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Introduction

Osteoid osteomas (OOs) are benign bone tumors that usu-
ally affect long bones and account for 2–3% of all primary 
bone tumors.1–4 However, 6–20% of OOs can also occur in 
the spine,2,5–7 where they may cause significant deformity, 
pain, and disability. When presenting in childhood, 
untreated spinal OOs, or those treated in a delayed fashion, 
may cause persistent disability to patients.8–10 Spinal OOs 
are relatively rare, and they can be especially challenging 
to manage due to their location and proximity to vital 
structures.

Various management options for spinal OOs have been 
proposed, including observation, nonsteroidal anti-inflam-
matory drugs (NSAIDs), open surgical resection (OSR), 
minimally invasive surgery (MIS), and percutaneous 

imaging-guided treatment. The optimal treatment for a 
given patient depends on a range of factors, such as tumor 
location and size, patient age and overall health, and sever-
ity of symptoms, among other considerations.
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Abstract
Purpose: The purpose of this study is to develop an accessible step-wise management algorithm for the management 
of pediatric spinal osteoid osteomas (OOs) based on a systematic review of the published literature regarding the 
diagnostic evaluation, treatment, and outcomes following surgical resection.
Methods: A systematic review of the literature was conducted on PubMed to locate English language studies reporting 
on the management of pediatric spinal OOs. Data extraction of clinical presentation, management strategies and imaging, 
and treatment outcomes were performed.
Results: Ten studies reporting on 85 patients under the age of 18 years presenting with OOs were identified. Back pain 
was the most common presenting symptom, and scoliosis was described in 8 out of 10 studies, and radicular pain in 7 
out of 10 studies. Diagnostic, intraoperative, and postoperative assessment included radiographs, computed tomography 
(CT) scans, magnetic resonance imaging (MRI), bone scans, and frozen section. Treatment options varied, including 
conservative management, open surgical resection with or without intraoperative imaging, and percutaneous image-
guided treatment. All included studies described partial or complete resolution of pain in the immediate postoperative 
period.
Conclusions: The proposed algorithm provides a suggested framework for management of pediatric spinal OOs based 
on the available evidence (levels of evidence: 3, 4). This review of the literature indicated that a step-wise approach 
should be utilized in the management of pediatric spinal OOs.
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Despite the availability of these treatment options, there 
is currently no established management algorithm for pedi-
atric spinal OO. This lack of consensus can create uncer-
tainty and variability in the management of spinal OO, 
potentially leading to suboptimal outcomes. To address this 
gap in knowledge, a systematic review may be used to 
aggregate and synthesize the available evidence on the treat-
ment of pediatric spinal OOs and develop a management 
algorithm that can help guide clinical decision-making.

The primary objective of this systematic review is to 
identify and evaluate the presentation, diagnostic evalua-
tion, treatment, and outcomes following spinal OOs in the 
pediatric population. Through an overview of the current 
literature, we hope to introduce a management algorithm 
to improve the care of pediatric patients with spinal OO, 
while additionally identifying gaps in the literature and 
suggesting avenues for future research.

Methods

Search strategy

A systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) research methods and reporting 
guidelines. A digital search of the online medical literature 
database, MEDLINE (PubMed) was done between August 
1, 2022, and August 9, 2022. The search strategy included 
the following keyword terms: “pediatric” or “adolescent” 
or “child,” and “osteoid osteoma,” and “spine.” All poten-
tial studies were stored in Papers (www.papersapp.com), 
an open-source software program used for bibliographic 
citation management.

Study selection

We assessed all studies that were retrieved by the follow-
ing search process. Studies were initially screened by title 
and abstract. A full-text review was conducted for the 
remaining studies, selecting published literature that 
described therapeutic measures for pediatric OOs of the 
spine. Studies were excluded for the following reasons: (a) 
studies involving adult-only cases; (b) studies that included 
a mixture of pediatric and adult cases but that did not dis-
tinguish the data extracted from pediatric and adult 
patients; (c) case series with fewer than five pediatric 
patients; (d) case series without appropriate postoperative 
follow-up, defined as at least 6 months on average; (e) 
studies involving cadaveric specimens; and (f) studies 
published in languages other than English were excluded.

Data extraction

The following information was extracted from each eligi-
ble study: first author name; year of publication; years of 
included cases; number of patients per study; mean age; 

procedure type; presenting symptoms; lesion location; 
duration of symptoms prior to treatment; preoperative 
imaging; intraoperative imaging; postoperative imaging; 
imaging characteristics; postoperative status; follow-up 
period; follow-up imaging; rate of recurrence; nonrecur-
rence complications; and rates of additional procedures. 
For studies that did not clearly delineate the described cat-
egories above, we left the associated data unrecorded.

Results

Search results

Our search strategy found 251 studies for screening. After 
title and abstract screening, 84 studies underwent full-text 
review. Ten studies qualified for this study after exclusion 
per the criteria described above (Figure 1).

Study characteristics

Among the ten studies that qualified for this review, seven 
were case series (level of evidence11: 4),4,8,12–16 and three 
were retrospective cohort studies (level of evidence: 3).17–19 
In aggregate, these studies included 85 pediatric patients 
under the age of 18 with spinal OO. The results are pre-
sented in chronological order to describe the evolution in 
the evaluation of OO.

Diagnosis and workup

Clinical presentation

A complete set of data describing clinical presentation, 
including number of patients per study, mean age, a com-
plete list of presenting symptoms, and duration of symp-
toms prior to treatment are listed in Table 1. The mean age 
among included studies ranged from 10.5 to 13.0 years. 
Among these studies, all described back pain as a present-
ing symptom.4,8,12–19 Eight out of ten studies described 
scoliosis.4,8,12–15,17,18 Seven out of ten studies described 
radicular pain.4,12–14,16,18,19 Other symptoms included back 
pain that worsens at night, back pain that is relieved by 
NSAIDs, neck pain, neck stiffness, decreased range of 
motion (ROM) of the neck and spine, pathologic spinal 
fracture, and torticollis.

Evaluation

A complete set of data describing evaluation of patients 
with spinal OO is listed in Table 2. The studies included in 
this review evaluated patients using a combination of radio-
graphs (XR), computed tomography (CT) scans, magnetic 
resonance imaging (MRI), bone scans, and/or frozen sec-
tion. Imaging was utilized preoperatively for diagnosis, 
intraoperatively, and/or postoperatively, depending on  
the study. XR findings were commonly described as 

www.papersapp.com
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osteosclerotic or radiodense lesions with or without a 
nidus.4,12,14 Scoliosis confirmed on XR was often associ-
ated with a lesion on the concave side of the curve.4,8,12,13 
Keim et al. noted that XR obtained for 3/8 patients failed to 
identify the tumor, while all CT scans on these patients 
identified the lesion.12 Interestingly, all lesions were able to 
be identified on XR retrospectively. CT findings typically 
included hypodense lesions, often with an identifiable 
nidus, with surrounding sclerotic bone.12,13,15–17 MRI find-
ings included high intensity signals in surrounding bone 
and muscle via T2 sequence;14,18 nidus identification was 
not often described in comparison to CT. Bone scan was 

described as showing an increased area of radionuclide 
activity.15

Intraoperative assessment included bone scan,15 
XR,12,16,19 CT,17,19 and frozen pathology.4,16,19 When utiliz-
ing XR intraoperatively, Kadhim et  al. suggested that 
O-arm was beneficial in localization of the lesion when 
compared to C-arm, despite increased radiation.19 Lidar 
et al.16 similarly utilized O-arm in the case of one patient 
found to have a tumor near the vertebral vessels. Bone 
scans were noted to be particularly effective in aiding 
intraoperative detection of total resection. Blaskiewicz 
et  al. reported that, on average, 2.8 intraoperative bone 

Figure 1.  PRISMA flow diagram detailing the results of the database search and exclusion process.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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scan images were obtained per patient for lesion localiza-
tion and to confirm resection. In 60% of their patients, 
more than two intraoperative scans were required due to 
insufficiency of the initial resection attempt.15 Notably, 
five patients in their study had initially presented with  
a collective history of 12 prior surgeries for OO, all  
performed without intraoperative bone scan. Following 

resection with intraoperative bone scans, these patients 
have been free of recurrence with a mean follow-up time 
of 37 months (range 8–120). Postoperative imaging  
consisted of bone scan,15,19 XR,12,16,18,19 CT,16–19 and/or 
MRI16,18,19 depending on surgeon preference and various 
patient-related indications that were often not described 
unless noted in Table 2.

Table 1.  Summary of presenting characteristics, including average patient age, presenting symptoms, and duration of symptoms 
prior to management as described in included studies.

Author (reference) Number of 
patients (n)

Mean age (range, if 
applicable) (years)

Presenting symptoms (number of patients affected, 
if applicable)

Mean duration of 
symptoms prior to 
treatment (range, if 
applicable) (months)

Aydinli et al.4 6 12.0 (4–16) •  Back Pain
•  Scoliosis (4/6), often concave to affected side
•  Buttock/leg pain if lumbar involvement
•  No neurologic symptoms noted

4.5 (1–7)

Blaskiewicz et al.15 17 12.6 (6–17) •  Neck pain
•  Back pain
•  Lumbar scoliosis
•  Torticollis (2/20)
•  Pathologic fracture (1/20)
•  Chest pain toward side of lesion (1/20)

Unable to define

Burn et al.18 12 13 (4–17) •  Scoliosis (4/12)
•  Back pain near site of lesion
•  Radiation of pain to extremities (radicular)
•  Back pain at night
•  Pain relief with NSAIDs (3/7)

Not described

Kadhim et al.19 10 10.8 (5.8–14.9) •  Back pain
•  Neck pain
•  Neck stiffness with decreased ROM
•  Radicular pain
•  Leg pain

Not described

Keim and Reina12 8 10.5 (5–17) •  Rapid-onset scoliosis (8/8)
•  Back pain at night (5/8)
•  Pain relief with NSAIDs (5/7)
•  Radicular pain (5/8)
•  Unspecified neurological symptoms (2/8)
•  Paravertebral pain and spasm

11.3 (6–24)

Kirwan et al.13 6 12.3 (9–16) •  Scoliosis (6/6)
•  Spinal stiffness
•  Back pain at night
•  Pain relief with NSAIDs
•  Pain worsened by activity
•  Radicular pain

19.5 (3–36)

Lidar et al.16 5 11.2 (5–16) •  Axial back pain (5/5)
•  Radicular pain
•  No neurologic symptoms noted

Not described

Ozaki et al.14 7 11.5 (8–14) •  Scoliosis (7/7)
•  Back pain (7/7)
•  Radicular arm pain (1/7)
•  Radicular buttock and thigh pain (1/7)
•  Torticollis

10.0 (3–24)

Ransford et al.8 6 13.0 (9–16) • � Painful scoliosis with concavity toward side 
of lesion (6/6)

19.5 (3–36)

Yu et al.17 8 10.5 (6–16) •  Local back pain
•  Scoliosis

Not described

Symptoms described in the majority of studies (greater than five studies) are bolded.
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Treatment options

Nonoperative

Five of the 12 patients included in the study by Burn et al.18 
were treated nonoperatively. These were the only patients 
included in this review to be managed without surgery. 
Indications for operative treatment included symptoms 
that were poorly controlled with conservative treatment, 
specifically the use of NSAIDs. Increased local concentra-
tion of prostaglandins have been found to be produced 
within the nidus of OOs, explaining the efficacy of 
NSAIDs and their ability to reduce prostaglandin, prosta-
cyclin, and cyclooxygenase-2 levels.18

Operative

The eight patients included in the study by Keim and 
Reina12 were all treated by OSR with intraoperative XR.

The nineteen total patients included in the studies by 
Kirwan et  al.,13 Ransford et  al.,8 and Ozaki et  al.14 were 
treated by OSR without intraoperative imaging.

The six patients included in the study by Aydinli et al.4 
were treated by OSR with intraoperative biopsy.

The seventeen patients included in the study by 
Blaskiewicz et al.15 were treated with intraoperative bone 
scan-assisted resection.

The remaining seven patients included in the study by 
Burn et al.18 were managed with OSR. One patient required 
a transoral approach. Intraoperative imaging was not used.

The ten patients included in the study by Kadhim et al.19 
were treated by OSR with intraoperative XR (C-arm or 
O-arm, as described above). The C-arm failed to identify 
the tumor in one patient, who required intraoperative 
transport to CT for accurate localization.

The eight patients included in the study by Yu et al.17 
were treated with either CT-guided biopsy or radiofre-
quency ablation (3/8) under local anesthesia, or OSR (5/8) 
without intraoperative imaging.

The six patients included in the study by Lidar et  al. 
were treated by OSR with C-arm fluoroscopy and intraop-
erative biopsy. O-arm was used in one case given the prox-
imity of the tumor to the vertebral vessels.

Outcomes

A complete set of data describing outcomes, mean follow-
up period, recurrence rate, nonrecurrence complications, 
and descriptions of additional procedures is included in 
Table 3. All included studies described partial or complete 
resolution of pain in the immediate postoperative period. 
In the percutaneously-managed group, postoperative pain 
was reported to be more effectively controlled than patients 
who underwent OSR.17 There was variation in recurrence 
of pain in the long-term follow-up period. Six studies 
described partial or complete resolution of scoliosis that 

was found on presentation in the immediate postoperative 
period.4,8,12–15 Other studies described improved back stiff-
ness and ROM13,17 and neurologic symptom resolution, 
particularly radicular pain that was noted on presenta-
tion.14,15 Nevertheless, some patients demonstrated persis-
tent or permanent structural deformity of the spine despite 
operative management.8,13

Several studies that utilized OSR commented on  
necessity of spinal fusion to improve stability after  
resection.13,15,18 Recurrence rate was relatively low across 
all studies regardless of treatment modality, ranging from 
0.0% to 28.6% (2/7),14 with an overall rate of 6.7% (4/60) 
among operatively managed patients with reported data. 
Among patients who were found to have a recurrent lesion, 
they often presented initially with recurrent symptoms 
resembling those on initial presentation, particularly back 
pain, back stiffness with decreased ROM, or recurrent  
scoliosis.15,17,19 Recurrent lesions were confirmed with 
imaging and a second resection. Mean follow-up period 
ranged from 29.3 to 67.5 months.

Nonrecurrence complications were seen in two studies12,18 
and were limited to paralytic ileus, wound infection, and 
osteomyelitis (Table 3).

Management algorithm

Based on review of the existing literature on management 
of spinal OOs in the pediatric population, we propose a 
step-wise management algorithm (Figure 2). When a pedi-
atric patient is found by history and physical exam to have 
common symptoms, such as rapid-onset scoliosis and stiff-
ness, nocturnal or constant back pain, or pain improved 
with NSAIDs, clinical suspicion for spinal OO should be 
raised. Radiographs of the affected area of the spine are 
traditionally first line of imaging. However, with high clin-
ical suspicion, CT with or without bone scan may instead 
be preferred, as these studies are significantly more sensi-
tive for spinal OO detection. Negative radiographs in the 
setting of high clinical suspicion warrant further imaging 
with CT with or without bone scan. MRI may be used per 
surgeon preference if there is concern for soft tissue 
involvement, or if necessary for RFA planning. Following 
diagnosis, a trial of conservative treatment, utilizing 
NSAIDs and closing monitoring, may be attempted. If the 
patient demonstrates persistent pain or progressing spinal 
deformity during this period, operative treatment modali-
ties (OSR, MIS, or RFA) should be considered. When 
deciding between the described treatment choices, special 
consideration should be paid to the location, size, and  
vascularity of the lesion. Other relative indications and 
contraindications are listed in Figure 2. If available,  
intraoperative imaging modalities, preferably bone scan, 
should be utilized. Following operative management, the 
patient should be closely monitored for any persistent or 
recurrent symptoms. Postoperative imaging may be used 
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per surgeon preference. If the patient experiences recur-
rence of presenting symptoms or has evidence of partially 
resected OO, immediate re-evaluation is indicated, and the 
management algorithm is recycled. If the patient remains 
asymptomatic within the six-week follow-up period, fur-
ther monitoring and appropriate follow-up should occur 
with imaging at the surgeon’s discretion. It is important to 
note that, while this algorithm may help provide a general 
reference for management of pediatric spinal OOs, referral 
to specialists with expertise in treating tumors of the spine 
should be considered in cases of unusual or unique patient 
presentations and characteristics.

Discussion

In this review, we aimed to evaluate the current literature 
on spinal OOs in pediatric patients in order to establish a 
management algorithm. With such a wide variety of treat-
ment modalities available, there is no consensus for man-
agement of patients with spinal OO. This may be due in 
part to limited literature; as a relatively rare,1–7 finding that 

often goes underdiagnosed, even with appropriate initial 
imaging, spinal OO has yet to be thoroughly studied in the 
pediatric population. By evaluating the literature that cur-
rently exists, we have compiled the most common present-
ing symptoms, the development of diagnostic strategies, 
and the evolution of treatment options, while also consid-
ering outcomes and complications.

Diagnosis and workup

The presenting symptoms are often nonspecific. The most 
common presenting symptoms included back pain, sco
liosis (33.3% to 100.0% among reported values) that was 
often rapid-onset, and back stiffness with restricted 
ROM. Other common symptoms included nighttime pain 
improved with aspirin, radicular pain, neurologic deficits, 
and torticollis; however, these were less consistent, and 
thus, less reliable.

Once OO is suspected, further evaluation is warranted. 
The studies included in this review utilized a wide range of 
imaging, including XR, CT, MRI, or bone scans in the 

Figure 2.  Management algorithm for pediatric spinal osteoid osteoma.
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diagnosis stage. XR is typically the indicated initial imag-
ing modality for back pain in children, particularly with 
red flag symptoms such as constant pain, night pain, pain 
for greater than four weeks, or neurologic signs.20 Only 
one of the ten studies included in this review did not com-
ment on use of radiograph as the first-line imaging modal-
ity. Despite its ubiquity, XR may not be reliable enough to 
detect OOs consistently; radiographs were reported to 
miss lesions that were later detected by other imaging 
modalities.13,21 CT was often selected as the second-line 
imaging modality for patients with negative radiographs 
but strong clinical evidence for OO. There were no reports 
of missed lesions via CT, consistent with existing literature 
on the high sensitivity of CT for detection of spinal OO.22–26 
Diagnosis of OO is characterized by identification of the 
nidus, the highly mineralized center of the tumor that is 
often missed on XR due to surrounding sclerosis, but is 
more consistently detected by CT.23,24 Several studies addi-
tionally used bone scintigraphy to confirm diagnosis13–15,17–19 
with a sensitivity of nearly 100% due to the high-turnover 
nidus that is distinct to OO.27,28 Bone scintigraphy was also 
found to be effective for intraoperative monitoring of 
resection.14,15 MRI was commonly utilized in our included 
studies.4,17–19 However, the use of MRI in this setting is 
controversial. Several studies, conducted in pediatric29 and 
nonpediatric populations,22,30,31 indicate that the accuracy 
of CT surpasses that of MRI. Davies et al.31 suggested that 
a negative MRI with concerning surrounding soft tissue 
features would require follow-up with CT or bone scintig-
raphy, negating its advantage as a nonradiating imaging 
modality while also further delaying diagnosis. It has been 
proposed that, when contrast-enhanced, MRI may be rela-
tively more successful in spinal OO detection.32 The ben-
efits of limiting radiation exposure to pediatric patients via 
MRI should be considered on a case-by-case basis, bal-
anced against the risk of misdiagnosis. Preoperative or 
intraoperative biopsy is an additional highly useful tool for 
surgeons to utilize to ensure accurate diagnosis. Three of 
the ten studies in this review utilized biopsy as part of their 
diagnostic approach, in addition to other imaging modali-
ties. While OO is typically a clinical and radiographic 
diagnosis, confirmation by histology may be useful for 
cases with unusual characteristics.33–36

Treatment options

OOs may gradually resolve over years,33,37 with shortened 
resolution intervals when treated with aspirin or NSAIDs.2 
However, studies have suggested that insufficiently treated 
OOs can pose a significant risk for long-term disability, in 
addition to short-term debilitating pain and deformity.8,16 
Long-term NSAID use also comes with the risk of bleed-
ing that can be considered unnecessary given the efficacy 
of operative/percutaneous intervention.38 All patients, 
except for five in the study by Burn et  al.,18 underwent 
operative or percutaneous imaging-guided treatment with 

good success. Outcomes for these five nonoperative 
patients were not well-described, but notably, none dem-
onstrated OO recurrence.

Surgical options described in this review included OSR 
versus an MIS approach. OSR is historically the standard 
treatment option for spinal OO in pediatric patients17,39 and 
involves removal of the nidus with additional removal of 
surrounding sclerotic bone as allowed. Noted challenges 
include induction of a bone defect, which may require addi-
tional procedures to address instability,15,18 as well as chal-
lenging localization that may lead to a repeat resection.14,18 
The latter may be addressed with intraoperative bone 
scan.15,40 Intraoperative bone scan may be preferred over 
intraoperative CT because of OO location; given that OOs 
are often located posteriorly near nerve roots and vessels, 
continuous detection by bone scan signal, rather than peri-
odic evaluation via intraoperative CT, may prove safer.14 
MIS for removal of spine tumors in children has not been 
well-studied. Lidar et  al. presented a case series of six 
patients with spinal OO successfully treated by this tech-
nique. MIS approaches are still a relatively recent develop-
ment in the management of spinal tumors and are better 
studied in adults at this time.41 While the results demon-
strated by Lidar et al.16 suggest it may be a promising surgi-
cal option—particularly with advantages of less damage to 
surrounding tissues, decreased pain, and decreased blood 
loss42—further studies are needed to establish its role in the 
pediatric population. In addition, this approach should not 
be used if malignancy status is unknown, if the lesion is 
highly vascular, or if it is very large (defined as greater than 
25 mm by Lidar et al.16).

Percutaneous imaging-guided treatment has gained 
popularity when used in the appropriate clinical setting. 
Options include radiofrequency ablation (RFA), cryoabla-
tion, laser thermocoagulation, and trephine excision, all 
most often guided by CT;43–46 these studies were not exclu-
sive to lesions of the spine, nor focused on a pediatric 
population. For this reason, while RFA has become 
increasingly considered to be a potential replacement for 
OSR,47–51 further research on its viability, specifically in 
treating spinal OO in the pediatric population remains nec-
essary. Only one study included in this review utilized per-
cutaneous RFA treatment,17 and no complications relating 
to RFA use were reported. Yu et al.17 describe prerequisites 
for RFA include the absence of neurologic symptoms on 
presentation, the presence of intact cortical bone around 
CT-identified lesions, and a greater than 1 mm cushion of 
CSF between the lesion and the nerve root or spinal cord as 
detected by MRI. In this study, RFA demonstrated strong 
results when compared to OSR. RFA patients had decreased 
blood loss, improved pain control postoperatively, and a 
shorter hospital stay. One of twelve patients total, includ-
ing both adult and pediatric patients, who were managed 
with RFA were reported to have recurrence, consistent 
with previous studies that have indicated a recurrence rate 
of up to 21% following management with RFA; however, 
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most studies report lower values.17,52–57 This recurrence 
rate has been suggested to be due to possible incomplete 
eradication of the tumor,58 an issue also identified follow-
ing other treatment modalities. Given that RFA works by 
administering extreme levels of heat to the local area, its 
main limitation is the location of the OO to nearby neuro-
vascular structures. The existing recommendation is that 
the lesion must be at least one centimeter from any neuro-
vascular structure,51 however, ongoing efforts are being 
made to evaluate the validity of this protocol.57 While RFA 
has been shown to be efficacious and safe,53,59 additional 
research is needed in the pediatric population with spinal 
lesions to make a definitive claim. At this time, the signifi-
cant potential risk for devastating injury may favor alterna-
tive management options for lesions in close proximity to 
the cord in pediatric patients.

Outcomes and follow-up

Risk of complications is essential to consider when elect-
ing operative management. The primary complication 
evaluated was the recurrence rate. Recurrence overall was 
relatively uncommon, at 6.6% overall after operative man-
agement. Nonrecurrence complications, including wound 
infection (three patients total), osteomyelitis (one patient 
total), and paralytic ileus (one patient total), were exceed-
ingly rare across all included studies and adequately 
resolved with standard treatment. Thus, while complica-
tions must be discussed, outcomes are particularly favor-
able with operative management. Follow-up after treatment 
should consist of both clinical status and imaging. All 
studies noted a resolution of pain and back stiffness, with 
a marked improvement in spinal deformity present preop-
eratively. Return of these symptoms should cause concern 
for possible recurrence and merits further evaluation. The 
use of follow-up imaging in this review was relatively 
inconsistent. Seven of ten studies described use of post
operative imaging, which includes XR, CT, MRI, or bone 
scintigraphy. Based on our evaluation of the current litera-
ture, we cannot recommend a standard follow-up imaging 
plan. However, importantly, all patients with recurrence 
for which a presentation was reported demonstrated new-
onset or worsening of previous symptoms.15,17,19 While it 
may be possible that recurrence would occur without 
symptoms, this was not found in our review. Regarding 
timing, we recommend follow-up for symptom evaluation 
within six weeks after surgery, followed by another visit 
within one to three months, then further spaced appoint-
ments subsequently. Recurrence was noted within the first 
one to six months after surgery by one study;17 however, 
this timeline varies depending on the study and likely 
requires additional research to be definitively established. 
Nonetheless, if symptoms recur, imaging is warranted. If 
obtaining imaging under high suspicion for recurrence, we 
recommend CT or bone scan, rather than radiograph; we 

noted a trend away from radiographs, favoring CT and 
bone scan in this setting as more recent studies were con-
ducted,15–19 supporting our previous assertion that radio-
graphs may be unreliable for OO detection. MRI may be 
useful for the detection of other postoperative complica-
tions, including osteomyelitis and soft tissue injury, that 
may help determine prognosis while causing symptoms 
that resemble recurrence.50,60 However, the same limita-
tions for MRI, when compared to CT, exist in the postop-
erative period as in the preoperative period, as previously 
described.

Limitations

There are limitations to this study that warrant discussion. 
First, during our search process, we did not find any rele-
vant randomized trials. Thus, the studies involved in this 
review are comprised of observational cohort studies and 
case series only. Second, several of the studies involved 
were relatively small. While we hoped to mitigate the 
decreased power that comes with smaller study sizes by 
excluding those with fewer than five patients, many quali-
fied studies remained under ten patients. Third, because 
there has been no standardized approach for the manage-
ment of spinal OO in pediatric patients, we discovered 
heterogeneity in the diagnostic, treatment, and follow-up 
approaches used by each study, with varying descriptions 
and information provided for each. This heterogeneity led 
to variable data collection from some papers. There was 
additional heterogeneity across included studies regarding 
the various management options, including OSR, MIS, 
percutaneous imaging-guided resection, and conservative 
treatment of spinal OOs. Among our ten included manu-
scripts, only two compared MIS16 and percutaneous 
radioablation,17 respectively, to OSR. OSR has been con-
sidered the gold standard prior to development of less 
invasive techniques,61 although this mindset may be shift-
ing already toward RFA.62 Therefore, it remains unclear 
which modality is superior in the pediatric population from 
this systematic review. Further research with larger sample 
sizes and, thus, higher power is likely necessary to defi
nitively determine the most appropriate management 
method. However, given the current state of the literature 
and the potential for OOs to cause significant, long-term 
damage if mismanaged, we believe this review presents a 
robust and reliable synthesis of the relevant literature that 
exists today.

Conclusion

In this study, we sought to conduct a review of the current 
literature on the management of spinal OO in the pediatric 
population, resulting in a proposed management algo-
rithm, as one has yet to be published on this topic. It is our 
hope that this algorithm may be utilized to help physicians 
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appropriately approach this relatively rare, but debilitat-
ing, condition.

Author contributions

AF: Writing—original draft; Writing—review & editing; 
Methodology; Analysis; Visualization.
DL: Conceptualization; Writing—original draft; Writing—
review & editing; Methodology.
MM: Writing—original draft; Writing—review & editing; 
Methodology; Analysis; Visualization.
GH: Conceptualization; Methodology; Writing—reviewing & 
editing; Supervision.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Ethical statement

Not applicable for this type of study.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Mary M Morcos  https://orcid.org/0000-0001-9269-0042

References

	 1.	 Hakim DN, Pelly T, Kulendran M, et al. Benign tumours of 
the bone: a review. J Bone Oncol 2015; 4: 37–41.

	 2.	 Boscainos PJ, Cousins GR, Kulshreshtha R, et  al. Osteoid 
osteoma. Orthopedics 2013; 36: 792–800.

	 3.	 Zhang Y and Rosenberg AE. Bone-forming tumors. Surg 
Pathol Clin 2017; 10: 513–535.

	 4.	 Aydinli U, Ozturk C, Ersozlu S, et  al. Results of surgical 
treatment of osteoid osteoma of the spine. Acta Orthop Belg 
2003; 69(4): 350–354.

	 5.	 Ghanem I. The management of osteoid osteoma: updates and 
controversies. Curr Opin Pediatr 2006; 18(1): 36–41.

	 6.	 Kan P and Schmidt MH. Osteoid osteoma and osteoblastoma 
of the spine. Neurosurg Clin N Am 2008; 19: 65–70.

	 7.	 Lee EH, Shafi M,  Hui JHP. Osteoid osteoma: a current 
review. J Pediatr Orthop 2006; 26(5): 695–700.

	 8.	 Ransford AO, Pozo JL, Hutton PAN, et al. The behaviour 
pattern of the scoliosis associated with osteoid osteoma or 
osteoblastoma of the spine. J Bone Joint Surg Br 1984; 66: 
16–20.

	 9.	 Sapkas G, Efstathopoulos NE,  Papadakis M. Undiagnosed oste-
oid osteoma of the spine presenting as painful scoliosis from 
adolescence to adulthood: a case report. Scoliosis 2009; 4: 9.

	10.	 Mehta MH. Pain provoked scoliosis. Observations on the 
evolution of the deformity. Clin Orthop Relat Res 1978; 135: 
58–65.

	11.	 Elsevier Author Services. Levels of evidence in research, 
https://scientific-publishing.webshop.elsevier.com/research 
-process/levels-of-evidence-in-research/ (accessed 9 June 
2023).

	12.	 Keim H and Reina E. Osteoid-osteoma as a cause of scoliosis. 
J Bone Joint Surg 1975; 57: 159–163.

	13.	 Kirwan EO, Hutton PA, Pozo JL, et al. Osteoid osteoma and 
benign osteoblastoma of the spine. Clinical presentation and 
treatment. J Bone Joint Surg Br 1984; 66(1): 21–26.

	14.	 Ozaki T, Liljenqvist U, Hillmann A, et al. Osteoid osteoma 
and osteoblastoma of the spine: experiences with 22 patients. 
Clin Orthop Relat Res 2002; 397: 394–402.

	15.	 Blaskiewicz DJ, Sure DR, Hedequist DJ, et  al. Osteoid 
osteomas: intraoperative bone scan-assisted resection. J 
Neurosurg Pediatr 2009; 4(3): 237–244.

	16.	 Lidar Z, Khashan M, Ofir D, et al. Resection of benign osse-
ous spine tumors in pediatric patients by minimally invasive 
techniques. World Neurosurg 2021; 152: e758–e764.

	17.	 Yu X, Wang B, Yang S, et al. Percutaneous radiofrequency 
ablation versus open surgical resection for spinal osteoid 
osteoma. Spine J 2019; 19(3): 509–515.

	18.	 Burn SC, Ansorge O, Zeller R, et al. Management of osteo-
blastoma and osteoid osteoma of the spine in childhood.  
J Neurosurg Pediatr 2009; 4(5): 434–438.

	19.	 Kadhim M, Binitie O, O’Toole P, et al. Surgical resection of 
osteoid osteoma and osteoblastoma of the spine. J Pediatr 
Orthop B 2017; 26(4): 362–369.

	20.	 American College of Radiology. ACR appropriateness  
criteria®: back pain–child, https://acsearch.acr.org/docs/309 
9011/Narrative/

	21.	 Zwimpfer TJ, Tucker WS,  Faulkner JF. Osteoid osteoma of 
the cervical spine: case reports and literature review. Can J 
Surg 1982; 25(6): 637–641.

	22.	 Assoun J, Richardi G, Railhac JJ, et  al. Osteoid osteoma: 
MR imaging versus CT. Radiology 1994; 191(1): 217–223.

	23.	 Iyer RS, Chapman T and Chew FS. Pediatric bone imaging: 
diagnostic imaging of osteoid osteoma. Am J Roentgenol 
2012; 198: 1039–1052.

	24.	 Papathanassiou ZG, Megas P, Petsas T, et al. Osteoid oste-
oma: diagnosis and treatment. Orthopedics 2008; 31: 1118.

	25.	 Gamba JL, Martinez S, Apple J, et  al. Computed tomog-
raphy of axial skeletal osteoid osteomas. Am J Roentgenol 
1984; 142(4): 769–772.

	26.	 Harish S and Saifuddin A. Imaging features of spinal osteoid 
osteoma with emphasis on MRI findings. Eur Radiol 2005; 
15(12): 2396–2403.

	27.	 Wells RG, Miller JH and Sty JR. Scintigraphic patterns in 
osteoid osteoma and spondylolysis. Clin Nucl Med 1987; 
12(1): 39–44.

	28.	 Bhure U, Roos JE and Strobel K. Osteoid osteoma: multi-
modality imaging with focus on hybrid imaging. Eur J Nucl 
Med Mol Imaging 2019; 46(4): 1019–1036.

	29.	 Hosalkar HS, Garg S, Moroz L, et al. The diagnostic accu-
racy of MRI versus CT imaging for osteoid osteoma in 
children. Clin Orthop Relat Res 2005; 433: 171–177.

	30.	 Vanderschueren GM, Taminiau AHM, Obermann WR, 
et al. The healing pattern of osteoid osteomas on computed 
tomography and magnetic resonance imaging after thermo-
coagulation. Skeletal Radiol 2007; 36(9): 813–821.

	31.	 Davies M, Cassar-Pullicino VN, Davies AM, et al. The diag-
nostic accuracy of MR imaging in osteoid osteoma. Skeletal 
Radiol 2002; 31(10): 559–569.

	32.	 Liu PT, Chivers FS, Roberts CC, et al. Imaging of osteoid 
osteoma with dynamic gadolinium-enhanced MR imaging. 
Radiology 2003; 227: 691–700.

https://orcid.org/0000-0001-9269-0042
https://scientific-publishing.webshop.elsevier.com/research-process/levels-of-evidence-in-research/
https://scientific-publishing.webshop.elsevier.com/research-process/levels-of-evidence-in-research/
https://acsearch.acr.org/docs/3099011/Narrative/
https://acsearch.acr.org/docs/3099011/Narrative/


Farid et al.	 441

	33.	 Carneiro BC, da Cruz IAN, Ormond Filho AG, et  al. 
Osteoid osteoma: the great mimicker. Insight Imag 2021; 
12: 1–17.

	34.	 Laredo JD, Hamze B and Jeribi R. Percutaneous biopsy of 
osteoid osteomas prior to percutaneous treatment using two 
different biopsy needles. Cardiovasc Intervent Radiol 2009; 
32(5): 998–1003.

	35.	 Roqueplan F, Porcher R, Hamzé B, et al. Long-term results 
of percutaneous resection and interstitial laser ablation of 
osteoid osteomas. Eur Radiol 2010; 20(1): 209–217.

	36.	 Becce F, Theumann N, Rochette A, et al. Osteoid osteoma 
and osteoid osteoma-mimicking lesions: biopsy findings, 
distinctive MDCT features and treatment by radiofrequency 
ablation. Eur Radiol 2010; 20(10): 2439–2446.

	37.	 Simm RJ. The natural history of osteoid osteoma. Aust N Z J 
Surg 1975; 45: 412–415.

	38.	 Kneisl JS and Simon MA. Medical management compared 
with operative treatment for osteoid-osteoma. J Bone Joint 
Surg Am 1992; 74(2): 179–185.

	39.	 Quraishi NA, Boriani S, Sabou S, et al. A multicenter cohort 
study of spinal osteoid osteomas: results of surgical treat-
ment and analysis of local recurrence. Spine J 2017; 17: 
401–408.

	40.	 Kirchner B, Hillmann A, Lottes G, et  al. Intraoperative, 
probe-guided curettage of osteoid osteoma. Eur J Nucl Med 
1993; 20(7): 609–613.

	41.	 Barzilai O, Robin AM, O’Toole JE, et al. Minimally invasive 
surgery strategies: changing the treatment of spine tumors. 
Neurosurg Clin N Am 2020; 31(2): 201–209.

	42.	 Mobbs RJ, Li J, Sivabalan P, et al. Outcomes after decom-
pressive laminectomy for lumbar spinal stenosis: compari-
son between minimally invasive unilateral laminectomy 
for bilateral decompression and open laminectomy: clinical 
article. J Neurosurg Spine 2014; 21(2): 179–186.

	43.	 Roger B, Bellin MF, Wioland M, et  al. Osteoid osteoma: 
CT-guided percutaneous excision confirmed with immediate 
follow-up scintigraphy in 16 outpatients. Radiology 1996; 
201(1): 239–242.

	44.	 Assoun J, Railhac JJ, Bonnevialle P, et al. Osteoid osteoma: 
percutaneous resection with CT guidance. Radiology 1993; 
188: 541–547.

	45.	 Noordin S, Allana S, Hilal K, et al. Osteoid osteoma: con-
temporary management. Orthop Rev 2018; 10: 108–119.

	46.	 Towbin R, Kaye R, Meza MP, et al. Osteoid osteoma: percu-
taneous excision using a CT-guided coaxial technique. Am J 
Roentgenol 1995; 164(4): 945–949.

	47.	 Vanderschueren GM, Taminiau AH, Obermann WR, et al. 
Osteoid osteoma: clinical results with thermocoagulation. 
Radiology 2002; 224(1): 82–86.

	48.	 de Berg JC, Pattynama PMT, Obermann WR, et al. Percu
taneous computed-tomography-guided thermocoagulation 
for osteoid osteomas. Lancet 1995; 346: 350–351.

	49.	 Lindner NJ, Ozaki T, Roedl R, et  al. Percutaneous radio
frequency ablation in osteoid osteoma. J Bone Joint Surg Br 
2001; 83: 391–396.

	50.	 Parmeggiani A, Martella C, Ceccarelli L, et al. Osteoid oste-
oma: which is the best mininvasive treatment option? Eur J 
Orthop Surg Traumatol 2021; 31(8): 1611–1624.

	51.	 Rosenthal DI, Springfield DS, Gebhardt MC, et al. Osteoid 
osteoma: percutaneous radio-frequency ablation. Radiology 
1995; 197: 451–454.

	52.	 Rehnitz C, Sprengel SD, Lehner B, et al. CT-guided radio-
frequency ablation of osteoid osteoma and osteoblastoma: 
clinical success and long-term follow up in 77 patients. Eur 
J Radiol 2012; 81(11): 3426–3434.

	53.	 Faddoul J, Faddoul Y, Kobaiter-Maarrawi S, et  al. Radio
frequency ablation of spinal osteoid osteoma: a prospective 
study. J Neurosurg Spine 2017; 26(3): 313–318.

	54.	 Klass D, Marshall T and Toms A. CT-guided radiofrequency 
ablation of spinal osteoid osteomas with concomitant peri-
neural and epidural irrigation for neuroprotection. Eur 
Radiol 2009; 19(9): 2238–2243.

	55.	 Rybak LD, Gangi A, Buy X, et al. Thermal ablation of spinal 
osteoid osteomas close to neural elements: technical consid-
erations. Am J Roentgenol 2010; 195(4): W293–W298.

	56.	 Vanderschueren GM, Obermann WR, Dijkstra SPD, et  al. 
Radiofrequency ablation of spinal osteoid osteoma: clinical 
outcome. Spine 2009; 34: 901–904.

	57.	 Albisinni U, Facchini G, Spinnato P, et  al. Spinal osteoid 
osteoma: efficacy and safety of radiofrequency ablation. 
Skeletal Radiol 2017; 46(8): 1087–1094.

	58.	 Lanza E, Thouvenin Y, Viala P, et  al. Osteoid osteoma 
treated by percutaneous thermal ablation: when do we fail? 
A systematic review and guidelines for future reporting. 
Cardiovasc Intervent Radiol 2014; 37(6): 1530–1539.

	59.	 De Filippo M, Russo U, Papapietro VR, et al. Radiofrequency 
ablation of osteoid osteoma. Acta Biomed 2018; 89: 175–185.

	60.	 Maybody M, Soliman MM, Hwang S, et al. Impact of mag-
netic resonance imaging (MRI) findings on management 
of symptomatic patients following radiofrequency ablation 
(RFA) of osteoid osteoma (OO). SN Compr Clin Med 2020; 
2: 2170–2177.

	61.	 Tepelenis K, Skandalakis GP, Papathanakos G, et al. Osteoid 
osteoma: an updated review of epidemiology, pathogenesis, 
clinical presentation, radiological features, and treatment 
option. In Vivo 2021; 35(4): 1929–1938.

	62.	 Shu M and Ke J. The surgical management of osteoid oste-
oma: a systematic review. Front Oncol 2022; 12: 935640.


