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Imaging Findings of Solitary Spinal Bony Lesions and
the Differential Diagnosis of Benign and
Malignant Lesions
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Objective : The purpose of this study was to present the MRI and CT findings of solitary spinal bone lesions (SSBLs) with the aims of aiding the dif-
ferential diagnoses of malignant tumors and benign lesions, and proposing a diagnostic strategy for obscure SSBLs.

Methods : The authors retrospectively reviewed the imaging findings of 19 patients with an obscure SSBL on MRI at our hospital from January
1994 to April 2011. The 19 patients were divided to benign groups and malignant groups according to final diagnosis. MRI and CT findings were
evaluated and the results of additional work-up studies were conducted to achieve a differential diagnosis.

Results : At final diagnoses, 10 (52.6%) of the 19 SSBLs were malignant tumors and 9 (47.4%) were benign lesions. The malignant tumors included
6 metastatic cancers, 3 multiple myelomas, and 1 chordoma, and the benign lesions included 4 osteomyelitis, 2 hemangiomas, 2 nonspecific chronic
inflammations, and 1 giant cell tumor. No MRI characteristics examined was found to be significantly different in the benign and malignant groups.
Reactive sclerotic change was observed by CT in 1 (10.0%) of the 10 malignant lesions and in 7 (77.8%) of the 9 benign lesions (p=0.005).
Conclusion : Approximately half of the obscure SSBLs were malignant tumors. CT and MR findings in combination may aid the differential diagno-
sis of obscure SSBLs. In particular, sclerotic change on CT images was an important finding implying benign lesion. Finally, we suggest a possible

diagnostic strategy for obscure SSBLs on MRI.
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INTRODUCTION

Multiple spinal bone lesions are usually malignant tumors
such as metastatic disease, myeloma and lymphoproliferative
disorder, and therefore these tumors can be easily diagnosed
based on considerations of clinical data'?. In contrast, diagnoses
of solitary spinal bone lesions (SSBLs) can be difficult because a
spectrum of SSBLs, including benign and malignant primary
bone tumors, metastatic tumors, pseudo-tumors, can be involve
the spine>'*!*!®). Furthermore, malignant SSBLs are associated
with significant morbidity and mortality, and thus, accurate and
early diagnosis is important for planning treatment.

Magnetic resonance imaging (MRI) plays a central, initial
role in the differential diagnosis of SSBLs. Typical MRI findings
such as location and enhancement patterns usually enable a di-
agnosis to be made. However, the differential diagnosis of SS-

BLs based on MRI findings can occasionally be difficult, be-
cause of nonspecific or atypical finding, thus, further evaluation,
such as additional radiological, laboratory, and/or radionuclide
studies may be necessary>*'!*19, In some cases, an invasive bi-
opsy is required to achieve a differential diagnosis, but the re-
sults may not provide final diagnosis of SSBL.

The purposes of this study were to present the MRI and CT
findings of SSBLs, and our results regarding the differential di-
agnosis of malignant tumors and benign lesions, to suggest a
diagnostic strategy for obscure SSBLs.

MATERIALS AND METHODS

We retrospectively reviewed the records of 59 consecutive pa-
tients admitted for the evaluation of a SSBL found on MRI at
our hospital from January 1994 to April 2011. The inclusion cri-
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teria were as follows : 1) an obscure SSBL on initial MRI requir-
ing the differential diagnosis of a malignant tumor and benign
lesion based on musculoskeletal radiologists interpretation, 2)
solitary lesion by a sequential whole spine imaging study, and 3)
histological confirm based on biopsy of the spinal lesions, or the
primary sites of metastatic tumors. Typical malignant tumors
and benign lesions as determined by MRI were excluded based
on the radiologist’s opinion. Patients with a known primary ma-
lignant tumor were also excluded.

Of 59 patients, 19 fulfilled the inclusion criteria. The medical
records, including the clinical manifestations and pathological
results, of these 19 patients were reviewed. The 19 patients were
divided into benign and malignant group based on final histo-
logical results. All MRI and CT images were reviewed by an ex-
perienced musculoskeletal radiologist. MRI findings were ana-
lyzed with respect to cortical disruption, margin of abnormal
signal, pedicle involvement, posterior element involvement, de-
gree and pattern of enhancement, epidural extension, signal of
T2-weighted image (T2WI), paravertebral soft tissue lesion,
and vertebral collapse. CT findings were analyzed for destruc-
tive pattern, mineralization, such as, calcification or ossification,
and reactive sclerotic change.

The results of additional work-up studies performed to achieve
differential diagnoses were also reviewed and evaluated. These
additional studies included chest, abdominal, and pelvic CT,
laboratory studies, bone scans or positron emission tomogra-
phy/CT (PET/CT), and regional biopsies.

Intergroup differences of age, sex, MRI, and CT findings were
analyzed using Mann-Whitney test or chi-square test (SPSS ver-

Table 1. Patient characteristics
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sion 12.0 for Window, SPSS Inc., Chicago, IL). Statistical signifi-
cance was accepted for p values of <0.05.

RESULTS

Patient’s characteristics are shown in Table 1. The 19 patients
included 8 men and 11 women of overall average age 52.8 years
(range, 15-83 years). Nonspecific local pain, which affected in
15 patients, was the most common symptom. Three patients
had motor weakness and one patient was asymptomatic. The
lesions were located on the cervical region in 5, in the thoracic in
6, in the lumbar in 7, and in the sacral in one. According to final
diagnosis, 10 (52.6%) of the 19 SSBLs were malignant tumors
and 9 (47.4%) were benign lesions. Patients’ mean ages were 58.4
and 46.7 years in the malignant and benign groups (p=0.236),
and group gender ratios were similar.

The malignant tumors included 6 metastatic cancers, 3 multi-
ple myelomas, and 1 chordoma. The primary histological diag-
noses of metastatic tumors were lung carcinoma in 3, renal cell
carcinoma in 1, cholangiocarcinoma in 1, and thyroid carcinoma
in 1. Benign lesions included 4 osteomyelitis, 2 hemangiomas, 2
nonspecific chronic inflammations, and a giant cell tumor.

MRI and CT findings of SSBLs

The MRI findings of malignant and benign SSBLs are de-
scribed in Table 2. Vertebral body cortical disruption, lesion mar-
gins, pedicle involvement, epidural extension, MR enhancement
degree and pattern, T2WI signal changes, and paravertebral
soft tissue lesion were not significantly different in two groups.

Patient no. Sex Age(years) Level Symptom Final diagnosis
1 F 67 S Pelvic pain Chordoma
2 F 44 C Neck pain, left arm numbness Metastasis (Cholanigocarcinoma)
3 M 42 C Neck pain Metastasis (Renal cell carcinoma)
4 F 50 L Back pain Metastasis (Lung cancer)
5 F 51 T Paraparesis Metastasis (Lung cancer)
6 F 55 L Paraparesis Metastasis (Lung cancer)
7 F 83 T Paraparesis Metastasis (Thyroid cancer)
8 M 66 C Neck pain Multiple myeloma
9 M 57 L Back pain Multiple myeloma
10 M 69 L Back pain Multiple myeloma
11 F 67 T Back pain Hemangioma
12 M 64 L Back pain Hemangioma
13 F 32 T Back pain Giant cell tumor
14 M 46 T Back pain Osteomyelitis (Tuberculous)
15 M 65 C Paraparesis Osteomyelitis (Bacterial)
16 M 27 L Back pain Osteomyelitis (Bacterial)
17 M 15 L Back pain Osteomyelitis (Fugal)
18 F 30 T General edema, weight gain Nonspecific chronic inflammation
19 F 74 C Neck pain Nonspecific chronic inflammation

C: cervical, T : Thoracic, L : lumbar, S : sacral
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Table 2. MRI findings of solitary spinal bone lesions

Two SSBLs involving bilateral pedicles

Malignant group ~ Benign group

were malignant tumors (Fig. 1). Verte-

(n=10) (n=9) pvalue bral collapse was observed in 7 (70.0%)
Cortical disruption 0303 of the 10 malignant lesions and in 2
Yes 9 (22.2%) of the 9 benign lesions, and
No 1 thus, tended to be higher in malignant
. ) groups (p=0.070) (Fig. 2).
M f ab 1 1 0.628
:/;giln:;ﬁa n;)rma e . 5 The CT findings of SSBLs are de-
eirdeline scribed in Table 3. Vertebral body de-
Ill-defined 6 7 . : :
struction and pattern, and lesion miner-
Pedicle involvement 1.000 alization were not significantly different
Yes 8(U6:B2) in the two groups. However, reactive
No 2(U2) 2 sclerotic change was seen in 1 (10.0%)
Involvement of posterior element 0.628 lesion in the malignant group and in 7
Yes 8 6 (77.8%) lesions in benign group, and
No 2 this difference was significant (p=0.005)
Epidural extension 0.303 (Fig. 3).
Yes 9 .
No ] 4 Additional work-ups for the
MR enhancement degree 1.000 dlffgren.tlal diagnosis of SSBL
Mild Vital signs and common laboratory
1
test findings were non-specific, other
Marked . . . . .
than in a single patient with candida
MR enhancement pattern 0628 spondylitis who showed mild leukocyto-
Homogenous sis and a high C-reactive protein level.
Heterogenous 6 7 Conventional tumor markers including
Signal of T2W1 AFP, CA125, CA19-9, CEA, and PSA
Bright high 2 4 were checked in 6 patients in malignant
Intermediate to low 8 group and in 5 in the benign group. Tu-
Paravertebral soft tissue lesions 0.350 mor markers were elevated in 3 patients
Yes 5 with a metastatic tumor and in one pa-
No 5 7 tient with a benign lesion. Serum pro-
Vertebral collapse 0,070 tein electrophoresis was performed for
Yes ; ) diagnosis of multiple myeloma in 5 pa-
N 3 ; tients in the malignant group and in 4
(o]

T2WI : T2-weighted image, U : Unilateral, B : bilateral

-
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Fig. 1. Axial T1-weighted MR images showing SSBLs. A benign lesion
involving unilateral pedicle (A) and a malignant lesion involving bilateral
pedicles (B).

the benign group. A positive finding
was obtained for 3 patients with multi-
ple myeloma and for one patient with lung cancer. All 4 pa-
tients in the benign group had negative findings.

CT of the chest, abdomen, and pelvis were performed to search
for primary tumors in all 19 study subjects. CT demonstrated 5
primary tumor sites except for 1 thyroid cancer. In a patient with
multiple myeloma, CT showed multiple metastatic lesions in the
chest and abdomen.

PET/CT was performed to search for possible metastatic and
primary tumor sites in 9 patients. In a patient with thyroid can-
cer, the primary tumor site was demonstrated by the PET/CT. In
a patient with granuloma, an additional lesion was confirmed
on left acetabulum. In the other 7 patients, PET/CT provided no
more information that CT of the chest, abdomen and pelvis.

A regional spinal biopsy was performed in 10 patients except
for the patients with metastatic tumor and multiple myeloma.
CT-guided biopsy was performed in 6 patients and open biopsy
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during decompression surgery was performed in 4. In 9 patients,
initial biopsy findings led to final diagnosis. In one patient, first
CT-guided biopsy did not lead to a final diagnosis, but repeated
CT-guided biopsy confirmed the lesion as hemangioma.

DISCUSSION

Final diagnoses of the 19 SSBLs showed that 52.6% were ma-
lignant tumors and 47.4% were benign lesions. Therefore, ap-
proximately half of obscure SSBLs on MRI were malignant tu-
mors, and most of these were secondary malignant tumors.
Lung cancer and myeloma were the most common cause of
malignant lesions. Chordoma was the only primary malignant
tumor. Generally, metastatic disease, myeloma, and lymphoma
are considered to be the most common cause of malignant spi-
nal tumors'. Excepting hemangioma, primary benign tumors
of the spine are uncommon'®. Therefore, an obscure SSBL on
MRI should be evaluated primarily with a focus on a metastatic
tumor or myeloma. In fact, about 10% of all cancer metastases
to the spine and 60% of spinal metastases are from breast, lung,
or prostate cancer. Renal and gastroin-
testinal malignancies each account for
about 5% of spinal metastasis*'?’. In pres-
ent study; there was no breast or prostate
cancer among the SSBLs. It has been
speculated that breast and prostate can-
cer are usually encountered as multiple
metastases due to a relatively long sur-
vival®. In benign lesions, vertebral osteo-
myelitis predominated, but causative or-
ganisms were various, including bacteria,
fungus, and mycobacterium. Further-
more, in the benign group, there were
two non-specific chronic inflammations,
and hemangioma and giant cell tumor
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sign and general laboratory tests provide no definite informa-
tion useful for differential diagnosis, except in the single case of
candida osteomyelitis. Patients with osteomyelitis showed no
fever, leukocytosis, or elevation of CRP. Vertebral osteomyelitis

Fig. 2. Sagittal T1-weighted MR image showing vertebral collapse of L5
in the malignant lesion.

IS
— RS -

Fig. 3. Imaging findings of a SSBL diagnosed a nonspecific chronic inflammation (Case 18).
Sagittal T1-weighted and axial gadolinium-enhanced MR images show a solitary lesion on T3 (A
and B). Axial CT scan shows reactive sclerotic change in the lesion (C).

Table 3. CT findings of solitary spinal bone lesions

were only benign tumors.

In the present study, we focused on the Mahg(rlll a:nlt (;g)mups Benl(grrllzggr)oups p value

differential diagnosis of malignant tu- ;
. . Destruction pattern 0.211

mors and benign lesions. In terms of de- Yes 0 .
mographics, ages at time of diagnosis Expansile 5 3
were 58.4 and 46.7 years in malignant Permeative s )
and benign group, respectively, which )
represent a non-significant. Generally, Compressive ! 0
when hemangiomas are excluded from External erosive 2 2
SSBLs, primary and secondary malig- Faint, focal fracture 0 2
nant tumors increase in proportion to No 0 2
patient’ age. In patients without a known Mineralization 0.474
malignancy, malignant tumors increase Yes 0 1
to 50% in the fourth decade and over No 10 8
90% in the seventh decade”. Fever, leu- Reactive sclerotic change 0.005*
kocytosis and elevation of CRP level Yes 1
could be characteristic for vertebral os- No 9

teomyelitis. However, in our cases, vital ~ “Statistically significant
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group. However, MRI characteristics
were not statistically significant between
two groups, which may be due to our

limiting the study to obscure lesions on

initial MR In fact, definite benign and

malignant lesions on MRI were exclud-

ed based on a radiologists opinion. In

addition, pedicle involvement is well-
known phenomenon of metastatic tu-

mors. However, as shown in Table 2, 7
(78%) of the 9 benign lesions showed

unilateral pedicle involvement, which
suggests that pedicle involvement does

not imply the presence of metastatic or
malignant tumor. Rather, our results in-

dicate that bilateral pedicle involvement
is probably a more reliable finding of ma-

lignant tumor. Our results are inconsis-

tent with the previous results presenting
meaningful MRI findings of malignant

Obscure solitary spinal bone lesion
17
Vital sign and routine laboratory study > Fever, leukogytos%s, eleYated CRP:
consider infection
Y
Spine CT Ly Reactive §cler051sf ml?leral{zatlon :
consider benign infection
17
Spine MR | Vertebral body cqﬂapse, leateral'pedlc.le
involvement : consider malignant infection
17
Chest, abdominal, and pelvic CT > If positive, then study for primary
17
. . If positive,
Serum protein electrophoresis, PSA > multiple myeloma or prostate cancer
Y
If positive,
Whole body RET/CT > exclude metastasis and multiple myeloma
Y
CT-guided biopsy or
Open biopsy during decompression 1 Confirm primary bone tumor or
benign lesion
Repeated CT-guided biopsy or open biopsy
17
All negative finding : MRI follow-up > No interval change : observation

tumors'®. We suppose that the discrep-

ancy may be due to the inclusion crite-

Fig. 4. Diagnostic algorithm for obscure SSBL on MRI.

can produce MRI patterns mimicking osseous metastases and
present with nonspecific, especially in the early stages*®. Fur-
thermore, when evaluating SSBL, the possibility of osteomyeli-
tis should always be considered. Essentially, clinical examina-
tion plays an important role in the diagnosis of metastasis and
infection. Constant pain and weight lose are characteristic of
metastasis, whereas constant pain and fever are characteristic of
osteomyelitis. In addition, medical history of a percutaneous
procedure, an immonocompromized state, and previous infec-
tion could be diagnostic clues of vertebral osteomyelitis.
However, the radiological findings contribute most to the dif-
ferential diagnosis of SSBLs. In particular, MRI is excellent at
detecting abnormalities, and has been reported to be superior
to other imaging modalities in evaluation of associated softtis-
sue, bone marrow infiltration, and intraspinal extension">!*1°.
MRI findings for the differential diagnosis of SSBLs include
cortical disruption, margin of abnormal signal, pedicle involve-
ment, posterior element involvement, enhancement degree and
pattern, epidural extension, T2WI signal intensity, the presence
of paravertebral soft tissue lesion, and vertebral collapse. Shih et
al.'¥ reported that an ill-defined margin, pedicle involvement, a
marked, heterogenous MR enhancement pattern, and an irreg-
ular nodular type paraverebral soft tissue lesion are MRI char-
acteristics of malignant solitary vertebral collapse. In addition,
pedicle change in the presence of an expansile lesion is an im-
portant MRI finding that totally excludes a benign cause.
Therefore, MRI can be a useful diagnostic tool for the differen-
tial diagnosis of solitary vertebral collapse. In the present study,
vertebral collapse showed a tendency to be higher in malignant

ria defined as obscure lesions on MRI.

The lesions showing definite malignant
features were excluded from our study. In addition, resultant co-
hort size was small and the MRI findings of each malignant le-
sion are somewhat different. Therefore, the previous MRI find-
ings indicating malignant tumor are still important for
differential diagnosis of benign and malignant lesions.

In many spinal bone tumors, MRI cannot provide further
characterization of lesions due to poor detection of matrix min-
eralization. On the other hand, CT is useful for evaluating le-
sion locations and detecting bone destruction and condensa-
tion">). In particular, CT provides further information about
growth rate of lesion. For example, sharp circumscribed lysis, a
sclerotic rim, calcification, and ossification indicate a slow grow-
ing lesion, whereas, permeative bony destruction indicates a
rapidly growing lesion. In the present study, a reactive sclerotic
change was found to be statistically meaningful finding of a be-
nign lesion. The prevalence of permeative bony destruction was
relatively high for malignant lesions, but not significantly. Other
bony destruction patterns were also not significantly different
between the two groups. Therefore, for obscure SSBLs on MR,
CT findings, such as, reactive sclerosis could provide important
differential diagnostic information. Nevertheless, for some slow-
growing metastases or plasmacytomas, sclerotic lesions could
be also present.

Although imaging modalities play important roles in the di-
agnosis, characterization and extension of spinal bone tumors,
it is not enough to make a final diagnosis for obscure SSBLs,
and thus, additional workup studies are required. Initially, the
possibility of a metastatic tumor should be ruled out, and thus,
chest, abdominal, and pelvic CT are essential. In the present
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study, CT was found to be useful for making a final diagnosis in
solid tumor, but not for multiple myeloma, and thus, laboratory
analysis including tumor makers and protein electrophoresis
should be considered. However, Destombe et al. found that tu-
mor makers are often false-positive and are of limited for iden-
tifying primary tumors”. lizuka et al.” reported that specific tu-
mor makers, such as, PSA, are useful for identifying primary
solid tumors. In present study, tumor marker provided little
useful information for final diagnoses. Rather, than tumor mark-
ers, serum protein electrophoresis may be useful for the diagno-
sis of multiple myeloma.

When a CT scan fails to provide a final diagnosis, radionu-
clide studies, such as, bone scan and PET/CT could be consid-
ered. Bone scans (99mTc-MDP) sensitively detect spinal metas-
tasis and allow screening of the entire skeleton in a single image,
but they are relatively insensitive for multiple myeloma and tu-
mors confined to bone marrow. Furthermore, fractures, degener-
ative diseases and benign lesion may be positive on bone scans®.
Actually, bone scan may not aid the differential diagnosis of
SSBL, and PET/CT appears to be more specific and accurate. In
addition, PET/CT is useful for investigating the primary sites of
metastatic tumors'". For SSBLs with a negative finding on chest,
abdominal and pelvic CT, a negative PET/CT finding can rule
out the presence of a metastatic tumor. Nevertheless, we recom-
mend that inexpensive spinal CT can contribute enough the
differential diagnosis of primary and benign lesions compared
with PET/CT, that is, an expensive diagnostic modality

If PET/CT findings are negative, a biopsy should be consid-
ered, though an invasive biopsy is not essential to achieve final
diagnosis of metastatic tumor and hematologic tumor. Howev-
er, for primary bone tumors or benign lesions, a regional biopsy
can enable a final diagnosis of SSBL. Traditionally, open biopsy
has been considered the gold standard for the diagnosis of mus-
culoskeletal lesions, because it provides adequate material for
histological and immunohistochemical studies in most cases.
However, for vertebral and deeply seated pelvic bone lesions,
open biopsy can be difficult and presents significant risks of
complications'>!”. Percutaneous CT-guided biopsy is both reli-
able and safe, and nowadays is considered the gold standard for
biopsies of the musculoskeletal system'®. However, for spine le-
sions, particularly lesions in the cervical segment, its accuracy is
still lower. Accordingly, if the histological diagnosis after percu-
taneous biopsy is doubt or the result is not consistent with clini-
cal and/or imaging findings, percutaneous needle biopsy should
be repeated. Even repeated biopsy fails to make the histological
diagnosis, serial MRI checking and clinical follow-up are rec-
ommended.

Based on our results and literature review, we suggest a possi-
ble diagnostic strategy for obscure SSBLs, as summarized in Fig.
1. However, the proposed diagnostic algorithm may be not opti-
mal, and thus, diagnostic steps can be modified or performed at
the different times based on individualized considerations.

This study has several limitations that warrant consideration.
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First, the cohort size was small because few patients satisfied the
inclusion criteria. In addition, the definition of obscure SSBL by
MRI was subject to considerable variability. Second, due to the
retrospective nature of this study, additional workup studies,
such as PET/CT, were not performed for all patients, and thus,
we were not able to estimate the quantitative diagnostic values of
individual workup studies.

CONCLUSION

Approximately half of the obscure SSBLs on MRI were found
to be malignant tumors, and most of the malignant tumors were
from metastasis or multiple myeloma. For benign lesions, ver-
tebral osteomyelitis due to various causative organisms was most
common. Combined CT and MRI finding was helpful for the
differential diagnosis of obscure SSBLs. In particular, sclerotic
change on CT images was an important finding implying be-
nign lesion. Finally, we suggest a possible diagnostic strategy for
obscure SSBLs found on MRL
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