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Abstract Osteoid osteoma is a relatively common benign

skeletal tumor. The traditional standard treatment has been

surgical resection of the nidus. Recently, computed tomog-

raphy (CT)-guided radiofrequency ablation (RFA) has

gained favor as a more precise alternative due to potentially

less bone destruction. However, CT-guided RFA is limited in

treatment for osteoid osteoma involving complex anatomic

structures such as cervical spine, pelvis, or scapula because

of difficulty in approach and proximity to neurovascular

structures. To solve this problem, we investigated RFA using

a new real-time three-dimensional fluoroscopic navigation

system. We report its technical procedure and use in a rare

case of osteoid osteoma of the scapula.
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Introduction

Osteoid osteoma is a relatively common benign skeletal

tumor that accounts for 13.5 % of all benign tumors [1].

The male-to-female ratio in one large patient series was

reported to be 4:1 [2]. The most common symptom is pain,

which often worsens at night, and is usually relieved by

non-steroidal anti-inflammatory drugs. The pain may cause

arousal from sleep, resulting in sleep deprivation. Osteoid

osteoma has a nidus surrounded by sclerotic bone and is

usually less than 20 mm in size. It commonly occurs in the

long bones of the lower extremity, occurring in the tibia

and femur in 50 % of cases [3]. Among other bones,

osteoid osteoma generally involves the upper limbs in

25 % of cases and occurs less frequently in the scapula

(20 %; 5/25) than in the humerus (68 %; 17/25) [4].

The traditional standard treatment has been surgical

resection of the nidus. Recently, potentially serious com-

plications of surgery have made percutaneous radiofre-

quency ablation (RFA) an attractive alternative due to

potentially less bone destruction, shorter hospitalization

time, quicker rehabilitation time, and equal safety and

efficacy [5]. Moreover, computed tomography (CT)-guided

RFA has gained favor as a more precise alternative [6].

However, CT-guided RFA is limited for the treatment for

osteoid osteomas involving complex anatomic structures,

such as the cervical spine, pelvis, and scapula, because it is

not a real-time guide, the treatment time is long, and

radiation exposure is excessive for appropriate construction

of images [7]. To solve this problem, we investigated RFA

using a new three-dimensional (3D) fluoroscopic naviga-

tion system. We report its technical procedure and use in a

rare case of osteoid osteoma of the scapula.

Technical report

Treatment was performed under general anesthesia and

with the patient placed in an appropriate position for the
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procedure (the entire procedure is shown in the supple-

mentary movie). The reference frame was stabilized with

two 1.6-mm-wide Kirschner wires (K-wire) that were

inserted into the bone involving the tumor percutaneously.

K-wires should be inserted to the point that had enough

thickness to stabilize the frame and kept the appropriate

distance to the tumor for easy manipulation to ablate the

tumor. To acquire a 3D skeletal image, a Ziehm Vision FD

Vario 3D (Ziehm Imaging, Orlando, FL, USA) was used to

perform cone beam CT. Subsequently, a Stryker Naviga-

tion System 2 Cart (Stryker Orthopedics, Mahwah, NJ,

USA) was used to create a live 3D fluoroscopic overlay. A

3D skeletal image, which was reconstructed from CT

images, was used to plan the wire trajectory from the skin

entry point to the nidus of the tumor. After the skin entry

point and the wire trajectory were determined, 0.5-cm skin

incision was made on the skin entry point and 1.6-mm

K-wire and 1.7-mm drill guide were inserted to attach the

cortex through the entry point. The determined path was

guided by real-time 3D fluoroscopy to allow exact K-wire

placement to the tumor and constant monitoring and

adjustments during K-wire progression (Fig. 1). CT was

performed again to confirm the correct position of the tip of

the K-wire. Next, a bone biopsy was performed, in which

the K-wire was replaced by a 17 G 15 cm RFA probe, and

RFA was performed using a Cool-tip RFA system (Val-

leylab, Covidien, Mansfield, MA, USA) (Fig. 2). The RFA

active tip was heated to 90 �C for 5 min, and 0.5 cm

around the tip was ablated. Ablation was performed with

1-cm spacing in the tumor. After the ablation, RFA probe,

the reference frame, and two 1.6-mm K-wires were

removed and the skin incision on the entry point was

sutured by 4-0 nylon.

Case and its result

One case is treated with this procedure. A 40-year-old man

had severe pain in his left shoulder for 2 years. He was

referred to our institution by another hospital because

diagnosis on the basis of radiography alone was difficult.

Radiography showed sclerotic changes around the glenoid

cavity of the scapula (Fig. 3a), while CT revealed a sub-

cortical cystic lesion with an indistinct nidus (Fig. 3b).

Magnetic resonance imaging (MRI) showed a focal

hyperintense lesion observed in the glenoid cavity of the

scapula on T2-weighted MRI (Fig. 3c). On the basis of

these findings, the cause of pain was diagnosed as osteoid

osteoma of the scapula. Because of the tumor position, it

was considered that the probable damage caused by

surgical resection could interfere with normal shoulder

function. Therefore, we decided to perform RFA using a

new 3D fluoroscopic navigation system. Ablation was

performed twice with 1-cm spacing in the tumor. The

entire procedure took 59 min, and duration of radiation

exposure during CT was 2.5 min. No complications were

observed during the procedure. Pathological examination

showed an appearance consistent with that of osteoid

osteoma. Left shoulder pain totally disappeared immedi-

ately after the procedure; visual analog scale (0–10) was

improved 7 to 0 two days after the procedure, and the

patient experienced no significant complication or recur-

rence for 18 months.

Discussion

CT-guided techniques for treating osteoid osteoma have

emerged recently, and RFA is considered a good alterna-

tive to surgery [1]. In a previous study, CT-guided RFA has

been suggested to be an effective treatment for most

osteoid osteoma of the upper extremities, and 76 % (19/25

cases) of patients have become completely pain free after

single treatment [4]. However, the success rate for upper

extremities is lower than that for other skeletal areas

(89–95 %) [8, 9]. Failure of RFA is considered to be

caused by decreased temperature or duration of RFA

because of proximity to neurovascular structures [4]. Fur-

thermore, it has been suggested that recurrent pain may be

due to inaccurate needle positioning, irritation of adjacent

soft tissues, or inadequate ablation of large lesions [1]. On

the basis of these reports, precise positioning that provides

a safe distance from neurovascular structures may be

necessary for effective treatment using RFA.

Real-time fluoroscopic navigation solves the above-

mentioned problems. In previous studies, treatment involving

planning with 3D images and 2D fluoroscopic navigation

had the advantage of allowing access to the nidus from any

direction [7], which enabled planning of a safe and effective

path that avoided neurovascular structures, and precise

positioning guided by real-time navigation may help prevent

tumor recurrence. However, we believe that 2D fluoroscopic

navigation is more difficult in the treatment for tumors

involving complex anatomic structures, such as the pelvis

and scapula. It has been suggested that treatment for tumors

involving the pelvis or cervical spine, which are difficult to

approach, may fail [10], and treatment for tumors in the

scapula may have similar problems. The previous report

and review suggested that osteoid osteoma of the scapula is a

rare and in most cases does not involve the flat bone, which

results in the difficulty of the surgery [11]. The new 3D

fluoroscopic navigation system may overcome these diffi-

culties because it can provide real-time information on the

3D position of the needle. Furthermore, in our past four

cases, RFA using 2D fluoroscopic navigation took longer

time for the operation and CT (93.7 min for operation
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and 4.6 min for CT; not published) and we experienced one

failure case of osteoid osteoma in pelvis (not published).

Therefore, we believe that the 3D fluoroscopic navigation

system may reduce surgery time and the frequency of CT

to confirm the needle position compared with those of pre-

vious navigation systems, especially for the treatment for

osteoid osteoma in complex anatomic structure, such as the

scapula.

Fig. 1 Real-time 3D fluoroscopic navigation images. a–c Fluoroscopic images in the X–Y, Y–Z, and Z–X planes. d The targeting guidance is

shown. A green color appeared for the correct direction of the K-wire (color figure online)

Fig. 2 RFA for the treatment

for osteoid osteoma. The patient

who had the tumor in the

glenoid cavity of the scapula

was placed in a left side up

position. The reference frame

was stabilized on the scapula

with two 1.6-mm K-wires, and

the RFA probe was inserted

from the skin entry point to the

tumor
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There have been few previous reports of complications

associated with osteoid osteomas. Full-thickness skin

necrosis after RFA may occur with superficial thermoco-

agulation [12]. Nerve injuries have not been previously

reported; however, treatment failure related to approach

difficulties caused by nerve root proximity has been

reported [10]. These reports clarified the problems associ-

ated with decisions regarding entry points and wire paths

for approach in cases of osteoid osteoma involving com-

plex anatomic structures. On the basis of this case, we

believe that the 3D fluoroscopic navigation system may

make it easier to determine appropriate entry points and

paths in addition to decreasing complications.

Radiofrequency ablation using the new fluoroscopic

navigation system resulted in successful treatment for

osteoid osteoma in the scapula. Additional cases may show

that this procedure is an effective and useful technique for

the treatment for osteoid osteoma, especially involving

complex anatomic structures.
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