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BONE SCREW THREADED PLUG CLOSURE 
WITH CENTRAL SET SCREW 

BACKGROUND OF THE INVENTION 

[0001] The present invention is broadly directed to a plug 
closure for a medical implant such as a bone screW. More 
particularly, it is concerned With an exteriorly threaded plug 
Which further has a threaded center bore that receives a set 
screW. 

[0002] Bone screWs are often employed in surgically 
implanted osteosynthesis apparatus, especially for fastening 
rods and transverse connectors to the spinal vertebrae for the 
purpose of stabilizing and/or adjusting spinal alignment. 
While both closed and open-ended types of bone screWs are 
knoWn, open-ended screWs are particularly Well suited for 
rod and connector arm installation and adjustment, because 
the rod does not have to be threaded through a bore, but 
rather can be laid or urged into an open receiver for the rod. 

[0003] Such open-ended bone screWs include a threaded 
shank coupled With a pair of upright branches Which form a 
yoke having a U-shaped slot or groove for receiving a rod. 
Hooks and connectors also sometimes include open ends for 
receiving rods or the like. The rod is placed in the groove in 
generally perpendicular relation to the shank, and the open 
end of the yoke is closed off by a closure device. The closure 
device includes structure that is tightened against the rod or 
the like to hold the rod in place against the bottom of the 
groove. The closure device must hold and ?rmly secure the 
rod, in order to prevent rotational or translational movement 
of the rod relative to the bone screW folloWing installation. 

[0004] Prior art closure devices have varied in type and 
one of those types is a simple plug. That is, the interior Walls 
of the branches are threaded and a similarly threaded plug is 
screWed into the bone screW betWeen the branches to capture 
and hold the rod in the groove and betWeen the branches. 
Because the branches must be spaced at least as Wide as the 

rod, the plug must also be at least as Wide, if not Wider, than 
the rod. The plug must also not disassemble accidentally 
from the bone screW during use and the rod must be held 
securely enough by the plug to prevent rotation and axial 
relative movement betWeen the rod and bone screW. 

[0005] In order to perform the functions required of it, the 
plug should be tightly torqued relative to the bone screW. If 
the rod Were linear, this could be accomplished With some 
dif?culty. HoWever, this is very seldom the case. In particu 
lar, the rod is almost alWays bent at each bone screW in a 
plane extending from front to rear in the patient in order to 
correctly position the rod for normal curvature of the back. 
Because the rod is bent, it does not rest ?at against the 
bottom of the bone screW receiving groove, but tends to be 
raised one or both opposite ends. After installation, When the 
back is bent by the patient during activity, the rod Will ?ex 
slightly about the bone screW. Consequently, even if the plug 
is torqued to a selected torque (for example, 100 inch pounds 
is commonly used), the plug may have substantially less or 
no torque When the rod is ?exed, so as to alloW the rod to 
slip. This is because the plug is comparatively Wide and rests 
on the raised portions of the rod. As the rod bends and the 
raised portions subside, the plug becomes loose. 
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[0006] While a plug is very simple and thus desirable to 
use, a construction is needed to keep the plug and rod from 
becoming loose and alloWing the rod to move relative to the 
bone screW, especially When the rod is ?exed. 

SUMMARY OF THE INVENTION 

[0007] The present invention overcomes the problems 
previously described by providing a threaded plug closure 
for an open-ended bone screW. The plug has a center bore 
that is threaded to receive a set screW. Preferably, the set 
screW includes a breakaWay head, so as to provide a loW 
pro?le after insertion, and a base Which is slotted to permit 
removal folloWing installation. The base includes an axial 
point and circumferential ring Which engage and secure 
against rotation or axial movement an associated spinal rod 
extending through the bone screW. An annular bottom sur 
face of the plug may also engage the rod laterally With 
respect to the set screW. The plug closure and the set screW 
are independently installed and tightened to cooperatively to 
?rmly ?x the rod With respect to translational and rotational 
relationship relative to the bone screW When installation is 
complete. The set screW is torqued to a preselected torque. 
Where a break off head set screW is utiliZed, the head breaks 
aWay at the preselected torque. 

OBJECTS AND ADVANTAGES OF THE 
INVENTION 

[0008] The principal objects of the present invention 
include: providing a plug closure for an open-ended bone 
screW or the like having an open rod receiving yoke for use 
in an osteosynthesis apparatus for securing a rod or other 
elongate member against rotational and translational move 
ment Within the yoke of the bone screW or the like; providing 
such a plug closure Which has a center bore to receive a set 

screW; providing such a plug closure Which includes a 
central set screW Which can be tightened co centrally engage 
a portion of an associated elongate member Which remains 
seated against the bottom surface Within the yoke even 
though parts of the rod spaced from the engaged portion are 
spaced aWay from the bottom surface of the yoke; providing 
such a plug closure Which includes a set screW having a head 

Which breaks off during tightening at a preselected torque 
after the set screW has been tightened against the rod; 
providing such a set screW having a base Which includes 
slots extending radially into the base and Which can be 
accessed folloWing installation and break aWay of the head 
to ef?ciently remove the set screW; providing such a plug 
closure and set screW Which can be independently installed 
and tightened Within the yoke of a bone screW to coopera 
tively engage and secure an associated rod or the like; and 
providing such an apparatus Which is relatively easy to use, 
inexpensive to produce and particularly Well-suited for its 
intended usage. 

[0009] Other objects and advantages of this invention Will 
become apparent from the folloWing description taken in 
conjunction With the accompanying draWings Wherein are 
set forth, by Way of illustration and example, certain 
embodiments of the invention. 

[0010] The draWings constitute a part of this speci?cation 
and include exemplary embodiments of the present inven 
tion and illustrate various objects and features thereof. 
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DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an exploded perspective vieW of a bone 
screw having a plug closure With a central set screW in 
accordance With the present invention. 

[0012] FIG. 2 is a fragmentary front vieW of a vertebral 
body of a patient With an implanted, open ended bone screW 
having a rod positioned in the yoke of the screW With 
portions broken aWay to shoW detail thereof. 

[0013] FIG. 3 is a fragmentary top plan vieW of the 
vertebral body similar to FIG. 2, shoWing a plug closure and 
plug insertion tool prior to assembly, With the head of the 
tool positioned in alignment With the plug closure prepara 
tory to engagement of the tool With the bore of the closure 
and the closure With the threaded yoke of the implanted bone 
screW With portions broken aWay to shoW detail thereof. 

[0014] FIG. 4 is a fragmentary top plan vieW of a vertebral 
body similar to FIG. 3, illustrating the plug insertion tool 
inserting the plug into the threaded bone screW yoke. 

[0015] FIG. 5 is a fragmentary top plan vieW of the 
vertebral body, illustrating a plug closure in the implanted 
bone screW and a set screW insertion tool aligned With a set 
screW preparatory to use in inserting the set screW into a 
receiving threaded bore of the plug closure. 

[0016] FIG. 6 is a fragmentary front plan vieW of the 
vertebral body With the implanted bone screW With the 
installed plug closure and set screW securing the spinal rod 
in position in the yoke, especially at and near the center point 
of the set screW. 

[0017] FIG. 7 is a cross-sectional vieW of a prior art bone 
screW having a closure plug holding a rod in a yoke thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] As required, detailed embodiments of the present 
invention are disclosed herein; hoWever, it is to be under 
stood that the disclosed embodiments are merely exemplary 
of the invention, Which may be embodied in various forms. 
Therefore, speci?c structural and functional details dis 
closed herein are not to be interpreted as limiting, but merely 
as a basis for the claims and as a representative basis for 
teaching one skilled in the art to variously employ the 
present invention in virtually any appropriately detailed 
structure. 

[0019] The draWings in FIGS. 1 to 7 illustrate a plug 
closure, generally designated by the reference numeral 1, in 
accordance With the present invention used in conjunction 
With a set screW 2 and an open-ended bone screW 3, Which 

has been implanted by a surgeon into a vertebral body 4 of 
a human vertebra, having an associated intervertebral disc 5. 
In the normal human spine, such vertebral bodies 4 are 
arranged in stacked, spaced relationship, interleaved by the 
discs 5, Which impart a measure of ?exibility to the spinal 
column. Where the vertebrae are improperly aligned, 
because of congenital deformity, osteoporosis, injury or the 
like, a series of bone screWs 3 may be implanted in various 
vertebral bodies 4 for coupling With an elongate round or 
otherWise cross-sectioned rod, transverse connector or the 
like and in the illustrated embodiment the bodies 4 are 
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coupled to a rod 6 having a uniform circular cross-section. 
The angle of the rod 6 is then adjusted in order to bring the 
vertebral bodies 4 into proper alignment, or as close thereto 
as is possible, normally by bending the rod 6 betWeen front 
and rear. 

[0020] The bone screW 3 includes a threaded shank 11 
coupled With a pair of opposed upright branches 12 Which 
form a yoke 13. The yoke 13 de?nes a central slot or channel 
14 having a curvate, rod-receiving bottom surface 15. Each 
yoke branch 12 includes an inner surface 16, a portion of 
Which is threaded in an integrated manner that alloWs a 
threaded object of the same diameter and thread to be 
received in and advanced along the threaded portion of the 
surface 16. 

[0021] A plug closure 1, includes a radially outer surface 
21 and a threaded central bore 23 having an interior surface 
22. The outer surface 21 is threaded for mating engagement 
With the threads of the yoke inner surface 16. Upper and 
loWer annular plug closure surfaces or rings 24 and 25 are 
generally planar. Normally the plug upper surface 24 is 
positioned beloW or even With the top of the bone screW 3 
subsequent to installation to provide a loW pro?le. 

[0022] An associated plug closure driving tool 31, shoWn 
in FIGS. 3 and 4, includes a generally T-shaped handle 32 
centrally coupled With and extending perpendicular With 
respect to an elongate shaft 33. The shaft has a terminus 34 
opposite the handle 32 that is threaded for mating engage 
ment With the central bore 23. Ashoulder 35 extends radially 
outWard from the terminus 34 Whereat the terminus joins to 
a remainder of the shaft 33. 

[0023] The set screW 2, includes a head 41 and a base 42, 
see FIGS. 1 and 5, originally joined together along a 
breakaWay region 43. The outer surface of the head 41 
includes a plurality of planar faces 44. A hexagonal con 
?guration of planar faces 44 is depicted in FIG. 1, although 
those skilled in the art Will appreciate that any suitable 
con?guration may be employed. The upper surface of the 
head 41 includes a pair of notches or drive slots 45 for 
receiving a ?at head driving tool Which may be employed in 
certain applications for starting the set screW 2 into the plug 
closure 1. As shoWn in FIG. 1, the head 41 may also include 
a bore 46, Which extends axially toWard the breakaWay 
region 43. In other preferred embodiments, the head is of 
solid construction except for the drive slot 45. 

[0024] The base 42 has an outer cylindrical shaped surface 
51 Which is threaded for registry With the threaded central 
bore 23 of the plug closure 1. As best shoWn in FIGS. 5 and 
6, the threaded base 42 terminates in a sharp edged annular 
ring 52 that is radially spaced from a central and axially 
projecting point 53. The base threaded surface 51 and 
breakaWay region 43 include a pair of opposed vertically 
elongate slots 54 Which extend radially inWardly, but do not 
intersect. The purpose of the slots 54 is to accommodate a 
removal tool (not shoWn) and they may be formed by milling 
or drilling. 

[0025] Set screW 2 is driven by a hexagonal socket type 
torque Wrench 61 partially shoWn in FIG. 5. The Wrench 61 
is similar in construction to the plug closure driving tool 31, 
except that a terminus 62 thereof is con?gured as a hexago 
nal socket for receiving the planar faces 44 of the set screW 
head 41. 
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[0026] As shown in FIGS. 3-6, the plug closure 1 and set 
screw 2 are effectively utilized for securing the rod 6 Within 
the bone screW channel 14 against translational or rotational 
motion. The illustrated rod 6 is bendable by tools Well 
knoWn in the art and is generally circular in cross-section. In 
the illustrated embodiment the rod 6 is bent so as to be 
non-linear at the location Where the rod 6 is positioned over 
the rod receiving surface 15. In particular, the rod 6 has a 
portion 64 that touches the surface 15 at or near the center 
of the surface 15, but bends outWardly the from the surface 
15 on each side of the center. Thus the rod 6 presents a 
surface 63 Which is curved both axially and circumferen 
tially Within the bone screW yoke 13. In particular, because 
of the axial curvature of the rod 6, upon installation the rod 
6 rests in the bone screW channel 14 so that only the central 
portion 64 of the rod surface 63 makes contact With the 
channel bottom surface 15, While the remainder of the 
surface 63 Within the sides of the bone screW curves aWay, 
so as to be in spaced relationship, from the bottom surface 
15. 

[0027] The plug closure 1, set screW 2, rod 6 and associ 
ated driving tools 31 and 61 may be constructed of any 
suitable biocompatible material. Stainless steel and titanium 
are particularly preferred materials because of their strength 
and suitability for surgical use and implantation. The rod 6 
is generally constructed to include a smooth exterior surface, 
although a knurled surface may also be employed. 

[0028] In use, a bone screW 3 is implanted into an area of 
bone 4, such as, for example, a vertebra of a patient. As 
shoWn in FIG. 2, the implanted shank 11 passes into the 
vertebral body 4 and preferably slightly through the body 4, 
While the yoke 13 extends outWardly for receiving the 
elongate rod 6 (or similarly shaped element). The rod 6 is of 
a siZe slightly smaller than the bone screW channel 14 and 
is positioned in the channel 14 in generally perpendicular 
relationship to the screW shank 11. 

[0029] A surgeon grasps the handle 32 of a plug closure 
tool 31, aligns the terminus 34 With a plug closure 1, and 
rotates the handle in a clockWise direction until the terminus 
34 is threaded into the center bore 23 and abuts the shoulder 
24. The surgeon, With the rod 6 positioned Within the yoke 
13, then coaxially aligns the threaded plug closure 1 With the 
threaded inner surfaces 16 of the yoke 13 of the bone screW 
3 and continues rotation of the handle 32 until the closure 1 
is threaded into the yoke 13 and is advanced against the rod 
6. If the plug 1 is tightened this biases the rod central portion 
64 against the bottom surface 15 of the channel 14. Con 
tinued rotation of the handle advances the plug closure 1 and 
the annular loWer surface 25 is snugged against the curvate 
upper surface 63 of the rod 6. The surgeon removes the plug 
closure driving tool 31 from the center bore 23 by rotating 
the tool handle 32 counterclockWise. 

[0030] After the rod 6 is ?nally adjusted, the surgeon next 
grasps the set screW socket Wrench 61, aligns the terminus 
62 With a set screW head 41 and rotates the Wrench 61 in a 
clockWise direction until the set screW base 42 is threaded 
into the plug closure center bore 23. The Wrench 61 is then 
rotated to advance the set screW 2 until the axial point 53 
engages and bites into the rod surface 63. Because of the 
curvature of the rod 6, the base ring 52 discontinuously 
engages the rod surface 63 at tWo opposed points, one on 
either side of the axial point 53. In this manner, the set screW 
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axial point 53 and base ring 52 cooperatively form a three 
point anchor at the rod central portion 64 Which secures the 
rod 6 against rotation, axial movement and inadvertent 
dislodgment of the rod 6 from the bone screW 3. Because the 
point 53 and ring 52 preferentially cut or penetrate into the 
surface of the rod 6, the rod 6 is secured better against forces 
trying to rotate or axially move the rod 6 in comparison to 
friction acting on other engaging surfaces. The axial point 53 
secures the rod against rotational movement Within the 
channel 14, While the engagement of the rod 6 at the tWo 
in-line points by the base ring 52 in conjunction With the 
axial point 53 secures the rod against translational move 
ment. This stable system serves to effectively resist move 
ment of the rod 6 relative to the bone screW 3. It is especially 
noted that the set screW point 53 engages the rod 6 approxi 
mately directly opposite the location Where the rod 6 
engages the loWer yoke surface 15, so that even if outer ends 
of the rod 6 ?ex during later use, that this does not loosen 
set screW 2 and the rod 6 remains securely held against 
movement. 

[0031] Further rotation of the Wrench 6 produces torque on 
the set screW head 41 until a preselected torque is reached 
Which causes the head 41 to shear off at the breakaWay 
region 43, as shoWn in FIG. 6, so that only the base 42 
remains threaded in the plug closure center bore 23. After 
the head 41 is sheared off, the set screW 2 and the plug 
closure 1 present a clean upper horiZontal pro?le relative to 
the top of the bone screW 3. The torque at Which the head 41 
and base 42 shear off is preselected to ensure ?xation of the 
rod 6 Within the channel 14 Without stripping out the plug 
closure center bore 23. Penetration of the ring 52 and axial 
point 53 into the rod 6 stabiliZes the set screW 2 and plug 
closure 1 relative to the rod 6, so that the set screW 2 and 
plug closure 1 are able to secure the rod 6 to the bone screW 
3 even under substantial load. 

[0032] It is also foreseen that in certain embodiments the 
plug closure 1 may be pre-loaded into the bone screW 3 prior 
to implantation of the screW 3 into a patient. In particular, the 
plug closure 1 may be manually inserted in the threaded 
yoke 13 of the bone screW 3 prior to implantation in the bone 
4 of a patient and rotated just suf?ciently to secure the plug 
1 in the yoke 13. The bone screW 3 With the coupled plug 
closure 1 may then be implanted into a bone 4 of a patient. 
FolloWing insertion of the rod 6 into the bone screW channel 
14, the plug closure 1 may then be snugged against the rod 
6 preparatory to installation of the set screW 2. It is also 
foreseen that set screW 2 may be constructed so as not to 
include breakaWay region 43. In that event, the head 41 
Would remain in place for purposes of removal instead of the 
slots 54. 

[0033] In the event that it is necessary to remove or 
reposition the rod 6, a removal tool may be employed, as 
described in US. patent application No. 09/177,460 Which 
incorporated herein by reference, to remove the set screW 
base 42. The terminus 34 of the plug closure driving tool 31 
may then be inserted into the threaded central bore 23 of the 
plug closure 1 and the tool 31 rotated counter clockWise until 
the plug 1 is either loosened suf?ciently to permit adjustment 
of the rod 6, or removed entirely. The plug 1 is not torqued 
tightly like the set screW 2 and so is removed comparatively 
easily. 
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[0034] The plug closure 1 With central set screw 2 of the 
present invention is described and illustrated in conjunction 
With a surgically implanted osteosynthesis apparatus 
anchored by one or more bone screWs. HoWever, it is 
foreseen that the center bored plug closure 1 and set screW 
2 of the present invention could be employed in any suitable 
system. 

[0035] ShoWn in FIG. 7 is a conventional bone screW 100 
and plug 101 securing a rod 102. The rod 102 is boWed, as 
is very common in such systems, and, even With the plug 
101 tightened, the rod 102 only engages the bottom 103 of 
the bone screW receiving surface 104 in the middle thereof. 
If either or both ends of the rod 102 ?ex during use, the rod 
102 pulls aWay from the plug 101 and becomes loose. This 
alloWs the rod 102 to shift axially or rotationally relative to 
the bone screW 100 and/or the plug 101 to become lose and 
over time Work out of the bone screW 100. 

[0036] It is to be understood that While certain forms of the 
present invention have been illustrated and described herein, 
it is not to be limited to the speci?c forms or arrangement of 
parts described and shoWn. 

What is claimed and desired to be secured by letters patent 
is as folloWs: 
1. A plug closure adapted for use in securing a rod 

member to a bone screW implant; said closure comprising: 

a) a plug having an axis of rotation and a threaded 
cylindrical shaped outer surface; 

b) a central bore axially located in and passing entirely 
through said plug; and 

c) said central bore having an internal threaded surface 
spaced from said outer surface and siZed and shaped to 
receive a set screW. 

2. The plug closure according to claim 1 in combination 
With a set screW and a bone screW. 

3. The combination according to claim 2 Wherein: 

a) said bone screW has a channel siZed and shaped to 
operably receive a rod member and also has a pair of 
spaced branches positioned on opposite sides of said 
channel; said branches having facing surfaces that are 
threaded to matingly and threadedly receive the plug 
therein. 

4. The plug closure according to claim 1 Wherein: 

a) said plug closure further includes an upper surface and 
a loWer surface in generally parallel spaced relationship 
to each other; and 

b) said plug closure being siZed so as to be entirely 
receivable Within said bone screW. 

5. The plug closure according to claim 1 in combination 
With a set screW, Wherein said set screW includes: 

a) a head having a surface for gripping, rotating and 
applying torque to said set screW; 
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b) a base initially joined to said head and having an outer 
threaded surface adapted to be threadably received into 
said plug closure central bore; 

c) said head and said base being joined at a breakaWay 
region for breaking upon application of a preselected 
torque and separating said head from said base. 

6. The plug closure according to claim 5, Wherein said set 
screW base further includes: 

a) a bottom having an axial projecting tip that is coaxially 
aligned With both said plug closure and said set screW 
during use; 

b) said tip being siZed and shaped to engage and penetrate 
a rod member during use. 

7. A medical implant comprising: 

a) an open bone screW having a threaded shaft adapted to 
be received in a bone of a patient and an open head With 
a pair of branches forming a rod receiving yoke ther 
ebetWeen; each of said branches being threaded on 
facing surfaces thereof; 

b) a closure plug having a body With an axis of rotation 
and an outer threaded surface; the threads on each of 
said branch threaded surfaces and said closure plug 
being mateable to alloW said closure plug to the thread 
ably received betWeen said branches during use; said 
closure plug also having a central threaded bore coaxi 
ally located With respect to the axis of rotation of and 
passing entirely through said plug; and 

c) a set screW having an outer threaded surface that is 
threadably received in said bore during use so as to be 
adapted to operably secure a member betWeen said 
yoke and said plug closure. 

8. A medical implant apparatus, comprising: 

a) a ?rst implant having a rod member receiving surface 
and a threaded aperture above said surface; 

b) a plug closure having a threaded outer surface and a 
central bore passing entirely through said closure; 

c) said closure outer surface being matingly receivable in 
said ?rst implant second threaded aperture; 

d) a set screW having a threaded outer set screW surface 
and being threadably receivable in said closure central 
threaded bore; and 

e) said set screW having a base including said threaded set 
screW surface and having a bottom With a coaxial tip 
positioned to operably engage a rod member during 
usage. 

9. The apparatus according to claim 8 Wherein: 

a) said ?rst implant is an open ended bone screW and said 
rod member is a rod. 


