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SPINAL CORRECTION SYSTEM ACTUATORS

CROSS-REFERENCE TO RELATED APPLICATIONS
16601} This application claims priority to U.S. Provisional Application No.
81/493,117, filed on June 3, 2011 and entitled "SPINAL CORRECTION SYSTEM
ACTUATORS?, the entire contents of which is incorporated herein by reference for

all purposes.

BACKGROUND
10602} Many systems have been utilized to treat spinal deformities such as
scoliosis, spondylolisthesis, and a variety of others. Primary surgical methods for
correcting a spinal deformily utilize instrumentation o correct the deformily as
much as possible, as well as implantable hardware sysiems to rigidly stabilize and
maintain the correction. Many of these implaniable hardware sysiems rigidly fix
the spinal column or allow limited growth and/or other movement of the spinal
column, to help facilitate fusion after the column has been moved {0 a correcled

position.

SUMMARY
10603] Soms inventive aspects relale to a spinal correction system for
implantation in a patien, the system including a reciprocaling adjuster and/or a
resistance adjuster coupled to a stabilizing member, for example. In some
embodiments, the resisiance adjuster includes a potential energy drive, a slide
urit, 8 and 3 resistance unit. In some embodiments, the reciprocating adjuster
includes a piston unit, a transfer unit coupled o the piston unit, and & retumn

mechanism.

BRIEF DESCRIFPTION OF THE DRAWINGS
10004} FIG. 1 shows a system for corecting a spine tending to exhibit a
spinal deformity, according o some embaodiments.
10605} FIG. 2 shows a correction anchor and connector of the system of

FIG. 1, according to some embodiments.
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10606} FIG. 3 shows a top view of a tensioner and 3 stabilizing member of
the system of FIG. 1, according 1o some embodiments.

106077 FIG. 4 shows the tensioner of FIG. 3 with a portion of a housing of
the tensioner removed, according 1o some embodiments.

10008} FIGS. 5 and © show a tensioning system for externally actuating one
or more of the tensioners of the system of FIG. 1, following implantation of the
systemn, according to some embodiments,

10609} FIGS. 7 and 8 show another tensioning system for externally
actualing one or more of the tensioners of the system of FIG. 1, following
implantation of the system, according to some embodiments.

100107 FIGS. 8@ and 10 show ancther tensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

(0011} FIGS. 11 and 12 show another tensioning sysiem that is oplionally
employed in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

10612} FIGS. 13, 14, and 15 show anocther tensioning system that is
optionally employed in addition {o, or as a replacement for, one or more of the
tensioners, according 1o some embodiments.

10013} FIGS. 16 and 17 show another tensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

(0014} FIGS. 18 and 19 show another tensioning system that is oplionally
employed in addition to, or as a replacement for, one or more of the {ensioners,
according to some embodiments.

10615} FIGS. 20 and 21 show another tensioning sysiem that is optionally
amployed in addition to, or as a replacement {or, ong or more of the {ensioners,
according to some embodiments,

16616} FIGS. 22, 23 and 24 show another tensioning system that is
optionally employed in addition to, or as a replacement for, one or more of the

tensioners, according to some embodiments.
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10017} FIGS. 25 and 26 show ancther tensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

10018} FIGS. 27 and 28 show an expanding siabilizing member system that
is optionally employed in addilion o, or as a replacement for, the stabilizing
member of the system of FIG. 1, according {0 some embodiments.

100197 FIG. 29 shows another lensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

10062401 FIGS. 30 and 31 show a first actuaior collar of the system of FIG.
28, where FIG. 30 shows the first actuaior collar in a free spinning, or unlocked
state, and FIG. 31 shows the first acluator collar in a locked, or engaged stale,
according to some embodiments.

(0021} FIG. 32 shows another tensioning system that is oplionally
employed in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

10622} FIGS. 33 and 34 show another tensioning sysiem that is optionally
amployed in addition to, or as a replacement {or, ong or more of the {ensioners,
according to some embodiments,

100231 FIGS. 35 and 36 show another tensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

(0024} FIGS. 37 and 38 show another tensioning system that is oplionally
employed in addition to, or as a replacement for, one or more of the {ensioners,
according to some embodiments.

10625] FIGS. 39, 40, and 41 show an expanding stabilizing member system
that is optionally employed in addition {o, or as a replacement for, the stabilizing
member of the system of FIG. 1, according o some embodiments.

16626} FIGS. 42, 43, and 44 show an expanding stabilizing member system
that is optionally employed in addition {0, or as a replacement for, the stabilizing

member of the system of FIG. 1, according to some embodiments.
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100271 FIGS. 45 and 46 show ancther tensioning system that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners,
according to some embodiments.

10628} While the invention is amenable io various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and are described in detall below. The intention, however, is not {o
firnit the invention [o the particular embodiments described. On the contrary, the
invention is intended o cover all modifications, equivalents, and alernatives

falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIFTION

100281 Some embodimeanis relate to a system for correcting spinal deformilies,
as well as associated methods and devices. In general terms, the system
provides lateral translational corrective force(s) and/or derotalional corrective
force(s} on a spinal column tending o exhibil a defeclive curvaiure. In some
ambodiments, the system f{acililates incremental correction, gross correction,
and/or correction mainienance as desired.

1003¢]  Various planes and associated directions are referenced in the following
description, including a sagittal plane defined by two axes, one drawn between a
head (superior} and tail {inferior) of the body and one drawn belween a back
{posteriory and front (anterior) of the body, a coronal plane defined by two axes,
one drawn between a cenier (medial) to side (lateral) of the body and one drawn
between the head and iail of the body; and a transverse plane defined by two
axes, one drawn between a back and front of the body and one drawn between a
center and side of the body.

(00311 Also, the terms pilch, roll, and yvaw are used, where roll generally refers
to angulation, or rotation, in a first plane through which a longitudinal axis of a
body orthogonally passes {(e.g., rolation about a longitudinal axis corresponding to
the spinal column), pitch refers to angulstion, or rotation, in a second plane
arthogonal (o the first plane, and vaw refers o angulation, or rotation, in a third
plane orthogonal to the first and second planes. In some embodiments, pitch is

angulation in the sagittal plane, yaw is angulation in the coronal plane, and roll is
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angulation in the transverse plane. in various embodimenis, changes in pitch,
vaw, andfor roll cccur concurrently or separately as desired. Moreover, as used
herein, “lateral translation” is not limited o translation along the medial-lateral axis
{(in either the lateral-medial or medial-lateral direction(s)} unless specified as such.
(00321 FiG. 1 is a perspeclive view of a system 10 for correcting a spine
tending to exhibit a spinal deformity, according to some embodiments. As shown
in FIG. 1, the system 10 includes a slabilizing member 12; a plurality of stabilizing
anchors 14, including a first stabilizing anchor 14A and a second stabilizing
anchor 148, a plurality of correction anchors 18 including a first correction anchor
18A and a second correction anchor 188, a plurality of tensioners 20 including a
first tensioner 20A and a second tensioner 208, and a plurality of connectors 22
including a first connector 22A and a second comnector 22B.  As shown, the
system 10 is secured 10 a spinal column 24 formed of a plurality of vertebrae 26,
including a first vertebra 26A, a second vertebra 268, a third vertebra 26C, and a
fourth vertebra 26D.

[0033] In some embodiments, the stabilizing member 12 is also referred {0 as
a rod or alignment member; the stabilizing anchors 14 are also referred o as
alignment supports or guides; the correction anchors 18 are also referred 1o as
anchor arms or veriebral levers, the tensioners 20 are also referred fo as
adjustment mechanisms or tying devices, and the connectors 22 are also referred
to as force direcling members or cables, for example. Although the system 10 is
shown with two stabilizing anchors 14, two correction anchors 18, two tensioners
20, and two connectors 22, a greater or fewer number thereof are implemented as
appropriate.  As described in greater detail below, the tensioners 20 and/or
stabilizing member 12 are oplionally replaced and/or augmented by a variety of
other tensioning and expanding stabilizing member systems.

10034] Some examples of suilable stabilizing members 12, stabilizing anchors
14, correction anchors 18, tensioners 20, and/or connecliors 22 according o some
embodiments are described in U.S. App. No. 12/411.,562, filed March 26, 2008,
and entitled “Semi-Consirained Anchoring System”; U.S. App. No. 11/186,952,
filed August 3, 2005, and entitled “Device and Method for Correcting a Spinal
Deformity”; and U.8. App. No. 12/134,058, filed June 5, 2008, and entitled
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“Medical Device and Method o Correct Deformily,” the entlire contents of each
which are incorporated herein by reference for all purposes.

10635] As shown, the spinal column 24 has a transverse centerline of rotation
Y, also described as a longitudinal axis of rolation. In some embodiments, the
fransverse centerline rotation Y of the spinal column 24 generally corresponds to
a mid-distance position of the spinal canal {not shown) extending through the
spinal column 24, where each veriebra 26 has a transverse center of rotation
generally located on the transverse centerline of rotalion Y.

10036] As shown in FIG. 1, the correction anchors 18 are fixed {0 a targst
region 24A of the spinal column 24 tending to exhibit an abnormal, or defective
curvature {e.g., scoliosis) in need of correction. The system 10 is oplionally used
to apply derctational and/or lateral translational forces on the target region 24A of
the spinal column 24 to transiate and/or maintain the spinal column 24 at a
desired curvature.

166371 In some embodiments, the stabilizing member 12 is substantially
elongate and rigid, and, if desired, the stabilizing member 12 incorporates some
Hex, or springiness while substantially rigidly retaining ifs shape. As will be
described i greater detail, the stabilizing member 12 is adapted, or otherwise
structured, 1o extend along the spinal column 24 at 3 desired spacing from the
veriebrae 26 of the spinal column 24. In some embodiments, the stabilizing
member 12 is partially or fully contouraed to a typical, corrected curvalure of the
spinal column 24. The stabilizing member 12 has a longitudinal axis X and where
the stabilizing member 12 is subslantially siraight, the longitudinal axis X is
substantially straight. Where the stabilizing member 12 has curved or angled
portions, the longitudinal axis X at those portions is similarly curved or angled. As
described in greater detail, the stabilizing member 12 optionally includes fealures
for adjusting a length of the stabilizing member 12.

100381 FiG. 1 shows the pair of stabilizing anchors 144, 14B which are
adapted, or otherwise siructured, 1o be mounted or fixed {0 one or more siabilizing
verigbrae, such as the first and second vertebrag 264, 268. The first and second
stabilizing anchors 14A, 148 are further adapted to receive, and include means for

recelving, the stabilizing member 12 such that the stabilizing member 12 is
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secured lalerally, against lateral translalion relative to the first and second
stabilizing anchors 14A, 14B.

106381 In some embodimenis, the stabilizing anchors 14 are secured o a
single one of the veriebra 26 {e.g., Iaterally across the vertebra at the pedicles, or
at a single point, such as a single pedicle). The first and second siabilizing
anchors 14A, 148 are sach secured {o a single vertebra in some embodiments or
multiple veriebrae in others, such as an addilional, adjacent one of the vertebra
26. As shown in FIG. 1, the first and second slabilizing anchors 144, 148 are
secured (o the first and second vertebrae 264, 288, respectively, as well as one of
the vertebrae 26 adjacent each of the first and second veriebrae 26A, 268, As
received by the first and second siabilizing anchors 144, 148, the siabilizing
member 12 is semi-consirained by the stabilizing anchors 14, the stabilizing
member 12 being free to move with natural movements of the spinal column 24
while being substantially prevenied from franslating in a direction that is
substantially perpendicular to the longitudinal axis X of the siabilizing member 12
at each of the siabilizing anchors 14A, 14B.

1064081  In some embodiments, the stabilizing member 12 is able o slide axially,
or translate axially in one or two directions, along the longitudinal axis X, relative
to the first and/or second slabilizing anchors 14A, 14B. The stabilizing member
12 is able to slide and {0 change in al least pifch and yaw at the first and second
stabilizing anchors 14A, 14B. If desired, the stabilizing member 12 is also able to
change in roll at the first and/or the second stabilizing anchors 144, 148, Thus, in
some embodiments, the siabilizing anchors 14 are adapled o receive the
siabilizing member 12 and secure the siabilizing member 12 against substantial
lateral transiation relative o stabilizing verlebrae {e.g., the first and second
verigbrae 264, 26B). For example, the veriebrae 26A, 268 {(as well as secondary
vertebra {o which the stabilizing anchors 14 are secured) are used o stabilize the
stabilizing member 12 which defines a line of reference from which to adjust
defective curvature by providing a series of anchor points toward which the target
region 24A is able to be pulled.

(00411 The first and second correction anchors 184, 188 are optionally

subsiantially similar, and thus various fealures of the second correction anchor
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188 are described in associalion with the first correction anchor 18A. Features of
the first correction anchor 18A are designated with reference numbaers {ollowed by
an “A" and similar features of the second correction anchor 188 are designated
with similar reference numbers followed by a “B.”

100427 FiG. 2 shows the first correction anchor 18A according o some
embodiments. As shown, the first correction anchor 18A is generally L-shaped,
where the first correction anchor 18A includes an arm 50A with oplional threading
51A (shown in broken lines) and a head 52A assembled o one another in a
generally L-shaped configuration. The first correction anchor 18A is oplionally
substantially rigid. In some embodiments, the arm 50A exiends from the head
52A to a terminal coupler 54A and is disposed generally perpendicular 1o the head
52A. In some embodiments, a length of the correction anchor 18A is adjustable,
as described in greater detaill below. The arm 50A is oplionally secured about, and
rotatable relative o the head 52A and is adapled to exiend across one of the
veriebras 26, for example, from one side of the spinal column 24 {o an opposite
side of the spinal column 24.

100431 The head 52A of the correction anchor 18A is optionally adapted or
otherwise structured 1o be fixed to a portion of the third vertebra 26C, such as a
pedicle of the third vertebra 26C. The head 52A includes a body portion 56A and
a cap pottion 58A. The head 52A includes andfor is adapled to work in
conjunction with any of a variety of means for securing io the third vertebra 26C.
For example, the body portion 58A is optionally configured as a pedicle screw.
Assembly of the first correction anchor 18A includes receiving the arm 50A on the
body portion 56A of the head 52A and screwing or otherwise securing the cap
portion 58A onio the body portion 58A. In some embodiments, the arm 50A is
rotaiable relative to the head 52A upon assembly of the correction anchor 18A.
(00447 The first comrection anchor 18A is secured to the third vertebra 26C
such that the arm 50A extends across the third vertebra 26C either adjacent (o the
spinous processes or through a hole or hollowed portion in the spinous processes
of the third vertebra 26C. In some embodiments, the second correction anchor
188 is secured 1o the fourth veriebra 26D, where the fourth vertebra 260 is an
apical vertebra al the apex A of the target region 24A (FIG. 1).
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10045]  The first tensioner 204 is shown in FIGS. 3 and 4, where FiG. 4 shows
the first tensionar 20A with a portion removed to Hustrale inner features thereof.
The tensioners 20 are optionally substantially similar, and thus various features of
the first, and second tensioners 20A, 208 are described in association with the
first tensioner 20A. Features of the first tensioner 20A are designated with
reference numbers followed by an “A” and similar features of the second tensioner
208 are designated with similar reference numbers followed by a "B

10046] Generally, the first tensioner 204 provides means for securing the first
connector 224 to the siabilizing member 12, In some embodiments, the first
tensioner 204, also described as an adjustment mechanism or coupler, is further
adapted {o adjust, and provides means for adjusting the effective length of the first
connector 22A,

106471 In some embodiments, the first tensioner 20A includes a reel 70A
having a ceniral lumen adapted 1o be coaxially received over the slabilizing
member 12, a circumferential gear 72A surrounding the resl 70A, a vertical gear
744 In contact with the circumferential gear 72A, an actuation head 784, and a
housing 80A.

(00487 The reel 70A, as well as the circumferential gear 724 and vertical gear
74A are maintained at least partially within the housing 80A. in turn, the housing
80A is adapted 10 be secured o the siabilizing member 12. For example, the
housing 80A optionally forms a clamshell configuration through which the
stabilizing member 12 is receivable. Upon inserting the stabilizing member 12
through the central lumen of the reel 70A, the housing 80A is adapted (o be
clamped onto the stabilizing member 12 with the reel 70A free to rotate about the
stabilizing member 12.

10048] The first connector 22A is attached or secured {0 the reel 70A and
passes out of the housing 80A through an appropriately sized opening in the
housing 80A. Acluation of the vertical gear 74A via the actuation head 78A turns
the circumferential gear 72A, which tums the reel 70A, thus winding {or
unwinding, depending on the direction in which the reel 70A is tumed) the first
connector 22A about the reel 70A. Rotgtion of the reel 70A in the appropriate

direction draws the first connector 22A in toward the first tensioner 20A, pulling
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the first correction anchor 18A (FIG. 1) toward the first tensioner 20A according to
some methods of correcling a spinal defecl. In some embodiments, the actuation
head 78A has a recepiacle for receiving a hex head driver for rotating the
actuation head 78A.

100501 From the foregoing, it should also be undersiood that the second
connector 228 is similarly coupled to the second tensioner 208, where actuation
of the second tensioner 208 modifies the effective length of the second connector
228, drawing the connector 22B in or letting them out.

1006511 The connectors 224, 228 are optionally substantially similar, and thus
various features of the conneciors 22 are described in association with the first
connector 22A. Features of the first connecior 22A are designated with reference
numbers followed by an “A” and similar features of the second connector 228 are
designated with similar reference numbers followed by a “B.

100521  In some embodiments, the first connecior 22A is substantially flexible
such that the first connector 224 is able to be pivoted in multiple directions (2.9,
to faciliiate a2 polyaxial connection to the correction anchor 18A and/or the
tensioner 20A). Such flexibility additionally or alternatively facilitates spooling or
winding of the first connecior 224, for example. Suilable flexible materials for
forming the first connector 22A include wire and stranded cables, monofilament
polymer materials, multifilament polymer malerials, multifilament carbon or
ceramic fibers, and others. In some embodiments, the first connector 22A is
formed of stainless steel or tilanium wire or cable, although a variety of materials
are contemplated.

106531 As shown in FIG. 1, the first connector 224, also described as a force
directing member or a cable, is adapted {0 be secured (o the first correction
anchor 18A and the first tensioner 20A, the first conneclor 22A defining an
affective length belween the first tensioner 20A and the first correction anchor
18A, and thus the slabilizing member 12 (although, in some embodiments, the
first connector 22A is secured directly to the siabilizing member 12). As
described, in some embodiments, the first tensioner 20A is adaptad (o modify, and
provides means for modifying, the effective length of the first connector 22A. As

10
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shown, the second connector 228 interacts similarly with the second correction
anchors 188,

10654] In view of the foregoing, assembly and use of the system 10 according
o some embodiments generally includes attaching the stabilizing anchors 14 on
superior andior inferior locations of the target region 24A, for example to
transitional vertebrae characterizing a scoliotic curvature of the spinal column 24.
in some embodiments, the target region 24A includes those of the vertebras 26 in
need, or in greater need, of correction. In operation, the conneclors 22 couple the
corection anchors 18 {0 the stabilizing member 12 and, by retracting the
connectors 22 toward the stabilizing member 12, the spinal column 24 is brought
into more natural alignment.

(00551 The system 10 is oplionally used for incremental correction, for gross
correction, and/or for maintaining a comrection as desired. For example, the
conneclors 22 are optionally relracted incrementally as part of one or moreg
procedures using the fensioners 20. In other embodiments, a single, gross
adjustment is made using the tensioners 20 or other device(s) to accomplish a
desired correction. In still other embodiments, a correction is made using other
hardware, prior o or in conjunction with securing the system 10 io the spinal
column 24, where the system 10 is utilized 1o maintain the desired correction.
(005681 FIGS. 5 and 6 show a tensioning system 100 for externally actuating
one or more of the tensioners 20 following implantation of the system 10, As
shown, the tensioning system 100 includes an implantable driver 102, also
described as a reciprocating adjuster, and an exiernal driver 104,

186571  In some embodiments, the implantable driver 102 includes a housing
106, one or more lever arms 108, also described as piston units, mainiaining one
or more magnel(s) 110 and defining a center of rotation within the housing 106, a
drive shafl 112 coaxial with the center of rotation of the lever arms 108, a one-way
roller clutch 114 connected o the drive shaft 112, and reset springs 114 (FIG. ©),
also described as a retumn mechanism. The drive shaft 112 is adapted to couple
with the actuation head 78A, for example by including a suilable maling
component, such as a hex head driver, or by being integrally formed or otherwise

connecied to the actuation head 78A such that displacement of the lever arms

11
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108 in a first direction causes the reel 70A 1o rotate in a second, orthogonal
direction such thal the lensioner 20A acts as a transfer unit.  In some
embodiments, the housing 106 of the implantable driver 102 is secured to the
housing 80A, for example being integrally formed therewith.

(00581 The external driver 104 is configured io activate the implantable driver
102 through the body of a patient {(e.g., through skin, muscle, and/or bone as
appropriate) and includes a housing 120, a drive assembly 122, a drive shaft 124
connected to the drive assembly 122, and a magnst assembly 126 connecled o
the drive shaft 124. In use, aclivation of the drive assembly 122 causes the
magnet assembly 126 {o rotate.

100581 The drive assembly 122 is optionally an angle driver adapted 1o rotate
the drive shaft 124 at a desired speed and torque. The housing 120 is optionally
substantially cylindrical in shape and includes a top 128 and a botiom 130, the
housing including a central aperture for receiving the drive shaft 124 and being
sized and shaped fo receive the magnel assembly 126 such that the magnet
assembly 126 is free 1o rotate within the housing 126.

106601 The magnet assembly 128 includes a plurality of magnets, such as a
first magnet 128A of a first polarity and a second magnet 1268 of the same, or an
opposite polarity. As shown in FIG. 5, the first and second magnets 1264, 1268
are connected 1o one ancther with a circular attachment 128 that is, in tumn,
connected to the drive shaft 124, the drive shaft 124 being coaxial with an axis of
rotation of the magnet assembly 126. The first and second magnets 1264, 1268
are oplionally diametrically opposed to one ancther relalive (o the axis of rotation
of the magnet assembly 126.

(00611 In some uses, the implantable driver 102 is operated, or magnetically
powered, through the skin § of a patient using the exiernal driver 104. In
particular, as the first and second magnets 1264, 1268 of the external driver 104
rotate, the magnet(s) 110 of the implaniable driver 102 are rotated uniil the
magnet(s) 110 are unable 1o rotate further {e.g., with the housing 106 acting as a
stop). The one-way roller cluich 114 allows rolation in a single direction and, upon
reaching the limit of rotation, the magnet{s) 110 reset back to their original position
via spring-action before the next one of the first and second magnets 126A, 1268

12
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rotates info position with one or more of the magnet{s) 110 to initiale another
ratchet sequence. The one-way roller clutch 114 is adapled to raichet, or hold,
after a small amount of rotation. This helps allow a relative compact design, as
the lever arms 108 are not required to travel through a large rotational angle. For
example, the lever arms 108 optionally each travel through an angle of between O
and 45 degrees or between 5 and 30 degrees, although a variety of angular limits
are contemplated. In some embodiments, a gearing sysiem (not shown) is also
employved to help increase forque as desired. The housing 106 of the implantable
driver 102 and the housing 120 of the exiernal driver 104 help avoid unwanted
contact of moving parts with the skin of the patient.

(006217 FIGS. 7 and & show ancther tensioning system 150 for exiernally
actuating one or more of the tensioners 20 following implantation of the system
10. As shown, the tensioning system 150 acls as a reciprocaiing adjuster and
includes a cap 152, also described as a piston unit, and a spring 154, also
described as a return mechanism, as well as a one-way drive roller clutch 156 and
a drive shaft 158, also described as a transfer unit. The tensioning system 150 is
adapted to translate a linear downward force to lateral, or fransverse, rotation.
The cap 152 is engaged with the spring 154 and one-way drive cluich 156 such
that when a downward force is applied to the spring-loaded cap 152 the ensuing
downward movement of the cap 152 causes lateral rotation of the one-way drive
rolier cluich 154, In some embodiments, the clutch 156 has grooves or ridges
156A that are cut al an angle so that depression of the cap 152 causes the cluich
156 to rotate, where the steeper the angle the less the force required o depress
the cap 152 and the less ensuing rotation of the drive shaft 158, The drive shaft
158 and/or cluich 156 are also optionally coupled to a gearbox {(not shown) {o
enhance mechanical advaniage of the system 150. The system 150 also
optionally includes a plurality of low-friction ball bearings 160 between the cap 152
and the cluich 158 io reduce the force needed o depress the cap 152 and rotate
the drive shaft 158.

00631 The one-way drive rofler clutch 156 is coupled to the drive shaft 158
such that rotation of the clutch 156 translates o rotation of the drive shaft 158, In

some embodiments, the drive shaft 158 is adapled to be connected {o the
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actuatlion head 78A. The drive shaft 158 is optionally a 4 mm hex drive adapted,
for example, {0 engage with a female 4 mm hex pocket in the actuation head 78A
of the tensioner 20A (FIG. 1)

100841 The system 150 is optionally aclivated by depressing the bution through
a palient’s skin, where the cap 152 is located by a user via taclile fesl andior
external markings {e.g., taticos), for example. In some embodiments, during use,
the cap 152 doss not rolate relative o the tensioner 20A. For example, the
downward force on the cap 152 rolates the one-way roller cluich 156, which then
actuales the tensioner 20A lo tighten the connecior 224, for example.

10065] FIGS. 9 and 10 show another tensioning system 200, also described
as a reciprocating adjuster, that is optionally employed in addition o, or as a
replacement for, one or more of the tensioners 20. The iensioning system 200
includes a housing 202, an culer one-way roller clutch 204, also referred to as an
outer clutch, an inner ona-way roller cluich 206, also referred to as an inner cluteh,
a push button 208, also described as a piston unit, and a spring 210, also
described as a return mechanism. The housing 202 generally mainiains the outer
and inner cluiches 204, 2006, also described as g transfer unit, the push bution 208
and the spring 210, and is adapted o be secured (e.g., via a clamshell fit} to the
stabilizing member 12. As shown in FIG. 10, the ouler cluich 204 includes
gearing 212 and the push button 208 includes gearing 214, the gearing 212 and
the gearing 214 being adapted o complement one ancther o rotationally drive the
outer clutch 204 upon depressing the push button 208, where linear movement of
the push button is iranslated into ransverse movement of the ouler cluich 204,
10666} As designated in FiG. 10, the outer cluich 204 is adapted o spin
freely in a first direction D1 and o lock o the inner cluich 206 in a second
direction D2. In turn, the inner clutch 206 is adapted to spin freely relalive to the
stabilizing member 12 in the second direction D2 while being locked (o the
stabilizing member 12 in the first direction D1.

10667} in some embodiments, the ouler and inner clutches 204, 206 are
one-way drawn-cup roller clutches arranged with the ouler clutch 204 around the
inner clutch 206 such that when the push button 208 is depressed both the inner
rofler cluich 206 and the outer clutch 204 forward rolate relative o the stationary
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member and when the push bution is released 208 the spring 210 reiurns the
push button 208 to its original position and the inner clutch 206 remains stationary
while the outer clutch 204 back rotates relative to the stabilizing member 12
10668} One of the conneciors 22, for example the conneclor 224, is
sacured to the inner clutch 206 such that a user accessing the push bution 208
{e.g., through the skin of a patlient as previously described) is able to repeatedly
push the push bulton 208 in order to raichel the connector 22A toward (or
alternatively, away) from the stabilizing rod 12, shortening the effective length of
the connector 22A.  Gear boxes or other means of enhancing mechanical
advaniage of the system 200 are employed as desired.

100691 FIGS., 11 and 12 show ancther lensioning system 250, also
described as a reciprocaling adjuster, that is optionally employed in addition to, or
as a replacement for, one or more of the tensioners 20. As shown, similarly to the
systam 200, the system 250 also employs a dual roller clutch mechanism, also
described as a transfer unit. The system 250 includes a housing 252, an outer
one-way roller cluich 254, also referred (o as an outer cluich, an inner one-way
roller clutch 256, also referred to as an inner clutch, a push button 258, also
refarred {0 as a piston unil, a spring 260, also described as a return mechanism,
and a drive linkage 262 coupling the push bution 258 {o the outer clutch 254, In
operation, depression of the push butlon 258 resulis in rotational force on the
outer clutch 254 in a first direction and releasing the push button 258 from the
depressed position to an initial position resuits in a rotational force on the culer
clutch 254 in an opposite direction. The housing 252 generally maintains the
outer and inner cluiches 254, 256, the push butlon 258, the spring 260, and the
drive linkage 262, and is adapted 1o be secured {e.g., via a clamshell it} {0 the
stabilizing member 12. As shown, the system 250 also includes a magnetic latch
assembly 270 adapted o allow selective aclivation of the system 250 for
adjustment.

16674} in some embodiments, the system 250 generally operates similarly
to the systemn 200, where g user depresses the push button 258 through the skin
of the patient to raichet one of the connectors 22, for example the first connector

224, around the inner cluich 254, Additionally, the magnetic lalch assembly 270
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is present as an oplional feature o help prevent inadverient adjustment of the
system 250 {e.q., by an unintentional depression of the push bution 258). As
shown, the magnetic laich assembly 270 includes a housing 271 maintaining a
spring 272, a lalch magnet 274, and a stop member 276 adapted to engage with
stop features 280 associated with the inner clulch 206 (2.g., slots formed into the
outer surface of the inner cluich 206).

10071} The magnetic latch assembly 274 is operated by bringing a magnet
in close enough proximity to the laich magnet 274 1o release the stop member 276
from the stop features 280, Upon doing so, the push button 258 is able to be
depressed to ratchet the system 250.

10072} Thus, the system 250 provides a relatively vertical, or indine
arrangement of a dual roller clutch mechanism, where the push button 258 is
more in line with the stabilizing member 12 to help minimize the amount of lateral
space laken up by the design. in some embodimenis, the magnetic laich
assembly 274 helps prevent rofation unless a magnet is placed above the laich
magnet 274, thereby helping to prevent unintentional activation of the tensioning
system 250.  In use, a user {not shown} would bring an external magnet into
proximity with the latch magnet to put the system 250 into an aclive state and then
operate the system 250 with the system 250 in the aclive slate.

10073} FIGS. 13, 14, and 15 show another tensioning system 300 that is
optionally employed in addition to, or as a replacement for, one or more of the
tensioners 20. As shown, the system 300, also described as a resistance adjuster
and a reciprocating adjuster, includes a housing 302, a drive member 304, also
described as a slide unit, a drive spring 306, also described as a potential energy
drive, a reset spring 310 {(FIG. 15}, also described as a return mechanism, and a
push button 308 and an engagement member 312, also described as a resistance
Linit.

10074} The housing 302 is optlionally substantially cylindrical and hollow,
defining a first compartment 302A and a second compartiment 302B. The drive
member 304 exiends from the first compartment 302A out of the second
compartment 3028 of the housing 302, where the drive member 304 and the

housing 302 are coaxially received over the stabilizing member 12, The drive
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member 304 is optionally substantially cylindrical and hollow and defines an
enlarged base 316, a main body 318, and an enlarged head 320. The main body
318 includes a plurality of teeth 322 (FIG. 15) adapted to selectively engage with
the engagement member 312.

1007 5] As shown in FIGS. 13 and 14, the drive member 304 is adapted to
slide over the stabilizing member 12 while the housing 302 is secured relative
thereto, the drive membaer 304 being able to slide out from the housing 302 until
the enlarged head limils further travel of the drive member 304. As shown, the
drive spring 3006 is coaxially received over the drive member 304 between the
base 316 and the housing 302. The drive spring 3006 is a compression spring for
exerting a pushing force on the base 316 of the drive member 304, {o move the
drive member 304 from a first position (FIG. 13) to a second position (FIG. 14)
away from the housing 302, although other types of potential energy drives are
conlemplated.

16676} As shown in FiG. 15, the push button 308 is shdably received
through a sidewall of the second compariment 3028 and is connecled (o the
engagement member 312, The engagement member 312 includes
complementary sets of teath 324A, 3248 to the teeth 322 on the drive member
304. The sets of teeth 324A, 324B are located on opposile portions of the
engagement member 312 and are offset slightly from one another.  Upon
depressing the push button 308 through the skin, the first sel of teeth 324A is
released from the complementary teeth 322 on the drive member 304 and, in turn,
the second set of teeth 3248 engage the complementary testh 322 of the drive
member 304. Upon releasing the push button 308, the reset spring 310 causes
the first sel of teeth 324A to reengage with the complementary teeth 322 and the
second set of teeth 3248 io release from the complementary teeth 322, In this
manner, the drive member 304 is selectively released (e.g., a relatively small
amount) following each cycle of depressing and releasing the push button 308.
10677} One of the connectors 22, such as the first connecior 224 is secured
to the enlarged head 320. An aperiure, roller, or other transition (not shown) is
provided on the housing 302 such that the connecior Z22A is able to extend

outwardly, in g transverse direction from the housing 302. As the drive member
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304 pistons downwardly out from the housing 302, the enlarged head 320 moves
downwardly, pulling the first conneclor 224 into the housing 302 and reducing the
effective length of the first connector 22A between the siabilizing member 12 and
the first correction anchor 184, for example.

100738} Though not shown, a magnetic latch assembly, such as those
previously described, is optionally employed with this embodiment, or any other
appropriate embodiment, to help prevent inadvertent acluation of the tensioning
system 300. Moreover, although the pushing force is supplied by the drive spring
308, in other embodiments the pushing force is supplied by other potential energy
drives, including expansion of a hydrogel material, gas {e.g., pre-insialled in the
first compartment 302A or generated via chemical reaction, for example}, or other
means for generating a pushing force on the drive member 304,

10679] FIGS. 16 and 17 show another tensioning system 350 that is
optionally employed in addition {o, or as a replacement for, one or more of the
tensioners 20. The system 350, also described as a reciprocating adjuster,
includes a housing 352, a drive member 354, a one-way roller clutch 358, also
referred to as an outer cluich, a push bulton 358, a reset spring 360, also
described as a return mechanism, and a drive linkage 382 coupling the push
button 358 to the outer clutch 356 such that depression of the push button 358
{e.g., through the skin of a patient) results in rotational force on the outer clutch
356 in a first direction and releasing the push button 358 from the depressed
position 1o an initial position resulting in a rotational force on the outer cluich 356
in an opposite direction. The housing 352 generally maintains the outer cluich
356, the push button 358, the reset spring 360, and the drive linkage 362, and is
adapted to be secured (e.g., via a clamshell fi} {0 the siabilizing member 12.
100683} The housing 352 is optionally substantially cylindrical and hollow,
defining a first compartment 352A and a second compartment 3528, The drive
member 354 is also optionally cylindrical and hollow, the drive member 354
extending from the first compartment 352A out of the second compariment 3528
of the housing 352, where the drive member 354 and the housing 352 are
coaxially received over the stabilizing member 12. The drive member 354 defines

an enlarged base 368, a main body 3868, and an enlarged head 370. in some
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embodiments, one or more of the conneclors, such as the first connecior 22A, is
secured to the enlarged head 370, The main body 368 includes a plurality of
threads 372 (FiG. 15) adapled to mate with the outer cluich 356.

10081} The drive member 354 is adapted o slide over the stabilizing
member 12 while the housing 352 is secured relative thereto, the drive membaer
354 being able to slide out from the housing 352 until the enlarged head limits
further travel of the drive member 354, As shown, the outer clutch 356 is coaxially
received over the drive member 354 belween the base 366 and the housing 352.
The outer cluich 356 has a threaded internal lumen {not shown}, where the
threads of the outer cluich 356 mate with the threads 372 of the drive member 354
to move the drive member 304 from a first position 1o a second position away from
the housing 352.

10082} As shown in FIG. 17, the push butlon 358 is slidably received
through a sidewall of the second compartment 3528 and is connected to the drive
linkage 362. Upon depressing the push buiton 308, the drive linkage 362 causes
the outer clutch 358 {o rofate, or ratchet, until the push bution 308 is fully
depressed. As the outer clutch 356 rotaies, the drive member 354 is driven out of
the housing 352 and the first connecior 22A is pulled info the housing 352,
thereby shoriening iis effective length. In at least this manner, the system 350 is
optionally used to tension the first connecior 22A to help correct a spinal
deformity.

10683} Though not shown, a magnetic latch assembly, such as those
previously described, is oplionally employed with this embodiment, or any other
embodiment described herein, o help prevent inadvertent actuation of the
tensioning sysiem 350,

10684} FIGS. 18 and 19 show another tensioning system 400 that is
optionally employed in addition {o, or as a replacement for, one or more of the
tensioners 20. The system 400, also described as a resistance adjuster, includes
a hollow portion 402 of the stabilizing member 12, also described as a housing, a
drive member 404, also described as a slide unit, a drive spring 406, also
described as a potential energy drive, a biocdegradable mass 408, also described

as a resistance unii, a first collar 41¢, and a second collar 412.
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10085] As shown, the housing 402 defines a first compartment 402A and a
second compartment 4028 separated by a wall 402C having a lumen {not shown}
sized o slidably receive the drive member 404, The housing 402 also includes a
first connector aperture 420 and a second connector aperture 422, the first and
sacond connecior apertures 420, 422 being adapled to slidably receive one of the
connectors 22, such as the first connecior 22A and the second connector 228, for
example.

10086] As shown, the drive member 404 exiends within the first
compartment 402A and the second compariment 4028, where the drive member
404 includes an enlarged base 426 slidably received in the second compartment
4028 and abutied against the biodegradable mass 408.

100877 The drive spring 406 is optionally a compression spring received
aver the drive member 404, the drive spring 406 being positionad between the
gnlarged base 426 of the drive member 404 and the wall 402C.

10688} in some embodiments, the biodegradable mass 408 is a polymeric
material configured o be absorbed inlo the body over a predetermined time
period. For example, in some embodiments, the biodegradable mass 408 is PGA
{poly glycolic acid) with a degradation time between about 8 o about 12 months,
PLA {poly lactic acid) with a degradation time greater than about 24 months, or a
bacterial polyester {e.g., a polvhydroxyalkanoate} with a degradalion time greater
than about 12 months. The biodegradable mass 408 can be tailored {e.g., with a
pre-selected timing by combining different types of materials) to degrade over a
predelermined time period. In some embodiments, one or more portion{s) of the
housing 402 allows bodily fluids o interact with the biodegradable mass 408. For
example, the second compartment 4028 oplionally a porous wall structure or
otherwise allows the body to interact sufficiently with the biodegradable mass 408
o result in absorption of the material.

100839} The first and second collars 410, 412 are positioned along the drive
member 404 and, in some embodiments, are secured o the drive member 404
such that the first and second collars 410, 412 move with the drive member 404
as the drive member 404 slides in the housing 402. In tumn, the first and second
conneclors 22A, 228 are secured to the firsl and second collars 410, 412,
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100664} in some implementations, the biodegradable mass 408 begins to be
absorbed over time, allowing the drive spring 406 to push the enlarged base 426
downward, in um causing the drive member 404 to slide downward along with the
first and second collars 410, 412. Generslly, potential energy is stored in the drive
spring 406 or other means for storing energy (2.9., an expandable hydrogel) and
is released al the rate of decay of the biodegradable mass 408 {(eg. &
substantially continuous and predetermined rate of decay). The rate of decay or
degradation can be controlled by the type of biodegradable malerial used,
material geometlry, the surface area exposed, the porosity of the material, and the
shape of the biodegradable mass 408, for example.

100691} in some embodiments, the axial movement of the drive member 404
draws the connectors 224, 228 into the housing 202 through the first and second
connector apertfures 420, 422, As the conneclors 22A, 228 are drawn into the
housing, the effective length between the connectors 224, 228 and the first and
second correction anchors 184, 188 is shortened, the correction anchors being
drawn foward the housing 402, and consequently, the stabilizing member 12, In
at least this manner, the correction anchors 18 are able o be pulled toward the
stabilizing member 12, according o some ambaodiments.

10092} FIGS. 20 and 21 show ancther tensioning system 450 that is
optionally employed in addition to, or as a replacement for, one or more of the
tensioners 20. The system 450, also described as a resistance adjuster, includes
a housing 452 adapted o be received over the stabilizing member 12, a drive
member 454, also described as a slide unit, a drive spring 456, also described as
a potential energy drive, and a biodegradable mass 458, also described as a
resistance unil.  In some embodiments, the system 450 generally operates
similarly 1o the system 400, where the system 450 is adapted to be secured over
the stabilizing member 12.

10093} The housing 452 is optlionally substantially cylindrical and hollow,
defining a first compartment 452A. The drive member 454 extends from the first
compartment 4524 out of the housing 452, where the drive member 454 and the

housing 452 are coaxially received over the siabilizing member 12. The drive
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member 454 is optionally substantially cylindrical and hollow and defines an
enlarged base 466, a main body 468, and an enlarged head 470,

100584} As shown, the drive member 454 is adapted to slide over the
stabilizing member 12 while the housing 452 is secured relative thereto, the drive
member 454 being able o slide out from the housing 452 until the enlarged head
470 limits further travel of the drive member 454, As shown, the drive spring 456
is coaxially received over the drive mamber 454 belween the base 466 and the
housing 452. The drive spring 456 is a compression spring for exerting a pushing
force on the base 486 of the drive member 454, The biodegradable mass 458 is
located in the first compartment 452A beiween under the enlarged head 470 to
substantially prevent the drive spring 456 from moving the drive member 454, As
the biodegradable mass degrades, the resisiance o movement is removed and
the drive spring 456 is able to move the drive member 454 from a first position
(FIG. 20) to g second position (FIG. 21} away from the housing 452, although
other types of springs are contemplated.

10095] As the drive member 454 is selectively released {eg., a
predetermined amount over time) following implaniation of the sysiem 450, the
enfarged head 470 moves within the first compariment 452A.  In some
embodiments, one or more of the connectors 22, such as the first connector 224,
is secured relative {0 the enlarged head 470, As the head 470 is actuated within
the first compartment 4524, the first connecior 22A is drawn into the housing 452,
thereby shoriening the effective length of the first connector 22A between the
siabilizing member 12 and the first correction anchor 18A.  Thus, in some
embodiments, the system 450 is oplionally employed to draw one or more of the
correction anchors 18 toward the stabilizing member 12.

10036} FIGS. 22, 23, and 24 show another tensioning system 500 thal is
optionally employed in addition {o, or as a replacement for, one or more of the
tensioners 20. The system 500, also described as a resistance adjuster, includes
a housing 502 adapied to be received over the sighilizing member 12, a drive
member 504, also described as a slide unit, a drive spring 508, also described as
a potential energy diive, a bicdegradable mass 508, also described as a

resisiance unif, a drive unit 510 connected to the drive maember 504, and a guide
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piece 512. In some embodiments, the sysiem 500 generally operates similarly to
the system 450, the system 500 being adapted to be secured over the stabilizing
member 12.

100877 The housing 502 is oplionally substantially cylindrical and hollow,
defining a first compartment B02A. The drive member 504 extends from the first
compartment 502A out of the housing 502, where the drive member 504 and the
housing 502 are coaxially received over the stabilizing member 12, The drive
member 504 is optionally substantially cylindrical and hollow and defines an
anfarged base 516, a main body 518, and an enlarged head 520.

10068} As shown, the drive member 504 is adapited to slide over the
stabilizing member 12 while the housing 502 is secured relative thereto, the drive
member 504 being able {o slide out from the housing 502 until the enlarged head
520 limits further travel of the drive member 504. As shown, the drive spring 506
is coaxially received over the drive member 504 between the base 516 and the
housing 502, The drive spring 506 is a compression spring for exerting a pushing
force on the base 5186 of the drive member 504. The biodegradable mass 508 is
located in the first compariment 502A under the enlarged base 516 1io
substantially prevent the drive spring 456 from moving the drive member 504, As
the biodegradable mass 508 degrades, the drive spring 506 is able to move the
drive member 504 from a first position {0 a second position into the housing 502,
although other types of springs are contemplated.

1003891 As indicated in FIGS. 22 and 23, the drive unit 510 is connecled to
the drive member 504, the drive unit being slidably received over the slabilizing
member 12. The drive unit 510 includes an inner cylinder 530 and with male
threading and an outer cylinder 532 with female threading complemeniary o the
male threading on the inner cylinder 530. As shown in FIG. 24, the outer cylinder
532 includes an internal magnet 534 adapted to interact with one or more extemnal
magnets 536 adapted {0 be activated outside the patient, which, when rolated,
rotationally drive the internal magnet 534 through the skin of the patient, causing
the outer cylinder 532 to be driven up or down the inner cylinder 530.

1001006} in some embodiments, the intemal magnet 534 has a first portion of

a first polarity and a second portion of a second, opposite polarity. The external
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magnets 536 similarly have two portions with opposite polarities. As the exiernal
magnets 536 rotate, the polarities of the exiernal magneis push and pull
respeciively, on the polarities of the internal magnet 534 as the external magnels
are rotated. One example of a suitable magnetic drive system is described in U.5.
Patent Application Publication 2009/0112207, filed May 15, 2008 and published
April 30, 2008, the entire contents of which are incorporated herein by reference.
100101} The gquide piece 512 is adapted {o be a low friction interface for one
or more of the conneclors 22 adapted to direct the connectors 22 from an axial
direction along the siabilizing member 12 (o a more transverse direction. One of
the connectors 22, such as the firsi connector 224, is secured to the ouler cylinder
532 and up through the guide piece 512 {0 one of the correction anchors 18, such
as the first correction anchor 18A.

106402} in some embodiments, the drive member 504 is seleclively released
{2.g., a predetermined amount over time) following implantation of the system 500
such that the enlarged head 520 moves further into the first compartment 502A.
As the drive membaer 504 moves axially, so does the drive unit 510, in turn pulling
the conneclor 22A and shortening the effective length of the conneclor 224
between the stabilizing member 12 and the correction anchor 18A. As desired,
the connector 22A is loosened or tightened {(e.g., for fine adjustment purposes), by
using the exiernal magnets 536 to rotate the internal magnet 534,

106103} FIGS. 25 and 26 show another tensioning syslem 550 that is
optionally employed in addition o, or as a replacement for, one or more of the
tensioners 20. In some embodiments, the system 550, also described as a
resistance adjuster, includes a housing 552 adapted o be received over the
stabilizing membaer 12, a coupler 554, also described as a slide unit, a drive spring
558, also described as a potential energy drive, and a biodegradable mass 558,
also described as a resistance unit.

100104] in some embodiments, the housing 552 is adapied to be secured t©
the stabilizing member 12 {e.g., via a clamshell fit} and includes a substantially
helical internal compartment 552A with a connector aperiure 570 opening into the
internal compartment 552A. As shown, the drive spring 556 is helically wound in
the internal compartment 552A and is adapted o act as a lorsion spring, the drive
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spring 556 being in a compressed stale with a first end 572 of the spring 556
secured to the housing 552 and a second end 574 of the spring 558 connecied to
the coupler 554, In some embodiments, the biodegradable mass 558 is disposed
at the second end 574 of the spring 556 and/or the coupler 554, maintaining the
spring 558 in a compressed stale. One of the conneclors 22, such as the first
connector 224, is secured fo the coupler 554, the first conneclor 22A winding
back out of the internal compartment 852A through the connector aperture 570.
106105} in some embodiments, as the biodegradable mass 558 degrades,
the second end 570 of the spring 556 travels further into the intermnal compartment
552A, drawing the coupler 554 and the first connector 22A further into the infermnal
compartment 552A. In some embodiments, as the first connector 22A is drawn
into the internal compartment 5524, the effeclive length between the stabilizer 12
and the correction anchor 18A is reduced.

(00106} FIGS. 27 and 28 show an expanding stabilizing membaer system 600
that is optionally employed in addition {o, or as a replacement for, the stabilizing
member 12, For example, the system 600, also described as a resistance
adjuster, is optionally emploved by attaching the system 600 to the spinal column
24 using the stabilizing anchors 18, such that the spinal column 24 is able 1o be
expanded longitudinally to help reduce the defective curvature of the spinal
column 24,

1001077 in some embodiments, the system 800 includes a housing 6802, a
drive member 604, also described as a slide unit, a drive spring 606, also
described as a potential energy drive, a biodegradable mass 608, also described
as a resistance unit, and an adjustable collar 810. The housing 602 is optionally
substantially cylindrical and hollow, defining a first compartment 802A. The drive
member 604 extends from the first compartiment 802A out of the housing 60Z.
The drive member 604 is optionally substantially cylindrical and defines a main
body 612 having a plurality of male threads along the length thereof (not shown)
and an snlarged head 614.

1061038} in some embodiments, the adjustable collar 610 has female
threading and is coaxially received over the male threading of the main body 612.

The adjustable collar 610 includes & magnetic element andlor is otherwise
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adapted to respond to magnetic force, the adjustable collar 610 having a first
polarity portion 610A and a second polarity portion 8108,

106109} As shown, the drive member 604 is adapied io slide within the
housing 802. In some embodiments, the drive member 604 is restricted from
rotating relative o the drive housing, for example, being keyed or otherwise
having complementary features o the portion of the housing 602 from which the
drive member 804 exiends that substantially prevent relative rotation between the
housing and drive member 604. The drive member 604 is adapied io slide out
from the housing 602 until the adjustable collar 610 limits further travel of the drive
member 604 and into the housing 602 until the enlarged head 614 abuis the
housing 0802.

100110} As shown, the drive spring 806 is coaxially received over the drive
member 604 between the adjusiable collar 610 and the housing 802. The drive
spring 606 is a compression spring for exerting a pushing force on the adjusiable
collar 610 of the drive member 804. The biodegradable mass 608 is located in
the first compariment 802A ahead of the adjustable coliar 610 10 substantially
prevent the drive spring 606 from moving the drive member 604. As the
biodegradable mass 808 degrades, the drive spring 606 is able to move the drive
member 604 from a first position {0 a second position outwardly from the housing
802, to extend the overall length of the system 800.

100111} in some embodiments, the effective length of the system 800 is
adjusted (e.g., for fine adjustmenis or if the length of the sysiem begins to grow
oo quickly), by rolating the adjustable collar 610, In some embodiments, an
gxternal magnetic drive 840, such as those previously described, is utilized
through the skin io rofate the adjustable collar 810 and adjust the overall length of
the system 600.

100112} Although potential energy is stored in the system 800 using the
spring 606, in other embodiments an expanding material, is uiilized to exert 3
pushing force on the drive member 604, For example a hydrogel material (e.g.,
NDGA
{nordihydroguaiaretic acid), and/or other expandable materials are optionally

malerial having the tradename "HYPAN" available from Hymedix)

utifized. In still other embodiments, the spring 606 is replaced and/or augmented
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by using a compressed gas cylinder or other means for sioring potential energy
for use in the system 800 to drive the drive member 804.

106113} FIG. 289 shows another iensioning system 650 that is optionally
amployed in addition to, or as a replacement for, one or more of the tensioners 20.
For example, the tensioning system 650 oplionally replaces the siabilizing
member 12 or portions thereof, or is mounied {o the siahilizing member 12 as
desired. The sysiem 650 includes a housing 852, a drive member 654, a first
aciuator collar 656, a second actuator collar 658, a motor unit 660 connected to
the drive member 654, and a power coupler 662,

100114} in some embodiments, the housing 652 includes a substantially
hollow vertical rod {e.g., aboul 10-15mm in diameter}, the housing 652 being
adapted to maintain the drive member 654, the first and second actuator collars
658, 658, and the motor unit 660. The housing 652 optionally acts as the
stabilizing member 12 in the system 10, in some embodiments, the housing being
secured o the spinal column 24 with the stahilizing anchors 18, for example.
100115] The drive member 654 is optionally adapted to act as a substantially
Hlexible axie, for example being about 3mm in diameter and formed of steel or
other appropriate material {e.g., metallic and/or polymeric materials).  The
actualor collars 656, 658 are secured o the drive member 654 at longitudinal
positions thereon and one or more of the connectors 22, such as the first and
second connectors 22A, 228, respectively, are secured to the acluator collars
656, 658.

(00116} The first and second actualor collars 656, 658 are oplionally
substantially similar, the first and second actuator collars 656, 658 being
described cumulatively with respect to the first actuator collar 656, In some
embodiments, the first actualor collar 656 is a magnetically activated tensioner
means secured to one of the connectors 22, such as the first connector 224,
100117} The first actuator collar 656 is shown in FIGS. 30 and 31, where
FIG. 30 shows the first actuator collar 656 in a free spinning, or unlocked stale,
and FIG. 31 shows the first actuator collar 656 in a locked, or engaged state. As
shown, the first actuator collar 656 includes an outer portion 656A and an inner

portion 8568 having a plurality of pockets slidably receiving a plurality of magnetic
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engagement members 670. As shown in FIG. 31, an exiernal magnet 672 is
brought into proximity of a patient {not shown) {0 cause the magnetic engagement
members 670 to push inwardly to lock the inner and outer portions 6564, 6568,
100118} in some embodiments, the magnetic polarity on the external magnet
672 is switched (by physically flipping a magnetl or swilching the current to an
glectric magnet) in order to cause the magnetic engagement members 670 (o
shide outwardly into the pockets in the outer portion G650A (o release the first
aciuator collar 656. As described further below, magnetic activation of the
actuator collars 858, 658 helps facilitale individual adjustment, allowing more
torgue from a single source o be available o draw the conneclors 22 to the
housing 6852,

[00119] in some embodiments, the motor unit 680 is a Maxon Motor, 13mm
0D, with a 33711 gear ratio, slthough a variety of motors are optionally
employed. The power coupler 682 is optionally an inductive power coupler, also
described as a receiver, a secondary coil, or an intermnal antenna, for receiving
inductive power from an external inductive power source {not shown). In some
embodiments, the power coupler 662 has about a 50 mm diameter body and
includes a physical magnet such that the exiernal inductive power source, or
external primary colil, is beller able to center on the power coupler 662 {0 increase
the coupling efficiency.

1001207 in some embodiments, when the external, primary coil (not shown)
is centered above the power coupler 662, electrical energy on the order of 2-3
walts (up to 20 watls if needed) is delivered to the motor unit 860 causing rolation
of the drive member 65Z. The conneclors 22 are seleclively tensioned by
engaging a selecied one of the actuator collars 658, 858 magnetically. In al least
this manner, power is seleclively applied Tor tensioning so that the maximum
amount of tension is directed {o the desired connector 22, |f desired, the motor
unit 860 is reversible and/or gearing (not shown) is employed to pay out, or loosen
the connectors 22 as desired. In some embodiments, feedback and position
information is transmitied back from the system 850 to an exiemnal receiver via IR

{(infrared) or BF {radio frequency), for example.
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100121} FIG. 32 shows another tensioning system 700 that is optionally
emploved in addition to, or as a replacement for, one or more of the tensioners 20.
For example, the iensioning system 700 optionally replaces the stabilizing
member 12 or portions thereof, or is mounted ¢ the stabilizing member 12 as
desired. The system 700 includes a secondary spool 702, a drive member 704, a
first actuator coliar 708, a second actuator collar 708, a motor unit 710 connected
to the drive member 704, a power coupler 712, and a gear sysiem 714, Although
the power coupler 712 is optionslly an inductive power source, in other
ambodiments the power coupler is an implantable battery or other power source.
100122] As shown, the system 700 operates generally similarly to the sysiem
850. In some embodiments, the drive member 704 and the secondary spool 702
are interconnected by the gear system 714, The motor unit 710 turns the drive
member 704, which, through the gear system 714, tums the secondary spool 702.
The first and second actuator collars 706, 708 are secured o the secondary spool
702 and are thereby turned to draw one or more of the conneclors 22 toward the
secondary spool 702, Additionally, the secondary spool 702 is optionally turned in
an opposite direction to pay oul the conneclors 22 from the actuator collars 706,
708 as desired. Magnetic means {not shown) are optionally employed to engage
or disengage the actuator collars 706, 708 as desired.

100123] FIGS. 33 and 34 show another tensioning system 750 thatl is
optionally employed in addition to, or as a replacement for, one or more of the
tensioners 20. For example, the tensioning system 750 optionally replaces the
stabilizing member 12 or portions thereof, or is mounied to the stabilizing member
12 as desired. The system 750 includes a housing 752, a drive member 754, a
first actuator collar 756, a second actuator collar 758, a motor unit 760 connected
o the drive member 754, and a power coupler 762.

100124} in some embodiments, the housing 752 includes a substantially
hollow vertical cylindrical body {(e.g., about 10-15mm in diameter), the housing
752 being adapted to house the drive member 754, the first and second
adjustment collars 756, 758, and the molor unit 760. The housing 752 optionally

acts as the siabilizing member 12 in the system 10, in some embodiments, the
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housing being secured {o the spinal column 24 with the stabilizing anchors 18, for
example.

106125} As shown, the drive member 754 includes two portions, a base
portion 754A and a traveler portion 7548. The base portion 754A is elongate and
extends from a first end 770 connected to the motor unit 760 and a second end
772 bearing 8 male threaded head 774. The traveler portion 7544 is substantially
glongate and includes a female threaded seclion 778 and a carrier section 780,
The traveler portion 7548 is non-rotatable and axially slidable in the housing 752.
The female threaded section 778 of the traveler portion 7548 is mated with the
male threaded head 774 of the base portion 7544 such that rotalion of the base
portion 754A by the molor unit 760 causes the fraveler portion 7548 to move
axially within the housing 752. For example, FIG. 33 shows the traveler portion
7548 at a first position in the housing 752 and FIG. 34 shows the traveler portion
7568 in a second, more retracted position in the housing 752,

106126] The adjustmeni collars 756, 758 are secured at longitudinal
positions along the carrier section 780,  One or more of the conneclors 22 are
secured to each of the adjustment collars, such as the first and second connectors
224, 228, respectively, such that axial movement of the carrier section 780 draws
in or lets out the connectors 22 from the housing 752, thereby shoriening or
lengthening the effective length of the conneclors 22 belween the correction
anchors 18 and the housing 752 as desired. In some embodiments, the
adjustment collars 758, 758 are also threaded onto the cairier seclion 780, where
rotation of the adjustment collars 758, 758 using external magnets such as those
previously referenced, allows additional tensioning and/or loosening of the
connectors 22.

106127} FIGS. 35 and 36 show another tensioning system 800 that is
optionally employed in addition {o, or as a replacement for, one or more of the
tensioners 20. For example, the tensioning system 800 optionally replaces the
siabilizing member 12 or portions thereof, or is mounied {0 the stabilizing member
12 as desired. The sysiem 800 includes a housing 802, a drive mamber 804, a
first actuator anchor 806, a second actuator anchor 808, a motor unit 810

connecied to the drive member 804, and a power coupler 812,
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100128} in some embodiments, the housing 802 includes a substantially
hollow vertical cylindrical body {e.g., about 10-15mm in diameler) having a
plurality of connector aperiures 816, the housing 802 being adapted o house the
drive member 804, the first and second adjustment anchors 806, 808, and the
motor unit 810, The housing 802 optionally acts as the stabilizing member 12 in
the system 10. in some embodiments, the housing 802 is secured {o the spinal
column 24 with the stabilizing anchors 18, for example.

106128} As shown, the drive member 804 includes two portions, a base
portion 804A and a traveler portion 8048, The base portion 804A is elongate and
extends from a first end 820 connected to the motor unit 810 and a second end
822 bearing & male threaded head 824. The traveler portion 804A is substantially
glongate and includes a female threaded seclion 828 and a carrier section 830,
The traveler portion 8048 is non-rotatable and axially slidable in the housing 802.
The female threaded section 828 of the traveler portion 8048 is maled with the
male threaded head 824 of the base portion 804A such that rotation of the base
portion 804A by the motor unit 810 causes the traveler portion 8048 o move
axially within the housing 802. For example, FliG. 35 shows the traveler portion
8048 at a first position in the housing 802 and FIG. 36 shows the traveler portion
8068 in a second, more retracted position in the housing 802.

1001307 As shown, the first and second adjustment anchors 806, 808 are
substantially similar 1o one another. As such, the second adjustment anchor 808
is described cumulative with respect 1o the first adjustment anchor 806, The first
and/or second adjustment anchors 806, 808 are oplionally adapted to be
substituted for one or more of the correction anchors 18, according fo some
embodiments. As shown, the first adjustment anchor 806 is generally L-shaped
when viewed from the side, where the first adjustment anchor 806 includes an
axtension arm 806A with male threading {(not shown), a collar 8068 with female
threading (not shown), a base arm 806C, and a head 806D all assembled
together.

100131} The collar 8068 is rotatably couplad to the base arm 808C and the
axtension arm 806A is non-rotatably and slidably coupled to the base arm 806C.
The extension arm B06A is received within the collar 806B and the base arm
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806C. The threads of the extension arm 806A and the collar 8068 are mated such
thai the extension arm 806A is able {0 be telescoped inward and outward from the
colfar 8068 and the base arm 806C by rotating the collar 8068 in a first direction
and a second direction, respectively. The collar 8068 is optionally formed of a
magnetic material and has a portion with a first polarity and another portion with a
second polarity.  BExiernal magnets (not shown), such as those previously
described, are oplionally used o rotate the collar 8068 to adjust the oversll length
of the adjustment anchor 806.

100132} The head 8080 of the adjustment anchor 8086 optionally includes a
pedicle screw that is adapted to be driven inio a veriebra of the spinal column 24
such that the adjusiment anchor 806 is able ¢ be pulled upon similarly to one of
the correction anchors 18.

106433} One or more of the conneclors 22 are secured o the carrier seclion
830, respectively, such that axial movement of the carrier seclion 830 draws in or
lets out the connectors 22 from the connector apertures 816 of the housing 802,
thereby shortening or lengthening the effeclive length of the conneciors 22
between the adjustment anchors 806A, 8068 and the housing 802, and thus the
spinal column 24, as desired. Each of the adjustment anchors 808A, 8068 are
also optionally adjusted in length o modify the tension being exerted by the
system 800 on the spinal column 24 as desired.

100134} FIGS. 37 and 38 show another tensioning syslem 850 that is
optionally emploved as a means for externally operating the tensioners 20. As
shown, the system 850, also described as a reciprocating adjuster, includes a
housing 852, a motor drive 854, a power coupler 856, a roller cluich 858, and &
drive shatft 860,

106135} The housing 852 is adapied to maintain the molor drive 854, the
rofter cluich 858, and the drive shaft 860. The molor drive 854 is oplionally a
nitinol drive, such as that sold under the trade name “DMO1 nitinol actuator” from
MIGA MOTORS.” The motor drive 854 includes an actuation arm 854A and a
return spring 8548, also described as a return mechanism, connected on opposite

sides of the roller clutch 858.
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100136} The power coupler 856 is optionally similar to those previously
described {(e.g., an induction coll} and, when electrical energy is applied, the
nitinol of the motor drive 854 is heatled, causing contraction of the actuation arm
8544 which pulls the actuation arm 854A (e.g., with about 7 ths of force). The
actuation arm 854A is connected o the roller clutch 858, which is a one-way roller
clutch, such that retraction of the actuation arm 854A causes rotgtion of the one-
way rofler cluich 858, When the nilinol cools the return spring 8548 presses on
the opposite side of the roller clutch 858 such that the actuation arm 854A relums
to the original position where the actuation arm 854A is able {0 be actuated again
by activating the motor drive 854, generaling a raicheling effect. The drive shaft
860 is coupled io the roller cluich 858 such thal ratcheting of the roller cluich
ratchets the drive shaft 860.

1064377 The drive shaft 880 is adapted o be connected o the actuation head of
one of the tensioners 20, such as the first tensioner 204, for example, by including
a suitable mating component, such as a hex head driver, or by being integrally
formed or otherwise connected o the actuation head, such as the actuation head
78A (FiG. 3). In some embodiments, the housing 856 of the implantable driver
852 Is secured to the housing 80A and/or the stabilizing member 12, for example
being integrally formed therewith.

100138] FIGS. 39, 40, and 41 show an expanding stabilizing member system
900 that is optionally emploved in addition 1o, or as a replacement for, the
stabilizing member 12. For example, the system 800, also described as a
reciprocating adjuster and a resisiance adjuster, is oplionally employed by
attaching the system 900 to the spinal column 24 (FIG. 1) using the siabilizing
anchors 18, such that the spinal column 24 is able o be expanded longitudinally
10 help reduce the defective curvature of the spinal column 24,

1001381 in some embodiments, the system 800 includes a housing 802, a
drive member 804, also described as a slide unil, a drive spring 806, slso
described as a polential energy drive, and a magnelic walker assembly 808, aiso
described as a resistance unit. The drive member 904 is optionally substantially
cylindrical and includes a pluralily of surface grooves 910 along the length of the

drive member 804, the surface grooves 810 being adapted to mate with the
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magnetic walker assembly 908 which acis as both a piston and a retum
mechanism. In some embodiments, the drive spring 906 is received within the
housing 802 between the end of the drive member 904 and the housing 802, The
drive spring 906 is a compression spring for exerting a pushing force on the drive
member 804, As shown, the drive member 904 exiends from the housing 902,
the drive member 804 being adapted {o slide within the housing 902 when not
resiricted by the magnetic walker assembly 908.

106140} in some embodiments, the magnetic walker assembly 208 is
secured to the housing 902 and includes a first receptacle 916 holding a first
toothed member 818 and a second receplacle 920 holding a second toothed
member 822, Each of the first and second toothed members 918, 922 are biased
in the downward position {e.g., by a spring — not shown), the first and second
toothed members 818, 822 each including a pluralily of teeth G18A, B22A for
mating with the surface grooves 910, In some embodiments, gach of the first and
second toothed members displays a different polarity from the other. In some
embodiments, each of the toothed members 818, 8922 is substantially arcuately
shaped to increase the surface engagement with the surface grooves 910.
100141} An external magnet 930 having a first polarity portion 832 and a
second, opposite polarity portion 834 is optionally employed through the skin to
alternately actuate the first and second toothed members 918, 8922 into and out of
the surface grooves 810, In some embodiments, the effective length of the
system 800 is adjusted by alternatively actuating the first and second toothed
members 918, 922 to “walk” the drive member 904 outwardly from the housing
802, where the potential energy represented in the system 200 by the spring 806
is released as the toothed members 818, 822 engage and release the surface
grooves 910. Although a spring is used in some embodiments, in other
ambodiments an expanding malerial, such as those previously described, is
utilized to exert a pushing force on the drive member 804, FIGS. 40 and 41 are
Hlustrative of the alternate engagement of the first tosthed member, those figures
showing the external magnet 8930, the drive member 904, and the first {oothed
member 918 with other portions removed for gase of illustration. FIG. 40 shows

the first toothed member 818 in an engaged position and FIG. 41 shows the
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external magnet 8930 rotated 180 degrees such that the first oothed member 818
is actuated to a disengaged position.

100142} FIGS. 42 and 43 show another expanding stabilizing member
system 850 that is oplionally employed in addition o, or as a replacement for, the
stabilizing member 12. For example, the system 950, also described as a
reciprocaling adjuster and a resistance adjuster, is oplionally employed by
attaching the system 950 to the spinal column 24 (FIG. 1) using the stabilizing
anchors 18, such that the spinal column 24 is able to be expanded longiiudinally
using the system 850 o help reduce the defective curvature of the spinal column
24,

100143] Similarly to the system 800, in some embodiments, the system 950
includes a housing 952, a drive member 954, also described as a slide unit, a
drive spring 858, ailso described as a potential energy drive, and 8 magnetic
walker assembly 958, also described as a resistance unit, that acts as a drive
piston and a return mechanism.

100144} As shown, the magnelic walker assembly 958 is secured (o the
housing 952 and includes a receptacle 866 holding a first toothed member 968
and a second toothed member 872, the first and second foothed members 968,
972 being positioned on an arm that is hinged to the receptacie 866. kach of the
first and second toothed members 868, 972 is biased in the downward position
{e.g., by a spring — not shown), the first and second tocthed members 868, 972
each including one or more teeth 868A, 872A for mating with the surface grooves
960. In some embodiments, each of the first and second toothed members 968,
870 is characterized by a different polarity from the other. in some embodiments,
egach of the toothed members 9868, 8972 is substantially arcualely shaped to
increase the surface engagement with the surface grooves 960.

100145] A principle of operation of the system 850 is illustrated more
generally in FIG. 44, As shown, an external magnet 880 having a first polarity
portion 282 and a sescond, opposite polarity portion 984 is optionally employed
through the skin {not shown) to alitermnately actuate the first and second toothad
members 868, 972 into and out of the surface grooves 860. In some
embodiments, the effective length of the system 850 is adjusied by allematively
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actualing the first and second toothed members 868, 972 o “walk” or “step” the
drive member 954 cutwardly from the housing 952, where the potential energy
represenied in the system 950 by the spring 956 is released as the ioothed
members 868, 872 aliermately engage and release the surface grooves 960, the
two members 968, 972 alternatively acting as piston unit and a return meachanism.
Although a spring is used in some embodiments, in other embodiments an
expanding material, such as those previcusly described, is utilized to exert a
pushing force on the drive member 954, As an alternative to a physical magnet,
the external magnet 280 is optionally an electric magnet that is able to swilch
polarities for stepping the system 950 at a desired electromagnetic force and
speed.

1001486} Some embodiments apply the magnetic slepping, or walking,
operation described in association with systems 800 and 850 for another
tensioning system 1000 shown in FIGS. 45 and 46, the system 1000 being
optionally employed in addition to, or as a replacement for, one or more of the
tensioners 20. As shown, the system 1000, also described as a reciprocating
adjuster and a resistance adjuster, includes a housing 1002, a drive member
1004, also described as a slide unit, a drive spring 1008, also described as a
potential energy drive, and a magnetic walker assembly 1008, also described as a
resistance unit.  The drive member 1004 is optionally configured with surface
grooves similar to those of the systems 900 and 950 and the magnetic walker
assembly 1008, acling as a piston unit and a return mechanism, is optionally
adapted to inleract with the drive member 1004 similarly {0 those of the sysiems
300, 800 and/or 850. Upon application of a magnetic force of alternaling polarity
{schematically indicated by exiemal magnet 1020 in FiG. 44), the system 1000
operates similarly to the system 300 described above.

1001477 For example, the drive member 1004 is adapled to slide over the
stabilizing member 12 while the housing 1002 is secured relative thereto, the drive
member 1004 being able o slids ouf from the housing 1002 until an enlarged
head 1020 of the drive member 1004 limits further travel of the drive member
1004, As shown, the drive spring 1006 is coaxially received over the drive
member 1004 between the base 1016 and the housing 1002. The drive spring
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1006 is a compression spring for exerting a pushing force on a base 1016 of the
drive member 1004, to move the drive member 1004 from a first position (FIG. 45}
10 a second position (FIG. 46) away from the housing 1002, although other types
of springs are contemplated.

100148} One of the connectors 22, such as the first conneclor 22A is secured
to an enlarged head 1022 of the drive member 1004, An aperture, roller, or other
feature (not shown) is provided on the housing 1002 such that the connector 22A
is able to extend outwardly, in a transverse direction from the housing 1002. As
the drive member 1004 pistons downwardly out from the housing 1002, the
enlarged head 1022 moves downwardly, pulling the first connector 224 inio the
housing 1002 and reducing the effective length of the first connector 224 between
the slabilizing member 12 and the first correction anchor 184, for example.
1006149] According to the foregoing, various embodiments relate {0 a spinal
correction system for implaniation in a patient, the system including a correction
anchor, a stahilizing member, a reciprocating adjuster, and a connector. The
correction anchor is configured 1o be securaed to a vertebra in a defect area of a
spine. The stabilizing member is configured (o be secured against translation at
the defect area of the sping. The reciprocating adjuster is coupled o the
stabilizing member, the reciprocating adjuster including: a piston unit displaceable
in a first direction, and a transfer unit coupled 1o the piston unit such that
displacement of the piston unit in the first direction causes the transfer unit {0 be
displaced in a second direction. The connector exiends from the reciprocating
adjuster to define an sffective length belween the reciprocating adjuster and the
correction anchor, the connector having a first end configured {0 be coupled o the
transfer unit and a second end configured to be coupled o the corraction anchor
such that displacement of the transfer unit causes shoriening of the effective
length of the connector.

100150} in some embodiments, the pision unit includes a depressible shait
and the transfer unit includes a roller.

100151} in some embodiments, he roller is a one-way drive clutch.

100152} in some embodiments, the system s configured such that

displacement of the roller winds the connector about the roller.
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100153] in some embodiments, the pision unit includes gearing and the
transfer unit includes gearing for mating with the gearing of the piston unit.

106154} in some embodiments, the piston unit includes a tooth member and
the transfer unit includes a plurality of surface grooves configured to mate with the
tooth member such that, upon displacement of the piston unit, the tooth member
mates with the groove to displace the transfer unit,

[00155] in some embodiments, the piston unit is displaceable between a first
position and a second position and the piston unit includes a return mechanism for

returning the piston unit from the second position o the first position.

100156] in some embodiments, the return mechanism includes a spring.
1001577 in some embodiments, the pision unit is coupled o a magnetic
member.

100158} in some embodiments, the system further comprises an external

magnetic drive for actuating the piston unit by displacing the magnetic member.
1661591 in some embodiments, the system further comprises an implantable
motor and an implantable power source, the motor being coupled o the piston
urHt.

1001607 in some embodiments, the power source includes an internal

antennae for receiving inductive power.

100161} in some embodiments, the power source includes an implantable
batlery.
106162} According to the foregoing, various embodiments relate 1o a method

of corracting a sping, the method including securing a correclion anchor (o a
veriebra in a defect area of a spine and securing a stabilizing member against
transiation at the defect area of the spine. A piston unit of a reciprocating adjuster
is displaced in a first direction to cause a transfer unit of the reciprocating adjuster
{0 be displaced in a second direction, in turn, causing shortening of an effective
length of a connecior coupling the correclion anchor and the reciprocating
adjuster.

100163} According (o the foregoing, various embodiments relate o a spinal
correction system for implantation in a patient, the system including a correction

anchor, a stabilizing member, a resistance adjuster, and a connector. The
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correction anchor is configured 10 be secured {0 a vertebra in a defect area of 3
spine. The stabilizing member is configured to be secured against translation at
the defect area of the spine. The resistance adjuster is coupled to the stabilizing
member, the resistance adjuster including: a potential energy drive, a slide unit
coupled o the potential energy drive such thatl the potential energy drive exerts a
displacement force on the slide unit biasing the slide unit in a first direction, and a
resistance unil coupled to the slide unit, the resistance unit being configured to
seleclively oppose the displacement force. The connecior extends from the
resistance adjuster to define an effective length belween the resistance adjuster
and the correclion anchor, the connector having a first end configured to be
coupled to the slide unit and a second end configured to be coupled to the
correction anchor such that displacement of the slide unit in the first direction
causes shortening of the effective length of the conneclor.

100164} in some embodiments, the potential energy drive is received
coaxially about the shide unit.

100165] in some embodiments, the resistance unit includes a tooth member
and the slide unit includes a plurality of surface grooves configured o mate with
the tooth member such that upon displacing the tooth member longitudinally from
a first position 10 a second position releases the resistance unit.

100166] in some embodiments, the polential energy drive includes an

expanding material.

100167} in some embodiments, the expanding malerial is temperature
activated.

166188} in some embodiments, the expanding material is fluid activated.
100169] in some embodiments, the potential energy drive includes a spring.
106170} in some embodiments, the resistance unit includes hydrogel
material.

100171} in some embodiments, the resistance unit includes a biodegradable
material.

100172} in some embodiments, the resistance unit is coupled to a magnetic
meimber.
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100173] in some embodiments, the system further comprises an extemnal
magnetic drive for actuating the slide unit by displacing the magnetic member.
106174} in some embodiments, the external magnetic drive includes a
rotating magnet.

[00175] in some embodiments, the system further comprises an implantable
motor and an implantable power source, the motor being coupled to the piston
urHt.

106176} in some embodiments, the power source includes an internal

antennae for recelving inductive power.

1001771 in some embodiments, the power source includes an implantable
batlery.
1001738} According to the foregoing, varicus embodimenis relate o a method

of correcting a spine, the method including securing a correction anchor {0 a
vartebra in a defect area of a spine and securing & stabilizing member against
fransiation at the defect area of the spine. The method also includes actuating a
resistance unit of a resistance adjuster coupled to the siabilizing member such
that the resistance adjusier seleclively releases a displacement force provided by
a potential energy drive coupled (o a slide unil, the slide unit being displaced by
the potential energy drive in a first direction 1o cause shortening in an effective
length of a connector coupled between the resistance adjuster and the correction
anchor.

106479} According to the foregoing, various embodiments relate {0 a spinal
correction system for implaniation in a patient, the system including a correction
anchor, a stabilizing member, a resistance adijuster, and a connecior. The
correction anchor is configured 1o be securaed to a vertebra in a defect area of a
spine. The stabilizing member is configured to be secured against transiation at
the defect area of the spine. The resistance adjusier is coupled 1o the stabilizing
member, the resistance adjuster including: a potential energy drive including an
expanding material configured to expand after being subjected to an internal body
environment of the patient and a slide unit coupled o the polential energy drive
such that the polential energy drive exerts a displacement force on the slide unit

biasing the slide unit in a first direction. The connector exdends from the
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resistance adjuster to define an effective length between the resistance adjuster
and the correction anchor, the connector having a first end configured to be
coupled to the shde unit and a second end configured to be coupled to the
corvection anchor such that displacement of the slide unit in the first direction
causes shortening of the effective length of the conneclor.

1661801 Various modifications and additions can be made o the exemplary
embodiments discussed without departing from the scope of the present
inventtion.  For example, while the embodiments described above refer {o
particular features, the scope of this invention also includes embodimenis having
different combinations of features and embodiments that do not include all of the
described features. Accordingly, the scope of the present invention is intended to
embrace all such alternatives, modifications, and variations as fall within the

scope of the claims, together with all equivalents thereof.
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CLAIMS

We claim:

1. A spinal correction sysiem for implantalion in a patient, the system comprising:
a correction anchor configured to be secured to a verlebra in a defect area
of a spine;
a stabilizing member configured 1o be secured against transiation at the
defect area of the spine;
a reciprocating adjuster coupled o the stabilizing member, the
reciprocating adjuster including:
a piston unit displaceable in a first direction, and
a transfer unit coupled to the piston unit such that displacement of the
piston unit in the first direclion causes the transfer unit to be
displaced in a second direction; and
a connector exiending from the reciprocating adjuster to define an effective
length between the reciprocating adjuster and the correction anchor, the
connector having a first end configured to be coupled {0 the transfer unit
and a second end configured to be coupled to the correction anchor
such that displacement of the transfer unit causes shortening of the

effective length of the connector.

2. The system of claim 1, wherein the piston unit includes a depressible shaft and

the transfer unit includes a roller.

3. The system of claim 2, wherein the roller is a one-way drive clutch.

4. The system of claims 2 or 3, configured such that displacement of the roller

winds the connector about the roller.

5. The system of any of the preceding claims, wherein the piston unit includes
gearing and the transfer unit includes gearing for mating with the gearing of the

piston unit.
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8. The system of any of claims 1 to 4, wherein the piston unil includes a tooth
member and the transfer unit includes a plurality of surface grooves configured {o
mate with the tooth member such that, upon displacement of the piston unit, the

footh member mates with the groove 1o displace the transfer unit.

7. The system of any of the preceding claims, wherein the piston unit is
displaceable between a first position and a second posilion and the piston unit
includes a return mechanism for relurning the piston unit from the second position

to the first position.

8. The system of claim 7, wherein the return mechanism includes a spring.

9. The system of any of the preceding claims, wherein the piston unil is coupled

to 8 magnstic member.

10. The system of claim 9, further comprising an exiernal magnetic drive for

actualing the piston unit by displacing the magnetic member.
11. The system of any of the preceding claims, further comprising an implantable
molor and an implantable power source, the motor being coupled to the piston

Ut

12. The system of claim 11, wherein the power source includes an intemnal

antennae for receiving inductive power.

13. The sysiem of claim 11, wherein the power source includes an implantable

battery.

14. A method of correcting a spine, the method comprising:

securing a correction anchor to a vertebra in a defect area of a spine;
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securing a stabilizing member against transiation at the defect area of the
spine; and

displacing a piston unit of a reciprocating adjuster in a first directlion o cause
a transfer unit of the reciprocating adjuster to be displaced in a second
direction, in um, causing shortening of an effective length of a connector

coupling the correction anchor and the reciprocating adjuster.

15. A spinal correction system for implantation in a patient, the system comprising:
a correction anchor configured to be secured o a vertebra in a defaect area of

a spine;

a stabilizing member configured to be secured against franslation al the
defect area of the spine;

a resistance adjuster coupled {o the stabilizing member, the resistancs
adjuster including:

a potential energy drive,

a slide unit coupled to the potential energy drive such that the potential
energy drive exeris a displacement force on the slide unit biasing the
slide unit in a first direction, and

a resistance unit coupled to the slide unit, the resistance unit being
configured o selactively oppose the displacement force; and

a cornector exiending from the resistance adjuster to define an effeclive
length between the resistance adjuster and the correction anchor, the
connector having a first end configured to be couplad {o the slide unil
and a second end configured to bs coupled to the correction anchor
such that displacement of the slide unit in the first direction causes

shortening of the effective length of the connector.

16. The system of claim 15, wherein the potential energy drive is received

coaxially about the shide unit.

17. The system of any of claims 15 and 16, wherein the resistance unit includes a

tooth member and the slide unit includes a plurality of surface grooves configured
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to mate with the tooth member such that upon displacing the tooth member

longitudinally from a first position to a second position releases the resisiance unit.

18. The system of any of claims 15 to 17, wherein the potential energy drive

includes an expanding material.

19. The system of claim 18, wherein the expanding material is temperature

aclivated.

20. The sysiem of claim 18, wherein the expanding malerial is fluid activaled.

21. The system of any of claims 15 (o 18, wherein the polential energy drive

includes a spring.

22. The system of any of claims 15 1o 18 and 20, wherein the resistance unit

includes hydrogel material.

23. The systermn of claim 15, wherein the resistance unit includes a biodegradable

material.

24. The system of any of claims 15 to 23, wherein the resistance unit is coupled o

a magnetic member.

25, The system of claim 24, further comprising an exiernal magnetic drive for

aciuating the slide unit by displacing the magnetic membaer.

28. The systermn of claim 25, wherein the external magnetic drive includes a

rotating magnet.

27. The system of claim 15, further comprising an implantable motor and an

implantable power source, the motor being coupled to the piston unit.
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28. The system of claim 27, wherein the power source includes an intemnal

antennae for receiving inductive power.

29. The system of claim 27, wherein the power source includes an implantable

battery.

30. A method of correcting & sping, the method comprising:

securing a correction anchor to a veriebra in a defect area of a spine;

sacuring a stabilizing member against transiation at the defect area of the
spine; and

actuating & resistance unit of a resistance adjuster coupled (o the stabilizing
member such thal the resistance adjusier selectively releases g
displacement force provided by a potential energy drive coupled to a slide
unit, the slide unit being displaced by the potential energy drive in a first
direction to cause shortening in an effective length of a connector coupled

between the resistance adjuster and the correction anchor.

31, A spinal correction system for implaniation in a patieni, the system
comprising:
a correction anchor configured to be secured to a veriebra in a defect area of

g spine;

a stabilizing member configured {0 be securad against translation at the
defact area of the sping;

a resistance adjuster coupled {0 the stabilizing member, the resistance
adjuster including:

a potential energy drive including an expanding material configured to
aexpand after being subjectad o an internal body environment of the
patient, and

a slide unit coupled to the potential energy drive such that the potential
energy drive exerts a displacement force on the slide unit biasing the

stide unit in a first direction, and
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a connector extending from the resistance adjusier o define an effectlive
length between the resistance adjuster and the correction anchor, the
connector having a first end configured to be coupled to the slide unit and
a second end configured {0 be coupled to the correction anchor such that
displacement of the slide unit in the first direction causes shortening of

the effective length of the connecior.
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