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DEFINITION OF PROBLEM AND CLINICAL
PRESENTATION

The information available regarding procedural
strategies for MR imaging–guided spine interven-
tions is currently limited compared with that of
more conventional radiation-based image-guid-
ance techniques, suchas fluoroscopy; however, in-
terest and expertise are growing. With ongoing
advancements in MR imaging techniques, new
applications and opportunities are emerging,
including those for treatment of lowbackdisorders.

Low back disorders are widely prevalent. Low
back pain is the leading cause of occupational
disability worldwide, with lifetime adult prevalence
varying from 50% to 80%.1 Percutaneous image-
guided spinal injections with corticosteroids and
anesthetics are established therapeutic methods
for low back pain. These procedures are tradition-
ally performed with proved safety and accuracy

under fluoroscopy or computed tomography
(CT).2–4 Real-time CT guidance affords improved
targeting because it allows cross-sectional visual-
ization of critical anatomy, facilitates freehand
real-time needle placement, and has the potential
for more accurate placement into facet joints.4–6

However, there is an unavoidable risk of ionizing
radiation associated with these techniques. This
is a concern, particularly when these procedures
are performed on young individuals of fertile age
and serial therapeutic procedures are required.

MR imaging is an emerging modality in the guid-
ance of various minimally invasive therapeutic in-
terventions for low back pain because of the
absence of ionizing radiation, the high soft tissue
and fluid contrast, andmultiplanar imaging options
it provides. Newly developed MR imaging systems
have been used in a variety of spine procedures for
back pain including nerve root injection, facet joint
injection, epidural injection, and facet joint
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KEY POINTS

� The availability of MR imaging–guided spine interventions for back pain is currently limited, but in-
terest and expertise are growing.

� MR imaging–guided interventions for back pain can be beneficial because of superior visualization
of soft tissues and fluid, and absence of exposure to ionizing radiation.

� MR imaging–guided interventions for diagnosis and treatment of soft tissue and bony spinal lesions
are safe and effective because of their superior visualization of soft tissues and fluid enabling avoid-
ance of injury to adjacent critical structures and absence of exposure to ionizing radiation.

� The availability of MR imaging–guided spine interventions for diagnosis and treatment of spinal le-
sions currently continues to be limited because of the equipment costs and lack of universal
expertise.

� These costs will probably play an increasing role in the future for treatment of solid organ masses.
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neurotomy using cryotherapy. MR imaging–
guided spine interventions are also available for
the treatment and diagnosis of pathologic condi-
tions, including biopsy and treatment of primary
spinal tumors and metastatic disease.
Because MR imaging is superior to other imag-

ing techniques in depicting soft tissue and bone le-
sions in the spine, it is sometimes advantageous to
use MR imaging when performing percutaneous
biopsies. It allows for the accurate targeting of
the lesion to be biopsied and clearly depicts crit-
ical structures that need to be carefully navigated
to reach the target. In addition, MR imaging often
provides superior depiction of the internal compo-
sition of lesions, allowing for targeted site-specific
biopsies of heterogeneous lesions.7 Therefore, MR
imaging can be used full circle with the detection
of the initial lesion, planning and guidance for the
biopsy of the lesion, and monitoring of treatment
response following biopsy. MR imaging–guided
biopsy does, however, require specialized biopsy
equipment that is compatible with the MR imaging
environment and that has limited susceptibility
artifact.8

New applications of MR imaging–guided spine
interventions are emerging, especially in the treat-
ment of patients that are considered poor surgical
candidates. Approximately one-half of the patients
with metastatic disease have poorly controlled
pain.9,10 Frequently, these patients have ex-
hausted conventional therapies; therefore, percu-
taneous treatments have emerged to reduce
pain, allow for local tumor control, and improve
quality of life. MR imaging–guided interventions
reduce morbidity compared with that of surgery
and other conventional techniques, such as radia-
tion therapy, by using a percutaneous approach
with only one to a few tiny skin punctures needed
to insert the biopsy needles or treatment probes.
One emerging treatment option is MR imaging–

guided cryotherapy for the treatment of bone and
soft tissue metastases and some primary tumors.
Because the MR imaging signal is temperature
sensitive, MR imaging can be used to monitor
thermal ablation that during cryotherapy is visual-
ized as an area of decreased signal intensity
surrounded by a rim of hyperintensity on T2-
weighted images, often referred to as an
“iceball.”11 The shape and size of the cryotherapy
iceball is easily monitored and can be tailored in
real time using multiple planes on MR imaging.
MR imaging, well known as far superior to other
imaging techniques for the depiction of soft tissue
structures, can enable superior visualization of the
critical structures, often near lesions in the spine,
including spinal nerve roots, vasculature, and spi-
nal cord with surrounding cerebral spinal fluid

(CSF), which can be well-visualized in comparison
with the iceball treatment zone. Tumors typically
have increased signal intensity on T2-weighted im-
ages, whereas iceballs cause a signal void; there-
fore, the coverage of the treatment zone in relation
to the extent of tumor is normally easily depicted.
MR imaging is ideal for tailoring the iceball treat-
ment zone to cover as much of the lesion as
possible without damaging nearby critical soft tis-
sues. Because of these advantages, MR imaging–
guided percutaneous cryotherapy for both soft
tissue and bone spinal metastatic disease and
primary tumors has been shown to be safe and
feasible in anatomic locations adjacent to critical
structures.12

Although there are inherent advantages of MR
imaging as a guidance modality, there are also
several disadvantages.7 There are fewer choices
of MR imaging–compatible equipment and these
often cost more than conventional equipment.
MR imaging–guided procedures have the potential
for being more time consuming and, therefore,
more costly overall. However, faster imaging se-
quences with single images obtained on the order
of 1 second and the advancement of actual real-
time monitoring systems of the needle position
are helping to significantly reduce the time
required for MR imaging–guided biopsies. In addi-
tion, there is a myriad of patient-specific contrain-
dications to the MR imaging environment,
including the presence of pacemakers or other
non–MR imaging compatible medical devices or
foreign bodies.

ANATOMY

MR imaging is often much better at depicting le-
sions and surrounding normal anatomic structures
because of its superior contrast resolution and
often superior spatial resolution compared with
CT. Vessels are typically easily identified on most
MR pulse sequences as are other critical struc-
tures, including nerve roots, thecal sac, CSF, and
the spinal cord. Especially with biopsies of the
spine, needle tip positions in the extradural, intra-
dural/extramedullary, and intramedullary spaces
can be readily identified on MR imaging se-
quences. Multiplanar two-dimensional MR imag-
ing sequences and three-dimensional MR
imaging sequences with multiplanar reformats
provide high spatial resolution depiction of the
anatomy in any desired imaging plane.
Similar to fluoroscopy- and CT-guided spine in-

jections, the targets of MR imaging–guided spine
injections include nerve roots, facet joints, and
epidural space. Selective nerve root injections
are performed with percutaneous transforaminal
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