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An apparatus for use in retaining vertebrae of a spinal
column in a desired spatial relationship includes a rod which
extends along the spinal column and is received in a hous-
ing. A connector extends from the housing and engages a
vertebra. The connector is movable relative to the housing.
An adjusting member is rotatable relative to the housing to
move the connector relative to the housing. The adjusting
member is accessible from an upper side of the housing.

/—70

Assignee: Stahurski Consulting Inc.
Appl. No.: 11/233,571
Filed: Sep. 23, 2005
24
34

=




Patent Application Publication Mar. 29,2007 Sheet 1 of 8 US 2007/0072459 A1

30
% ——x

20
24 ! _—70 68
|62
\§
64 |
Fig1

68

/)@ 62

94
106

96

L

NN

.
(

it

I

58

/U
W

38 =
48

64




Patent Application Publication Mar. 29,2007 Sheet 2 of 8

34
174
172
y
68
2!
-T——18
94— 100
106 38
96— \ Ll 24
62 \ 182 26
48 102
58
|/
64 \ _
~ Fig.3

46 42

US 2007/0072459 Al




US 2007/0072459 Al

Patent Application Publication Mar. 29,2007 Sheet 3 of 8

68

—1
—

100

102

58

164

20a
680
208
94q
220
96a
64a
8a

174aq

—

N

172a

3
\ g
w 9]
o] ™M
<+
&
N



Patent Application Publication Mar. 29,2007 Sheet 4 of 8 US 2007/0072459 A1

202 172a
94a \
204 ~
96a
48a
78a
Fig.8
880 ’-//
82a Q
90a 684
220
/ 1212
224
228
222 —-——58a
230

Fig.9




Patent Application Publication Mar. 29,2007 Sheet S of 8 US 2007/0072459 A1

58b—"]
|
262
268
152b
F|g12 A ~—__46b
42b/ a



Patent Application Publication Mar. 29,2007 Sheet 6 of 8 US 2007/0072459 A1

270

Fig13

—26b




Patent Application Publication Mar. 29,2007 Sheet 7 of 8 US 2007/0072459 A1

250 42b F|g17

262 268

Fig.16



Patent Application Publication Mar. 29,2007 Sheet 8 of 8 US 2007/0072459 A1

270

8/ JQ

o))

_ ) AANNANNNNY ¢ o

\ V iC
\\‘ AN N

SUNNIUNNINNINANNNNNNY

42¢ —

/

172

208c
Q4c

20c
68c
A—— ¢

e
M

58c

38¢c

24c—_
26C i



US 2007/0072459 Al

APPARATUS FOR RETAINING VERTEBRAE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus for
use in retaining vertebrae of a spinal column in a desired
spatial relationship.

[0002] A known apparatus for retaining vertebrae of a
spinal column in a desired spatial relationship includes a
longitudinally extending member or rod which extends
along the spinal column. A hook is connected with a housing
of'the apparatus by a pair of fasteners which engage opposite
sides of the housing. A portion of a vertebra extends between
the hook and the housing. An apparatus having this con-
struction is disclosed in U.S. Pat. No. 6,656,180.

SUMMARY OF THE INVENTION

[0003] The present invention provides an improved appa-
ratus for use in retaining vertebrae of a spinal column in a
desired spatial relationship. The apparatus includes a hous-
ing. The housing has a recess which receives a portion of a
rod which extends along the spinal column. A connector
extends from the housing and engages a vertebra.

[0004] The connector is movable relative to the housing to
move a side of the housing and the vertebra relative to each
other. An adjusting member is disposed on the housing and
is accessible from an upper side of the housing. The adjust-
ing member may be rotatable about an axis which extends
through the rod or about an axis which is offset to one side
of the rod. Rotation of the adjusting member moves the
connector relative to the housing.

[0005] The connector may include arm sections which are
disposed on opposite sides of the rod. A screw thread
convolution on the adjusting member may be disposed in
engagement with at least a portion of a screw thread con-
volution on an arm section of the connector.

[0006] The housing may have positioning surfaces to
retain the adjusting member against movement along a
central axis of the adjusting member while enabling the
adjusting member to be rotated about its central axis. The
adjusting member may be movable through openings in the
housing with a snap action. Alternatively, a clip may be
moved into engagement with a portion of the adjusting
member with a snap action.

[0007] An apparatus constructed in accordance with the
present invention has a plurality of features. These features
may be utilized together in the manner disclosed herein.
Alternatively, these features may be used in various com-
binations with each other and/or in various combinations
with known features of the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and other features of the present
invention will become more apparent upon a consideration
of the following description taken in connection with the
accompanying drawings wherein:

[0009] FIG. 1 is a fragmentary schematic pictorial illus-
tration of an apparatus constructed in accordance with the
present invention to retain vertebrae of a spinal column in a
desired spatial relationship;
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[0010] FIG. 2 is a schematic pictorial illustration of a
portion of the apparatus of FIG. 1 and illustrating the
relationship between a housing, connector member or hook,
and an adjusting member which is rotatable to move the
connector member relative to the housing;

[0011] FIG. 3 is a schematic illustration, taken generally
along the line 3-3 of FIG. 2, further illustrating the con-
struction of the apparatus;

[0012] FIG. 4 is a schematic pictorial illustration of the
housing of the apparatus of FIGS. 2 and 3;

[0013] FIG. 5 is a schematic illustration of the connector
member which is used in association with the housing of
FIG. 4 in the apparatus of FIGS. 2 and 3;

[0014] FIG. 6 is an illustration of an adjusting member
which is utilized to move the connector member of FIG. 5§
relative to the housing of FIG. 4 in the apparatus of FIGS.
2 and 3;

[0015] FIG. 7 is a schematic pictorial illustration, gener-
ally similar to FIG. 2, of a second embodiment of the
apparatus of FIG. 1;

[0016] FIG. 8 is a schematic pictorial illustration, gener-
ally similar to FIG. 4, illustrating a housing of the apparatus
of FIG. 7,

[0017] FIG. 9 is a schematic pictorial illustration of a
resilient clip which is used in the apparatus of FIG. 7;

[0018] FIG. 10 is an illustration of an adjusting member
which is utilized in the apparatus of FIG. 7 to move a
connector relative to the housing;

[0019] FIG. 11 is a schematic illustration, generally simi-
lar to FIG. 1, of a third embodiment of the invention;

[0020] FIG. 12 is a schematic pictorial illustration, taken
generally along the line of 12-12 of FIG. 11, with a housing
of the apparatus removed and illustrating the relationship
between an adjusting member and a connector member in
the apparatus;

[0021] FIG. 13 is a schematic illustration of a housing of
the apparatus of FIG. 11;

[0022] FIG. 14 is a schematic illustration of the housing of
FIG. 13 with the connector member positioned in the
housing;

[0023] FIG. 15 is a schematic illustration with the adjust-
ing member positioned in the housing of FIG. 14 in engage-
ment with the connector member;

[0024] FIG. 16 is a schematic pictorial illustration of the
adjusting member of FIG. 15;

[0025] FIG. 17 is a schematic illustration of the apparatus
of FIG. 15 with a set screw positioned in the housing;

[0026] FIG. 18 is a schematic pictorial illustration, gen-
erally similar to FIGS. 2 and 7, of a fourth embodiment of
the invention; and

[0027] FIG. 19 is a sectional view, taken generally along
the line 19-19 of FIG. 18.
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DESCRIPTION OF SPECIFIC PREFERRED
EMBODIMENTS OF THE INVENTION

General Description

[0028] An apparatus 20 (FIG. 1) is constructed in accor-
dance with the present invention to retain vertebrae of a
spinal column in a desired spatial relationship. The appara-
tus 20 includes a rod 22 which extends along the spinal
column. The rod 22 may be contoured to correspond to a
desired contour of the spinal column. The longitudinally
extending rod 22 may have a configuration which is different
than the illustrated cylindrical configuration. For example,
the rod 22 may have a polygonal cross-sectional configura-
tion. If desired, the cross-sectional area of the rod 22 may
vary along its length.

[0029] The apparatus 20 may be formed of any desired
biocompatible material. If desired, the apparatus 20 may be
formed of a polymeric material. However, it is believed that
it may be desired to form the apparatus of a biocompatible
metal. For example, the apparatus 20 may be formed of
titanium.

[0030] The rod 22 is received in a generally U-shaped
recess 24 (FIGS. 1 and 2) formed in a housing 26. A set
screw 30 (FIG. 1) has an external thread convolution 32
which engages an internal thread convolution 34 formed in
the recess 24 in the housing 26. The set screw 30 cooperates
with the housing 26 to press the rod 22 against an arcuate
bottom surface 38 of the recess 24. This securely intercon-
nects the housing 26 and rod 22 to hold the housing against
movement relative to the rod.

[0031] A connector or hook 42 (FIG. 1) extends down-
ward from the housing 38 and engages a vertebra 44. An
upper or inner side surface 46 (FIGS. 1, 2 and 3) on the hook
42 engages the vertebra 44 (FIG. 1) to connect the apparatus
20 to the vertebra. The surface 46 may press the vertebra 44
against a lower side surface 48 of the housing 26.

[0032] In the illustrated embodiment of the invention, the
connector 42 is a hook which engages an inner side surface
50 (FIG. 1) of the vertebra 44. The connector 42 may press
an opposite outer side surface 52 on the vertebra 44 against
the housing 26. However, it is contemplated that the con-
nector 42 may have a different construction if desired. For
example, the connector 42 may penetrate the vertebra 44
rather than engaging the inner side surface 50 of the verte-
bra. If this is done, the connector 42 may include a screw
thread which engages the vertebra 44.

[0033] An adjusting member or screw 58 (FIGS. 1-3 and
6) is rotatable relative to the housing 26 to move the hook
42 relative to the housing. A retaining portion 62 (FIGS. 1-4)
of the housing 26 cooperates with the adjusting screw 58 to
retain the adjusting screw against axial movement relative to
the housing during rotation of the adjusting screw.

[0034] The adjusting screw 58 engages an internally
threaded arm section 64 (FIGS. 1-3 and 5) of the hook 42.
The adjusting screw 58 has a head end portion 68 which is
engagable by a suitable tool to rotate the adjusting screw 58
and move the hook 42 relative to the housing 26. The
adjusting screw 58 is rotatable about an axis which extends
along a path of movement of the hook 42 relative to the
housing 26.
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[0035] The head end portion 68 of the adjusting screw 58
and the set screw 30 are both accessible from an upper (as
viewed in FIG. 1) side 70 of the housing 26. Since the set
screw 30 is accessible from the upper side 70 of the housing
26, the set screw in readily accessible when the apparatus 20
is installed in a human body. The set screw 30 can be
loosened to enable the spatial relationship between the rod
22 and housing 26 to be changed.

[0036] Since the head end portion 68 of the adjusting
screw 58 is also accessible from the upper side 70 of the
housing 26 when the apparatus 20 is installed in a human
body, the adjusting screw can be actuated to change the
spatial relationship between the hook 42 and the housing 26.
It is believed that a surgeon will find the accessibility of the
set screw 30 and adjusting screw 58 from the upper side 70
of the housing 26 to be particularly advantageous when
adjusting the apparatus 20 to obtain a desired spatial rela-
tionship between the apparatus and vertebrac of a spinal
column. This is especially true when the position of the hook
42 is to be adjusted after the rod 22 has been positioned
relative to the housing 26.

Housing

[0037] The housing 26 grips the rod 22 (FIG. 1) and
supports the hook 42. The housing 26 is integrally formed as
one piece and includes a slot 78 (FIG. 4) in which the hook
42 (FIG. 5) is slidably received. The slot 78 has a side
opening 80 (FIG. 4). The side opening 80 is formed in the
bottom of a groove 82 in a side 84 of the housing 26. The
groove 82 has arcuate front and rear side surfaces 88 and 90
which engage and rotatably position the adjusting screw 58
(FIG. 3).

[0038] The retaining portion 62 of the housing 26 includes
a pair of resiliently deflectable retaining arms 94 and 96
which engage cylindrical bearing surfaces 100 and 102
(FIG. 6) on the adjusting screw 58 to rotatably support the
adjusting screw (FIG. 3). An annular collar or projection 106
on the adjusting screw 58 is disposed between the bearing
surfaces 100 and 102.

[0039] The housing 26 (FIG. 4) has an arcuate bearing
surface 110 which is disposed on the retaining arm 94 and
a side of the housing. The bearing surface 110 is formed as
a portion of a cylinder and has an extent of approximately
190 degrees. An opening 112 is formed between an end 114
of the retaining arm 94 and the remainder of the housing 26.

[0040] Similarly, an arcuate bearing surface 118 is dis-
posed on the retaining arm 96 and a side of the housing. The
bearing surface 118 is formed as a portion of a cylinder and
is disposed in a coaxial relationship with the bearing surface
110. The bearing surface 118 has an arcuate extent of
approximately 190 degrees. An opening 120 is formed
between an end 122 of the retaining arm 96 and the
remainder of the housing 26.

[0041] The bearing surfaces 110 and 118 are disposed in a
coaxial relationship with the arcuate side surfaces 88 and 90
of the groove 82. The retaining arm 94 has a downwardly
facing arcuate positioning surface 128 which extends
between opposite ends of the opening 112. Similarly, the
retaining arm 96 has upwardly facing positioning surface
132 which extends parallel to and faces toward the posi-
tioning surface 128 on the retaining arm 94. The positioning
surface 132 extends between opposite ends of the opening
120.
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[0042] The openings 112 and 120 formed between the
ends 114 and 122 of the retaining arms 94 and 96 and the
remainder of the housing 26 are slightly smaller than the
diameter of the bearing surfaces 100 and 102 (FIG. 6) on the
adjusting screw 58. The collar 106 (FIG. 6) on the adjusting
screw 58 has an axial extent which is the same as the
distance between the positioning surfaces 128 and 132 (FIG.
4) on the retaining arms 94 and 96. The collar 106 (FIG. 6)
on the adjusting screw 58 has parallel annular side bearing
surfaces 140 and 142 which are spaced apart by a distance
which is the same as the distance between the positioning
surfaces 128 and 132 (FIG. 4) on the retaining arms 94 and
96.

[0043] When the adjusting screw 56 (FIG. 6) is to be
mounted on the housing 26, the side surfaces 140 and 142
on the collar 106 are aligned with the positioning surfaces
128 and 132 on the retaining arms 94 and 96 (FIG. 4). At this
time, the ends 114 and 122 of the retaining arms 94 and 96
are disposed in engagement with the cylindrical bearing
surfaces 100 and 102 on the adjusting screw 58. A radially
inward force is then applied to the adjusting screw 58 urging
the adjusting screw toward the retaining arms 94 and 96.

[0044] This force results in the retaining arms 94 and 96
being resiliently deflected in a radially outward direction to
increase the size of the openings 112 and 120 formed
between the retaining arms 94 and 96 and the remainder of
the housing 26. The resiliently deflected retaining arms 94
and 96 cause the adjusting screw 58 to move through the
openings 112 and 120 with a snap action. As this occurs, the
bearing surfaces 100 and 102 on the adjusting screw 58
move into engagement with the bearing surfaces 110 and
118 on the retaining arms 94 and 96.

[0045] In addition, the side bearing surfaces 140 and 142
on the adjusting screw collar 106 move into engagement
with the positioning surfaces 128 and 130 on the retaining
arms 94 and 96. Engagement of the side bearing surfaces
140 and 142 on the adjusting screw collar 106 with the
positioning surfaces 128 and 132 on the retaining arms 94
and 96 results in the adjusting screw being held against axial
movement relative to the housing 26. A central axis of the
adjusting screw 58 is offset to one side of the rod 22 (FIG.
10) and extends perpendicular to a central axis of the rod.

Hook

[0046] Thehook 42 (FIG. 5) engages the vertebra 44 (FIG.
1) to connect the apparatus 20 to the vertebra. The hook 42
is integrally formed as one piece and has a generally
L-shaped configuration. The arm section 64 (FIG. 5) extends
from one side of the body portion 152 of the hook 42. A
second arm section 156 extends from the opposite side of the
body portion 152. Central axes of the arm sections 64 and
156 are disposed in a parallel relationship.

[0047] The arm section 64 (FIG. 5) of the hook 42 has a
generally cylindrical configuration with a central opening
160. The opening 160 has an internal thread convolution
162. The thread convolution 162 engages an external thread
convolution 164 (FIG. 6) on the adjusting screw 58.

[0048] The arm section 156 has a cylindrical bearing
surface 168 (FIG. 5). The bearing surface 168 has a central
axis which extends parallel to the central axis of the threaded
opening 160 in the arm section 64. Thus, the two arm
sections 64 and 156 extend generally parallel to each other.
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[0049] The body portion 152 of the hook 42 is slidably
received in the slot 78 (FIG. 4) in the housing 26. The
cylindrical bearing surface 168 on the arm section 156
slidably engages a cylindrical bearing surface 172 (FIG. 4)
of'an opening 174 in the housing 26. The cylindrical bearing
surface 172 has a central axis which extends parallel to the
front side surface 88 and rear side surface 90 of the groove
82.

[0050] The bearing surface 168 on the arm section 156
(FIG. 5) of the hook 42 cooperates with an arcuate bearing
section 178 formed on the body portion 152 of the hook 42
to stabilize the hook as it moves relative to the housing. The
bearing section 178 on the hook 42 engages a generally
semi-circular bearing portion 182 (FIG. 3) of the slot 78 in
the housing 26.

[0051] The hook 42 (FIG. 5) has a straight vertebra
engaging section 188. The vertebra engaging section 188 of
the hook 42 has a flat upper side surface 46 which extends
perpendicular to a flat major side surface 190 of the body
portion 152. However, it is contemplated that the vertebra
engaging section 188 and/or body portion 152 of the hook 42
may have a different configuration if desired. For example,
the vertebra engaging section 152 may be configured so that
the hook 42 has a generally J-shaped configuration. Alter-
natively, the vertebra engaging section 188 may be config-
ured to penetrate the vertebra 44 (FIG. 1) rather than
engaging the outer side surface 50 of the vertebra.

Assembly and Operation

[0052] When the apparatus 20 is to be assembled, the
adjusting screw 58 (FIG. 6) is mounted on the housing 26
(FIG. 4) by moving the bearing surfaces 100 and 102 on the
adjusting screw through the retaining arm openings 112 and
120 with a snap action. As this occurs, the bearing surfaces
100 and 102 (FIG. 6) on the adjusting screw 58 move into
engagement with bearing surfaces 110 and 118 (FIG. 4) on
the housing 26. The annular side surfaces 140 and 142 on the
collar 106 on the adjusting screw 58 engage the positioning
surfaces 128 and 132 on the retaining arms 94 and 96 (FIGS.
4 and 6).

[0053] Once the adjusting screw 58 has been positioned on
the housing 26, the hook 42 is positioned on the housing. To
position the hook 42 on the housing 26, the cylindrical
bearing surface 168 on the hook arm section 156 (FIG. 5) is
moved into engagement with the cylindrical bearing surface
172 of the opening 174 (FIG. 4) in the housing 26. At the
same time, the internally threaded opening 160 in the arm
section 64 of the hook 42 (FIG. 5) is positioned in the groove
82 (FIG. 4) in the housing 26.

[0054] This results in the internally threaded opening 160
in the arm section 64 of the hook 42 being aligned with the
lower end portion of the adjusting screw 58. The adjusting
screw is then rotated and the hook 42 is moved upwardly (as
viewed in FIG. 3) relative to the housing 26. As this occurs,
the body portion 152 (FIG. 5) of the hook 42 moves
upwardly in the slot 78 (FIGS. 3 and 4) in the housing 26.
As the hook 42 is moved upwardly (as viewed in FIG. 3)
relative to the housing 26 by rotation of the adjusting screw
58, the adjusting screw is held against axial movement
relative to the housing 26 by the cooperation between the
collar 106 on the adjusting screw and the retaining arms 94
and 96 on the housing 26.
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[0055] When the apparatus 20 (FIG. 1) is to be utilized to
maintain vertebrae 44 of a spinal column in a desired
positional relationship, a surgeon rotates the adjusting screw
58 to provide a desired distance between the upper side
surface 46 on the vertebra engaging section 188 of the hook
42 and the lower side surface 48 of the housing 26. Once the
housing 26 and hook 42 have been positioned in a desired
spatial relationship with a vertebra 44 and the rod 22, the set
screw 30 is moved into engagement with the internal threads
44 on the housing 26. The set screw 30 is then tightened to
press the rod 22 firmly against the bottom surface 38 of the
recess 24 in the housing. The position of the hook 42 can be
adjusted even after the rod 22 and the set screw 30 are in
place.

Embodiment of FIGS. 7-10

[0056] In the embodiment of the invention illustrated in
FIGS. 1-6, the adjusting screw 58 is engaged by the retaining
arms 94 and 96 with a snap action. In the embodiment of the
invention illustrated in FIGS. 7-10, the adjusting screw
extends through circular openings in the housing and is
engaged by a clip. Since the embodiment of the invention
illustrated in FIGS. 7-10 is generally similar to the embodi-
ment of the invention illustrated in FIGS. 1-6, similar
numerals will be utilized to designate similar components,
the suffix “a” being added to the numerals of FIGS. 7-10 to
avoid confusion.

[0057] An apparatus 20a (FIG. 7) for use in retaining
vertebrae of a spinal column in a desired spatial relationship
includes a housing 26a. A rod or elongated member, corre-
sponding to the rod 22 of FIG. 1, is received in a U-shaped
recess 24a in the housing 26a. A set screw (not shown)
presses the rod against a bottom surface 384 of a recess 24a.
The housing 26a is integrally formed of one piece of
biocompatible metal, such as titanium.

[0058] A connector or hook 42a extends downward (as
viewed in FIG. 7) from the housing 26a. The hook 424 has
an upper side surface 46a which engages an outer side
surface of a vertebra. The surface 46a may press the vertebra
against a lower side surface 48a on the housing 26a. The
hook 424 is integrally formed as one piece of a biocompat-
ible metal, such as titanium. The hook 42a has the same
construction as the hook 42 of FIGS. 1-5.

[0059] An adjusting screw 58a (FIG. 7) is disposed in a
groove 82a (FIG. 8) having front and rear side surfaces 88a
and 90a. The groove 824 has the same general configuration
as the groove 82 of FIG. 4.

[0060] In accordance with one of the features of the
embodiment of the invention illustrated in FIGS. 7-10, a pair
of retaining arms 94a and 96a (FIGS. 7 and 8) cooperate
with the remainder of the housing 26a to form circular
openings 202 and 204 (FIG. 8). A head end portion 68a of
the adjusting screw 58a has an annular flange 208 (FIG. 10)
which engages an upper side surface of the upper retaining
arm 94a in the manner illustrated in FIG. 7. This results in
an annular groove 212 (FIG. 10) in the adjusting screw 58a
being aligned with an opening 214 (FIG. 8) disposed
between the upper and lower retaining arms 94a and 96a.

[0061] The adjusting screw 58a is held against axial
movement relative to the housing 26a by a resilient clip 220
(FIG. 9). The clip 220 has coaxial inner and outer side
surfaces 222 and 224. The inner and outer surfaces 222 and
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224 have an arcuate extent which is greater than 180
degrees. For example, the clip 220 may have inner and outer
side surfaces with an arcuate extent of approximately 190
degrees. The clip 220 is formed of a suitable biocompatible
metal, such as titanium, and is resiliently deflectable to
increase the distance between opposite end surfaces 228 and
230 on the clip.

[0062] Once the adjusting screw 58a has been positioned
in the openings 202 and 204 and the groove 88a, the annular
groove 212 on the adjusting screw is aligned with the
opening 214 between the upper and lower retaining arms
94a and 96a. The clip 220 is then moved into alignment with
the opening 214. Opposite ends of the clip are then pressed
against the groove 212 in the adjusting screw 58a. This
results in the clip being resiliently deflected so that the clip
moves into engagement with the adjusting screw 58a with a
snap action.

[0063] Once the clip 220 has snapped into the groove 212,
the clip and adjusting screw are positioned by the retaining
arms 94a and 964 in the manner illustrated in FIG. 7. This
results in the clip 220 holding the adjusting screw 58a
against axial movement relative to the housing 26a.

[0064] Once the adjusting screw 58a has been positioned
relative to the housing 264, the hook 424 is moved into a slot
78a in the housing 26a. A bearing surface, corresponding to
the bearing surface 168 of FIG. 5, on an arm section,
corresponding to the arm section 156 of FIG. 5 of the hook
42a, is disposed in engagement with a bearing surface 1724
of a cylindrical opening 174a (FIG. 7) in the housing 26a.

[0065] The lower end of the adjusting screw 58a engages
an internal thread convolution in an arm section 64a (FIG.
7) of the hook 424. The adjusting screw is rotatable to move
the hook 424 upwardly (as viewed in FIG. 7) relative to the
housing 26a. When the hook 42a has moved to the fully
retracted position illustrated in FIG. 7, the arm section 64a
engages the lower retaining arm 96a. At this time, the body
portion 1524 (FIG. 7) is disposed adjacent to the upper end
portion of the slot 784 in the housing 26a. Of course, the
adjusting screw 58a can be rotated to move the upper side
surface 46a on the hook 42a away from the lower side
surface 48a on the housing 26a.

[0066] It should be understood that the hook 424 may have
a construction which is different than the construction illus-
trated in FIG. 7. For example, a vertebra engaging section
188a of the hook 424 may have an arcuate configuration so
that the hook 42a has an overall J-shape. Alternatively, the
vertebra engaging section 188a may be constructed so as to
penetrate a vertebra. If the vertebra engaging section 188a is
constructed in such a manner as to penetrate a vertebra, it is
believed that it may be desired to provide the vertebra
engaging section with a screw type configuration.

Embodiment of FIGS. 11-17

[0067] In the embodiments of the invention illustrated in
FIGS. 1-10, the adjusting screw 58 is disposed on the outside
of the housing 26. In the embodiment of the invention
illustrated in FIGS. 11-17, the adjusting screw is disposed
within the housing. Since the embodiment of the invention
illustrated in FIGS. 11-17 is generally similar to the embodi-
ment of the invention illustrated in FIGS. 1-10, similar
numerals will be utilized to designate similar components,
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the suffix letter “b” being associated with the numerals of
FIGS. 11 through 17 to avoid confusion.

[0068] An apparatus 205 is utilized to retain vertebrae of
a spinal column in a desired spatial relationship. The appa-
ratus includes a longitudinally extending rod 2256 (FIG. 11)
which extends along a spinal column. It should be under-
stood that although the portion of the rod 226 illustrated
schematically in FIG. 11 has a relatively short length, it is
contemplated that the rod 2256 will be substantially longer
and extend along a plurality of vertebrae in a spinal column.
Although the illustrated rod 225 has a cylindrical configu-
ration, the rod may have a different configuration if desired.
For example, the cross-sectional area of the rod 225 may be
different at different locations along the length of the rod.

[0069] The rod 225 is received in a generally U-shaped
recess 24b formed in a housing 26b. A set screw 305 has an
external thread convolution 326 which engages an internal
thread convolution 345 disposed on the housing 265 in the
recess 24b.

[0070] A hook or connector 425 extends from the lower
side of the housing 265. The hook 425 has a flat upper side
surface 465 that engages a vertebra to connect the apparatus
2056 to the vertebra. The surface 465 may cooperate with a
lower side surface 486 of the housing 265 to grip the
vertebra in the manner illustrated schematically in FIG. 1.

[0071] The hook 425 is illustrated in FIG. 12 without the
housing 265. This has been done to clearly illustrate the
relationship between the hook 425 and the set screw 305 and
adjusting screw 58b.

[0072] The set screw 305 (FIG. 12) and adjusting screw
58b are disposed in a coaxial relationship. The coincident
central axes of the set screw 305 and adjusting screw 585
extend perpendicular to and intersect the longitudinal central
axis of the rod 225. The adjusting screw 585 has an external
thread convolution 250 which engages a portion 252 of a
mating internal thread convolution formed on an arm section
645 of the hook 42b. The thread convolution 250 on the
adjusting screw 58b also engages a portion 256 of the
internal thread convolution disposed on an arm section 1565
of the hook 42b. The arm sections 645 and 1565 extend
parallel to each other and are disposed on opposite sides of
a longitudinal central axis of the rod 225.

[0073] The adjusting screw 585 (FIG. 16) has a recess 262
which extends diametrically across the adjusting screw. The
recess 262 is engageable with the rod 225 (FIG. 12) to retain
the adjusting screw 584 against rotation. However, the
recess 262 may be omitted if desired.

[0074] The recess 385 in the housing 265 has a flat circular
bottom surface 266 (FIG. 13). The bottom surface 266 is
aligned with a central axis of the housing 265. The bottom
surface 266 is engaged by a flat bottom surface 268 (FIG.
16) of the adjusting screw 585 when the adjusting screw is
positioned in the housing 265.

[0075] When the apparatus 205 is to be assembled, the
adjusting screw 586 is moved into engagement with the flat
bottom surface 266 of the recess 245. To move the adjusting
screw 585 into the recess 24b, the external thread convolu-
tion 250 on the adjusting screw 585 is moved into engage-
ment with the internal thread convolution 345 on the inside
of'the housing 2654. As the adjusting screw 585 is rotated, the
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adjusting screw moves downward toward the bottom surface
266 (FIG. 13) of the recess 244 in the housing 265. As this
occurs, the external thread convolution 250 on the adjusting
screw 585 moves out of engagement with the internal thread
convolution 345 on the housing 265.

[0076] Once the external thread convolution 250 on the
adjusting screw 585 has moved out of engagement with the
internal thread convolution 345 on the housing 265, the
adjusting screw 585 moves into engagement with the flat
bottom surface 266 in the housing 265. The adjusting screw
58b can then be freely rotated relative to the housing 265
without moving axially relative to the housing.

[0077] The hook 425 is then inserted into the housing 265
in the manner illustrated schematically in FIG. 14. At this
time, the arm sections 645 and 15656 (FIG. 12) of the hook
are disposed in cylindrical grooves 270 and 272 (FIGS. 13
and 14) in the housing 265. Although only the arm section
1564 is illustrated in FIG. 14 as being disposed in the groove
272, it should be understood that the arm section 6456 (FIG.
12) is disposed in the groove 270 in the same manner.

[0078] The hook 425 has a body portion 1525 (FIG. 12)
which is received in a slot 786 (FIG. 14) formed in the
housing 265. A vertebra engaging section 18856 of the hook
42 may be received in a recess 276 formed in the housing
26b. By providing the recess 276 for the vertebra engaging
portion 1885 of the hook 425, the extent of engagement of
the arm sections 645 and 1565 of the hook 426 with the
housing 264 tends to be maximized. This promotes stability
of'the hook 425 as it is moved downward (as viewed in FIG.
14) from the retracted position illustrated in FIG. 14 to an
extended position.

[0079] The portions 252 and 256 of the internal thread
convolution formed on the arm sections 645 and 1565 of the
hook 426 move into engagement with the external thread
convolution 250 on the adjusting screw 584. Rotation of the
adjusting screw 58b then results in threaded engagement of
the thread convolution 250 on the adjusting screw with the
portions 252 and 256 of the internal thread convolution 250
on the adjusting screw 58b. The adjusting screw 585 is
rotated to move the hook 424 to a position in which the
vertebra engaging section 1884 of the hook is in a desired
spatial relationship with the lower side surface 485 of the
housing 265. The diametrically extending recess 262 (FIG.
16) in the adjusting screw 585 is moved into alignment with
the longitudinal axis of the rod 226 when the rod is disposed
in the recess 245 (FIG. 11).

[0080] Although the adjusting screw 58b has been pro-
vided with a recess 262 which cooperates with the rod 225
to hold the adjusting screw against rotation, it is contem-
plated that the adjusting screw 585 may have a different
construction if desired. For example, the adjusting screw
585 may have flat upper and lower side surfaces, in the same
manner as does the set screw 3056 (FIG. 12). If this is done,
a locking device may be provided in association with the
adjusting screw 58b. For example, an annular lock washer
having tangs which cooperate with recesses in the adjusting
screw 586 and the housing 265 may be used to hold the
adjusting screw against rotation relative to the housing.
Alternatively, a projection on the adjusting screw 585 or a
projection on the housing 265 may be deflected to retain the
adjusting screw against rotation.

[0081] Once the adjusting screw 585 has been positioned
in the housing 265 and the rod 224 positioned in the recess
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24b, the set screw 305 is moved into engagement with the
threads 3454 in the housing 265 (FIG. 17). The set screw 305
is then tightened against the rod 226 to press the rod
downward (as viewed in FIG. 11) against the recess 262 in
the adjusting screw 585 in the housing 265. This results in
the housing 265 being securely held against movement
relative to the rod 22b.

Embodiment of FIGS. 18 and 19

[0082] In the embodiment of the invention illustrated in
FIGS. 7-10, the adjusting screw 58a extends through circu-
lar openings 202 and 204 in the housing 26a and is engaged
by a clip 220. A threaded portion of the adjusting screw or
member 58a (FIG. 7) extends from the arm section 64a of
the hook 42a and is exposed to the environment around the
apparatus 20q. In the embodiment of the invention illus-
trated in FIGS. 18 and 19, the threaded portion of the
adjusting screw is fully enclosed by the housing. Since the
embodiment of the invention illustrated in FIGS. 18 and 19
is generally similar to the embodiments of the invention
illustrated in FIGS. 1-10, similar numerals will be utilized to
designate similar components, the suffix “c” being added to
the numerals of FIGS. 18 and 19 to avoid confusion.

[0083] An apparatus 20c (FIG. 18) for use in retaining
vertebrae of a spinal column in a desired spatial relationship
includes a housing 26¢. A rod or elongated member, corre-
sponding to the rod 22 of FIG. 1, is received in a U-shaped
recess 24¢ in the housing 26¢. A set screw (not shown),
corresponding to the set screw 30 of FIG. 1, presses the rod
against a bottom surface 38¢ of a recess 24¢. The housing
26¢ is integrally formed of one piece of biocompatible
metal, such as titanium.

[0084] A connector or hook 42¢ extends downward (as
viewed in FIG. 18) from the housing 26¢. The hook 42¢ has
an upper side surface 46¢ which engages a vertebra. The
surface 46¢ may press the vertebra against a lower side
surface 48¢ on the housing 26¢. The hook 42¢ is integrally
formed as one piece of a biocompatible metal, such as
titanium. The hook 42¢ has the same construction as the
hook 42 of FIGS. 1-5.

[0085] In accordance with a feature of this embodiment of
the invention, an adjusting screw 58¢ (FIG. 19) is disposed
in a cylindrical passage 270 formed in a sleeve section 272
of the one piece housing 26¢. The sleeve section 272 of the
housing 26c¢ encloses an external thread convolution 274 on
the adjusting screw 58c¢. Since the thread convolution 274 is
fully enclosed by the housing 26¢, body tissue and/or a
surgeon’s glove can not snag on the thread convolution.

[0086] A retaining arm 94c¢ cooperates with the sleeve
section 272 of the housing 26c¢ to form a circular opening
202¢ (FIG. 19). A head end portion 68¢ of the adjusting
screw 58¢ has an annular flange 208¢ which engages an
upper side surface of the upper retaining arm 94c¢ in the
manner illustrated in FIG. 18. This results in an annular
groove 212¢ (FIG. 19) in the adjusting screw 58c¢ being
aligned with an opening 214¢ disposed between the upper
retaining arm 94¢ and the sleeve section 272 of the housing
26¢.

[0087] The adjusting screw 58¢ is held against axial
movement relative to the housing 26¢ by a resilient clip
220c¢. The clip 220c¢ has the same construction as the clip 220
of FIG. 9. The clip 220c¢ cooperates with the housing 26¢ and
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adjusting screw 58¢ in the same manner as previously
explained in conjunction with the embodiment of the inven-
tion illustrated in FIGS. 7-10.

[0088] Once the adjusting screw 58¢ has been positioned
in the opening 202¢ and the passage 270, the annular groove
212¢ (FIG. 19) on the adjusting screw is aligned with the
opening 214¢ between the retaining arm 94¢ and the sleeve
section 272. The clip 220c¢ is then moved into alignment with
the opening 214¢. Opposite ends of the clip are then pressed
against the groove 212¢ in the adjusting screw 58c. This
results in the clip being resiliently deflected so that the clip
moves into engagement with the adjusting screw 58¢ with a
snap action.

[0089] Once the clip 220¢ has snapped into the groove
212c, the clip and adjusting screw 58¢ are positioned by the
retaining arm 94¢ and sleeve section 272 in the manner
illustrated in FIGS. 18 and 19. This results in the clip 220c¢
holding the adjusting screw 58c¢ against axial movement
relative to the housing 26c¢.

[0090] Once the adjusting screw 58¢ has been positioned
relative to the housing 26¢, the hook 42¢ is moved into a slot
78¢ in the housing 26¢. A bearing surface 168¢ (FIG. 19) on
an arm section 156¢ of the hook 42c¢ is disposed in engage-
ment with a bearing surface 172¢ of a cylindrical opening
174¢ in the housing 26c.

[0091] The adjusting screw 58¢ engages an internal thread
convolution in an arm section 64c¢ (FIG. 19) of the hook 42¢.
The arm section 64c¢ of the hook 42¢ is enclosed by the
sleeve section 272 of the housing 26¢. The adjusting screw
58c is rotatable to move the hook 42¢ relative to the housing
26c.

[0092] When the hook 42¢ has moved to the fully retracted
position illustrated in FIG. 19, the arm section 64¢ engages
the upper end portion of the thread convolution on the
adjusting screw 58c. At this time, the body portion 152¢ of
the hook 42¢ is disposed adjacent to the upper end portion
of the slot 78¢ in the housing 26¢. Of course, the adjusting
screw 58c¢ can be rotated to move the upper side surface 46¢
(FIG. 18) on the hook 42¢ away from the lower side surface
48¢ on the housing 26c.

[0093] Tt should be understood that the hook 42¢ may have
a construction which is different than the construction illus-
trated in FIGS. 18 and 19. For example, a vertebra engaging
section 188¢ of the hook 42¢ may have an arcuate configu-
ration so that the hook 42¢ has an overall J-shape. Alterna-
tively, the vertebra engaging section 188c¢ may be con-
structed so as to penetrate a vertebra. If the vertebra
engaging section 188c¢ is constructed in such a manner as to
penetrate a vertebra, it is believed that it may be desired to
provide the vertebra engaging section with a screw type
configuration.

CONCLUSION

[0094] 1In view of the foregoing description, it is apparent
that the present invention provides an improved apparatus
20 for use in retaining vertebrae of a spinal column in a
desired spatial relationship. The apparatus 20 includes a
housing 26. The housing 26 has a recess 24 which receives
a portion of a rod 22 which extends along the spinal column.
A connector 42 extends from the housing 26 and engages a
vertebra 44.
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[0095] The connector 42 is movable relative to the hous-
ing 26 to move the connector 42 and the vertebra 44 into
engagement. An adjusting member 58 is disposed on the
housing 26 and is accessible from an upper side of the
housing. The adjusting member 58 may be rotatable about
an axis which extends through the rod 225 (FIG. 12) or about
an axis which is offset to one side of the rod 22 (FIG. 1).
Rotation of the adjusting member 58 moves the connector
42 relative to the housing 26. The connector 42 may include
arm sections 64 and 156 which are disposed on opposite
sides of the rod 22. A screw thread convolution 164 on the
adjusting member 58 may be disposed in engagement with
at least a portion of a screw thread convolution 162 disposed
on an arm section 64 of the connector 42.

[0096] The housing 26 may have positioning surfaces 128
and 132 to retain the adjusting member 58 against move-
ment along a central axis of the adjusting member while
enabling the adjusting member to be rotated about its central
axis. The adjusting member 58 may be movable through
openings 112 and 120 in the housing with a snap action.
Alternatively, a clip 220 may be moved into engagement
with a portion of the adjusting member 58a with a snap
action.

[0097] An apparatus constructed in accordance with the
present invention has a plurality of features. These features
may be utilized together in the manner disclosed herein.
Alternatively, these features may be used in various com-
binations with each other and/or in various combinations
with known features of the prior art.

Having described the invention, the following is claimed:

1. An apparatus for use in retaining vertebrae of a spinal
column in a desired spatial relationship, said apparatus
comprising:

a rod which extends along the spinal column;

a housing having first and second sides, said rod being at
least partially disposed between said first and second
sides of said housing;

a connector which extends in a first direction from said
first side of said housing and engages a vertebra, said
connector being movable relative to said housing; and

an adjusting member which is connected with and is
rotatable relative to said housing, said adjusting mem-
ber being rotatable about an axis which extends along
a path of movement of said connector relative to said
housing and being accessible from said second side of
said housing.

2. An apparatus as set forth in claim 1 wherein said
adjusting member is rotatable about an axis which extends
through said rod to move said connector relative to said
housing.

3. An apparatus as set forth in claim 1 wherein said
adjusting member is rotatable about an axis offset to one side
of said rod to move said connector relative to said housing.

4. An apparatus as set forth in claim 1 wherein said
connector includes a first arm section which is offset in a first
direction from said rod and a second arm section which is
offset in a second direction from said rod, said rod being
disposed between parallel central axes of said first and
second arm sections.

5. An apparatus as set forth in claim 4 wherein said
adjusting member includes a screw thread convolution
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which is disposed in engagement with at least a portion of
a screw thread convolution disposed on said first arm section
of said connector, said adjusting member being rotatable
relative to said housing and first arm section of said con-
nector to move said connector relative to said housing under
the influence of force transmitted from said adjusting mem-
ber to said first arm section of said connector.

6. An apparatus as set forth in claim 5 wherein said screw
thread convolution on said adjusting member is disposed in
engagement with at least a portion of a screw thread con-
volution disposed on said second arm section, said adjusting
member being rotatable relative to said housing and said first
and second arm sections to move said connector relative to
said housing under the influence of force transmitted from
said adjusting member to said first and second arm sections
of said connector.

7. An apparatus as set forth in claim 5 wherein said second
arm section of said connector includes a bearing surface
which slides along a bearing surface on said housing to
guide movement of said connector relative to said housing
during rotation of said adjusting member.

8. An apparatus as set forth in claim 1 further including
first and second positioning surfaces disposed in a spaced
apart relationship on said housing, and first and second
retainer surfaces connected with said adjusting member and
disposed in engagement with said positioning surfaces to
retain said adjusting member against movement along a
central axis of said adjusting member while enabling said
adjusting member to be rotated about the central axis of said
adjusting member.

9. An apparatus as set forth in claim 8 wherein said
retainer surfaces have an annular configuration and are
rotatable with said adjusting member.

10. An apparatus as set forth in claim 8 wherein said
retainer surfaces are disposed on a clip which engages a
groove in said adjusting member, said adjusting member
being rotatable relative to said clip during rotation of said
adjusting member.

11. An apparatus as set forth in claim 1 wherein said
housing includes first and second resiliently deflectable
positioning sections which at least partially define first and
second openings, said adjusting member being movable
through said first and second openings with a snap action by
pressing said adjusting member against said positioning
sections to resiliently deflect said positioning sections under
the influence of force applied against said positioning sec-
tions by said adjusting member.

12. An apparatus as set forth in claim 11 further including
an annular collar on said adjusting member, said annular
collar moves into a space between said positioning sections
upon movement of said adjusting member through said first
and second openings with a snap action.

13. An apparatus as set forth in claim 1 wherein said
housing includes first and second positioning sections which
at least partially define first and second openings through
which said adjusting member extends, said apparatus further
includes a resiliently deflectable clip which is moved into
engagement with a portion of said adjusting member with a
snap action at a location between said first and second
positioning sections.

14. An apparatus as set forth in claim 1 wherein said
housing includes a third side which extends between said
first and second sides, said adjusting member being disposed
along said third side of said housing, said housing having a
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positioning section which at least partially defines an open-
ing through which said adjusting member extends, said
connector having an arm section which extends into an
opening in said housing, said adjusting member having a
thread convolution which engages a portion of a thread
convolution on said arm section of said connector.

15. An apparatus as set forth in claim 1 wherein said
connector includes a body section which is slidably received
in an opening in said housing and an end portion which
extends transverse to said body section, said end portion of
said connector being engagable with a first surface area on
a vertebra, said adjusting member being rotatable relative to
said housing to slide said body section of said connector
along surfaces which at least partially define the opening in
said housing to decrease a distance between said first side of
said housing and said end portion of said connector.

16. An apparatus for use in retaining vertebrae of a spinal
column in a desired relationship, said apparatus comprising:

a rod which extends along the spinal column;

a housing having a recess which extends from an upper
side of said housing toward a lower side of said housing
and which receives a portion of said elongated member;

a set screw which is at least partially disposed in said
recess in said housing and has a thread convolution
which engages at least a portion of a thread convolution
formed in opposite sides of said recess in said housing,
said set screw cooperates with said housing to urge said
elongated member toward a lower portion of the recess
in said housing;

a hook member extending from a lower side of said
housing, said hook member includes a body section
which is at least partially enclosed by said housing, a
vertebra engaging section extending from said body
section, and first and second arm sections extending
from said body section of said hook member in a
direction away from said vertebra engaging section of
said hook member; and

an adjusting screw which is at least partially enclosed by
an adjusting screw retaining portion of said housing,
said adjusting screw being rotatable relative to said
housing about a central axis of said adjusting screw and
being held against axial movement relative to said
housing along the central axis of said adjusting screw,
said adjusting screw has an external thread convolution
which engages an internal thread convolution which is
connected with said first arm section of said hook
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member, said external thread convolution on said
adjusting screw and said internal thread convolution
connected with said first arm section of said hook
member cooperating to move said hook member rela-
tive to said housing upon rotation of said adjusting
screw relative to said housing, said second arm section
of said hook member having a bearing surface which
cooperates with said housing to guide movement of
said hook member relative to said housing, said adjust-
ing screw and said set screw being accessible from the
upper side of said housing to facilitate adjustment of
said apparatus.

17. An apparatus as set forth in claim 16 wherein said
adjusting screw has an annular bearing section which coop-
erates with said retaining portion of said housing to retain
said adjusting screw against axial movement relative to said
housing.

18. An apparatus as set forth in claim 16 further including
a clip which engages said adjusting screw and said retaining
portion of said housing to retain said adjusting screw against
axial movement relative to said housing.

19. An apparatus as set forth in claim 16 wherein said
retaining portion of said housing includes first and second
sections which at least partially define first and second
openings, said adjusting screw being movable through said
first and second openings in a direction transverse to the
central axis of said adjusting screw with a snap action.

20. An apparatus as set forth in claim 16 wherein said
retaining portion of said housing at least partially defines
first and second openings through which said adjusting
screw extends, said apparatus further includes a resiliently
deflectable clip which is moved into engagement with a
portion of said adjusting screw with a snap action to engage
a portion of said adjusting screw disposed between said first
and second openings.

21. An apparatus as set forth in claim 17 wherein said
retaining portion of said housing at least partially defines
first and second openings through which said adjusting
screw extends, said apparatus further includes a resiliently
deflectable clip which is moved into engagement with a
portion of said adjusting screw with a snap action to engage
a portion of said adjusting screw disposed between said first
and second openings.

22. An apparatus as set forth in claim 17 wherein said
housing extends around said external thread convolution on
said adjusting screw throughout the length of said external
thread convolution.



