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ABSTRACT

INTRODUCTION: The small size of a nidus and the extensive sclerosis around it often make it difficult to
identify tumors from the surrounding normal bone by fluoroscopy, and a large amount of bone resection
might be required to secure complete removal during osteoid osteoma surgery. In this report, we present
the first case of radiographically invisible osteoid osteoma that was successfully resected under a robotic
C-arm cone-beam computed tomography (CBCT) imaging system.
PRESENTATION OF CASE: A 14-year-old boy presented with persistent pain around the left knee joint
was diagnosed with osteoid osteoma of the left distal femur. Since the tumor was not detectable by
intraoperative fluoroscopy, a CBCT system was used for guidance during an open tumor resection. For a
less invasive surgery, we repurposed the dilator and retractor of the microendoscopic discectomy (MED)
system and resected the tumor using the wider trephine tips for bone biopsy. At the final follow-up
one year later, the function of the afflicted limb was normal with no complaint of any symptoms. Plain
radiograph at the final follow-up showed new bone formation completely filling the bone defect, without
local recurrence.
DISCUSSION: CBCT allowed for clear intraoperative visualization of the osteoid osteoma, thereby promis-
ing a secure resection and less invasive osteoid osteoma treatment. Furthermore, the repurposed use of
the dilator and retractor of the MED system as well as the wider trephine tips for bone biopsy made the
procedure less invasive.
CONCLUSION: CBCT-guided minimally invasive open excision surgery could be a useful option for the
management of radiographically invisible osteoid osteoma.

© 2019 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

bone biopsy, a less invasive surgery with a small incision and mini-
mal soft-tissue damage was possible. This report fulfills the SCARE

Osteoid osteoma is a benign bone tumor that occurs in chil-
dren and adolescents, and causes severe pain[1,2]. Osteoid osteoma
is sometimes missed on plain radiography because it is usually
small; it could be <1 cm in size, and the nidus or periosteal reaction
might not always be radiographically visible [1,3]. Surgical resec-
tion is still the standard treatment for osteoid osteoma and often
performed under fluoroscopic guidance [4,5]. We report a radio-
graphically invisible osteoid osteoma of the distal femur that was
successfully resected under robotic C-arm cone-beam computed
tomography (CBCT), which is a multi-axis C-arm radiography sys-
tem and provides CT-like images intraoperatively. Furthermore,
by repurposing the dilator and retractor of the microendoscopic
discectomy (MED) system and using the wider trephine tips for
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criteria [6].

2. Presentation of case

A 14-year-old boy was referred to our hospital because of persis-
tent pain around the left knee joint since approximately 3 months
before. A plain radiography revealed, though extremely difficult to
discern, a small, relatively radiolucent area with a tiny central cal-
cification in the distal lateral femur (Fig. 1A and B). This was clearly
visible as an approximately 1cm oval nidus, including a mineral-
ized osteoid in the center, on CT scan (Fig. 1C). Magnetic resonance
imaging (MRI) revealed a low-signal oval lesion that reflected the
osteoid on T1-weighted imaging (Fig. 1D), and a surrounding high-
signal area on T2-weighted imaging that reflected the adjacent
bone marrow edema (Fig. 1E). Only the nidus was well-enhanced
on contrast MRI, which might indicate the hypervascularity of the
nidus (Fig. 1F). As the tumor was not detectable on standard intra-

2210-2612/©2019 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CCBY license (http://creativecommons.
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Fig. 1. (A) Plain radiography of the left distal femur. The nidus was undetectable on the frontal view. (B) Mild radiolucent area with slight central calcification was detected on
the lateral view. (C) Computed tomography coronal view (bone condition). (D) Coronal T1-weighted image. (E) Coronal T2-weighted image with fat suppression. (F) Coronal

Gadolinium contrast image.

operative fluoroscopy, a robotic C-arm CBCT system (Artis zeego,
Siemens AG, Forchheim, Germany), was used for guidance during
open resection of the tumor. An incision line was marked on the
skin above the tumor under CBCT imaging guidance by using an
instant marker made by arranging Kirschner wires at 1 cm inter-
vals (Fig. 2A, B, and C). An approximately 1cm skin incision was
made, and a Kirschner wire was inserted toward the tumor, with
CBCT guidance at each step (Fig. 2D, E, and F). The soft-tissue was
dilated bluntly in small parts by using the dilator originally used
for MED surgery to minimize soft-tissue damage (Fig. 3A). After
exposing the lateral side of the femur, 120 mm trephine tip for
bone biopsy was drilled according to the MED retractor (Fig. 3B and
C). After confirming on the CBCT image that the tumor was in the
drilled route (Fig. 3D), the tumor-bearing bone was resected en-bloc
with the trephine tip and additional use of a round chisel (Fig. 4A
and B). During the drilling, physiological saline was sprayed on the
retractor to prevent skin burn. After the resection, additional curet-
tage and cauterization with an electric scalpel were performed to
ensure complete tumor removal (Fig. 4C), although no tumor rem-
nants were detected on CBCT (Fig. 3E). A B-tricalcium phosphate
(B-TCP) block (OSferion, Olympus Corp., Tokyo, Japan) was inserted
in the bone defect followed by wound disclosure (Figs. 3F, G, and
5 A). A histological evaluation confirmed the diagnosis of osteoid
osteoma with differentiating osteoblasts and immature osteoid tra-
beculae in the nidus surrounded by reactive bones (Fig. 4D and
E). Absence of chondrocyte or cartilage formation allowed exclu-
sion of other benign bone lesions such as enchondroma or Bizarre
parosteal osteochondromatous proliferation. No atypical cells were

found, and malignancies such as osteosarcoma, Ewing’s sarcoma, or
adamantinoma were excluded from the differential diagnosis. At
the final follow-up 1 yeaar later, the function of the affected limb
was normal, without any symptoms. Plain radiography at the final
follow-up revealed new bone formation completely filling the bone
defect, without local recurrence (Fig. 5B and C).

3. Discussion

This case provides two insights into the treatment of osteoid
osteoma. A robotic C-arm CBCT imaging system was useful for
resecting the tumor, which was not detectable on fluorescence
imaging, allowing secure tumor resection with easy and clear CT-
like imaging. Use of the dilator and retractor of the MED system and
wider trephine tips for bone biopsy made this benign bone tumor
surgery less invasive, with only a small skin incision.

Osteoid osteoma is a relatively rare subtype of benign bone
tumor, which accounts for 5% of all bone tumors and 11% of
benign bone tumors [7]. Osteoid osteoma has a limited likelihood
of growth, and tumors >1.5 cm are unusual, thus delaying the diag-
nosis [1,8]. Some patients require additional treatment such as
percutaneous ablation [9,10] or surgical excision [4,5] because of
resistance to analgesics or persistence of pain.

Thermablation under CT guidance has been reported as a less
invasive treatment option [11]. However, its relatively higher
recurrence rate ranges from 5% to 20%, and the radiation exposure
during CT guidance is an area of concern in this treatment [12-14].
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Fig. 2. (A) An instant marker was set on the lateral side of the knee. (B) Confirmation of tumor location with cone-beam computed tomography coronal images. (C) Axial
image. (D) First attempt. The Kirschner wire was inserted proximal to the tumor. (E) Second attempt using wire sleeves for parallel insertion. The Kirschner wire was inserted
to the center of the tumor. (F) Sagittal image.

A

Fig. 3. (A) The soft-tissue was dilated with the dilator from the microendoscopic discectomy (MED) system. (B) Retraction with the MED retractor. (C) Drilling with the
120 mm trephine tip. (D) Confirmation of the tumor in the drilled route. (E) Tumor bone resection. (F) Insertion of a 3-tricalcium phosphate block into the bone defect.
Coronal cone-beam computed tomography (CBCT) image. (G) Sagittal CBCT image.

Complete excision of the nidus can cure the benign neo- sive sclerosis around it often make it difficult to identify the
plasm, but intraoperative localization might be difficult even with tumor from the surrounding normal bone on fluorescence. A large
intraoperative fluoroscopy. The small size of the nidus and exten- amount of bone resection might be required to secure a com-
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Fig. 4. (A) Resected bone. (B) Vertical split of the tumor bone. (C) Additional curetted bone. No tumor tissue was detected. (D, E) Hematoxylin and eosin staining. Scale bars
indicate 100 pm. The nidus included anastomosing trabeculae of the osteoid and woven bone.

Fig. 5. (A) Fluoroscopic image of cone-beam computed tomography immediate after the surgery. (B, C) Radiographs of the final follow-up. The bone defect was completely
filled by new bone.

plete removal, which could lead to bone weakness and fracture bone defects, and shorter surgical time. Until now, it is consid-

[15,16]. A case series of CT-guided open excision surgery for osteoid ered the most reliable resection method for osteoid osteomas
osteoma reported complete excision with no recurrence, smaller [5].
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In the present case, tumor resection under robotic C-arm CBCT
guidance for an osteoid osteoma not visible on fluoroscopy was
effective in terms of accuracy, less invasiveness, and lower radi-
ation exposure. In recent times, C-arm CBCT has been used in
many interventional radiology and oncology procedures, includ-
ing percutaneous biopsy, ablation, and embolization, as it has
advantages to conventional CT [10,17]. C-arm CBCT provides vast
cross-sectional tomographic images, so-called CT-like images, to
the surgeon intraoperatively by using the C-arm and flat panel
detector angiographic systems [10]. The CT-like images can be
simultaneously displayed with conventional fluoroscopic images
in real time [18]. In addition to the clear intraoperative visualiza-
tion, C-arm CBCT enables real-time guidance and monitoring of the
tumor resection and easy evaluation of post-resection results, and
confers lower risk of intraoperative contamination that can occur
while moving the patientin and out of the CT scanner and decreased
radiation exposure as compared with the conventional CT [9,10]. In
the present case, complete tumor resection, as confirmed on post-
resection CBCT images, was achieved with minimal sacrifice of the
surrounding normal bone under the guidance of C-arm CBCT. More-
over, C-arm CBCT allows optimized planning of the skin entry and
a path for less invasive surgery owing to the greater degree of free-
dom in the robotic C-arm obliquities [9,10]. In the present case, a
more minimal invasiveness in terms of the smaller skin and soft-
tissue incisions was achieved with the repurposed use of the dilator
and retractor of the MED system and wider trephine tips for bone
biopsy.

Although there are some limitations of the C-arm CBCT com-
pared to conventional CT, such as a decrease in the number
of images taken per image acquisition, increased scatter due to
the wider collimation of cone beam, or motion artifacts due to
increased acquisition time [19,20], the quality of CBCT images taken
in the present case was sufficient for detecting the small nidus.

4. Conclusion

In conclusion, C-arm CBCT allowed a clear intraoperative visual-
ization of the osteoid osteoma, precise access to the tumor, accurate
tumor resection, and minimal sacrifice of the surrounding normal
bone in the present surgery, promising secure resection and a less
invasive osteoid osteoma treatment. Furthermore, repurpose use of
the dilator and retractor of the MED system, and wider trephine tips
for bone biopsy allowed less invasiveness with small skin incision
in this case.
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