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(57) Abstract: A surgical, manually operated, hand-held MRI-compatible drill for drilling though target bone of a patient includes: a
o housing; a ring gear held in the housing; a hand crank attached to ring gear and the housing; a pinion gear held in the housing in co -

operating alignment with the ring gear; an elongate shaft attached to the pinion on one end portion and to a chuck support on an op -

o posing end portion; a chuck attached to the chuck support held; and jaws attached to the chuck support and residing in the chuck ad -
apted to hold a drill bit. The drill is light-weight. The components can all be polymeric.



M R COMPATIBLE SURGICAL DRILLS AND RELATED METHODS

Related Applications

[00011 This application claims priority to and is a continuation application of

U.S. Patent Application Serial No. 13/788,647, filed March 7, 2013, and also claims

the benefit of and priority to U.S. Provisional Application Serial No. 61/653,695, filed

May 31, 2 the contents of which -are hereby incorporated by reference as if recited

in full herein.

(0002] The present invention relates to medical devices and, more

particularly, tools and methods for drilling in or through bo e of a patient,

Background of the io

(0003] During MRI-Guided surgeries, it can be desired to drill through bone

such as a skull to define surgical path for passing medical interventional devices.

Snmm r of the invention

[0004] Embodiments of the present invention are directed to a surgical

manually operated, hand-held drill that can be safely used in an MR environment,

including proximate the high-field magnet while a patient is on a bed/gantry of an MR

Scanner.

[0005] Embodiments of the invention are directed to MRI-compatible hand¬

held, manually operable surgical drills. The drills include: a housing; a ring gear held

in the housing; a hand crank attached to ring gear and the housing: a pinion gear held

in the housing in cooperating alignment with the ring gear a chuck extending from

the housing; and jaws residing in the chuck adapted to hold a drill bit. The drill is

light-weight.



[0006] The housing, ring gear, hand crank, pinion gear and chuck can be

polymeric me bers

[ 07] The ring gear and hand crank can be pro vided as a unitary monolithic

molded polymeric body.

[0008] The housing can have a circular portion that merges into an elongate

portion. The ring and pinion gears can be held i the circular portion of the housing

and the hand crank can be attached to one side of the circular portion of the housing.

[0009] The drill may include an elongate polymeric shaft that can be held in

the elongate portion of the housing. The elongate shaft can be attached to the pinion

on one end portion and to a chuck support on an opposing end portion.

[0010] The chuck can reside outside but proximate an end of the elongate

portio of the housing.

[0 ] The jaws can be polymeric jaws configured to releasably hold

respective drill bit having sizes between about 2.0 mm to about 3.2 mm.

[0012] The ring and pinion gears can have a gear ratio of .

[0013] The drill can be compact and can have a length that is less than 7

inches and a maximum width dimension that is less than four inches.

[0014] The hand crank can have a lever with a knob that together has a length

that extends beyond the housing about 1-3 inches. The ever with knob can have a

outer travel diameter of between about 5-7 inches.

[00 1 ] The circular portion of the housing can have a diameter of about 3

inches

[00 ] The ring and pinion gears can be acetai gears.

[ 017] The shaft, chuck jaws and chuck support can be Polyetheretherketone

(PEEK) components.

[0018] Other embodiments are directed to surgical kits for an M - uided

interventional surgery on a patient. The kits include a sterile manually operated, light

weight hand-held surgical drill and sterile packaging containing the drill. The drill

can include a polymeric housing; a polymeric ring gear held in the housing: a

polymeric hand crank attached to the ring gear and the housing; a polymeric pinio

gear held in. the housing in cooperating alignment with the ring gear; a polymeric

chuck extending from the housing; and jaws residing in the chuck adapted to hold a

drill bit.



[00 9] The kit may include a plurality of driil bits configured to be releasably

held by the jaws of the drill

[0020] Yet other embodiments are directed to methods of forming an aperture

in bone of patient during an MR guided surgical procedure. The methods include:

(a) placing a patient on a gantry in an MR Scanner room; (b) holding a hand-held drill

with a hand-crank against a target location of a patient while the patient is on the

gantry; (c) manually rotating the hand crank; and (d) forming an aperture in target

bone of the patient in response to the rotating step.

[ 021 Further features, advantages and details of the present invention will be

appreciated by those of ordinary skill in the art from a reading of the figures and the

detailed description of the preferred embodiments tha follow, such description being

merely illustrative of the present invention.

[0022] It is noted that aspects of the invention described with respect to one

embodiment may be incorporated in a different embodiment although not specifically

described relative thereto. Tha is, a l embodiments and/or features of any

embodiment can be combined in any way and or combination. Applicant reserves the

right to change any originally filed claim or file any new claim accordingly, including

the right to be able to amend any originally filed claim to depend from and/or

incorporate any feature of any other claim although not originally claimed in that

manner. These and other objects and/or aspects of the present invention are explained

in detail i the specification set forth below.

Brief Description of the s

[0023] Figure 1 is a side view of an MRI compatible hand-held, manually

operated surgical drill according to embodiments of the present invention.

[0024] Figure 2 is a top view of the device shown in Figure 1.

[0025] Figure 3 is an end view of the device shown in Figure 1.

[0026] Figure 4 is an exploded view of the device shown in Figure 1.

[0027] Figure 5 is a side, perspective view on a portion of the drill shown in

Figure 1 illustrating the gear engagement according to embodiments of the present

invention.

[0028] Figure 6 is a perspective, enlarged view of the end of the drill shown

in Figure 1 with the chuck shown transparent to illustrate the encased components

according to embodiments of the present invention.



[0029] Figure 7 is a schematic illustration of a patient residing in an MR

Scanner during a surgical procedure according to embodiments of the present

invention.

[0030] Figures 8A and 8B are schematic illustrations of a patient in a head

fixation frame according to embodiments of the present invention.

[0031] Figure 9 is a view of a medical kit including the drill of Figure 1

[0032J Figure 10 is a flow chart of exemplary operations that can be used to

form an aperture in target bone of a patient according to embodiments of the present

invention

[0033] Figure I is a front perspective view of a targeting cannula through

which the drill bit held by the drill can be extended during a drilling operation

according to some particular embodiments of the present invention.

Detailed Description of Embodiments of t e Invention

[0034] The present invention now will be described more fully hereinafter

with reference to the accompanying drawings, in which illustrative embodiments of

the invention are shown. In the drawings the relative sizes of region or features may

be exaggerated for clarity. This invention may, however, be embodied in many

different forms and should not be construed as limited to the embodiments set forth

herein; rather, these embodiments are provided so that this disclosure will be thorough

and complete, an will fully convey the scope of the invention to those skilled in the

art.

[0035] It will be understood that, although the terms first, second, etc. may be

used herein to describe various elements, components, regions, layers and/or sections,

these elements, components, regions, layers and/or sections should not be mited by

these terms. These terms are only used to distinguish one element, component,

region, layer or section from another region, layer or section. Thus, a first element,

component, region, layer or section discussed below could be termed a second

element, component, region layer or section without departing from the teachings of

the present invention.

[0036] Spatially relative terras, such as "beneath", "below", "lower", "above",

"upper" and the like, may be used herein for ease of description to describe one

element or feature's relationship to another element(s) or feature(s) as illustrated in the

figures. It will be understood that the spatially relative terms are intended to



encompass different orientations of the device n use or operation n addition to the

orientation depicted the figures. For example, f the device n the figures is turned

over, elements described as "below" or "beneath" other elements or features would

the be oriented "above" the other elements or features. Thus, the exemplary term

"below" can encompass both an orientation of above and below, The device may be

otherwise oriented (rotated 90° or at other orientations) and the spatially relative

descriptors used herein interpreted accordingly. The term "about" refers to numbers

in a range of ÷/-20% of the noted value.

[0037] As used herein, the singular forms "a", "an" and "the" are intended to

include the plural forms as well, unless expressly stated otherwise. It will be further

understood that the terms "includes," "comprises," "including" and/or "comprising/'

when used in this specification, specify the presence of stated features, integers steps,

operations, elements, and/or components, but do not preclude the presence or addition

of one or more other features, integers, steps, operations, elements, components,

and ' r groups thereof. It will be understood that whe an element is referred to as

being "connected" or "coupled" to another element, it can be directly connected or

coupled to the other element or intervening elements may be present. As used herein,

the term "and/or" includes any and all combinations of o e or more of the associated

listed items.

[0038] Unless otherwise defined, ail terms (including technical and scientific

terms) used herein have the same meaning as commonly understood b one of

ordinary skill in the art to which this invention belongs. It will be further understood

that terms, such as those defined in commonly used dictionaries should be interpreted

as having a meaning that is consistent with their meaning in the context of this

specification and the relevant art and will not be interpreted in an idealized or overly

formal sense unless expressly so defined herein.

[0039] The term "light-weight" refers to drills that weigh ess than 1 pound.

The term "MRI compatible" means that the so-called components) are safe for use in

an MRI environment (e.g., in a high magnetic field of an MRI scanner) and are

typically made of non-ferromagnetic MRI compatible material(s) suitable to reside

and/or operate in a higher magnetic field environment. The term "high magnetic

field" refers to field strengths above about 0.5T, typically between 1..5T and 10T, e.g.,

typically 1.5T, 2T, 3T. associated with MR /MR Scanners. The term "gantry" refers



to a patient support of an M scanner and may include he patient table or other

structure,

[0040] The terms "MR or MR Scanner" (or MRI/MR scanner) are used

interchangeably to refer to a Magnetic Resonance Imaging system and includes the

n agnet the operating components e.g., RF amplifier, gradient amplifiers and

operational circuitry including, for example, processors (the latter of which may be

held in a control cabinet) that direct the pulse sequences, select the scan planes and

obtain MR data.

[0041 The term "RF safe" means that the device is configured to operate

safely when exposed to RF signals, particularly RF signals associated with MRI

systems, without inducing unplanned current that inadvertently unduly heats local

tissue or interferes with the planned therapy,

42 The term "sterile" means that the device meets or exceeds surgical

cleanliness standards.

(0043] According to embodiments of the present invention, surgical drills and

methods for using the same are provided for forming a surgical entry path into or

through bone of a patient. According to some embodiments, the drills and methods

are used or usable to form an access path through a patient's skull. Such marking may

be employed to indicate to a physician a designated location for entry into the patient

(for example, through the patient's skull).

0044] With reference to Figures 1-6, an MR -eo npatib e, hand-held surgical

drill according to embodiments of the present invention is shown therein. The drill

is compact and light weight. All drill components can be of MRI compatible

materials, typically non-metallic materials. The drill bit can be of non-ferromagnetic

metal. In some embodiments most if not all of the drill components are substantially-

rigid polymeric members, The drill 10 (without any drill bit loaded therein) can

typically weigh between about 0 5 pounds to about 1 pound, and in some particular

embodiments can be about 6 ounces (sans the drill bit). The jaws 50 may be metallic

such as titanium or stainless steel, but are typically polymeric with grip strength

sufficient to hold the drill bit (i cooperation with the chuck 55).

|0045] The drill 10 includes a housing body 20 with first and second housings

, 22, that rnatably engage to enclose a ring gear 25 therebetween. A rotatable hand

crank 30 w h a knob 31 is attached to the ring gear 25. The drill 0 includes a pinion

gear 35 that engages the ring gear 25. The pinion gear 35 can be attached to elongate



shaft 40, A distal end 41 of the elongate shaft 40 can be threaded 42 and is attached

to chuck support 45. The distal end portion of the chuck support 46 has external

threads tha attaches to chuck 55. Jaws 50 resides inside the distal end 46 of the

chuck support and inside the chuck 55 (Figure 6).

[0046] n other embodiments the drill can have a different internal assembly

which does not require the elongate shaft. Thai s, the pinio gear 35 may also be

attached to a different component to provide the rotational motion to a drill bit.

[0047] The housing 20 can include a substantially circular portion 2 that

holds the crank 30 and an elongate portion 20e that holds the shaft 40. The elongate

portion 20e can have a length that is similar to the length or the circular portion, each

at between about 2.5- 3.5 inches. Although not shown, the drill can omit the elongate

portion 20e. However, it is contemplated that use of the elongate housing shape may

promote hygienic use and/or sterility.

[0048] Referring to Figure 2, the hand crank 30 can extend away from the

housing body 20b at an angle "a" that is between about 8-15 degrees, typically about

9 degrees from a plane extending through the interface of the hand crank adjacent the

housing 20. The hand crank (lever) 30 can have a length that is about 2 5-4 inches

and the knob can have a length that is about 1-1.25 inches. Typically, the hand crank

30 has a length that is about 2.7 inches. The hand crank 30 can have a base 30b that

extends into the housing 22 and is attached to the ring gear 25. Thus, the base 30b

can rotate relative to the housing 22 The hand crank 30 can have a lever 30/ with and

end portion with a pos 30p that holds the knob 31, The lever 3 0 with knob 3 can

have a length that extends beyond the housing about 1-3 inches. The lever 301 with

knob 3 can have an outer travel diameter 30 of between abou 5-7 inches (indicated

by broken line perimeter circle in Figure )

[0049] The chuck can be used with a range of different (diameter and

length) size drill bits 260 (Figure 9) including between about 2.0 mm to about 3.2

mm. This may allo for one drill to be used to make different size openings that may

be desired for a procedure, such as for pins, bone screws and/or burr holes and the

like.

[0050] in some embodiment, the drill bits 260 can be provided in a plurality of

different lengths, such as length, typically about 2 cm up to about 22 cm, For the

latter, the long drills can be used with the drill bit 260 extending through a targeting

cannula 204. Examples of targeting cannulas 204 are described in U.S. Patent



Application Publication 2009/ 2084 and as shown in Figure ) . he content of

this document is incorporated by reference as if recited in fu l herein.

[ 051] The drill 10 can be economic (relatively low cost) and sterile (and

packaged in sterile packaging) allowing for a single-use disposable configuration

rather than a re-usable product.

052] The ring gear 25 and the pinion gear 35 ca be molded acetal or other

suitable polymeric material. The gear ratio can be 2: 3:1, 4 : , 5:1. or 6:1 , but is

typically about 3:1.

[00S3] The hand crank 30, e.g., body 30b and lever 30/ can be molded as one

piece with the ring gear "25 and be the same (molded) material such as acetal

[0054] n operation, a user turns the hand crank 30 which rotates about an axis

in a travel path 30t (Figure ) that has an outer perimeter diameter of between about

3-6 inches, typically about 5 36 inches. The hand crank 30 rotates the ring gear 25

which turns the pinion gear 35, which turns the chuck support 4 with jaws SO that

rotates the drill bit (when attached).

[0055] Excluding the hand crank 30 the drill 10 can have a height dimension

that is about three inches, a length "L" that is about 6 . 5 inches, and a depth "D

that is about 2 inches, With the hand crank, the depth dimension can be a width

dimension "W" that is less than the length dimension L typically between about 3-5

inches, such as about 3 . 5 inches, about 4 inches or about 4.5 inches,

[0056] Table I below provides exemplary materials for different components

of the drill according to particular embodiments of the present invention. However,

other polymeric materials may also b used, for example, ABS or polycarbonate.

PEEK refers to Polyetheretherketone.

S



TABLE 1 MATERIAL EXAMPLES

[0057] Exemplary use of the drill 10 and methods according to embodiments

of the present invention will be furtlier described with reference to Figures 7, A and

SB. Referring to Figure 7, a portion of a patient's head "P" is shown therein. The

head includes an outer skin (and othe soft tissue) layer (referred to herein as the

scalp), a skull, and underlying brain tissue, The skull includes an outer compact bone

layer, an inner compact bone layer, and a spongy bone layer between the compact

bone layers. According to some embodiments, the drilling can occur with the

patient's head in or adjacent a bore 3 0 of a high-field magnet of an MR scanner 300

as shown in Figure 7 (can be open bore or closed bore magnets). The patient "P" can

be on an MR Scanner gantry or bed 300b.

[0058] Typically, as shown Figures 8A and. 8.B, the patient's head is in a

head fixation assembly 150 that may include head coils and typically includes one or

more head restraints including a belt and bone screws to inhibit patient movement

during surgery. See, e.g., U.S. Patent Application Serial No. 12/685,849, the contents

of which are hereby incorporated by reference as if recited in full herein, The head

fixation assembly ISO can have any suitable configuration and the embodiment shown

is b way of example only.

[ 0 9] Figure 8A illustrates that the drilling may occur while the patient is

fully retracted i the bore 3 0 of the magnet of the MR Scanner 300, Figure 8B



illustrates that the gantry may be extended distance outside the bore during use of

the drill 10.

[0060] According to so e embodiments and as shown in Figure 9 the drill

is packaged in sterile packaging 240 to provide a medical kit 250. The packaging

240 may include a cavity with foa or other snug compartment that holds the drill 10

and protects it from shipping and handling damage. The kit 2S0 can include inner

packaging (e.g., a semi-rigid and/or vacuum formed polymeric packaging) and an

outer packaging (e.g., a loose, breathable polymeric bag). According to some

embodiments, the kit 250 includes one or more biocompatible, MR compatible drill

bits 260, which may be in different sizes. The drill bits may, for example, be non-

ferromagnetic metal such as stainless steel or titanium and the like or may be of other

sufficient rigid material

[0061] Figure 10 illustrates exemplary operations that can be used to carry

out embodiments of the invention. A patient is placed in an MR scanner room (block

400) The pati ent can be placed on a gantry for retraction into the Scanner bore. A

hand-held drill with a hand crank is placed in contact with a target location of the

patient (block 410). A user rotates the hand-crank, causing the drill bit of the drill to

enter bone of the patient (block 420). An aperture is introduced into bo e of the

patient using the dill (block 430).

[0062] Optionally, a head fixation frame can be attached to the head of the

patient before placing the hand drill (block 440). The aperture can be in the skull

(445)

[0063] The drill can be totally non-metallic except for a drill bit (block 4 ).

The drill can be light weight and single-use disposable (block 4 ).

[0064] In some embodiments, the drill 0 and methods form a part of or

operate with MR compatible interventional systems. The drill can be provided with a

set of interventional tools for a particular procedure type. In some embodiments, the

MR compatible interventional systems include the drill 10 with trajectory guide

systems and/or apparatus and related components and methods. According to some

embodiments, the trajectory guide apparatus and methods are frameless stereotactic

trajectory guide apparatus that may be particularly suitable for deep brain

interventional procedures, but may be used in other target anatomical locations as

well.



[0065] Some embodiments of the invention are directed to M I interventional

procedures and provide interventional tools and/or therapies that may be used to

!oea!ly place surgical interventional objects, tools or therapies in vivo to site specific

regions using an MRI system The interventional tools can be used to define an MRI-

guided trajectory or access path to an in vivo treatment site.

[0066] In some embodiments, Mill can be used to visualize (and/or locate) a

therapeutic region of interest inside the brain and utilize an MRI to visualize (and/or

locate) a interventional tool or tools thai will be used to deliver therapy and/or to

place a permanently implanted device that will deliver therapy. Then, using the

imaging data produced by the MR system regarding the location of the therapeutic

region of interest and the location of the interventional tool, the system and/or

physician can make positional adjustments to the interventional tool so as to align the

trajectory of the. interventional tool, so that when inserted into the body, the trajectory

of the interventional tool will intersect with the therapeutic region of interest. With

interventional tool now aligned with the therapeutic region of interest, an

interventional probe can be advanced, such as through an open lumen inside of the

interventional tool, so that the interventional probe follows the trajectory of the

interventional tool and proceeds to the therapeutic region of interest. The

interventional tool and the interventional probe may or may not be par of the same

component or structure.

[0067] Tools methods and systems in accordance with the present invention

ay be used with apparatus and methods as described in one or more of the following

patent applications: U.S. Provisional Patent Application No. 60/933,641, filed June 7,

2007; U.S. Provisional Patent Application No. 60/974,821, filed September 24, 2007;

and PCX Application No. PCT/US2006/045752, published as PCX Publication No.

WO/2007064739 A2, and U.S. Patent Application No. 12/134,412, filed June 6, 2008,

the disclosures of which are hereby incorporated by reference.

[0068] According to some embodiments, instrumentation and equipment are

inserted through a targeting cannula to execute a diagnostic and/or surgical procedure.

According to some embodiments, the procedure includes a deep brain stimulation

procedure wherein one or more electrical leads are implanted in a patient's brain. The

apparatus described herein can serve to designate an entry point into a patient for an

established trajectory for installing the lead or leads or other interventional devices

I



such as, for example but not limited to, ablation probes, injection catheters and the

like,

[0069] Some embodiments can be configured to deliver tools or therapies that

stimulate a desired region of the sympathetic nerve chain. Other uses inside or outside

the brain include stem cell placement, gene therapy or drug delivery for treating

conditions, diseases, disorders or the like. Some embodiments can be used to treat

tumors.

7 ] Some embodiments can be used with systems to deliver bions, stem

cells or other target cells to site-specific regions in the body, such as neurological

target and the like. In some embodiments, the systems deliver stem cells and/or other

cardio-rebuilding cells or products into cardiac tissue, such as a heart wall via a

minimally invasive M guided procedure, while the heart is beating (i.e., not

requiring a non-beating heart with the patient on a heart-lung machine). Examples of

known stimulation treatments and/or target body regions are described in U.S. Patent

Nos. 6,708,064; 6,438,423; 6,356,786; 6,526,31 ; 6,405,079; 6,167,31 ; 6539,263;

6,609,030 and 6,050,992, the contents of which are hereby incorporated by reference

as if recited in full herein.

[ 7 The foregoing is illustrative of the present invention and is not to be

construed as limiting thereof. Although a few exemplary embodiments of this

invention have been described, those skilled in the art will readily appreciate that

many modifications are possible in the exemplary embodiments without materially

departing from the novel teachings and advantages of this invention. Accordingly ail

such modifications are intended to be included within the scope of this invention.

Therefore, it is to be understood that the foregoing is illustrative of the present

invention and is not to be construed as limited to the specific embodiments disclosed,

and that modifications to the disclosed embodiments, as well as other embodiments,

are intended to be included within the scope of the invention.



That Which is Claimed Is

1. An MR compatible hand-held, manually operable surgical drill,

comprising:

a housing;

ring gear held in the housing;

a hand crank attached to ring gear and the housing:

a pinion gear held in the housing in cooperating alignment with the ring gear:

a chuck extending from the housing; and

jaws attached to a chuck support and residing in the chuck adapted to hold a

drill bit so that the drill bit extends out from the chuck,

wherein the drill s sterile for surgical use and light-weight.

2 . Th driil of Claim 1, wherein the housing, ring gear, pinion gear and hand

crank are po n eric.

3. The drill of Claim 2, wherein the hand crank and ring gear are a unitary

monolithic molded body.

4 . The drill of Claim . wherein all components of the drill are polymeric.

5 . The drill of Claim 2, herein the housing has a circular portion that merges

into an elongate portion, wherein the r ng and pinion gears are held in the circular

portion of the housing and the hand crank is attached to one side of the circular

porti on of the housing,

6. The drill of Claim 1, wherein the jaws are polymeric jaws configured to

releasably hold a respective drill bi having sizes between about 2.0 mm to about 3.2

mm.

7 . The dr ll of Claim 1, wherein the ring and pinion gears have a gear ratio of

3:1,



8 . The dril l of Claim 1, wherein the drill is compact and has a length that is

less than 7 inches and a maximum width dimension that is less than four inches.

9 . The drill of Claim , wherein the hand crank has a lever with a knob that

together has a length that extends beyond the housing about 1-3 inches, and wherein

the lever with knob has a outer travel diameter of between about 5-7 inches.

10. The drill of Claim 2, wherein the circular portion of the housing has a

diameter of about 3 inches.

. The drill of Claim I , wherein the ring and pinion gears are acetal gears.

12. The drill of Claim 1, wherein the chuck, jaws and chuck support are

Polyetheretherketone PEEK PEEK components.

13. The drill of Claim , further comprising a n elongate polymeric shaft that is

held i an elongate portion of the poiymeric housing that is attached to the pinion on

one end potion and the chuck support on an opposing end portion, and wherein the

chuck resides outside but proximate an end of the elongate portion of the housing.

. A surgical kit for an MRI-guided interventional surgery on a patient,

the kit comprising:

a sterile manually operated, light weight, hand-held surgical drill, comprising;

a polymeric housing;

a polymeric rin gear held in the housing;

a polymeric hand crank attached o ring gear and the housing;

a polymeric pinion gear held i the housing in cooperating alignment with the

ring gear:

a polymeric chuck extending out of the housing; and

jaws residing in the chuck adapted to hold a drill bit; and

sterile packaging containing the drill.

5 . The kit of Claim , further comprising a plurality of drill bits configured

to be releasably held by the jaws of the drill



6 . The kit of Claim 4 , wherein th ring gear and hand crank are provided a

unitary monolithic molded body.

17 , The kit of Claim 4 , wherein the drill further comprises an elongate

polymeric shaft attached to the pinion on one end portion an to a chuck support on

an opposing end portion, and wherein the chuck is attached to the chuck support,

. A method of forming an aperture in bone of a patient during an MRi

guided surgical procedure, comprising:

placing a patient on a gantry in an MR Scanner room;

holding a hand-held dr l with a hand crank against a target location of a

patient while the patient is o the gantry;

manually rotating the hand crank; and

forming an aperture in target bone of the patient in response to the rotating

step.

19. The method of Claim . wherein the drill comprises polymeric ring and

pinion gears held inside a polymeric housing.

20. The method of Claim , further comprising directing a drill bit held by

the drill through an elongate targeting cannula, then into the patient during the

rotating and forming steps.
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