissues need to be pierced. For example, the skull and other bones with internal cavitics may
require surgical access to treat body portions contained within the bone. Further in general, it
may be generally desirable to create access holes or openings which may be as small as possible
and at a particular direction and/or trajectory. In this manner the access hole or opening may be
utilized to guide another device, such as a treatment device, to a particular target along the

established trajectory of the access hole or opening. Also in general, it may be desirable for
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portions or the entirety of the surgical drill to be sterilizable for use in surgical procedures, such
as by autoclave. It may further be generally desirable for the surgical drill to be disposable,
small, to require minimal assembly for use, and to be as powerful as possible to gain access, such
as through bone, as quickly and efficiently as possible. For example, it may be desirable for the
surgical drill to be manufactured from materials which may not be sterilized by certain methods,
such as, for example, by autoclave, such that it may not be reused. In another example, it may be
desirable for the power source of the disposable surgical drill to be non-rechargeable and/or non-
removable such that the disposable surgical drill may only be used for a finite period of time. It
may generally be desirable for the surgical drill to be disposable to, for example, prevent reuse,
prevent use in excess of its design life, decrease the chance of cross-contamination, and/or to
simplify and/or decrease the cost of the design.

[0040] In one aspect of the invention, a surgical drill, such as the surgical drill 100 in FIG. 1,
may generally include a main body 102 with a handle 104 for simple and precise use during a
surgical procedure. The handle 104 may also include gripping features for better handling and
ergonomics, such as ergonomic grip 104a as illustrated. The main body 102 and/or handle 104
may generally contain a motor, a power source, a control system for the motor and/or gearing
mechanisms for the output of the motor, as shown and discussed further below in relation to FIG.
3. A drill bit and/or other tool, such as the drill bit 108 as illustrated in FIG. 1, may be generally
attached to the drill 100 through a mounting 109, such as reversibly by a chuck, or permanently
by direct attachment to a gearing mechanism or to the motor, and may extend from one end of
the main body 102 as illustrated. The surgical drill 100 may further include an actuator, such as a
trigger 105 or other appropriate control, for actuating the motor and the attached drill bit 108.
The actuator may be present on the outside of the surgical drill 100, such as the trigger 105 is
shown at the handle 104, or other portion of the main body 102, or other controls may be
utilized, such as wired controls, wircless controls and/or other appropriate control mechanism.
For example, foot pedals or other remote controls which may be common and familiar to
surgeons may also be utilized.

[0041] As illustrated in FIG. 3, a motor 120 may couple to drill bit 108, which may be
mounted at mounting 109. A gearing or other speed control mechanism may also be utilized, as
illustrated with mechanism 122 between the motor 120 and the mounting 109. In some

embodiments, the drill bit 108 may be permanently mounted to the motor 120 and/or to a gearing
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mechanism 122, such that the drill bit 108 may not be removed from the surgical drill 100. This
may be utilized to make the surgical drill 108 more resistant to user error, such as, for example,
by preventing the wrong type of drill bit from being used, and/or make the surgical drill 108
simplified in construction and/or more disposable. A reverse/forward control 103 may also be
utilized to control the direction of the motor 120 via a circuit 107, with one setting for drilling
and one setting for retracting. A battery or other power source may further be housed inside the
surgical drill 100, such as in space 106 in the handle 104, such as with the batteries 106a
illustrated in the surgical drill 100” of FIG. 5A. The batteries 106a may also be accessed by an
opening, such as the access cap 104b, which may be actuated by release feature 104¢ as
illustrated in FIG. 5. In some embodiments, the access cap 104b may be closed permanently such
as to prevent the batteries 106a from being removed. This may be utilized to make the surgical
drill 100 more disposable and/or to prevent the surgical drill 100 from being utilized past its
intended life. For example, the batterics 106a may hold a known, finite charge, which may be
selected to match a given expected usage life for the surgical drill 100.
[0042] An example of a motor which may be utilized includes one that may provide
sufficient power/torque for drilling bone, while still being compact enough to fit in a handheld
surgical drill 100 and be tolerant of sterilization conditions of the assembled surgical drill 100,
such as:

Motor Type: Brushed DC Motor (with gear box)

Motor Manufacturer: LDO Motors Co., Ltd

Rated Voltage: 6 V DC

No Load Speed: 900 RPM +/- 10%

No Load Current Draw: 0.6 A (1.2 A max)

Rated Torque: 0.4 kg.cm

Current at rated torque: 1.4 A (2.1 A max)

Speed at rated torque: 650 rpm +/-10%

Motor Diameter: 25 mm

Motor Length (excluding shaft):49.8 mm

Motor Length (including shaft): 62.8 mm
[0043] In an exemplary aspect of the invention, a surgical drill 100 may generally include a

stercotactic tracking feature. In general, a stercotactic feature may be utilized to track and control
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the trajectory of the surgical drill during use such that, for example, an access hole may be
drilled along a particular trajectory, such as towards a particular target. In one embodiment, as
illustrated in FIGs. 1, 2 and 2A, the surgical drill 100 may include a channel or partial
cannulation, such as channel 110, which may be used to mount a stereotactic guide, such as
shown with wand 200 in FIG. 2A. For example, the surgical drill 100 may generally be
compatible and/or be compatible via adapters to receive a standard navigation probe or wand
and/or other tracking equipment used in stercotactic surgery, an example of which is shown with
navigation wand 200 with a main wand portion 202 for inserting, and tracking fiducial markers
shown as balls 204 in FIG. 2B. In general, the channel or partial cannulation may be relatively
deep in relation to the insertable probe or wand, as this may aid in stability and accuracy of
tracking. FIG. 3 illustrates the channel 110 extending through a significant portion of the body
102 with interior portion 112. The channel or partial cannulation may also include a locking
and/or other retaining feature such that an inserted probe, wand or device may be securely
retained in the channel or partial cannulation, such as shown with the sealing ring 111 in FIG. 3.
In some embodiments, the channel or partial cannulation may also be in direct line with the drill
bit, as can be seen with channel 110 and drill bit 108 in FIG. 3, such that the orientation of the
inserted probe or wand matches the trajectory of the drill bit and thus the drilled access hole. In
general, it may be desirable for the channel or partial cannulation not to pass through the entire
drill such that the sterility of the channel or partial cannulation may be separately maintained
from the sterility of the drill bit end of the surgical drill. As illustrated in FIG. 3, the interior
portion 112 of channel 110 ends at stop 113 and is separated from the drill bit 108.

[0044] The channel or partial cannulation may also be adapted for fitting insertable probes,
wands or devices of different diameters without the use of an adapter, sleeve or shim, such as, for
example, by including at least a tapering portion, a portion having different diameters, such as a
stepped portion, and/or combinations thercof. The stepped portion may, for example, include
multiple sections of different diameters which may, for further example, correspond to standard
and/or common diameters for insertable probes, wands or devices. The channel or partial
cannulation may also include sections with different cross-sections to accommodate different
insertable probes, wands or devices, such as, for example, circular, square, triangular and/or any

other cross-sectional shape which may be necessary.
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[0045] FIGs. 5 and 5A illustrate an example of a surgical drill 100” which may include a
varying diameter channel or partial cannulation. FIG. 5A shows a multiple part channel 110 with
sections 112a, 112b, which may be of different diameters for accommodating different sized
probes, wands or devices, as seen with the varied diameters shown in FIG. 5B. The multiple part
channel 110 may also include additional sealing rings, such as the ring 112¢ disposed between
sections 112a, 112b, as illustrated.

[0046] FIGs. 5C and 5D illustrate further examples of a channel 110 which may include a
multiple stepped portion, such as the 3-step portion 112’ shown in FIG. 5C, or a tapering portion
112 shown in FIG. 5D.

[0047] In general, any multiple portions or sections of the channel 110 may share a common
center in the surgical drill 100°, such that different insertable probes, wands or devices may be
consistently positioned in the surgical drill, such as along the center line of the drill bit 108, to
help ensure proper alignment and orientation determinations.

[0048] In another embodiment, the surgical drill itself may include features that enable the
tracking of the position and/or orientation of the surgical drill, such as navigation fiducials which
may be built in or removable.

[0049] In another aspect of the invention, the surgical drill may be utilized with a stereotactic
access device.

[0050] In general, a stercotactic device may include portions or features for fixing the device
to a portion of a patient’s body, such as, for example, a skull, such that the device may be
generally spatially fixed in relation to the patient’s body or part thereof. The stercotactic device
may also generally include portions or features for guiding a medical device or other device at a
particular trajectory in relation to the patient’s body or part thereof.

[0051] In one aspect, a stercotactic access device includes a plurality of mounting arms
which may further include mounting devices or features such that, for example, the stercotactic
access device may be mounted securely to a patient’s body or part thereof. In some
embodiments, the mounting arms may gencrally be adapted to provide a stable mounting of the
stereotactic access device to a patient’s body or part thercof. For example, many body parts have
curved or irregular surfaces such that stable mounting may be desirable. In an exemplary
embodiment, the mounting arms may form at least a stable planc such that when the mounting

arms arc attached to the patient’s body, the stereotactic access device may generally be spatially
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stable and/or attached securely. In one embodiment, the stercotactic access device may include
three mounting arms which may form a stable plane. The mounting arms may also be adapted to
conform to the contours of a patient’s body or part thercof, such as, for example, a skull. The
mounting arms may further be adapted to contour, for example, such that there may be access
space between the stercotactic access device and the patient’s body and/or portion thereof. This
may be desirable, for example, to manipulate a medical device and/or other device between the
stereotactic access device and the patient’s body and/or portion thereof.

[0052] FIG. 4 illustrates an example of an embodiment of a stereotactic access device 300. In
some embodiments, such as illustrated, the stereotactic access device 300 may generally be a
tripod and may include mounting arms 302, such as the three illustrated, which may provide a
stable planar platform when mounted to a patient’s body. The mounting arms 302 may also
generally form a space 306 between the stercotactic access device 300 and a patient’s body. This
may be desirable such that the arca may be freely accessed when the stereotactic access device
300 is in place on the patient’s body.

[0053] In another aspect, a stercotactic access device includes a mounting and/or guiding
feature such that a medical device and/or other device may be mounted to or guided to the
stereotactic access device such that, for example, the device may be retained at a particular
orientation and/or spatial relationship to the patient’s body or part thereof. In some embodiments,
the mounting and/or guiding feature may include rotatable portion such that the orientation of the
portion may be changed with respect to the patient’s body, a portion thercof, and/or the rest of
the stereotactic access device. In an exemplary embodiment, the mounting and/or guiding feature
may include, for example, a rotating sphere which may further include a guide channel to, for
example, receive a medical device and/or other device.

[0054] In FIG. 4, the stereotactic access device 300 may include a mounting ball 310, which
may be retained in track 308. The mounting ball 310 may generally rotate in the track 308 such
that the guide channel 311 may be aligned at the appropriate angle, such as illustrated in FIG.
4A. The mounting ball 310 may thus retain another device, such as, for example, the drill bit 108
of surgical drill 100 with a coupled navigation wand 200, relative to the patient’s body 90, such
as illustrated in FIG. 4A. The mounting ball 310 may also include a securing part or feature, such
as, for example, a securing screw, such that the mounting ball 310 may be locked in a particular

orientation, such as with the thumbscrew 312 illustrated in FIG. 4B and 4C.
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[0055] In a further aspect, a stercotactic access device includes features for aiding in
mounting, positioning and/or registering the position and/or orientation of the stercotactic access
device, for example, in relation to the patient’s body and/or portion thereof. In some
embodiments, the stercotactic access device may include, for example, mounting hardware such
as, for example, screws, nails, bolts, pins, and/or any other appropriate mounting hardware or
combination thereof. For certain curvatures and/or shapes of a body and/or portion thereof,
spacers and/or other adjustment accessories, such as spacers between the end of the mounting
arm(s) and the body, may be utilized such that a stable plane may be established with the
stereotactic access device. In general, the mounting hardware may provide, for example, stable
and/or secure retention and/or fixation of the stereotactic access device to a patient’s body and/or
portion thereof, such as, for example, to a bone or soft tissue via, for example, mounting arms. In
some embodiments, the mounting hardware may also provide and/or act as, for example, fiducial
markers for aiding in positioning and/or registering the position and/or orientation of the
stereotactic access device, such as, for example, relative to the patient’s body and/or portion
thereof. For example, the mounting hardware may be registered and/or imaged by a detection
modality, such as, for example, magnetic resonance imaging (MRI), X-ray, computerized
tomography (CT), ultrasound, and/or any other appropriate detection modality or combination
thereof.

[0056] As illustrated in FIG. 4, the stereotactic access device 300 may include, for example,
screws 303, which may be mounted at the ends of the mounting arms 302. The screws 303 may
be, for example, self-tapping such that they may, for example, thread themselves into a surface,
such as the patient’s body. The screws 303 may also act as fiducials, as discussed above. For
certain curvatures of the body and/or other situations requiring adjustment of the apparent
dimensions of the mounting arms 302, spacers may be included, such as, for example, about the
screws 303 between the end of the mounting arms 302 and the body, such that they may, for
further example, effectively lengthen the mounting arms 302.

[0057] In another aspect, a stercotactic access device is utilized in methods for accessing the
interior of a patient’s body at a particular location and/or along a particular trajectory. In an
exemplary embodiment, a method for stercotactic access may include:

[005&] Step 1: After registration of the patient and navigation tools, a standard navigation

wand may be inserted into a channel of a surgical drill, which is used to determine and mark a
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rough entry point, and the patient may then be prepped. The drill bit may then be inserted into
the sphere of the stereotactic access device such that the surgeon may hold both devices, for
example, with one hand.

[0059] Step 2: Using stereotactic navigation software, the surgeon may find the desired entry
point again and may then align the navigation wand and the coupled surgical drill with the
planned trajectory to a target. The surgeon may then slide the stereotactic access device down
onto the patient’s body and mounting hardware, such as, for example, three small titanium
screws, may then be secured, for example, through the skin and into bone, such as, for example,
the skull. The wand may be used again to confirm the trajectory, such as prior to locking the
device in place.

[0060] Step 3: A stab incision may also be made at the entry site under the stereotactic access
device. The surgeon may then drill a hole through, for example, a bone such as the skull, with the
drill bit locked onto the trajectory by the stercotactic access device and tracked with the coupled
navigation wand.

[0061] Step 4: The drill may then be retracted to optionally allow, for example, a bone screw
or anchor to be placed under the stercotactic access device. The drill adapter may be made to fit
into the bone screw or anchor’s proximal end such that the threads of the screw may fall into the
hole created in step 3. A biopsy probe may also be passed directly through an appropriate
adapter, for example, such as with its own thumb screw, and may be used to acquire, for
example, tissue samples.

[0062] Step 5: For placement of probes or electrodes, the surgeon may secure the bone screw
by securing it in, for example, the previously drilled hole.

[0063] Step 6: The stercotactic access device may be removed, for example, by unscrewing
the three screws, and if any stab incisions were created, they may be closed using a single staple
or suture. A Touhy-Borst adapter may also be threaded onto the proximal female luer of the bone
screw, which may allow applicators to pass through while ensuring a sterile field.

[0064] In some embodiments, the stereotactic access device may also be left in place after a
hole is drilled. For example, a bone screw may connect to the stereotactic access device such that
a continuous sealed channel may be established from the stercotactic access device through the
bone screw and into the body. A sealing cap and/or other scaling component may also be

included to close off the introducing end of the stereotactic access device.
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[0065] In other embodiments, the stercotactic access device may be left in place and an
introducer may be inserted into the channel of the stereotactic access device and into the drilled
hole in the body. The end of the introducer may further include a cap and/or a scal such that the
channel may be kept sterile.

[0066] In some aspects, the stereotactic access device may be desirable as it may generally
be utilized with existing and/or standard practice navigation devices, probes and/or systems, and
may thus be adaptable to a diverse number of medical practices with very little additional
training and/or the need for specialized equipment. For example, the stercotactic access device
may generally be compatible and/or be compatible via adapters to receive a standard navigation
probe or wand, treatment devices, drills and/or other equipment used in stercotactic surgery.
Further, use of the stercotactic access device may generally be intuitive and aid in surgical usage
with a minimal number of moving parts and/or components such that, for example, users may
usc the stereotactic access device with minimal difficulty, while still being highly versatile in
application due to a universal use design.

[0067] It will be appreciated by those of ordinary skill in the art that the present invention
can be embodied in other specific forms without departing from the spirit or essential character
hereof. The present description is therefore considered in all respects to be illustrative and not
restrictive. The scope of the present invention is indicated by the appended claims, and all
changes that come within the meaning and range of equivalents thercof are intended to be

embraced therein.
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CLAIMS
1. A stereotactic surgical drill comprising:

a main body having a mounting feature adapted for reversibly mounting a drill bit
towards one end of the main body; and

a channel inside said main body, said channel extends partially through said inside of said
main body;
wherein said channel is adapted to receive a navigation device in a fixed orientation relative to

said drill bit.

2. A stereotactic surgical drill comprising:
a disposable main body having a drill bit mounted permanently thereon; and
a channel extending partially through said main body;
wherein said channel is adapted for receiving a navigation device in a fixed orientation relative

to said drill bit.

3. The stereotactic surgical drill of claim 1 or 2 wherein said navigation device is adapted for

stereotactically tracking and controlling the trajectory of the surgical drill during use.

4, The stereotactic surgical drill of claim 1 or 2, further comprising a motor coupled to said
drill bit.
5. A stereotactic surgical drill comprising:

a body having a hollow interior, a handle portion substantially towards one end of said
body and a drill bit towards the other end of the body;

a motor disposed in said hollow interior;

a drill bit mounted permanently to said motor;

a power source disposed within said hollow interior;

an actuator disposed on said handle portion and being adapted to actuate said motor; and

a mounting channel in said hollow interior, said mounting channel being partially through
said body and being adapted to receive a navigation device in a fixed orientation relative to said

drill bit.
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6. The stereotactic surgical drill of any of claims 1, 2, 3, 4 or 5, wherein said mounting

channel comprises at least one section of varying diameter.

7. The stercotactic surgical drill of claim 6, wherein said at least one section of varying
diameter is selected from the group consisting of a stepped section, a tapering section, and a

combination of both.

8. The stereotactic surgical drill of any of claims 1, 2, 3, 4, 5 or 7, further comprising a

sealing ring in the channel.

9. The stereotactic surgical drill of any of claims 1,2 0r 51,2, 3,4, 50r 7, 2, 3 or 4, further

comprising a power source within said body.

11.  The stereotactic surgical drill of claim 10, wherein said power source is a non-removable

power source.

12.  The stereotactic surgical drill of claims 10 or 11, wherein said power source is a

rechargeable power source.
13. The stereotactic surgical drill of any of claims 1, 2, 3, 4, 5 or 7, further comprising an
access cap in said body for inserting a power source, said access cap being adapted to close

permanently after said inserting of said power source.

14. The stereotactic surgical drill of any of claims 1, 2, 3, 4, 5 or 7, wherein said body

comprises non-autoclavable materials.

15. The stercotactic surgical drill of any of claims 1, 2, 3 or 4, further comprising an actuator

for driving said drill bit.
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16. The stereotactic surgical drill of any of claims 1, 2, 3, 4, 5 or 7, further comprising a

forward/reverse switch being adapted to alternate the rotating direction of said drill bit.

17. The stereotactic surgical drill of any of claims 1, 2, 3, 4, 5 or 7, wherein said mounting

channel is disposed on a common axis with said drill bit.

18. A method for stereotactic access to a body cavity comprising:

aligning the drill bit of a surgical drill along a predetermined trajectory into a body cavity
using a navigation device received at least partially into said surgical drill, said navigation device
being tracked by a frameless navigation system;

holding said drill bit at said predetermined trajectory; and

drilling an access hole into said body cavity with said drill bit.

19. A system for stercotactic access to a body cavity comprising:
a surgical drill comprising:
a main body having a drill bit mounted permanently thercon; and
a channel in said body, said channel being partially through said body and in a
fixed orientation relative to said drill bit; and
a stereotactic access device comprising a movable guide channel and a plurality of

mounting features adapted to attach said stereotactic access device to a surface.

20. The system of claim 19 further comprising a navigation device adapted to be received in

said channel in a fixed orientation relative to said drill bit.

20



WO 2014/145317 PCT/US2014/030056
1/3

T

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/030056
2/3

WO 2014/145317

R T N
o RASA PP EP i

e 5l
i 7

8z

b

M“‘“‘—\»\,
e,

.

o3

o7
T2
i
od
<2 Yy

renenrnalioc
5

RCTIISS AN LI SOIITEITEe
%
A

f:

e g
reoeoia i FIT

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/030056

WO 2014/145317

3/3

pet

b

o

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/030056

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 17/16 (2014.01)
USPC - 606/130

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) - A61B 17/00, 17/16, 17/34, 17/56, 17/58, 19/00 (2014.01)

Minimum documentation searched (classification system followed by classification symbols)

USPC - 378/205; 382/128; 600/414, 424, 426, 427, 429; 600/80, 96, 97, 130

CPC - AB1B 17/1703, 19/5244 (2014.07)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

PatBase,Google Patents, Google

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0114099 A1 (PATWARDHAN) 06 May 2010 (06.05.2010) entire document 1-3,18

Y 4,5,19,20

Y US 2007/0282344 A1 (YEDLICKA et al) 06 December 2007 (06.12.2007) entire document 4,5

Y US 2013/0053867 A1 (GOWDA et al) 28 February 2013 (28.02.2013) entire document 19, 20

D Further documents are listed in the continuation of Box C.

[

*

Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the intemational filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the alighcatlon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“r

wyr

wy

“&” document member of the same patent family

Date of the actual completion of the international search

03 August 2014

Date of mailing of the international search report

20 AUG 2014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP. 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/030056

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

N/
3. Claims Nos.: 6-17
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report

