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Abstract BACKGROUND CONTEXT: Radiofrequency ablation (RFA) is emerging as a complementary
treatment for vertebral metastases. Traditional RFA induces frictional heating leading to local tissue
necrosis but often yields small, incomplete, and inhomogeneous zones of ablation in bone. We have
developed a new bone-specific RFA electrode that uses a nontraditional frequency (27.12 MHz) and
geometry (helical), exploiting a magnetic field and an electric field to generate larger and more
comprehensive treatment zones.
PURPOSE: The purpose of the study was to evaluate the feasibility and safety of the Bone Coil
RFA electrode in the spine.
STUDY DESIGN: This is a preclinical in vivo study based on basic science.
METHODS: Under institutional approval, six healthy Yorkshire pigs received a sham and an RF
treatment in two adjacent cervical vertebrae. To deploy theBoneCoil RFAdevice in dense porcinever-
tebrae, a surgical approach was required; an irrigated coring drill bit created a cylindrical path in the
vertebral bodies through which the RFA electrodes were placed. The electronic circuit was completed
by four grounding pads. Treatmentwas delivered for 10minutes at 20W (n51), 25W (n51), and 30W
(n54). Tomonitor the thermal rise and for safety, fiber-optic probes recorded temperatures in the center
of each coil and near the spinal foramen. After the procedure, animals were monitored for 2 weeks.
Magnetic resonance imaging (MRI) was completed immediately after treatment and at 14 days. Mag-
netic resonance image segmentation and histology were used to evaluate the ablation volume.
RESULTS: Comprehensive treatment of the porcine vertebrae was demonstrated by temperature
monitoring, MRI, and histology. Large zones of RF ablation were obtained (RF: 3.7260.73 cm3

vs. sham: 1.9860.16 cm3, p!.05), confined within the vertebral body. Internal temperatures were
elevated with RF (66.1�C–102.9�C), without temperature rise outside of the vertebrae
(38.2�C61.5�C). Mobility, neurological responses, and behavior were normal, consistent with pre-
procedural examination. Magnetic resonance imaging best visualized ablation at Day 14. Histology
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revealed comprehensive homogeneous coagulative necrosis with little peripheral sign of repair.
CONCLUSIONS: The Bone Coil RFA device created large intravertebral ablation volumes with
no neurologic sequelae. Radiofrequency thermal ablation (clearly distinguished from the much
smaller effects arising from core drilling) corresponded to the homogeneous necrosis visible on
histology. � 2015 Elsevier Inc. All rights reserved.
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Introduction

Bone metastases frequently occur in patients with ad-
vanced cancer and present treatment challenges that may re-
quire a multidisciplinary strategy [1]. In the skeleton, cancer
spreads most commonly to the spine [2,3] with metastases
representing more than 90% of the tumors of the vertebrae
[4]. When left untreated, bone metastases can lead to
skeletal-related events including pain, hypercalcemia, and
pathologic fractures [2,5,6]. The use of radiofrequency abla-
tion (RFA) in the management of vertebral metastases is in-
creasing [7–12]. In patients with painful metastasis in whom
othermethods have been inadequate or contraindicated, min-
imally invasive RFA provides an attractive alternative [13].
The clinical goal of RFA in vertebral metastases is primarily
pain reduction and tumor shrinkage before stabilization
[1,10,14]. Conventional radiofrequency ablation electrodes,
generally developed and optimized for use in soft tissues,
are integrated into a straight needle. Radiofrequency devices
with retractable curved electrodes (multitined electrodes) in
an umbrella-shaped geometry have also been developed in an
attempt to create larger lesions than those generated using a
monopolar straight needle. These devices operate in a fre-
quency range of 450 to 600 kHz [15]. At these frequencies,
the electric field generated by the devices is localized to the
immediate vicinity of the device [16]. This will in turn excite
the nearby ions within the tissue, causing ionic movement,
heat generation, and conduction. Conventional ablation elec-
trodes therefore depend on heat conduction within the target
tissue, which is reliant on the thermal properties of the tissue
[17]. Bone has a low thermal conduction coefficient [18];
therefore, comprehensive ablation of a sizable tumor in bone
without charring and carbonization remains a clinical chal-
lenge [19]. The other limitation of conventional RFA devices
is their susceptibility to local blood flow, which carries heat
away from the treatment site and limits the size of coagula-
tion in highly vascularised tissues.

Recently, a new RFA device design has been developed,
which incorporates a helical coil geometry and operates at a
frequency of 27.12 MHz [20]. The combination of the ge-
ometry and frequency in this design allows for induction of
magnetic and electric fields inside the coil. Unlike conven-
tional RFA technology that operates in the kilohertz range
(which heavily relies on thermal conduction), the helical
coil electrode design exploits both magnetic and electric
fields leading to a uniform power deposition inside the coil,
irrespective of the tissue thermal conduction properties. As

a result, a larger, more uniform, and comprehensive abla-
tion zone may be produced that has the potential to address
more extensive metastatic lesions. The performance of this
technology has been demonstrated in phantoms and liver
tissues [20–22] and is currently being evaluated in a Phase
I clinical trial. To apply this technology to bone, it was nec-
essary to redesign the helical RF coil geometry to enable its
use within the metastatic spine. The electrode coil and in-
troducer were modified in terms of size and stiffness to en-
able deployment and ablation within bone tissue.

This work demonstrates the safety and efficacy of this
novel Bone Coil ablation electrode in an in vivo porcine
vertebral model. The results of the Bone Coil ablation are
compared with a conventional needle electrode designed
for use in bone [23]. It was hypothesized that the electro-
magnetic fields produced by the novel ablation device de-
sign can be used to safely create larger lesions in a bony
environment than conventional RFA technology.

Materials and methods

Experimental design

Institutional approval was obtained for all the animal pro-
cedures. A healthy vertebral pigmodelwas used because of its
similarity to the human vertebrae in terms of size and geome-
try. Furthermore, a healthy pig model was used as there is no
readily available invivo preclinical vertebral tumormodel of a
suitable scale for device testing. SixYorkshire pigs (40–50 kg)
received both a sham (n56, RF ablation electrode placement
only, and generator not turned on) and a radiofrequency treat-
ment (n56), respectively, in two adjacent cervical levels (e.g.,
C4 and C5) accessed surgically. The outcome parameters in-
cluded temperature in the center of ablation zone and adjacent
to spinal foramen, neurologic status of the animals, dimen-
sions of the treatment zone (basedonMRI and histologic anal-
ysis of the excised vertebrae), and histologic evidence of
ablation. Zones of ablation were compared with the results
fromaprevious studyusing a similar healthy porcinevertebral
model and a bone-targeted needle ablation electrode [23].

RF ablation device

Previous RF coil electrode development for soft-tissue tu-
mor ablation [20] guided the current novel coil design for oss-
eous applications. Refinement of the ablation electrode design
and heating protocol was carried out in gel phantoms, muscle
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