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a b s t r a c t 

Osteoid osteomas are benign bone tumors characterized by severe localized pain, often chal- 

lenging the daily lives of young patients. While these tumors are typically solitary, rare cases 

of multiple osteoid osteomas have been reported. This research paper presents a case series 

of 2 young patients with multiple osteoid osteomas, highlighting their clinical presentation, 

diagnostic workup, treatment with cryoablation, and follow-up. The paper emphasizes the 

effectiveness of cryoablation as a minimally invasive treatment option for these challenging 

cases. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

The first case of osteoid osteoma was first described in 1930
by Bergstrand and first characterized as an entity in 1935 from
Jaffe [ 1 ]. Osteoid osteoma is the third most common benign
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bone-forming tumor [ 2 ], is a central hypervascular nidus of os-
teoblastic cells surrounded by sclerotic margins, with diame-
ter less than 2 cm and limited growth potential [ 2 ]. The patho-
physiology of osteoid osteomas is still controversial. It most
commonly develops in the long bones of lower extremities but
it can arise in every bone of the body. It also has peak inci-
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dence in the second decade of life and a male predominance
[ 3 ]. In case of osteoid osteoma suspicion an X-ray is performed
and shows a round or oval radiolucent nidus surrounded
by a fusiform of bone sclerosis. Computed tomography
is the imaging technique of choice. The findings are a well-
defined area with low attenuation within surrounding scle-
rotic reactive bone. In magnetic resonance imaging the nidus
has low to intermediate signal on T1-weighted images and
variable signal intensity in T2-weighted images, which de-
pends on the degree of mineralization in the center of the
nidus. The MRI is inferior to CT for the diagnosis of osteoid
osteoma but is useful for recognizing adjacent bone marrow
abnormalities and also articular abnormalities [ 4 ]. The use-
fulness of Technetium-99-labeled bonescintigraphy, which re-
flects the increased osteoblastic activity, is significant in or-
der to clarify the precise localization of the lesion in combina-
tion with the results of the CT before the treatment. The most
common symptom is localized, deep pain which is worsened
during the night. In most cases the pain is rapidly improved
with nonsteroid anti-inflammatory drugs (NSAIDs) or salicy-
lates. The surgical excision was the only alternative therapy
for osteoid osteoma-associated pain which did not respond
to conservative treatment. In the last decades there are many
minimal invasive alternative therapies which are considered
to be the new gold standards [ 5 ], such as Radiofrequency Abla-
tion (RFA), Interstitial Laser Ablation (ILA), Microwave Ablation
(MWA), Cryoablation and Magnetic resonance-guided focused
ultrasound (MRg-FUS). 

Osteoid osteomas are benign bone tumors that predomi-
nantly affect adolescents and young adults, causing localized
pain that is often more severe at night [ 6 ]. Typically, these tu-
mors are solitary, but cases of multiple osteoid osteomas are
exceedingly rare [ 9–12 ]. The management of multiple osteoid
osteomas presents unique challenges in terms of diagnosis
and treatment. This case series aims to shed light on the clini-
cal presentation, diagnostic strategies, treatment with cryoab-
lation, and outcomes in 2 young patients with multiple osteoid

osteomas. 

Fig. 1 – (A) CT thick slice showing 3 radiolucent lesions in surgica
showing same lesions with intermediate-low signal with sclerot
brachial bone depicting the bone marrow edema. 
Case presentations 

Case 1 

Patient Information: A 17-year-old male patient presented with
right shoulder pain persisting for several months. He de-
scribed severe pain at night, which interfered with her sleep
and daily activities. 

Clinical findings 

Physical examination revealed tenderness over the right
shoulder. The range of motion was not affected. 

Pain Visual Analogue Score (VAS) score was very high:
10/10. 

Imaging findings 

Radiographs revealed 3 radiolucent nidus within the surgi-
cal neck and diaphysis of the right humerus bone . CT, Spect
and MRI confirmed the presence of multiple osteoid osteomas
( Figs. 1 , 2 ). On MRI the lesions had a central nidus with low
signal intensity on T1-weighted images and surrounding high
signal intensity on T2-weighted images ( Fig. 3 ). There was as-
sociated periosteal reaction and marrow edema in the adja-
cent bone ( Fig. 4 ). 

Differential diagnoses (DDx) 

Some pathologies may mimic osteoid osteomas due to there
being similar imaging findings such as: 

Osteomyelitis/intraosseous abscess 
Fracture/stress reaction 
l neck and shaft of right humerus bone. (B) MRI T2W image 
ic margins. (C) MRI STIR sequence showing high signal in 
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Fig. 2 – A Spect showing increased blood pool and 

increased 99mTc-Methylene diphosphonate. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 – (A) MRI axial T1 fatsat weighted image showing a 
small mass in the surgical neck of the right humerous 
bone, (B) MRI axial T1w fatsat image with in contrast 
showing the periosteal reaction with no enchantment of 
the mass, (C) DWI sequence, and (D) ADC map didn’t reveal 
any restriction of water molecules in mass. 

 

 

 

 

Osteoblastoma 
Glomus tumor 
Crystal deposition disease 
Chondroblastoma 
In our case the imaging findings according to Diagnostic

criteria according to the WHO classification of soft tissue and
bone tumors (fifth edition) [ 7 ] were typical for one of the fol-
lowing pathologies: 

1. Osteoid Osteoma: The characteristic imaging findings with
a central nidus and surrounding edema are highly sugges-
tive of osteoid osteoma [ 8 ]. 

2. Osteoblastoma: Similar to the first case, osteoblastoma
can present with imaging findings that resemble os-
teoid osteoma but is typically larger. than 2.0 cm; less
painful; fewer inflammatory changes and reactive scle-
rosis; smaller response to salicylates; grow progressively;
malignant potential and may be associated with other tu-

mors. 

Fig. 3 – (A and B) CT image in soft (A) and bone (B) window (C). M
surgical neck of the humerous bone. 
Osteoblastosis (OBLT) is a recently described unusual diag-
nosis, which must be considered when multiple well-defined
lytic lesions are found on imaging studies, especially if the le-
sions are intracortical, multifocal, and involve the diaphysis/
RI T2 weighted axial image showing the mass in the 
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Fig. 5 – (A) Percutaneous bone biopsy from the nidus. (B) 
Pathology findings supporting the diagnosis of osteoid 

osteoma: Sclerotic trabeculae of woven bone with 

osteoblastic rimming, fibrovascular stroma and scattered 

multinucleated giant cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

metaphysis of the long bones [ 6 ]. Although the term osteoblas-
tomatosis is not yet included in the WHO classification [ 7 ], it
has been used in the literature since 2007 [ 13 ]. This entity is
also referred to as multifocal OB, so its radiographic features
are the same as insulated OB. 

In our case the lesions were < 2 cm and multifocal there are
not enough cases in the literature and there has never been a
large series that suggest that multifocal osteoid osteomas are
a separate disease or if there is a correlation with osteoblas-
tosis. 

Diagnostic workup 

CT-guided core biopsies provided histological confirmation of
multiple osteoid osteomas ( Fig. 5 ). 

Treatment and Follow-Up 

For the treatment of the 3 osteoid osteomas— one larger
within the surgical neck of the humerus bone and 2 smaller
ones in the shaft—2 distinct cryoablation procedures were
conducted under local anesthesia ( Fig. 6 ). First there was an
attempt to treat the lager osteoid osteoma with the larger pe-
riosteal reaction with the purpose of assessing the clinical re-
sponse and evaluate the need for treating the smaller lesions.
For the larger osteoid osteoma, a single cryoprobe was em-
ployed, guided by imaging to accurately target and undergo 2
cryocycles of freezing-thawing. The cryoablation process in-
volved meticulous monitoring of temperatures to ensure pre-
cise lesion targeting while minimizing damage to surrounding
tissues ( Fig. 7 ). 

Immediate and 1 week after the procedure there was a
small reduction of the pain level of the patient (VAS score be-
fore the procedure was 10 after the procedure it was lower 6-7)
and so there was a need for treating the other 2 lesions. 

Simultaneously, the 2 smaller osteoid osteomas in the di-
aphysis were treated with 2 cryoprobes, incorporating hy-
drodissection to safeguard the brachial nnerve. The cryoabla-
tion process involved meticulous monitoring of temperatures
to ensure precise lesion targeting while minimizing damage
to surrounding tissues. 

Postprocedure, the patient was monitored for vital signs,
local temperature, and neurological status, with follow-up as-
sessments scheduled to confirm lesion resolution and assess
nerve function, providing an effective and minimally invasive
therapeutic approach for multiple osteoid osteomas within
the humerus bone. 

The patient experienced immediate pain relief and com-
plete resolution on follow-up imaging ( Fig. 8 ). Long-term
follow-up at 3 years showed no recurrence or residual pain. 

Case 2 

Patient Information: A 16-year-old male presented with severe
and recurrent pain in the right tibia, radiating to the thigh,
which had been ongoing for over a year. He was an athlete and
had no other medical history. The patient reported that the
pain worsened every night and he was relieved by the intake
of paracetamol and NSAIDs;, which provided almost complete
relief but was only temporary as the pain returned between
doses. 

Clinical Findings: Upon examination, he had no skin
changes, swelling, or effusion of the knee. He had full active
range of motion and was tender to palpation on the posterior
medial femoral condyle. 

Pain Visual Analogue Score (VAS) score was very high: 9/10.
Imaging findings: The radiographs were nondiagnostic, but

the patient already had advanced imaging with an MRI prior
to referral. MRI of the right hip revealed 2 well-defined lesions
with a central nidus of low signal intensity on T1-weighted
images and a surrounding rim of high signal intensity on T2-
weighted images. There was associated periosteal reaction
and marrow edema in the adjacent bone. Two osteoid osteo-
mas (multicentric) were the suspected diagnosis, and a CT
without contrast was ordered to confirm the diagnosis. ( Fig. 9 )
presents the preoperative CT scan images of the knee. 

Differential diagnoses (DDx): 
Same as case 1 see above∗

Diagnostic workup: Computed tomography (CT) guided core
biopsy was performed for histological confirmation. A diagno-
sis of multiple osteoid osteomas was established. 

Pathology findings supporting the diagnosis of osteoid os-
teoma: Sclerotic trabeculae of woven bone with osteoblastic
rimming, fibrovascular stroma and scattered multinucleated
giant cells ( Fig. 10 ). 

Treatment: The patient underwent percutaneous cryoabla-
tion targeting both osteoid osteomas simultaneously. 

CT guided placement of 2 cryoprobes at the same proce-
dure with extraossseous position ( Fig. 11 ) under local anasthe-
sia. Two cryocycles of freezing-thawing were performed with
active warming of the skin for protection. 

There were no immediate complications. 
Immediate pain relief was observed. 
Pain (VAS) score after the procedure was 2 /10 and 1 week

after the procedure was at 0/10 with complete resolution of
the symptoms. 
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Fig. 6 – (A) CT thick slice showing the cryoprobe placed intraosseous in the lesion in the surgical neck of the right humerus 
bone. (B) In 3D rendering and in thick slice CT showing the placement of the cryoprobes in exrtaossous position in the 
diaphyseal masses of the right humerous bone. (C) Showing the 3 cryoprobes two of them placed in extraosseous position 

and one of them intraosseous. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

served in these cases. 
Follow-up: Follow-up imaging confirmed complete resolu-
tion. Long-term follow-up at 2 years revealed no recurrence or
residual pain ( Fig. 12 ). 

Discussion 

The presented cases highlight the diagnostic and therapeutic
challenges associated with multiple osteoid osteomas. 

In a review of the English language medical literature, we
found only 8 patients in whom more than a single focus of OO
was present [ 9–12 ]. 
In both cases, the combination of CT and MRI played a cru-
cial role in the diagnostic workup. The characteristic imag-
ing findings of a central nidus with low signal intensity on
T1-weighted images and surrounding high signal intensity on
T2-weighted images, along with associated periosteal reac-
tion and marrow edema, were highly suggestive of osteoid os-
teoma. 

The main differential diagnosis considered in both cases
was osteoblastoma due to the similarities in imaging find-
ings. However, osteoblastomas are typically larger and may ex-
hibit more aggressive features, such as greater extent of bone
destruction and soft tissue involvement, which were not ob-
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Fig. 7 – (A) Placement of a thermocouple next to the axillary nerve. (B) Hydrodissection of the axillary nerve for temperature 
monitoring, protection, and active warming. 

Fig. 8 – One month after cryoablation procedure of osteoid 

osteoma of humerus bone reduction of the periosteal 
reaction. 

 

 

 

 

Fig. 9 – Axial CT image of a right tibia osteoid osteoma. 

 

 

 

The use of CT allowed for a noninvasive evaluation of the
lesions’ characteristics, aiding in the accurate diagnosis and
subsequent treatment planning with cryoablation. 

In both cases, cryoablation was chosen as a minimally in-
vasive treatment option due to its precise targeting of multiple
Fig. 10 – (A) Nidus: Haphazard trabeculae of woven bone with pro
Surrounding bone: Thickened trabeculae of bone with adjacent l
lesions and reduced morbidity compared to surgical excision
[ 14 ,15 ]. 

Cryoablation proved highly effective, providing immediate
pain relief and complete resolution of the osteoid osteomas
minent osteoblastic rimming well defined borders. (B) 
oose fibrovascular stroma. 
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Fig. 11 – (A) Placement of the cryoprobe at ana extraosseous 
position parallel to the cortex. (B) The hypodense ice 
covering the whole lesion. 

 

 

 

 

 

 

 

 

 

 

Fig. 12 – One month after cryoablation procedure of osteoid 

osteoma of tibial bone showing the sclerotic changes (A) 
before the cryoablation (B) after the cryoablation Coronal 
images of the same lesions before (C) and after the 
cryoablation (D). 
[ 15 ]. Long-term follow-up demonstrated sustained pain relief
and the absence of recurrence in both cases, underscoring the
durability of this treatment modality. 

Conclusion 

Multiple osteoid osteomas are rare but challenging clinical en-
tities in young patients. This case series illustrates the suc-
cessful use of percutaneous cryoablation for the treatment of
multiple osteoid osteomas, resulting in immediate pain relief
and long-term resolution of the tumors. Cryoablation is a valu-
able minimally invasive option for patients with multiple os-
teoid osteomas, offering the potential for excellent outcomes
and improved quality of life. 

Patient consent 

We are confirming that written, informed consent for publica-
tion of the cases was obtained from both patients. 
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