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Introduction: Osteoid osteoma (OO) is a benign bone tumour producing intense pain due to high levels 

of prostaglandins. Various treatment options exist for its management including the use of non-steroidal 

anti-inflammatory drugs, surgical excision and minimal invasive percutaneous ablation with 

radiofrequency ablation (RFA) or Microwave ablation (MWA). 

Objective: The purpose of this study was to determine the clinical outcomes of OO treated with 

percutaneous ablation using RFA and MWA techniques by determining their clinical and technical 

success.  

Methodology: This retrospective case series was performed at Rehman medical institute, Peshawar, 

Pakistan from July 2017 till August 2023. All patients presenting with OO diagnosed on imaging, no 

prior surgical treatment for the lesion, amenable to percutaneous ablation technique with a minimum of 

12 months’ follow-up post procedure, were included in the study. All the patients had grading of pain, 

pre and post treatment with visual analogue scale (VAS) and complications both per and post 

operatively were recorded along with a minimal follow up of 12 months along with need for any further 

surgical treatment. 

Results: In total 9 cases were included in this study, with only one being female and a mean age for the 

sample size was   21 years (SD=5). The mean pretreatment VAS score of the cohort was 7.4 (SD=1.7). 

In all the cases 100% technical success was achieved. Most of the patients reported no pain at 12-month 

follow-up and only 2 reported mild residual discomfort (VAS 1) at 1-year follow-up. One patient had 

recurrence with RFA and was subsequently treated with MWA with no further recurrence with a 

reported success rate for the whole cohort as 87.5%. 

Conclusion: In conclusion, this study confirms that CT-guided percutaneous ablative technique is a 

minimally invasive, reliable and safely reproducible technique for the management of OO. 
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Introduction: 

Osteoid osteoma (OO) is a benign bone tumour 

first reported by Jaffe, in 19351. It accounts for 

11-14% of all benign bone tumors2 and 2-3% of 

all primary bone tumors3. OO presents in 

patients from 5 to 30 years of age with the 

majority younger than 20 years of age3. 

Additionally, it shows a male predominance 

with a ratio of 2-3:14. OO predominantly 

presents in the appendicular skeleton. Incidence 

of presentation of OO in the axial skeleton is 

rare; with 6-20% of them presenting in the spine 

and that too in posterior elements of the spine. 

In the appendicular skeleton, its presentation is 
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common in lower limbs with the highest 

percentage in the tibia. In the upper limbs, its 

highest presentation is in the humerus followed 

by radius and ulna5. Patients with OO present 

with complaints of intense pain and seldom 

produces any deformity or a palpable swelling. 

The pain is usually severe at night; the 

pathophysiology behind it is that the tumour 

produces prostaglandins which is also why they 

respond well to NSAIDS6.  

Usually, it’s a self-limiting disease but for the 

tumour to heal completely it takes a long time, 

usually many years7. OO can be managed both 

conservatively and with surgery. Conservative 

treatment involves using NSAIDs which not 

only helps in alleviating pain but may help in 

shortening the duration of the tumours to heal8. 

However, long-term use of NSAIDs exposes 

patients to other side effects like GI 

disturbances and renal toxicity 9. 

Open surgical excision of OO or Percutaneous 

ablation are the two main surgical treatment 

methods. Open surgical excision offers the 

advantage of complete excision of the lesion, 

however, the downside is increased surgical 

morbidity, large residual osseous defect which 

may or may not need bone grafting and 

stabilization along with inadequate excision 

and increased post op recovery time 10, 11. 

However, recently percutaneous ablation has 

gained popularity because it is CT guided 

which enhances precise targeting of the tumour 

nidus, reduces morbidity and length of stay in 

hospital and early return to work 12.  

D. Rosenthal first described the use of 

radiofrequency as a modality of percutaneous 

ablation, and since then, percutaneous ablation 

has become the ‘gold standard treatment’ for 

OO 13. RFA cause local tumour necrosis by 

resistive electro-thermal effects and have been 

proven to be an efficient and safe way of 

treating OO 14. In this procedure, a needle is 

placed in the lesion under CT guidance and a 

high-frequency electrical current is passed 

through an electrode in the needle generating 

heat in that small area. The heat then induces 

coagulation necrosis of all the tissue around the 

electrode 12. Lanza analysed 27 articles 

consisting of 1,772 patients with osteoid 

osteoma treated with RFA and found a success 

rate of 95% 15. Cryoablation is another method 

of percutaneous ablation and has also found a 

95.2% success rate. In cryoablation, a 

cryoprobe is inserted in the tumour CT-guided 

and it induces regular cycles of freezing and 

thawing with a temp below -40c essentially 

freezing the tumour to death16. It has very good 

short-term results but in contrast, long-term 

results show a 90% success rate 17. Microwave 

ablation first described in 2014, uses, as the 

name suggests, microwaves for the tumour 

ablation. Microwave ablation has a few 

advantages over RFA including a faster heating 

rate, a higher intra–tumour temperature and a 

larger ablation area18. Percutaneous ablation 

has its disadvantages as well, albeit minimal, it 

can lead to nerve damage especially if the nerve 

is within 1cm of the probe, recurrence has also 

been noted in lesions that are larger than 1cm in 

size 19. 

Despite the established role of CT-guided RFA 

in effectively treating OO, treatment failure 

(TF) has been reported in almost 5% of the 

cases. These patients are those who either 

responded differently or did not respond at all. 

Literature has attributed this treatment failure to 

multiple factors such as ablation time, age or 

location of the tumor15. Technical success is 

another outcome measurement tool of 

percutaneous ablation therapy which is defined 

as a completed RFA session including correct 

placement of the probe within the nidus with the 

border not exceeding the active tip by more than 

5mm20.  

The purpose of this study was to determine the 

clinical outcomes of OO treated with 

percutaneous ablation using RFA and MWA 

techniques by determining their clinical and 

technical success.  

Methodology: 

Data for this retrospective case series was 

collected from a prospectively held data base at 

the senior authors primary institution and all the 

patients undergoing percutaneous ablation 

either with RFA or MWA for OO were included 

in this study after application of the inclusion 

criteria which consisted of patients who had a 

typical OO diagnosed on plain radiographs and 

CT, had no prior surgical treatment for the 
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lesion, the lesion was accessible for the 

percutaneous technique and had minimum 12 

months follow-up. Procedural consent was 

taken from the patient before surgery and 

Ethical Approval was taken from the Institute’s 

Ethical Approval Committee(RMI/RMI-

REC/Article Approval/99). All the patients had 

pre-treatment visual analogue scoring for pain 

and at a minimum of 12 months post treatment 

for the purpose of this study. Per operative 

technical success, clinical outcome were 

determined as our primary outcomes and any 

complications were recorded as our secondary 

outcomes. Data was collected on Excel sheets 

and analysed for results.  

All patients underwent pre-procedure CT for 

planning. All the procedures were performed 

under general anaesthesia (GA) except the first 

one which was first operated under local 

anaesthesia and conscious sedation. The 

procedure was repeated for this patient under 

GA due to incomplete ablation. Location was 

marked with CT guidance, after GA. The track 

for the RFA or MWA needle was made by the 

senior author via a 4.5 mm bone drill. Access to 

the nidus was confirmed on check CT. An 

ablation probe was placed across nidus, and the 

position was confirmed with CT. The nidus is 

ablated according to standards set by the 

manufacturer’s manual. We used Soloist 

(Boston Scientific) single-electrode probe in 

RFA. Maximum of 6 watts was used with an 

average burn time of 20 minutes at 3 stations. 

ECO Microwave system was used in MWA. A 

maximum of 30 watts was used for 1 minute. 

The total average burn time was 2.5 minutes at 

4 cycles, each cycle of 30 seconds to 1 minute. 

All patients had post-operative analgesia as per 

requirement and 1 dose of prophylactic 

antibiotic cover (1.5 gm Cefuroxime) and 

follow-up for minimum of 12 months. Upon 

follow-up, patients’ VAS scores were recorded 

and x-rays were done to determine 

consolidation of the tumour and clinical success 

based on patient’s symptoms getting better. 

Results: 

A total of 9 patients who underwent RFA or 

MWA for OO and eligible for inclusion in the 

study were evaluated. Out of 9, only one patient 

was female. The mean age of our cohort was 21 

years(SD=5). Out of the total, 4(44.4%) 

patients presented with an osteoid osteoma in 

the tibia, 4(44.4%) in femur and 1(11.11%) in 

the acetabulum(Table 1). The mean pre-

treatment VAS score for pain of our group was 

7.4 (SD=1.7). The average duration of 

symptoms among our group was 14 months 

(SD=5.2) and all of them were taking regular 

NSAIDS for pain relief. Six lesions were 

treated with microwave ablation (MWA) and 

four with radiofrequency ablation (RFA); one 

of the RFA-treated lesions later required 

retreatment using MWA. Nine procedures were 

done under general plus local anaesthesia and 

one case was done under local and conscious 

sedation. Most of the patients were discharged 

post-session either as day-case or the next 

morning, except 2 who stayed beyond 24 hours 

for pain management. Biopsy specimens were 

also sent for histopathological examination of 

all the cases and they confirmed our diagnosis 

of OO. In all cases we were able to access the 

nidus and were able to achieve the standards set 

for ablation, thus achieving 100% technical 

success.  

Most of the patients reported no pain at 6-month 

follow-up and only 2 reported mild residual 

discomfort (Mean VAS 0.2) at 1-year follow-

up. There was a significant reduction in pain at 

last follow-up with the mean difference of -7.2. 

One patient with the talus Osteoid Osteoma had 

developed superficial skin infection post-

operatively which was treated with broad-

spectrum antibiotics, one patient had recurrence 

with RFA and was subsequently treated with 

MWA. Our study reports this one recurrence as 

Treatment failure with otherwise 87.5% clinical 

success. 

Discussion: 

OO is a benign bone lesion that usually is found 

in the lower limb bone cortices. These lesions 

have long been treated via an open surgical 

approach but recently percutaneous ablative 

techniques have become the mainstay of 

treatment where accessible. The reasons for 

favouring percutaneous technique are minimal 

surgical morbidity, shorter hospital stay, better 

tumour targeting as it is CT-guided and faster 

post-operative recovery. Although RFA is the 

most favoured modality of percutaneous 
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ablation, MWA and cryoablation have also 

shown satisfactory results. Even though 

percutaneous ablation has established its role in 

treating OO it still results in treatment failures 

in almost 5% of the cases. This has been 

attributed to difficult-to-reach locations of the 

tumour or the duration of the ablation time. 

OO presents mostly in the long bones of the 

appendicular skeleton. The femur is the most 

common location followed by the tibia and 

humerus 21. Our patients had a similar 

presentation with all of the patients presenting 

with a lesion in their appendicular skeleton, 

long bones being affected more frequently. The 

predominant symptom of patients is pain due to 

the higher production of prostaglandins by the 

nidus of an Osteoid Osteoma. Hence, these 

patients also respond well to NSAIDs 22. During 

our sub-group analysis, it was discovered that 

our patients had an average of 14 months 

(SD=5.2) of duration of symptoms and almost 

all of them were on different types of NSAIDs 

further increasing their risk of GI and renal 

disturbances for a disease which can very easily 

be treated with a percutaneous day case 

procedure. 

The predominant symptom of pain is variable 

in intensity, localized and mostly gets worse by 

nightfall.  According to the Visual analogue 

score, most of these patient pain is at the 

intensity level of 7.5, on average, when they 

first present to their surgeon 23. This level of 

pain can be incapacitating and affects the daily 

life activities of these patients. During the pre-

operative assessment of our patients, it was 

determined that they also presented with pain 

with a VAS score of 7.4(SD=1.7) on average. 

After the procedure, their pain got better which 

was evident through their short and mid-term 

VAS scores on follow-up. Most of the patients 

reported no pain at the 6-month follow-up and 

only 2 reported mild residual discomfort (VAS 

1) at the 1-year follow-up.  

The percutaneous ablative technique has 

become the gold standard in treating Osteoid 

Osteoma not only because of lesser morbidity, 

day case procedure but also because it has 

produced very good results as evident in the 

literature12. Many authors have evaluated this 

technique’s outcomes by technical success and 

treatment failure 23.  Lindquester, in their 

systematic review reported a technical success 

of 97% and a clinical success of 97.9%12. 

Among our patients, we achieved 100% 

technical success with only 1 case of treatment 

failure. This patient was initially ablated with 

radiofrequency, but his symptoms recurred. In 

his second session, we used a microwave 

ablative probe to successfully treat his lesion. 

The patient was symptom-free at 6-month and 

1-year follow-up visits.  

The only limitations of this treatment modality 

are the availability of logistics and trained 

medical personnel who can perform these 

procedures, especially in a resource constrained 

country like ours. Financial implications of this 

procedure are also a concern particularly in the 

lower middle income group countries (LMIC). 

But when cumulative analysis of financial 

implications of RFA or MWA are made with 

open procedures also keeping in view the length 

of stay in hospital, medications and time off 

work, they are equal. Goksel, in their 

comparative analysis, stated that RFA, in 

comparison with surgical curettage, takes less 

time and a shorter hospital stay, thus proving to 

be a more cost-effective alternative24. 

Limitations of this study are a small sample size 

with no comparator group, selection bias and 

only a short to mid-term follow-up. We would 

therefore suggest long term multi centre 

comparative studies for larger sample size 

capture. 

Conclusion: 

In conclusion, this study confirms that the CT-

guided percutaneous ablative technique is a safe 

and effective procedure with satisfactory results 

in the management of OO. Being percutaneous 

and augmented with CT, it confirms the exact 

location of the tumor resulting in lesser local 

morbidity, hospital stay and faster post-

operative recovery. We recommend that this 

procedure should be offered to all the patients 

with OO, where indicated, with its merits and 

demerits explained.  
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Figure 1: CT images showing a right femoral 

calcar Osteoid Osteoma(a); drill used to make a 

tunnel(b), (c) probe inserted inside the lesion 

for ablation, (d) Post-ablation image confirms 

the tract placement and the successful ablation 

of the lesion. 

 

 

 

 

 

Figure 2: CT images showing an Osteoid 

Osteoma of posterior cortex of a Tibia(a); drill 

used to make a tunnel(b), (c) probe inserted 

inside the lesion for ablation, (d) Post-ablation 

image confirms the tract placement and the 

successful ablation of the lesion. 
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Table 1 

Patient demographics and baseline 

characteristics 

Characteristic n=9 

Age (years) 21 (SD±5) 

Gender 

Male  

Female 
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Location of OO  

Tibia 

Femur 

Acetabulum 

4(44.4%)  

4(44.4%)  

1(11.11%) 

Duration of symptoms 

(Average) 

14.2Months 

(SD±5.2) 

Pre-operative VAS 7.4 (SD±1.7).  

Post-operative VAS 0.2  

Technical Success 100% 

Clinical Success 87.5% 

Complications 

(Recurrence) 

1 
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