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(57) ABSTRACT

Systems and methods for facilitating treatment are disclosed
that can include the use of imaging techniques in conjunc-
tion with one or more non-invasive techniques for modify-
ing tissue, e.g., tissue in or around the spine. Depending on
the type of treatment to be performed, various imaging
modalities may be suitable for visualizing the tissue. Energy
can be applied to tissue from outside of the body such that
the tissue is modified in a non-invasive manner. For
example, focused ultrasound can be used to dissect body
tissues or can be applied to specific regions of tissue to
change a characteristic of the tissue, e.g., increase its elas-
ticity. The methods disclosed herein can be stand-alone
treatments or can be performed prior to one or more surgical
procedures. For example, non-invasive imaging and modi-
fication of body tissues can facilitate accessing the spine,
preparing an interbody space, and/or surgically correcting
the spine.
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FIG. 2
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NON-INVASIVE METHODS FOR
MODIFYING TISSUE TO FACILITATE
TREATMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/613,502, filed on Feb. 4, 2015, and
entitled “Non-Invasive Methods for Modifying Tissue to
Facilitate Treatment.” This application is hereby incorpo-
rated by reference in its entirety.

FIELD

[0002] Methods for modifying tissue are disclosed herein,
for example, methods for modifying tissue in and/or sur-
rounding the spine to facilitate subsequent treatment.

BACKGROUND

[0003] Surgery can be the best option for treating various
diseases and/or for treating traumatic injuries to a patient,
yet even minimally-invasive surgical procedures can result
in trauma to various anatomical structures and other risks.
latrogenic injury can occur such as excessive bleeding,
ischemia, infection, and nerve injury. As nerves are being
separated from scar tissue or adjacent tissue, surrounding
blood vessels and/or nerves can be unintentionally injured.
Ischemia and/or nerve injury can also result from prolonged
tissue retraction, which can be necessary when a surgeon is
separating tissues to access a surgical site. As the duration of
surgery increases, the risk of excessive blood loss and
infection can also increase.

[0004] Surgical procedures involving the spine typically
require that a surgeon identify and manipulate various
regions and types of tissue. For example, a surgeon can
separate or dissect tissue to create a pathway to a surgical
site and/or to create space for insertion of an implant.
Creating a desired pathway can be cumbersome, time-
consuming and require extensive surgical exploration. This
process can also cause unintended damage to tissue sur-
rounding the pathway. Once the surgeon has access to the
spine, tissue in or around the spine can be manipulated in
various ways. For example, spinal fusion is a common
method of treating patients with severe back pain. Exem-
plary fusion procedures can include removing the disc
material prior to inserting a fusion cage and adding bone
growth material into the disc space, which can then grow
into a solid and stable construct. However, removal of the
disc can be a difficult and time consuming process and can
cause iatrogenic injury to the surrounding tissue. Other
exemplary procedures that require dissection and/or separa-
tion of tissue include laminectomies and spinal disc replace-
ments.

[0005] Tt is often necessary or desirable to perform revi-
sion surgery in which a treatment performed in a prior
surgery is corrected in some way (e.g., adding additional
implant hardware to a previously-implanted construct,
removing previously-implanted implants, adjusting a previ-
ously-implanted construct, etc.). Revision surgeries can be
associated with additional risks. For example, scar tissue and
adhesions may form on vital structures such as blood vessels
and nerves after the original surgery. This can make creating
surgical access to the target site very difficult and dangerous
since it is difficult to differentiate the scar tissue from the
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vital structures and often the scar tissue needs to be tediously
dissected away, potentially causing prolonged surgery time.
[0006] Tissue in or surrounding the spine can cause the
spine to resist surgical correction. While screws, rods, and
other stabilization components can help correct the defor-
mity, untreated surrounding tissue can restrict the ability of
these implants to correct the spine and can thus interfere
with the desired surgical outcome.

[0007] Accordingly, there is a continual need for systems
and methods that are less invasive to a patient and that can
reduce the risks and challenges of correcting pathologies via
a surgical procedure.

SUMMARY

[0008] Systems and methods for correcting a pathology
are disclosed herein. Such systems and methods can include
non-invasively applying focused energy to target tissue to
facilitate subsequent treatment on the patient to correct the
pathology. The systems and methods can generally include
imaging at least one region of a patient’s body that includes
tissue to be modified to identify a target tissue, non-inva-
sively applying energy to the target tissue from a location
outside of the patient’s body to modify the target tissue, and
after the target tissue has been modified, performing a
treatment on the patient. Modifying the target tissue can
facilitate performing the treatment.

[0009] The energy can be applied using various tech-
niques, such as focused energy ablation, focused ultrasound,
focused radiation, and RF electromagnetic energy delivery.
The non-invasive energy application can facilitate the sub-
sequent invasive or non-invasive treatment. The methods
disclosed herein can be used to define a surgical access path,
dissect scar tissue in advance of a revision surgery, strip soft
tissue from bone, segment a spinal disc or other anatomical
structure to facilitate removal, perform soft tissue release in
connection with deformity correction procedures, separate
implants from body tissues prior to revision surgery, or to
perform any of a variety of other tasks that facilitate the
treatment and the correction of a pathology.

[0010] The applied focused energy can create various
changes in the tissue. For example, application of the
focused energy can alter the elasticity of the tissue. Appli-
cation of the focused energy can increase the elasticity of
tissue. Application of the focused energy can ablate the
tissue. Various imaging techniques can be used to image a
region of the patient’s body, e.g., the spine. For example,
imaging the at least one region of the patient’s spine can be
performed using at least one of MRI, CT, fluoroscopy, and
ultrasound. The focused energy can be applied using at least
one of focused energy ablation, focused ultrasound, focused
radiation, and RF electromagnetic energy delivery

[0011] The application of the energy can define an access
path. The application of the energy can cause the tissue
along the access path to be visually distinguishable from
surrounding tissue that has not been treated with focused
energy. Modifying the tissue can include creating a plurality
of landmarks to define the access path. The treatment can
include surgically dissecting the tissue along the path
defined by the plurality of landmarks.

[0012] Applying the focused energy can be effective to
strip soft tissue off of a bone structure of the patient and/or
to separate the target tissue from an implant. For example,
the bone structure can be a lamina of a patient and the
treatment can include performing a laminectomy on the
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patient after the soft tissue is stripped from the lamina. For
another example, the target tissue can include tissue adjacent
to a device implanted in the patient and application of the
focused energy can separate the target tissue from the
device. For yet another example, target tissue can include
scar tissue and/or an adhesion and application of the focused
energy separates the scar tissue and/or adhesion from at least
one of a vessel, a nerve, and a dura of a patient.

[0013] In some embodiments, a method for treating a
patient’s spine includes imaging at least a portion of a
patient’s spine to identify tissue to be treated, non-invasively
applying energy to the identified tissue from a location
outside of the patient’s body to modify the tissue, and
performing a treatment on the modified tissue after the
energy has been non-invasively applied. The non-invasive
application of energy can facilitate the treatment.

[0014] Modifying the tissue can include at least one of
altering an elasticity of the tissue, separating a first portion
of the tissue from a second portion of the tissue, and severing
the tissue from bone.

[0015] The method can vary in any number of ways. For
example, the energy can be applied to at least one of a spinal
disc, a ligament, and a facet joint. The spine can be surgi-
cally or non-surgically treated after the energy is applied.
For example, performing the treatment can include non-
invasively bracing the spine after the energy is applied to
correct at least one of a curvature of the spine and a rotation
of the spine. Performing the treatment can include non-
invasively applying energy to the identified tissue to
decrease a healing time of the identified tissue.

[0016] As another example, the modified tissue can
include a spinal disc. Application of the focused energy can
segment the spinal disc into a plurality of pieces. The
treatment can include removing the pieces of the spinal disc
from the disc space after the focused energy is non-inva-
sively applied to the spinal disc.

[0017] In some embodiments, a method for treating a
patient’s spine includes imaging at least a portion of a
patient’s spine to identify scar tissue and/or an adhesion to
be treated, the scar tissue and/or adhesion having been
formed by a prior surgical procedure. The method can
further include non-invasively applying energy to the iden-
tified scar tissue and/or adhesion from a location outside of
the patient’s body and performing a treatment on the
patient’s spine after the energy has been non-invasively
applied.

[0018] Non-invasively applying the energy can be effec-
tive to separate the scar tissue and/or adhesion from at least
one of a vessel, a nerve, and a dura of a patient. The
identified scar tissue and/or adhesion can be formed in
various areas of a patient, such as on an implant in the
patient’s spine. Performing the treatment can include pet-
forming a revision surgery. While various types of revision
surgeries can be performed, in one embodiment the revision
surgery includes removing the implant from the patient’s
spine.

[0019] In some embodiments, a method for correcting a
spinal deformity in a patient includes imaging at least a
portion of a patient’s spine having a deformed region,
non-invasively applying energy to tissue in proximity to the
deformed region to modify the tissue and facilitate adjust-
ment of vertebrae in the deformed region, and performing a
treatment on the patient’s spine after the energy has been
non-invasively applied.
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[0020] The modified tissue can include connective tissue
of the spine and applying the energy severs or alters the
elasticity of the modified tissue to facilitate adjustment of
the vertebrae in the deformed region. Performing the treat-
ment can include implanting one or more fixation devices in
the patient to maintain the vertebrae in a corrected position.
Performing the treatment can include non-invasively brac-
ing the patient’s spine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention will be more fully under-
stood from the following detailed description taken in con-
junction with the accompanying drawings, in which:
[0022] FIG. 1 is a flow chart of an exemplary method for
correcting a pathology;

[0023] FIG. 2 is a flow chart of an exemplary method for
forming a surgical access path;

[0024] FIG. 3 is a flow chart of an exemplary method for
modifying scar tissue and/or adhesions prior to a revision
surgery:

[0025] FIG. 4A is flow chart of an exemplary method for
modifying tissue surrounding a lamina;

[0026] FIG. 4B is a cross-sectional view of a vertebra
taken along an axis extending in a posterior-to-anterior
direction in which energy has been delivered to laminae of
the vertebra along an outer surface thereof to strip tissue
from the vertebra;

[0027] FIG. 5Ais a flow chart of an exemplary method for
non-invasively modifying a spinal disc to facilitate removal
of the disc;

[0028] FIG. 5B is a lateral view of a spine, including a
pattern of energy applied to an intervertebral disc space to
segment the spinal disc disposed therein;

[0029] FIG. 6 is a flow chart of an exemplary method for
non-invasively modifying tissue in the spine prior to per-
forming an invasive surgical procedure;

[0030] FIG. 7 is a flow chart of an exemplary method for
non-invasively modifying tissue in the spine prior to per-
forming a subsequent non-invasive treatment such as brac-
ing; and

[0031] FIG. 8 is flow chart of an exemplary method for
separating tissue from an implant.

DETAILED DESCRIPTION

[0032] Systems and methods for non-invasively modify-
ing tissue to facilitate subsequent treatment are disclosed
herein. Such systems and methods can generally include
imaging a target region of a patient and non-invasively
applying energy to the target region to modify tissue therein.
The energy can be applied using various techniques, such as
focused energy ablation, focused ultrasound, focused radia-
tion, and RF electromagnetic energy delivery. The non-
invasive energy delivery can serve as a pre-treatment for a
subsequent procedure, which can be invasive or non-inva-
sive. The methods disclosed herein can be used to define a
surgical access path, dissect scar tissue in advance of a
revision surgery, strip soft tissue from bone, segment a
spinal disc or other anatomical structure to facilitate
removal, perform soft tissue release in connection with
deformity correction procedures, separate implants from
body tissues prior to revision surgery, or to perform any of
a variety of other tasks that facilitate treatment.
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[0033] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more
examples of these embodiments are illustrated in the accom-
panying drawings. Those skilled in the art will understand
that the devices and methods specifically described herein
and illustrated in the accompanying drawings are non-
limiting exemplary embodiments and that the scope of the
present invention is defined solely by the claims. The
features illustrated or described in connection with one
exemplary embodiment may be combined with the features
of other embodiments. Such modifications and variations are
intended to be included within the scope of the present
invention

[0034] Methods disclosed herein can include the use of
non-invasive imaging techniques in conjunction with one or
more non-invasive techniques for modifying tissue, where
“modifying tissue” includes, by way of non-limiting
example, separating, ablating, obliterating, cutting, coagu-
lating, cauterizing, segmenting, modulating the elasticity of,
or otherwise altering one or more characteristics of the body
tissue, including permanently modifying the tissue. Modi-
fying the tissue can facilitate a subsequent non-invasive
treatment of the body tissue. Modifying the tissue can also
include “conditioning tissue,” i.e., using one or more non-
invasive energy application techniques to facilitate surgical
treatment, such as to allow a surgeon to perform a surgery
more efficiently and with reduced trauma and patient risk. As
shown in FIG. 1, technology for non-invasively applying
energy to tissue can be used in conjunction with imaging
techniques to accomplish tissue dissection, separation of
tissue, and/or modulation of mechanical properties of the
tissue without requiring an incision in the patient. One
exemplary type of ablation technology is focused ultrasound
in which ultrasonic wave signals originating from different
points outside of the body are focused to a common focal
location within the body. As will be appreciated, the meth-
ods herein can be used as a stand-alone non-invasive treat-
ment or can serve as a pre-treatment method that can
facilitate performance of a subsequent surgical or non-
surgical procedure on a patient’s body, e.g., the spine. For
example, the imaging and energy treatment of body tissue
can be performed to facilitate navigating muscle and tissue
to access a surgical site, prepare a surgical site for receiving
an implant by stripping tissue from bone, and/or treating
ligaments and tendons to facilitate surgical correction of
bone. The modification of tissue in a non-invasive manner
prior to performing a procedure can facilitate manipulation
of tissue in and around the spine, improving clinical out-
comes of a variety of spinal surgeries. Even when the
non-invasive modification of tissue is not followed by a
surgical procedure, the modification of tissue in this manner
can increase the effectiveness of any subsequent non-surgi-
cal treatments.

[0035] Exemplary imaging techniques are described
below, followed by non-invasive techniques for modifying
tissue and specific examples of applying these non-invasive
techniques to treat a patient.

[0036] Imaging Techniques

[0037] High-quality imaging of body structures can assist
a surgeon with distinguishing between anatomical structures
and determining specific areas of tissue to be modified via
non-invasive methods. Exemplary body structures for imag-
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ing can include the spinal cord, dura, intervertebral disc
(annulus and nucleus), vertebrae, spinal ligaments, adjacent
blood vessels, nerves, scar tissue, and muscles. One or more
imaging techniques can be selected based on the specific
type of tissue to be modified and the surrounding anatomical
structures.

[0038] Exemplary techniques for imaging a target site can
include magnetic resonance (MR), X-ray, computed tomog-
raphy (CT), and ultrasound based technologies. Each of
these imaging techniques can provide different benefits and
can be more suitable for particular applications. Magnetic
resonance imaging (MRI), for example, can allow for high-
quality imaging of many tissue structures and provides ways
to distinguish between said structures. CT is an X-ray based
technology that can be used when detailed features of bones
and calcified tissues are required. Fluoroscopy is another
X-ray based technology that can be useful for confirming
relative spatial information of bony structures and instru-
ments. Ultrasound imaging can be useful when high reso-
lution is not required and when cost and convenience are
important factors. In some embodiments, high-quality
images can be obtained by combining images from different
sources or using different settings (commonly referred to as
image fusion).

[0039] MRI is generally performed by applying a strong
magnetic field to a region of interest, transmitting a radiof-
requency (RF) pulse to the region, and detecting the return-
ing RF signals, which provide the signal intensity and spatial
localization information needed to create an image. A three-
dimensional map of the region of interest can be created by
scanning multiple adjacent planes, or “slices” which can
then be reconstructed on a computer. The signal intensity
that appears on the image depends on characteristics such as
proton density (PD), longitudinal relaxation time (T1), trans-
verse relaxation time (T2), and flow. Variable image contrast
can be achieved by adjusting angles between the applied
magnetic field, RF pulse direction (flip angle), and RF pulse
sequences (number, strength, and timing of the RF and
gradient pulses). Commonly used RF pulse sequences
include the PD-weighted, T1-weighted, and T2-weighted
spin-echo sequences. The PD-weighted spin-echo sequence
can use a long pulse repetition time (TR>2000 ms) and short
length of time to echo (TE<30 ms). The T1-weighted
spin-echo sequence can use a short pulse repetition time
(TR<1000 ms) and short length of time to echo (TE<30 ms).
The T2-weighted spin-echo sequence can use a long pulse
repetition time (TR>2000 ms) and long length of time to
echo (>80 ms). Examples of commercially-available MRI
systems can include: Signa 1.5T/3.0T (GE Healthcare),
Achieva 1.5T/3.0T and Integra 1.5T (Philips Medical Sys-
tems); and MAGNETOM Avanto, Espree, Symphony, Trio,
and Verio (Siemens).

[0040] MRI techniques can be tailored to optimize visu-
alization depending on the tissue site and the particular
tissue at interest. For example, PD-weighted sequences can
show contrast between scar tissue and herniated disc mate-
rial. Also, cerebrospinal fluid surrounding the spinal cord
and nerve roots and young intervertebral discs show high
intensity on T2-weighted sequences due to their high water
content. MRI contrast and quality, i.e., contrast-to-noise
ratio, can be improved by utilizing contrast agents. For
another example, one or more contrast agents can be admin-
istered to a patient intravenously or orally. Gadolinium
chelates, such as gadolinium diethylenetriaminepentaacetic
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acid (Gd-DTPA), are the most common and when adminis-
tered intravenously, can cause the resulting MRI imaging to
have greater distinction between vascularized and non-
vascularized tissue structures. T1-weighted sequences can
be particularly useful when a gadolinium contrast agent is
used, as this combination can enhance visualization of scar
tissue and blood vessels.

[0041] MRI techniques can include the use of magnetic
resonance (MR) thermometry. Various MR thermometry
techniques may be used to determine relative or absolute
temperature in the region of interest and are described in
detail by Rieke, V. et al., MR Thermometry. 2008, ] Magn
Reson Imaging 27(2): 376-390, which is incorporated herein
by reference in its entirety. MR thermometry can be used
during performance of ablation or other non-invasive tissue
modification in accordance with the teachings herein to
monitor for and prevent excessive temperature increases to
sensitive tissue structures, and can also be used to verify that
the region of interest is being modified. Generally, tempera-
ture measurements are made based on proton density, T1 and
T2 relaxation times, magnetization transfer, diffusion, pro-
ton resonance frequency, and/or thermosensitive contrast
agents.

[0042] In certain instances, it can be desirable for a
surgeon to obtain detailed features of the bony elements of
the spine. Since MRI has limitations for imaging bone due
to its low water content, it may be preferable to use CT.
Examples of commercially available CT systems useful for
this purpose include Brilliance CT 40 (Philips). Where it
may be important to obtain high-quality images of bone and
soft tissues, techniques such as “image fusion” may be used
to merge the images obtained from MRI with those from CT,
for example, as described by Karlo, C. A. et al., J. MR/CT
image fusion of the spine after spondylodesis: A feasibility
study. 2010, European Spine Journal 19 (10), pp. 1771-1775
which is incorporated herein by reference in its entirety.
[0043] Non-Invasive Techniques for Modifying Tissue
[0044] Invasive surgical procedures require a surgeon to
cut tissue with one or more cutting tools and that tissue be
moved in order for the surgeon to reach a location of interest,
e.g., the spine. The techniques disclosed herein, which can
include energy-based therapies such as radiation therapy and
ultrasound therapy, can involve transmission of energy non-
invasively through bodily tissues from a location outside of
the patient’s body. This can allow for a variety of physical
effects to be generated at a point of interest without cutting
into or moving the tissue surrounding the point of interest.
[0045] Focused ultrasound (FUS) is one energy-based
treatment that can be utilized to ablate or otherwise modify
tissue surrounding the spine. FUS utilizes one or more sound
waves with a frequency greater than 20,000 Hz that propa-
gate through body tissue. When the wave(s) comes into
convergence at the focal point, thermal, mechanical, chemi-
cal, and optical reactions can occur in the tissue. Thermal
and mechanical effects, such as acoustic cavitation, are
particularly useful in the context of spinal surgery.

[0046] The extent of the effects of FUS on tissue can be
varied by adjusting the focus, intensity, and time of exposure
to the tissue. One method of focusing ultrasound waves that
is simple and inexpensive involves using a spherically
curved ultrasound transducer with a fixed beam focus. To
compensate for its lack of versatility, a flat transducer with
an interchangeable acoustic lens system can be used. The
acoustic lens enables variation of focusing properties such as
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focal length and focal geometry. However, a potential draw-
back of the acoustic lens system is that ultrasound waves
undergo sonic attenuation due to absorption by the lens. In
another embodiment, a phased-array transducer can be used,
as the waves in this system do not undergo sonic attenuation.
A phased-array transducer can send temporally-different sets
of electronic signals to each specific transducer component,
thus enabling beam-steering and focusing, which can move
a focal spot in virtually any direction within physically
allowed ranges. Regardless of the particular type of trans-
ducer used, the focal length can be determined by the radius
of curvature of the lens(es). In general, the focal length is
preferably long enough to reach the targeted tissues, but
short enough to prevent loss of intensity and/or loss of focus
due to sonic attenuation. In one exemplary embodiment, the
focal length can be in the range of about 5 cm to 20 cm, more
preferably in the range of about 7 cm to 15 cm.

[0047] Sonic intensity is useful for characterizing FUS and
is determined by the beam cross-sectional area, pulse rep-
etition sequence and frequency, and hydrophone voltage.
High-Intensity FUS (HIFUS) is said to have occurred when
spatial-average temporal-average intensity (Ig,7,) is higher
than 5 W/em® which may be required to cause coagulation
necrosis of body tissues. Sonic pressure (squared) is pro-
portional to sonic intensity and can be an alternative method
to characterize the power and energy of the signal, such as
explained in Kim et al., High-Intensity Focused Ultrasound
Therapy: an Overview for Radiologists. Korean ] Radiol
2008; 9:291-302 which is incorporated herein by reference
in its entirety. Other intensity measures used for character-
izing FUS can include pulse-average (IPA), temporal-aver-
age (ITA), spatial-peak pulse average (ISPPA), and spatial-
peak temporal-average (ISPTA).

[0048] FUS and HIFUS can be used in various ways to
ablate or otherwise modify tissue. In general, tissue ablation
occurs as a function of both the temperature to which the
tissue is heated and how long the tissue is exposed to this
heat level, referred to as “thermal dose.” By focusing
ultrasound waves at more than one place or by scanning the
area of interest, a volume of tissue can be thermally ablated.
At high enough acoustic intensities, cavitation (i.e.,
microbubbles forming and interacting with the ultrasound
field) can occur. These microbubbles can oscillate and grow
and can eventually implode. For example, during inertial
cavitation, very high temperatures inside the bubbles occur,
and the collapse is associated with a shockwave and jets that
can mechanically damage tissue (also known as histotripsy).
Another exemplary technique involves injecting
microbubbles into the region of interest, reducing time and
energy requirements for creating microbubbles in the tissue.
Vlaisavljevich, E. et al., The effect of histotripsy on tissues
with different mechanical properties. 2011, IEEE Interna-
tional Ultrasonics Symposium, IUS, art. no. 6293435, pp.
1490-1493, incorporated herein by reference in its entirety,
describes use of a commercially-available focused ultra-
sonic transducer operating at 1 MHz with an aperture of 100
mm and focal length of 90 mm to determine the sonic
pressure threshold required to induce inertial cavitation in a
variety of body tissues using pulse repetition frequencies of
100 or 1000 Hz. At these settings, cavitation was achieved
in all tissue types except bone.

[0049] The sonication volume for a fixed point using a
typical HIFU system operating at 1.5 MHz is cylindrical
shaped and has a 1-2 mm diameter and 5-20 mm length.
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However, larger sonication volumes can be achieved using
phased-array transducers focusing on multiple points. Alter-
natively, coated 6 mm diameter lenses with a carbon nano-
tube filled polymer composite and using laser-generated
HIFU operating at >15 MHz, can achieve cylindrical shaped
volumes as small as 75 um in diameter and 400 pm in length.
[0050] As will be appreciated, other types of energy can be
applied non-invasively to tissue, such as focused radiation
and radiofrequency electromagnetic waves.

[0051] Non-Invasive Techniques for Modulating Tissue
Elasticity
[0052] Certain energy-based devices can be used to modu-

late or alter the elasticity of tissues, which can be desirable
depending on the particular treatment to be performed on a
patient. For example, a significant, dose-dependent decrease
in the tensile stiffness of ligaments and tendons was dem-
onstrated by Yeh, C.-L. et al., Imaging monitored loosening
of dense fibrous tissues using high-intensity pulsed ultra-
sound. 2013, Physics in Medicine and Biology 58 (19), pp.
6779-6796, incorporated herein by reference in its entirety.
Yeh has used pulsed-HIFU with exposure time from 5 min
to 30 min, pulse lengths of 91 ps with a repetition frequency
of 500 Hz, and peak rarefactional pressure of 6.36 MPa,
where the corresponding average intensities were kept
around 1606 W/ecm® for ISPPA and 72.3 W/cm® for ISPTA.
Thus, while not suggested by this article, modulating of
tissue elasticity in and around the spine can facilitate sub-
sequent surgical or non-surgical treatment of the spine.
[0053] The degree of elasticity of tissue can be monitored
by a surgeon, in real-time and in vivo, using various ultra-
sound elastography techniques. The term “elastography”
describes an ultrasound-based imaging technique whereby
local tissue displacements are estimated by applying a
quasi-static tissue deformation (i.e., compression or palpa-
tion) and comparing pre- and post-deformation sets of
ultrasound radio frequency data. Currently, there are a
number of different elastography techniques, including
strain imaging, sonoelastography, 1D and 2D transient elas-
tography, acoustic radiation force impulse (ARFI) imaging,
supersonic shear imaging (SSI), and vibro-acoustography.
For example it has been shown that the elastic modulus of
tendons can be evaluated in vivo by shear-wave imaging,
such as in DeWall, R. et al., Visualizing tendon elasticity in
an ex vivo partial tear model. 2014, Ultrasound in Med. &
Biol. 40 (1), pp. 158-167, which is incorporated herein by
reference in its entirety. Accordingly, these ultrasound tech-
niques can be applied to monitor various types of tissue.
[0054] Energy-based devices can also be used to decrease
healing time and encourage connective tissue and bone
bonding. For example, Lovric V. et al., The effects of
Low-intensity Pulsed Ultrasound on tendon-bone healing in
a transosseous-equivalent sheep votator cuff model. 2013,
Knee Surg Sports Traumatol Arthrosc 21, pp. 466-475,
incorporated herein by reference in its entirety, shows that
low-intensity pulsed ultrasound significantly improved bone
density at the tendon-bone interface in a sheep rotator cuff
repair study. Such techniques can be used to heal tissues
after the tissue has been treated with energy, such as focused
ultrasound ablation, or to treat tissue that has been damaged
during a prior surgical procedure.

[0055] Systems for Directing Energy to Particular Areas of
Tissue
[0056] To facilitate modification of tissue using non-inva-

sive energy, the focal region of the energy source can be

Sep. 27,2018

directed to a predetermined location, for example based on
the acquired image of the region of interest. In one embodi-
ment, a controlled robotic system that is integral to or has
been registered to the imaging equipment can be used to
assist with focusing the energy source at a desired location.
Beasley, R., Medical Robots: Current Systems and Research
Directions. 2012, Journal of Robotics; Su, H. et al., High-
field MRI-Compatible Needle Placement Robots for Prostate
Interventions: Pneumatic and Piezoelectric Approaches, In
Advances in Robotics and Virtual Reality; Gulrez, T and
Hassanien, A. eds. Springer-Verlag, 2011, and Cleary, K. et
al., Interventional robotic systems: Applications and tech-
nology state-of-the-art. 2006, Minimally Invasive Therapy
and Allied Technologies 15 (2), pp. 101-113, which are
incorporated herein by reference in their entirety, describe
several medical robotic systems that can be used to focus an
energy source at a target location, such as when modifying
tissue using focused ultrasound technology. The energy
delivery system can be compatible with the imaging equip-
ment used so that ablation and/or modification of the tissue
can be performed concurrently and in real-time with imag-
ing and/or thermometry. One commercially-available sys-
tem is the Innomotion (Steribal s.r.0.), which is compatible
with MRI and CT scanners. Other commercially available
systems include the ROBIOTMEX (Perfint Healthcare Pvt.
Ltd, Florence, OR) CT or PET-CT-guided robotic position-
ing system, AcuBot for active needle insertion under CT or
fluoroscopy, the B-Rob systems for needle placement using
CT or ultrasound, the MRBot for MRI guided prostate
procedures and ExAblate MR guided Focused Ultrasound

(Insightec).

[0057] Methods for Non-Invasively Modifying Tissue to
Facilitate Treatment

[0058] The methods herein can utilize any of the above-
described imaging techniques and energy application tech-
nology to modify tissue (e.g., to separate, ablate, obliterate,
cut, cauterize, coagulate, segment, and/or modulate the
elasticity of the tissue, or otherwise temporarily or perma-
nently alter the tissue). By way of example, a surgeon can
use ultrasound technology to form a pathway in tissue to
access the spine, strip tissue away from other tissues (e.g.
muscles and tendons from bone such as a vertebra), and/or
to facilitate correction of complex spinal deformities. In
each of these examples, the ultrasound device can be opet-
ated from a location outside of the patient’s body and
without requiring an incision to be formed in the patient. As
will be appreciated, any number of the energy application
and imaging techniques described herein can be used in
combination to modify tissue in and around the spine or
other regions of a patient or subject.

[0059] Referring back to FIG. 1, an exemplary method can
generally include the steps of obtaining an image of at least
one region of a patient’s body, e.g., the spine, that includes
tissue to be modified to identify a target tissue using one or
more of the imaging methods herein, and non-invasively
(e.g., non-surgically) applying focused energy to the target
tissue from a location outside of the patient’s body such that
the target tissue is modified. The use of non-invasive meth-
ods for treating tissue, such as HIFU, can facilitate perform-
ing a subsequent surgical or non-surgical treatment and can
improve outcomes of the same, as described in the examples
below.



US 2018/0271677 Al

Example 1—Defining a Surgical Access Path

[0060] Depending on the location of a particular target site
in a patient’s body for a surgical procedure, there can be
multiple ways to access the site. Preferred pathways for
accessing a surgical site generally avoid vital structures such
as nerves, blood vessels, or tumors. A preferred pathway for
accessing the site can also be selected to preserve muscu-
lature and/or to identify critical landmarks or anatomical
borders. Conventional methods of forming an access path
often involve extensive exploratory dissection, which can
cause unnecessary trauma to surrounding tissue.

[0061] The techniques described herein for non-invasively
applying energy to tissue can be used prior to performing a
surgical procedure on a patient to mark, chart, or otherwise
define a pre-determined surgical access path. For example,
as shown in FIG. 2, one or more images of a target site and
an area proximate thereto in which a surgical access path is
to be formed can be captured, e.g., using any of the imaging
techniques described herein. The captured image(s) can then
be analyzed to determine areas to be marked using non-
invasive energy application to define a desired surgical
access path. Focused energy can then be delivered to create
a plurality of landmarks using any of the energy delivery
techniques described herein, such as non-invasive tissue
ablation that is performed using an ablation tool positioned
outside of the patient’s body. As previously mentioned, the
energy can be applied without the need to form an incision
in the patient. The type, mode, and duration of applying the
energy can be selected based on the tissue and the type of
markers that are to be created to define the desired surgical
access path. Exemplary tissue which can be modified to
define a landmark includes muscle, fat, tendons, ligaments,
bone, etc. Application of energy to the tissue can cause
physical changes to the tissue which can be observed by the
surgeon as the surgical access path is created during a
subsequent procedure. For example, the landmarks created
by delivering energy to the tissue can have a visually-
distinguishable color and/or texture from surrounding tis-
sues.

[0062] Once the pathway has been charted by creating
landmarks within the target area, the surgeon can form an
incision in the patient and follow the landmarks to create the
desired surgical access path. In other words, after the energy
application is complete, a surgeon can simply follow the
pathway defined by the modified tissue, with the modified
tissue serving as a guide for the surgeon. A surgeon can
dissect tissue and move toward the desired surgical site by
following the modified tissues, eliminating the need for
exploratory dissection. In addition, the use of non-invasive
ablation treatment or other tissue modification can cause
hemostasis in the ablated tissue, thereby decreasing bleeding
during tissue dissection.

Example 2—Revision Surgery

[0063] Following a surgical procedure, scar tissue and
adhesions can form on vital structures such as blood vessels
and nerves (e.g., dural or vascular adhesions). If revision
surgery is needed, the scar tissue and adhesions make it very
difficult and dangerous to access the target surgical site. In
particular, it can be difficult for a surgeon to differentiate the
scar from the vital structures and often, the scar tissue needs
to be tediously dissected away. This can result in prolonged
surgery time and other complications. By imaging the vital
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structures and performing non-invasive dissection of the
scar tissue and adhesions prior to surgery, the surgical
procedure can be made much safer and shorter.

[0064] As shown in FIG. 3, an exemplary method can
include capturing one or more images of a target site at
which a revision procedure is to be performed, e.g., using
any of the imaging techniques described herein. The cap-
tured image(s) can then be analyzed to locate any scar tissue
or adhesions that may exist at the target site. Focused energy
can then be delivered to dissect the scar tissue or adhesions,
thereby separating the scar tissue or adhesions from nearby
structures such as vessels and nerves. When the surgeon later
accesses the target site during the revision procedure, the
need to delicately separate the scar tissue and adhesions can
be obviated by the prior non-invasive dissection.

Example 3—Stripping of Soft Tissue from Bone

[0065] In many different surgeries, muscle and tendons
must be stripped off of the surface of bone. For example, in
spinal procedures such as laminectomy or posterior scoliosis
correction and fusion, muscle and tendons must be stripped
from the lamina(e), the endplate(s), and/or other portions of
the vertebra(e). This process can be very time consuming
and can cause significant blood loss. Non-invasive stripping
of muscle and tendons from the bony surfaces can be
performed using any of the non-invasive energy application
techniques described herein prior to performing the particu-
lar surgical treatment on the spine. High intensity focused
ultrasound can be particularly useful for this application
because it is effective at ablating muscle and tendon with
minimal effects on surrounding bone.

[0066] An exemplary method for treating tissue surround-
ing a lamina in connection with a laminectomy procedure is
shown in FIG. 4A. As shown, the target site (e.g., one or both
laminae of a vertebra) can be imaged using any of the
imaging techniques described above. The captured image
can then be used to locate the laminar surfaces and to aim the
energy delivery system. Energy can then be applied non-
invasively to the surface of the lamina to separate or strip
soft tissue attached thereto. Thereafter, a surgeon can form
a pathway to the lamina and perform the laminectomy
procedure using known techniques. FIG. 4B illustrates an
exemplary vertebra 100, including first and second laminae
1024, 102b, having been modified using non-invasively
applied energy to strip soft tissue therefrom.

Example 4—Minimally Invasive Disc Removal

[0067] There are a number of procedures in which it can
be necessary or desirable to remove some or all of an
intervertebral disc. For example, during an interbody fusion
procedure, the spinal disc can be removed from the interver-
tebral space and replaced with a spinal fusion cage or other
implant delivered to the intervertebral space. The process of
removing the spinal disc can be difficult and time consuming
because the disc material needs to be stripped from the
vertebral endplates and removed from the body to ensure
that fusion occurs between the vertebrae. In addition, disc
removal can be challenging in minimally-invasive proce-
dures where visibility and access to the disc space are
limited.

[0068] The energy application techniques herein (e.g.,
ablation) can be targeted at the spinal disc and can be used
to segment the disc into multiple pieces that can easily be
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removed, such as using any one of a number of established
minimally-invasive approaches through a cannula. An
exemplary method for modifying tissue, e.g., a spinal disc,
is shown in FIG. 5A. The method can include capturing an
image of a disc space to locate a spinal disc or portion
thereof that is to be removed. The method can also include
using the captured image to aim an energy delivery device
at the disc and to then deliver energy to the disc to segment
the disc into plural pieces. The disc space can then be
accessed surgically (e.g., via one or more cannulae or other
minimally-invasive access portals) and the segmented
pieces of the disc can be removed from the disc space.
[0069] In some embodiments, energy can be delivered to
a disc 200 in a grid pattern with cut or ablation lines that
extend in a superior to inferior direction and in an anterior
to posterior direction to segment the disc as shown in FIG.
5B. As will be appreciated, a surgeon can segment the disc
into any number of pieces of various shapes and sizes or
according to any of a number of patterns.

Example 5—Non-Invasive Tissue Release

[0070] In some embodiments, energy can be applied non-
invasively to modify tissue, e.g., release tissue to facilitate
non-invasive deformity correction or condition tissue, e.g.,
release tissue to facilitate a subsequent surgical deformity
correction. For example, energy can be applied to various
types of tissue in the spine, such as the intervertebral disc,
ligaments, and facet joints, in order to increase the flexibility
of the spine prior to surgery or prior to non-surgical treat-
ment such as bracing. This can be particularly useful in older
patients with very stiff spines to enable better correction and
global alignment and/or to prevent loosening of implants in
softer bone (e.g., osteoporotic bone). This technique can also
be useful in complex pediatric and adolescent scoliosis cases
where there is severe curvature and/or rotation of the spine.
[0071] In general, the non-invasive pretreatment of con-
nective tissues before surgery can be targeted along curved
areas of the spine to reduce the force necessary to manipu-
late the spine and to reduce the risk of nerve damage from
overcorrection. With an image-guided energy based device
such as MRI-guided pulsed HIFU, the elasticity of the
connective tissues surrounding a scoliosis affected area of
the spine can be non-invasively altered. FIG. 6 illustrates an
exemplary method for modifying tissue that includes scan-
ning connective tissue and applying energy to the tissue
prior to performing a surgical procedure for treating a spinal
deformity (e.g., scoliosis). As shown, the method can begin
by imaging connective tissue in and around a curved region
of a spine. The connective tissue can be non-invasively
modified with any of the focused energy application tech-
niques provided herein to facilitate subsequent correction of
the spine. For example, focused energy can be applied to the
connective tissue so that the tissue is severed or ablated. As
another example, focused energy can be applied to the
connective tissue to increase the elasticity of the tissue.
During or after application of the focused energy, the change
in the modified tissue can be approximated by the time and
intensity of the treatment as described in Imaging monitored
loosening of dense fibrous tissues using high-intensity
pulsed ultrasound Chia-Lun Yehl, Pai-Chi Lil, Wen-Pin
Shih, Pei-Shin Huang and Po-Ling Kuo, or measured
directly using techniques like ultrasonic elastography as
described in Medical ultrasound: imaging of soft tissue
strain and elasticity, Peter N. T. Wells and Hai-Dong Liang.
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The imaging of the connective tissue and modification of the
tissue with energy can be repeated as many times as is
necessary until the desired change in the tissue is achieved.

[0072] Prior to performing a surgical treatment on the
spine, the patient can optionally be fitted with an external
brace to assist in spinal realignment. A single brace or a
series of braces can be used to facilitate a gradual correction
of the spine over a period of time, prior to performance of
a surgical procedure. For example, serial casting is one
alternative technique to standard bracing where a series of
customized external braces are used to slowly correct a
growing spine. This technique has been successful in treat-
ing patients under 20 months of age and with curves of less
than 60 degrees. Once the spine begins to mature, existing
casting and bracing techniques become less successful. The
ability to manipulate a mature spine can increase the treat-
able age and degree of curvature that can be treated with
casting and bracing treatments. With the use of an image
guided energy based device like MRI guided pulsed-HIFU,
the elasticity of the selected connective tissues in the spine
can be manipulated or the tissue can be severed in a mature
spine.

[0073] As shown in FIG. 6, the steps of imaging connec-
tive tissue, modifying the connective tissue with energy, and
bracing the patient can also be repeated as many times as is
necessary to obtain a desired degree of realignment in the
spine. Alternatively, the patient need not be braced after the
energy is applied and the non-invasive modification of the
tissue with energy can still facilitate surgical correction of
the spine. In either case, a surgical procedure can be per-
formed on the spine to correct its curvature after the con-
nective tissue has been non-invasively modified with energy.
As will be appreciated, the procedure can be an open
procedure or a minimally invasive procedure. The surgical
procedure is optionally a robot-assisted procedure. While
the surgical procedure can vary in any number of ways, the
procedure can generally include forming one or more inci-
sions in a patient, inserting one or more screws into one or
more vertebrae, and attaching one or more fixation rods to
the plurality of screws to internally brace the spine and
remove the curved region. During or after the procedure is
complete, ultrasound energy can be non-invasively applied
to areas surrounding the implants to facilitate healing of the
connective tissues. This can ensure that the connective tissue
both heals around the implants and resists the natural
tendency of the spine to return to its prior curved configu-
ration.

[0074] Traditional non-invasive treatments of the spine
can be augmented with non-invasive, energy-based modu-
lation of the connective tissues in the spine. This energy-
based treatment can include any of the non-invasive energy
application techniques described herein and can be com-
bined with bracing. The bracing can be performed a single
time or can be repeated multiple times to allow for incre-
mental adjustment, providing time for the body to adjust and
reducing nerve stretch. For example, FIG. 7 illustrates a
method that includes using both non-invasive energy appli-
cation and non-invasive, external bracing to non-invasively
treat a spinal deformity (e.g., scoliosis). As in the previous
embodiment, the method can begin by imaging connective
tissue in and around a curved region of a spine. The
connective tissue can be non-invasively modified with any
of the focused energy application techniques provided
herein to modify the tissue and facilitate subsequent correc-
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tion of the spine. For example, focused energy can be
applied to the connective tissue so that the tissue is severed
or ablated. As another example, focused energy can be
non-invasively applied to the connective tissue to increase
the elasticity of the tissue. During or after the focused energy
is applied, the change in the treated tissue can be approxi-
mated by the time and intensity of the treatment as described
in Imaging monitored loosening of dense fibrous tissues
using high-intensity pulsed ultrasound Chia-Lun Yeh1, Pai-
Chi Lil, Wen-Pin Shih, Pei-Shin Huang and Po-Ling Kuo,
or measured directly using techniques like ultrasonic elas-
tography as described in Medical ultrasound: imaging of
soft tissue strain and elasticity, Peter N. T. Wells and
Hai-Dong Liang. The imaging of the connective tissue and
modification of the tissue with energy can be repeated as
many times as is necessary until the desired change in the
tissue is achieved. As a first example, the non-invasive
treatment of the patient can be complete after the desired
change in the tissue is accomplished. Thus, in this example,
the application of non-invasive energy can be used on its
own to treat the curvature of the spine. As a second example,
the application of non-invasive energy can be combined
with other non-invasive techniques, such as the external
bracing techniques previously mentioned. The use of non-
invasive external bracing can be performed on the patient to
further assist with realignment of the spine. During or after
the application of the energy, or during or after the external
bracing has been completed, optionally ultrasound energy
can be non-invasively applied to areas surrounding the
implants to facilitate healing of the connective tissues. This
can ensure that the connective tissue both heals around the
implants and resists the natural tendency of the spine to
return to its prior curved configuration. When the spine has
achieved a desired degree of realignment, the treatment is
complete.

Example 6—Separating Tissue from Implants

[0075] In some revision surgeries, it can be desirable to
remove a device previously implanted in a patient, or to
adjust or reposition a device previously implanted in the
patient. There are a number of difficulties that can arise
during such surgeries that can increase the length of the
surgery and the associated risks. As an example, it can be
difficult to remove screws implanted in a patient’s vertebra
in part due to growth of bone and tissue and/or the formation
of scar tissue from the prior surgical procedure. In some
embodiments, an implant (e.g., one or more tissue-facing
surfaces of the implant) can be treated non-invasively using
any of the energy application techniques herein prior to
performing the revision surgery. Such treatment can be
effective to separate the adjacent body tissues from the
implant, thereby facilitating removal, repositioning, or
adjustment of the implant. Exemplary implants to which
energy can be applied include artificial discs, bone anchors,
pedicle screws, bone plates, spinal fixation rods, and the
like.

[0076] An exemplary method for non-invasively separat-
ing tissue from an implant is shown in FIG. 8. As shown, the
implant and the surrounding anatomy can be imaged using
any of the imaging techniques described above. The cap-
tured image can then be used to locate one or more interfaces
between the implant and the tissue to which energy is to be
targeted, and to aim the energy delivery system. Energy can
then be applied non-invasively to the implant and/or to the
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tissue to separate or strip the tissue away from the implant.
Thereatter, a surgeon can form a pathway to the implant and
remove, adjust, or reposition the implant, or perform any
other manipulation of the implant that may be desired.
[0077] Tt should be noted that any ordering of method
steps implied by the foregoing description or associated
figures is not to be construed as limiting the method to
performing the steps in that order. Rather, the various steps
of each of the methods disclosed herein can be performed in
any of a variety of sequences. In addition, as the described
methods are merely exemplary embodiments, various other
methods that include additional steps or include fewer steps
are also within the scope of the present invention. Further-
more, two or more of the method steps can be performed
simultaneously.
[0078] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the above-
described embodiments. Accordingly, the invention is not to
be limited by what has been particularly shown and
described, except as indicated by the appended claims. All
publications and references cited herein are expressly incor-
porated herein by reference in their entirety.
1. A method for correcting a pathology, comprising:
imaging at least one region of a patient’s body that
includes tissue to be modified to identify a target tissue;

non-invasively applying focused energy to the target
tissue from a location outside of the patient’s body to
modify the target tissue; and

after the target tissue has been modified, performing a

treatment on the patient to correct the pathology;
wherein modifying the target tissue facilitates performing
the treatment.

2. The method of claim 1, wherein application of the
focused energy alters the elasticity of the tissue.

3. The method of claim 2, wherein application of the
focused energy increases the elasticity of the tissue.

4. The method of claim 1, wherein application of the
focused energy ablates the tissue.

5. The method of claim 1, wherein imaging the at least
one region of the patient’s spine is performed using at least
one of MRI, CT, fluoroscopy. and ultrasound.

6. The method of claim 1, wherein the focused energy is
applied using at least one of focused energy ablation,
focused ultrasound, focused radiation, and RF electromag-
netic energy delivery

7. The method of claim 1, wherein application of the
energy defines an access path.

8. The method of claim 7, wherein application of the
energy causes the tissue along the access path to be visually
distinguishable from surrounding tissue that has not been
treated with focused energy.

9. The method of claim 7, wherein modifying the tissue
comprises creating a plurality of landmarks to define the
access path.

10. The method of claim 9, wherein the treatment com-
prises surgically dissecting the tissue along the path defined
by the plurality of landmarks.

11. The method of claim 1, wherein applying the energy
is effective to strip soft tissue off of a bone structure of the
patient.

12. The method of claim 11, wherein the bone structure is
a lamina of the patient and wherein the treatment comprises
a laminectomy performed on the patient after the soft tissue
is stripped from the lamina.
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13. The method of claim 1, wherein the target tissue
comptrises tissue adjacent to a device implanted in the
patient and wherein application of the focused energy sepa-
rates the target tissue from the device.

14. The method of claim 1, wherein the target tissue
comprises scar tissue and/or an adhesion and application of
the focused energy separates the scar tissue and/or adhesion
from at least one of a vessel, a nerve, and a dura of a patient.

15. A method for treating a patient’s spine, comprising:

imaging at least a portion of a patient’s spine to identify

tissue to be treated;

non-invasively applying energy to the identified tissue

from a location outside of the patient’s body to modify
the tissue; and

performing a treatment on the modified tissue after the

energy has been non-invasively applied;

wherein the non-invasive application of energy facilitates

the treatment.

16. The method of claim 15, wherein modifying the tissue
comprises at least one of altering an elasticity of the tissue,
separating a first portion of the tissue from a second portion
of the tissue, and severing the tissue from bone.

17. The method of claim 15, wherein applying the energy
comprises applying the energy to at least one of a spinal disc,
a ligament, and a facet joint.

18. The method of claim 15, wherein performing the
treatment comprises non-invasively bracing the spine after
the energy is applied to correct at least one of a curvature of
the spine and a rotation of the spine.

19. The method of claim 15, wherein performing the
treatment comprises non-invasively applying energy to the
identified tissue to decrease a healing time of the identified
tissue.

20. The method of claim 15, wherein the modified tissue
comprises a spinal disc.

21. The method of claim 20, wherein application of the
focused energy segments the spinal disc into a plurality of
pieces.

22. The method of claim 21, wherein the treatment
comprises removing the pieces of the spinal disc from a disc
space after the focused energy is non-invasively applied to
the spinal disc.
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23. A method for treating a patient’s spine, comprising:

imaging at least a portion of a patient’s spine to identify

scar tissue and/or an adhesion to be treated, the scar
tissue and/or adhesion having been formed by a prior
surgical procedure;

non-invasively applying energy to the identified scar

tissue and/or adhesion from a location outside of the
patient’s body; and

performing a treatment on the patient’s spine after the

energy has been non-invasively applied.

24. The method of claim 23, wherein non-invasively
applying the energy is effective to separate the scar tissue
and/or adhesion from at least one of a vessel, a nerve, and
a dura of a patient.

25. The method of claim 23, wherein the identified scar
tissue and/or adhesion is formed on an implant in the
patient’s spine.

26. The method of claim 25, wherein performing the
treatment comprises performing a revision surgery.

27. The method of claim 26, wherein the revision surgery
includes removing the implant from the patient’s spine.

28. A method for correcting a spinal deformity in a
patient, comprising:

imaging at least a portion of a patient’s spine having a

deformed region;
non-invasively applying energy to tissue in proximity to
the deformed region to modify the tissue and facilitate
adjustment of vertebrae in the deformed region; and

performing a treatment on the patient’s spine after the
energy has been non-invasively applied.

29. The method of claim 28, wherein the modified tissue
comprises connective tissue of the spine and applying the
energy severs or alters the elasticity of the modified tissue to
facilitate adjustment of the vertebrae in the deformed region.

30. The method of claim 28, wherein performing the
treatment comprises implanting one or more fixation devices
in the patient to maintain the vertebrae in a corrected
position.

31. The method of claim 28, wherein performing the
treatment comprises non-invasively bracing the patient’s
spine.
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Non-invasively image at least
one region of a patient™s body
that inclades rissue to be
modified to identify a tarset

tissue

MNon-invasiwvely apply focused
cnergy to the target tissuc
from outside of the patient™s
bodyw to modify the target

tissue

Perform subsequent treatment
(surgical or non-surgical) to
correct the pathology
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