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(57) Abstract

The present invention is an external fixer (10) for adjustably securing a first bone portion (12a) in a position relative to a second
bone portion (12b). The fixer (10) includes a first clamping assembly (20) for receiving a first bone screw (14a) connected to the first bone
portion (12a), and a second clamping assembly (22) for receiving a second bone screw (14b) connected to the second bone portion (12b).
The first (20), and second (22) clamping assemblies are interconnected by a connection member (60). The external fixer (10) also includes
a drive unit (100) for controlling angular adjustment of the second clamping assembly (22) relative to the first clamping assembly (20).
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METHOD AND APPARATUS
FOR EXTERNAL FIXATION OF BONES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the external
fixation of bones during orthopedic surgical applications,
such as the repair of bone fractures and the correction of
bone defects. More particularly, the present invention
relates to a method and apparatus which allows for gradual
angular correction of bone deformities and malunions.

2. Discussion of the Related Art

In various orthopedic surgical procedures, it is
necessary to secure two bone portions in a relatively fixed
relationship to each other. For example, the néed for
establishing such a secured relationship is often a result
of a fracture which has occurred to the bone. To ensure
that the bone can regenerate in the proper orientation and
fuse the fracture, it is important that the bone portions
be fixed and in the desired position during bone
regeneration.

Various external fixation devices for the repair
of traumatized bone are known. For example, U.S. Patent
No. 5,662,650 to Bailey et al. discloses an apparatus for
the external fixation of large bones. The apparatus is
illustrated to include a main body as well as a first and
second bone screw clamps. The main body serves to allow
the apparatus to axially rotate, thereby providing a proper

longitudinal rotational location of the bone screws with
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respect to a bone. The first bone screw clamp is used to
secure a first bone screw to the apparatus while permitting
the first bone screw to be axially displaced from the main
body. In a similar fashion, the second bone screw clamp
which functions to secure a second bone screw to the
apparatus and to allow the second bone screw to be axially
displaced with respect to the main body. U.S. Patent No.
5,662,650 is incorporated by reference as if fully set
forth herein.

In certain orthopedic surgical procedures, it is
necessary to engage two bone portions in a fixed
relationship and angularly adjust the two bone portions
relative to each other. The need for making such an
adjustment is frequently the result of bone deformity.
Such bone deformities may result from congenital defects
including but not limited to Blount'’s Disease, Tibia Vara,
and Hypophosphatemic Rickets. Angular adjustment of bone
portions may also be required as a result of post-traumatic
applications, such as the correction of bone malunions.

Other known devices are available for the
correction of bone deformities and malunions. For example,
the various products manufactured by Orthofix S.r.l.
include a fixator having an elongated main body pivotally
attached to a T-clamp. The T-clamp attaches to a plurality
of bone pins. This fixator further includes a removable
compression-distraction unit for angular correction of a
bone. The compression-distraction unit attaches to the

main body and the T-clamp. Through compression and
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distraction the wunit functions to pivot the T-clamp

relative to the main body, and thereby angularly correct

the bone.

While the fixators specifically for correcting
bone deformities and malunions of the type described above
may have proven acceptable for certain applications, such
fixators are nevertheless susceptible to improvements that

may enhance the performance of the fixator.

SUMMARY OF THE PRESENT INVENTION

In general, the present invention relates to the
external fixation of bones. More specifically, the present
invention relates to an external fixator which is operable
to adjustably secure a first bone portion in a particular
position with respect to a second bone portion. The
external fixator includes a first means for receiving a
bone screw which is secure to the first bone portion and a
second means for receiving a second bone screw which is
secured to the second bone portion. The external fixator
additionally includes a connection member which is operable
to connect the first means for receiving the first bone
screw with the second means for receiving the second bone
screw. The second means for receiving a second bone screw
is pivotally attached to the connection member and the
external fixator further includes a drive wunit for
angularly adjusting the first means for receiving the first
bone screw and the second means for receiving the second

bone screw.
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An advantage of the present invention is the
provision of a method and apparatus for the external
fixation of bone which allows the rate of angular
correction of bone deformities and malunions to be easily
and more accurately controlled.

Another advantage of the present invention is the
provision of a method and apparatus for the external
fixation of bone in which an accurate correlation can be
made between movement of a drive unit and the degrees of
corrective angulation to a bone.

Another advantage of the present invention is the
provision of a method and apparatus for the external
fixation of bone in which gradual angular corrections can
be made to a bone, as opposed to acute angular corrections.

Another advantage of the present invention is the
provision of a method and apparatus for angularly
correcting a bone which eliminates the nuisance of locking
and unlocking a mechanism before angular adjustments can be
made.

A more specific advantage of the present
invention is the provision of a method and apparatus for
the external fixation of Dbone in which corrective
angulation of a bone is obtained through operation of a
worm gear.

Additional advantages and features of the present
invention will become apparent from the following
description and appended claims, taken in conjunction with

the accompanying drawings.
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BRIEF DESCRIPTION QOF THE DRAWINGS

FIG. 1 is an elevational view of an apparatus for
the external fixation of bone according to the teachings of
a first preferred embodiment of the present invention shown
in operative association with a human tibia;

FIG. 2 1is an enlarged fragmentary view of
apparatus for external fixation of bone according to the
teachings of the first preferred embodiment of the present
invention;

FIG. 3 is an end view of the apparatus for the
external fixation of bone according to the teachings of the
first preferred embodiment of the present invention;

FIGS. 4(a) and 4 (b) are illustrations showing the
main body of the first clamping assembly shown in FIG 2.
according to the first preferred embodiment of the present
invention;

FIGS. 5(a) and 5(b) are illustrations showing one
of the grooved locking washers shown in FIG. 2 according to
the teachings of the first preferred embodiment of the
present invention;

FIGS. 6(a) and 6(b) are illustrations of a rail
member of the first clamping assembly shown in FIG. 2
according to the teachings of the first preferred
embodiment of the present invention;

FIG. 7 is an elevational view of the apparatus
for the external fixation according to the teachings of the

first preferred embodiment of the present invention,
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illustrating a second orientation of the second bone screw

clamping assembly in phantom lines;

FIG. 8 is a fragmentary side view of an apparatus
for the external fixation of Dbone according to the
teachings of a second preferred embodiment of the present
invention;

FIG. 9 is a cross-sectional view taken along the
line 9-9 of FIG. 8;

FIG. 10 is a cross-sectional view taken along the
line 10-10 of FIG. 8;

FIG. 11 is an exploded view of the second bone
screw clamping assembly shown in FIG. 8 according to the
teachings of the second preferred embodiment of the present
invention;

FIG. 12 is a top view of a driven element shown
in FIG. 8 according to the teachings of the second
preferred embodiment of the present invention; and

FIG. 13 is a fragmentary top view of an apparatus
for the external fixation of bone according to the
teachings of the second preferred embodiment of the present
invention, illustrating a second orientation of the second

bone screw clamping assembly in phantom lines.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description of the preferred
embodiments of the present invention is merely exemplary in
nature and is in no way intended to limit the invention or

its application or uses.
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Referring generally to FIGS. 1-7, an apparatus 10
for the external fixation of a bone 12 is shown. In FIG.
1, the apparatus 10 is shown connected to the bone 12
through a plurality of bone screws l4a and 14b which serve
to secure a first bone portion 1l2a relative to a second
bone portion 12b. In the exemplary application
illustrated, the first and second bone portions 1l2a and 12b
secured by the apparatus 10 are of a single bone 12. The
bone 12 shown in the drawings represents a human tibia. It
is to be understood, however, that the apparatus 10 may be
operatively attached to a variety of other types of bones
and used to correct bone deformities, corrected malunions,
or repair fractures. As will become apparent below, by
securing the first and second bone portions 12a and 12b
with the apparatus 10 of the present invention, the
orientation of the first portion 12a relative to the second
portion 12b may be angularly adjusted.

The apparatus 10 comprises a first bone screw
clamping assembly 20 and a second bone screw clamping
assembly 22. The first bone screw clamping assembly 10 is
used to secure a first bone screw l4a to the apparatus 10
while permitting the first bone screw 1l4a to be axially
displaced from the second bone screw 14b. The first bone
screw clamping assembly 20 includes a main body having a
base portion 24 and a cover portion 26. The base portion
24 serves to receive the first bone screw l4a in one of a
plurality of grooves 28, while the cover portion 26 serves

to secure the first bone screw l4a within the groove 28.
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As discussed in detail in U.S. Patent No.
5,662,650, the grooves 28 include two contact surfaces
which are substantially planar so as to permit line contact
of the first bone screw 1l4a in two positions within the
grooves 28. Since the first bone screw 14a also engages
the cover portion 26 of the first bone screw clamping
assembly 20, the first bone screw 1l4a engages the first
bone screw clamping assembly 20 in three positions (i.e.,
along the contact surfaces of the grooves 28 as well as on
the cover portion 26). This provides line contact for the
bone screw 14 which secures the bone screws 14 in a more

effective manner than if the grooves 28 were cylindrical.

The base portion 24 of the bone screw clamping
assembly 20 further includes a first aperture 34 and a
second aperture 36. The first aperture 34 1is used to
receive a threaded member 38 (shown in phantom in Figure 2)
which serves to secure a rail member 40 in a locked
position as will be more fully discussed below. The second
aperture 36 is also used to receive a threaded member (not
shown) which is able to secure a compression/distraction
member (not shown). One suitable compression/distraction
member is described in connection with the external fixator
disclosed in U.S. Patent No. 5,662,650.

The cover portion 26 of the first bone screw
clamping assembly 20 is secured to the base portion 24 of
the first bone screw clamping assembly 20 by means of two

screws 42. To accommodate these screws 42, the cover
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portion 26 of the bone screw clamping assembly 20 includes
two épertures 44 (shown in phantom in FIGS. 2 and 4a) which
mate with corresponding apertures 46 in the base portion 24
of the bone screw clamping assembly 20. Accordingly, upon
secured threaded engagement of the screws 42 within the
apertures 44 and 46, the cover portion 26 of the bone screw
clamping assembly 20 may be secured to the base portion 24
of the bone screw clamping assembly 20.

To provide means for laterally displacing the
first bone screw clamping assembly 20 with respect to the
gsecond bone screw clamping assembly 22, the bone screw
clamping assembly 20 further includes a first rail member
40. The rail member 40 includes a D-shaped extension 48
which is able to be received in a D-shaped bore 50 of the
bone screw clamping assembly 20. The D-shaped extension 48
includes an elongated slot 50 for receiving the fastener
38. Because of the cross-sectional shape of the D-shaped
extension 48, the base portion 24 of the bone screw
clamping assembly 20 is able to slide on the extension 48
of the rail member 40. However, the base portion 24 is
unable to rotate with respect to the D-shaped extension 48.

To provide means for interconnecting the first
and second bone screw clamping assemblies 20 and 22, the
apparatus 10 is illustrated to include a connection member
60. The connection member 60 serves to secure the first
and second bone screw clamping assemblies 20 and 22. In
this regard, a plurality of grooved locking washers 62 are

disposed between the rail member 40 and the connection
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member 60. In particular, the rail member 40 has an
aperture 64 with a hex-shaped recess 66 for receiving the
base portion 68 of the washer 62. In a similar fashion,
the connection member 60 also includes an aperture 70
(shown in phantom in FIG. 2) with a hex-shaped recess 72
(shown in phantom in FIG. 2) for receiving the base portion
68 of the washer 62. Because a groove surface 74 of each
of the washers 62 engage each other, the connector member
60 is secured to the first bone clamping assembly 20 upon
secured threaded engagement of a screw 76.

The second bone screw clamping assembly 22 is
operable to secure a second bone screw 14b to the apparatus
10. As illustrated in the drawings, the second bone screw
clamping assembly 22 is preferably operable to secure a
plurality of bone screws 14b to the apparatus 10. In this
regard, the second bone screw clamping assembly 22 includes
a main body 80. The main body 80 is shown to be preferably
arcuate in shape and defines a pair of arcuate recesses 82
passing therethrough. The arcuate recesses are operable
for adjustably securing the bone screws 14b to the main
body 80. In this regard, each of the bone screws 14b is
held adjacent to the main body 80 with a retainer member
84. Each of the retainer members 84 defines a channel 86
for receiving one of the bone screws 14b. Each retainer
member 84 1is further formed to include an internally
threaded aperture 88 for receiving a fastener 90. The
fastener 90 passes through one of the arcuate slots 82 and

includes a head 92 which can be tightened against the
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opposite side of the main Dbody 80. The arcuate

configuration of the main body 80 allows the bone screws

14b of the plurality of the bone screws to converge upon

the second portion 12b of the bone 12.

To provide means for angularly adjusting the
second clamping assembly 22 relative to the first clamping
assembly 20, the second clamping assembly 22 is shown to be
pivotally attached to the connection member 60 through a
pivot pin 96. The pivot pin 96 defines a pivot axis which
is substantially perpendicular to the pivot axis defined by
the screw 76 which interconnects the connection member 60
and the first bone screw clamping assembly 20. As shown
specifically in FIG. 7, pivotal attachment of the second
bone screw clamping assembly 22 and the connection member
60 permit the second bone screw clamping assembly 22 to
rotate from a neutral position (shown in solid lines),
clockwise (shown in phantom lines), or counterclockwise
(not shown) through approximately 30°. The connection
member 60 thus permits approximately 60° of relative
rotation between the first and second bone screw clamping
assemblies 20 and 22.

To provide means for controlling angular
displacement of the second bone screw clamping assembly 22
with respect to the first bone screw clamping assembly 20,
the apparatus 10 is illustrated to include a drive unit
100. The drive unit 100 is effectively a worm gear
assembly including a driven element 102 and a drive element

104. The driven element 102 is fixedly secured to the
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second bone screw clamping assembly 22 and includes an
arcuéte perimeter having a plurality of teeth 106. The
drive element 104 is ©rotatably <retained within a
transversely extending aperture 108 provided in the
connection member 60 and includes a plurality of threads
110 operatively engage with the teeth 106 of the driven
element 102. The drive element 104 includes a head 112
having a hexagonal recess 114 (shown in phantom in FIG. 7)
for receiving an hex wrench or similar tool for rotating
the drive element 104. The drive element 104 is rotatable
about an axis substantially perpendicular to the pivot axis
96.

Referring again to FIG. 7, when the drive element
104 is rotated in a first direction, the driven element 102
rotates, for example, clockwise. Similarly, when the drive
element 104 is rotated in a second direction, the driven
element 102 is rotated counterclockwise, thereby angularly
adjusting the second bone screw clamping assembly 22 and
the bone screws 14b relative to the first bone screw
clamping assembly 20 and the first bone screw 14a. The
drive unit 100 permits concise correlation between the
number of rotations of the drive member 102 and the degrees
of corrective angulation of the second bone screw clamping
assembly 22. In addition, the nature of the drive unit 100
eliminates the need for a locking mechanism. Therefore,
gradual angulation over an extended period of time can be
obtained without the nuisance of locking and unlocking a

locking bolt.
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The second preferred embodiment of the present
invention is shown in FIGS. 8-13. In this embodiment,
similar reference numerals will be used to identify similar
components as previously described with respect to the
first preferred embodiment of the present invention. As
with the first preferred embodiment of the present
invention, the apparatus 10 of the second embodiment of the
present invention includes a first bone screw clamping
assembly 20 and a second bone screw clamping assembly 22.
In the second preferred embodiment, the apparatus 10
includes a longitudinally extending connection member 60
for interconnecting the first and second bone screw
clamping assemblies 20 and 22.

As with the first preferred embodiment, the first
and second bone screw clamping assemblies 20 and 22 of the
second preferred embodiment are operative to secure first
and second bone screws 1l4a and 14b, respectively, to the
apparatus 10. The first bone screw clamping assembly 20 of
the second preferred embodiment includes a cover 26
attached to a base 24 with a pair of threaded fasteners 42.
The cover 26 and the base 24 cooperates to define a
plurality of openings 28 for receiving one or more bone
screws l4a. In the second preferred embodiment, the first
and second bone screws l4a and 14b lie in a common plane.
As will become apparent, both of the first and second bone
screw clamping assemblies 20 and 22 are adjustable along
the connection member 60 1in an axial or longitudinal

direction indicated by double arrow A in FIG. 8.
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With specific reference to the cross-sectional
view-of FIG. 9, the base portion 24 of the first bone screw
clamping assembly 20 of the second preferred embodiment is
formed to define a pair of axially extending channels 120.
The channels 120 are adapted to slidably retain a pair of
outwardly extending flanges 122 integrally formed with an
upper surface of the connection member 60. The base
portion 24 is further formed to include an internally
threaded aperture 124 (shown in phantom lines in FIG. 9)
upwardly extending from a bottom side 126. The aperture
124 is operable for receiving a fastener 128 as shown. The
fastener 128 includes a head 130 located within an axially
extending channel 132 defined by the connection member 60
and a threaded shaft 134 which upwardly extends through an
elongated slot 136 and engages the aperture 124.

The threaded fastener 128 further includes a
mounting flange 138 operable to abut a lower surface 132 of
the connection member 60. The mounting flange 138 defines
a hexagonal recess 140 (shown in phantom in FIG. 9) for
receiving a hex wrench or similar tool. When the fastener
128 is tightened, the base portion 24 of the first bone
screw clamping assembly 20 is drawn against the connection
member 60 and axially locked in place.

The second bone screw clamping assembly 22 is
similarly constructed to the first bone screw clamping
assembly 20. Generally in this regard, the second bone
screw clamping assembly 22 1is shown to include a base

portion 24 and a cover portion 26. As with the first bone
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screw clamping assembly 20, the base portion 26 is adapted

to akially translate relative to the connection member 60

in an identical manner.

To provide means for controlling angular
displacement of the second bone screw clamping assembly 22
with respect to the first bone screw clamping assembly 20,
the apparatus 10 of the second preferred embodiment
includes a drive unit 100. The drive unit 100 includes a
driven element 102 which is fixedly secured to the cover 26
of the second bone screw clamping assembly 22. In the
exemplary embodiment illustrated, the driven element 102 is
a plate interdisposed between the cover 26 and the base 24.
The plate 102 is formed to include a pair of apertures 141
for receiving the fasteners 42. The plate 102 is further
formed to include a plurality of grooves 28 for receiving
the second bone screws 14b. The cover portion 26
cooperates with the grooves 28 to maintain the bone screws
14b.

The plate 102 is pivotally interconnected to the
base 24 through a pin 142. The pin 142 engages an aperture
144 in the plate and an aperture 146 in the base portion
24. The plate 102 serves to define a pivot axis.

The drive element 104 is rotatably retained
within a transversely extending aperture 148 provided in an
upwardly extending rectangular portion 150 which 1is
integrally formed with the base 24. The drive element 104
includes a plurality of threads 152 operatively engaged

with a plurality of teeth 154 formed on an arcuate
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perimeter of the driven member 102. The drive element 104
includes a head 112 having a hexagonal recess 114 for
receiving a hex wrench or other similar tool for rotating
the drive element 104. The drive element 104 is rotatably
about an axis substantially perpendicular to the pivot axis
defined by the pin 142.

With specific reference to FIG. 13, when the
drive element 104 is rotated in a first direction, the
driven element 102 rotates, for example, <clockwise.
Similarly, when the drive element 104 1is rotated in a
second direction, the driven element 102 1is rotated
counterclockwise. As a result of selective rotation of the
driven element 102 about the pin 142, the bone screw l4a of
the first bone screw clamping assembly 20 is angularly
adjusted relative to the bone screw 1l4b of the second bone
screw clamping assémbly 22.

The foregoing discussion discloses and describes
merely exemplary embodiments of the present invention. One
skilled in the art will recognize from such discussion and
from the accompanying drawings and claims, that wvarious
changes, modifications and variations can be made therein
without departing from the spirit and scope of the

invention.
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CLAIMS

WHAT IS CLAIMED IS:

1.

An apparatus for adjustably securing a first bone

portion in a fixed relationship to a second bone portion,

the apparatus comprising:

the first

a first bone screw operable to be connected to
bone portion;

a second bone screw operable to be connected to

the second bone portion;

receiving

receiving

receiving
receiving

adjusting

means for receiving said first bone screw;

means for receiving said second bone screw;

means for interconnecting said means for
said first bone screw and said means for
said second bone screw; and

means for angularly adjusting said means for

said second bone screw relative to said means for
said first bone screw, said means for angularly

including a rotatable element fixedly attached to

said means for receiving said second bone screw.
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2. The apparatus for adjustably securing a first
bone-jportion. in a fixed relationship to a second bone
portion of Claim 1, wherein said rotatable element is
rotatable about a pivot axis, such that rotation of said
rotatable element through a predetermined angle causes
corresponding angular adjustment of said means for clamping

sald second bone screw.

3. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 2, further comprising a drive element
engaging said rotatable element and operable to selectively

rotate said rotatable element about said pivot axis.

4. The apparatus for adjustably securing a £first
bone portion in a fixed relationship to a second bone
portion of Claim 3, wherein said drive element is rotatable
about an axis substantially perpendicular to said pivot

axis.

5. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 4, wherein said rotatable element includes
an arcuate perimeter formed to include a plurality of
teeth, and further wherein said drive element includes a
plurality of external threads in meshing engagement with

said plurality of teeth.
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6. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 1, wherein said means for securing said
first bone screw is longitudinally translatable relative to

said connection member.

7. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 6, wherein said means for securing said
second bone screw is longitudinally translatable relative

to said connection member.
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8. An apparatus for adjustably securing a first bone
portion in a fixed relationship to a second bone portion,
the apparatus comprising:

a first bone screw operable to be connected to
the first bone portion;

a second bone screw operable to be connected to
the second bone portion;

a first clamping assembly for clamping said first
bone screw;

a second clamping assembly for clamping said
second bone screw;

a connection member for interconnecting said
first clamping assembly to said second clamping assembly;

a drive unit for angularly adjusting said second
clamping assembly relative to said first clamping assembly,
said drive unit including a rotatable element fixedly
attached to said second clamping assembly for rotation

about a pivot axis.
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9. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 8, wherein rotation of said rotatably
element through a predetermined angle causes corresponding
angular adjustment of said second clamping assembly

relative to said first clamping assembly.

10. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 8, wherein said drive wunit further
includes a drive element engaging said rotatable element
and operable to selectively rotate said rotatable element
about said pivot axis, said drive element being rotatable
about an axis substantially perpendicular to said pivot

axis.

11. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 10, wherein said rotatable element
includes an arcuate perimeter formed to include a plurality
of teeth, and further wherein said drive element includes
a plurality of external threads in meshing engagement with

said plurality of teeth.

12. The apparatus for adjustably securing a first
bone portion in a fixed relationéhip to a second bone
portion of Claim 8, wherein said first bone screw is
longitudinally translatable relative to said connection

member.
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13. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone

portion of Claim 8, wherein said second bone screw is

longitudinally translatable relative to said connection

member.
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14. An apparatus for adjustably securing a first bone
portion in a fixed relationship to a second bone portion,
the apparatus comprising:

at least one bone screw operable to be connected
to the first bone portion;

a plurality of bone screws operable to be
connected to the second bone portion;

a first clamping assembly for receiving the at
least one bone screw;

a second clamping assembly for receiving the
plurality of bone screws; and

a connection member for interconnecting said
first and second clamping assemblies;

said first clamping assembly pivotally attached
to the connection member for rotation about a first pivot
axis; and

said second clamping assembly pivotally attached
to said connection member for rotation about a second pivot

axis.
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15. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 14, wherein said first pivot axis is

substantially perpendicular to said second pivot axis.

16. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 15, further comprising a drive unit for
angularly adjusting said first clamping assembly relative

to said second clamping assembly.

17. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 16, wherein said drive unit includes a
rotatable element fixedly attached to said second clamping
assembly and a drive element carried by said connection
member, said drive element being engaged with said
rotatable element and operable for selectively rotating

said rotatable element.

18. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 17, wherein said rotatable element
includes an arcuate perimeter formed to include a plurality
of teeth, and further wherein said drive element includes
a plurality of external threads in meshing engagement with

said plurality of teeth.
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19. The apparatus for adjustably securing a first

bone-jportion. in a fixed relationship to a second bone

portion of Claim 14, wherein said second clamping assembly

includes an arcuate main body portion.

20. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 14, wherein said at least one bone screw
operable to be connected to said first clamping assembly is
longitudinally translatable relative to said plurality of
bone screws operable to be connected to said second

clamping assembly.
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21. An apparatus for adjustably securing a first bone
portion in a fixed relationship to a second bone portion,
the apparatus comprising:

a first plurality of bone screws operable to be
connected to the first bone portion, said first plurality
of bone screws being substantially within a plane;

a second plurality of bone screws operable to be
connected to the second bone portion, said second plurality
of screws being substantially within said plane;

a first clamping assembly for receiving the first
plurality of bone screws;

a second clamping assembly for receiving the
second plurality of bone screws; and

a main body for interconnecting said first and
second clamping assemblies, said second plurality of bone
screws being pivotally interconnected to said main body for

rotation about a pivot axis.
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22. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 21, wherein said main body comprises a
longitudinally extending rail, said £first and second
clamping assemblies attached to said longitudinally
extending rail for longitudinal translation along said

rail.

23. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 21, further comprising a drive unit for
angularly adjusting said first clamping assembly relative

to said second clamping assembly.

24. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 22, wherein said first clamping assembly
includes a base member and a cover member, and further
wherein said drive unit includes a driven member fixedly
attached to said cover and interconnected to said base for

rotation about said pivot axis.

25. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 24, wherein said driven member comprises
a plate having a perimeter with and arcuate portion formed

to include a plurality of teeth.



‘WO 99/25264 PCT/US98/24768
- 28 -

26. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 24, wherein said drive wunit further
includes a drive member interconnected to said base member
for rotation about an axis substantially perpendicular to
said pivot axis, said drive member including a plurality of

threads in engagement with said plurality of teeth.

27. The apparatus for adjustably securing a first
bone portion in a fixed relationship to a second bone
portion of Claim 25, wherein said cover member and said
driven member cooperate to define a plurality of grooves

for receiving said first plurality of bone screws.
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