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Abstract
Background Data: Osteoid osteoma is the most common cause of adolescent painful 
scoliosis. Although, plain radiography, bone scintigraphy and CT, have important role in its 
diagnosis, these modalities cause radiation hazards for the patients. MRI is safe, free from 
ionizing radiation, accurate in evaluation of a young patient with back-pain and scoliosis.
Study Design: This is a prospective study conducted on 12 young patients, presented 
clinically with a painful scoliosis and referred for CT & MRI examination.
Aim: to evaluate helical CT and MRI findings in adolescent painful scoliosis.
Patients and methods: This study was conducted on 12 adolescent patients, 7 males and 5 
females with an age range of 8–18 years, presented with painful scoliosis during the period 
from May 2011 to April 2014. CT and MRI are done for all patients. Surgery was performed 
in 11 patients.
Results: Nine patients were diagnosed as osteoid osteoma, two patients diagnosed as 
osteoblastoma & one patient diagnosed as aneurysmal bone cyst. On CT, a nidus was 
identified in 9 patients and reactive sclerosis was seen in 10 patients. MRI demonstrated 
the nidus in 8 patients and unilateral neural arch oedema with anterior extension to involve 
the ipsilateral posterolateral vertebral body in 9 patients. MRI features were correlated 
with CT.
Conclusion: The presence of unilateral neural arch oedema extending to involve ipsilateral 
posterolateral vertebral body in MRI evaluation of adolescent painful scoliosis, raises the 
possibility of spinal osteoid osteoma, so, CT is recommended to detect the presence of a 
nidus. (2015ESJ 069)
Keywords: CT, MRI, adolescent scoliosis, nidus.

Introduction
Painful scoliosis is a well-recognized 

presentation of spinal osteoid osteoma 
and osteoblastoma and is considered to be 
secondary to pain-provoked muscle spasm 
on the side of the lesion.27 Osteoid osteoma 
of the spine is a relatively rare tumor, 
which should be included in the differential 

diagnosis of any young patient with back 
pain, scoliosis or pain referred to the lower 
limb.25,26 Prompt diagnosis is important 
to reduce the duration of symptoms and 
the risk of structural spinal deformity. 
The characteristic imaging finding of 
this benign bony tumor is a radiolucent 
nidus surrounded by sclerotic, reactive 
trabecular bone. Osteoid osteomas tend 
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to occur in young people, ages from 10 to 20 years, 
with a male to-female ratio of approximately 2:1. 
The classic clinical symptom is bone pain that is 
more pronounced nocturnally and usually is relieved 
with non-steroidal anti-inflammatory drugs (eg, 
aspirin).22

Osteoblastoma accounts for less than 1% of 
all benign primary bone tumors of the spine, 
while osteoid osteoma accounts for up to 9%. 
Approximately 25% of all osteoid osteomas and 
between 30% and 50% of all osteoblastomas are 
located in the spine.1,13 Lesions are more common 
in the thoracic and lumbar spine than in the cervical 
spine.1,15 Both osteoblastoma and osteoid osteoma 
demonstrate a predilection for posterior elements 
of the spine, including the facets, pedicles, or 
lamina.2,15,26

Osteoid osteomas usually can be differentiated 
from osteoblastomas on the basis of their size.22 
The latter usually are larger, greater than 1.5 to 2.0 
cm in diameter, with bone expansion resulting in a 
predominantly lytic, expansile lesion.

An aneurysmal bone cyst is a benign, expanding, 
osteolytic bone lesion of unknown etiology. 
Aneurysmal bone cysts are relatively rare overall, 
accounting for only 1% to 2% of all primary bone 
tumors,22 and their peak incidence is in the second 
decade. Of all locations, the spine is involved in 
approximately 20% of cases, with the cervical and 
thoracic portions of the spine most often affected.11 
In addition, there is a predilection for involvement 
of the posterior elements of the spine.12,17,22

Patients and Methods
Twelve adolescent patients with painful scoliosis 

presented to Zagazig University hospitals over a 
3-year period. There were seven males and five 
females with a mean age of 13 (range 8–18) years. 
All patients were examined clinically; 7 patients 
had spinal deformity in the form of a lumbar curve 
(4 Patients) and a dorsal curve (3 patients). Five 
patients had lumbar spinal deformity together with 
neurological deficit (L5 radiculopathy in 3 patients 
and 2 patients with S1 radiculopathy).

Radiographs were available in 9 patients and 
done for the remaining 3 patients. All 12 patients 
had CT and MRI. CT was performed with a high 
speed helical CT scanner (GE MEDICAL SYSTEMS). 
MRI examination was performed on a 1.5 tesla 

superconducting MR imager (Philips-Achieva). MRI 
sequences included various combinations of T1-
weighted spin-echo and T2-weighted fast-spin-echo 
in the sagittal, axial and coronal planes. In three 
cases, gadolinium was administered.

Nine patients had lesions with characteristic 
appearances of osteoid osteoma on CT, with a 
demonstrable nidus having central mineralization, 
allowing a confident radiological diagnosis to be 
made. Spontaneous clinical resolution occurred in 
one of these nine patients.

The following imaging features were analyzed 
for each case: CT: presence and location of nidus 
and sclerosis; MRI: presence and pattern of 
neural arch and vertebral body edema (grade,  
distribution and extent), presence of an identifiable 
nidus and abnormality of the paraspinal or epidural 
space. Grading of the oedema pattern was based 
on a previously described system (8) as follows: 
Grade1: no perinidal edema, Grade2: thin rim 
of perinidal edema, Grade3: edematous change 
circumferentially distributed around the nidus, 
Grade4: extensive oedema more than in grade 3 
with or without involvement of adjacent soft tissues.

Surgical excision of the lesion was done in 11 
patients; 8 patients underwent enbloc resection 
with spinal instrumentation and fusion, the other 
three patients underwent surgical resection of the 
lesion with decompression of the affected nerve 
root only.

Results
The demographic data, CT findings, MRI findings 
are summarized inn table 1.
Computed tomography:
The nidus was demonstrated clearly in 9 cases. The 
nidus was located in the neural arch (pedicle, lamina 
or articular processes in 7 cases; spinous process 
in one case and transverse process in one case. 
Reactive sclerosis was demonstrated in 10 cases. 
(Figure 1-5)
Magnetic resonance imaging:
The nidus was identifiable in 8 cases, typically 
showing intermediate signal intensity (SI) on T1-
weighted SE sequences and hypointensity on T2-
weighted FSE sequences. Focal signal void due to 
matrix mineralization was also occasionally evident. 
In the two cases where gadolinium was given, 
perinidal enhancement of marrow edema was 
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noted. Edema was classified as grade 4 in 8 cases. 
The epicenter of the oedema was in the region of the 
pedicle in 9 of the 12 patients. In one patient, edema 
was seen predominantly in the transverse process, 
and in the spinous process in another patient. In 
the 9 cases where marrow edema was centered 
on the pedicle region, the oedema classically 
extended anteriorly into the vertebra involving the 
posterior ipsilateral one third to two thirds of the 
vertebral body. In four patients, oedema was seen 
at two levels, also involving the neural arch of an 
adjacent vertebra. Involvement of the spinal canal 
was limited to oedema in the epidural fat in two 
patients and involvement of ipsilateral neural exit 
foramen in three patients. Reactive soft-tissue mass 
causing compromise of the central canal was seen 

in the case of aneurysmal bone cyst. The facet joints 
and adjacent intervertebral discs were normal in all 
patients. (Figure 1-5)

Biopsy obtained during surgery confirmed the 
diagnosis in all the patients and correlated well with 
their radiographic images. Immediate relief of the 
symptoms occurred in all patients who underwent 
surgical resection. Spinal deformity resolved 
spontaneously in the 7 patients who presented with 
scoliosis during 3 months period. Spinal instability 
occurred in 2 patients who underwent surgical 
resection only (3 patients). They had revision surgery 
and were stabilized with instrumentation and fusion. 
No recurrence occurred in any of the patients during 
the follow up period (18 months).

Table 1. Demographic data, CT, and MRI findings of studied cases.

Patient Sex Age CT findings MRI findings Biopsy

1 Male 16 Rt. pedicle nidus with reactive 
sclerosis

Rt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

2 Male 14 Lt. pedicle nidus with reactive 
sclerosis

Lt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

3 Female 12 Lt. pedicle nidus with reactive 
sclerosis

Lt. pedicle nidus with 
diffuse perinidal edema

Osteoid 
osteoma

4 Male 15 Rt. pedicle nidus with reactive 
sclerosis

Rt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

5 Male 13 Lt. pedicle nidus with reactive 
sclerosis

Lt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

6 Female 9 Rt. pedicle nidus with reactive 
sclerosis

Rt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

7 Male 12 Lt. pedicle nidus with reactive 
sclerosis

Lt. pedicle nidus with 
perinidal edema

Osteoid 
osteoma

8 Female 10 Spinous process nidus with reactive 
sclerosis

Spinous process edema 
extending into neural arch

Osteoid 
osteoma

9 Male 8 Rt. transverse process nidus with 
reactive sclerosis

Rt. transverse nidus & 
perinidal edema

Osteoid 
osteoma

10 Male 14 Lt. pedicle osteolytic lesion with 
reactive sclerosis & soft tissue mass

Lt. pedicle diffuse edema 
with soft tissue mass Osteoblastoma

11 Female 18
Expanding osteolytic destruction of 
body and relative neural arch, more 

at Lt. side

Large mixed intensity soft 
tissue mass with edema 
and multiple fluid levels

Aneurysmal 
bone cyst

12 Male 15 Lt. pedicle osteolytic lesion with 
reactive sclerosis

Lt. pedicle diffuse edema 
with soft tissue mass Osteoblastoma
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Figure 1. L5 right lamina osteoid osteoma (A-D) Axial CT cuts reveal enlarged sclerotic right lamina of L5 spine 
with a central nidus. (E-H) axial T2W MRI show enlarged right lamina of L5 with a central nidus and perinidal 
edema extending to right posterior aspect of L5 body.

Figure 2. T9 left pedicle 
osteoid osteoma. (A) Axial 
CT shows a mineralized 
nidus in the inferomedial 
aspect of the left pedicle 
of T9. (B) Axial T2-
weighted MRI shows 
extensive  medullary 
oedema in the neural 
arch and posterolateral 
vertebral body. The nidus 
is hypointense (arrow)

Figure 3. L4 spine osteoid 
osteoma. (A) Axial CT 
shows a heavily calcified 
nidus in the right lamina. 
(B) Axial T1-weighted 
MRI shows the nidus 
(arrow) with extensive 
central signal void due to 
calcification
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Figure 4. L1 spine aneurysmal bone cyst. (A) Dorso-lumbar AP&Lat radiograph show osteolytic destructive 
lesion in left pedicle and left body of L1 vertebra with scolisis and accentuated kyphosis. (B) axial CT scan of 
L1, bone window shows expanding osteolytic lesion occupying left pedicle, lamina and most of L1 body with 
soft tissue component encroaching upon thecal sac. T1-weighted MRI, pre (C) and post-contrast (D) show 
enlarged expanding destructive lesion of L1 left pedicle, lamina and most of vertebral body of mixed intensity 
and heterogenous enhancement and multiple fluid levels.

Figure 5. D 9 spine 
osteoblastoma. (A,B) axial 
CT scan show expanding 
osteolytic lesion in left 
pedicle and transverse 
process of D9 with bone 
destruction and soft tissue 
lesion partially encroaching 
upon left thecal sac.

Discussion
Spinal osteoid osteoma and osteoblastoma have 

been identified in previous studies as the most 
common lesions to produce a pain provoked reactive 
scoliosis.20 For this to occur, a muscle spasm would 
have to be predominantly unilateral and associated 
with lesions located to one side of the midline. 
Ten to twenty percent of osteoid osteoma occurs 
in the spine, with the commonest location being 
the lumbar vertebrae (59%), and in majority of the 
cases, the nidus is located in the neural arch.14,39

Osteoblastoma and osteoid osteoma are similar 
histologically, and the differential diagnosis is usually 
made on the basis of clinical and radiographic 
evaluation. Characteristic lesions larger than 2 cm 
are typically an osteoblastoma, lesions smaller 
than 1 cm are typically an osteoid osteoma. 
Osteoid osteomas are benign latent lesions that 
spontaneously regress, whereas osteoblastomas are 

benign but locally aggressive.19,22,24

In a comparison of medical and surgical treatment, 
Kneisl and Simon16 reported that long-term 
administration of non-steroidal anti-inflammatory 
drugs was as effective as excision for the treatment 
of osteoid osteoma. Medical treatment is often 
prolonged and associated with problems such as 
gastrointestinal irritation or bleeding. So, surgery 
may be preferred.

Because of the benign, aggressive behavior 
of osteoblastoma lesions, surgical treatment is 
indicated at diagnosis. Excision with extended, intra-
lesional curettage should be performed for most 
lesions. The entire nidus is excised with use of a high 
speed diamond bur and with the aid of a surgical 
loupe and a headlamp. Fusion and instrumentation 
can provide stability if spinal balance is jeopardized by 
removal of the lesion. If instrumentation is required, 
titanium instrumentation is recommended so that 
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high-quality postoperative computed tomographic 
or magnetic resonance images can be acquired to 
detect recurrence.35

For both lesions, improvement in the spinal 
deformity has been observed following complete 
surgical removal. Ozaki et al,24 reported improvement 
of scoliosis following resection of osteoid osteoma 
or osteoblastoma in sixteen of seventeen patients.

The classical clinical presentation of spinal osteoid 
osteoma is that of painful scoliosis. Other clinical 
features include nerve root irritation and night pain. 
Pain relief with aspirin is classical.34 However, the 
typical symptoms of osteoid osteoma are reported 
to occur only in one half to two thirds of patients.36 
Spontaneous resolution of osteoid osteoma, which 
occurred in one of our cases, has been previously 
reported.31,9 Although the natural history of osteoid 
osteoma is not fully understood, it appears to be of 
growth followed by eventual regression in a variable 
period, and it does not generally grow beyond 1cm. 
in size.5,6

In most cases of spinal osteoid osteoma, 
radiographs demonstrate an area of neural arch 
sclerosis at the apex of the concavity of scoliosis. 
In the thoracic region particularly, the nidus is 
usually not evident.20,27,28 CT has been considered 
the investigation method of choice to demonstrate 
and localize osteoid osteoma, and MRI has been 
considered to produce misleading appearances 
and cause diagnostic errors due to presence of 
associated soft tissue mass, bone marrow oedema 
and joint effusion.3,23 However, some authors 
recommend routine pre-operative imaging of spinal 
osteoid osteoma with CT and MRI in all cases.39 
The characteristic appearances of osteoid osteoma 
on CT are the presence of low-attenuation nidus 
with central mineralization and varying degrees of 
perinidal sclerosis.10

On plain radiography or CT imaging, an 
aneurysmal bone cyst typically appears as an 
osteolytic, expansile, multicystic lesion. Magnetic 
resonance imaging is useful for demonstrating the 
characteristic blood-fluid levels that are diagnostic 
of an aneurysmal bone cyst.22

The diagnosis of spinal osteoid osteoma is 
relatively straightforward when classical symptoms 
are present along with positive radiographs. In these 
cases, CT is probably the preferred examination 
method to confirm the diagnosis and localize the 

lesion prior to treatment. However, in children and 
young adults, when there are no classical clinical 
features, MRI is usually the next investigation 
method following plain radiography.4,33,40 Also, MRI 
is required to specifically document the effect of the 
lesion on the spinal canal and cord.29 Hence, it is very 
important to recognize the MRI features of spinal 
osteoid osteoma. The nidus of an osteoid osteoma 
can have a very heterogeneous, variable appearance 
on MRI, making characterization difficult.3,7,30 
Gadolinium administration has been suggested to 
improve conspicuity and detection of the nidus.3,18,38 
In addition, dynamic gadolinium-enhanced MRI 
has been shown to demonstrate osteoid osteoma 
with increased conspicuity compared with non-
enhanced MRI.18 In only one of our cases was 
gadolinium administered, with the demonstration 
of perinidal enhancement. However, the nidus was 
also visible on axial T2-weighted image in this case 
as a low signal intensity lesion surrounded by high 
signal intensity oedema. In the eight cases where 
a nidus was identifiable in our series, it was most 
conspicuous on axial T2-weighted images, as the 
oedema served to demarcate the lesion, facilitating 
detection of the nidus. The nidus typically showed 
low signal intensity on T2-weighted and intermediate 
signal intensity on T1-weighted images. Focal signal 
void due to matrix mineralization was occasionally 
evident.

In four of our cases, similar changes of oedema 
were noted on MRI, indicating that perinidal 
inflammatory changes can be present at multiple 
levels in spinal osteoid osteoma. Similar features 
have been reported with spinal osteoblastoma.30 
Whilst some studies have suggested an inverse 
relationship of perinidal oedema to the age of the 
patient and use of aspirin, others have not found 
such a correlation.3,8,32 No significant relationship 
has been proven between oedema and duration 
of symptoms.8 The possibility that vertebral lesions 
cause a higher grade of oedema has been suggested 
in a previously reported series of spinal osteoid 
osteoma.8

In our study, there was oedema of variable grades 
in all cases, and in 9 of the 12 cases, there was an 
extensive pattern of oedema in the region of the 
pedicle classically extending anteriorly to involve 
the posterolateral aspect of the vertebral body to a 
varying degree. In all of these 9 cases, the nidus was 
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located in the pedicle, lamina or articular facet.
Marrow oedema in the pedicle and vertebral body 

are by no means specific for osteoid osteoma. There 
is a differential diagnosis, including degenerative 
disc and facet joint disease, spondylolysis and 
pediculolysis.21

Misinterpretation of the changes of marrow 
oedema due to osteoid osteoma as malignancy or 
previous trauma can be minimized by recognition of 
the characteristic findings on MRI and by interpreting 
MRI in conjunction with other available images.37

Conclusion
The most characteristic MRI findings that should 

raise suspicion of the spinal osteoid osteoma 
diagnosis, in a painful scoliotic patients is oedema 
in the pedicle and lamina extending anteriorly to 
involve  the posterolateral vertebral body of the 
same side. On non-enhanced MRI, the nidus is 
optimally visualized on T2-weighted sequences, 
when it appears as a hypointense lesion surrounded 
by marrow oedema.
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دور الفح��ص بالأش��عة المقطعي��ة بالكمبيوت��ر والفح��ص بالرن�ين المغناطيس��ي في تش��خيص ح��الات الجنف 
الم��ؤلم لدى المرضى في س��ن المراهقة

البيانات الخلفية: ورم العظمانيات هو السبب الأكثر شيوعا لجنف المراهقين المؤلمة. وعلى الرغم من أهمية التصوير 
الشعاعي العادي، فان للأشعة الملونة والمقطعية دورا هاما في التشخيص. هذه الطرائق تسبب مخاطر الإشعاع للمرضى 

إلا أن التصوير بالرنين المغناطيسي فهو آمن وخالي من الإشعاع، مع الدقة في تقييم المريض.
الغرض: تقييم حالات الجنف المؤلم لدى المراهقين باستخدام الأشعة المقطعية والرنين المغناطيسي.

تصمي��م الدراس��ة: دراس��ة اس��تطلاعية أجري��ت عل��ى 12 مريض��ا الش��باب شمل��ت الفحص الس��ريري و الأش��عة المقطعية 
والرنين المغناطيس��ي.

المرض��ى و الطريق��ة: أجري��ت ه��ذه الدراس��ة عل��ى إثني عش��ر مريض��ا تراوحت أعمارهم ما بين ثمانية إلي ثمانية عش��ر 
س��نة وكان��وا س��بعة مرض��ى ذك��ور وخمس��ة مرض��ى إن��اث. وكان��ت ش��كواهم جميع��ا جن��ف م��ؤلم بالظه��ر. أجري��ت ه��ذه 
الدراس��ة بمستش��فيات جامع��ة الزقازي��ق م��ن ماي��و 2011 إلى أبري��ل 2014 وجمي��ع المرض��ى تم فحصه��م بالأش��عة المقطعي��ة 

والرن�ين المغناطيس��ي. وتم إج��راء جراح��ة لأح��د عش��ر مريض��ا منهم.
النتائ��ج: تب�ين م��ن ه��ذه الدراس��ة أن تس��عة مرض��ى يعان��ون م��ن ورم عظم��ى حمي��د بالفق��رات, ومريض��ان يعاني��ان م��ن 
استيوبلاس��توما, ومريض��ا واح��دا يعان��ى م��ن ت��ورم وعائ��ي دموي كيس��ى. أظهرت الأش��عة المقطعية مكمن ال��ورم العظمى 
الحمي��د بالفق��رات في تس��عة مرض��ى, بينم��ا الرنين المغناطيس��ي أظهرها في ثمانية مرضى فق��ط ولكنها أظهرت التغيرات 

بالزوائ��د العظمي��ة للفق��رات نتيج��ة لتورم الأنس��جة.
الخلاص��ة: الفح��ص بالرن�ين المغناطيس��ي مفي��د وفع��ال في اكتش��اف الورم العظم��ى الحميد للفق��رات في المرضى الذين 
يعان��ون م��ن آلام بالظه��ر مصحوب��ة بجن��ف في س��ن المراهق��ة حي��ث أنه��ا تكتش��ف التغ�ريات المصاحب��ة ل�ألورام العظمي��ة 
للفق��رات مبك��را كم��ا ان��ه فح��ص آم��ن لا يع��رض المري��ض لأي أش��عاع. أما الحالات الغ�ري واضحة التش��خيص فانه يوصى 

بفحصه��م بالأش��عة المقطعي��ة ح��الا لس��رعة التش��خيص وبالتال��ي العلاج.

الملخص العربي


