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ABSTRACT

Background: We performed a retrospective evaluation of histological and imaging results of patients submitted to
computed tomography (CT)-guided biopsy for vertebral fractures (VFs) of unknown etiology to evaluate the
pathological causes of fractures and also to observe the diagnostic results of imaging studies available.

Methods: We retrospectively reviewed all the CT-guided vertebral biopsies performed in our institution in the last
2 years, selecting patients with VF of unknown etiology. We reviewed clinical records, imaging studies, and histological
examination results. We compared diagnostic performance of the 2 most sensitive imaging modalities for detection of
malignancy on the collapsed vertebral body: magnetic resonance imaging (MRI) and positron emission tomography-CT
(PET-CT). Anatomopathological results have been considered the gold standard to assess the diagnostic performance of
imaging studies. Age stratification has been performed to understand the distribution of different anatomopathological
diagnoses in age groups.

Results: Among 282 CT-guided vertebral biopsies, 36 (12.8%) have been performed to diagnose the etiology of
VF of unknown origin. In 26/32 (81.3%), the vertebral biopsy was diagnostic: 8 osteopenia, 6 multiple myelomas, 4
osteomyelitis, 2 eosinophilic granuloma, 3 metastases, 1 mastocytosis, 1 Paget’s disease, and 1 dysmielopoiesis. In 6
cases, the anatomopathological diagnosis was normal bone structure, most likely excluding malignancy. There were no
statistically significance differences between MRI and PET-CT results (P = 1.0000).

Conclusions: Multiple myeloma and osteopenia represent the most frequent causes of this condition in adult
patients, while eosinophilic granuloma and osteomyelitis in pediatric patients. Computed tomography-guided biopsy
permits one to reach diagnosis in most of cases. Both PET and MRI could be insufficient to discriminate benign from
malignant causes of fractures. Computed tomography-guided biopsy is needed when the etiology of fracture remains

unclear.
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INTRODUCTION

Nontraumatic vertebral fractures (VFs) are a
relatively common finding, especially in elderly
patients and in postmenopausal women. In the
majority of cases, they are attributable to a
condition of osteoporosis, although other diseases
such as neoplasm and infections can also lead to
VFs.! In the pediatric population, nontraumatic
VFs are rarer than in elderly patients, and the
spectrum of diagnosis is significantly different,
mainly concerning inflammatory diseases rather
than metabolic or malignant.?

Nevertheless, in a small percentage of these
fractures, the causes remain undetermined after

clinical, laboratorial analyses, and also after the
results of diagnostic imaging procedures, both in
pediatric and adult patients. Differentiating between
benign and malignant VFs has important therapeu-
tic and prognostic implications.”

Conventional radiograph (XR) of the spine is the
first diagnostic approach to these patients after
clinical, laboratory, and anamnestic evaluation.
Conventional radiograph shows some difficulties
in distinguishing whether the fracture represents a
consequence of osteoporosis, a metastatic lesion, or
primary bone neoplasm. Computed tomography
(CT) offers more information, helping in the
evaluation of the degree of cortical bone destruc-
tion.* Magnetic resonance imaging (MRI) is con-
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sidered the most helpful imaging tool to provide the
basis for the distinction between neoplastic and
acute osteoporotic fractures. Nevertheless, MRI can
hardly lead to the correct diagnosis if strong bone
edema is present.” Positron emission tomography-
CT (PET-CT) represents a very useful tool that can
help to differentiate benign and malignant vertebral
collapse, and it is able to evaluate the entire skeletal
system and also extraskeletal regions in a single
examination. However, PET-CT results could be
positive in different pathological conditions, both in
malignant and benign vertebral collapse.’

Computed tomography-guided vertebral biopsy
(CTgVB) is known to be a safe and effective
procedure to establish the correct diagnosis of
spinal lesions and showed a higher success rate than
fluoroscopic guided spinal biopsy.®’

The aim of our study was to observe the
diagnostic results of CTgVB in patients with VFs
of uncertain etiology. More generally, our purpose
was also to evaluate the diagnostic management of
these patients, the role of diagnostic imaging tools
available with particular regard on PET-CT studies,
and also to analyze the causes of these fractures.

MATERIALS AND METHODS

We retrospectively reviewed all the 282 CTgVBs
performed in our institution in the last 2 years,
including in the study only patients submitted to
CTgVB for the diagnosis of VFs of uncertain cause.
The criteria of inclusion in the study were unclear
radiologic features of VFs at previous examinations
(XR, CT, and MRI) and/or clinical history at
anamnesis that complicated diagnosis.

We reviewed clinical records, imaging studies,
and histological examination results of patients with
nontraumatic VFs of uncertain etiology submitted
to CTgVB. Vertebral fractures have been identified
as loss in vertebral body height with visual
semiquantitative assessment performed on XR and
CT in consensus by 2 expert skeletal radiologists.

All biopsies have been performed by expert
skeletal interventional radiologists in our institu-
tion. Anatomopathological result has been consid-
ered the gold standard to assess the diagnostic
performance of all the imaging studies available.
Additional immunohistochemical analyses on biop-
sy specimen have been performed in selected cases
(especially in metastases and other neoplastic
lesions).

Age stratification has been performed to under-
stand the distribution of different anatomopatho-
logical diagnoses in different age groups: pediatric
patients (0—17 years), young adults (18-45 years),
middle-aged adults (45-65 years), and elderly
patients (>65 years).

The study was conducted following the Declara-
tion of Helsinki with local institution review board
approval.

Technical Notes

All biopsies have been performed with 8-, 11-, or
14-gauge biopsy needles, length: 10-15 cm.

Computed tomography images of both diagnostic
and biopsy procedures have been acquired with
Brilliance CT 16 slice (Philips Medical Systems,
Cleveland, OH).

Fluorodeoxyglucose (FDG) PET-CT: Whole-
body FDG PET-CT was carried out using standard
procedures. Briefly, 3 to 5.7 MBq/kg of 18F-FDG
were intravenously injected; 6 hours of fasting was
required for all patients before injection. Antidiabetic
therapy was discontinued during the day of the
examination. The uptake time was 60 minutes for all
patients. Images were acquired on a 2-dimensional
(2D) tomographic mode (GE, Discovery LS; GE
Healthcare Technologies, Milwaukee, WI) for 4
minutes/bed position or on a 3-dimensional (3D)
tomographic mode (GE, Discovery STE; GE Health-
care Technologies) for 2 minutes/bed position. Low-
dose CT (120 kV, 80 mA) was performed, both for
attenuation correction and as an anatomical map.

Criteria to define PET-CT positivity included the
following: either presence of focal areas of detect-
able increased tracer uptake within the spine (eg,
more intense than background bone marrow up-
take) excluding articular processes, with or without
any underlying lesion identified by CT, or a
standardized uptake value maximum based on body
weight accordingly to standard formula >2.5 within
osteolytic CT areas exceeding | cm in size or >1.5
within osteolytic CT areas ranging between 0.5 and
1 cm in size.

Magnetic resonance imaging studies have been
performed in several medical centers with different
equipment but all with 1.5 Tesla magnet with
standard protocol.

Statistical Methods

Results are reported as frequencies or mean and
standard deviation. Data were analyzed by McNe-
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Figure 1. Distribution of patients’ age.

mar’s test, Fisher’s test, y’> test, normality test
(Shapiro-Wilk test and Kolmogorov-Smirnov test).
Two-tailed P was considered significant for values
less than .05.

The SPSS (version 21; Armonk, New York) was
used to perform the statistical tests mentioned
above.

RESULTS

Among 282 CTgVBs performed in our institution
in the last 2 years, 135 have been carried out to
diagnose vertebral expansive lesions clearly detected
on radiological studies in patients without history of
malignancy (135/282, 47.8%; concomitant VFs in
28.9% of them), 71 to confirm spondylodiscitis also
with microbiological analysis (71/282, 25.2%; con-
comitant VFs in 36.6% of them), 40 to confirm a
suspected vertebral metastasis or local recurrence in
patients with history of malignancy (40/282, 14.2%;
with concomitant VFs in 45% of them), and only 36
(36/282, 12.8%) have been requested to differentiate
the cause of VFs of unknown origin. Considering all
the 282 CTgVBs, 119 (119/282, 42.2%) have been
performed on VFs, and 36 of these have been
carried out in VFs of unclear origin (36/119,
30.3%). Thirty-six CTgVBs have been performed
on 32 patients (mean age 57.1 = 23.3 years, range
6-78 years; 13 males and 19 females), Figure 1. The
patients presented 1 (20 patients, 20/32, 62.5%) or
more than 1 (12 patients, 12/32, 37.5%) non-
traumatic VFs. In 26 of 32 patients (81%),
pathological examination of the biopsy specimens
was diagnostic (Figure 2): 8 bone thinning, osteo-
penia (8/26, 30.8%), 6 multiple myeloma lesions (6/

Normal bone structure
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|
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Figure 2. Anathomopathological results.

26, 23.1%), 4 osteomyelitis (4/26, 15.4%), 2
eosinophilic granuloma (2/26, 7.7%), 2 lung cancer
metastases (2/26, 7.7%), 1 kidney cancer metastasis
(1/26, 3.8%), 1 mastocytosis (1/26, 3.8%), 1 Paget’s
disease (1/26, 3.8%), and 1 dysmielopoiesis second-
ary to aspecific systemic disease (1/26, 3.8%). In the
other 6 patients (6/32, 18.7%), the anatomopatho-
logical examinations showed normal trabecular and
medullar bone structure. In 1 of them, the surgical
biopsy confirmed normal bone structure. In 4 of
these patients, the VFs were subsequently consid-
ered as nonneoplastic, reviewing clinical, laborato-
rial, and imaging studies together with the
anatomopathological results. In 1 patient (male, 8
years old), CTgVB, which was repeated twice (on T8
and T11 vertebra), excluded neoplasm or infections,
but the cause remain unexplained. A PET-CT scan

Figure 3. Magnetic resonance imaging study (sagittal fat suppression T2
weighted on the left) showed multiple vertebral fractures in an 8-year-old patient;
PET-CT was negative (on the right). Biopsy has been performed on 2 different
vertebral bodies without any diagnosis (normal bone structure).
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Figure 4. Computed tomography-guided vertebral biopsy level (not
considering procedure’s repetitions).

was negative, and MRI found no focal lesions, but
bone edema in multiple vertebrae (Figure 3).

Twelve patients out of 32 (37.5%) presented
history of malignancy, and only in 2 of them (2/12,
16.7%) metastases have been detected on the
collapsed vertebrae. In the other 20 patients (20/
32, 62.5%) without history of malignancy, neo-
plasms have been diagnosed 7 times (7/20, 35.0%; 1
metastatic lesion and 6 multiple myeloma lesions).

In 4 out of 32 patients (12.5%), physicians
repeated biopsies, and in 1 of them, the diagnosis
of multiple myeloma was obtained at the second
histological evaluation. In the other 3 patients
submitted to a second CTgVB. the first diagnosis
was confirmed (osteomyelitis, eosinophilic granulo-
ma, and normal bone structure). In the 2 patients
with eosinophilc granuloma, this condition was
clinically suspected, and extemporary anatomopath-
ological evaluation was planned and performed
together with a further corticosteroid injection on
vertebral body using the same needle.

Our patients’ ages were not normally distributed (P
=.000 using the Shapiro-Wilk test and P =.003 using
the Kolmogorov-Smirnov test). In young adults,

atraumatic VFs are rare, and there were none in
our series between 11 and 44 years of age (Figure 1).

In patients presenting more than 1 VF, the
frequency of malignancy seems to be lower than
the frequency of malignancy in patients with a single
VF, even if there is no statistically significant
correlation in our limited group of patients (P =
.077). And in the same way, the higher the number
of VFs, the higher the probability of a benign
diagnosis (P = .088).

Vertebral biopsies have been performed on
different vertebral bodies as shown in Figure 4,
not considering procedure repetition.

No complications have been observed after
biopsy procedures.

Twenty-four patients submitted to CTgVBs also
underwent a standard FDG PET-CT whole body
evaluation. Regarding functional imaging, FDG
PET-CT turned out positive in 15/24 patients.
Twelve scans were true positive (malignancy or
inflammation), 7 true negative, 2 false negative, and
3 false positive, leading to an overall sensitivity of
86%, specificity of 70%, and accuracy of 80%.

In particular, FDG PET-CT was falsely negative
in a mature plasmacytoma and eosinophilic granu-
loma, while it was falsely positive in 3 patients with
normal bone structure.

Magnetic resonance imaging suspected neoplastic
fracture in 4 patients with negative pathological
results (3 bone thinning and 1 normal bone
structure). Moreover, MRI did not detect any lesion
in 4 patients with malignant VFs (3 myeloma lesions
and 1 metastatic lesion), and 3 of them (75%)
presented bone edema in the collapsed vertebra.

Considering patients submitted to both MRI and
PET-CT examinations, there were no statistically
significant differences between the 2 techniques’
results in detecting malignancy on the collapsed
vertebrae (P = 1.0000).

Considering separately pediatric patients enrolled
in the study, we had 5 patients (5/32, 15.6%) who
underwent CTgVBs for VFs of unknown origin.
None of them presented history of malignancy.
Anatomopathological results showed 2 osteomyeli-
tis (2/5, 40%), 2 eosinophilic granuloma (40%), and
1 normal bone structure with biopsy repeated with
the same result excluding malignancy (10%).

No young adult patients (considering 1840 years
range) have been enrolled in the study (no patients
found between 11 and 44 years old).
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Figure 5. Magnetic resonance imaging studies (sagittal fat suppression T2
weighted) showed fracture of T6 in a 6-year-old patient (on the left) and fracture
of T9 and T11 in an 8-year-old patient (on the right) with similar radiologic
patterns but different anatomopathological results: osteomyelitis (on the left) and
eosinophilic granuloma (on the right).

Considering separately middle-aged adults (45-65
years old) enrolled in the study, we had 12 patients
(12/32, 37.5%). Three of them presented history of
malignancy, and in 1, metastatic involvement was
found (1/3, 33.3%). None of them presented a
known condition of osteoporosis. Anatomopatho-
logical results showed 4 myeloma lesions (4/12,
33.3%), 3 osteopenia/bone thinning (25.0%), 1
Paget’s disease (8.3%), 1 mastocytosis (8.3%), 1
dysmielopoiesis secondary to aspecific systemic
disease (8.3%), 1 normal bone structure (8.3%),
and 1 metastases (8.3%).

Considering separately elderly patients (>65
years old) enrolled in the study, we found 15
patients (15/32, 46.9%) submitted to CTgVB for
VFs of unknown etiology. Six of them presented
history of malignancy, and in 2, metastatic involve-
ment was found (2/6, 33.3%). Anatomopathological
results showed 5 osteopenia/bone thinning (5/15,
33.3%), 4 normal bone structure (26.7%), 2
osteomyelitis/spondylodiscitis (13.3%), 2 myeloma
lesions (13.3%), and 2 metastases (13.3%).

DISCUSSION

Confirming the diagnosis of atraumatic VFs in
seniors with a past history of malignancy and
osteoporosis can present a clinical challenge, as
reported by other previous studies.>® Moreover, it
has been already reported in the literature by several
studies that, in presumed osteoporotic VFs after
histological analysis, an unexpected diagnosis of
malignancy can occur in about 4-5% of patients.”'°
In elderly patients, the goal is to discriminate

>44 years old patients (27 subjects)

u Myeloma/Plasmocitoma
® Osteopenia/Bone Thinning
D Normal Bone structure

D Other

Figure 6. Anatomopathological diagnosis in patients 44 years old or older
(range 44-78 years).

malignant VFs from osteoporotic fractures, and
CTgVB is the appropriate tool when doubtful
imaging findings occur, especially if a history of
malignancy is present. We also found 2 spondylo-
discitis in elderly patients included in the study that
were not suspected after clinical and radiological
evaluations.

In our experience, it could be difficult to diagnose
the correct cause of VFs also in pediatric patients
(Figure 5). Even if the spectrum of pathologies is
limited in this population, the correct diagnosis is
essential to carry out the appropriate therapeutic
strategies.

Computed tomography-guided vertebral biopsy
seems to be appropriate and safe for patients with
nontraumatic VFs of unknown etiology, showing
high diagnostic performance. Furthermore, in many
patients, this procedure could be the only available
diagnostic tool, especially when clinical, radiologi-
cal, and laboratorial findings are not able to identify
the cause of VFs.

<11 years old patients (5 subjects)

Normal bone structure

ms pondylodiscitis /Oste
omyelitis

WE osinophilic
granuloma

Figure 7. Anatomopathological diagnosis in patients 10 years old or younger
(range 6-10 years).
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According to our results, osteoporosis and multi-
ple myeloma lesions seem to be the most common
causes of idiopathic nontraumatic VFs, especially in
patients older than 45 years (Figure 6). Considering
the pediatric patients included in our study, repre-
sented by 10-year old patients or younger, osteomy-
elitis and eosinophilic granuloma are the most
common cause of nontraumatic VFs (Figure 7).

Regarding the different anatomopatholgical re-
sults found in various age stages, we see that
malignant diagnoses are more frequent in the
middle-aged adult population (41.7%) than in the
elderly (26.7%) and children (0%). As expected,
anatomopathological signs of bone thinning/osteo-
penia are more frequent in elderly patients (33.3%)
than in middle-aged adults (25.0%) and children
(0%). These results confirm that, in young popula-
tions, osteoporotic fractures are rare, and the
occurrence of nontraumatic VFs strongly suggests
other pathologic conditions (neoplasm, infections/
inflammations). The radiological evidence of reduc-
tion in the vertebral body’s height in young patients
with normal radiological appearance of bone
structure (without signs of bone loss) must be
considered suspect, and further analyses are recom-
mended. Computed tomography-guided vertebral
biopsy is appropriate and useful in these cases,
especially if suspicious clinical findings such as back
pain resistant to medical therapy, presence of
inflammatory and/or tumoral markers, and weight
loss are present.

Only in 3 patients (3/32, 9.3%), the cause of
undetermined VFs was represented by a metastatic
bone involvement, perhaps due to the good perfor-
mance of diagnostic examinations (especially MRI
and CT) in the detection of focal lesions in fractured
vertebrae.’

However, in a small percentage of patients, the
etiology of VFs remains unknown, but in these cases
after CTgVB with nondiagnostic results, malignan-
cies are most likely excluded, and imaging and
clinical follow up is sufficient.

Regarding functional imaging, FDG PET-CT
was proved to provide good results in characterizing
the cause of the fracture (inflammation/malignancy
versus osteoporotic). Of course, we had some false
positive results probably related to a recent fracture
still showing inflammatory aspects and a false
negative related to well-differentiated malignancies
(that are usually low metabolic) or chronic inflam-
mation. Of course, FDG PET-CT cannot differen-

Figure 8. Magnetic resonance imaging showed recent L1 fracture with strong
bone edema (short tau inversion recovery sagittal sequence; on the right) and
fluid in paravertebral space (arrows), without focal lesions detectable. Computed
tomography confirmed the fracture (upper left). Computed tomography-guided
vertebral biopsy, performed on L1 (down left), revealed multiple myeloma.

tiate benign (inflammatory) versus malignant
vertebral collapse due to the aspecific uptake
mechanism of FDG, which i1s enhanced both in
inflammation and cancer. Moreover, false negative
PET-CT results on multiple myeloma lesions are
expected, as occurred to 1 patient of our study, and
as showed by other previous researches at diagnosis
of the disease especially in diffuse or micronodular
spine involvement.'"-'?

Magnetic resonance imaging could be insuffi-
cient, especially if strong edema is present on the
collapsed vertebra (Figure 8). Recent studies
showed the good diagnostic potential of 3 Tesla
MRI machines in differentiating benign from
malignant VFs, particularly using diffusion-weight-
ed imaging."?

The limits of this study are represented by the
retrospective nature of the research, the few number
of patients, and the MRI studies performed on
different types of equipment.

Computed tomography-guided vertebral biopsy
in most cases leads to the diagnosis of the disease
and can help in choosing in a short time the
appropriate treatment strategies for these patients.
However, CTgVB is an invasive procedure, and in
our opinion, it must only be performed only after
accurate clinical, laboratory, and anamnestic eval-
uation of these patients and when imaging diagnos-
tic tools (XR, CT, MRI, and possibly PET) do not
certainly individuate the cause of nontraumatic
VFs. In selected cases, CTgVB could be requested
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by oncologists also in most likely metastatic VFs if
it is necessary to define the immunohistochemical
features of lesions to assess the correct therapeutic
strategies.
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