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MULTIPLE PORTAL GUIDE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the full benefit of United States Provisional

Application Serial Number 61/450,666, filed March 9, 201 1, and titled "Multiple Portal

Guide," United States Provisional Application Serial Number 61/450,669, filed March 9,

201 1, and titled "Multiple Portal Guide," and United States Provisional Application Serial

Number 61/563,833, filed November 28, 201 1, and titled "Multiple Portal Guide," the entire

contents of which are incorporated herein by reference.

FIELD

[0002] This document relates to a device for creating portals during surgery.

BACKGROUND

[0003] During arthroscopic surgery, regions within the body, such as the hip, knee,

shoulder and other joint areas, are approached via the use of an endoscope. In some joint

areas, such as the hip joint, controlling the trajectory of instruments placed into the joint area

for placement of portals, or tissue passages, can be difficult.

SUMMARY

[0004] According to one aspect, a guide assembly includes a guide having a first

attachment portion and a second attachment portion, an aimer arm coupled to the first

attachment portion of the guide and having a distal portion configured to engage a bone

surface, a surgical instrument coupled to the second attachment portion of the guide and

defining a longitudinal axis that is substantially co-radial with the distal portion of the aimer

arm, and one or more depth limiting elements configured to limit movement of a distal end of

the surgical instrument beyond a preset location along the longitudinal axis. The distal



portion of the aimer arm has an aiming feature configured to contact a bone surface. A

portion of the aimer arm extends beyond the longitudinal axis of the surgical instrument. In

use, a clamping force is generated between the distal portion of the aimer arm and the distal

end of the surgical instrument.

[0005] Implementations of this aspect may include one or more of the following features.

For example, the aiming feature may include one or more of a spike, a laser mark, or an

aperture. The one or more depth limiting elements may include an area about the aiming

feature. The area may be configured to receive a distal end of the surgical instrument. The

one or more depth limiting elements may include a depth stop frame coupled to the guide.

The depth stop frame may be configured to prevent a wide portion of the surgical instrument

from advancing past the depth stop frame. The surgical instrument may further include an

outer sleeve. The outer sleeve may be coupled to the guide and configured to contact a

second bone surface. The second bone surface may be generally opposite the bone surface

that is contact by the aiming feature of the aimer arm. The distal portion of the aimer arm

may further include an aimer extension. The aimer extension may extend from the distal

portion of the aimer and may be offset from the aiming feature such that a distal tip of the

aimer extension lies along the longitudinal axis of the surgical instrument. The distal portion

of the aimer arm may be contoured to substantially conform to a curved bone surface.

[0006] According to another aspect, a guide assembly includes a guide having a first

attachment portion and a second attachment portion, an aimer arm coupled to the first

attachment portion of the guide and having a distal portion, an image capturing element

coupled to the aimer arm and having a viewing direction toward the lower surface of the

target portion, a surgical instrument coupled to the second attachment portion of the guide

and configured to drill through bone, and one or more depth limiting elements configured to

limit movement of a distal end of the surgical instrument beyond a preset location along the

longitudinal axis. The distal portion of the aimer arm includes a target portion having an

upper surface and a lower surface, and an aiming feature positioned on the target portion and

configured to contact a bone surface. A field of view of the image capturing element

includes a portion of the bone surface and a portion of the aiming feature. The surgical

instrument defines a longitudinal axis that is substantially co-radial with the aiming feature.

[0007] Implementations of this aspect may include one or more of the following features.

For example, the aiming feature may include one or more of a spike, a laser mark, or an



aperture. The one or more depth limiting elements may include an area about the aiming

feature. The area may be configured to receive a distal end of the surgical instrument. The

one or more depth limiting elements may include a depth stop frame coupled to the guide.

The depth stop frame may be configured to prevent a wide portion of the surgical instrument

from advancing past the depth stop frame. The surgical instrument may further include an

outer sleeve. The outer sleeve may be coupled to the guide and configured to contact a

second bone surface. The second bone surface may be generally opposite the bone surface

that is contact by the aiming feature of the aimer arm. The target portion may define a

viewing window through which the image capturing element obtains a view of the portion of

the bone surface and the portion of the aiming feature.

[0008] According to yet another aspect, a method of drilling through bone includes

inserting an aimer arm through a first tissue portal, engaging a bone surface with a distal

portion of the aimer arm, inserting a surgical instrument through a second tissue portal and

aligning the surgical instrument along the desired drilling axis, and after adjusting the guide

and the surgical instrument such that the longitudinal axis is aligned with the desired drilling

axis, drilling through the bone with the surgical instrument to a desired depth along the

drilling axis. The aimer arm is coupled to a first attachment portion of a guide. An aiming

feature of the distal portion is positioned proximate the bone surface along a desired drilling

axis. The surgical instrument is coupled to a second attachment portion of the guide and

defines a longitudinal axis that is substantially co-radial with the aiming feature of the distal

portion of the aimer arm. A portion of the aimer arm extends beyond the longitudinal axis of

the surgical instrument. One or more depth limiting elements are configured to limit

movement of a distal end of the surgical instrument beyond a preset location along the

longitudinal axis.

[0009] Implementations of this aspect may include one or more of the following features.

For example, the surgical instrument may drill through a subchondral bone of an acetabular

cup from outside a joint to an area within the joint. The distal portion of the aimer arm may

be positioned under a delaminated cartilage. The one or more depth limiting elements may

prevent the distal end of the surgical instrument from penetrating the delaminated cartilage.

Positioning the aiming feature to be proximate the bone surface may include viewing a

relative position of the aiming feature relative to the bone surface through an image capturing

element coupled to the aimer arm. A field of view of the image capturing element may



include a portion of the bone surface and a portion of the aiming feature. An outer sleeve

may be coupled to the guide and configured to contact a second bone surface. The second

bone surface may be generally opposite the bone surface that is contacted by the aiming

feature of the aimer arm. A clamping force may be generated between the aiming feature and

a distal tip of the outer sleeve. The distal portion of the aimer arm may engage a surface of a

femoral head such that an aiming feature of the distal portion is positioned over an avascular

necrosis site. The one or more depth limiting elements may prevent the distal end of the

surgical instrument from penetrating a cartilage layer of the femoral head.

[0010] The details of one or more implementations are set forth in the accompanying

drawings and the description below. Other features, aspects, and advantages will become

apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a front view of a guide assembly.

[0012] FIGS. 2A and 2B illustrate positioning and use of the guide assembly within an

acetabular region.

[0013] FIGS. 3A and 3B are partial perspective views of the guide assembly of FIG. 1.

[0014] FIG. 4 illustrates an example of a field of view of an image capturing element of the

guide assembly of FIG. 1.

[0015] FIGS. 5A and 5B are front and partial front views of an alternative implementation

of the guide assembly.

[0016] FIG. 6 is a partial front view of another alternative implementation of the guide

assembly.

[0017] FIGS. 7A and 7B are partial perspective views of implementations of the guide

assembly of FIG. 6.

[0018] FIGS. 8A and 8B are front and top views of another alternative implementation of

the guide assembly

[0019] FIG. 9 illustrates positioning and use of the guide assembly of FIGS. 8A and 8B

within a femoral head region.



[0020] FIG. 10 is a front view of another alternative implementation of the guide assembly.

[0021] FIGS. 11A and 1IB are partial perspective views of another implementation of the

guide assembly.

[0022] FIG. 12 is a front view of another implementation of the guide assembly.

DETAILED DESCRIPTION

[0023] This document describes examples of a guide assembly that can be used during an

arthroscopic procedure to create portals in subchondral bone, for example, to stimulate the

production of fibrocartilage between an acetabular cup and a femoral head. In another

example, the guide assembly can be used to treat avascular necrosis of a femoral head.

[0024] Referring to FIG. 1, a guide assembly 10 includes a guide 12, an aimer arm 14, and

a surgical instrument 16. The guide assembly 10 permits a trajectory of a portal created by

the surgical instrument 16 to be controlled by appropriately placing the aimer arm 14 near a

surgery site, generally ajoint area such as the hip joint. The guide 12, which is further

described in U.S. Patent Application Serial No. 12/032,168, filed February 15, 2008, which is

incorporated herein by reference in its entirety, includes a body 18 having a first attachment

portion 20 and a second attachment portion 22. The first and second attachment portions 20,

22 can include one or more through holes for coupling one or more various surgical devices

such as an endoscope, a cannula, a drill, and the like. The body 18 of the guide 12 can further

include ajoint 24 that slides along the body 18 to vary a distance between the first and second

attachment portions 20, 22. The joint 24 can be engaged and held in position along the body

18 using, for example, a locking mechanism 26.

[0025] The aimer arm 14 can couple to the first attachment portion 20 of the guide

assembly 10 and has a distal portion 30 that is configured or adapted to contact a portion of a

bone surface, as described further below. The aimer arm 14 is generally a cylindrical

structure having a one-piece construction and can be made from any biocompatible material

including polymers, plastics, metals, ceramics, or combinations thereof and can further be

cannulated such that other surgical devices, such as an image capturing element 32 of an

endoscope 55 can be disposed axially along its length.



[0026] The surgical instrument 16 can couple to the second attachment portion 22 of the

guide assembly 10 and defines a longitudinal axis 34. The surgical instrument 16 is arranged

relative to the aimer arm 14 such that the longitudinal axis 34 of the surgical instrument 16

intersects a portion of the distal portion 30 of the aimer arm 14. In other words, the

longitudinal axis 34 defined by the surgical instrument 16 is co-radial with a portion of the

distal portion 30 of the aimer arm 14. The co-radial relationship between a portion of the

distal portion 30 and the surgical instrument 16 is maintained throughout the range of motion

of the joint 24 along the body 18 of the guide 12. The surgical instrument 16 can include any

device configured or adapted for removal of tissue or bone, for example, one or both of a drill

36 and a cannulated bullet or outer sleeve 38. In the example shown in FIG. 1, the bullet 38

movably attaches to the second attachment portion 22, and the drill 36 can be slidably

disposed within the bullet 38. In use, and as described further below, a user can use the drill

36 to drill through bone along the longitudinal axis 34, and the drill 36 is limited from

travelling distally beyond the distal portion 30 of the aimer arm 14.

[0027] In one implementation, the guide assembly 10 can be used to drill through

subchondral bone during an acetabular drilling procedure. As seen in FIGS. 2A and 2B,

cartilage 40 between an acetabular cup 42 and a femoral head 44 can delaminate from the

acetabulum 42. Drilling of the subchondral bone tissue lying underneath a delaminated

portion 46 of the cartilage 40 can create multiple bone passages for blood and other growth

factors to travel to a surface of the acetabulum 42. Such drilling can promote, for example,

the growth of fibrocartilage at the joint surface. Alternatively, or additionally, drilling may

also assist in the re-adhesion of the delaminated cartilage 46 to the subchondral bone of the

acetabulum 42.

[0028] Referring to FIGS. 2A and 2B, in use, a user, such as a surgeon, can position the

guide assembly 10 relative to a surgical site 45 of the acetabular drilling procedure such that

the distal portion 30 of the aimer arm 14 slides in between a portion of the delaminated

cartilage 46 and the surface of the acetabulum 42. The surgical instrument 16, such as the

drill 36 and the movable bullet 38, can then be used to drill through the subchondral bone of

the acetabular cup 42 from outside the joint to a point within the joint. In some cases, the

surgical instrument 16 can drill through other tissues, such as a hip capsule 48, before passing

through the acetabular cup 42. By contrast, in a typical microfracture procedure, bone

passages are initiated from underneath the subchondral bone surface within the joint.



Additionally, microfracture procedures are generally performed using non-rotating awls or

picks.

[0029] To help the surgeon control the placement of the drill 36 within the acetabulum 42

relative to the surgical site 45, the distal portion 30 of the aimer arm 14 includes a target 50.

The target 50 is a generally flat, paddle-like structure having a lower surface 5la, an upper

surface 51b, and an aiming feature 52. The longitudinal axis 34 is substantially co-radial

with the aiming feature 52, which can be a cone-like structure having a spike that is

configured to contact and generally engage a bone surface. Alternatively, the aiming feature

52 can be a laser mark, or as discussed further below, an aperture. Additionally, the image

capturing element 32, which can be for example, a lens or a camera end of an endoscope 55,

is coupled to the aimer arm 14 and is positioned and oriented such that a viewing direction of

the image capturing element 32 points toward the lower surface 51a of the target 50. As

discussed further below, a resulting field of view of the image capturing element 32 includes

the bone surface of the surgical site 45 and the aiming feature 52. Because the longitudinal

axis 34 of the drill 36 is substantially co-radial with the aiming feature 52, the drill 36 will

create the bone passage and exit the bone surface at a point where the aiming feature 52

makes contact with the bone surface.

[0030] Referring also to FIGS. 3A and 3B, and as discussed above, the longitudinal axis 34

of the drill 36 is substantially co-radial with the aiming feature 52. As such, the surgeon can

adjust the trajectory or drilling axis, and thus the exit point, of the drill 36 and the resulting

bone passage by viewing an image of the surgical site 45 as captured by the image capturing

element 32 and appropriately positioning the aiming feature 52 relative to the desired surgical

site 45. To ensure that the field of view of the image capturing element 32 includes an

unobstructed view of both the surgical site 45 and the aiming feature 52, the target 50 is

shaped such that it does not block a line of sight from the image capturing element 32 to the

aiming feature 52. For example, the target 50 may include a viewing window 54, which can

be an opening or an optically transparent region in the target 50. Additionally, a distance

between the lower surface 51a and the upper surface 51b of the target 50 (FIG. 2B) can be

varied to ensure that the delaminated cartilage portion 46 is sufficiently deflected out of the

field of view of the image capturing element 32 and thus does not obstruct the view of the

surgical site 45 and the aiming feature 52. Additionally, or alternatively, the target 50 may be

made from an optically transparent material.



[0031] The target 50 is angularly offset from and forms an angle Θ relative to an axis of the

aimer arm 14. The angle Θ can generally be between about 0 and 45 degrees and can be

chosen such that the field of view of the image capturing element 32 includes the surgical site

45 and the aiming feature 52. In some cases, the angle Θ can be varied before or during

surgery to provide the surgeon with an optimal viewing angle of the surgical site 45.

[0032] FIG. 4 shows a sample image captured by the image capturing element 32 during

positioning of the target 50 and the aiming feature 52 at the surgical site 45. The visible

portions of the sample image indicate the field of view of the image capturing element 32.

Through the viewing window 54 of the target 50, the aiming feature 52 and the bone surface

of the surgical site 45 can be seen. Prior to inserting the surgical instrument 16, the surgeon

can thus position the aiming feature 52 on the bone surface to determine the trajectory of the

bone passage that will be created by the surgical instrument 16.

[0033] During acetabular drilling of, for example, the acetabulum 42, the surgeon should

take care not to puncture or damage the cartilage 40. To limit damage to the cartilage 40 with

the drill 36, the guide assembly 10 includes one or more depth limiting elements, or drill

stops. For example, the target 50 includes a drill stop region 56 that surrounds the aiming

feature 52 (FIG. 3A). In use, the user drills through the subchondral bone with the drill 36,

and the drill 36 makes contact with the target 50 after exiting through the bone surface. At

this point, further distal movement of the drill 36 past the target 50 is prevented or limited

when the drill stop region 56 makes contact with the tip of the drill 36. Alternatively, or

additionally, another depth limiting element can be coupled to the guide 12, as discussed

further below.

[0034] Referring to FIGS.5A and 5B, in an alternative implementation, a guide assembly

58 includes an aimer arm 60 that is coupled to the first attachment portion 20. The aimer arm

60 includes a bent distal portion 62 with an aiming feature 64 that is configured or adapted to

contact the bone surface of the acetabulum 42. The aiming feature 64 can be a spike that can

engage the bone surface to provide additional stability during the acetabular drilling

procedure, as discussed below. A movable bullet 66 is coupled to the second attachment

portion 22, and a drill 68 is movably disposed within a cannula of the bullet 66. The guide 12

ensures that the longitudinal axis 34 defined by the bullet 66 and the drill 68 is substantially

co-radial with the aiming feature 64. The guide assembly 58 having the aimer arm 60 and the

drill 68 can be used, as described above with respect to the guide assembly 10, to drill



through the subchondral bone of the acetabular cup 42 from outside the joint to an area inside

the joint during the acetabular drilling procedure.

[0035] In use, the surgeon inserts the aimer arm 60 into the joint area between the

acetabulum 42 and the femoral head 44. Conventional techniques, for example, fluoroscopy

or direct arthroscopic visualization, can be used to help position the aiming feature 64 of the

aimer arm 60 at the desired surgical site 45. In some cases, the aiming feature 64 is

positioned at the bone surface of the acetabulum 42 where a portion of the cartilage 40 is

missing or has been surgically removed. After identifying the surgical site 45 at which to

drill the bone passage, the surgeon can engage the surgical site 45 with the aiming feature 64

such that unwanted movement of the aimer arm 60 relative to the bone surface of the

acetabulum 42 is minimized.

[0036] Following the placement of the aiming feature 64 at the desired surgical site 45, the

drill 68 can be used to drill through the subchondral bone of the acetabulum 42 from outside

the joint to an area inside the joint (FIG. 5B). During the drilling process, the bullet 66 can

provide enhanced stability by minimizing a movement of the guide assembly 58 relative to

the surgical site 45. For example, as indicated by arrow A in FIG. 5B, the movable bullet 66

can be pushed distally such that a distal tip 70 of the bullet 66 contacts an upper bone surface

of the acetabular cup 42. Together with the aiming feature 64, which is engaged at the

bottom surface of the acetabular cup 42, the bullet 66 and the aimer arm 60 can generate a

clamping force directed towards the surgical site 45. In turn, this clamping force can help

further stabilize the guide assembly 58 during acetabular drilling by minimizing unwanted

movement. Additionally, the bullet 66 can be configured with a locking or ratcheting

mechanism such that the bullet 66 can only move distally to provide this clamping force.

Alternatively, or additionally, a clamping force can be generated between a tip of the drill 68

and the aiming feature 64 as the drill 68 moves toward the aiming feature 64 while drilling.

[0037] Referring again to FIGS. 3A and 3B, a clamping force can be generated between the

bullet 38 and the target 50 as described above with respect to the guide assembly 58.

Additionally, or alternatively, the bullet 38 can have a sharp tip 72 that can dig into the upper

surface of the acetabulum 42 to provide enhanced stability during drilling.

[0038] Referring to FIGS. 6 and 7, in an alternative implementation, a guide assembly 80

includes an aiming arm 82 having a distal portion 84 that is shaped to surround the



delaminated cartilage portion 46 during drilling surgery of the acetabulum 42. The distal

portion 84 includes an aiming feature 86, 90 and an aimer extension 88. The aimer extension

88 extends from the distal portion 84 and is offset from the aiming feature 86, 90 in a distal

direction along the longitudinal axis 34.

[0039] In use, the surgeon inserts the aimer arm 82 in the joint area between the

acetabulum 42 and the femoral head 44 and positions the distal portion 84 such that the

aiming feature 86 contacts the bone surface of the acetabulum 42 at the surgical site 45. The

delaminated cartilage portion 46 is positioned between the aiming feature 86 and the aimer

extension 88 to protect the delaminated cartilage portion 46 during subsequent drilling of the

acetabulum 42. As described above with respect to the guide assemblies 10 and 58, the

bullet 66 and the aiming feature 86 can generate a clamping force therebetween to further

stabilize the guide assembly 80 relative to the acetabulum 42. In this implementation, the

aiming feature 86 can also serve as a depth stop for the drill 68 since the aiming feature 86

blocks the drill 68 from moving distally past the aiming feature 86 where the drill 68 could

possibly damage the delaminated cartilage portion 46. The aiming feature 86 can further

include various aiming indicia such as a laser mark or a spike. Alternatively, or additionally,

the aiming feature 86 can include an aperture 94 (FIG. 7B).

[0040] In addition to providing, for example, a resting surface for the delaminated cartilage

portion 46 during the acetabular drilling procedure, the aimer extension 88 can provide the

surgeon with additional means for precisely placing the drilling trajectory of the drill 68 at

the surgical site 45. As shown in FIGS. 7A and 7B, the aimer extension 88 is a thin, rod-like

structure having a tip 92 that terminates at an intersection point with the longitudinal axis 34

defined by the drill 68. During surgery, because the aiming feature 86 is slipped into a

narrow region between the acetabulum 42 and the delaminated cartilage 46, the surgeon may

have difficulty visualizing, for example via fluoroscopy or direct arthroscopic visualization,

the position of the aimer feature 86 relative to the desired surgical site 45. The aimer

extension 88, which is positioned below the cartilage 40, thus serves as an additional

indicator for the surgeon to rely on for visualizing the trajectory of the bone passage created

by the drill 68. Although the tip 92 of the aimer extension 88 intersects the longitudinal axis

34, the tip 92 will not come in contact with the drill 68 because the drill 68 is blocked from

travelling past the aimer feature 86.



[0041] Referring to FIGS. 8A and 8B, in an alternative implementation, a guide assembly

100 can be used to treat femoral head avascular necrosis (AVN) by, for example, drilling

through a femoral neck 110 toward the femoral head 44 and removing necrossed bone

underneath the joint cartilage. The guide assembly 100 includes an aimer arm 102 with a

distal portion 104, the distal portion 104 having a contoured target portion 106. The

contoured target portion 106 includes an aiming feature 112 (FIG. 9), for example a laser

mark, a spike, or an aperture, and is shaped to substantially conform to a contour of the

femoral head 44. The longitudinal axis 34 is substantially co-radial with the aiming feature

112 as described further below.

[0042] Referring also to FIG. 9, in use, the aimer arm 102 is placed into the joint area

between the acetabulum 42 and the femoral head 44 such that the contoured target portion

106 contacts a surface of the femoral head 44 near the AVN site. The surgeon positions the

target portion 106 over the AVN site by inserting the aimer arm 102 and feels for a softening

of the subchondral bone of the femoral head 44, indicative of deflection of cartilage overlying

the AVN site. Alternatively, or additionally, fluoroscopy, direct arthroscopic visualization, or

the like can be used to position the target portion 106 over the AVN site. When using such

visualization methods, the aiming feature 112 can be precisely located with respect to the

AVN site in a plane of visualization. Positioning in and out of the visualization plane can be

accomplished by placing the target portion 106 over the femoral head 44 as described above.

[0043] The contoured shape of the target portion 106 of the aimer arm 102 helps minimize

unwanted lateral movement of the target portion 106 relative to the femoral head 44 both

before and during the drilling process discussed below. For further stabilizing the guide

assembly 100 relative to the femoral head 44, and as described above with respect to the

guide assemblies 10, 58, and 80, a clamping force can be generated between the target

portion 106 and a bullet 108. To help prevent the aimer arm 102 from slipping off the

femoral head 44 under increasing clamping force between the target portion 106 and the

bullet 108, a distal portion of the target portion 106 extends beyond the longitudinal axis 34

while continuing to conform to the surface of the femoral head 44. As a result, the clamping

force between the target portion 106 and the bullet 108 is generated substantially between

point C at a distal tip of the bullet 108 and point B on the target portion 106 distal of the

aiming feature 112 with which the longitudinal axis 34 is co-radial. Thus, increasing



clamping force between points B and C does not translate into lateral forces that can cause

the aimer arm 102 to slip off the femoral head 44.

[0044] Following positioning of the target portion 106 and stabilizing of the guide

assembly 100 as discussed above, the surgeon can remove necrossed bone from the AVN site

by drilling a bone hole 114 through the femoral neck 110 and a portion of the femoral head

44. The bone hole 114 defines a drilling axis 116 that is co-linear with the longitudinal axis

34 and can include a larger diameter AVN area 118 at its distal portion. One or more types of

drills of varying diameters, including an acorn drill, can be used to create the bone hole 114

and the AVN area 118. Once the necrossed bone is removed, viable bone or bone graft

substitute may be packed into the AVN area 118 and/or the bone hole 114.

[0045] For the AVN implementation discussed above, a depth limiting element located at

the aimer arm 102, similar to the drill stop region 56 (FIG. 3A), may not be desirable since it

is preferred that the bone hole 114 not extend completely through the surface of the femoral

head 44. Thus, alternative to or in addition to depth limiting elements located at the aimer

arm, a depth limiting element, such as a depth stop frame 120 (FIG. 10), can be coupled to

the guide 12.

[0046] Referring to FIG. 10, the depth stop frame 120 is coupled to the second attachment

portion 22 at a proximal side of the guide 12. Together with the aimer arm 102 and the guide

12, the depth stop frame 120 defines a fixed length L between a distal portion of the depth

stop frame 120 and the target portion 106 (FIG. 9) of the aimer arm 102. The depth stop

frame 120 can be any structural element that allows the bullet 108, or the like, to move freely

while restricting a distal movement of, for example, a drill 122 disposed within the bullet

108. For example, the depth stop frame 120 can include a tubular structure that surrounds a

handle portion 109 of the bullet 108. A reduced diameter portion 121 at a distal portion of

the depth stop frame 120 can be sized to allow a thin portion 124 of a drill 122 to pass

through while blocking passage of a thick portion 126 of the drill 122. Thus, if a total length

of the thin portion 124 of the drill 122 is less than the fixed length L defined by the depth stop

120, the drill 122 cannot reach the target portion 106 (FIG. 9) and will not be able to drill

through the surface of the femoral head 44.

[0047] Referring to FIGS. 11A and 1IB, in an alternative implementation, an aimer arm

130 includes an aiming feature 132 at its distal end. The aiming feature 132 further includes



an aiming aperture 134, which can be an opening or an optically transparent region in the

aiming feature 132. The aimer arm 130 can be used during, for example, drilling surgery of

the acetabulum 42 as described above and can be coupled to the first attachment portion 20 of

the guide 12 (FIG. 1) such that the longitudinal axis 34 of the surgical instrument 16 (FIG. 1)

is substantially co-radial with the aiming aperture 134 . In use, the aimer arm 130 is

configured to be placed at a femoral head- facing surface of the delaminated cartilage portion

46, with no other structure being placed in between the delaminated cartilage portion 46 and

the surface of the acetabulum 42. To prevent damage to the cartilage portion 40, during

surgery, the surgeon can arthroscopically view and monitor the surface of the cartilage

portion 40 through the aiming aperture 134 as the bone passage is drilled. A movement of

the cartilage surface indicates to the surgeon that the drill is about to break through the

cartilage 40. Stopping the drilling process immediately upon detection of movement in the

cartilage surface would thus ensure that the drill does not completely puncture the cartilage

40.

[0048] Referring to FIG. 12, a guide assembly 140 includes the guide 12, a motorized

shaver 144 attached to the second attachment portion 20, and an endoscope 148 attached to

the first attachment portion 22. The motorized shaver 144 includes a shaver blade tip 146

that can be used to, for example, clear out bursa in the greater trochanteric space. Because

the bursa is generally full of inflamed tissue, it can be difficult for the surgeon to visualize

even a short distance arthroscopically. By rigidly connecting, via the guide 12, the shaver

144 to the endoscope 148 such that the shaver tip 146 is directly in front of a lens end 149 of

the endoscope 148, the surgeon can arthroscopically view the immediate area in front of the

lens end 149 where tissue is being removed by the shaver tip 146. In some cases, the

longitudinal axis 34 defined by the shaver 144 is co-radial with the lens end 149. While it

may be desirable in certain surgical applications to position the lens end 149 with an offset,

for example 1 cm, relative to the longitudinal axis 34 for improved focusing, such offset may

or may not be used for bursa removal applications using the guide assembly 140. In some

cases, for example when the shaver tip 146 is a side-cutting, as opposed to end-cutting, blade,

the shaver tip 146 may come in contact with the lens end 149 of the endoscope 148.

Additionally, the motorized shaver 144 may be movably and lockably disposed within a bore

(not shown) that attaches to the second attachment portion 20. For example, the surgeon may

first create viewing space around the lens end 149 by operating the guide assembly 140 with

the shaver tip 146 locked in a location directly in front of the lens end 149. Once the surgeon



can better view the operating area near the lens end 149, the surgeon can then unlock the

motorized shaver 144 such that it can piston in and out along and rotate about the longitudinal

axis 34 to quickly remove more tissue materials.

[0049] While this document contains many specific implementation details, these should

not be construed as limitations on the scope of any implementations or of what may be

claimed, but rather as descriptions of features specific to particular implementations. For

example, while a portion of the aimer arm has been described as extending beyond the

longitudinal axis of the surgical instrument, in other implementations, a portion of the aimer

arm can extend to a point short of the longitudinal axis, proximate the longitudinal axis, or to

a point substantially aligned with the longitudinal axis. Certain features that are described in

this document in the context of separate implementations can also be implemented in

combination in a single implementation. Conversely, various features that are described in

the context of a single implementation can also be implemented in multiple implementations

separately or in any suitable subcombination. Moreover, although features may be described

above as acting in certain combinations and even initially claimed as such, one or more

features from a claimed combination can in some cases be excised from the combination, and

the claimed combination may be directed to a subcombination or variation of a

subcombination. Thus, while particular implementations of the subject matter have been

described, other implementations are within the scope of the following claims.



WHAT IS CLAIMED IS:

1. A guide assembly comprising:

a guide having a first attachment portion and a second attachment portion;

an aimer arm coupled to the first attachment portion of the guide and having a distal

portion configured to engage a bone surface, the distal portion having an aiming feature

configured to contact a bone surface;

a surgical instrument coupled to the second attachment portion of the guide and

defining a longitudinal axis that is substantially co-radial with the distal portion of the aimer

arm, wherein a portion of the aimer arm extends beyond the longitudinal axis of the surgical

instrument; and

one or more depth limiting elements configured to limit movement of a distal end of

the surgical instrument beyond a preset location along the longitudinal axis,

wherein, in use, a clamping force is generated between the distal portion of the aimer

arm and the distal end of the surgical instrument.

2. A guide assembly comprising:

a guide having a first attachment portion and a second attachment portion;

an aimer arm coupled to the first attachment portion of the guide and having a distal

portion, the distal portion comprising:

a target portion having an upper surface and a lower surface, and

an aiming feature positioned on the target portion and configured to contact a

bone surface;

an image capturing element coupled to the aimer arm and having a viewing direction

toward the lower surface of the target portion, such that a field of view of the image capturing

element includes a portion of the bone surface and a portion of the aiming feature;

a surgical instrument coupled to the second attachment portion of the guide and

configured to drill through bone, the surgical instrument defining a longitudinal axis that is

substantially co-radial with the aiming feature; and

one or more depth limiting elements configured to limit movement of a distal end of

the surgical instrument beyond a preset location along the longitudinal axis.

3. The guide assembly of claims 1 or 2, wherein the aiming feature comprises

one or more of a spike, a laser mark, or an aperture.



4. The guide assembly of claims 1 or 2, wherein the one or more depth limiting

elements comprise an area about the aiming feature, the area configured to receive a distal

end of the surgical instrument

5. The guide assembly of claims 1 or 2, wherein the one or more depth limiting

elements comprise a depth stop frame coupled to the guide, the depth stop frame configured

to prevent a wide portion of the surgical instrument from advancing past the depth stop

frame.

6. The guide assembly of claims 1 or 2, wherein the surgical instrument further

comprises an outer sleeve, the outer sleeve coupled to the guide and configured to contact a

second bone surface, the second bone surface being generally opposite the bone surface that

is contacted by the aiming feature of the aimer arm.

7. The guide assembly of claim 1, wherein the distal portion of the aimer arm

further comprises an aimer extension, the aimer extension extending from the distal portion

of the aimer and being offset from the aiming feature such that a distal tip of the aimer

extension lies along the longitudinal axis of the surgical instrument.

8. The guide assembly of claim 1, wherein the distal portion of the aimer arm is

contoured to substantially conform to a curved bone surface.

9. The guide assembly of claim 2, wherein the target portion defines a viewing

window through which the image capturing element obtains a view of the portion of the bone

surface and the portion of the aiming feature.

10. A method of drilling through bone, comprising:

inserting an aimer arm through a first tissue portal, the aimer arm coupled to a first

attachment portion of a guide;

engaging a bone surface with a distal portion of the aimer arm, such that an aiming

feature of the distal portion is positioned proximate the bone surface along a desired drilling

axis;



inserting a surgical instrument through a second tissue portal and aligning the surgical

instrument along the desired drilling axis, the surgical instrument coupled to a second

attachment portion of the guide and defining a longitudinal axis that is substantially co-radial

with the aiming feature of the distal portion of the aimer arm, a portion of the aimer arm

extending beyond the longitudinal axis of the surgical instrument; and

after adjusting the guide and the surgical instrument such that the longitudinal axis is

aligned with the desired drilling axis, drilling through the bone with the surgical instrument to

a desired depth along the drilling axis, wherein one or more depth limiting elements are

configured to limit movement of a distal end of the surgical instrument beyond a preset

location along the longitudinal axis.

11. The method of claim 10, wherein the surgical instrument drills through a

subchondral bone of an acetabular cup from outside a joint to an area within the joint.

12. The method of claim 10, wherein the distal portion of the aimer arm is

positioned under a delaminated cartilage, and wherein the one or more depth limiting

elements prevent the distal end of the surgical instrument from penetrating the delaminated

cartilage.

13. The method of claim 10, wherein positioning the aiming feature to be

proximate the bone surface comprises viewing a relative position of the aiming feature

relative to the bone surface through an image capturing element coupled to the aimer arm,

wherein a field of view of the image capturing element includes a portion of the bone surface

and a portion of the aiming feature.

14. The method of claim 10, wherein an outer sleeve is coupled to the guide and

configured to contact a second bone surface, the second bone surface being generally

opposite the bone surface that is contacted by the aiming feature of the aimer arm, and

wherein a clamping force is generated between the aiming feature and a distal tip of the outer

sleeve.

15. The method of claim 10, wherein the distal portion of the aimer arm engages a

surface of a femoral head such that an aiming feature of the distal portion is positioned over



an avascular necrosis site, and wherein the one or more depth limiting elements prevent the

distal end of the surgical instrument from penetrating a cartilage layer of the femoral head.
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