wo 2010/096315 A1 I 0T 0 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

26 August 2010 (26.08.2010)

(10) International Publication Number

WO 2010/096315 Al

(51) International Patent Classification:
A61B 17/58 (2006.01)

(21) International Application Number:

PCT/US2010/023780

(22) International Filing Date:

10 February 2010 (10.02.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:

12/391,109 23 February 2009 (23.02.2009) Us

(71) Applicant (for all designated States except US): EL-
LIPSE TECHNOLOGIES, INC. [US/US]; 13844 Alton

Parkway, Suite 130, Irvine, California 92618 (US).

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): POOL, Scott
[US/US]; 25291 Bentley, Laguna Hills, California 92656
(US). WALKER, Blair [US/US]; 24742 San Doval
Lane, Mission Viegjo, California 92691 (US).

Agent: DAVIDSON, Michael, S.; Vista IP Law Group,
LLP, 2040 Main Street, 9th Floor, Irvine, California
92614 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: SPINAL DISTRACTION SYSTEM

12 114
100\
102 106
SPINE 110
104—
.

FIG. 1

(57) Abstract: A spinal distraction system in-
cludes a distraction rod having a first end and
a second end, the first end being configured
for affixation to a subject's spine at a first lo-
cation, the distraction rod having a second
end containing a recess having a threaded
portion disposed therein. The system further
includes an adjustable portion configured for
atfixation relative to the subject's spine at a
second location remote from the first loca-
tion, the adjustable portion comprising a
housing containing a magnetic assembly, the
magnetic assembly affixed at one end thereof
to a lead screw, the lead screw operatively
coupled to the threaded portion. A locking
pin may secure the lead screw to the magnet-
ic assembly. An o-ring gland disposed on the
end of the housing may form a dynamic seal
with the distraction rod.
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SPINAL DISTRACTION SYSTEM

Field of the Invention

[0001]  The field of the invention generally relates to medical devices for treating disorders

of the skeletal system.

Backeground of the Invention

[0002]  Scoliosis is a general term for the sideways (lateral) curving of the spine, usually in
the thoracic or thoracolumbar region. Scoliosis is commonly broken up into different
treatment groups, Adolescent Idiopathic Scoliosis, Early Onset Scoliosis and Adult Scoliosis.
[0003]  Adolescent Idiopathic Scoliosis (AIS) typically affects children between ages 10
and 16, and becomes most severe during growth spurts that occur as the body is developing.
One to two percent of children between ages 10 and 16 have some amount of scoliosis. Of
every 1000 children, two to five develop curves that are serious enough to require treatment.
The degree of scoliosis is typically described by the Cobb angle, which is determined, usually
from x-ray images, by taking the most tilted vertebrae above and below the apex of the
curved portion and measuring the angle between intersecting lines drawn perpendicular to the
top of the top vertebrae and the bottom of the bottom. The term idiopathic refers to the fact
that the exact cause of this curvature is unknown. Some have speculated that scoliosis occurs
when, during rapid growth phases, the ligamentum flavum of the spine is too tight and
hinders symmetric growth of the spine. For example, as the anterior portion of the spine
elongates faster than the posterior portion, the thoracic spine begins to straighten, until it
curves laterally, often with an accompanying rotation. In more severe cases, this rotation
actually creates a noticeable deformity, wherein one shoulder is lower than the other.
Currently, many school districts perform external visual assessment of spines, for example in
all fifth grade students. For those students in whom an “S” shape or “C” shape is identified,
instead of an “I” shape, a recommendation is given to have the spine examined by a
physician, and commonly followed-up with periodic spinal x-rays.

[0004]  Typically, patients with a Cobb angle of 20° or less are not treated, but are
continually followed up, often with subsequent x-rays. Patients with a Cobb angle of 40° or
greater are usually recommended for fusion surgery. It should be noted that many patients do
not receive this spinal assessment, for numerous reasons. Many school districts do not
perform this assessment, and many children do not régularly visit a physician, so often, the

curve progresses rapidly and severely. There is a large population of grown adults with
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untreated scoliosis, in extreme cases with a Cobb angle as high as or greater than 90°. Many
of these adults, though, do not have pain associated with this deformity, and live relatively
normal lives, though oftentimes with restricted mobility and motion. In AIS, the ratio of
females to males for curves under 10° is about one to one, however, at angles above 30°,
females outnumber males by as much as eight to one. Fusion surgery can be performed on
the AIS patients or on adult scoliosis patients. In a typical posterior fusion surgery, an
incision is made down the length of the back and Titanium or stainless steel straightening
rods are placed along the curved portion. These rods are typically secured to the vertebral
bodies, for example with hooks or bone screws, or more specifically pedicle screws, in a
manner that allows the spine to be straightened. Usually, at the section desired for fusion, the
intervertebral disks are removed and bone graft material is placed to create the fusion. If this
is autologous material, the bone is harvested from a hip via a separate incision.

[0005]  Alternatively, the fusion surgery may be performed anteriorly. A lateral and
anterior incision is made for access. Usually, one of the lungs is deflated in order to allow
access to the spine from this anterior approach. In a less-invasive version of the anterior
procedure, instead of the single long incision, approximately five incisions, each about three
to four cm long are made in several of the intercostal spaces (between the ribs) on one side of
the patient. In one version of this minimally invasive surgery, tethers and bone screws are
placed and are secured to the vertebra on the anterior convex portion of the curve. Currently,
clinical trials are being performed which use staples in place of the tether/screw combination.
One advantage of this surgery in comparison with the posterior approach is that the scars
from the incisions are not as dramatic, though they are still located in a visible area, when a
bathing suit, for example, is worn. The staples have had some difficulty in the clinical trials.
The staples tend to pull out of the bone when a critical stress level is reached.

[0006] In some cases, after surgery, the patient will wear a protective brace for a few
months as the fusing process occurs. Once the patient reaches spinal maturity, it is difficult
to remove the rods and associated hardware in a subsequent surgery, because the fusion of the
vertebra usually incorporates the rods themselves. Standard practice is to leave this implant
in for life. With either of these two surgical methods, after fusion, the patient’s spine is now
straight, but depending on how many vertebra were fused, there are often limitations in the
degree of flexibility, both in bending and twisting. As these fused patients mature, the fused
section can impart large stresses on the adjacent non-fused vertebra, and often, other
problems including pain can occur in these areas, sometimes necessitating further surgery.

This tends to be in the lumbar portion of the spine that is prone to problems in aging patients.
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Many physicians are now interested in fusionless surgery for scoliosis, which may be able to
eliminate some of the drawbacks of fusion.

[0007]  One group of patients in which the spine is especially dynamic is the subset known
as Early Onset Scoliosis (EOS), which typically occurs in children before the age of five, and
more often in boys than in girls. This is a more rare condition, occurring in only about one or
two out of 10,000 children, but can be severe, sometimes affecting the normal development
of organs. Because of the fact that the spines of these children will still grow a large amount
after treatment, non-fusion distraction devices known as growing rods and a device known as
the VEPTR - Vertical Expandable Prosthetic Titanium Rib (“Titanium Rib”) have been
developed. These devices are typically adjusted approximately every six months, to match
the child’s growth, until the child is at least eight years old, sometimes until they are 15 years
old. Each adjustment requires a surgical incision to access the adjustable portion of the
device. Because the patients may receive the device at an age as early as six months old, this
treatment requires a large number of surgeries. Because of the multiple surgeries, these
patients have a rather high preponderance of infection.

[0008]  Returning to the AIS patients, the treatment methodology for those with a Cobb
angle between 20° and 40° is quite controversial. Many physicians proscribe a brace (for
example, the Boston Brace), that the patient must wear on their body and under their clothes
18 to 23 hours a day until they become skeletally mature, for example to age 16. Because
these patients are all passing through their socially demanding adolescent years, it is quite a
serious prospect to be forced with the choice of either wearing a somewhat bulky brace that
covers most of the upper body, having fusion surgery that may leave large scars and also
limit motion, or doing nothing and running the risk of becoming disfigured and possibly
disabled. It is commonly known that many patients have at times hidden their braces, for
example, in a bush outside of school, in order to escape any related embarrassment. The
patient compliance with brace wearing has been so problematic that there have been special
braces constructed which sense the body of the patient, and keep track of the amount of time
per day that the brace is worn. Patients have even been known to place objects into unworn
braces of this type in order to fool the sensor. Coupled with the inconsistent patient
compliance with brace usage, is a feeling by many physicians that braces, even if used
properly, are not at all effective at curing scoliosis. These physicians may agree that bracing
can possibly slow down or even temporarily stop curve (Cobb angle) progression, but they
have noted that as soon as the treatment period ends and the brace is no longer worn, often

the scoliosis rapidly progresses, to a Cobb angle even more severe than it was at the
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beginning of treatment. Some say the reason for the supposed ineffectiveness of the brace is
that it works only on a portion of the torso, and not on the entire spine. Currently a
prospective, randomized 500 patient clinical trial known as BrAIST (Bracing in Adolescent
Idiopathic Scoliosis Trial) is enrolling patients, 50% of whom will be treated with the brace
and 50% of who will simply be watched. The Cobb angle data will be measured continually
up until skeletal maturity, or until a Cobb angle of 50° is reached, at which time the patient
will likely undergo surgery.

[0009]  Many physicians feel that the BrAIST trial will show that braces are completely
ineffective. If this is the case, the quandary about what to do with AIS patients who have a
Cobb angle of between 20° and 40° will only become more pronounced. It should be noted
that the “20° to 40°” patient population is as much as ten times larger than the “40° and
greater” patient population.

[0010]  Currently, genetic scientists are at work to find one or more genes that may
predispose scoliosis. Once identified, some are still skeptical as to whether gene therapy
would be possible to prevent scoliosis, however the existence of a scoliosis gene would no

doubt allow for easier and earlier identification of probable surgical patients.

Summary of the Invention

[0011]  In a first embodiment, a spinal distraction system includes a distraction rod having
a first end and a second end, the first end being configured for affixation to a subject’s spine
at a first location, the distraction rod having a second end containing a recess having a
threaded portion disposed therein. The distraction system further includes an adjustable
portion configured for placement relative to the subject’s spine at a second location remote
from the first location, the adjustable portion comprising a housing containing a magnetic
assembly, the magnetic assembly affixed at one end thereof to a lead screw via a locking pin
passing transversely through the lead screw, the lead screw operatively coupled to the
threaded portion.

[0012] In a second embodiment, a spinal distraction system includes a distraction rod
having a first end and a second end, the first end being configured for affixation to a subject’s
spine at a first locatioh, the distraction rod having a second end containing a recess having a
threaded portion disposed therein. The adjustable portion is configured for placement
relative to the subject’s spine at a second location remote from the first location, the

adjustable portion includes a housing containing a magnetic assembly, the magnetic assembly
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affixed at one end thereof to a lead screw, the lead screw operatively coupled to the threaded
portion. The system further includes a recess disposed in an interior portion of the housing
adjacent to one end, the recess having at least one o-ring therein dimensioned to form a fluid

tight seal with the distraction rod.

Brief Description of the Drawings

[0013]  FIG. 1 illustrates the spine of a person with scoliosis.

[0014]  FIG. 2 illustrates the Cobb angle of a scoliotic spine.

[0015]  FIG. 3 illustrates the large incision made during prior art scoliosis fusion surgery.
[0016]  FIG. 4 illustrates an exemplary distraction device mounted on the spine of a
subject.

[0017]  FIG. 5A is a cross-sectional view of a distraction rod and adjustable portion taken
along a perpendicular axis to the longitudinal axis of the distraction rod.

[0018]  FIG. 5B illustrates a cross-sectional view of the distraction rod and the adjustable
portion taken along the line B’-B of FIG. 5A.

[0019]  FIG. 5C illustrates an enlarged cross-sectional view of detail C of FIG. 5B.
[0020]  FIG. 6A illustrates a perspective view of a nut disposed within an interior recess
located at one end of the distraction rod.

[0021]  FIG. 6B is an end view of the nut of FIG. 6A.

[0022]  FIG. 6C is a cross-sectional view of the nut taken along the line C’-C of FIG. 6B.
[0023]  FIG. 7A illustrates a perspective view of one end of a distraction rod illustrating
the splined tip.

[0024]  FIG. 7B is a side cross-sectional view of the tubular housing with the lead screw
and magnetic assembly removed for clarity.

[0025]  FIG. 7C is a cross-sectional view of the tubular housing taken along the line C’-C
in FIG. 7B.

[0026] FIG. 7D illustrates a magnified view of detail D of FIG. 7C.

[0027]  FIG. 8A is an exploded perspective view of the magnetic assembly, locking pin,
bearing, and lead screw.

[0028]  FIG. 8B is a perspective view illustrating the magnetic assembly coupled to the
lead screw via the locking pin (hidden by the bearing). The off axis wiggle of the lead screw
is illustrated by the cone-shaped envelope o.

[0029]  FIG. 9A is an end view of the magnetic assembly.

[0030] FIG. 9B is a side view of the magnetic assembly.
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[0031] FIG. 9C is a cross-sectional view of the magnetic assembly illustrated in FIG. 9B
taken along the line C’-C.

[0032]  FIG. 10 illustrates a perspective view of an external adjustment device according to
one embodiment. The outer housing or cover is removed to illustrate the various aspects of
the external adjustment device.

[0033]  FIG. 11 illustrates a side or end view of the external adjustment device of FIG. 10.
[0034]  FIG. 12 illustrates a perspective view of an external adjustment device of FIG. 10
with the outer housing or cover in place.

[0035]  FIG. 13A illustrates a cross-sectional representation of the external adjustment
device being positioned on a patient’s skin. FIG. 13A illustrates the permanent magnet in the
0° position.

[0036] FIG. 13B illustrates a cross-sectional representation of the external adjustment
device being positioned on a patient’s skin. FIG. 13B illustrates the permanent magnet in the
90° position.

[0037]  FIG. 13C illustrates a cross-sectional representation of the external adjustment
device being positioned on a patient’s skin. FIG. 13C illustrates the permanent magnet in the
180° position.

[0038]  FIG. 13D illustrates a cross-sectional representation of the external adjustment
device being positioned on a patient’s skin. FIG. 13D illustrates the permanent magnet in the
270° position.

[0039]  FIG. 14 schematically illustrates a system for driving the external adjustment

device according to one embodiment.

Detailed Description of the Illustrated Embodiments

[0040]  FIG. I illustrates a patient 100 with scoliosis. The concave portion 102 of the
spinal curve can be seen on the left side 104 of the patient 100, and the convex portion 106
can be seen on the right side 108 of the patient 100. Of course, in other patients, the concave
portion 102 may appear on the right side 108 of the patient 100 while the convex portion 106
may be found on the left side 104 of the patient. In addition, as seen in FIG. 1, some rotation
of the spine 110 is present, and unevenness between the left shoulder 112 and right shoulder
114 is seen.

[0041]  FIG. 2 illustrates the Cobb angle 116 of a spine 110 of a patient with scoliosis. To
determine the Cobb angle, lines 118 and 120 are drawn from vertebra 122 and 124,

respectively. Intersecting perpendicular lines 126 and 128 are drawn by creating 90° angles
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130 and 132 from lines 118 and 120. The angle 116 created from the crossing of the
perpendicular line§ 126 and 128 is defined as the Cobb angle. In a perfectly straight spine,
this angle is 0°.

[0042] In many Adolescent Idiopathic Scoliosis (AIS) patients with a Cobb angle of 40°
or greater, spinal fusion surgery is typically the first option. FIG. 3 illustrates a long incision
134 formed in the patient 100 which is typically made during posterior scoliosis fusion
surgery. This type of fusion surgery is known in the prior art. The long incision 134 extends
between an upper end 136 and a lower end 138. The length of this incision 134 is longer than
the length of the section of the vertebra to be fused. The actual length between the upper end
136 and the lower end 138 varies, depending on the size of the patient, and the extent of the
scoliosis, but in AIS patients this length is significantly longer than 15 cm. More typically, it
is longer than 25 cm.

[0043] FIG. 4 illustrates a distraction device 200 for treating scoliosis according to one
embodiment of the invention. The distraction device 200, which is an implantable device, is
fixated at its upper end 202 and lower end 204 to the patient’s spine 500. The illustrated
example of the spine 500 includes the particular thoracic and lumbar vertebrae that typically
encompass a scoliotic curve, for example the curve of a patient with adolescent idiopathic
scoliosis. The T3 through T12 thoracic vertebrae, 503, 504, 505, 506, 507, 508, 509, 510,
511, 512, respectively and the L1 through L3 vertebrae, 513, 514, 515 are depicted in FIG. 4,
not in a severe scoliotic condition, but in a very slight residual curve that represents a modest
curve that has been partially or completely straightened during the implantation procedure.
[0044]  Each vertebra is different from the other vertebra by its size and shape, with the
upper vertebra generally being smaller than the lower vertebra. However, generally, the
vertebrae have a similar structure and include a vertebral body 516, a spinous process 518,
520, laminae 526, transverse processes 521, 522 and pedicles 524. In this embodiment, the
distraction device 200 includes a distraction rod 206 which is adjustable (lengthwise) via a
coupled adjustable portion 208. The distraction device 200 is fixated to the spine 500 via a
clamp 600 at the upper end 202 of the distraction rod 206. In FIG. 4, the clamp 600 is
secured around the transverse process 521 of the T4 vertebra 504. Alternatively, the clamp
600 may be secured around an adjacent rib (not shown) or rib facet. In still another
alternative, the clamp may be replaced by a laminar and pedicle hook system, or pedicle
screw system. Exemplary pedicle hook systems or pedicle screw systems may be found in
U.S. Patent Application Nos. 12/121,355 and 12/250,442 which are incorporated by reference
as if set forth fully herein.
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[0045]  Referring back to FIG. 4, the distraction device 200 is illustrated as being fixated
to the spine 500 with a pedicle screw system 531 comprising a connecting rod 532 and two
toe clamps 538, 540. The connecting rod 532 is shown curving back on itself in the shape of
a“].” The connecting rod 532 then interfaces with the adjustable portion 208. As explained
in more detail below. The adjustable portion 208 preferably contains a magnetic assembly
having a permanent magnet configured to drive a lead screw that, depending on the direction
of rotation of the internal magnet, will extend or retract the distraction rod 206 using the
adjustable portion 208. Lengthening of the distraction rod 206, for example, will impart a
distraction force to the spine 500. Retracting the distraction rod 206 will lower or remove the
distraction force on the spine 500, for example if too high a distraction force causes pain or
complications.

[0046]  Still referring to FIG. 4, a locking screw 534 can be loosened to adjust the angle of
the connecting rod 532 into the desired orientation and then locking screw 534 can be
tightened so that toe clamp 538 securely holds connecting rod 532 in place without further
rotation. The second toe clamp 540 is adjusted in the same way, by tightening locking screw
536. Because a scoliotic spine is also rotated (usually the center section is rotated to the right
in AIS patients), the non-fusion embodiment presented here allows de-rotation of the spine
500 to happen naturally, because there is no fixation at the middle portion of the distraction
device 200.

[0047]  In order to further facilitate this de-rotation, the distraction device 200 may allow
for free rotation at its ends. For example, the adjustable portion 208 may be coupled to the
connecting rod 532 via an articulating joint. U.S. Patent Application Nos. 12/121,355 and
12/250,442 describe various articulating interfaces and joints that may be utilized to couple
the adjustable portion 108 to the connecting rod 532 or the like.

[0048] It should be noted that distraction rod 206 may be precurved with the typical shape
of a normal saggital spine, but it should also be noted that the curve may be slightly different
than standard scoliosis fusion instrumentation, because in the non-fusion embodiment
described herein, the distraction device 200 is not flush with the spine but rather is placed
either subcutaneous or sub-fascial, and thus is not below the back muscles. The only portions
of the distraction device 200 that are designed to be placed below the muscles are the clamp
600 and the portion of the distraction rod 206 immediately adjacent the clamp 600, the
pedicle screw system 531 and the connecting rod 532. Thus, FIG. 4 illustrates an
embodiment in which the bulk of the hardware associated with the distraction device 200 is

placed over the muscle. It should be understood, however, that in alternative configurations,
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any other part of the entire implantable embodiment may be placed under the muscle (i.e.,
sub-muscular). It should be appreciated that a much smaller amount of muscle needs to be
dissected during the procedure in comparison with current fusion procedures. This will allow
for a much shorter procedure, much less blood loss, much quicker recovery, and less time in
the hospital/less risk of infection. Further, it may be desirable to produce the “J” curve of the
connecting rod 532 or any other curve at the connecting rod 532 with optional flanges or ribs
at their highest stress points in order to increase their durability in demanding implant
conditions.

[0049]  FIGS. 5A-5C illustrate cross-sectional views of the interface of the distraction rod
206 with the adjustable portion 208. FIG. 5A is a cross-sectional view of the distraction rod
206 and adjustable portion 208 taken along a perpendicular axis to the longitudinal axis of the
distraction rod 206. FIG. 5B illustrates a cross-sectional view of the distraction rod 206 and
the adjustable portion 208 taken along the line B’-B of FIG. 5A. FIG. 5C illustrates an
enlarged cross-sectional view of detail C of FIG. 5B. As best seen in FIG. 5C, an end 210 of
the distraction rod 206 includes an elongate recess 212. The elongate recess 212 may have a
length of around 60 mm. The recess 212 is dimensioned to receive a lead screw 260. The
lead screw 260 may be made from a high strength material such as, for example, titanium. At
least a portion of the lead screw 260 includes external threads 262 that are configured to
engage with a nut 214 integrated into the recess 212. The nut 214 provides a threaded portion
on the recess 212 of the distraction rod 206. The lead screw 260 may have, for example, 80
threads per inch although more or less could be used. The nut 214 may includes threads or a
chamfered surface 216 on the outer diameter in order to better ensure a secure attachment to
the inner diameter of the recess 212 of the distraction rod 206. For example, the nut 214 may
be bonded to the distraction rod 206 using an adhesive such as EPOTEK 353ND, available
from EPOXY TECHNOLOGY, INC., 14 Fortune Drive, Billerica, MA. This allows the
distraction rod 206 to be fabricated from a single piece of stronger material. It also provides
for clearance between the lead screw 260 and internal diameter of the distraction rod 206.
Alternatively, a threaded portion may be directly formed in the recess 212 without the aid of
a separate nut 214.

[0050]  FIGS. 6A-6C illustrate separate views of the nut 214. The nut includes internal
threads 218 that engage with the outer threads 262 of the lead screw 260. In one aspect, the
nut 214 is made from aluminum-bronze #630. By using dissimilar metals (titanium for lead
screw 260 and aluminum-bronze for the nut 214) with different hardness values results in less

gall/bind between the lead screw 260 and the nut 214. This further enables to the lead screw
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260 and the nut 214 to operate with reduced friction. Optionally, various wet or dry
lubricants may be used to reduce friction between the lead screw 260 and the nut 214. One
example of a wet lubricant includes biocompatible silicone oil such as MED-360 (100,000
cp) available from NuSil Technology, 1050 Cindy Lane, Carpinteria, CA 93013.

[0051]  Referring back to FIG. 5C, the end of the distraction rod 206 includes a splined tip
220 that includes one or more protrusions 222 that interface with corresponding longitudinal
grooves 224 (not shown in FIG. 5C) disposed within an inner surface of a tubular housing
226. FIG. 7A illustrates a perspective view of the splined tip 220. The splined tip 220 is
illustrated with four (4) protrusions 222 that interface with four (4) corresponding
longitudinal grooves 224 (two pairs in symmetric opposition) formed inside a tubular housing
226 (illustrated in FIGS. 7B-D). The longitudinal grooves 224 may be formed by wire EDM
machining. While FIGS. 7A-7D illustrate an embodiment that uses four (4) protrusions 222
along with four (4) longitudinal grooves 224 there may be more or less. The tight tolerance
of the splined tip 220 with the longitudinal grooves 224 keeps the distraction rod 206
centered within the tubular housing 226. In addition, the combination of the splined tip 220
and corresponding grooves 224 act as an anti-rotation feature that prevents the distraction rod
206 from rotating relative to the tubular housing 226. This may be necessary to allow the
distraction device 200 to be “rigidized” in the event the device is used in fusion applications,
instead of the non-fusion applications described. For example, in a fusion application, it is
desired that the spine 500 not be able to flex or rotate much during the months that the fusion
is taking place. In either the fusion applications or the non-fusion applications, the anti-
rotation features prevent inadvertent extension and/or retraction of the distraction rod 206
resulting from, for instance, patient movements.

[0052]  FIG. 7C is a cross-sectional view of the tubular housing 226 taken along the line
C’-C in FIG. 7B. FIG. 7D illustrates a magnified view of detail D of FIG. 7C. In this
illustrated embodiment, as best seen in the detailed view of FIG. 7D, small reliefs 228 are
incorporated into the sides or corners of the longitudinal grooves 224. These reliefs 228 may
be slight over cut wire EDM notches that prevent the corners of the protrusions 222 from
contacting the inner wall of the tubular housing 226. Less contact between the protrusions
222 and the longitudinal grooves 224 results in less frictional forces and reduces the
likelihood of binding. Optionally, the tops of the protrusions 222 could be curved, for
example, cut from a diameter instead of a square. This rounding of the protrusions 222
would keep the protrusions 222 from binding with the longitudinal grooves 224 when

torsional stresses are imparted between the distraction rod 206 and the adjustable portion
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208. This optional modification makes the distraction rod 106 easier to manufacture and
eliminates the need for the relief 228 overcuts.

[0053]  Referring back to FIGS. 5B and 5C, an o-ring gland 230 is affixed or otherwise
bonded to an end of the tubular housing 226. The o-ring gland 230 is, for example, electron
beam (e-beam) or laser welded to the end of the tubular housing 226. As best illustrated in
FIG. 5C, the o-ring gland 230 has an inner diameter than is less than inner diameter of the
tubular housing. In this regard, a stop 231 is created that prevents further advancement of the
splined tip 220 from exiting the tubular housing 226. This will assure that the distraction rod
206 cannot be over-distracted in relation to the adjustable portion 208, and thus that integrity
is maintained (e.g., the distraction rod 206 does not disconnect or jam). The o-ring gland 230
further includes a recess 232 that is dimensioned to receive an o-ring 234. The o-ring 234
may be formed from a biocompatible material such as 70 durometer ethylene propylene diene
M-class rubber (EPDM) available from Precision Associates, Inc., 740 North Washington
Ave., Minneapolis, MN, 55401-1188. The o-ring 234 may have an inner diameter of around
.241 inches +/- .005 inches with a cross-section of .030 inches +/- .003 inches. The outer
diameter of the end 210 of the distraction rod 206 may be around .25 inches. A
biocompatible lubricant such as biocompatible silicone oil (e.g., MED-360 available from
NuSil Technology) may be applied to the o-ring 234. The o-ring 234 thus forms a fluid-tight
seal with the outer surface of the distraction rod 206.

[0054]  Thus, the distraction rod 206 is able to telescope relative to the housing 226 while
simultaneously preventing foreign matter from entering the housing 226. While a single o-
ring 234 is illustrated in FIG. 5C, multiple o-rings may also be used to provide additional
confidence in seal integrity. With respect to the single o-ring 234 illustrated in FIG. 5C, the
radial compression of the o-ring is greater than 7%, and preferably falls within the range
between about 13% to 18%. Further, the fill volume of the recess 232 of the o-ring gland
230 is designed to be less than 75% in all cases and more particularly, within a range of
about 40% to about 54%. It is desired to have all surfaces that contact the o-ring 234 be
smooth. For example, the recess 232 may be designed with a smooth surface finish. Rough
finishes can damage the o-ring 234 or provide a potential leakage path across sealing
surfaces. An exemplary surface finish is 16 microinches RMS.

[0055]  The o-ring 234 may provide several advantages in keeping foreign materials out of
the tubular housing 226. In particular, positive air pressure within the tubular housing 226
may be created during the manufacturing process. The positive air pressure provides

additional stored pushing force to aid in distraction of the distraction rod 206. The positive
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air pressure also aids in preventing ingress of foreign matter. The use of the o-ring 234
within the recess 232 of the o-ring gland 230 permits telescopic movement of the distraction
rod 206 while at the same time seals in the interior of the tubular housing 226 from the
exterior environment. I vivo animal testing has confirmed that such an arrangement has
maintained the integrity of the tubular housing 226 for over seven months. In a seven month
study conducted in vivo in pigs, the distraction device 200 was removed and the adjustable
portion 208 was fully functional.

[0056]  As best seen in FIGS. 5C, 8A, 8B, the distraction rod 206 is coupled to a magnetic
assembly 236 via a locking pin 238. The lead screw 260 contains an aperture 264
transversely oriented with respect to the longitudinal axis of the lead screw 260 at the
proximal end that is dimensioned to receive the locking pin 238. The magnetic assembly
236, which is described in more detail below, includes an upper cup 240 and a lower cup 242.
The upper cup 240 terminates at a receptacle 244 that has an inner diameter dimensioned to
receive the end of the lead screw 260 containing the aperture 264. The receptacle 244 also
has an outer diameter that interfaces with an interior surface a bearing 246. The bearing 246
may include a radial ball bearing that rotatably holds the upper cup 240 (via the receptacle
244) within the tubular housing 226. The receptacle 244 includes apertures 248, 249 through
which the locking pin 238 is placed to lock the lead screw 260 to the magnetic assembly 236.
The locking pin 238 remains in place because, when in place, the bearing 246 prevents the
locking pin 238 from sliding out of the apertures 248, 249 in the receptacle 244. This overlap
also advantageously shortens the overall length of the magnetic assembly 236. Alternatively,
only a single aperture 248 may be used and the opposing end of the locking pin 238 may
interface with a recess located on the opposing side of the receptacle 244.

[0057]  The interface between the lead screw 260 and the magnetic assembly 236 has
several functions. The interface must withstand heavy compressive loads. It also may need
to withstand large tensile loads. Furthermore, the interface must transmit torque from the
rotating magnetic assembly 236 to the lead screw 260. The interface must also maintain the
concentric alignment between the lead screw 260 and the nut 214. With respect to
compressive loads, these are transmitted down the lead screw 260 and across the locking pin
238 and into the magnetic assembly 236. The magnetic assembly 236, as best seen in FIG.
5C, rides on a thrust ball bearing 250. An end cap 252 located at one end of the tubular
housing 226 is provided. The end cap 252 may be laser or e-beam welded to the tubular

housing 226. The end cap 252 may be used to couple or otherwise interface with a joint (e.g.,
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articulating joint) that is coupled or otherwise connected to, for example, a connecting rod
532 such as that illustrated in FIG. 4.

[0058]  With respect to tensile loads, these are transmitted from the magnetic assembly 236
across the locking pin 238 and up the lead screw 260. The locking pin 238 pulls on the
magnetic assembly which is retained by the bearing 246. The locking pin 238 may be made
from a strong material such as, for instance, 440C stainless steel that has been heat treated for
added strength. For instance, the 440C stainless steel may be heated to achieve a hardness of
at least C58 Rockwell. The locking pin 238 may have a length of around .185 inches and a
diameter of around .0314 inches. The ends of the locking pin 238 may be beveled. The
ultimate pull strength at which the locking pin 238 fails has been determined in testing to be
353 Ibs. Thus, the locking pin 238 retains its structural integrity up to a tensile load force of
about 350 Ibs. This is significantly higher than the highest expected distraction force. For
example, other researchers have found that peak distraction forces experienced by growing
rods are at or less than 124 lbs. See Teli et al., Measurement of Forces Generated During
Distraction of Growing Rods, J. Child Orthop 1:257-258 (2007). The locking pin 238
described herein thus provides a wide margin of safety given the anticipated distraction
forces that are experienced by the distraction rod 206.

[0059] Torquing forces are transmitted from the magnetic assembly 236 to the lead screw
260 via the locking pin 238. Because the torque available is limited, even small mechanical
losses due to component binding is a problem. Here, however, the clearances between the
locking pin 238 and the lead screw 260 allow the lead screw 260 to “wiggle” freely in the
upper cup 240 of the magnetic assembly 236. FIG. 8B illustrates the cone-shaped envelope o
traced by the off axis “wiggle” permitted by the interface of the locking pin 238 with the lead
screw 260. This wiggle or play allows the lead screw 260 and nut 214 to self-align to reduce
binding.

[0060]  FIGS. 9A-9C illustrate the magnetic assembly 236. FIG. 9A illustrates an end
view of the magnetic assembly 236 while FIG. 9B illustrates a side view of the magnetic
assembly 236. FIG. 9C is a cross-sectional view of the magnetic assembly 236 taken along
the line C’-C of FIG. 9B. The magnetic assembly 236, as explained above, includes an
upper cup 240 and a lower cup 242. A permanent magnet 254 is located in the recess formed
between the interior portions of the upper cup 240 and the lower cup 242. The permanent
magnet 254 is preferably a cylindrical magnet having a diameter of about .28 inches and a
length of about .73 inches although other dimensions may be used. The permanent magnet

254 may include, for example, a rare earth magnet formed from, for instance, Neodynium-
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Iron-Boron. The magnet may be made from a grade of N335 or higher, for example a grade of
N50. The permanent magnet 254 is bonded or otherwise affixed to the upper cup 240 and the
lower cup 242. An epoxy adhesive such as EPOTEK 353ND may be used to bond the
permanent magnet 254 to the upper cup 240 and the lower cup 242. This allows torque
applied to the permanent magnet 254 to be transferred to the upper cup 240 and thus the lead
screw 260. The permanent magnet 254 is shorter in length than the combined lengths of the
internal cavities of the upper cup 240 and lower cup 242. This assures that when the
magnetic assembly 236 is under compression, the upper cup 240 and the lower cup 242 are
stressed instead of the permanent magnet 254.

[0061]  FIG. 10 illustrates an external adjustment device 1130 that may be used to
externally impart rotational motion or “drive” the magnetic assembly 236 located within the
distraction device 200. The external adjustment device 1130 includes a motor 1132 that is
used to impart rotational movement to two permanent magnets 1134, 1136. The two
permanent magnets 1134, 1136 are located in the same driver 1130 and are configured for
placement on the same side of the body of the patient or subject. The motor 1132 may
include, for example, a DC powered motor or servo that is powered via one or more batteries
(not shown) integrally contained within the external adjustment device 1130. Alternatively,
the motor 1132 may be powered via a power cord or the like to an external power source.
For example, the external power source may include one or more batteries or even an
alternating current source that is converted to DC.

[0062]  Still referring to FIG. 10, the two permanent magnets 1134, 1136 are preferably
cylindrically-shaped permanent magnets. The permanent magnets may be made from, for
example, a rare earth magnet material such as Neodymium-Iron-Boron (NdFeB) although
other rare earth magnets are also possible. For example, each magnet 1134, 1136 may have a
length of around 1.5 inches and a diameter of around 1.0 to 3.5 inches. Both magnets 1134,
1136 are diametrically magnetized (poles are perpendicular the longitudinal axis of each
permanent magnet 1134, 1136). The magnets 1134, 1136 may be contained within a non-
magnetic cover or housing 1137. In this regard, the magnets 1134, 1136 are able to rotate
within the stationary housing 1137 that separates the magnets 1134, 1136 from the external
environment. Preferably, the housing 1137 is rigid and relatively thin walled at least at the
portion directly covering the permanent magnets 1134, 1136, in order to minimize the gap
between the permanent magnets 1134, 1136 and the magnetic assembly 236(as shown in

FIGS. 13A-13D).
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[0063]  As seen in FIG. 10, the permanent magnets 1134, 1136 are rotationally mounted
between opposing bases members 1138, 1140. Each magnet 1134, 1136 may include axles or
spindles 1142, 1144 mounted on opposing axial faces of each magnet 1134, 1136. The axles
1142, 1144 may be mounted in respective bearings (not shown) that are mounted in the base
members 1138, 1140. As seen in FIG. 10, driven pulleys 1150 are mounted on one set of
axles 1142 and 1144. The driven pulleys 1150 may optionally include grooves or teeth 1152
that are used to engage with corresponding grooves or teeth 1156 (partially illustrated in FIG.
I1)contained within a drive belt (indicated by path 1154).

[0064]  Still referring to FIG. 10, the external adjustment device 1130 includes a drive
transmission 1160 that includes the two driven pulleys 1150 along with a plurality of pulleys
1162A, 1162B, 1162C and rollers 1164A, 1164B, 1164C on which the drive belt 1154 is
mounted. The pulleys 1162A, 1162B, 1162C may optionally include grooves or teeth 1166
used for gripping corresponding grooves or teeth 1156 of the drive belt 1154. Pulleys 1162A,
1162B, 1162C and rollers 1164A, 1164B, 1164C may be mounted on respective bearings (not
shown). As seen in FIG. 10, pulley 1162B is mechanically coupled to the drive shaft (not
shown) of the motor 1132. The pulley 1162B may be mounted directly to the drive shaft or,
alternatively, may be coupled through appropriate gearing. One roller 1164B is mounted on a
biased arm 1170 and thus provides tension to the belt 1154. The various pulleys 1150,
1162A, 1162B, 1162C and rollers 1164A, 1164B, 1164C along with the drive belt 1154 may
be contained within a cover or housing 1172 that is mounted to the base 1138 (as seen in FIG.
12). For safety and convenience, it may be desired for the external adjustment device 1130 to
have a removable safety cover that would be placed over the portion containing the
permanent magnets 1134, 1136, for example during storage, so that the high magnetic field
cannot come closely in contact with anything that would be strongly attracted to it or
damaged by it. The external adjustment device 1130 may also be supplied in a case, for
example, a case that has a sheet made of a magnetic shielding material, to minimize the
magnetic field external to the case. Giron or mu-metal are two examples of this material.
[0065]  Asseenin FIGS. 10 and 11, rotational movement of the pulley 1162B causes the
drive belt 1154 to move around the various pulleys 1150, 1162A, 1162B, 1162C and rollers
1164A, 1164B, 1164C. In this regard, rotational movement of the motor 1132 is translated
into rotational movement of the two permanent magnets 1134, 1136 via the drive
transmission 1160. In one aspect of the invention, the base members 1138, 1140 are cut so as
to form a recess 1174 that is located between the two magnets 1134, 1136. During use, the

external adjustment device 1130 is pressed against the skin of a patient, or against the
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clothing which covers the skin (e.g., the external adjustment device 1130 may be used
through clothing so the patient may not need to undress). A small permanent magnet may be
placed on the patient’s clothing to determine the location of the implanted permanent magnet
254 (via the attraction of the two magnets). The recess 1174 allows skin as well as the
underlying tissue to gather or compress within the recessed region 1174 as seen in FIGS. 13A
and 13B. This advantageously reduces the overall distance between the external drive
magnets 1134, 1136 and the permanent magnet 254 contained within the magnetic assembly
236 of the distraction device 200. By reducing the distance, this means that the externally
located magnets 1134, 1136 and/or the internal magnet 1064 may be made smaller. This is
especially useful in the case of an obese patient.

[0066] In one embodiment, the two permanent magnets 1134, 1136 are configured to
rotate at the same angular velocity. In another embodiment, the two permanent magnets
1134, 1136 each have at least one north pole and at least one south pole, and the external
adjustment device 1130 is configured to rotate the first magnet 1134 and the second magnet
1136 such that the angular location of the at least one north pole of the first magnet 1134 is
substantially equal to the angular location of the at least one south pole of the second magnet
1136 through a full rotation of the first and second magnets 1134, 1136.

[0067]  FIGS. 13A and 13B illustrate cross-sectional views of the patient having an
implanted distraction device (not shown for sake of clarity) with a permanent magnet 254
contained within a magnetic assembly 236 (not shown in FIGS. 13A and 13B for clarity
sake). The internal permanent magnet 254 is seen disposed on one side of a vertebra 1185.
Further, the internal permanent magnet 254 is seen being outside or external with respect to
the fascia 1184 and muscle 1186 of the subject. FIGS. 13A and 13B illustrate an obese
patient in which skin and other tissue gather within the recess 1174. It should be understood
that obese Adolescent Idiopathic Scoliosis patients are rare, and FIGS. 13A and 13B
generally indicate a worst-case situation but as seen in FIGS. 13A and 13B the excess skin
and other tissue are easily accommodated within the recess 1174 to enable close positioning
between the internal permanent magnet 254 and the external drive magnets 1134, 1136. For
most AIS patients, the air gap or distance between the internal permanent magnet 254 and the
external drive magnets 1134, 1136 is generally one inch or less. In FIGS. 13A through 13D,
the internal permanent magnet 254 is depicted somewhat larger than its actual size in order
for its respective poles to be more clearly visible.

[0068]  Still referring to FIGS. 10 and 11, the external adjustment device 1130 preferably

includes an encoder 1175 that is used to accurately and precisely measure the degree of
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movement (e.g., rotational) of the external magnets 1134, 1136. In one embodiment, an
encoder 1175 is mounted on the base member 1138 and includes a light source 1176 and a
light receiver 1178. The light source 1176 may includes a LED which is pointed or directed
toward pulley 1162C. Similarly, the light receiver 1178 may be directed toward the pulley
1162C. The pulley 1162C includes a number of reflective markers 1177 regularly spaced
about the periphery of the pulley 1162C. Depending on the rotational orientation of the
pulley 1162C, light is either reflected or not reflected back onto the light receiver 1178. The
digital on/off signal generated by the light receiver 1178 can then be used to determine the
rotational speed and displacement of the external magnets 1134, 1136.

[0069]  FIGS. 13A, 13B, 13C, and 13D illustrate the progression of the external magnets
1134, 1136 and the internal permanent magnet 254 that is located within the distraction
device 200 during use. FIGS. 13A, 13B, 13C, and 13D illustrate the external adjustment
device 1130 being disposed against the external surface of the patient’s skin 1180 adjacent
the spine . In the non-invasive adjustment procedure depicted, the patient 100 lies in a prone
position, and the external adjustment device 1130 is placed upon the patient’s back.
However, the adjustment is conceived possible with the patient in supine, standing or
positions. The external adjustment device 1130 is placed against the skin 1180 in this manner
to remotely rotate the internal permanent magnet 254. As explained herein, rotation of the
internal permanent magnet 254 causes rotational movement of the magnetic assembly 236.
This rotational movement is then translated to the lead screw 260 via the locking pin 238 that
connects the lead screw 260 to the magnetic assembly 236. Depending on the rotational
direction of the lead screw 260, the distraction rod 206 moves in a telescopic manner out of
or into the adjustable portion 208. In this regard, by controlling the rotational movement of
the magnetic assembly 236 using the external adjustment device 1130, the operator is able to
adjust the linear motion of the distraction rod 206 in a controllable manner. The magnetic
assembly 236 may have rotational movement though less than 360 ° of a full rotation of the
magnetic assembly 236. Alternatively, the magnetic assembly 236 may have rotational
movement through more than 360° (e.g., multiple, full revolutions).

[0070]  Asseen in FIGS. 13A, 13B, 13C, and 13D, the external adjustment device 1130
may be pressed down on the patient’s skin 1180 with some degree of force such that skin
1180 and other tissue such as the underlying layer of fat 1182 are pressed or forced into the
recess 1174 of the external adjustment device 1130. FIGS. 13A, 13B, 13C, and 13D show

the magnetic orientation of the internal permanent magnet 254 as it undergoes a full rotation

17



WO 2010/096315 PCT/US2010/023780

in response to movement of the permanent magnets 1134, 1136 of the external adjustment
device 1130.

[0071]  With reference to FIG. 13A, the internal permanent magnet 254 is shown being
oriented with respect to the two permanent magnets 1134, 1136 via an angle 0. This angle 0
may depend on a number of factors including, for instance, the separation distance between
the two permanent magnets 1134, 1136, the location or depth of where the implantable
interface 1104 is located, the degree of force at which the external adjustment device 1130 is
pushed against the patient’s skin. Generally in applications including some obese patients,
the angle 6 should be at or around 90° to achieve maximum drivability (e.g., torque). The
inventors have calculated that in the AIS application, where there are few obese patients, an
angle of about 70° is preferred for the majority of patients when the permanent magnets 1134,
1136 have an outer diameter of about two (2.0) to three (3.0) inches.

[0072]  FIG. 13A illustrates the initial position of the two permanent magnets 1134, 1136
and the internal permanent magnet 254. This represents the initial or starting location (e.g.,
0° position as indicated). Of course, it should be understood that, during actual use, the
particular orientation of the two permanent magnets 1134, 1136 and the internal permanent
magnet 254 will vary and not likely will have the starting orientation as illustrated in FIG.
13A. In the starting location illustrated in FIG. 13A, the two permanent magnets 1134, 1136
are oriented with their poles in an N-S/S-N arrangement. The internal permanent magnet 254
is, however, oriented generally perpendicular to the poles of the two permanent magnets
1134, 1136.

[0073]  FIG. 13B illustrates the orientation of the two permanent magnets 1134, 1136 and
the internal permanent magnet 254 after the two permanent magnets 1134, 1136 have rotated
through 90°. The two permanent magnets 1134, 1136 rotate in the direction of arrow A (e.g.,
clockwise) while the internal permanent magnet 254 rotates in the opposite direction (e.g.,
counter clockwise) represented by arrow B. It should be understood that the two permanent
magnets 1134, 1136 may rotate in the counter clockwise direction while the internal
permanent magnet 254 may rotate in the clockwise direction. Rotation of the two permanent
magnets 1134, 1136 and the internal permanent magnet 254 continues as represented by the
180° and 270° orientations as illustrated in FIGS. 13C and 13D. Rotation continues until the
starting position (0°) is reached again.

[0074]  During operation of the external adjustment device 1130, the permanent magnets
1134, 1136 may be driven to rotate the internal permanent magnet 254 through one or more

full rotations in either direction to increase or decrease distraction of the distraction device
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200 as needed. Of course, the permanent magnets 1134, 1136 may be driven to rotate the
internal permanent magnet 254 through a partial rotation as well (e.g., 1/4, 1/8, 1/16, etc.).
The use of two magnets 1134, 1136 is preferred over a single external magnet because the
internal permanent magnet 254 may not be oriented perfectly at the start of rotation, so one
external magnet 1134, 1136 may not be able to deliver its maximum torque, which depends
on the orientation of the internal permanent magnet 254to some degree. However, when two
(2) external magnets (1134, 1136) are used, one of the two 1134 or 1136 will have an
orientation relative to the internal permanent magnet 254 that is better or more optimal than
the other. In addition, the torques imparted by each external magnet 1134, 1136 are additive.
In prior art magnetically driven devices, the external driving device is at the mercy of the
particular orientation of the internal driven magnet. The two-magnet embodiment described
herein is able to guarantee a larger driving torque - as much as 75% more than a one-magnet
embodiment in the AIS application - and thus the internal permanent magnet 254 can be
designed smaller in dimension, and less massive. A smaller internal permanent magnet 254
will have a smaller image artifact when performing MRI (Magnetic Resonance Imaging),
especially important when using pulse sequences such as gradient echo, which is commonly
used in breast imaging, and leads to the largest artifact from implanted magnets. In certain
configurations, it may even be optimal to use three or more external magnets, including one
or more magnets each on two different sides of the body (for example front and back).
[0075]  FIG. 14 illustrates a system 1076 according to one aspect of the invention for
driving the external adjustment device 1130. FIG. 14 illustrates the external adjustment
device 1130 pressed against the surface of a patient 1077 (torso face down shown in cross-
section). The portion of the distraction device 200 containing the internal permanent magnet
254 is illustrated. The permanent magnet 254 that is located within the magnetic assembly
236 (disposed internally within the patient 1077 is magnetically coupled through the patient’s
skin and other tissue to the two external magnets 1134, 1136 located in the external
adjustment device 1130. As explained herein, one rotation of the external magnets 1134,
1136 causes a corresponding single rotation of the magnetic assembly 236 (which contains
the permanent magnet 254). Turning magnetic assembly 236 in one direction causes the
distraction device 200 to lengthen, or increase distraction force while turning in the opposite
direction causes the distraction device 200 to shorten, or decrease distraction force. Changes
to the distraction device 200 are directly related to the number of turns of the magnetic

assembly 236.
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[0076]  The motor 1132 of the external adjustment device 1130 is controlled via a motor
control circuit 1078 operatively connected to a programmable logic controller (PLC) 1080.
The PLC 1080 outputs an analog signal to the motor control circuit 1078 that is proportional
to the desired speed of the motor 1132. The PLC 1080 may also select the rotational
direction of the motor 1132 (i.e., forward or reverse). In one aspect, the PLC 1080 receives
an input signal from a shaft encoder 1082 that is used to identify with high precision and
accuracy the exact relative position of the external magnets 1134, 1136. For example, the
shaft encoder 1082 may be an encoder 1175 as described in FIGS. 10-11. In one
embodiment, the signal is a pulsed, two channel quadrature signal that represents the angular
position of the external magnets 1134, 1136. The PLC 1080 may include a built in screen or
display 1081 that can display messages, warnings, and the like. The PLC 1080 may
optionally include a keyboard 1083 or other input device for entering data. The PLC 1080
may be incorporated directly into the external adjustment device 1130 or it may be a separate
component that is electrically connected to the main external adjustment device 1130.

[0077]  In one aspect of the invention, a sensor 1084 is incorporated into the external
adjustment device 1130 that is able to sense or determine the rotational or angular position of
the internal permanent magnet 254. The sensor 1084 may acquire positional information
using, for example, sound waves, ultrasonic waves, light, radiation, or even changes or
perturbations in the magnetic or electromagnetic field between the internal permanent magnet
254 and the external magnets 1134, 1136. For example, the sensor 1084 may detect photons
or light that is reflected from the internal permanent magnet 254 or a coupled structure (e.g.,
rotor) that is attached thereto. For example, light may be passed through the patient’s skin
and other tissue at wavelength(s) conducive for passage through tissue. Portions of the
internal permanent magnet 254 or associated structure may include a reflective surface that
reflects light back outside the patient as the internal permanent magnet 254 moves. The
reflected light can then be detected by the sensor 1084 which may include, for example, a
photodetector or the like.

[0078]  In another aspect, the sensor 1084 may operate on the Hall effect, wherein two
additional magnets are located within the implantable assembly. The additional magnets
move axially in relation to each other as the internal permanent magnet 254 rotates and
therefore as the distraction increases or decreases, allowing the determination of the current
size of the restriction device.

[0079] In the embodiment of FIG. 14, the sensor 1084 is a microphone disposed on the

external adjustment device 1130. For instance, the microphone sensor 1084 may be disposed
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in the recessed portion 1174 of the external adjustment device 1130. The output of the
microphone sensor 1084 is directed to a signal processing circuit 1086 that amplifies and
filters the detected acoustic signal. In this regard, the acoustic signal may include a “click” or
other noise that is periodically generated by rotation of the internal permanent magnet 254.
For example, the internal permanent magnet 254 may click every time a full rotation is made.
The pitch (frequency) of the click may differ depending on the direction of rotation. For
example, rotation in one direction (e.g., lengthening) may produce a low pitch while rotation
in the other direction (e.g., shortening) may produce a higher pitch signal (or vice versa). The
amplified and filtered signal from the signal processing circuit 1086 can then pass to the PLC
1080. Additional details regarding the operation of various acoustic and other detection
modalities may be found in U.S. Patent Application No. 12/121,355.

[0080]  During operation of the system 1076, each patient will have a number or indicia
that correspond to the adjustment setting or size of their distraction device 200. This number
can be stored on an optional storage device 1088 (as shown in FIG. 14) that is carried by the
patient (e.g., memory card, magnetic card, or the like) or is integrally formed with the
distraction device 200. For example, a RFID tag 1088 implanted either as part of the system
or separately may be disposed inside the patient (e.g., subcutaneously or as part of the device)
and can be read and written via an antenna 1090 to update the current size of the distraction
device 200. In one aspect, the PLC 1080 has the ability to read the current number
corresponding to the size or setting of the distraction device 200 from the storage device
1088. The PLC 1080 may also be able to write the adjusted or more updated current size or
setting of the distraction device 200 to the storage device 1088. Of course, the current size
may recorded manually in the patient’s medical records (e.g., chart, card or electronic patient
record) that is then viewed and altered, as appropriate, each time the patient visits his or her
physician.

[0081] The patient, therefore, carries their medical record with them, and if, for example,
they are in another location, or even country, and need to be adjusted, the RFID tag 1088 has
all of the information needed. Additionally, the RFID tag 1088 may be used as a security
device. For example, the RFID tag 1088 may be used to allow only physicians to adjust the
distraction device 200 and not patients. Alternatively, the RFID tag 1088 may be used to
allow only certain models or makes of distraction devices to be adjusted by a specific model
or serial number of external adjustment device 1130.

[0082] In one aspect, the current size or setting of the distraction device 200 is input into

the PLC 1080. This may be done automatically or through manual input via, for instance, the

21



WO 2010/096315 PCT/US2010/023780

keyboard 1083 that is associated with the PLC 1080. The PLC 1080 thus knows the patient’s
starting point. If the patient’s records are lost, the length of the distraction device may be
measured by X-ray and the PLC 1080 may be manually programmed to this known starting
point.

[0083]  The external adjustment device 1130 is commanded to make an adjustment. This
may be accomplished via a pre-set command entered into the PLC 1080 (e.g. “increase
distraction displacement of distraction device 200 by 0.5 cm” or “increase distraction force of
distraction device 200 to 20 pounds™). The PLC 1080 configures the proper direction for the
motor 1132 and starts rotation of the motor 1132. As the motor 1132 spins, the encoder 1082
is able to continuously monitor the shaft position of the motor directly, as is shown in FIG.
14, or through another shaft or surface that is mechanically coupled to the motor 1132. For
example, the encoder 1082 may read the position of markings 1177 located on the exterior of
a pulley 1162C like that disclosed in FIG. 10. Every rotation or partial rotation of the motor
1132 can then be counted and used to calculate the adjusted or new size or setting of the
distraction device 200.

[0084]  The sensor 1084, which may include a microphone sensor 1084, may be monitored
continuously. For example, every rotation of the motor 1132 should generate the appropriate
number and pitch of clicks generated by rotation of the permanent magnet inside the
distraction device 200. If the motor 1132 turns a full revolution but no clicks are sensed, the
magnetic coupling may have been lost and an error message may be displayed to the operator
on a display 1081 of the PLC 1080. Similarly, an error message may be displayed on the
display 1081 if the sensor 1084 acquires the wrong pitch of the auditory signal (e.g., the
sensor 1084 detects a shortening pitch but the external adjustment device 1130 was
configured to lengthen).

[0085]  While embodiments of the present invention have been shown and described,
various modifications may be made without departing from the scope of the present
invention. The invention, therefore, should not be limited, except to the following claims,

and their equivalents.
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CLAIMS:

1. A spinal distraction system comprising:

a distraction rod having a first end and a second end, the first end being configured for
affixation to a subject’s spine at a first location, the second end containing a recess having a
threaded portion disposed therein;

a rotatable magnetic assembly configured for placement relative to the subject’s spine
at a second location remote from the first location; and

a lead screw having first and second ends, the first end operatively coupled to one end
of the magnetic assembly, the second end operatively coupled to the threaded portion of the
recess, characterized in that the first end of the lead screw is coupled to the end of the

magnetic assembly in an articulating arrangement.

2. The spinal distraction system of claim 1, wherein the articulating arrangement
comprises locking pin passing transversely through the lead screw and at least a portion of

the magnetic assembly.

3. The spinal distraction system of claim 2, wherein the locking pin comprises

heat treated stainless steel.

4. The spinal distraction system of claim 3, wherein the locking pin maintains

structural integrity up to tensile loads of 124 Ibs.

5. The spinal distraction system of claim 4, wherein the locking pin maintains

structural integrity up to tensile loads of 350 Ibs.

6. The spinal distraction system of claim 2, wherein the magnetic assembly
comprises a first cup and a second cup, the first cup comprising a receptacle having an

aperture dimensioned to receive the locking pin.

7. The spinal distraction system of claim 6, further comprising a bearing

disposed about the receptacle.
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8. The spinal distraction system of claim 6, wherein the receptacle is
dimensioned to permit angular displacement of the lead screw relative to a longitudinal axis

of the magnetic assembly.

9. The spinal distraction system of claim 8, wherein rotation of the magnetic
assembly causes the lead screw to trace a cone-shaped envelope in the absence of contact

with the threaded portion of the recess.

10.  The spinal distraction system of claim 1, wherein the magnetic assembly

comprises at least one rotatable magnet.

I1.  The spinal distraction system of claim 1, wherein the magnetic assembly
comprises a cylindrical magnet having a first length contained within a cavity formed
between first and second cups, wherein the cavity has a length that is longer than the first

length.

12. The spinal distraction system of claim 1, wherein the threaded portion

comprises a material that is different from the material of the lead screw.

13.  The spinal distraction system of claim 12, wherein the threaded portion

comprises aluminum bronze.

14.  The spinal distraction system of claim 1, further comprising:

a housing containing the magnetic assembly; and

a recess disposed in an interior portion of the housing adjacent to one end, the recess
having at least one o-ring therein dimensioned to form a fluid tight seal with the distraction

rod.

15.  The spinal distraction system of claim 14, wherein the fluid tight seal

comprises an air tight seal.
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