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[7, 8]. Surgical complications specific to the 
spine include incomplete removal, instability 
secondary to resection of the posterior ele-
ments, and cord or nerve injury [6, 9, 10].

For years, lesions within the spine were 
considered untreatable with radiofrequency 
ablation (RFA) because of the inherent risk 
posed by proximity to the neural elements [9, 
11–13]. Both in vivo and ex vivo experiments 
on the generation of heat in the spinal canal 
and perineural tissues during ablation have 
been conducted on animal models, and the 
influences of proximity to neural structures, 
the presence of intervening bone, and probe 
size have been evaluated [14–17]. Although 
several clinical reports of the successful ab-
lation of spinal osteoid osteomas have been 
published, the management of such lesions 
remains controversial [5, 10, 15, 18–22]. Two 
reports [20, 22] have introduced the concept 
of perineural injection of insulating sub-
stances during ablation of such lesions to 
provide an additional margin of safety. The 
purpose of this study was to investigate the 
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O
steoid osteoma is a small benign 
but painful lesion usually found 
in persons 7–25 years old [1]. 
Ten percent of the lesions occur 

in the spine, most within the posterior ele-
ments. The lesions typically become evident 
with pain, particularly at night, that is tem-
porarily relieved by antiinflammatory medi-
cation. Lesions in the spine can become evi-
dent as painful scoliosis (63–70% of cases), 
permanent deformity being reported in some 
cases [2–4]. These spinal lesions can be par-
ticularly difficult to diagnose; the average re-
ported delay from presentation to treatment 
is 18–24 months [5, 6].

Treatment options for osteoid osteomas 
include surgical excision and percutaneous 
imaging-guided ablation; most spinal lesions 
are managed surgically. Complete excision 
of the nidus often involves removal of ex-
tensive amounts of bone, and surgical aug-
mentation may be needed to strengthen the 
site postoperatively. Incomplete excision has 
led to reported recurrence rates of 4.5–25% 
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OBJECTIVE. The purpose of this study was to evaluate experience with and determine 
the efficacy and safety of thermal ablation in the management of spinal osteoid osteomas 
close to neural elements.

MATERIALS AND METHODS. The records of all patients with osteoid osteomas of the 
spine managed with thermal ablation at two academic centers from 1993 to 2008 were reviewed.

RESULTS. Seventeen patients (13 male patients, four female patients; mean age, 25.9 
years) had lesions in the lumbar (seven patients), thoracic (six patients), cervical (three pa-
tients), and sacral (one patient) regions of the spine. Two lesions were in the vertebral body, 
one was within the dens, and the others were in the posterior elements. The mean lesion di-
ameter was 8.8 mm, and the mean distance between the lesion and the closest neural element 
was 4.3 mm. The lesions were managed with laser (13 lesions) or radiofrequency (four le-
sions) ablation. Special thermal protection techniques involving the epidural injection of gas 
or cooled fluid were used. Pain levels were assessed immediately before the procedure and on 
the day after the procedure. Long-term follow-up findings were available for 11 patients. No 
complications were encountered, and all patients reported relief of pain. The 11 patients who 
participated in long-term follow-up reported continued relief of pain.

CONCLUSION. Percutaneous thermal ablation can be used to manage spinal osteoid 
osteomas close to the neural elements. Special thermal protection techniques may add a mar-
gin of safety.
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efficacy of thermal ablation in the manage-
ment of spinal osteoid osteomas close to the 
neural elements. We also report on our expe-
rience with the use of these new neuropro-
tective techniques.

Materials and Methods
The study was conducted at two academic insti-

tutions. The institutional review boards at both in-
stitutions granted approval for retrospective review 
of the clinical data and imaging studies. Waiver of 
consent was obtained at both institutions.

Patient Selection
At institution 1, from 1993 to 2008, 25 patients 

with the suspected diagnosis of spinal osteoid os-
teoma were treated with percutaneous laser abla-
tion. On the basis of measurements made on CT 
scans obtained at ablation, 13 of these lesions were 
found to be within 1 cm of an adjacent neural struc-
ture and were included in the study. At institution 
2, from 2006 to 2008, another four patients with 
spinal osteoid osteomas were treated with RFA. On 
the basis of measurements on CT scans obtained at 
ablation, these lesions also were found to lie within 
1 cm of an adjacent neural structure.

In all cases, the diagnosis of osteoid osteoma 
was based on clinical presentation and imaging 
findings. The symptoms were considered sugges-
tive of osteoid osteoma if the pain occurred at rest, 
woke the patient at night, and was temporarily re-
lieved by antiinflammatory medication. All pa-
tients underwent preprocedure imaging. On radio-
graphs or CT scans, the presence of a small lytic 
nidus with surrounding sclerosis was considered 
suggestive of osteoid osteoma. Marrow or soft-tis-
sue edema on MR images corresponding to a lyt-
ic lesion on CT scans, a focus of increased scinti-
graphic activity on a bone scan, or scoliosis with 
the lesion localized to the concavity of the curve 
were seen in some cases.

Procedure
The benefits and risks of thermal ablation and 

the surgical alternatives were discussed with the 
patients, parents, and consulting surgeons, and 
written consent was obtained. All patients were 
treated by one of two radiologists, both experienced 
in thermal ablation of osteoid osteomas. The 13 pa-
tients at institution 1 were treated with laser abla-
tion, and the four patients at institution 2 with RFA. 
The mode of thermal ablation was strictly a matter 
of user familiarity and preference. Because the le-
sions are painful and precise needle placement is 
required for accurate, safe ablation, all procedures 
were performed under general anesthesia.

At both institutions, every patient underwent 
planning CT through the region of interest with 

parameters (tube current–time setting, tube volt-
age, tube rotation speed) appropriate for standard 
diagnostic CT and adjusted at the technician’s dis-
cretion for patient size and age. Reconstructions 1 
mm thick were obtained from this data set to lo-
calize the nidus. The radiologist performing the 
procedure measured the nidus in three planes (an-
teroposterior, transverse, and craniocaudal) using 
the measurement tools on the CT monitor.

At institution 1, laser ablation was performed un-
der CT guidance (Somatom Plus-S ICT or Volume 
Zoom Plus 4 scanner, Siemens Healthcare). Guid-
ance for needle placement and treatment involved 
a combination of CT and fluoroscopy with a mo-
bile C-arm system (Sire Mobile, Siemens Health-
care). The lesions were accessed with a 14-gauge 
Ostycut bone biopsy needle (Bard) or a 14-gauge 
Bonopty coaxial bone biopsy system (Radi Medi-
cal Systems). Biopsy was performed in three cases 
in which the lesion diameter was 1 cm or greater. 
Because the specimens were quite small, there was 
not enough material for a frozen section. Patholog-
ic examination was performed on the permanent 
specimens, and the results were available only af-
ter several days. At institution 1, our experience has 
shown that the small gauge of the needles used and 
the limited material acquired from lesions smaller 
than 1 cm results in a high rate of nondiagnostic bi-
opsies. For this reason, no biopsies were performed 
on lesions smaller than 1 cm.

An 18-gauge spinal needle was introduced co-
axially through the 14-gauge access device. A flex-
ible, single-use, bare-tipped, 400-µm fiber with 
polymer cladding was measured outside the patient 
to ensure adequate placement within the center of 
the lesion and then placed coaxially through the 
18-gauge spinal needle (Fig. 1). The measurements 
obtained at the beginning of the procedure were 
used to determine the amount of energy required 
to completely coagulate the tumor. A continuous-
wave semiconductor portable diode laser (model 25 
laser, Diomed) with an 805-nm wavelength was op-
erated in continuous-wave mode, and the amount 
of energy to be delivered was calculated according 
to the formula (NS × 100 J) + 200 J, where NS is 
nidus size in millimeters [19, 20, 23]. A maximum 
of 1,200 J was applied in 12 cases. One sacral le-
sion with a nidus exceeding 15 mm in diameter was 
managed by placement of two laser fibers simulta-
neously and application of 3,000 J. Patients were 
discharged the same day or stayed in the hospital 
overnight for observation.

At institution 2, RFA was performed with CT 
guidance (Somatom 4 scanner, Siemens Health-
care). The lesions were accessed with a 14-gauge 
Bonopty system, and biopsy with a 15-gauge 
Bonopty coaxial biopsy needle was attempted in 
all four cases. In three cases, an adequate speci-

men was obtained, and a permanent specimen was 
submitted for pathologic examination, the results 
being available after several days. No sample was 
obtained from the smallest of the four lesions. The 
biopsy needle was replaced with a radiofrequency 
probe (Cool-Tip, Covidien) with a 7-mm or 1-cm 
active tip. The probe generator was operated in 
the manual mode without a switch box. The out-
put was gradually increased to achieve a tempera-
ture of 90°C.

The dimensions of the lesions as measured on 
the planning CT scan were used to determine the 
number of probe placements and radiofrequency 
applications (all at 90°C) necessary to completely 
ablate the tumor nidus without putting the neural 
elements at risk. At least one 6-minute application 
of the radiofrequency probe was used in each case 
with the number and length of subsequent overlap-
ping treatments predicated on the position of the 
probe, the size of the active tip used, and the size 
and shape of the lesion. The internal cooling sys-
tem was not used because it was considered to place 
the neural structures at greater risk. The patients 
were monitored in the postanesthesia recovery unit 
and discharged the same day. The patients were in-
structed to use pain medications as necessary.

Special techniques adapted specifically for 
ablation of tumors close to the neural elements 
were used in all cases at both institutions. At pre-
liminary CT, the areas of greatest concern were 
identified as the central canal, neural foramen, 
or both. Under CT guidance, a 22-gauge spinal 
needle was introduced into the adjacent epidural 

Fig. 1—Photograph depicts coaxial placement 
of optical fiber under imaging guidance for laser 
ablation of spinal osteoid osteoma. Both coaxial bone 
biopsy sheath and 18-gauge spinal needle have been 
introduced.
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space through a transforaminal or interlaminar 
approach or both. The interlaminar approach in-
volved placing the spinal needle through the in-
terlaminar space and ligamentum flavum into 
the epidural space on the same side of the lesion. 
The transforaminal approach involved placement 
of the spinal needle into the posterior aspect of 
the adjacent foramen through a posterolateral ap-
proach in the thoracic and lumbar spine and an an-
terolateral approach in the cervical spine.

An epidurogram was obtained by injection of 
2–5 cm3 of air or carbon dioxide. The gas outlined 
the epidural space and in many cases succeeded 
in increasing the distance between the neural el-
ements at risk and the lesion (Figs. 2 and 3). As 
an added precaution, fluid at room temperature 
or slightly cooled (dextrose 5% in water) was in-
fused through the epidural needle at a rate of ap-
proximately 1–2 mL/min during the thermal abla-
tion (Fig. 4). At institution 1, a thermocouple was 
placed coaxially through an 18-gauge spinal nee-

dle into the epidural or perineural space adjacent 
to the lesion in nine cases, and continuous moni-
toring was performed to ensure temperatures be-
low the expected neurotoxic threshold (< 45°C).

Twenty-four hours and 1 week after treatment, 
patients at institution 1 evaluated pain relief us-
ing a visual analog scale. Further follow-up was 
performed at intervals of 2 months for the first 6 
months and then yearly afterward. At institution 
2, pain relief was assessed by telephone interview 
within 24 hours of the procedure; pain relief was 
assessed subjectively with no visual analog scale 
score assigned. Further follow-up was conduct-
ed with all four patients by telephone interview 
(range, 2–14 months; mean, 6 months).

Data Collection
Medical records were reviewed for patient sex 

and age at the time of procedure. The histologic 
diagnosis was obtained from the pathology re-
ports when available. At institution 1, where laser 

ablation was performed, reports of the procedures 
were reviewed to determine the energy delivered 
and the duration of laser application. At institu-
tion 2, where RFA was performed, the size of the 
probe, number of treatments administered, and 
overall duration of application of radiofrequency 
energy were noted. Any immediate complications 
encountered at either institution were noted.

Imaging Analysis
The CT images obtained at the procedure were 

reviewed, and all measurements were made by the 
respective author performing the ablation. Lesion 
location with respect to both the segment of the 
spinal column and position within a given vertebra 
was recorded. Note was made of the neural struc-
tures closest to the tumor. The dimensions of the 
lesions were obtained from the procedure reports, 
and the single largest dimension of each lesion 
was noted. Additional measurements were made 
on film at institution 1 and with a PACS at insti-

A

Fig. 2—12-year-old girl with osteoid osteoma in lamina of thoracic vertebra managed with radiofrequency ablation.
A, Initial CT scan shows lytic mildly expansile lesion in left lamina with central calcification. Cortical rim with adjacent central canal is incomplete in areas (arrow).
B, CT scan shows spinal needle (arrow) inserted in adjacent epidural space through transforaminal approach. Air outlines epidural space both centrally and within foramen.
C, CT scan shows radiofrequency probe (arrow) in center of lesion. Portion of epidural air has been replaced by fluid similar in attenuation to soft tissues.

CB

A

Fig. 3—18-year-old man with osteoid osteoma in 
articular process of lumbar vertebra managed with 
laser ablation.
A, Preprocedure planning CT scan shows plan for 
placement of both coaxial bone biopsy sheath (1) and 
second needle in epidural space (2).
B, CT scan shows coaxial bone biopsy sheath and 
epidural sheath in position and gas in posterior 
epidural space (arrow).

B
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tution 2. The distance between the lesion and the 
closest neural element was recorded. The integrity 
of the cortical margin between the lesion and neu-
ral element was graded as completely intact (grade 
1), intact over two thirds of the interface (grade 2), 
or largely destroyed with less than two thirds of 
the cortical interface intact (grade 3).

Clinical Analysis
The records were reviewed to determine the 

level of pain relief on postprocedure day 1. When 
available, findings from longer follow-up were re-
corded. Any symptoms at follow-up evaluation or 
complications necessitating additional treatment 
were noted.

Results
Patients and Procedure

Seventeen procedures on 17 patients (13 
male patients, four female patients; age 
range, 12–44 years; mean, 25.9 years) were 
reviewed. The histologic diagnosis of osteoid 
osteoma was made in six cases. The patient 
and procedure information is shown in Table 
1. At institution 1, where laser ablation was 
performed, the mean energy delivered for 
ablation purposes was 1,000 J (range, 700–
3,000 J). At institution 2, where RFA was 
used, the radiofrequency probe sizes were 1 
cm (two patients) and 7 mm (two patients). 

The mean number of radiofrequency appli-
cations was 2.3 (range, 1–3). The mean dura-
tion of radiofrequency application was 11.3 
minutes (range, 6–16 minutes).

Imaging
The lesions were located in the lumbar 

(seven patients), thoracic (six patients), cer-
vical (three patients), and sacral (one patient) 
spinal segments. Two lesions were in the ver-
tebral body and one within the dens of C2. 
The rest were within the posterior elements 

in the lamina (seven patients), articular pro-
cess (three patients), pedicle (three patients), 
and lateral mass (one patient). The lesions 
were believed to be in greatest proximity to 
the central canal (one patient) or neural fo-
ramen (13 patients) or in equal proximity to 
both structures (three patients). The mean 
single largest lesion dimension was 8.8 mm 
(range, 5–15 mm). The mean distance be-
tween the lesion and the closest neural ele-
ment was 4.3 mm (range, 1–10 mm). The in-
tegrity of the cortical margin at the interface 

Fig. 4—Photograph 
depicts operator 
introducing cooled fluid 
through tubing attached 
to second epidural needle 
during treatment.

TABLE 1: Patient, Tumor, and Treatment Characteristics

Patient No. Age (y) Sex Spinal Level Anatomic Site Size (mm)a Distance (mm)b Ablation Type Insulation

1 34 M T2 Vertebral body 10 2 Laser Cooled liquid, CO2

2 21 F T12 Lamina 6 4 Laser Air

3 19 M L2 Articular process 6 4 Laser Air

4 27 M L2 Lamina 5 10 Laser Cooled liquid

5 19 M L3 Lamina 7 5 Laser Air

6 44 M L3 Pedicle 9 5 Laser Cooled liquid, CO2

7 23 M L4 Lamina 6 6 Laser Cooled liquid

8 31 M L5 Lamina 7 10 Laser Air

9 12 M S3 Lamina 15 7 Laser Cooled liquid

10 33 M C2 Base of dens 6 4 Laser Cooled liquid, CO2

11 35 M T2 Pedicle 7 2 Laser CO2

12 34 M T3 Vertebral body 12 1 Laser CO2

13 39 F C6 Lateral mass 9 1 Laser CO2

14 12 F T8 Articular process 14 2 Radiofrequency Air, cooled liquid

15 21 M L3 Lamina 14 3 Radiofrequency Air, cooled liquid

16 22 M C7 Pedicle 9 1 Radiofrequency Air, cooled liquid

17 15 F T12 Articular process 7 6 Radiofrequency Air, cooled liquid

Mean 25.9 8.8 4.3
aSingle greatest dimension.
bDistance between tumor and nearest neural structure in central canal or neural foramen.
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with the closest neural elements was grade 
1 (four patients), grade 2 (two patients), and 
grade 3 (11 patients).

Clinical Outcome
No immediate complications were report-

ed. All 17 patients reported complete relief 
of their typical preprocedure pain within 48 
hours with full return to normal activities. 
Findings from long-term follow-up (mean, 
36.5 months; range, 2–84 months) were avail-
able for 11 of the 17 patients. All patients con-
tinued to be pain free without medication.

Discussion
Our results show that thermal ablation can 

be used effectively and safely to manage os-
teoid osteomas of the spine even when the le-
sion is within 1 cm of the adjacent neural el-
ements or lacks a complete intervening rim 
of cortical bone. In the past, these techniques 
were avoided in the treatment of patients with 
spinal lesions because of the risk of thermal 
damage to the neural elements [9, 11–13]. 
Some authors have proposed alternative min-
imally invasive imaging-guided methods, in-
cluding percutaneous trocar extraction and al-
cohol injection. Most patients, however, have 
undergone open excision, which can involve 
wide resection with the risks of postoperative 
instability and nerve damage [6, 9, 10].

In our series of 17 patients treated with la-
ser (13 patients) or radiofrequency (four pa-
tients) ablation, the success rate was 100%, 
defined as postprocedure relief of osteoid 
osteoma–related pain and no complications. 
In long-term follow-up of 11 patients (mean, 
36.5 months; range, 2–84 months), pain relief 
continued with no untoward side effects. Spe-
cifically, no patients had symptoms that could 
be construed as resulting from damage to neu-
ral structures. All of our patients had lesions 
within 1 cm of adjacent neural structures, and 
many had marked deficiency in intervening 
cortical bone at the interface between the tu-
mor and the central canal or neural foramen.

We believe our cases constitute the larg-
est published series of thermal ablations of 
spinal osteoid osteomas in general and of 
those close to the neural elements in partic-
ular. There have been reports [2, 5, 10, 19, 
21, 24] of successful ablation of osteoid os-
teomas of the spine with both RFA and la-
ser ablation. Many of these reports, however, 
involved lesions separated from the neural 
canal by an intact rim of cortical bone. Al-
though Samaha et al. [18] reported on the use 
of RFA to manage three lesions of the neural 

spinal ring that were “very close to the spinal 
canal” or “in direct contact with the nerve 
roots,” no measurements were provided.

Several publications [15–17] have focused 
on what are believed to be the major factors 
in heat transmission to the canal and perineu-
ral tissues during spinal ablation procedures. 
These factors have included proximity of the 
heat source, the possible insulating effect af-
forded by intervening medullary and corti-
cal bone, and the length of the probe used. 
Dupuy et al. [15] performed in vivo experi-
ments using a pig model and ex vivo exper-
iments and found that both cancellous and 
cortical bone had an insulating effect. Those 
investigators also postulated a protective ef-
fect of epidural blood flow and CSF pulsa-
tion. This insulating effect of cortical bone 
was disputed in a study by Nour et al. [16] in 
which RFA on pigs resulted in several seri-
ous histologically confirmed neurologic in-
juries despite an intact intervening cortex. It 
should be noted, however, that the ablations 
in this study were performed with radiofre-
quency probes with 2-cm active tips main-
taining a temperature of 90°C for 10 min-
utes. In experiments with pigs, Adachi et al. 
[17] found a significant difference in temper-
atures reached within the central canal dur-
ing ablations with 1- and 2-cm active tips. 
These results would seem to imply that the 
length of the active tip may play a role in the 
frequency of neural injury.

Because of the conflicting results on the 
safety of ablation of spinal lesions both with 
and without an intact layer of cortical bone, it 
would seem prudent to use any and all means 
to achieve an additional margin of safety. 
Careful application of controlled radiofre-
quency or laser energy to selectively ablate 
the lesional tissue is mandatory, and the use 
of long active tips and cooled probes should 
be avoided if possible. Instead, small over-
lapping zones of ablation should be produced 
to avoid unnecessary deposition of energy in 
the surrounding tissues.

We believe that although it is impossible 
to substantiate in controlled human studies, 
an additional margin of the safety is possible 
with the use of careful injection of insulat-
ing substances into the adjacent perineural 
space. Several publications support this con-
tention. Gangi et al. [20] first reported the use 
of such a cool bath technique in a review of 
laser ablation of 114 osteoid osteomas. Klass 
et al. [22] reported on the successful ablation 
of seven spinal osteoid osteomas with radio-
frequency and a similar technique.

Most radiologists who perform RFA are 
facile at the placement of needles under im-
aging guidance. Thus the additional step of 
placing a spinal needle into the epidural or 
periradicular space should not add much 
time to the procedure or result in added mor-
bidity to the patient. In this series, initial in-
sulation was achieved by injection of air or 
carbon dioxide to outline the epidural space, 
to create distance between the neural struc-
tures and the lesion, and to provide insula-
tion. Additional insulation was produced by 
slow injection of room temperature or slight-
ly cooled fluid during ablation.

Several limitations of this study should be 
noted. The study involved two academic cen-
ters using different techniques of thermal ab-
lation. We believe, however, that this format 
gives the results more far-reaching implica-
tions. The study was not controlled, and for 
clinical and ethical reasons, no patients were 
randomly selected for treatment without the 
additional protective measures. For this rea-
son, the added benefit of the techniques re-
mains purely speculative. It would be useful 
to reproduce some of the in vivo animal ex-
periments conducted by Dupuy et al. [15] and 
Nour et al. [16] using the additional protec-
tive techniques to see whether lower temper-
atures were registered within the perilesional 
soft tissues and the number of complications 
could be reduced. In addition, at institution 
1, histologic proof of diagnosis was not avail-
able in 10 cases. We believe, however, that 
the diagnosis in these cases can be based on 
the typical imaging and clinical features and 
the patient response to treatment.

We maintain that percutaneous thermal ab-
lation with RFA or laser ablation is a feasible 
and safe alternative to surgical excision in the 
management of osteoid osteomas of the spine, 
even in the care of patients in whom the le-
sion is less than 1 cm from an adjacent neural 
structure with no intact intervening cortex. We 
believe that thermal protection techniques, in-
cluding instillation of epidural or periradicu-
lar gas or cooled fluid during ablation and the 
use of well-placed thermocouples for continu-
ous temperature monitoring, may add an im-
portant margin of safety.
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