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INSTRUMENTATION AND METHODS FOR
REDUCING SPINAL DEFORMITIES

FIELD OF THE INVENTION
The present invention relates generally to treatment of the spinal column, and more
particularly relates to instrumentation and methods for reducing spinal deformities

including, without limitation, scoliosis.

BACKGROUND

The normal anatomy of the spinal column presents different alignment and
rotational characteristics along three spatial planes. In the coronal (or frontal) plane, the
vertebrae are normally aligned and present no rotation. In the transverse (or axial) plane,
the vertebrae are likewise normally aligned and present neutral rotation. In the sagittal
plane, the vertebrae present a certain degree of rotation and translation which form the
physiological curvature of the spine; namely, cervical lordosis, dorsa or thoracic kyphosis,
and lumbar lordosis.

Spinal deformities of varying etiologies are well known. Such deformities include
abnormal spinal curvatures, such as, for example, scoliosis, kyphosis, and/or other
abnormal curvatures wherein natural alignment of the spine is altered. With specific
regard to scoliotic deformities, the abnormal curvature of the spinal column is
three-dimensional. Specifically, scoliotic deformities can be separated into abnormal
translation and/or rotation of the vertebrae in each of the coronal, transverse and sagittal
planes. Therefore, treatment of scoliosis should preferably be aimed at addressing
reduction of the abnormal curvature in each of the three spatial planes.

A number of methods and techniques have been used to reduce abnormal spinal
curvatures. Most of these techniques have been based on anchoring devices onto posterior
elements of the spine (e.g., via clips or wires). Such techniques reduce the translational
aspects of the deformity, but have little or no effect on the rotational aspects.

Additionally, pedicle screws have been used in the treatment of scoliosis, thereby
raising the possibility of derotation of the spinal column. However, techniques for
treatment of scoliosis using pedicle screws are based essentially on translation to align the

spinal column, either by bending or rotating a spinal rod after the rod is engaged to the
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screws, or by forcing the pedicle screws into engagement with the rod. Other reduction
techniques provide for derotation via the use the pedicle screws, but such derotation is
usually implemented following placement of the spinal rod individually and consecutively
into engagement with the pedicle screws. Additionally, when pedicle screws are anchored
to a scoliotic spine, the screws follow the curvature of the spine and tend to be inclined in
the transverse plane depending on vertebral rotation, thereby complicating placement of
the spinal rods.

. Treatment of a spinal deformity via a reduction technique to address both the
alignment and rotational aspects of the deformity along all three spatial planes would be
desirable. Thus, there remains a need for improved instrumentation and methods for
reducing spinal deformities. The present invention satisfies this need and provides other

benefits and advantages in a novel and unobvious manner.

SUMMARY

The present invention relates generally to treatment of the spinal column, and more
particularly relates to instrumentation and methods for reducing spinal deformities
including, without limitation, scoliosis. While the actual nature of the invention covered
herein can only be determined with reference to the claims appended hereto, certain forms
of the invention that are characteristic of the preferred embodiments disclosed herein are
described briefly as follows.

In one form of the present invention, instrumentation is provided for reduction of a
spinal deformity, including a plurality of elongate elements, a first reduction element and a
second reduction element. The elongate elements each extend generally along a
longitudinal axis and include a proximal portion adapted for coupling to a corresponding
vertebra and a distal portion. The first reduction element extends along a first transverse
axis and is engaged with the distal portions of the elongate elements wherein the distal
portions are maintained in general alignment relative to the first transverse axis. The
second reduction element extends along a second transverse axis and is movably engaged
with the elongate elements wherein the proximal portions are positioned in general
alignment relative to the second transverse axis as the second reduction element is
displaced in a proximal direction along the elongate elements to reduce the spinal

deformity.
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In another form of the present invention, instrumentation is provided for reduction
of a spinal deformity, including a plurality of elongate elements, a first reduction element
and a second reduction element. The elongate elements each extend generally along a
longitudinal axis and include a proximal portion adapted for coupling to a corresponding
vertebra and a distal portion. The first reduction element is engaged to the distal portions
of the elongate elements to maintain the distal portions in a substantially fixed relationship
relative to the first reduction element. The second reduction element is movably engaged
to the elongate elements wherein displacement of the second reduction in a proximal
direction results in relative movement of the proximal portions of the elongate elements to
reduce the spinal deformity.

In another form of the present invention, instrumentation is provided for reduction
of a spinal deformity, including a plurality of elongate elements, a first reduction element
and a second reduction element. The elongate elements each include a proximal portion
adapted for coupling to a corresponding vertebra and a distal portion, and each of the
elongate elements defines a slot having a length extending between the proximal and distal
portions. The first reduction element is engaged with the elongate elements to maintain
the distal portions in general alignment along the first reduction element. The second
reduction element is positioned within the slots defined by the elongate elements and is
displaced along the length of the slots in a proximal direction to generally align the
proximal portions of the elongate elements along the second reduction element to reduce
the spinal deformity.

In another form of the present invention, instrumentation is provided for reduction
of a spinal deformity, including a plurality of elongate elements, each extending generally
along a longitudinal axis and including a proximal portion adapted for coupling to a
corresponding vertebra and a distal portion. The instrumentation further includes means
for coupling each of the elongate elements to a corresponding vertebra, means for
maintaining the distal portions of the elongate elements in alignment generally along a
first transverse axis, and means for aligning the proximal portions generally along a
second transverse axis to reduce the spinal deformity.

In another form of the present invention, a method is provided for reducing a spinal
deformity, including the steps of providing a plurality of elongate elements, each

extending along a longitudinal axis and including a proximal portion and a distal portion,
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providing first and second reduction elements, coupling the proximal portions of the
elongate elements to respective vertebrae, engaging the first reduction element with the
elongate elements to maintain the distal portions of the elongate elements in general
alignment relative to the first reduction element, engaging the second reduction element
with the elongate elements, and displacing the second reduction element in a proximal
direction to generally align the proximal portions of the elongate elements relative to the
second reduction element to reduce the spinal deformity.

In another form of the present invention, a method is provided for reducing a spinal
deformity, including the steps of providing a plurality of elongate elements, each
extending along a longitudinal axis and including a proximal portion and a distal portion,
coupling the proximal portions of the elongate elements to respective vertebrae, aligning
the distal portions of the elongate elements generally along a first transverse axis, and
aligning the proximal portions of the elongate elements generally along a second
transverse axis while maintaining alignment of the distal portions to reduce the spinal
deformity.

It is one object of the present invention to provide improved instrumentation and
methods for reducing spinal deformities. Further objects, features, advantages, benefits, and
aspects of the present invention will become apparent from the drawings and description

contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematical illustration of a scoliotic spine wherein the natural position
and alignment of the vertebrae are altered due to abnormal vertebral translation and
rotation.

FIG. 2 is a schematical illustration of a scoliotic spine wherein the anteroposterior
axes of the vertebrae are shown in a non-coplanar arrangement.

FIG. 3 is a schematical illustration of instrumentation for reducing a spinal
deformity according to one form of the present invention.

FIG. 4 is a side view of an elongate alignment element according to one
embodiment of the present invention.

FIG. 5 is an end view of the elongate alignment element shown in FIG. 4.
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FIG. 6 is a cross-sectional side view of the elongate alignment element shown in
FIG. 4, as viewed along line 6-6 of FIG. 4.

FIG. 7 is a side view of an elongate alignment element according to one
embodiment of the present invention.

FIG. 8 is an end view of the elongate alignment element shown in FIG. 7.

FIG. 9 is a cross-sectional side view of the elongate alignment element shown in
FIG. 7, as viewed along line 9-9 of FIG. 7.

FIG. 10 is a cross-sectional view of a reduction element according to one
embodiment of the present invention.

FIG. 11 is a side view of a spacer element according to one embodiment of the
present invention.

FIG. 12 is an end view of the spacer element shown in FIG. 11.

FIG. 13 is a side view of a block element according to one embodiment of the
present invention.

FIG. 14 is an end view of the block element shown in FIG. 13.

FIG. 15 is a bottom view of the block element shown in FIG. 13.

FIG. 16 is a side perspective view of an assembly including the block element
shown in FIG. 13 engaged with the alignment element shown in FIG. 4.

FIG. 17 is a schematical illustration of a vertebra with a pair of bone anchors bi-
laterally anchored to the vertebra.

FIG. 18 is a schematical illustration of the bone anchors shown in FIG. 17, with the
bone anchors interconnected by a bridge member and with the alignment element shown
in FIG. 7 engaged to the bridge member.

FIG. 19 is a schematical illustration of the bone anchors shown in FIG. 17, with the
alignment element shown in FIG. 4 engaged directly to one of the bone anchors.

FIG. 20 is a schematical illustration of the scoliotic spine shown in FIG. 2 with the
anteroposterior axes of the vertebrae positioned in an abnormal, non-coplanar state, and
with alignment elements engaged to the vertebrae and arranged generally along the
anteroposterior axes.

FIG. 21 is a schematical illustration of the alignment elements shown in FIG. 20,

with a first reduction element engaged to the distal portions of the alignment elements to
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align the distal portions generally along the transverse axis of the first reduction element
and resulting in derotation of one or more of the vertebrae toward a corrected state.

FIG. 22 is a schematical illustration of the alignment elements shown in FIG. 21,
with a second reduction element engaged to the distal portions of the alignment elements.

FIG. 23 is a schematical illustration of the alignment elements shown in FIG. 22,
showing sliding engagement of the second reduction element along the alignment
elements in a proximal direction to translate and derotate one or more of the vertebrae
toward a corrected state.

FIG. 24 is a schematical illustration of the alignment elements shown in FIG. 23,
showing further sliding engagement of the second reduction element along the alignment
elements in a proximal direction to further translate and derotate one or more of the
vertebrae toward a corrected state.

FIG. 25 is a schematical illustration of the alignment elements shown in FIG. 24,
showing positioning of the second reduction element at a location adjacent the proximal
portions of the alignment elements to align the proximal portions generally along the
transverse axis of the second reduction element and resulting in translation and derotation
of the vertebrae to the corrected state.

FIG. 26 is a schematical illustration of the alignment elements shown in FIG. 25,

with a stabilization rod positioned along each side of the spinal column and engaged to the

" bone anchors to maintain the vertebrae in the corrected state.

FIG. 27 is a schematical illustration of the stabilization rods securely engaged to
the bone anchors by a number of lock member to secure the vertebrae in the corrected
state, and with the alignment elements, the first and second reduction elements, and the

bridge members removed from the patient’s body.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the invention is hereby intended, and that alterations and further

modifications to the illustrated devices and/or further applications of the principles of the
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invention as illustrated herein are contemplated as would normally occur to one skilled in the
art to which the invention relates.

Referring to FIGS. 1 and 2, shown therein is a scoliotic spine including a number of
vertebrae V. In a scoliotic spine, the natural position and alignment of the vertebrae V are
altered due to abnormal vertebral rotation (depicted by arrows R) and abnormal vertebral
translation (depicted by arrows T). As a result, the anteroposterior axes A-P of the vertebrae
V, which are normally positioned within a common plane P (i.e., the sagittal plane), are non-
coplanar (i.e., extend along multiple planes). Additionally, in a scoliotic spine, the thoracic
spine is typically lordotic, thereby resulting in abnormal divergence of the anteroposterior
axes A-P of the thoracic vertebrae which is less than the physiological divergence of the
normal spinal anatomy.

Referring to FIG. 3, shown therein is instrumentation 10 according to one form of
the present invention for use in treatment of the spinal column, and more particularly to
reduce a spinal deformity. As will be discussed below, in one embodiment, the
instrumentation 10 is used to treat abnormal curvatures of the spinal column, such as, for
example, scoliosis. However, it should be understood that the present invention may also
be used to treat other spinal deformities, including kyphotic deformities and other
abnormal spinal curvatures.

In one form of the invention, the iﬁstrumentation 10 is configured to reposition
and/or realign the vertebrae V along one or more spatial planes toward their normal
physiological position and orientation. Preferably, the spinal deformity is reduced
systematically in all three spatial planes of the spine, thereby tending to reduce surgical
times and provide improved results. Although the present invention is illustrated and
described in association with treatment of the spinal column, and more specifically to
reduce abnormal spinal curvatures such as scoliosis or kyphosis, it should be understood
that the present invention may also be used to treat other anatomic structures, and may be
used to treat other spinal deformities or abnormalities. In one embodiment, the
instrumentation 10 is used to provide three-dimensional reduction of a spinal deformity
via a posterior surgical approach. However, it should be understood that the
instrumentation 10 may be used via other surgical approaches, including, a lateral
approach, an anterior approach, a posterolateral approach, an anterolateral approach, or

any other surgical approach. Additionally, although FIG. 3 illustrates use of the
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instrumentation 10 to reduce a convex portion of a spinal curvature, it should be
understood that the instrumentation 10 may also be used to reduce a concave portion of a
spinal curvature, or to reduce both convex and concave portions of a spinal curvature,
which is typically the case with regard to treatment of scoliosis.

In the illustrated embodiment of the invention, the instrumentation 10 generally
includes a plurality elongate alignment elements or extenders 20 adapted for coupling to a
number of vertebrae, a first elongate reduction element or rod 22 extending between and
engaged with the alignment elements 20, a second elongate reduction element or rod 24
extending between and engaged with the alignment elements 20, a plurality of spacer
elements 26 of select lengths coupled between adjacent pairs of the alignment elements
20, and a plurality of block elements 28 coupled to a number of the alignment elements 20
and positioned adjacent the vertebrae V. As will be discussed below, the elongate
alignment elements 20 are coupled to corresponding vertebrae V via a number of bone
anchor elements 30, such as, for example, bone screws (FIGS. 17-19). The elements of
the instrumentation 10 are each formed of a biocompatible material, such as, for example,
stainless steel or titanium. However, other materials are also contemplated, including, for
example, titanium alloys, metallic alloys such as chrome-cobalt, polymer based materials
such as PEEK, composite materials, or any other suitable material that would occur to one
of skill in the art. Further details regarding the structure and function of each of the
elements associated with the instrumentation 10 will be set forth below.

The elongate alignment elements 20 each extend generally along a longitudinal
axis L and include a proximal portion 20a adapted for coupling to a corresponding
vertebra V and an opposite distal portion 20b. As used herein, the term “proximal
portion” means the portion of the alignment element 20 extending toward the spinal
column, and may encompass one-half or more of the overall length of the alignment
element. Similarly, the term “distal portion” means the portion of the alignment element
20 extending away the spinal column, which may likewise encompass one-half or more of
the overall length of the alignment element. Accordingly, it should be understood that the
term “proximal portion” is not limited to the proximal end portion of the alignment
element, and the term “distal portion” is likewise not limited to the distal end portion of
the alignment element. Additionally, although the longitudinal axes L along which the

alignment elements 20 extend is illustrated as having a linear configuration, it should be
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understood that one or more of the longitudinal axes L may have a curved configuration, a
curvilinear configuration, an angled configuration, a polygonal configuration, or any other
suitable configuration. Furthermore, although the illustrated embodiment of the
instrumentation 10 includes six alignment elements 20, it should be understood that the
instrumentation 10 may includes any number of alignment elements 20.

The first elongate reduction rod 22 extends generally along a first transverse axis
T and is engaged with the alignment elements 20, and the second elongate reduction rod
24 extends generally along a second transverse axis T and is likewise engaged with the
alignment elements 20. As will be discussed in below, the first reduction rod 22 is
engaged with the distal portions 20b of the alignment elements 20 to maintain the distal
portions 20b in general alignment along the first transverse axis T;. The second reduction
rod 24 is axially displaced along the alignment elements 20 in a proximal direction from a
position adjacent the distal portions 20b toward the proximal portion 20a, which in tumn
results in positioning of the proximal portions 20a in general alignment along the second
transverse axis T,. The alignment elements 20 act on the vertebrae V through the bone
anchors 30 to reduce the spinal deformity via both translational and rotational movement
of the vertebrae V, wherein the anteroposterior axes A-P of the vertebrae V are
transitioned from an abnormal or non-coplanar state (FIGS. 2 and 20) toward a corrected
or coplanar state (FIG. 25) wherein the anteroposterior axes A-P of the vertebrae V are
positioned substantially within a common plane P, such as the sagittal plane.

Referring to FIGS. 4-6, shown therein is an elongate alignment element 20
according to one embodiment of the present invention. As indicated above, each of the
alignment elements 20 extends generally along a longitudinal axis L and includes a
proximal portion 20a and a distal portion 20b. As will be described below, the alignment
element 20 is configured for releasable coupling to a bone anchor which is securely
anchored to vertebral bone. When coupled to the bone anchor, a significant portion of the
alignment element 20 extends outside of the patients body, thereby serving as an extension
of the bone anchor, the purpose of which will be set forth below.

In the illustrated embodiment, the alignment element 20 has a generally cylindrical
or tubular configuration including an outer wall 50 surrounding a hollow interior or axial
passage 52 and defining a generally circular cross section. However, it should be

understood that other shapes and configurations of the alignment element 20 are also
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contemplated as falling within the scope of the present invention, including a solid rod-
like configuration, an elliptical or oval shape, a rectangular shape, a diamond shape, a
polygonal shape, or any other suitable shape or configuration. In the illustrated
embodiment, the alignment element 20 further includes a slot 54 extending transversely
therethrough and having a slot length /; extending generally along the longitudinal axis L
between the proximal and distal portions 20a, 20b. The slot 54 has a slot width wj that is
preferably equal to or slightly less than an outer cross sectional dimension of the reduction
rods 22 and 24. Although the slot 54 has been illustrated and described as having a
particular size and configuration, it should be understood that other sizes and
configurations of the slot 54 are also contemplated as falling within the scope of the
present invention.

Additionally, the proximal portion 20a of the alignment element 20 defines an
axial passage 56 defining internal threads 58. The internal threads 58 are adapted for
threading engagement with a corresponding portion of a bone anchor, or to an element
coupled to one or more bone anchors, to releasably couple the alignment element 20 to the
one or more bone anchors and to the vertebra. In a specific embodiment, the internal
threads 58 are engaged with a threaded projection associated with a bone screw, such as,
for example, an externally threaded nut used with a pedicle screw. One such embodiment
is present in the Synergy ™ Spinal System manufactured by Interpore Cross International
of Irvine, California. However, it should be understood that other structures and
techniques for releasably coupling the alignment elements 20 to the bone anchors are also
contemplated. Additionally, it should be understood that the alignments elements 20 may
be adapted for coupling with other types of bone anchors and other configurations of bone
screws. It should further be understood that engagement of the alignment elements 20
directly to the vertebrae V is also contemplated as falling within the scope of the present
invention.

As will be discussed in greater detail below, the axial slot 54 in the alignment
elements 20 is sized and configured to receive the first reduction rod 22 therein adjacent
the distal portions 20b to align the distal portion 20b of the alignment elements 20
generally along the first transverse axis T;, and to maintain the distal portions 20b in
general alignment along the first transverse axis T;. In the illustrated embodiment, the

first reduction rod 22 is engaged with each of the alignment elements via positioning of
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the reduction rod 22 within the axial slots 54. However, in other embodiments, the first
reduction rod 22 may be positioned within a separate opening or passage extending
through the distal portions 20b of the alignment elements 20. In still other embodiments,
the first reduction rod 22 may be engaged with each of the alignment elements 20 via
other connection techniques, such as, for example, by forming openings along the length
of the reduction rod 22 for receiving the distal portions 20b of the alighment elements 20
therein, or by providing a number of connector or coupler mechanisms engaged between
the alignment elements 20 and the reduction rod, or by other suitable structures and
techniques for engaging the reduction rod 22 to the alignment elements 20 to align and
maintain alignment of the distal portions 20b generally along the transverse axis T;.

The axial slot 54 in the alignment elements 20 is also sized and configured to
receive the second reduction rod 24 therein to allow axial displacement of the second
reduction rod 24 through the slot 54 in a proximal direction from a position adjacent the
distal portion 20b toward the proximal portion 20a. As will be discussed below, sliding
engagement of the second reduction rod 24 through the slots 54 in the alignment elements
20 draws the proximal portions 20a of the alignment elements 20 into general alignment
with one another along the second transverse axis T».

In the illustrated embodiment, the second reduction rod 24 slidably engages each
of the alignment elements 20 via axial displacement of the reduction rod 24 through the
slots 54. However, in other embodiments, the second reduction rod 24 may be engaged
with the alignment elements 20 via other connection techniques, such as, for example, by
forming openings along the length of the reduction rod 24 for receiving the alignment
elements 20 therein and by slidably engaging the reduction rod 24 along an exterior
surface of the alignment elements 20. In another embodiment, the second reduction rod
24 may be coupled to the alignment elements 20 via a number of rings or collars, or other
types of connectors or coupler mechanisms, which are slid along an exterior surface of the
alignment elements 20. It should be understood that other suitable devices and techniques
for slidably engaging the reduction rod 24 along the alignment elements 20 to align the
proximal portions 20b generally along the transverse axis T are also contemplated as
falling within the scope of the present invention.

Referring to FIGS. 7-9, shown therein is an elongate alignment element 20’

according to another embodiment of the present invention. The alignment element 20’ is
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configured similar to the alignment element 20 illustrated and described above, extending
generally along a longitudinal axis L, including proximal and distal portions 20a’ and
20b’, and having a generally cylindrical configuration including an outer wall 50
surrounding a hollow interior or axial passage 52°. The alignment element 20° likewise
includes a slot 54’ extending transversely therethrough and having a slot length /; and a
slot width w,. The axial slot 54” is sized and configured to receive the first and second
reduction rods 22, 24 therein in a manner similar to that described above with regard to the
alignment element 20.

However, unlike the alignment element 20 which defines internal threads 58
extending along an axial passage 56, the distal portion 20b’ of the alignment element 20’
defines an axial stem or projection 56’ defining external threads 58°, with the axial stem
56’ extending from a closed distal end wall 59°. The external threads 58’ are adapted for
threading engagement with a corresponding portion of a bone anchor, or to an element
coupled with one or more bone anchors, to releasably couple the alignment element 20’ to
the one or more bone anchors and to the vertebra. In a specific embodiment, the
externally threaded stem 56’ is engaged within a threaded passage associated with a bone
screw, such as, for example, within the head of a pedicle screw. One such embodiment of
a pedicle screw is used in association with the CD-Horizon® Legacy™ Spinal System
manufactured by Medtronic Sofamor Danek of Memphis, Tennessee. However, the use of
other types and configuration of bone anchors and bone screws in association with the
instrumentation 10 is also contemplated as falling within.the scope of the present
invention. It should also be understood that the internal or external threads 58, 58’
associated with the alignment elements 20, 20’ may be adapted for threading engagement
with various types of bone anchors or bone screws used in association with the
instrumentation 10.

In other embodiments of the invention, the alignment elements may be provided
with a first type of connection mechanism at one end of the alignment element, and a
second type of connection mechanism at the opposite end of the alignment element,
thereby providing increased versatility to the instrumentation 10. For example, in one
embodiment, one end of the alignment element may be provided with an internally

threaded passage similar to that illustrated and described above with regard to the
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alignment element 20, with the opposite end provided with an externally threaded stem
similar to that illustrated and described above with regard to the alignment element 20°.

In specific embodiments of the invention, the alignment elements 20, 20’ have an
external diameter of about 15 mm, an internal diameter of about 12 mm, and an overall
length between about 180 mm and 210 mm. Additionally, the axial slots 54, 54°
extending through the alignment elements 20, 20’ have a slot width w; of about 6.5 mm
and a slot length /; between about 160 mm and 180 mm, thereby leaving about 10 mm of
wall length at each end of the closed slots 54, 54°. However, it should be understood that
other dimensions of the structures and features associated with the alignment elements 20,
20’ are also contemplated as falling within the scope of the present invention.
Additionally, in one embodiment of the invention, each of the alignment elements 20, 20’
used in association with the instrumentation 10 have substantially the same overall length.
However, in other embodiments, the alignment elements 20, 20’ may be provided with
different overall lengths.

Referring to FIG. 10, in one embodiment of the invention, each of the first and
second reduction rods 22 and 24 is configured as a substantially solid rod defining a
generally rectangular outer profile having a pair of substantially planar side surfaces 60a,
60b, a substantially planar lower surface 60c, and a rounded or semi-circular upper surface
60d. However, it should be understood that the reduction rods 22 and 24 can take on other
shapes and configurations. For example, the reduction rods 22 and 24 need not
necessarily have a generally rectangular outer profile, but can instead have a circular
shape, an elliptical or oval shape, a diamond shape, a polygonal shape, an irregular or any
other suitable shape or configuration.

Additionally, the reduction rods 22 and 24 need not necessarily be solid, but can
have a tubular configuration defining a hollow interior. In one embodiment, the reduction
rods 22 and 24 define a rod width w, that is sized in relatively close tolerance with the
width w; of the slot 54, 54’ in the alignment elements 20, 20°, while still allowing
movement of the reduction rods 22, 24 into and through the slot 54, 54°. In a specific
embodiment, the first and second reduction rods 22, 24 each have a rod width w, of about
6.5 mm. However, other sizes are also contemplated as falling with the scope of the
present invention. Furthermore, although the transverse axes Ty, T, along which the

reduction rods 22, 24 extend have been illustrated as having a linear configuration, it
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should be understood that one or both of the transverse axes T;, T» may have a curved
configuration, a curvilinear configuration, an angled configuration, a polygonal
configuration, or any other suitable configuration. For example, in an alternative
embodiment of the invention, one or both of the reduction rods 22 and 24 may provided
with a predetermined curvature to achieve a different degree of correction of an abnormal
spinal curvature. Additionally, providing one or both of the reduction rods 22 and 24 with
a predetermined curvature may be beneficial in achieving limited or partial reduction of a
relatively stiff abnormal spinal curvature. Furthermore, although the first and second
reduction elements 22 and 24 have been illustrated and described as rods, it should be
understood that other configurations of the first and second reduction elements 22 and 24
are also contemplated, such as, for example, plates, tubes, cables or any other elongate
structure suitable for engagement with the alignment elements 20, 20°.

Referring to FIGS. 11 and 12, shown therein is a spacer element 26 according to
one embodiment of the present invention. In the illustrated embodiment, the spacer
elements 26 extends along a longitudinal axis L and has a generally cylindrical or tubular
configuration defining a generally circular outer cross section and including an outer wall
62 surrounding a hollow interior or axial passage 64. The spacer element 26 also defines a
slot 66 extending along the entire length / of the spacer element 26 and communicating
between an exterior surface of the outer wall 62 and the axial passage 64. The slot 66
defines an open end for transversely receiving the reduction rod 22 into the axial passage
64, with the slot 66 and/or the axial passage 64 defining one or more substantially flat or
planar surfaces 68a, 68b that are engaged with the planar side surfaces 60a, 60b of the
reduction rod 22 to prevent rotation of the spacer element 26 relative to the reduction rod
22. Additionally, the inner profile of the axial passage 64 and/or the slot 66 may be sized
in relatively close tolerance with, and possibly slightly smaller than, the outer profile of
the reduction rod 22 to retain the spacer element 26 on the reduction rod 22 via a friction
or interference fit. Furthermore, an outer surface of the reduction rod 22 and/or one or
more of the inner surfaces defining the axial passage 64 and/or the slot 66 may be
roughened to further facilitate retention of the spacer element 26 on the reduction rod 22.
In an alternative embodiment, the spacer element 26 may define a closed axial passage 64
(e.g., without the slot 66), with the reduction rod 22 being axially inserted through the

axial passages 64 in the spacer elements 26.
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The spacer elements 26 have select lengths / and, as illustrated in FIG. 3, are
engaged between the distal portions of adjacent pairs of the alignment elements 20p to
space the adjacent distal end portions apart at a select distance d. The ends of the spacer
elements 26 may be shaped or contoured to match the outer profile of the alignment
elements 20, 20’ to provide more secure and stable engagement therebetween.
Alternatively, the ends of the spacer elements 26 may be provided with features that are
engaged with corresponding features of the adjacent alignment elements 20p. In one
embodiment, a spring-loaded ball and detent arrangement may be provided. In other
embodiments, a tongue-and-groove arrangement may be provided. As will be discussed
below, with the proximal portions of the adjacent pair of alignment elements 20p securely
coupled to adjacent vertebrae Vp, spacing the distal portions apart at a select distance d
correspondingly positions the adjacent pairs of vertebrae Vp at an angle o, which
preferably corresponds to the correct physiological angular orientation of the adjacent
vertebrae Vp (e.g., the kyphosis angle) along the sagittal plane.

Although the spacer elements 26 have been illustrated and described as being
configured for coupling to the first reduction rod 22, it should be understood that in other
embodiments of the invention, the spacer elements 26 may alternatively be engaged
directly to the alignment elements 20, 20” to space the adjacent distal portions apart at the
select distances d, and need not necessarily be coupled to the reduction rod 22.
Additionally, the spacer elements 26 may be engaged to other portions of the alignment
elements 20, 20°, including engagement within the slots 54, 54° in the alignment elements
20, 20°. Furthermore, although the spacer elements 26 have been illustrated and described
as having a hollow, tubular configuration which defines a generally circular cross section,
other shapes and configurations are also contemplated as falling within the scope of the
present invention, including a solid rod-like configuration, an elliptical or oval shape, a
rectangular shape, a diamond shape, a polygonal shape, or any other shape or
configuration suitable to space the distal end portions of the adjacent pairs of alignments
elements 20p apart at the select distance d to correspondingly position the adjacent
vertebrae Vp at a select angle o, which preferably substantially corresponds to the natural
physiological angle between the adjacent vertebrae Vp.

Additionally, in other embodiments of the invention, the spacer elements may be

configured as a plate-like or bar-like member defining openings that are sized to receive
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the distal ends of an adjacent pair of the alignment elements therein to space the adjacent
distal portions apart at a select distance d. In another embodiment, the spacer element may
include rings or collars or rings that are interconnected by a bridge member and positioned
over the distal ends of an adjacent pair of the alignment elements to space the adjacent
distal portions apart at a select distance d. In still other embodiments, the spacer element
may be configured as a frame which engages three or more of the alignment elements to
space the adjacent distal portions of the alignment elements apart at select distances d.

In the illustrated embodiment, the spacer elements 26 are each provided with a
predetermined length / which may be calculated by analyzing the specific geometric
features and characteristics associated with the adjacent pair of vertebrae Vp when
normally aligned and positioned, and the specific features and characteristics associated
with the instrumentation 10 including the dimension characteristics of the alignment
elements 20. However, in other embodiments of the invention, the spacer elements 26
may be configured such that the overall spacer length is variable/adjustable to provide a
select length / to space the adjacent distal portions 20b of the alignment elements 20 apart
at a select distance d and to correspondingly position the adjacent vertebrae Vp at an angle
a corresponding to the correct physiological angular orientation of the adjacent vertebrae
Vp along the sagittal plane. Adjustment of the spacer elements 26 to the appropriate
lengths / may be performed prior to the surgical procedure, or may be performed intra-
operatively.

In one embodiment, each of the spacer elements 26 may be formed as a multi-piece
assembly including two or more axial portions or segments that are arranged in stacked
relation to provide a spacer element having a select overall length /. In another
embodiment, each of the spacer elements 26 may include two or more axial portions or
segments that are axially displaceable relative to one another and which may be locked in
position to provide a spacer element having a select overall length /. In a specific
embodiment, the spacer element 26 may be provided with a turnbuckle configuration
wherein the overall spacer length / may be adjusted via threading engagement between
two or more of the axial sections. In another specific embodiment, a spacer element 26
may be provided with a ratcheting configuration wherein the overall spacer length / may
be adjusted in a first direction (e.g., a separation direction) while preventing adjustment in

a second direction (e.g., a collapsing direction).
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Referring to FIGS. 13-15, shown therein is a block element 28 according to one
embodiment of the present invention. In the illustrated embodiment, the block element 28
has a monolithic configuration extending generally along a longitudinal axis L and
defining a block height 4,, a block width ws, and a block thickness #,. Additionally, the
block element 28 includes an upper portion 70 and a lower portion 72. The upper portion
70 of the block element 28 defines an upper engagement surface 74 that is angled at a
taper angle 0 relative to a reference axis arranged perpendicular to the longitudinal axis L.
The lower portion 72 of the block element 28 includes a pair of legs 76a, 76b extending
generally along the longitudinal axis L and defining a space or cavity 78 therebetween.

As shown in FIG. 16, the block element 28 is engagable with the alignment
element 20 in such a manner as to arrange the tapered engagement surface 74 in general
alignment with the slot 54 extending transversely through the alignment element 20. The
block element 28 has a block thickness #, that is equal to or slightly less than the slot width
w; such that the block element 28 may be transversely received within the slot 54, with the
space 78 between the legs 76a, 76b positioned to receive a proximal portion of the
alignment element 20 therein, and with the legs 76a, 76b extending along an exterior
surface of the outer wall 50 to maintain engagement of the block element 28 with the
alignment element 20.

As shown in FIG. 3, block elements 28 having a select block height /; and a select
taper angle 0 are engaged to each of the outer alignment elements 200, with the taper angle
inwardly tapering toward the central portion of a convex spinal curvature. Alternatively, if
the instrumentation 10 is used in the treatment of a concave spinal curvature, the block
elements 28 may be arranged such that the taper angle 8 outwardly tapers away from the
concave spinal curvature. The outer alignment elements 200 are in turn anchored to the
outer vertebrae Vo which define the outer ends or limits of a convex (or concave) portion
of the spinal curvature being treated.

In the illustrated embodiment, the spinal curvature being treated is a kyphotic
curvature having a convex configuration facing a posterior direction. However, in other
embodiments, the spinal curvature being treated may comprise a lordotic curvature having
a concave configuration facing a posterior direction. As will be discussed below, the
lower surface of the reduction rod 24 engages the tapered surfaces 74 of the block

elements 28 as the reduction rod 24 is axially displaced in a proximal direction through the
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slots 54 in the alignment elements 20, which in turn results in positioning of the outer
alignment elements 200 and the corresponding outer vertebrae Vo at a select height and at
a select angular orientation relative to one another, which preferably corresponds to the
normal physiological height and angular orientation (e.g., the natural kyphosis angle) of
the vertebrae Vo along the sagittal plane. In this manner, the block elements 28 allow
relative translation (e.g., sinking) of the outer vertebrae Vo along the sagittal plane to
position the outer vertebrae Vo at a substantially normal physiological height.
Additionally, the block elements 28 allow relative rotation of the outer vertebrae Vo along
the sagittal plane to position the outer vertebrae Vo at an angle [} relative to one another
which preferably substantially corresponds to the normal physiological angle of the outer
vertebrae Vo.

Although the block elements 28 have been illustrated and described as having a
particular shape and configuration, it should be understood that other shapes and
configurations of the block element 28 are also contemplated as falling within the scope of
the present invention. In one embodiment, the block elements 28 used in association with
the outer alignment elements 200 are configured substantially identical to one another.
However, in other embodiments, the block elements 28 may have different configurations.
It should be understood that the configuration of each block element 28 is selected to
provide a particular physiological angle § between the outer vertebrae Vo. In this regard,
the overall block height 7, and the taper angle 0 associated with the upper engagement
surface 74 are particularly relevant in establishing a physiological height and angle
between the outer vertebrae Vo which form the boundaries of at least a portion of the
spinal curvature being treated (e.g., dorsal kyphosis). Although the instrumentation 10
shown in FIG. 3 utilizes a pair of block element 28 engaged with the outer alignment
elements 200 (which are in turn anchored to the outer vertebrae Vo), it should be
understood that block elements 28 may be used in association with other alignment
elements 20, including one or more of the intermediate alignment elements 20 positioned
between the outer alignment elements 200.

In an alternative embodiment of the invention, block elements 28 are not
necessarily required for use in association with the instrumentation 10. Instead, the slot
54, 54’ defined by the alignment element 20, 20’ may include a distally-facing
engagement surface 54a, 54a’ (FIGS. 6 and 9) that is tapered at an angle 0 relative to a
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reference axis arranged generally perpendicular to the longitudinal axis L, thereby
eliminating the requirement for separate block elements 28. As should be appreciated, in
such an alternative embodiment, the reduction rod 24 may be engaged directly against the
engagement surface 54a, 54a’ to correspondingly position the outer vertebrae Vo at the
desired physiological height and angle f.

In one specific embodiment, the block element 28 has a block height %, of about 30
mm, a block width w,, of about 20 mm, a block thickness #, of about 6.5 mm, a width of
the space 78 between the legs 76a, 76b of about 15 mm, and a taper angle 6 associated
with the upper engagement surface 74 of about 15 degrees. In another specific
embodiment, the block element 28 has a block height 4, of about 20 mm, a block width w
of about 20 mm, a block thickness #, of about 6.5 mm, a width of the space 78 between the
legs 76a, 76b of about 15 mm, and a taper angle 0 associated with the upper engagement
surface 74 of about 7.5 degrees. However, it should be understood that other dimensions
of the structures and features associated with the block elements 28 are also contemplated
as falling within the scope of the present invention.

Having illustrated and described the elements and features associated with the
instrumentation 10, reference will now be made to a method for reducing a spinal
deformity according to one form of the present invention. Referring to FIG. 17, shown
therein are bone anchors 30 engaged to a vertebra V in a bilateral arrangement along each
side of the spinal column. In the illustrated embodiment, a pair of bone anchors 30a, 30b
is anchored to a single vertebra V. However, it should be understood that a pair of bone
anchors 30a, 30D is engaged to each of a plurality of vertebrae V along the portion of the
spinal column being treated. It should further be understood that in other embodiments, a
single bone anchor 30 or three or more bone anchors 30 may be engaged to each of a

plurality of vertebrae V along the portion of the spinal column being treated.

In the illustrated embodiment of the invention, the bone anchors 30 are configured as
bone screws having a threaded shank portion 80 and a head portion 82. In one embodiment of
the invention, the bone screws are configured as pedicle screws, wherein the threaded shank
portion 80 has a length and a thread configuration suitable for engagement within the pedicle
region Py of the vertebra V. In the illustrated embodiment of the bone anchor 30, the head
portion 82 is configured for engagement with a spinal rod (FIG. 26). In one specific

embodiment, the head portion 82 defines a passage 84 sized to receive a spinal rod therein,
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with a fastener or setscrew (FIG. 27) extending through the head portion 82 and into
engagement with the spinal rod to capture and secure the spinal rod within the passage 84.
Additionally, the head portion 82 includes a pair of spaced apart arms 86a, 86b defining an
open end which provide the head portion 82 with a top-loading, U-shaped configuration, with
the fastener or setscrew engaged with internal threads formed along the spaced apart arms 86a,
86b. Further details regarding bone screws having a configuration similar to that of the bone
screws illustrated in FIG. 17 are illustrated and described, for example, in U.S. Patent No.
6,783,527 to Drewry et al., the contents of which are incorporated herein by reference.

However, it should be understood that other types and configuration of bone screws
are also contemplated for use in association with the instrumentation 10, including, for
example, bone screws having a closed head portion or a head portion defining a side-loading,
C-shaped configuration. Additionally, other embodiments of bone screws are also
contemplated which include a head portion configured as an unthreaded stem or shaft, with
the spinal rod coupled to the unthreaded stem via a connector or coupling mechanism, an
example of which is illustrated and described in U.S. Patent No. 5,643,263 to Simonson or
U.S. Patent No. 5,947,967 to Barker, the contents of each patent reference incorporated herein
by reference.

In still other embodiments of the invention, bone screws may be used in association
with the instrumentation 10 which allow the head portion to be selectively pivoted or rotated
relative to the threaded shank portion along multiple planes or about multiple axes. In one
such embodiment, the head portion includes a receptacle for receiving a spherical-shaped
portion of a threaded shank therein to allow the head portion to pivot or rotate relative to the
threaded shank portion. A locking member or crown may be compressed against the
spherical-shaped portion via a set screw or another type of fastener to lock the head portion at
a select angular orientation relative to the threaded shank portion. Further details regarding
one type of multi-axial screw suitable for use in association with the present invention are
illustrated and described, for example, in U.S. Patent No. 5,797,911 to Sherman et al., the
contents of which are hereby incorporated herein by reference. The use of multi-axial bone
anchors may be beneficial for use in the lower lumbar region of the spinal column, and
particularly below the L4 vertebrae, where lordotic angles tend to be relatively high compared
to other regions of the spinal column. Alternatively, in regions of the spine exhibiting

relatively high intervertebral angles, the alignment elements 20, 20° and/or the bone anchors
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may be configured such that the alignment element may be coupled to the bone anchor at a
fixed angle, such as, for example, via the use of an angled connector block or shim.

It should be understood that the bone screw embodiments illustrated and described
herein are exemplary, and that other types and configurations of bone screws may also be used
in association with the present invention, the likes of which would be apparent to one of
ordinary skill in the art. It should also be understood that other types and configuration of
bone anchors may be used in association with the present invention, including, for example,
spinal hooks configured for engagement about a portion of a vertebra, bolts, pins, nails,
clamps, staples and/or other types of bone anchor devices capable of being anchored in or to
vertebral bone.

Referring to FIG. 18, shown therein is one embodiment of the invention wherein
the bone anchors 30a, 30b are interconnected to one another via a bridge or link member
90 extending between the head portions 82 of the bone anchors 30a, 30b, with the
alignment elements 20, 20’ engaged to a central portion of the bridge members 90 to
couple the alignment elements 20, 20’ to the vertebrae V along a mid-portion of the spinal
column, such as, for example, along the sagittal plane. Alternatively, the bridge member
90 may be engaged to other portions of the bone screws 30a, 30b, or may be engaged to
other elements or structures extending from the head portions of the bone screw 30a, 30b.
Additionally, the bridge member 90 may be outwardly curved to minimize interference
with anatomic features of the vertebrae V and/or other anatomic structures. Positioning of
the alignment elements 20, 20 in a medialized or central position relative to the bone
anchors 30a, 30b results in distribution of the corrective forces exerted by the alignment
elements 20, 20° across multiple locations on the vertebral body. As a result, stress
concentrations are reduced at any single bone/implant interface as the correction forces are
applied.

Furthermore, the bridge member 90 may be adjustable to accommodate for varying
distances, varying angular orientations and/or misalignments between the bone screws
30a, 30b. Adjustment of the bridge member 90 may be provided via a rack-and-pinion
adjustment mechanisms, telescoping adjustment mechanisms, turn buckle adjustment
mechanisms, ball-and-socket mechanisms, pivoting mechanisms, hinge mechanisms, or
any other suitable adjustment mechanism capable of accommodating for varying

distances, varying angular orientations and/or misalignments between the bone screws
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30a, 30b. As discussed above, the alignment element 20 includes an internally threaded
passage 56 which may be threaded onto a threaded stem or projection associated with the
bridge member 90, and the alignment element 20’ includes an externally threaded stem or
projection 56’ which may be threaded into a threaded opening associated with the bridge
member 90. However, as also discussed above, the alignment elements 20, 20’ may be
configured for releasable engagement with the bridge member 90 using other suitable
connection techniques. Additionally, in other embodiments of the invention, one or more
handles may be coupled to the bridge member 90 for manual application of manipulation
or corrective forces to the vertebrae V.

Referring to FIG. 19, shown thereiﬁ is another embodiment of the invention
wherein the alignment elements 20, 20’ are connected directly to a set of the bone screws
30a, 30b anchored along one side of the spinal column, and more specifically to the head
portion 82 of the bone screws, to couple the alignment elements 20, 20 to the vertebrae V.
By way of example, the arms 86a, 86b of the screw head portion 82 may define external
threads configured for threading engagement with the internally threaded passage 56 of
the alignment element 20 to releasably engage the alignment element 20 to one of the bone
screws 30a, 30b. Alternatively, the arms 86a, 86b of the screw head portion 82 may
define internal threads configured for threading engagement with the externally threaded
stem 56’ of the alignment element 20’ to releasably engage the alignment element 20’ to
one of the bone screws 30a, 30b.

Referring now to FIGS. 20-25, shown therein are schematical illustrations of
various stages of correction of an abnormal spinal curvature using the instrumentation 10.
Although the alignment elements 20 are each shown as being positioned along a central or
medial portion of the vertebrae V (as illustrated and described above with regard to FIG.
18), it should be understood that the alignment elements 20 may alternatively be
positioned along either side of the vertebrae V (as illustrated and described above with
regard to FIG. 19). It should further be understood that positioning of the alignment
elements 20 along other portions of the vertebrae V is also contemplated as falling within
the scope of the present invention. Additionally, although FIGS. 20-25 make specific
reference to alignment elements 20, it should be understood that use of the alignments
elements 20’ or other embodiments of alignment elements is also contemplated as falling

within the scope of the present invention.
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Referring initially to FIG. 20, shown therein is a number of the alignment elements
20 coupled to a corresponding number of vertebrae V. As indicated above, the alignment
elements 20 may be engaged directly to a series of bone anchors 30 (FIG. 19) anchored
along one side of the spinal column, or may be engaged to a bridge or link member
extending between a pair of bilaterally-positioned bone anchors 30 anchored along each
side of a corresponding vertebrae (FIG. 18). As also indicated above, the alignment
elements 20 may alternatively be engaged directly to the vertebrae V.

As discussed above with regard to FIGS. 1 and 2, in a scoliotic spine, the natural
physiological position and alignment of the vertebrae V are altered due to abnormal vertebral
rotation and translation. As a result, the anteroposterior axes A-P of the vertebrae V, which
are normally positioned within a common plane P (i.e., the sagittal plane), extend along
multiple planes in a non-coplanar state. Additionally, in a scoliotic spine, the thoracic region
of the spine is typically lordotic, thereby resulting in divergence between the anteroposterior
axes A-P which is less than normal physiological divergence.. Referring once again to FIG,
20, the alignment members 20 are initially positioned and arranged such that the longitudinal
axes L of the alignment members 20 are positioned is substantial co-axial alignment with the
non-corrected anteroposterior axes A-P of the vertebrae V. As a result, the longitudinal axes
L of the alignment members 20 are initially not in alignment with one another along a
common plane P, but instead extend along multiple planes in a non-coplanar configuration.

Referring to FIG. 21, the distal portions 20b of the alignment elements 20 are
drawn together in general alignment with one another and the first reduction rod 22 is
inserted through the distal end portions of each of the slots 54 in the alignment elements
20. In order to facilitate alignment of the distal portions 20b with one another, the
alignment elements 20 may be manually grasped and manipulated by the surgeon and/or
an instrument or tool may be used to exert a lateral or torsional force onto one or more of
the alignment elements 20. However, in another embodiment, general alignment of the
distal portions 20b with one another may be accomplished by inserting the reduction rod
22 into central portions of the slots 54, which may initially be in closer alignment with one
another compared to the distal end portions of the slots. Once inserted into the central
portions of the slots 54, the first reduction rod 22 may be axially displaced through the
slots 54 in a distal direction, which in turn draws the distal portions 20b of the alignment

elements 20 into general alignment with one another via the exertion of lateral forces onto



10

15

20

25

30

WO 2006/104813 PCT/US2006/010467

24

the inner side surfaces of the alignment elements 20 which define the slots 54. Various
instruments may be used to facilitate axial displacement of the first reduction rod 22
through the slots 54, the likes of which will be discussed in greater detail below with
regard to the second reduction rod 24. Initial introduction of the first reduction rod 22 into
the slots 54 may be facilitated via the use of a surgical mallet, a slap hammer, or by any
other suitable tool or instrument.

The first reduction rod 22 cooperates with the alignment elements 20 to maintain
alignment of the distal portion 20b generally along the first transverse axis T; (FIG. 3),
with the first transverse axis T preferably extending along the sagittal plane P. Alignment
of the distal portions 20b of the alignment elements 20 generally along the first transverse
axis Ty correspondingly imparts rotational movement to one or more of the alignment
elements 20. Rotation of the alignment elements 20 in turn imparts a rotational force onto
the corresponding vertebrae V to derotate the vertebrae V generally along the transverse
plane in the direction of arrow R. It should be understood that the direction of derotation
is dependent on the particular characteristics of the spinal deformity being treated, and
may occur in a clockwise direction and/or a counter-clockwise direction. It should further
be understood that bringing the distal portions 20b into general alignment with one another
may not result in rotation of one or more of the alignment elements 20, in which case the
corresponding vertebrae V will not be rotationally affected. Although alignment of the
distal portions 20b of the alignment elements 20 partially reduces the spinal deformity,
further correction is required.

Referring to FIG. 22, the second reductio!n rod 24 is inserted through the distal end
portions of each of the slots 54 in the alignment elements 20 adjacent the first reduction
rod 22. Since the distal end portions of the slots 54 are maintained in general alignment
with one another via the first reduction rod 22, insertion of the second reduction rod 24
into the slots 54 should not require significant manipulation of the alignment elements 20.
However, introduction of the second reduction rod 24 into the slots 54 may be facilitated
via the use of a surgical mallet, a slap hammer, or by any other suitable tool or instrument.

Referring now to FIG. 23, with the first reduction rod 22 remaining in a
substantially stationary position to maintain the distal portions 20b in general alignment
with one another, the second reduction rod 24 is proximally displaced through the slots 54

in the alignment elements 20 in the direction of arrow A, away from the first reduction rod
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22 and generally along the plane P. Displacement of the second reduction rod 24 through
the slots 54 may be facilitated via the use of a surgical mallet, a rod pusher or persuader, a
distractor device engaged between the second reduction rod 24 and another element (such
as the first reduction rod 22) to distract the second reduction rod 24 in a proximal direction
away from the first reduction rod 22, or by any other suitable tool or instrument. The tools
or instruments used to displace the second reduction rod 24 through the slots 54 may be
manually driven or may be powered. Additionally, the tools or instruments may be
incrementally advanced in a controlled manner to provide incremental displacement of the
second reduction rod 24 through the slots 54 in the alignment elements 20. Such
incremental advancement may be provided by way of a rack-and-pinion type drive, a
ratcheting drive, a turnbuckle mechanism, or by any other suitable drive or advancement
mechanism.

Sliding engagement of the second reduction rod 24 through the slots 54 in turn
draws the alignment elements 20 toward one another via the exertion of lateral forces onto
the inner side surfaces of the alignment elements 20. Specifically, as the second reduction
rod 24 is proximally displaced through the slots 54, one or more of the alignment elements
20 is correspondingly rotated about the first reduction rod 22 toward the sagittal plane P.
Rotation of the alignment elements 20 in turn imparts a rotational force onto the
corresponding vertebrae V to provide further derotation of the vertebrae V generally along
the transverse plane in the direction of arrow R which, as discussed above, may occur in a
clockwise direction and/or a counter-clockwise direction.

Additionally, sliding engagement of the second reduction rod 24 through the slots
54 (and rotation of the alignment elements 20 about the first reduction rod 22) also imparts
a lateral force onto the corresponding vertebrae V, which in turn results in relative
translational movement of the vertebrae V generally along the coronal plane in the
directions of arrow B and/or arrow C. It should be understood that the direction of
translational movement of the vertebrae V is dependent on the particular spinal deformity
being treated, and may occur in either or both of the directions of arrows B and C. It
should also be understood that proximal displacement of the second reduction rod 24
through the slots 54 may not result in rotation of one or more of the alignment elements
20, in which case the corresponding vertebrae V will not be rotationally or translationally

affected. It should further be understood that derotation of the vertebrae V in the direction
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of arrow R and translation of the vertebrae V in the direction of arrows B and C results in
a reduction of the misalignment of the vertebrae V along both the transverse and coronal
planes.

Referring to FIG. 24, further proximal displacement of the second reduction rod 24
through the slots 54 in the alignment elements 20 results in additional derotation of the
vertebrae V generally along the transverse plane in the direction of arrow R, and additional
translation movement of the vertebrae V generally along the coronal in the directions of
arrows B and C. Referring to FIG. 25, the second reduction rod 24 is further displaced
through the slots 54 to a position adjacent the proximal portions 20a of the alignment
elements 20. In this position, the proximal portions 20a are drawn into general alignment
with one another along the second transverse axis T, with the second transverse axis T,
preferably arranged and extending generally along the sagittal plane P. With the distal
portions 20b of the alignment elements 20 maintained in general alignment along the
transverse axis T via the first reduction rod 22, and with the proximal portions 20a drawn
into general alignment with one another along the second transverse axis T, via
displacement of the second reduction rod 24, the longitudinal axes L of the alignment
clements 20 are resultingly positioned in general alignment with one another in a co-planar
relationship along the sagittal plane P. General alignment of the alignment elements 20
along the sagittal plane P in turn results in general alignment of the anteroposterior axes
A-P of the vertebrae V along the sagittal plane P, thereby reducing the spinal deformity
via correcting misalignment of the vertebrae V along both the coronal and transverse
planes. .

Referring once again to FIG. 3, alignment of the vertebrae V along the sagittal
plane is accomplished via the spacer elements 26 and the block elements 28. In one
embodiment, the block elements 28 are assembled with the outer alignment elements 200
prior to full displacement of the second reduction rod 24 through the slots 54. The outer
alignment elements 200 are in turn anchored to the outer vertebrae Vo which define the
outer ends or boundaries of at least a portion of the spinal curvature being treated. As
discussed above with regard to FIG. 16, the block elements 28 are engaged with the outer
alignment elements 20 in such a manner as to arrange the tapered engagement surface 74
in general alignment with the slot 54 in the alignment element 20. As also discussed

above, each of the block elements 28 have a block height /4, and a taper angle 6 that are
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selected based on the particular characteristics of the portion of the spinal column being
treated. As further discussed above, although the illustrated embodiment of the invention
utilizes two block elements 28 in association with the outer alignment elements 20o, it
should be understood that additional block elements 28 may be used in association with
one or more of the other alignment elements 20 as well.

With the block elements 28 assembled with the outer alignment elements 200, the
second reduction rod 24 is proximally displaced into abutting engagement against the
tapered surfaces 74 of the block elements 28. Compression of the second reduction rod 24
onto the tapered surface 74 in turn results in positioning of the outer alignment elements
200 and the corresponding outer vertebra Vo at a select height and at a select angular
orientation relative to one another, which preferably corresponds to the normal
physiological height and angular orientation (e.g., the natural kyphosis angle) of the
outermost vertebrae Vo along the sagittal plane. The block elements 28 allow relative
translation (e.g., sinking) of the outer vertebrae Vo along the sagittal plane to position the
outer vertebrae Vo at a substantially normal physiological height, and also allow relative
rotation of the outer vertebrae Vo along the sagittal plane to position the outer vertebrae
Vo at a substantially normal physiological angle p.

With the outer vertebrae Vo positioned at the correct physiological height and
anatomic angle, positioning of the remaining vertebrae V into correct alignment along the
sagittal plane is accomplished via engagement of the spacer elements 26 between adjacent
pairs of alignment elements 20p. As indicated above, the spacer elements 26 may be
provided with a fixed configuration defining a select spacer length /, or may be provided
with a variable configuration wherein the overall length of the spacer méy be adjusted to a
select spacer length /, either pre-operatively or intra-operatively. In either case, the spacer
elements 26 are engaged between the distal portions 20b of adjacent pairs of the elongate
alignment elements 20p to space the adjacent distal portions 20b apart at a select distance
d. With the proximal portions 20a of the adjacent pair of alignment elements 20p securely
coupled to the adjacent vertebrae Vp, spacing the distal portions 20b apart at a select
distance d correspondingly positions the adjacent pairs of vertebrae Vp at an angle o
substantially corresponding to the normal physiological angular orientation of the adjacent

vertebrae Vp along the sagittal plane.
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Referring to FIG. 26, following reduction of the spinal deformity and final
adjustment of the vertebrae V, one or more elongate implants 100 are engaged to the bone
anchors 30 to maintain the vertebrae V in the corrected state. In the illustrated
embodiment, the elongate implant 100 is configured as a spinal rod. However, other types
and configurations of elongate implants are also contemplated, such as, for example, a
spinal plate, a bar, a cable, a tether, or any other suitable elongate implant capable of
maintaining the vertebrae V in the corrected state. In the illustrated embodiment, the
elongate implant 100 is secured to the bone anchors 30. However, in other embodiments,
the elongate element 100 may be engaged directly to the vertebrae V, which may be
particularly appropriate if the elongate element is configured as a plate or tether. In one
embodiment, the elongate implant 100 is formed of a biocompatible material, such as, for
example, stainless steel or titanium. However, other materials are also contemplated,
including, for example, titanium alloys, metallic alloys such as chrome-cobalt, polymer
based materials such as PEEK, composite materials, or any other suitable material that
would occur to one of skill in the art.

In the illustrated embodiment of the invention, a pair of spinal rods 100a, 100b are
positioned along the spinal column, with one of the spinal rods 100a positioned within the
head portions 82 of the bone anchors 30a along one side of the spinal column, and the
other spinal rod 100b positioned within the head portions 82 of the bone anchors 30b
along the opposite side of the spinal column. The spinal rods 100a, 100b may be bent or
contoured, either outside of the patient’s body or in-situ, to more closely match the
position, orientation and alignment of the bone anchors 30a, 30b.

As shown in FIG. 27, the spinal rods 100a, 100b are engaged to the bone anchors
30a, 30b via a number of lock members 102, such as, for.example, set screws, to capture
the spinal rods 100a, 100b within the head portions 82. In one embodiment, the set screws
102 may be threadingly engaged with the head portions 82 of the bone anchors 30a, 30b
via a driving tool 110 to maintain the spinal rods 100a, 100b in engagement with the bone
anchors 30a, 30b. In one embodiment, the driving tool 110 includes a drive shaft 112
including a distal end portion 114 that is positioned within a tool receiving recess in the set
screw, and a handle 116 for imparting rotational force onto the drive shaft 112.

Prior to final tightening of the set screws 102, the reduction rods 22 and 24 may be

removed from the alignment elements 20 and final adjustments can be made to individual
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vertebrae V by manual manipulation of one or more of the alignment elements 20 to
correct any remaining misalignments between the vertebrae V. The set screw 102 are then
tightened into firm engagement with the spinal rods 100a, 100b, thereby securely
capturing the spinal rods 100a, 100b within the bone anchors 30a, 30b to maintain the
vertebrae V in the corrected state. Once the spinal rods 100a, 100b are secured to the bone
anchors 30a, 30b, the remaining elements of the instrumentation 10 may be removed from
the patient’s body. Additionally, various types of transverse connectors (not shown) may
be coupled between the spinal rods 100a, 100b to provide additional stabilization and
support to the rod system. Blood supply is restored to the arthrodesis area and grafting
may used to facilitate arthrodesis between adjacent vertebrae to further stabilize the spinal
column.

As illustrated and described above with regard to FIG. 19, in another embodiment
of the invention, the alignment elements 20 may be connected directly to the bone anchors
30a, 30b along one side of the spinal column. In such an embodiment, the spinal
deformity is reduced via a technique similar to that described above. However, instead of
positioning the instrumentation 10 along a central or medial portion of the spinal column
(e.g., generally along the sagittal plane), the instrumentation is positioned along one side
of the spinal column via engagement with a first set of the bone anchors 30a, 30b. Upon
reduction of the spinal deformity, an elongate implant, such as a spinal rod, may be
engaged to the second set of bone anchors 30a, 30b anchored along the opposite side of
the spinal column to secure the vertebrae in the corrected state. The instrumentation 10 is
thereafter disengaged from the first set of bone anchors 30a, 30b, followed by engagement
of a second elongate implant to the first set of bone anchors 30a, 30b to further secure the
vertebrae in the corrected state.

As should now be apparent, the instrumentation 10 illustrated and described above
may be used to treat a spinal deformity via a reduction technique which addresses both
rotational and translational aspects of the deformity along all three spatial planes,
including the coronal plane, the transverse plane, and the sagittal plane. While the
invention has been illustrated and described in detail in the drawings and foregoing
description, the same is to be considered as illustrative and not restrictive in character, it
being understood that only the preferred embodiments have been shown and described and

that all changes and modifications that come within the spirit of the invention are desired
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WHAT IS CLAIMED IS:

1. Instrumentation for reduction of a spinal deformity, comprising:

a plurality of elongate elements, each of said elongate elements extending
generally along a longitudinal axis and including a proximal portion adapted for coupling
to a corresponding vertebra and a distal portion;

a first reduction element extending along a first transverse axis, said first reduction
element engaged with said distal portions of said elongate elements to maintain said distal
portions in general alignment relative to said first transverse axis; and

a second reduction element extending along a second transverse axis, said second
reduction element movably engaged with said elongate elements wherein said proximal
portions are positioned in general alignment relative to said second transverse axis as said
second reduction element is displaced in a proximal direction along said elongate elements

to reduce the spinal deformity.

2. The instrumentation of claim 1, wherein displacement of said second
reduction element along said elongate elements imparts rotational movement to at least
some of said elongate elements about said first transverse axis to reduce the spinal

deformity.

3. The instrumentation of claim 2, wherein said rotational movement of said
at least some of said elongate elements imparts at least one of rotational and translation

movement to the corresponding vertebrae.

4. The instrumentation of claim 1, wherein sliding displacement of said
second reduction element along said elongate elements correspondingly draws said

elongate elements into general alignment with one another.

5. The instrumentation of claim 1, wherein said general alignment of said
distal portions relative to said first transverse axis and said general alignment of said
proximal portions relative to said second transverse axis correspondingly positions said

elongate elements substantially along a common plane to reduce the spinal deformity.
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6. The instrumentation of claim 1, wherein each of said elongate elements
defines a slot having a length extending between said proximal and distal portions, said
second reduction element positioned within said slots defined by said elongate elements
and displaced along said length of said slots in a proximal direction to generally align said

proximal portions along said second reduction element to reduce the spinal deformity.

7. The instrumentation of claim 1, further comprising a spacer mechanism
engaged with said elongate elements to establish a select distance between said distal

portions of adjacent pairs of said elongate elements.

8. The instrumentation of claim 7, wherein said spacer mechanism comprises
a plurality of spacer elements having select lengths, one of said spacer elements positioned
between said distal portions of said adjacent pairs of said elongate elements to establish

said select distance.

9. The instrumentation of claim 8, wherein said spacer elements are engaged

to said first reduction element.

10. The instrumentation of claim 7, wherein establishment of said select
distance between said distal portions correspondingly arranges said adjacent pairs of
elongate elements at a select angle relative to one another to correspondingly position the
vertebrae to which said adjacent pairs of elongate elements are coupled substantially at

said select angle.

11.  The instrumentation of claim 1, wherein at least two of said elongate
elements include a tapered surface defining a select taper angle; and

wherein said second reduction element is engaged against said tapered surface to
arrange said at least two of said elongate elements at a select angle relative to one another
to correspondingly position the vertebrae to which said at least two of said elongate

elements are coupled substantially at said select angle.



10

15

20

25

30

WO 2006/104813 PCT/US2006/010467

33

12. The instrumentation of claim 11, wherein said at least two of said elongate
elements are coupled to vertebrae which define the outer boundaries of an abnormal spinal

curvature.

13. The instrumentation of claim 11, wherein said tapered surface is defined by
a block element, one of said block elements engaged with each of said at least two

elongate elements.

14.  The instrumentation of claim 1, further comprising:

at least one bone anchor adapted for anchoring to each of a plurality of vertebrae
defining the spinal deformity; and

wherein said elongate elements are releasably engaged to corresponding ones of

said at least one bone anchor.

15.  The instrumentation of claim 14, wherein each of said elongate elements
includes a first threaded portion threadingly engaged with a second threaded portion
associated with said at least one bone anchor to provide releasable engagement

therebetween.

16.  The instrumentation of claim 1, further comprising:

a pair of bone anchors adapted for anchoring to each of a plurality of vertebrae
defining the spinal deformity;

a bridge member coupled between each of said pair of bone anchors; and

wherein said elongate elements are engaged to respective ones of said bridge

member.

17.  The instrumentation of claim 16, wherein said pair of bone anchors are
positioned on opposite sides of the spinal column; and
wherein said elongate elements are positioned along a mid-portion of the spinal

column.



10

15

20

25

30

WO 2006/104813 PCT/US2006/010467

34

18.  The instrumentation of claim 16, wherein said bone anchors comprise bone

SCIews.

19. The instrumentation of claim 16, wherein said pair of bone anchors are
positioned on opposite sides of the spinal column; and
further comprising a pair of elongate implants engaged with the bone anchors

along one said of the spinal column to maintain correction of the spinal deformity.

20.  Instrumentation for reduction of a spinal deformity, comprising:

a plurality of elongate elements, each of said elongate elements extending along a
longitudinal axis and including a proximal portion adapted for coupling to a corresponding
vertebra and a distal portion;

a first reduction element engaged to said distal portions of said elongate elements
to maintain said distal portions in a substantially fixed relationship relative to said first
reduction element; and

a second reduction element movably engaged to said elongate elements wherein
displacement of said second reduction in a proximal direction results in relative movement

of said proximal portions of said elongate elements to reduce the spinal deformity.

21.  The instrumentation of claim 20, wherein said displacement of said second
reduction element along said elongate elements imparts rotational movement to at least
some of said elongate elements about said first reduction element to reduce the spinal

deformity.

22.  The instrumentation of claim 20, wherein displacement of said second
reduction element along said elongate elements correspondingly draws said elongate
elements into general alignment with one another along a common plane to reduce the

spinal deformity.

23.  The instrumentation of claim 20, wherein each of said elongate elements
defines a slot having a length extending between said proximal and distal portions, said

second reduction element positioned within said slots defined by said elongate elements
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and slidably engaged along said length of said slots to correspondingly draw said elongate

elements into general alignment with one another along said second reduction element.

24.  The instrumentation of claim 1, further comprising a spacer mechanism
engaged with said elongate elements to establish a select distance between said distal

portions of adjacent pairs of said elongate elements.

25.  Instrumentation for reduction of a spinal deformity, comprising:

a plurality of elongate elements, each of said elongate elements including a
proximal portion adapted for coupling to a corresponding vertebra and a distal portion,
each of said elongate elements defining a slot having a length extending between said
proximal and distal portions;

a first reduction element engaged with said elongate elements to maintain said
distal portions in general alignment relative to said first reduction element; and

a second reduction element positioned within said slots defined by said elongate
elements and displaced along said length of said slots in a proximal direction to generally
align said proximal portions along said second reduction element to reduce the spinal

deformity.

26.  The instrumentation of claim 25, wherein said first reduction element is
positioned within said slots in said elongate elements adjacent said distal portions to

maintain said distal portions in general alignment along said first reduction element.

27.  The instrumentation of claim 26, wherein said first reduction element is
initially positioned within said slots and is displaced along said length of said slots in a

distal direction to generally align said distal portions along said first reduction element.
28.  The instrumentation of claim 25, wherein displacement of said second
reduction element along said length of said slots correspondingly draws said elongate

elements into general alignment with one another along a common plane.

29.  The instrumentation of claim 25, wherein displacement of said second
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reduction element along said length of said slots imparts rotational movement to at least
some of said elongate elements about said first reduction element to reduce the spinal

deformity.

30.  Instrumentation for reduction of a spinal deformity, comprising:

a plurality of elongate elements, each of said elongate elements extending along a
longitudinal axis and including a proximal portion and a distal portion;

means for coupling said proximal portions of each of said elongate elements to
corresponding vertebrae;

means for maintaining said distal portions of said elongate elements in alignment
generally along a first transverse axis; and

means for aligning said proximal portions of said elongate elements generally

along a second transverse axis to reduce the spinal deformity.

31.  The instrumentation of claim 30, further comprising means for spacing said
distal portions of adjacent pairs of said elongate elements at a select distance to arrange
said adjacent pairs of elongate elements at a select angle relative to one another to
correspondingly position the vertebrae to which said adjacent pairs of elongate elements

are coupled substantially at said select angle.

32.  The instrumentation of claim 30, further comprising means for arranging at
least two of said elongate elements at a select angle relative to one another to
correspondingly position the vertebrae to which said at least two of said elongate elements

are coupled substantially at said select angle.

33.  The instrumentation of claim 30, wherein said means for coupling each of
said elongate elements to a corresponding vertebra includes:

a pair of bone anchors; and

means for interconnecting said pair of bone anchors; and

wherein said elongate elements are coupled to said means for interconnecting.

34.  The instrumentation of claim 30, wherein said means for maintaining and
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said means for aligning cooperate to position said longitudinal axes of said elongate

elements generally along a common plane.

35. A method of reducing a spinal deformity, comprising:

providing a plurality of elongate elements and first and second reduction elements,
each of the elongate elements extending along a longitudinal axis and including a proximal
portion and a distal portion;

coupling the proximal portions of the elongate elements to respective vertebrae;

engaging the first reduction element with the elongate elements to maintain the
distal portions of the elongate elements in general alignment relative to the first reduction
element;

engaging the second reduction element with the elongate elements; and

displacing the second reduction element in a proximal direction to generally align
the proximal portions of the elongate elements relative to the second reduction element to

reduce the spinal deformity.

36.  The method of claim 35, wherein the displacing of the second reduction
element imparts rotational movement to at least some of the elongate elements about the
first reduction element which results in at least one of rotational and translation movement

of the corresponding vertebrae to reduce the spinal deformity.

37.  The method of claim 35, wherein maintaining the distal portions of the
elongate elements in general alignment along the first reduction element while displacing
the second reduction element in a proximal direction results in positioning of the elongate

elements substantially along a common plane.

38.  The method of claim 35, wherein each of the elongate elements defines a
slot having a length extending between the proximal and distal portions; and

further comprising positioning the second reduction element within the slots of the
elongate elements and displacing the second reduction element along the slots in a
proximal direction to generally align the proximal portions along the second reduction

element to reduce the spinal deformity.
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39.  The method of claim 35, further comprising establishing a select distance
between the distal portions of adjacent pairs of the elongate elements to arrange the
adjacent pairs of the elongate elements at a select angle relative to one another to
correspondingly position the vertebrae to which the adjacent pairs of elongate elements are

coupled substantially at the select angle.

40.  The method of claim 39, wherein the establishing of the select distance is
accomplished by positioning a spacer element having a select length between the distal

portions of the adjacent pairs of the elongate elements.

41.  The method of claim 35, further comprising arranging at least two of the
clongate elements at a select angle relative to one another to correspondingly position the
vertebrae to which the at least two of the elongate elements are coupled substantially at the

select angle.

42.  The method of claim 41, wherein the arranging is accomplished by
engaging the second reduction rod against a tapered surface associated with each of the at

least two elongate elements.

43.  The method of claim 35, further comprising:

anchoring at least one bone anchor to each of a plurality of vertebrae defining the
spinal deformity; and

wherein the coupling comprises engaging the elongate elements to corresponding

ones of the at least one bone anchor.

44.  The method of claim 35, further comprising:
anchoring a pair of bone anchors to each of a plurality of vertebrae defining the
spinal deformity; and

interconnecting the pair of bone anchors with a bridge member; and
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wherein the coupling comprises engaging the elongate elements to respective ones

of the bridge member.

45.  The method of claim 44, wherein the pair of bone anchors are positioned on
opposite sides of the spinal column; and
wherein the elongate elements are positioned along a mid-portion of the spinal

column,

46.  The method of claim 45, further comprising engaging a pair of elongate
rods with the bone anchors along each side of the spinal column to maintain correction of

the spinal deformity.

47.  The method of claim 35, wherein the coupling of the elongate elements

comprises anchoring of the elongate elements directly to the respective vertebrae.

48.  The method of claim 35, wherein reducing the spinal deformity comprises

at least one of rotating and translating the effected vertebrae along three spatial planes.

49.  The method of claim 48, wherein the three spatial planes comprise the

transverse plane, the coronal plane and the sagittal plane.

50. A method of reducing a spinal deformity, comprising:

providing a plurality of elongate elements, each of the elongate elements extending
along a longitudinal axis and including a proximal portion and a distal portion;

coupling the proximal portions of the elongate elements to respective vertebrae;

aligning the distal portions of the elongate elements generally along a first
transverse axis; and

aligning the proximal portions of the elongate elements generally along a second
transverse axis while maintaining alignment of the distal portions to reduce the spinal

deformity.

51. The method of claim 50, further comprising:
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engaging a first reduction element with the elongate elements to maintain
alignment of the distal portions generally along the first transverse axis; and
engaging a second reduction element with the elongate elements to maintain

alignment of the proximal portions generally along the second transverse axis.

52.  The method of claim 51, wherein the aligning of the proximal portions of
the elongate elements generally along the second transverse axis results from slidably
displacing the second reduction element in a proximal direction along the elongate

elements.

53.  The method of claim 52, wherein the displacing of the second reduction
element imparts rotational movement to at least some of the elongate elements relative to
the first reduction element which results in at least one of rotational and translation

movement of the corresponding vertebrae to reduce the spinal deformity.

54.  The method of claim 50, wherein the aligning of the distal portions of the
elongate elements generally along the first transverse axis and the aligning of the proximal
portions of the elongate elements generally along the second transverse axis results in

positioning of the elongate elements substantially along a common plane.

55.  The method of claim 50, wherein each of the elongate elements defines a
slot having a length extending between the proximal and distal portions; and

further comprising positioning the second reduction element within the slots of the
elongate elements and displacing the second reduction element along the slots in a
proximal direction to generally align the proximal portions along the second reduction

element to reduce the spinal deformity.

56.  The method of claim 50, further comprising establishing a select distance
between the distal portions of adjacent pairs of the elongate elements to arrange the

adjacent pairs of the elongate elements at a select angle relative to one another to
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correspondingly position the vertebrae to which the adjacent pairs of elongate elements are

coupled substantially at the select angle.

57.  The method of claim 50, further comprising arranging at least two of the
5 elongate elements at a select angle relative to one another to correspondingly position the
vertebrae to which the at least two of the elongate elements are coupled substantially at the

select angle.

58.  The method of claim 50, further comprising:
10 anchoring a pair of bone anchors to each of a plurality of vertebrae defining the
spinal deformity; and
interconnecting the pair of bone anchors with a bridge member; and

wherein the coupling comprises engaging the elongate elements to respective ones

of the bridge member.
15
59.  The method of claim 58, wherein the pair of bone anchors are positioned on
opposite sides of the spinal column; and
wherein the elongate elements are positioned along a mid-portion of the spinal
column.
20

60.  The method of claim 50, wherein reducing the spinal deformity comprises

at least one of rotating and translating the effected vertebrae along three spatial planes.
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