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Introduction
Osteoid osteoma is a benign osteoblastic skeletal tumour 
usually seen in the second and third decade of life with a 
male:female preponderance ranging from 2:1 to 4:1 as per 
various studies. It is a stage II tumour as per Musculoskel-
etal Society Staging system for benign tumours.1 This bone 
tumour accounts for approximately 10–13.5% of all benign 
bone tumours and 2–3% of all bone tumours.2–10 The most 
common site is meta-diaphyseal location of femur and 
tibia (50%). Less common sites include spine (10%), hands 
and feet.5,9,11,12 Osteoid osteoma can also be categorised 
according to location of nidus, that is, intra-articular or 
extra-articular, with further subdivisions into subperiosteal, 
cortical and intramedullary subtypes (Figure 1). The typical 
clinical presentation of osteoid osteoma is nocturnal pain at 
the site of involvement. The pain is readily relieved by anti-
inflammatory agents, which has been attributed to inhibi-
tion of release of prostaglandin E2 and prostacyclins by the 
tumour.1,6,10–12 Intra-articular osteoid osteoma may have a 
different clinical presentation namely joint pain, decreased 

range of motion, gait or growth disturbances. Additionally, 
intra-articular osteoid osteoma of the proximal femur may 
present with referred pain over the knee.1,3–5,7,11,12

Osteoid osteoma consists of a centre or “nidus” of highly 
vascularised and innervated immature osteoid, enclosed by 
a rim of osteoblasts and surrounded by thickened trabec-
ular bone on pathology. These findings are reflected on 
radiography and CT as a solitary radiolucent nidus with 
variable degree of surrounding sclerosis5,9,12–14 (Figure 1). 
The most important imaging findings for osteoid osteoma 
is the identification of nidus and assessment of nidus 
mineralisation, size and location. Nidus visualisation may 
be difficult on radiography in the presence of significant 
amount of sclerosis, commonly seen in cortical osteoid 
osteoma [Figure 1(e and f)]. A nidus size of less than 15 mm 
is highly suggestive of osteoid osteoma. Non-enhanced CT 
scan is the best modality for nidus assessment and estima-
tion of adjacent sclerosis. On MRI, the nidus shows T1W 
isointense signal and variable T2W signal on comparison 
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Abstract

Osteoid osteoma is a painful benign bone tumour of children and young adults with characteristic clinico-radiological 
features depending upon the location of the lesion. Intraoperative visualisation of the nidus is difficult and therefore 
curative surgery is often associated with excessive bone removal, significant perioperative morbidity and potential 
need of bone grafting procedures. With advancement in cross-sectional imaging and radiofrequency ablation (RFA) 
technology, CT-guided RFA has emerged as the treatment of choice for the osteoid osteoma. This procedure involves 
accurate cannulation of the nidus and subsequent thermocoagulation-induced necrosis.
Multidisciplinary management approach is the standard of care for patients with osteoid osteoma. Appropriate patient 
selection, identification of imaging pitfalls, pre-anaesthetic evaluation and a protocol-based interventional approach 
are the cornerstone for a favourable outcome. Comprehensive patient preparation with proper patient position and 
insulation is important to prevent complications. Use of spinal needle-guided placement of introducer needle, namely, 
“rail–road technique” is associated with fewer needle trajectory modifications, reduced radiation dose and patient 
morbidity and less intervention time. Certain other procedural modifications are employed in special situations, for 
example, intra-articular osteoid osteoma and osteoid osteoma of the subcutaneous bone in order to reduce complica-
tions. Treatment follow-up generally includes radiographic assessment and evaluation of pain score. Dynamic contrast-
enhanced MRI has been recently found useful for demonstrating post-RFA healing.
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with adjacent normal muscle. T2W short tau inversion recovery 
sequence is extremely useful in estimating the perifocal bone 
oedema1,3,4,6,15[(Figure  2(a–d)]. Recently, virtual no calcium 
images obtained by dual energy CT has been found to have 
high diagnostic accuracy in the detection of osseous oedema.16 
Contrast-enhanced CT and MRI although not necessary show 

enhancement of the unmineralised nidus and helps in increasing 
the diagnostic accuracy in indeterminate cases.3 Dynamic CE 
MRI shows typical kinetic features of nidal enhancement and 
further helps in diagnosis and localisation of osteoid osteoma17 
(Figure  2e). Technetium (Tc) 99 bone scintigraphy findings of 
high central uptake with surrounding less uptake, commonly 
termed as “double density” sign, depicts nidus osteoblastic 
activity with associated host bone response. Tc 99 scintigraphy is 
highly sensitive for detection of osteoid osteoma and a negative, 
scintigraphy should prompt a MR evaluation to look for other 
causes.1,3,11,18,19

Management options of osteoid osteoma can be broadly classi-
fied as conservative, percutaneous image-guided treatment and 
surgical resection. Prolonged non-steroidal anti-inflammatory 
drug (NSAID) therapy is often associated with inadequate clin-
ical response, drug-related renal and gastro-intestinal complica-
tions and drug intolerance. Excision of the entire nidus is critical 

Figure 1. (a–f): Different locations of osteoid osteoma. 
Axial (a) and coronal (b) images of an osteoid osteoma of 
proximal shaft of right femur in a 24-year-old male patient, 
showing an intramedullary radiolucent nidus (black arrows) 
with surrounding sclerosis. Axial (c) and sagittal (d) images 
of intra-articular osteoid osteoma of neck of left femur in a 
26-year-old female showing nidus in the anterior subperi-
osteal location (white arrows). Minimal sclerosis is seen. Axial 
image of right humerus (e) of a 22-year-old male and left 
femur (f) of a 25-year-old male showing intra-cortical location 
of nidus (black arrows) with extensive surrounding sclerosis. 
Observe that different location of nidus is associated with var-
iable amount of sclerosis, with intra-cortical osteoid osteoma 
usually showing extensive sclerosis whereas sub-periosteal 
osteoid osteoma showing minimal sclerosis.

Figure 2. (a–e) MRI evaluation of a 22-year-old male with 
osteoid osteoma of left talus. (a) Coronal T1-weighted (T1W) 
sequence shows that the lesion has an isointense centre and 
hypointense periphery (short black arrow). (b) The lesion 
is uniformly hypodense (long black arrow) on sagittal T2-
weighted (T2W) sequences. Sagittal PDFS (c) and (d) T2W 
SPAIR sequence elegantly demonstrates the perilesional bone 
oedema (white arrows). (e) Axial dynamic CE MRI with region 
of interest (ROIs) placed on the lesion (ROI2), vessel (ROI3) 
and normal muscle (ROI4). Analysis shows that the lesion 
(blue curve) mimics the enhancement kinetics of the vessel 
(yellow curve) characteristic of nidus enhancement.
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for complete symptomatic relief. As intraoperative localisation 
of the nidus is usually difficult, the surgeon invariably resects 
surrounding sclerotic bone in order to achieve complete excision 
of nidus. Excessive removal of bone may lead to significant bone 
weakening, potentially necessitating bone graft procedures and 
increasing patient morbidity. Percutaneous image-guided proce-
dures by either CT or MR guidance allow accurate nidus local-
isation resulting in clinical relief with minimal morbidity and 
without affecting bone strength. Nidus annihilation is achieved 
by either physical destruction with trephine needle or bone drill, 
ethanol ablation or thermal ablation. Thermal ablative proce-
dures include radiofrequency ablation (RFA), microwave abla-
tion and laser ablation. Excellent and rapid visualisation of the 
bone makes CT guidance superior to fluoroscopy, ultrasound and 
MRI for RFA of osteoid osteoma. CT fluoroscopy allows real-time 
needle guidance decreasing procedural time. CT-guided RFA is a 
rapid, percutaneous, minimally invasive, day-care interventional 
procedure which has treatment outcomes comparable to surgery. 
This procedure is technically more feasible at locations which are 
otherwise difficult to approach by surgery, for example acetab-
ulum, intra-articular femur.1,3,5,11,12 This illustrative article will 
discuss a multidisciplinary management approach emphasising 
on patient selection, preoperative imaging diagnosis directed at 
treatment planning, imaging pitfalls, hardware selection, under-
standing the principle of needle guidance with “rail-road” tech-
nique,20 detailed step-by-step of RFA procedure, guidelines for 
prevention of complications and treatment follow-up.

Mechanism of RFA and understanding the 
treatment zone
RFA works by passing of high-frequency alternating current 
(>50 KHz) from a radiofrequency generator into the patient’s 
body through a non-insulated delivery probe. This passage of 
current increases ionic energy in the body tissue surrounding the 
delivery probe leading to increased ionic vibrations and subse-
quent loss of energy as heat. The thermal energy generated in the 
adjacent tissue induces tissue necrosis resulting in ablation. The 
area affected by this thermal energy is called “treatment zone” 
or “ablation zone.” The size and shape of the treatment zone is 
dependent on temperature and length of the non-insulated 
probe, design of the probe tip, amount of tissue charring and 
blood-flow-related heat dissipation. The RFA probe tip could 
be single electrode tip or multi-tined with the latter consisting 
of an assembly of multiple smaller electrodes emanating from 
a single, large port. The spatial arrangement of these small elec-
trodes results in larger size and different shapes of treatment 
zone. Various studies have found that using a non-cooled probe 
length of 5–8 mm avoids heat transmission along the introducer 
while creating a treatment zone of 10–13 mm when heated to 
90° C for 4–6 min. This treatment zone ensures selective nidus 
ablation while transmitting minimal heat to adjacent tissues, 
only if the delivery probe is accurately positioned within the 
nidus.2,3,9,11,12,21,22

Multidisciplinary management approach to osteoid 
osteoma
A clinico-radiological management team comprising of inter-
ventional radiologist, orthopaedic surgeon, anaesthesiologist 

specialised in pain medicine, specialised radiology technologist 
and nursing staff who are available in a single visit provides the 
best quality of care to osteoid osteoma patients.

Patient selection
Selection of patients is the most important step in achieving 
optimal treatment success. Clinical and performance status of 
the patient, patient comorbidities, imaging findings and risk of 
anaesthesia are critical factors which need to be assessed before 
considering CT-guided RFA as a possible treatment option.

Imaging diagnosis and pre-interventional clinico-
radiological assessment
Typical clinical presentation of nocturnal pain responding 
to NSAIDs and characteristic imaging features of a nidus 
measuring less than 1.5 cm in size with adjacent variable sclerosis 
is diagnostic of osteoid osteoma. Nidus size of more than 1.5 cm 
should prompt the radiologist to consider other possibilities, 
for example osteoblastoma. A negative Tc 99 scintigraphy study 
rules out osteoid osteoma. CT and MRI are indicated in equiv-
ocal cases and in pre-procedural treatment planning. A biopsy 
should always be performed in cases where nidus is not visible 
or in presence of equivocal findings as histopathological confir-
mation is not possible after ablation. A biopsy of the lesion can 
be performed either as a separate sitting or in the same sitting 
as the RFA procedure or as a separate sitting. When biopsy is 
performed as a separate sitting before the RFA procedure, needle 
trajectory for the biopsy needle should be decided keeping in 
view the future CT-guided RFA trajectory in mind. A biopsy 
tract, which provides a central and perpendicular entry through 
the cortex into the lesion, provides an easy re-access route for 
CT-guided RFA.1–3,5,11

Once diagnosis of osteoid osteoma is confirmed by either 
imaging or histopathology, certain inclusion and exclusion 
criteria for CT-guided RFA as detailed in Table 1 should be 
considered. A written informed consent should be obtained 
from all patients. It should be made sure that the nidus is visible 
on CT or else other treatment options should be sought after. A 
detailed history enquiring about the site and severity of the pain 
should be obtained. Numerical Rating Scale (NRS) is an easy-
to-use, verbal scale for pain assessment for patients aged 9 years 
or older.23 For children below 9 years of age, use of the Faces 
Pain Scale-Revised (FPS-R) is recommended.24 Patients with a 
score of 6 or more as per either NRS or score of 4 or more as per 
FPS-R25 with complaints of pain at the site of the lesion should 
be considered for CT-guided RFA. The tolerance capacity of the 
patient should also be noted in conjunction with pain assessment 
scale-based evaluation. Proximity of the lesion to skin, neurovas-
cular bundle, cartilage and bowel is a critical imaging consider-
ation. Inadvertent ablation of these vital structures may lead to 
complications namely skin burns, cartilage loss, nerve ablation 
or bowel injury.1–3,5 A nidus located within 10 mm from any of 
these structures should prompt alteration in either needle trajec-
tory or consideration of other therapeutic option. In these special 
scenarios discussed in later sections of the article, various trajec-
tory modifications can be adopted. These trajectory modifica-
tions are primarily aimed at increasing the effective distance from 
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the nidus in order to exclude the vital structures away from the 
estimated treatment zone. Once appropriate trajectory and pre-
treatment planning is decided in consultation with orthopaedic 
surgeon, laboratory investigations, pre-anaesthetic checkup is 
performed followed by appropriate hardware selection.

Basic laboratory investigations include complete blood count, 
blood sugar, prothrombin time, international normalised ratio 
(INR) should be obtained. An anaesthesiologist specialised in 
deep sedation/pain management should evaluate the patient and 
recommend further investigations if clinically indicated. Serious 
cardiovascular, neurological, renal or haematological chronic 
disease should be noted.

Hardware
Selection of appropriate hardware depends upon the location of 
the lesion and the needle approach.

•	 Hammer: A steel hammer of an appropriate size is generally 
used to advance the hard introducer towards the lesion 
(Figure 3a).

•	 Hard introducer needle: This is a 11 gauge insulated co-axial 
needle with 1 cm markings which is manufactured in two sizes 
in 6 cm or 11 cm needle; 13 and 15 gauge co-axial needles are 
also available. This needle allows entry of both drill bits and 
RFA probe. For a hard introducer needle of a particular size, 

RFA probe of an appropriate length should be used. It should 
also be noted that once the RFA probe is opened, the tip of the 
RFA probe should be 7–8 mm away from the tip of the hard 
introducer needle for adequate ablation (Figure 3b).

•	 Bone drill and drill bits: For deep-seated intramedullary 
lesions or lesions with extensive surrounding sclerosis, bone 
drilling is required to reach the nidus. Bone drill can be 
manual or electric. Appropriate size and length drill bit should 
be employed (Figure 3c–d).

•	 RFA probe: RF probes are available in different probe length 
sizes usually as 5 mm or 10 mm. Both unipolar and bipolar 
RFA systems are available, with the former being more 
commonly used. Unipolar ablation system consists of two 
types of electrodes namely interstitial and dispersive electrodes 
or grounding pads. As previously discussed in the hardware 
section, the interstitial electrode may be single or multi-tined. 
The interstitial electrodes generate high current density within 
the tumour and subsequently produce heat energy. The high 
current density is subsequently dissipated through dispersive 
electrodes which have a large surface area to reduce soft tissue 
thermal injury. In contrast, in a bipolar ablation system, the 
current density generated is limited between the two electrodes, 
obviating the need of grounding pads. This results in rapid, 
localised heating of the area of interest. Due to this reason, it 
is crucial to accurately place the electrodes within the area of 

Figure 3. (a–f) A steel hammer which can be used to advance the introducer needle through thick bone. (b) A 6 inch introducer 
needle showing an insulated external hollow cylinder with 1 cm markings and the internal stylet with a diamond tip. (c) A 2×2 mm 
drill bit is commonly used in radiofrequency ablation of osteoid osteoma. The drill bit can be easily attached to the (d) battery-
operated bone drill. Note that there are no markings on the drill bit. Careful manual measurements are required to advance the 
drill bit to the exact site of the lesion and to avoid drilling beyond the lesion. Multi-prong radiofrequency probe in (e) closed and 
(f) open state.
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interest to ensure successful ablation. Bipolar ablation systems 
are often augmented with saline infusion mechanism to allow 
sustained delivery of current irrespective of local conductivity 
changes due to tissue necrosis. Non-cooled probes are preferred 
over cooled probes owing to higher incidence of pain in post-
operative period and inaccurate estimation of treatment zones 
with cooled probes potentially leading to risk of inadequate 
ablation or other complications2,12,22(Figure 3e–f).

•	 RF generator: Appropriate quality assurance and safety testing 
of the RF equipment should be performed.

It is always a good practice to have a checklist of all the mate-
rial and equipment (as detailed in Table  2) required before 
performing a procedure.

CT RFA Suite

A CT-guided RFA suite should have designated place for hand-
washing, place for changing dress, a console room and the treat-
ment area. A CT equipment with CT fluoroscopy capability 
provides lower radiation dose and reduces procedural time. Inside 
the treatment area, table for anaesthesia medication and equip-
ment, radiofrequency equipment and other materials required 
during the procedure should be designated. Patient monitoring 
and support devices (like pulse oximetry, ECG, boy temperature, 
oxygen) should be appropriately placed. Institutional-specific 
sterilisation and infection control guidelines should be strictly 
followed and regulated timely.

Treatment planning and execution:

•	 Patient should be fasting for 6–8 h before the procedure. 
Patient may be asked to empty his/her bladder before entering 
the treatment room. Patient-monitoring devices should be 
applied and an IV line is secured with a 20 gauge cannula.

•	 Skin preparation: Shaving of the overlying skin with a 
depilatory cream lowers the risk of skin burns and reduces 
infection rates.

•	 Position of the patient: A patient position which provides the 
shortest route of access from the skin and enables trajectory 
which is perpendicular to the plane of the lesion should be 
adopted. Patient position should be decided after reviewing 
pre-operative imaging studies and in consultation with the 
anaesthesiologist. Supine position is adopted in most cases. 
A lateral decubitus position may be preferred if the lesion is 
eccentrically located.

•	 Application of grounding pads and appropriate padding: 
Grounding pads should be applied as per vendor-specific 
guidelines. For a lesion located in the proximal limb, for 
example thigh, grounding pad should be applied in the proximal 
portion. For lesions located in the distal limb, grounding pads 
maybe applied to the distal portion in the contralateral limb. 
The grounding pads should always be applied at the same level 
and care should be taken to avoid any air between the skin 
and the grounding pads. Subsequently, appropriate padding of 
areas of natural skin contact namely the axilla, groin and both 
limbs is performed. Only the operative site should be exposed 
while the rest of both limbs should be completely covered with 
drape sheets to avoid skin–skin contact. A pillow may also 

be placed in the groin region and the patient should be fixed 
with adhesive tape to the table (Figure 4). Any exposed metal 
surface on the CT table should also be covered with drape 
sheets to avoid skin to metal contact. This is also performed 
to avoid any patient related movement during the procedure.

•	 Anaesthesia: Spinal anaesthesia is generally preferred in most 
cases. In patients with superficially located or subperiosteal 
lesions, total intravenous anaesthesia or local anesthesia 

Table 2. Pre-procedural checklist for CT-guided RFA

Material required Quantity

Please “tick 
the box” if 
arranged

Sterile bed sheet 8

Leuckoplast 1

Dynaplast 1

Sterile disposable 
dressing pack (soft pack)

5

Alcohol-based 
disinfectant

1

Betadine 1

Chlorhexidine 1

2% Lignocaine solution 1

Spinal needle 20 G 1

Hard introducer 6/11cm 1

Hammer 1

Drill gun 1

Drill bit 1

Sterile ruler 1

Sterile protractor 1

Grid 1

Grounding pad 1

Suture 1

RF probe 1

RF generator 1

RFA cord 1

Normal saline 2

2% dextrose 1

Ringer’s lactate 1

10 ml Syringes 10

Needle 18G 10

20 G IV cannula with 
IV set

1

Anti-microbial paraffin 
gauze

1

Personal protective 
equipment (Sterile 
gowns, sterile gloves, 
mask, head cap, shoe 
cover)

six of each (depending 
upon the number 
of persons in the 

operating CT suite)
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with infiltration of periosteum may be considered. General 
anaesthesia is recommended in paediatric patients. Effective 
communication between the interventional radiologist and the 
anaesthesiologist is imperative to provide optimal anaesthesia 

to the patient.25 Prophylactic antibiotics may be administered 
as per institutional protocols.

•	 Placement of grid: A grid is a parallel arrangement of thin pins 
equidistant from each other. A grid should be placed before 
acquiring the first scan if the approximate site of the lesion can 
be ascertained. Use of a wide, short grid is beneficial as even 
approximate positioning over the lesion helps reduce radiation 
dose to the patient. The length of the grid preferably should 
be less than the circumference of the limb. It is suggested that 
one of the terminal pins of the grid should be appropriately 
thickened and placed in order to provide a sense of direction 
to the interventional radiologist (Figure 5a–b).

•	 Recording of pin position, table position, distance and 
angle from the skin to bone: After placement of the grid 
and acquisition of first scan, entry site at the skin should be 
determined by counting the pin number and table position 
on the console. Distance of the skin to the bone surface and 
distance between the skin and the nidus should be measured 
and recorded. Angle of the estimated needle trajectory with the 
horizontal plane should also be recorded. A needle trajectory 
perpendicular to the plane of the lesion is always preferred 
(Figure  5c). The exact site of skin entry is marked on the 
patient subsequently using a needle hub. Alternatively, the site 
of skin entry can also be marked with a sterile pen. The grid is 
subsequently removed and appropriate skin cleaning is carried 
out using antiseptic agents like alcohol, chlorhexidine and 
betadine. The operative site is left to air-dry and draped using 
a sterile bed sheet. The skin is infiltrated with 2% lignocaine 
solution. (Figure 5d)

•	 Concept of “rail-road” technique:This technique involves 
introduction of a spinal needle first from the designated 
point of skin entry up to the cortex overlying the lesion. Once 
accurate position of the spinal needle is achieved as determined 
on next scan. The thicker gauge-insulated needle is introduced 
using the already placed spinal needle as a “guide” wherein the 
introducer needle is advanced along the direction of spinal 
needle to the desired position (Figure  6). The introducer 

Table 1. Clinico-radiological considerations in CT guided RFA3

Clinical considerations
1 Informed written consent

2 Pain intensity as per age-specific pain 
assessment methods

Imaging considerations

1 Visibility of nidus on CT

2 Nidus size not more than 1.5 cm.

3 Distance of the nidus from skin.

4 Distance of the nidus from 
neurovascular bundle.

5 Distance of the nidus from cartilage.

6 Distance of the nidus from bowel.

Exclusion criteria

1 Lesion not visible on CT

2 Lesion is complicated with fracture

3 Lesion is less than 10 mm away from 
skin, neurovascular bundle, cartilage, 

bowel

4 Active infection

5 Contraindication to anaesthesia

6 INR <1.3, Platelet count <50,000

7 Contraindication to CT/ RFA: 
pregnancy

8 Serious cardiovascular, neurological, 
renal or haematological chronic 

disease

Figure 4. Pre-procedural preparation showing optimal padding of a patient with osteoid osteoma of the right iliac bone. Ground-
ing pads were applied first to both lower limb and complete padding of both lower limbs was performed. A pillow was placed 
between the groin to avoid skin contact. Both limbs were secured to the CT table to avoid any unwanted movement during the 
procedure.
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needle is anchored to the cortex using a hammer. The spinal 
needle is subsequently removed keeping the introducer 
needle in place. A scan is acquired to ascertain the position of 
introducer needle (Figure 7a and b). This technique reduces 
trajectory modifications resulting in less trauma and reduced 
procedural times.20

•	 For subperiosteal osteoid osteomas, the introducer needle is 
anchored to the overlying cortex. For deep-seated lesions or 
lesions with significant sclerosis, drilling through the cortex 
and sclerotic bone may be required to advance the insulated 
needle into the nidus (Figure 7c–f). Drilling of bone or mere 
entry in the nidus can be extremely painful and optimal 
anaesthesia must be ensured before introducing the needle in 
the nidus.

•	 Introduction of the RF probe: One the nidus is accurately 
approached by the insulated introducer needle. In case the 
lesion is not confidently characterised as osteoid osteoma 
based on imaging and a biopsy is recommended after multi-
disciplinary review, the stylet is carefully removed from 
the insulated needle and a biopsy is performed at this stage. 

Alternatively, if a biopsy is not required, the stylet is removed 
and the RF probe is introduced to a length where the unopened 
tip of the RF probe is flushed with the tip of the introducer 
needle (Figure 8). The RF probe is subsequently opened within 
the lesion and scan is acquired to ensure appropriate probe 
placement and estimation of the treatment zone. Care should 
be again taken that the estimated treatment zone does not 
include any vital structures.

•	 Withdrawal of introducer needle till the level of cortex: Before 
commencing with RFA, it should be ensured that the active tip 
of the RF probe is not in contact with the introducer needle to 
avoid soft tissue burn injury. In case of intramedullary nidus, 
this is achieved by withdrawing the introducer needle from 
the lesion till the level of the overlying cortex while keeping 
the position of the RF probe tip unchanged within the nidus. 
This manoeuvre creates appropriate distance between the 
introducer needle and tip of the RF probe and thereby prevents 
thermal injury to the surrounding soft structures. In case of 
subperiosteal or intracortical lesions, the introducer needle is 
withdrawn up to the surface of the lesion, while keeping the 

Figure 5. (a–d) Axial (a) and Sagittal (b) CT images of left 
femoral intracortical osteoid osteoma. The grid was already 
placed over the skin at the approximate site of the lesion prior 
to the first scan to reduce radiation dose. Notice that one pin 
(white arrow) is thickened as compared to the rest. As a con-
vention at our institution, the thickened pin is always placed 
on the medial side of the patient in all radiofrequency ablation 
procedures. This allows prompt identification of medial and 
lateral side of the patient while planning the trajectory of the 
needle. (c) Recording of pin and calculation of distance and 
angle to the cortex overlying the lesion. A perpendicular tra-
jectory is always preferred. (d) After marking the entry site on 
the skin by a needle hub, the grid is removed and the proper 
operative site skin cleansing is carried out and followed by 
local infiltration of 2% lignocaine solution.

Figure 6. (a–f) Concept of rail-road technique. After marking 
the length on the spinal needle, (a) the needle is inserted at 
90° to the lesion using a protractor, while simultaneously infil-
trating local anaesthesia along the tissue planes till the bone is 
reached. (b) Once the needle is advanced till the bone, a scan 
is acquired to ascertain needle position. (c,d) Axial and sag-
ittal CT image showing the spinal needle reaching up to the 
cortex overlying the nidus. Observe that the needle trajectory 
(dotted blue line) is slightly lateral to the location of the nidus. 
Keeping this in mind, (e) a small incision is made medial to the 
spinal needle and (f) the introducer needle is advanced along 
the spinal needle till the cortex. The spinal needle is subse-
quently removed.
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Figure 7. (a–f) Axial (a) and Sagittal (b) CT images showing the introducer needle anchored to the cortex overlying the nidus. 
Note that the needle tip artefact is crossing the nidus, confirming accurate position of the introducer needle. The distance between 
the tip of the needle and the nidus is measured. The drill bit-bone drill assembly is inserted after removing the stylet. In order to 
ensure that drilling is performed for the previously measured distance. A drop of betadine is used to mark the length of the drill 
bit required to reach the nidus (c). Once the visual betadine marker is at the brim of the introducer needle, (d) the drill gun is 
removed keeping the drill bit in place and a scan is acquired. Axial (e) and sagittal (f) CT images showing the tip of the drill bit 
within the nidus.
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position of the tip of RF probe unaltered within the centre of 
the nidus. Placement of normal saline soaked gauze pieces 
along the needle further helps in heat dissipation (Figure 9a).

•	 RFA is carried out by achieving a temperature of 90° C and 
heating for a period of 4–6 min. The use of cooled probes may 
lead to inaccurate estimation of treatment zones.

•	 Once RFA is carried out and cooling of the RF probe is achieved. 
The RFA probe is subsequently closed and withdrawn back into 
the insulated needle. The entire RF probe–insulated needle 

complex is withdrawn as a unit in order to avoid thermal 
injury to adjacent structures. A solution of 2% lignocaine is 
injected along the tract aimed at reducing local site pain in the 
immediate post-operative period (Figure 9b). Skin suturing is 
performed if required and appropriate dressing is performed.

•	 The total duration of the procedure is around 90 min including 
patient preparation, RFA and weaning off the patient from 
anaesthesia.

Post-interventional care

The patient should be placed under monitoring for a couple of 
hours. An anti-emetic agent, appropriate anti-pyretics, analgesic 
and 10% dextrose i.v. infusion should be administered in consul-
tation with the anaesthesiologist. Appropriate pain assessment 
method should be used in the post-operative period. Patients 
can undergo weight bearing almost immediately and are usually 
discharged the same day. Patients can be recalled after a couple 
of weeks for pain assessment. A complete pain relief irrespective 
of change in imaging findings is indicative of treatment success. 
Incomplete ablation should be suspected in patients with residual 
pain. Radiographical features suggestive of ablation include 
infilling of the nidus and normalisation of bone density which 
may be seen within 2–27 months after treatment. However, there 
may be no change on imaging in certain cases.1,3

Treatment follow-up

A significant decrease in VAS score and absence of pain two years 
after the procedure is considered as “clinical success.” Imaging 
findings suggestive of successful ablation include resolution of 
bone oedema and perilesional synovial reaction, presence of 
bone remodelling and “ring sign.” Bone oedema, perilesional 
synovial reaction usually resolves by 1 year while complete bone 
remodelling may take up to 2 years (Figure 10). The “ring sign” 
is seen on MRI as presence of central hypointensity indicating 
necrosis with surrounding hyperintense rim suggestive of the 
demarcation zone between the healthy and necrotic tissue. Pres-
ence of this sign after the procedure indicates ablation within 
the tissue and is usually seen up to 6 months. MRI is usually 
preferred to CT for follow-up imaging as all the imaging findings 
can be seen on MRI. Additionally, dynamic CE MRI imaging can 
differentiate between residual nidus and nidus in healing stages 
based on different kinetic patterns. A residual radiolucency on 
radiographs or CT and persistent nidus enhancement following 
a pattern of initial rapid enhancement and washout during 
interstitial phase coupled with residual clinical pain are signs of 
incomplete ablation, 26–28 .

Treatment consideration in large lesions

Nidus measuring more than 10 mm in size in any dimension may 
require RFA with multiple probe placements. Multiple probe 
placements lead to a cumulative larger treatment zones thereby 
increasing the chances of complete ablation. Overlap between 
treatment zones is preferred. Multiple probe placements can be 
achieved by positioning the tip of the RFA probe in both superfi-
cial and deep aspect of a lesion thereby creating at least two abla-
tion zones with each probe. Multiple probes can also be used by 

Figure 8. (a, b) The drill gun is subsequently re-attached 
to the drill bit and the drill bit is removed. (a) RF probe is 
inserted and a scan is acquired. (b) Sagittal CT image showing 
the RF probe within the nidus of the lesion.

Figure 9. (a,b) Placement of saline soaked gauze along the 
external stem of the introducer needle aimed at reducing the 
chances of skin burn. Once the radiofrequency ablation is 
completed. The RF probe is closed and withdrawn into the 
hard introducer. The hard introducer is removed while (b) 
simultaneously infiltrating 2% lignocaine along the tract to 
reduce immediate post-operative pain.
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creating two entry sites for a single lesion and abating the lesion 
with each probe one after the other in both superficial and deep 
planes.2,3

Treatment consideration in intra-articular or periarticular 
lesions

Intra-articular osteoid osteoma most commonly occurs in the 
hip joint. Trans-articular approach is more frequently associated 
with chondral damage, infection and inadequate treatment zone. 
Trans-articular approaches can be avoided in acetabular lesions 
but not in proximal femoral lesions. Care should be taken to 
avoid injury to the neurovascular bundle while introducing the 
needle through an anterior approach in proximal femoral lesions.

In peri-articular lesions, a minimum of 10 mm distance between 
the needle tip and the adjacent cartilage is recommended. Needle 
trajectory should be planned and appropriately angulated to 
achieve safe ablation. In our experience, creating an iatrogenic 
joint effusion by instilling fluid near the lesion before ablation 
ensures safer ablation2,3,7 (Figure 11). MR-guided focused ultra-
sound ablation therapy (MRgFUS) is an emerging alternative 
interventional radiology technique for the treatment of osteoid 
osteoma. This novel, needleless technique involves targeted 
delivery of multiple ultrasound beam or sonications consisting 
of small packets of energy to the lesion under MR-enabled 
thermal monitoring. This non-invasive method of ablation of 
osteoid osteoma has been found to have comparable efficacy 
to CT-guided RFA as per recent literature. Cannulating intra-
articular or periarticular osteoid osteoma can be technically 
challenging in certain situations. Owing to its ability to perform 
highly focused non-invasive ablation without any radiation 
exposure or needle related damage to neurovascular bundle 
or articular cartilage, MRgFUS is ideal to perform ablation of 
osteoid osteoma around sensitive structures, especially in paedi-
atric population.13,29–31

Treatment consideration in osteoid osteomas of subcutaneous 
bones

Osteoid osteomas of the subcutaneous bone, for example tibia, 
talus and of hand and feet, require special measures for abla-
tion. Ablation in these locations has high rates for skin burn 
and injury to the neurovascular bundles. A minimum distance 
of 1 cm from the skin and neurovascular bundles should be 
followed while ablating these lesions. In case of osteoid osteoma 
of the finger, a minimum of 5 mm distance from the digital 
neurovascular bundle is recommended. Various procedural 
modifications are employed while ablation in these cases. These 
include use of specialised probes with smaller treatment zones 
and shorter ablation time of 3 min. Additionally, application of 
cold sponges over the skin during ablation and instillation of 
2% dextrose solution into the subcutaneous plane (Figure 12) in 
order to increase the distance between the lesion and the skin is 
mentioned in the literature.2,3,14,32–34

Treatment considerations in spinal lesions

Spinal osteoid osteomas account for 10% cases of all cases with 
posterior elements being the most common location. While 
ablating spinal osteoid osteomas, extreme care must be taken to 
avoid injury to neural elements, vessels and facet joint. A shelf of 

Figure 10. Follow-up CT post-radiofrequency ablation of 
osteoid osteoma. (a) Pre-interventional CT study showing a 
subperiosteal osteoid osteoma (white arrow) of left neck of 
femur. (b) Follow-up CT performed after 3 months shows that 
the nidus is completely replaced by sclerosis (yellow arrow).

Figure 11. (a,b) Creation of iatrogenic joint effusion during 
CT-guided radiofrequency ablation (RFA) of intra-articular 
osteoid osteoma. (a) Pre-intervention sagittal CT image of 
left knee showing intra-medllary nidus (short black arrow) 
located in the tibial plateau. (b) Sagittal CT image of RFA of 
osteoid osteoma showing the introducer needle (long black 
arrow) within the nidus. A peri-lesional joint effusion (white 
arrow) was created aimed to reducing heat transmission to 
surrounding structures.
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bone should always be present between the spinal cord and the 
tip of the probe. Various technical strategies including injection 
of sterile water or gas into the epidural space may be adopted 
while performing ablation. Recently, bipolar radiofrequency 
probes have been used in ablation of spinal osteoid osteomas 
which provide real-time monitoring of treatment zone volume 
and geometry. As discussed in the hardware section, bipolar 
ablation system provides fast and localised ablation without the 
need of grounding pads and are usually associated with cooling 
mechanism to ensure better local electrical conductivity. Addi-
tionally, navigational bipolar probe system has been designed in 
such a way that their distal segment can be curved in multiple 
directions.2,3,22,35–37

Conclusion
Osteoid osteoma is a common benign bone tumour seen in the 
younger population. This illustrative article provides a holistic 

multidisciplinary management approach and technical review of 
CT-guided RFA for the treatment of osteoid osteoma. Apart from 
providing a detailed discussion of established technical concepts, 
certain new ideas have been discussed which may prove benefi-
cial in the management of osteoid osteoma. A pre-interventional 
checklist approach has been adopted to maximise work-flow effi-
ciency. Adequate padding of the patient to avoid skin burns has 
been illustrated. While discussing the technique of CT-guided 
RFA, use of a protracter is illustrated to increase the accuracy 
of needle placement. Use of “rail-road technique” using a spinal 
needle which allows for exact lesion cannulation with minimal 
need for trajectory modifications has been deliberated in detail. 
Other technical modifications which may be useful in special 
situations have been considered. These include creation of iatro-
genic joint effusion and subcutaneous effusion while performing 
ablation in intra-articular or periarticular osteoid osteoma and 
osteoid osteomas of subcutaneous bone, respectively.
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Figure 12. (a, b) CT-guided radiofrequency ablation of oste-
oid osteoma of tibia. (a) The distance between the probe tip 
and the skin is less (dotted black lines). (b) 10–15 ml of 2% lig-
nocaine is infiltrated into the subcutaneous plane in order to 
increase the thickness of subcutaneous tissue (dotted white 
lines) and thereby increasing the probe tip to skin distance.
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