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(57) ABSTRACT 

Apparatus is disclosed for use in closing a medical device 
and preventing splaying of wall portions or legs of the 
medical device while maintaining low profile and minimal 
bulk of the medical device. The disclosed device is a medical 
device including a receiver member and a closure member. 
The receiver member includes an internal reverse angle 
thread, and the closure member includes an outer reverse 
angle thread, matable with the inner reverse angle thread. 
When the closure member is threaded into the receiver 
member, forces tending to splaying the wall portions or legs 
of the receiver member cause an interference fit between 
thread surfaces of the closure member and the receiver 
member, preventing the splay from occurring. 

33 Claims, 6 Drawing Sheets 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 1 of 11



U.S. Patent Oct. 2, 2001 Sheet 1 of 6 US 6,296,642 Bl 

34 

Fig.1 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 2 of 11



U.S. Patent Oct. 2, 2001 Sheet 2 of 6 

14 
20 

15 

44 ( 
11~ 

44 

22 

Fig. 2 

43 

Fig. 3 

34 

US 6,296,642 Bl 

6 
54 

52 
62 

52' 

50' 

50 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 3 of 11



U.S. Patent 

36 

32 

20 

Oct. 2, 2001 Sheet 3 of 6 US 6,296,642 Bl 

34 
L---.-r--;-~--r----i1 J 11 

20 

22 

Fig. 4 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 4 of 11



U.S. Patent Oct. 2, 2001 Sheet 4 of 6 US 6,296,642 Bl 

36 

R 

20 

Fig. 5 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 5 of 11



U.S. Patent 

c::, 
c::, 

Oct. 2, 2001 Sheet 5 of 6 US 6,296,642 Bl 

C'-1 
c:, 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 6 of 11



U.S. Patent Oct. 2, 2001 Sheet 6 of 6 US 6,296,642 Bl 

128 

~ 

J120 

R 

126 

Fig. 6C 

Zimvie_Zimmer Biomet v. Jackson 
IPR2023-01432; Petitioners’ EX1016 

Page 7 of 11



US 6,296,642 Bl 
1 

REVERSE ANGLE THREAD FOR 
PREVENTING SPLAYING IN MEDICAL 

DEVICES 

2 
To prevent splaying, prior medical devices have included 

a nut, cap, clamp or similar apparatus to surround and hold 
the legs of the fixation element together. For example, in 
U.S. Pat. No. 5,672,176 to Biedermann et al., a rod is placed 

FIELD OF THE INVENTION 

The present invention relates to medical devices which 
utilize a threaded locking or closure element. More 
specifically, the invention relates to apparatus which is 
particularly useful in closing a medical device and prevent-
ing splaying of parts of the medical device. 

5 into a slot in the fixation element, the locking member is 
engaged with the fixation element to press down via an 
intermediary part on the rod, and an outer nut is threaded on 
the outside of the fixation element. Although effective in 
controlling splaying, these devices have tended to be rela-

BACKGROUND OF THE INVENTION 

In the treatment of orthopedic injuries, diseases or 
deformities, it is well-known to place artificial implants in a 
patient's body to correct or improve his or her condition. 
Implant systems and devices are available to fix bones, 
muscles, tendons, and/or ligaments together or in a particu-

10 tively more expensive and less efficient to implant compared 
with devices without an outer nut or cap. The outer nut or 
cap also adds to the profile of the medical device, making the 
device more difficult to implant in the frequently limited area 
in which to perform surgery and/or place an implant. A 

15 larger implant can also result in a higher risk of residual pain 
to the patient or potential complications. 

lar spatial relation so as to promote healing. For example, in 
the spinal field, one type of system for correcting and 20 
stabilizing the spine includes a bendable rod, which is 
preferably bent to correspond to the normal curvature of the 
spine in the particular region of interest. The rod is engaged 
to vertebrae along a length of the spinal column by way of 

There is therefore a need remaining in the industry for 
medical devices, and particularly orthopedic devices, which 
minimize the profile and bulk of the components of the 
device and minimizes the cost and difficulty of using such 
devices, while still preventing splaying of the fixation ele-
ments. 

SUMMARY OF THE INVENTION 

According to one preferred embodiment of the present 
invention, a medical device is provided which includes a 
receiver member having a plurality of legs or wall sections 
that define a longitudinal bore and a transverse channel in 

a number of fixation elements. The variety of fixation 25 
elements configured to engage specific portions of the 
vertebrae includes hooks configured to engage the vertebral 
laminae and screws which can be threaded into parts of the 
vertebral bone. Rods or other similar elements can also be 
useful in correcting other orthopedic problems. 30 the medical device, and a closure member having a substan-

tially cylindrical engagement portion with a longitudinal 
axis. The closure member also includes a reverse angle 
thread, which engages the legs or wall sections of the 

In several available rod-implantation systems, the rod is 
loaded into a channel in each fixation element. One example 
of such a system is the Cotrel-Dubosset/CD Spinal System 
sold by Sofamor Danek Group, Inc. The CD System 
includes hooks and bone screws with an "open- 35 
back"configuration, in which the fixation elements them-
selves include a body that defines a slot within which the 
spinal rod is received. The slot includes a threaded bore into 
which a threaded plug is engaged to clamp the rod within the 
body of the fixation element. Details of this technology can 40 
be found in U.S. Pat. No. 5,005,562 to Cotrel, the specifi-
cation of which is hereby incorporated by reference. Other 
devices are also known which have a similar open-back 
configuration, such as those disclosed in U.S. Pat. Nos. 
5,672,176, 5,725,527, 5,738,685, 5,782,833, and 5,728,098. 45 

medical device. The present invention can be a part of a 
variety of medical devices or tools in which a plurality of 
legs or wall sections have the potential to splay. In a 
particularly preferred embodiment, the invention is used 
with a bone screw, laminar hook, compression plate, exter-
nal fixator or other bone fixation device in which two or 
more legs or wall sections define a rod-receiving channel 
and a bore communicating with the channel and which 
accommodates the closure member. The inner surfaces of 
the legs or wall sections, in a particular embodiment, also 
include reverse angle threads which are matable with the 
reverse angle thread on the closure member. 

The reverse angle thread of the present invention has two 
surfaces, a forward-facing surface or clearance flank, and a 
rearward-facing surface or load flank. The rearward surface 
of the reverse angle thread is configured so that the angle 

One difficulty that has been experienced with open-back 
configurations of medical devices is that the upright legs or 
wall sections of the body portion can experience splaying 
after implantation. For example, in the spinal field, after a 
rod is placed into the channel in the body portion of a 
open-back spinal fixation element, a closure or locking 
element is engaged in the body portion over the rod to clamp 

50 between a plane normal to the longitudinal axis and the 
rearward surface, or pressure angle, is negative. That is, the 
crest of the thread points backwards, toward the proximal 
end of the closure member and receiver member. In one 
embodiment, the pressure angle is between -1 and -40 

it within the channel so that there is no relative movement 
between the rod and the fixation element. Since no relative 
motion is possible, stresses placed on the rod after implan-
tation are transmitted via the fixation element to the bone. In 
some cases, these stresses cause the legs or wall sections of 
the fixation element on either side of the slot to splay or 
move away from each other. Significant splaying of the 
fixation element generally results in its failure, since the 60 
closure or locking element can no longer be retained in the 
fixation element to clamp the rod. When that happens, the 
rod is free to move with respect to the fixation element, and 
may become disconnected with the fixation element alto-
gether. In such a case, the therapeutic value of the implant 65 
is obviated, and further injury or complications may also 
result. 

55 degrees. In a currently more-preferred embodiment, the 
pressure angle is -5 degrees. In another embodiment, the 
forward facing surface of the reverse thread forms a flank 
angle, measured from a plane normal to the longitudinal axis 
forward facing surface, of +45 degrees. 

The present invention provides an apparatus in which a 
medical device is closed or locked and splaying of the 
medical device is prevented. The invention provides the 
further advantages of reducing the size and profile of the 
medical device. Not only does elimination of an outer nut or 
cap reduce the size, but the reverse angle thread allows the 
size of the receiver member itself to be significantly reduced 
without a greater risk of splaying. An additional benefit is 
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32 and screw section 34 have holes 40 and 42, respectively, 
for engaging tools. In one specific embodiment, holes 40 and 
42 have a hexagonal and star shape, respectively, although 
other known tool head shapes may be used. In this 

the reduction in cost and the difficulty of implantation of 
such devices by eliminating unnecessary parts. Other ben-
efits and certain objects of the invention will be appreciated 
by one of ordinary skill in the art and will become apparent 
upon consideration of the following written description and 
accompanying figures illustrating one embodiment of the 
present invention. 

DESCRIPTION OF THE DRAWINGS 

5 embodiment, closure member 12 is threadedly engaged with 
receiver member 11 to a point at which further threaded 
progression is impeded, as for example when the screw 
section 34 contacts an object within channel 16, such as rod 

FIG. 1 is a fragmentary, part-sectional view of a preferred 10 

embodiment of the apparatus of the present invention. 

R seated against wall 24. As further torque is applied to 
break-off screw closure member 12, as with an hexagonal 
driving tool inserted into hole 40, eventually the stress on the 
neck portion 38 is great enough to cause the upper section 
36 to break off from screw section 34 at neck portion 38. In 
this way, screw section 34 is firmly seated in bore 15 of 

FIG. 2 is a sectional view of part of the receiver member 
of the embodiment of the apparatus of the present invention 
illustrated in FIG. 1. 

FIG. 3 is a sectional view of one embodiment of the 
closure member of the embodiment of the apparatus of the 
present invention illustrated in FIG. 1. 

15 receiver member 11 against rod R in channel 16, and the 
excess material of the break-off screw, which assisted in the 
original threading, is removed. 

FIG. 4 is a front elevation of the embodiment of the 
present invention illustrated in FIG. 1, including an elon- 20 
gated member. 

FIG. 5 is a side elevation of the embodiment of the present 
invention illustrated in FIG. 4. 

FIG. 6A is a side elevation of a laminar hook medical 
device with which an embodiment of the present invention 25 

is useful. 
FIG. 6B is a side elevation of one type of bone screw 

medical device with which an embodiment of the present 
invention is useful. 

30 
FIG. 6C is a side elevation of one type of multi-axial bone 

screw medical device with which incorporates an embodi-
ment of the present invention is useful. 

In another particular embodiment of closure member 12, 
illustrated in FIG. 4, closure member 12 includes only screw 
section 34, which may be characterized as a set screw. Screw 
portion 34, and break-off section 32 if included in closure 
member 12 (as in FIGS. 1, 4 and 5), has a longitudinal axis 
43. When closure member 12 and receiver member 11 are 
engaged, as illustrated in FIG. 1, longitudinal axis 43 of 
closure member 12 and longitudinal axis 14 of receiver 
member 11 are collinear. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Receiver member 11 includes an inner thread 44 inside 
legs 20, and screw section 34 of closure member 12 includes 
an outer thread 46. Threads 44 and 46 have substantially the 
same characteristics,'so that closure member 12 is thread-
ably engageable with receiver member 11 by engaging 
threads 46 with thread 44. Threads 44 and 46 will be 
described by reference to thread 46, illustrated in FIG. 4. 
Threads 44 and 46 are reverse angle threads. As used herein, 

35 "reverse angle thread" refers to a thread wherein the 
rearward-facing thread surface or load flank is sloped so 
that, for a given cross-section of the thread through the 
longitudinal axis of the screw, a point on the rearward-facing 
thread surface at the root of the thread is closer to the distal 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
language will be used to describe the same. It will never-
theless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
modifications in the illustrated device, and such further 
applications of the principles of the invention as illustrated 
therein, being contemplated as would normally occur to one 45 
skilled in the art to which the invention relates. 

40 or forward end of the screw than a point on the rearward-
facing thread surface at the crest of the thread. 

Referring generally to FIGS. 1-5, there is shown a 
medical device 10 according to the present invention. As 
illustrated, medical device 10 includes a receiver member 11 
and a closure member 12 adapted to be threadedly engaged 50 
to receiver member 11. Medical device 10, in the illustrated 
embodiment, is a bone fixation device used to connect an 
elongated member (indicated as R in FIGS. 4-6C) to a bone. 
In that embodiment, receiver member 11 includes a longi-
tudinal or thread axis 14, a longitudinal bore 15 centered on 55 
axis 14, and a transverse channel 16 for receiving an 
elongated member, which is generally perpendicular to axis 
14 and bore 15. Channel 16 is bounded on both sides by legs 

As shown in FIG. 4, closure member 12 has a reverse 
angle thread 46 including forward-facing thread surface 50 
and rearward-facing thread surface 52. Thread 44 (see FIG. 
2) has a corresponding forward thread surface 50' and a 
rearward thread surface 52'. Point 60, depicted in FIG. 4 at 
the root of rearward thread surface 52, is closer than point 
62 (at the crest of rearward surface 52) to the forward end 
64 of screw section 34. To define the angles of the thread 
surfaces, plane 54 normal to longitudinal axis 43 is also 
shown. As used herein, an angle measured clockwise from 
a normal plane (such as plane 54) to the rearward thread 
surface is a negative angle, and an angle measured clockwise 
from a normal plane (such as plane 54) to the forward thread 
surface is a positive angle. Thus, pressure angle a of thread 
46 (illustrated in FIG. 4) is negative, since the measurement 
is clockwise from the thread root at plane 54 to rearward 
thread surface 52, as indicated by the arrow. Flank angle P 20 of receiver member 11. Receiver member 11 further 

includes a fixation portion 22. Fixation portion 22, in a 
particular embodiment, is a threaded portion for threading 
into a bone, and in another embodiment (not shown) is a 
hook portion for connection to a bone. 

60 in FIG. 4, representing the clockwise angle from plane 54 to 
forward thread surface 50, is positive. 

Closure member 12, in a particular embodiment, includes 
a break-off section 32 and a screw section 34. Break-off 65 
section 32 has a generally cylindrical upper or proximal 
portion 36 and a thinned neck portion 38. Break-off section 

Accordingly, a reverse angle thread includes a rearward 
surface such that a is a negative angle. 

In one particular embodiment of the present invention, 
illustrated in FIG. 4, pressure angle a is -5 degrees, and 
flank angle ~ is 45 degrees. However, it is understood that 
one of ordinary skill in the art will recognize that other 
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It is preferred that both closure member 12 and receiver 
member 11 be manufactured from bio-compatible materials, 
and preferably metals such as titanium or stainless steel. It 
is also preferred that the reverse angle thread be formed 

negative values of pressure angle a, including values 
between about -1 degree and at least -40 degrees, and other 
values of flank angle ~ are within the scope of the present 
invention. As noted above, reverse angle thread 44 of 
receiver member 11 is configured substantially similarly to 
reverse angle thread 46 of closure member 12 so that threads 
44 and 46 can be engaged. Accordingly, rearward thread 
surface 52' of thread 44 forms a negative pressure angle, i.e., 
one measured clockwise from a plane normal to axis 14 to 
rearward thread surface 52', of substantially the same mag-
nitude as pressure angle a illustrated in FIG. 4. Forward 
thread surface 50' of thread 44 (FIG. 2) forms a positive 
flank angle of substantially the same magnitude as flank 
angle ~ illustrated in FIG. 4. 

5 integrally on the outside of closure member 12 and on the 
inside of receiver member 11 prior to the use of the medical 
device. However, forming an integral reverse angle thread 
44 on the inside of receiver member 11 prior to use is not 
strictly necessary, so long as closure member 12 can be 

10 
twisted into receiver member 11 so that reverse angle thread 
46 of closure member 12 gouges the insides of legs 20 to 
form a threaded engagement between closure member 12 
and receiver member 11. 

In use, closure member 12 is threaded into receiver 
member 11 such that reverse angle thread 46 of closure 
member 12 is engaged with reverse angle thread 44 of 
receiver member 11. When closure member 12 and receiver 
member 11 are threadedly engaged, rearward thread surface 
52 of closure member 12 will abut rearward thread surface 

While the invention has been illustrated and described in 
detail in the drawings and foregoing description, the same is 

15 to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all 
changes and modifications that come within the spirit of the 

52' of receiver member 11, and forward thread surface 50 of 20 
closure member 12 will abut forward thread surface 50' of 
receiver member 11. Any force tending to splay legs 20, such 
as a force outward from and perpendicular to axis 14 of FIG. 
2, will tend to move rearward thread surface 52' of receiver 
member 11 against and into an interference fit with rearward 25 
thread surface 52 of closure member 12. The abutment of 
rearward thread surfaces 52 and 52' prevent splaying of legs 
20 outward from longitudinal axis 14 of receiver member 11. 

invention are desired to be protected. 
What is claimed is: 
1. A medical device, comprising: 
a receiver member including a plurality of wall sections 

defining a longitudinal bore in said medical device, said 
receiver member also including a transverse channel 
substantially perpendicular to said bore; and 

a closure member including a substantially cylindrical 
engagement portion having a longitudinal axis, and a 
reverse angle thread formed on said engagement por-
tion so that said engagement portion is adapted to be 
threadedly engaged within said bore to said wall sec-
tions. 

2. The medical device of claim 1, wherein said wall 
sections include an inner reverse angle thread corresponding 
to said reverse angle thread of said engagement portion of 

35 said closure member, whereby said reverse angle thread of 
said wall sections and said reverse angle thread of said 
engagement portion are engaged when said engagement 
portion is threadedly engaged within said bore to said wall 
sections. 

It will be appreciated that any medical device which 
includes a holder or receiver member that tends to splay can 30 
incorporate the present invention. As indicated above, in a 
preferred embodiment of the present invention medical 
device 10 is a bone fixation device for connecting an 
elongated member and a bone, and particularly an "open-
back" bone fixation device. Examples of such devices are 
illustrated in FIGS. 6A-6C. FIG. 6Aillustrates an open-back 
laminar hook 100 having an integral U-shaped bone fixation 
portion 102, and FIG. 6B illustrates an open-back bone 
screw 110 having an integral threaded bone fixation portion 
112. Hook 100 and screw 110 include receiver members 104 
and 114, respectively, which are substantially similar to 
receiver member 11 depicted in FIG. 1, and are thus able to 
receive rod R in a seated engagement. Hook 100 and screw 
110 also include closure members 106 and 116, respectively, 
which are substantially similar to closure member 12 of FIG. 45 
1, and thus operate in the same manner as described above 
with respect to the embodiment of the invention illustrated 
in FIGS. 1-5. 

In the realm of bone fixation devices, the present inven-
tion may also be used in connection with a multi-axial bone 
screw or bone hook system in which the fixation element is 
rotatable within a body element. One example of such a 
system is found in U.S. Pat. No. 5,797,911 to Sherman, et 
al., owned by the Assignee of the present invention, the 
specification of which is hereby incorporated by reference 
herein and an embodiment of which is illustrated in FIG. 6C. 
Multi-axial device 120 includes a receiver member 122 
similar to receiver member 11 of FIG. 1, the principal 
differences being that bone fixation portion 124 (illustrated 

3. The medical device of claim 1, wherein said receiver 
40 member is a part of a bone fixation device. 

4. The medical device of claim 3, wherein said bone 
fixation device is a bone screw. 

5. The medical device of claim 4, wherein said bone 
fixation device is a multi-axial bone screw. 

6. The medical device of claim 3, wherein said bone 
fixation device is a spinal hook. 

7. The medical device of claim 3, wherein said reverse 
angle thread includes a rearward thread surface, wherein an 
angle measured from a plane normal with said longitudinal 

50 axis to said rearward thread surface is between about -1 
degrees and -40 degrees. 

8. The medical device of claim 7, wherein said angle is 
about -5 degrees. 

9. The medical device of claim 1, wherein said closure 
55 member is a set screw. 

10. The medical device of claim 1, wherein said closure 
member is a break-off screw. 

11. An apparatus for connecting an elongated member and 
a bone, comprising: 

as a bone screw in FIG. 6C) of multi-axial device 120 is not 60 
integral with receiver member 122, and is free to rotate 
within bore 126 which extends from top to bottom through 
receiver member 122. Multi-axial device 120 also includes 

a receiver member having an inner-threaded longitudinal 
bore, a channel communicating with and substantially 
perpendicular to said longitudinal bore for accommo-
dating the elongated member and a fixation portion for 
fixing said receiver member to the bone; and a closure member 128 which is substantially similar to 

closure member 12 of FIG. 1, and thus operates in the same 65 
manner as described above with respect to the embodiment 
of the invention illustrated in FIGS. 1-5. 

a closure member having a longitudinal axis and an outer 
threaded portion for threaded engagement with said 
threaded portion of said receiver member, 
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wherein said threaded portion of said receiver member 
and said threaded portion of said closure member 
include a reverse angle thread. 

12. The apparatus of claim 11, wherein said reverse angle 
thread of said closure member includes a rearward thread 5 

8 
reverse angle thread formed on said engagement por-
tion so that said engagement portion is adapted to be 
threadedly engaged within said bore to said wall sec-
tions. 

22. The medical device of claim 21, wherein said wall 
sections include an inner reverse angle thread corresponding 
to said reverse angle thread of said engagement portion of 
said closure member, whereby said reverse angle thread of 
said wall sections and said reverse angle thread of said 

surface such that an angle measured from a plane normal 
with said longitudinal axis to said rearward thread surface of 
said closure member is between about -1 degrees and -40 
degrees, and said reverse angle thread of said receiver 
member includes a rearward thread surface such that an 
angle measured from a plane normal with an axis of said 
longitudinal bore to said rearward thread surface of said 
receiver member is between about -1 degrees and -40 
degrees. 

10 
engagement portion are engaged when said engagement 
portion is threadedly engaged within said bore to said wall 
sections. 

13. The apparatus of claim 12 wherein said closure 15 
member is a set screw. 

14. The apparatus of claim 12 wherein said closure 
member is a break-off head screw. 

23. The medical device of claim 21, wherein said receiver 
member includes a transverse channel substantially perpen-
dicular to said longitudinal bore of said receiver member. 

24. The medical device of claim 21, wherein said receiver 
member is a part of a bone fixation device. 

25. The medical device of claim 24, wherein said bone 
fixation device is a bone screw. 

15. The apparatus of claim 11 wherein said fixation 
portion is integral with said receiver member. 

16. The apparatus of claim 15 wherein said fixation 
portion includes a threaded portion. 

26. The medical device of claim 25, wherein said bone 
20 fixation device is a multi-axial bone screw. 

17. The apparatus of claim 15 wherein said fixation 
portion includes a hook portion. 

27. The medical device of claim 24, wherein said bone 
fixation device is a spinal hook. 

28. The medical device of claim 24, wherein said reverse 
angle thread includes a rearward thread surface, wherein an 
angle measured from a plane normal with said longitudinal 
axis to said rearward thread surface is between about -1 
degrees and -40 degrees. 

18. The apparatus of claim 11 wherein said bore of said 25 
receiver member extends through said receiver member, and 
said fixation portion is a bone fixation device which is 
accommodated within at least a portion of said bore and is 
adaptable to be fixed to the bone at any of a plurality of 
angles to said bore. 

19. The apparatus of claim 18 wherein said bone fixation 
device is a bone screw. 

29. The medical device of claim 28, wherein said angle is 
about -5 degrees. 

30 30. The medical device of claim 21, wherein said closure 

20. The apparatus of claim 18 wherein said bone fixation 
device is a hook. 

21. A medical device, comprising: 
a receiver member including a plurality of wall sections 

separated by a slot, said wall sections at least partially 
defining a longitudinal bore in said medical device; and 

a closure member including a substantially cylindrical 
engagement portion having a longitudinal axis, and a 

member is a set screw. 
31. The medical device of claim 21, wherein said closure 

member is a break-off screw. 
32. The medical device of claim 21, wherein a plurality of 

35 slots separate said wall sections. 
33. The medical device of claim 32, wherein said plurality 

of slots form at least one channel transverse to said longi-
tudinal bore. 

* * * * * 
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