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Abstract

Background: The management of osteoid osteoma (OO) and other small primary benign lesions of bone has evolved over the past  
50 years from open surgery with wide resection margins to less invasive surgical techniques such as image-guided intralesional excision 
and percutaneous radiofrequency ablation. We aim to evaluate the outcomes of patients treated with computerised tomography (CT-
guided) intralesional excision and bone grafting of small benign lesions of bone.

Method: A retrospective folder review of patients treated in a large academic hospital in Cape Town, South Africa, between March 
2012 and May 2016 was performed. Patient demographics, details of presentation, clinical information and outcome following treatment 
were analysed descriptively. Pre-operative diagnosis based on radiological examination was compared with histological diagnosis.

Result: Eleven patients (five male) with a median age of 16 years (range 5–33) were included. Pain was the most common presenting 
feature. A histological diagnosis of OO was confirmed in five of nine patients with a suspected diagnosis of OO pre-operatively. 
Of the four patients whose diagnosis changed after the procedure, the diagnoses included a benign spindle cell lesion, a benign 
fibrous histiocytoma, subacute osteitis and an osteochondral defect with geode cyst formation. Of the two patients where OO was 
not suspected pre-operatively, chondroblastoma was confirmed in one while a benign spindle cell lesion was reported in the other. 
Overall histological yield was thus 100%. There were no complications or repeat procedures at a median follow-up of 42 months (range  
30–52 months).

Conclusion: CT-guided intralesional curettage is a safe and minimally invasive technique. This is especially useful in less accessible 
regions of the skeleton as it provides a means of accurately locating the lesion with minimal risk of complications and morbidity to the 
patient. We consider this to be the optimal method of treatment in our setting as it provides high success rates, few complications and 
a histological diagnosis without the need for any additional and expensive equipment.

Level of evidence: Level 4
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Introduction

Osteoid osteoma (OO) is one of the most important primary benign 
lesions of bone, due in part to the profound pain and disability 
it causes patients. It is also the most common, accounting for 
12% of primary benign bone tumours.1 Its differential diagnosis 
includes osteoblastoma, chondroblastoma, enchondroma and 
chondromyxoid fibroma as well as traumatic conditions, such as 
stress fracture, or infection, in the case of a Brodie’s abscess.2 
The natural history of an OO is that of spontaneous resolution, and 
malignant transformation has never been described.3-6 Symptomatic 
relief can be gained with the regular use of nonsteroidal anti-
inflammatory drugs (NSAIDs) but side effects, particularly gastric 
irritation, may hamper this strategy.4-6 In refractory cases surgical 
excision is usually curative.7 This may be performed in a number 
of ways: either by open marginal excision or through less invasive 
techniques, performed under image guidance, such as direct 
curettage, laser photocoagulation and radiofrequency ablation with 
or without biopsy.8 Novel techniques such as magnetic resonance-
guided focused ultrasound (MRgFUS)9-11 and arthroscopic excision 
are also currently being evaluated.12-15 

While the use of novel techniques to deal with small benign bone 
tumours is becoming ever more popular, the additional time and 
cost are not yet justified by better patient outcomes.16

At our centre, computer tomography (CT) guided percutaneous 
curettage and bone grafting is performed as this method has a 
high success rate, a low number of complications, and provides 
a histological diagnosis without the need for costly additional 
equipment.17

The aim of this study was to describe the surgical technique and 
determine the clinical outcomes of patients treated by CT-guided 
percutaneous curettage. 

Materials and methods

Following institutional ethical approval (HREC REF: 670/2016) 
a retrospective folder review was performed. Included were all 
patients who underwent minimally invasive CT-guided intralesional 
excision of a primary benign bone tumour between March 2012 
and May 2016. Excluded were extraosseous lesions, inadequate 
follow-up (less than one year), incomplete records and lesions that 
were malignant or located outside of bone. Patient demographics, 
details of presentation, clinical information and outcome following 
treatment were analysed. Pre-operative diagnosis based on 
radiological assessment was compared with histological diagnosis. 

Surgical technique and aftercare

A senior surgeon performed the surgery in all cases at a single 
centre and all patients gave informed consent prior to surgery. 
Patients were admitted on the morning of surgery and discharged 
on the same day. Prophylactic cefazolin 1 g, or clindamycin 600 mg 
in the case of penicillin allergy, was administered. Anaesthesia was 
induced in theatre after which the patient was transferred to the 
radiology suite and positioned inside the CT scanner. The location 
of the lesion was accurately determined in the axial, sagittal and 
coronal planes. The entry point was planned and marked on the 
skin (such that the path of the wire would avoid major anatomical 
structures). A threaded tipped Kirschner wire (K-wire) was inserted 
percutaneously by a qualified radiologist under CT guidance, in a 
sterile manner, using an orthopaedic drill (Figures 1 and 2). The 
K-wire was then cut to within 3 cm of the skin and covered with a 
sterile dressing. The patient was then transferred back to theatre, 
where a full standard preparation and draping was performed.  
A small skin incision was made to allow a 6 mm cannulated drill bit 

to be passed over the K-wire and drilled down into the lesion. The 
K-wire was lubricated with K-Y Jelly (Reckitt Benckiser, Berkshire, 
UK) to prevent it from spinning with the drill bit and inadvertently 
advancing beyond the lesion. A long-handled curette was passed 
down the drill hole (after removing the K-wire) and the contents 
of the lesion curetted and sent for histology and microbiological 
culture. Fluoroscopy was used to confirm the position of the 
K-wire and ensure adequacy of the curettage. Allomatrix (Wright 
Medical, Middlesex, UK) demineralised bone matrix (DBM) calcium 
sulphate putty was injected into the cavity and the incision closed 
in a standard fashion. Postoperatively patients with lower limb 
lesions were kept non-weight bearing on crutches for two weeks 
for comfort with graduated return to full weight bearing status at 
six weeks. No specific rehabilitation or weight bearing protocol 
was prescribed. Patients had X-rays (XR) postoperatively to assess 
recurrence and adequacy of healing.

Statistical analysis

Due to the small cohort identified, meaningful statistical analysis 
was not feasible. We therefore report on descriptive statistics only.

Results

All patients presented due to limb pain and had a delay to final 
diagnosis. A histological diagnosis was available in all cases and 
there were no complications or recurrence. Four of the nine 
patients with suspected OO had histological diagnosis of a different 
benign lesion. 

Figure 1. Axial view of a dynamic CT scan shows the K-wire tip located 
within the nidus of a proximal femur OO

Figure 2. Magnified axial view of the same lesion as in Figure 4 with K-wire 
in situ
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Patients

Thirteen patients were identified who had undergone CT-guided 
percutaneous excision of a primary bone lesion. Two patients 
were excluded. These included a biopsy of a metastatic renal cell 
carcinoma from within the muscles of the shoulder girdle and the 
other a biopsy of a retroperitoneal Schwannoma. 

Demographics

Overall, there were five male patients and six female, with a median 
age 16 years (range 5–33). Of the five patients with an OO, three 
were male, the median age of whom was 19 years (range 12–20). 

Symptoms at presentation

Localised pain was the primary presenting complaint in all patients 
with a median duration of 6 months (range 1–26 months). In four of 
the 11 (36%) patients, the pain was associated with a limp; seven 
of the 11 (63%) complained of night pain; and three (27%) had 
activity-related pain. Six (54%) patients reported pain relief with 
NSAID use. All five of the patients with OO complained of night 
pain and three of these reported transient relief of symptoms with 
NSAID use. One patient with a proximal tibia OO had mechanical 
knee symptoms including knee locking and an effusion. This patient 
had a delay in diagnosis of 26 months as meniscal pathology was 
suspected and the initial magnetic resonance image (MRI) failed 
to diagnose OO. These symptoms resolved following excision of 
the OO. There was no difference in clinical presentation between 
patients with OO and those with other diagnoses. 

Imaging studies

Imaging included conventional XR (Figure 3), CT (Figure 4) and 
MRI (Figure 5). All patients had an XR initially, eight went on to 
have an MRI and three had a CT scan. Of the patients who had an 
MRI scan (n=8), three had no further imaging while five patients 
subsequently underwent a CT scan as the result of the MRI was 
inconclusive but OO was suspected. OO was accurately diagnosed 
in four of these CT scans.

 

Location and histology 

The location of the lesions as well as the initial and final diagnoses 
are summarised in Table I. No lesion was larger than 20 mm in 
diameter, with a median of 9 mm (range 4–20 mm). Microbial culture 
was negative in all cases. Nine patients were thought to have an 
OO on clinical and radiological assessment pre-operatively. In two 
of these patients, subacute osteitis was included in the differential 
diagnosis. Histological examination confirmed OO in five of these 
nine patients and subacute osteitis (Brodie’s abscess) in one. The 
other three histological diagnoses were an osteochondral defect of 
the talus with an associated geode cyst, a benign spindle cell lesion 
and a benign fibrous histiocytoma.

Two patients had a primary diagnosis that did not include OO. One 
patient was thought to have a chondroblastoma of the calcaneus 
that was confirmed on biopsy while the other patient, with a lesion 
in the ilium adjacent to the sacroiliac joint, had a wider radiological 
differential diagnosis including osteoblastoma, chondroblastoma or 
a subchondral geode. Histology proved this to be a benign spindle 
cell lesion.Figure 3. XR of an OO in the left proximal femur (arrow)

Figure 4. Coronal CT of the left proximal femur; note the clearly defined 
nidus

Figure 5. MRI of the same patient as in Figure 1; note the poor 
differentiation of the nidus and marked surrounding bone oedema (PD fat 
sat)
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Outcomes and follow-up

The median follow-up time was 42 months (range 30–52 months). 
No patients had recurrence of symptoms, surgical complications 
or secondary surgical procedures. In the patients who had 
histologically confirmed OO (n=5), all patients had pain relief 
following surgery and remained symptom-free with no radiological 
signs of recurrence, as did five of the six patients with other 
diagnoses. The patient whose symptoms did not resolve had a 
diagnosis of an osteochondral lesion of the talus and was referred 
to a foot and ankle specialist for further treatment. 

Discussion

The aim of this study was to present our experience with CT-guided 
intralesional curettage of benign bone tumours, with an emphasis 
on OO. 

Localised pain is the most common primary presenting complaint 
(85% of cases) and is classically described as being worse at night 
and relieved by NSAIDs.18,19 Night pain was present in all of our 
patients with OO as well two patients with other tumour diagnoses. 
Six of the 11 patients reported symptomatic relief with NSAID use. 
Of these six, three had a final diagnosis of an OO. The natural 
history of OO is to resolve over time and up to 40% of patients 
experience long-term relief with NSAIDs.20 For this reason some 
authors advocate non-operative management.5 All patients in 
our series had failed a trial of conservative management prior to 
surgical intervention. As a tertiary referral centre all patients had at 
least one form of imaging modality prior to referral to our clinic and 
presented to us with a differential diagnosis of OO or other small 
benign lesion.

OO has been described mainly in young patients and is most 
common in the long bones of the lower limbs, especially in the 
metaphyseal region of the femur and tibia.18,19 We noted similar 
findings of age and location in our case series, but found that the 
clinical presentation was neither sensitive nor specific for predicting 
the diagnosis. Hence, we believe histological confirmation should 
be an essential part of the surgical management of these lesions. 

The time from onset of symptoms to surgical treatment ranged 
from 1–25 months (median 14 months). This diagnostic delay is not 
unique to our setting and is due to the rarity of the condition and 
wide differential for limb pain in the active young patient. Cantwell 
noted a mean delay to diagnosis of 16 months.21 Richardson 
describes a missed case of intra-articular OO in the hip of an 

18-year-old patient where the diagnostic delay was 2.5 years due 
to inadequate imaging and failure to suspect the diagnosis.22 In our 
series a young male sportsman with a proximal tibia OO initially 
presented with knee pain and meniscal symptoms. An MRI failed to 
diagnose an OO and the presumed cause of his pain was meniscal 
pathology. After a failed course of conservative treatment, a repeat 
MRI and a CT scan diagnosed an OO that was successfully treated 
by the method described above. Skeletal imaging plays a major 
role in the diagnosis of OO. Initially plain X-rays are the modality 
of choice due to the relatively low cost and radiation exposure, 
but the diagnostic yield is far superior with CT.23-25 The potential 
advantage of MRI over CT is in decreased radiation exposure, 
particularly to the paediatric patient, but the diagnostic accuracy 
has been shown to be inferior.26,27 Hosalkar et al. found MRI only 
had a 19% (7/36) accuracy in diagnosing OO, while all lesions in 
this series were accurately diagnosed pre-operatively on fine cut 
CT imaging.28 The use of gadolinium enhancement in MRI scanning 
may improve diagnostic accuracy but this increases cost and it has 
not been shown to be superior to CT.29 In our series, CT was more 
accurate in diagnosing OO; four of the five patients with an OO 
had an inconclusive MRI but went on to have a CT that accurately 
diagnosed OO. 

Microbiological culture was negative in all patients, despite 
one patient having subacute osteitis on histological examination. 
Negative cultures in subacute osteitis are well described.30 

The role of surgical management and different 
techniques

The most common indication for surgery is failed medical 
management.17 Other indications include prevention of growth 
deformity in intra-articular or juxta-epiphyseal lesions and the 
need for histological confirmation of the diagnosis.18 While some 
authors advocate treatment without biopsy,8 we believe it is an 
essential part of management. Surgical options range from open 
marginal resection to less invasive image-guided techniques such 
as radiofrequency ablation (RFA), laser photocoagulation and 
intralesional curettage. These are summarised in Table II.

Marginal resection is associated with prolonged surgical time, 
local morbidity, fracture in up to 4.5% of cases,31 and a recurrence 
rate of up to 9%.32 Less invasive procedures are therefore 
preferred.33 Open intralesional excision is less invasive, results in 
less local morbidity and has a more rapid recovery.31,32,34 Intra-
operative imaging can be augmented with tetracycline labelling 

Table I: Summary of patient demographics, lesion location and diagnoses

Age Sex Location Duration of 
symptoms (months)

Provisional diagnosis Histological diagnosis

1 19 Male Calcaneus 3 Chondroblastoma Chondroblastoma

2 20 Female Proximal femur 26 Osteoid osteoma Osteoid osteoma

3 19 Male Proximal tibia 6 Osteoid osteoma Osteoid osteoma

4 33 Female Talus 13 Osteoid osteoma OCD/geode cyst

5 16 Male Proximal tibia 18 Osteoid osteoma Osteoid osteoma

6 11 Female Calcaneus 3 Osteoid osteoma Benign fibrous histiocytoma

7 12 Male Distal femur 6 Osteoid osteoma or subacute osteitis Subacute osteitis
(Brodie’s abscess)

8 19 Female Proximal femur 3 Osteoid osteoma Osteoid osteoma

9 9 Female Pelvis 1 Osteoid osteoma, osteoblastoma or 
osteitis

Benign spindle cell lesion

10 25 Female Pelvis 3 Osteoblastoma, chondroblastoma or a 
subchondral geode cyst

Benign spindle cell lesion

11 12 Male Tibia 26 Osteoid osteoma Osteoid osteoma
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and intra-operative scintigraphy to improve accuracy where 
these technologies are available.19 There is no consensus on the 
benefit of adjuncts (liquid nitrogen, ethanol or PMMA) and there 
is ample evidence that simply removing the nidus is sufficient to 
bring about symptomatic relief.1,16 The use of CT to accurately 
localise the nidus allows for a minimally invasive percutaneous 
surgical approach.23 Clinical success is achieved in 84–100% and 
importantly, histological yield is reported between 50 and 100%.17 
Complications are rare but fracture has been reported with open 
lesional excision.35 

RFA is considered by many to represent the gold standard of 
care.36 Two techniques are described: an RFA-only technique and a 
combined technique, comprising biopsy and RFA. Histological yield 
ranges from 17–100% (mean 55%) with the combined technique 
as the entire lesion is not available for examination.17 Lanzo et al. 
grouped data from 27 published articles including 1 227 patients 
in an attempt to determine best-practice guidelines for RFA.16 They 
found a 5% (61/1 227) primary failure rate and a 2% (44/1 227) 
complication rate. These complications are listed in Table III. 

The use of laser photocoagulation to induce thermal necrosis has 
also been described and can be performed under CT guidance 
or using MRI.9-11 The advantage of MRI is that there is no ionising 
radiation but it may be more expensive and is not available in all 
centres. Histological specimens are not usually sent.

Overall the rate of complications and cure for the percutaneous 
image-guided techniques are very similar. The possible shorter 
surgical time of drill curettage may result in more cost-effective 
treatment. Dual technique RF may have equal histological yield and 
the same cure rates but longer procedural time and possibly higher 
cost due to the cost of the probes. Thermal ablation alone does 
not allow for histological confirmation. Our preferred approach is 
CT-guided excision, as no additional potentially costly equipment is 
needed, and it can be performed as day case surgery. 

Intra-articular OO may be approached by arthroscopic means 
and lesions can be excised by curettage or using a high-speed 
bur. The use of this technique has been described in the hip (both 

femoral and acetabular sided lesions), knee, shoulder, ankle and 
talus.12-15 Proposed advantages are the minimally invasive surgical 
approach and limited articular injury when compared with RFA and 
open surgical excision. However, arthroscopic surgery is technically 
demanding and has a prolonged learning curve.

MRgFUS is a novel treatment of OO that is currently under 
investigation.37 It is a closed technique and thus avoids some of the 
complications associated with a surgical procedure but regional or 
general anaesthesia is still necessary as the procedure is painful. In 
a series of 29 patients, Geiger and colleagues report a 90% primary 
success rate with no adverse events.38 Problems include the high 
cost of the specialised imaging, interventional equipment necessary 
to perform the procedure, and the lack of a tissue diagnosis.

Cost implications of different treatment 
modalities

The cost of health care in both developed and developing 
economies is increasing at an alarming rate and the importance 
of cost containment cannot be overemphasised.39 Moser et al. 
found the cost of consumables for Laser photocoagulation and 
RFA to be equivalent,11 while Hoffmann et al. found RFA, which 

Table II: Descriptions of interventional techniques for the treatment of benign lesions of bone

Description Technique Advantage Disadvantage

Wide marginal resection 
(‘en-bloc’)

Extensive open surgical procedure; 
lesion excised with margin of 
normal bone

No additional equipment needed; 
technically relatively simple

Large soft tissue dissection; 
moderate bone defect; longer 
recovery time; fracture risk 31,34

Open intralesional resection 
(‘burr-down’)

Open procedure; nidus directly 
removed without any margin of 
bone under image guidance

Less soft tissue dissection and 
minimal bone excised

Difficulty in locating lesion may 
require the use of adjuncts; 
recurrence risk31,32,34

Percutaneous CT-guided 
intralesional curettage

Guide wire placed under CT; nidus 
removed by indirect means under 
fluoroscopic guidance

Percutaneous procedure; minimal 
soft tissue trauma; low fracture risk; 
histology specimen

Requires radiology services to 
place guide wire17

Percutaneous CT-guided RFA CT-guided wire placement followed 
by RFA; nidus ablated by thermal 
necrosis

Percutaneous procedure; minimal 
soft tissue trauma

Requires radiology services to 
place guide wire; lower histological 
yield; additional equipment needed 
including RF generator and single 
use probes36

Percutaneous CT (or MRI)- 
guided laser photocoagulation

As for RFA but uses laser to ablate 
lesion

Potentially less radiation than RFA 
(can be performed under MRI 
guidance)

Increased cost with no proven 
benefit over RFA9-11

Arthroscopic excision Lesion excised under arthroscopic 
visualisation with a burr

A minimally invasive technique Requires specialised skill and 
surgical equipment; only suitable 
for intra-articular lesions12-15

Magnetic resonance- 
guided focused ultrasound

MRI-guided focused US causes 
heat necrosis of the lesion

A non-invasive, transcutaneous 
technique

Requires specialised equipment, 
not readily available in most 
centres; as for surgical procedures, 
regional or general anaesthesia is 
required; no histology38

Table III: List of complications associated with RF ablation (n=1 227)16

Primary failure 61 (5%)

Skin burn 12 

Muscle burn 6 

Nerve injury 3

Fracture 2 

Technical difficulty 5

Infection 2

Anaesthetic complication 3

Delayed healing 2
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was performed as an outpatient procedure, to be the most cost 
effective with a base price of $6 583.00 USD (R81 359.00). Open 
resection $13 826.00 USD (R170 876.00), intralesional resection 
$10 857.00 USD (R13 4182.00) and CT-guided drill curettage  
$8 589.00 USD (R106 150.00) were all more expensive.36 However 
these results from Germany cannot be extrapolated to other 
regions as in different economies certain elements of the treatment 
package may have different financial weightings. For example, a 
procedure which takes less theatre time but uses more expensive 
consumables may be cost effective in one country while being 
unaffordable in another. Also of note is that the cost of CT, MRI, 
fluoroscopy, theatre time, anaesthesia, hospital stay, post-operative 
rehabilitation and time away from work have not been assessed in 
the above figures and impact on the economic cost to hospital and 
patient.

Overall, the limitations of the study include the small, 
heterogeneous sample and the retrospective nature of data 
gathering. No specific pain or functional scores were used, and no 
specific statistical tests could be applied to our data. CT scan was 
not performed post-operatively.

Conclusion 

As novel techniques to deal with small benign bone tumours are 
becoming ever more popular, the additional time and cost may 
not be justified by better patient outcomes. In our series we found 
these elusive lesions difficult to diagnose based purely on clinical 
and radiological findings. While CT scan is the imaging modality 
of choice, histological confirmation remains an essential part of 
surgical management. For the included patients, CT-guided biopsy 
and intralesional curettage was a safe, effective, minimally invasive 
treatment option with high histological yield. Future research should 
focus on cost effectiveness and duration of these procedures 
compared to conventional techniques. Sufficiently powered 
multicentre trials are necessary to support recommendations for 
South African orthopaedic surgeons treating these lesions. 
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