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Abstract: Skeletal metastases occur with many malignancies, but they are most common in carcinomas of the breast (47-
85%), prostrate (54-85%), lung (32%), kidney (33-40%), and thyroid (28-60%). Most bone metastases are hematogenous
in origin, although contiguous and intraspinal spread many occur. The initial seeding of metastatic deposits via
hematogenous spread is typically localized in the hematopoietic (red) marrow. This location explains the predominance
of metastatic bone lesions in the axial skeleton (>90% of the metastatic bone lesions).The spine is the most common site
for skeletal metastases because of the abundant vascularization and red bone marrow. Intravascular dissemination to bone
can occur through the normal venous system (and occasionally the arterial system) or through Batson’s plexus. Vertebral
metastatic lesions amount to about 39% of all skeletal metastases. The bone scan is primarily and index of osteoblastic
activity and is more sensitive to abnormalities of bony cortex and less sensitive to marrow abnormalities. Magnetic
Resonance imaging (MRI) has emerged as a sensitive method of detecting intramedullay metastases in vertebral bodies,
which contain large marrow content. The aim of this study is to compare the efficacy of Magnetic Resonance Imaging as

against Radionuclide bone scans in early detection of vertebral metastases.
Keywords: Radio nucleotide Bone scan, MRI, Early intramedullary vertebral metastasis, Skeletal metastasis.

INTRODUCTION

Bone scan is presently the method of choice in
the evaluation of skeletal metastases because of its
accessibility, reasonable cost & ability to show the
entire skeletal system [6]. When a tumor invades bone,
it produces two changes, which are seen to varying
degrees with all types of metastases. The first is bone
destruction and the second is reactive bone formation or
repair. It is in the latter that radioisotopes are of
considerable value. In new bone formation,
hydroxyapatile crystals are deposited in the osteoid
matrix laid down by the osteoblasts. If sufficient
radioactive atoms are available for incorporation into
the hydroxyapatite crystals, the new bone can be
visualized by the scintillation scanning, since the bone
scan is based upon the activity of reactive bone
formation, it is not specific for tumor. The scan will
therefore identify any lesion in which there is active
new bone formation, including fracture, infection,
infarction, and other processes [7]. Early or small
metastatic deposits start in the bone. Marrow. These
early deposits tend to be purely intramedullary lesions
without cortical involvement an may not cause
sufficient osteoblastic activity to be detected on bone
scans [9]. The use of MRI in metastases detection has
been limited due to cost, long examination times and

convenience. With the advent of faster sequences, there
has been a renewed interest in MRI as a screening tool
for early vertebral metastases.

Various MR sequences have been used to
evaluate spinal tumors [10]. Most investigators
advocate a combination of T1-weighted spone-echo and
T2-Weighted spin-echo sequences [11]. In recent years
faster acquisitions of STIR images have gained
popularity to evaluate the bone marrow [21].

Because bone marrow (including
hematopoietic or “red marrow”) contains a high
percentage of fat, it is reliably and readily imaged with
T1-weighted spin-echo techniques because the marrow
fat provides a nearly homogenous, high intensity signal.
Marrow infiltration by tumor replaces normal marrow
fat with tissue of increased cellularity, which shows up
as areas of altered signal on various MRI sequences.
Tumor, because of its long T1, is easily detected as a
low-intensity defect in the marrow. Lesions can often be
distinguished from deposits of red marrow on T1-
weighted images because they are more focal [11].
STIR suppresses the signal from fat and shows the
normal vertebral bodies as low intensity. Tumor has
high intensity and is easily detected against the low-
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intensity surroundings [13]. MR Imaging may offer a
viable alternative to bone scan for screening for early
vertebral metastases leading to early institution of
treatment. This will help in reducing the morbidity and
mortality associated with advanced malignancies.
Objective of this study is that, MR Imaging may offer a
viable alternative to bone scan for screening of early
vertebral metastases which will help in reducing the
morbidity associated with advanced malignancies.

EXPERIMENTAL SECTION/METHODS AND
MATERIAL

Patients of are all age groups, Patient with
proven malignancy and laboratories findings suspicious
of metastasis were included in this study. All the
patients will undergo a details clinical evaluation, a
skeletal survey and any other relevant investigations as
per the attached proforma, prior to Magnetic Resonance
Imaging and bone scan.

Patient with  pacemaker, claustrophobia,
pregnancy, Schmorl’s nodes, benign bone islands, and
hemangiomas will be excluded from the study based on
their characteristic radiological findings. The MR
studies that are non-diagnostic due to technical reasons,
such as patient movement or poor technical quality,
would also be excluded from the study. Using the
acquired data, both modalities will be compared for
respective efficacy. MR imaging and bone scan will be
done within 15 days of each others. Total of 60 patients
were studied . Patients were enrolled in the study from
referrals from various departments. These studies were
conducted in the department of Radiology in

collaboration with Nuclear medicine department.
Parameters were studied are localization of lesions at
sub cortical, intramedullary and transcortical regions
and The concordance and discordance of various lesions
in all the visualized vertebrae.

Conventional whole-body scintigraphy will be
performed 3 hours after intravenous administration of
20 mCi (740 M Bq) or Tc-99m MDP on Siemens
ECAM (Hi Definition) dual head gamma camera to be
used for the whole body dynamic scan and requisite
static images. No specific patient preparation was
required. The patients were asked to remove jewelry,
belts, change, or external prostheses and braces to avoid
artifacts on the scan. After being intravenously injected
with the radiopharmaceutical, the patients was
encouraged to during plenty of fluids and to void prior
to imaging. Three hour delayed images were obtained
over the entire body in the anterior and posterior
positions in all patients.

MR Imaging will be performed on a 1.5 Tesla
super conductive magnet using phased array spine coil.
Imaging of the vertebral column in sagittal, coronal and
axial planes will be performed.

MR Imaging was performed on a 1.5 Tesla
super conductive magnent using phased array spine
coil. STIR of the vertebral column in sagittal and
coronal planes were performed. If an abnormality was
detected, further targeted T1 and T2-weighted
sequences were done.

Table 1: MR Imaging reports

AXIAI SAGITA CORONAL

T1 T2 STIR T1 T2 STIR T1 T2
TR (ms) 525-600 | 4000 5000 500-550 4000 5000 500-550 | 4000
TE/TI (ms) 15 90 60/150 15 90 60/150 15 90
FOV (mm) 500 500 500 500 500 500 500 500
Flip Angle | 90 180 180 90 180 180 90 180
(Degrees)
Slice Thickness | 3-5 3-5 35 35 3.5 3.5 3.5 35
(mm)
Matrix size 173-256 | 173-256 | 173-256 | 173-256 173-256 | 173-256 173-256 | 173-256

TR = time of repetition TE= Time of echo TI = Time of Inversion FOV=Field of view

No specific patient preparation was necessary
other than fasting for 3-4 hours prior to the examination
to avoid nausea and vomiting following administration
of IV gadolinium. It was also ensured that no
contraindication to MRI existed such as pacemakers,
implants, implanted drug infusion device, shrapnel,
ferromagnetic prosthetic valves, aneurysm clips, etc. all
the patients were examined in the supine position.
Scout images were first obtain in axial, coronal, and
sagittal planes. Thereafter, STIR sagittal and coronal

images were obtained as per above mentioned
parameters. If an abnormality was detected, further
targeted T1 and T2- weighted sequences were done.
Paramagnetic MR contrast medium. 1V gadolinium was
administered as per the necessity, and T1-weighted
axial and sagittal and/or coronal images were obtained.

Bone scan regions were read positive using the
accepted subjective criteria such as the intensity of
uptake, focality, number, location and pattern of
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distribution. An area was considered abnormal when its
uptake of tracer was increased compared to adjacent
structures. Only the regions examined by both Magnetic
Resonance Imaging and scintigraphic studies were
compared. MR images were read positive if a well-
defined focus of low signal intensity was seen on T1-
weighted images and high signal intensity on STIR or
T2-weighted images. Post 1V gadolinium T1-weighted
images were considered positive if the lesion exhibited
contrast enhancement.

The spine was divided into cervical, upper
dorsal (T1-4), middle dorsal (T5-8), lower dorsal (T9-
12), lumbar (L1-5), and sacral regions. In each region
the reading was scored as positive or negative for
metastatic involvement. The size of each lesion was
measured at its greatest dimension on MR images and
was categorized as small (<2 cm) or large (>2 cm).
coalescent lesions were included in the large lesion
group. The relationship between the lesion and the
cortical bone was classified on the basis of the sagittal
and coronal STIR images by determining whether the
lesion was distant from (intramedullary), had contact
with (subcortical), or had invaded the bony cortex
(transcortical). Subsequently images were reread with
bone scan and MRI side by side to ensure that
concordant lesions are truly concordant. Corresponding

interpretations were considered concordant in a region
if both readings were positive or negative for metastases
and discordant if the readings differed. Confirmation of
findings was sought in discordant cases using
correlative modalities. Subsequent progression on
repeat bone scans and MRI was considered
confirmatory. The presumption made was that all focal
lesions on scintigrams or MR images were metastases
unless proved otherwise.

RESULTS

Patients with a proven malignancy and clinical
and laboratory suspicion of vertebral metastases, who
were referred to the Oncology Centre , formed the
subjects of this study. Thus, 60 cases of vertebral
metastases were finally included, who had undergone
MR Imaging and bone scan within 15 days of each
other.

The 60 patients were divided in different
subgroups depending on the age and sex.

1. Age Distribution

Of the 60 patients studied, the youngest
patients was aged 14 months and the eldest was 71
years. Majority of the patients (30.0%) fell into the age
group of 51-60 years. The second commonest age group

Magnetic Resonance Imaging and bone scan was 41-50 years (33.3%).

Table 2: Age distribution of the study population

S. No. Age Group (Yrs) | No. of Cases Percentage

1. Upto 10 2 3.3

2. 11-20 0 0

3. 21-30 1 1.7

4. 31-40 5 8.3

5. 41-50 20 333

6. 51-60 21 35.0

7. 61-70 8 13.4

8. 71-80 3 5.0

Total 60 100

2. Sex Distribution
The study included 32 males and 28 Females,
forming 53.3% and 46.7% respectively.

3. Case Distribution

In our study of 60 patients with vertebral
metastases, the number of cases in each primary
carcinoma is given in Table -3.

Table 3: Primary Carcinomas

S. No. | Primary Carcinoma Number of cases percentage
1. Carcinoma Breast 19 31.7
2. Carcinoma Prostrate 16 26.7
3. Carcinoma Lung 9 15.0
4. Thyroid carcinoma 5 8.3
5. Bladder Carcinoma 3 5.0
6. Renal Carcinoma 3 5.0
7. Neuroblastoma 2 3.3
8. Adenocarcinoma Colon 2 3.3
9. Melanoma 1 1.7
Total 6 100
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The commonest was carcinoma breast with 19
cases (31.7%). The second commonest was carcinoma
prostrate with 16 cases (26.7%) and the third
commonest was lung carcinoma with 9 cases (15%).

4. Age Wise Distribution of Primary Carcinomas
Table 3 shows the age wise distribution of the
primary carcinomas. Commonest age group for primary

carcinomas was 51-60 years with 21 cases (35%) and
the second commonest was 41-50 years with 20 cases
(33.3%). Carcinoma breast was commonest in the age
group between 41-50 years with 7 cases (36.8%).
Carcinoma prostrate was commonest in the age group
between 51-60 years with 7 cases (43.8%). Carcinoma
lung was commonest in the age group between 41-50
years with 3 cases (33.3%).

Table 4: Age wise distribution of primary carcinomas

Primary Age group (years) Total
carcinoma 0-10 | 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80

Ca Breast 0 0 0 3 7 5 4 0 19
Ca Prostrate 0 0 0 0 6 7 2 1 16
Ca Lung 0 0 0 2 3 2 1 1 09
Ca Thyroid 0 0 0 0 2 2 1 0 05
Renal Ca 0 0 0 0 1 2 0 0 03
Bladder CA 0 0 0 0 0 2 0 1 03
Neuroblastoma | 2 0 0 0 0 0 0 0 02
Adenoca Colon | 0 0 0 0 1 1 0 0 02
Melanoma 0 0 1 0 0 0 0 0 01
Total 2 0 1 5 20 21 8 3 60

5. Bone Scan Readings as Per Region

The spine was divided into cervical, upper
thoracic (T1-6), lower thoracic (T7-12), upper lumbar
(L1,2), and lower lumbar (L3-5) and sacral regions. In
all 60 patients, each region was scored as involved or
not involved by metastases depending on whether the
bone scan readings were positive or negative, the
readings are tabulated in table-4

The commonest region positive for metastatic
involvement, in bone scan, was lower lumbar region
with 33 (55%) positive regions and the second
commonest was upper lumbar region with 30 positive
regions (50%).

Table 5: Bone scan readings as per region

Region Involved (%) Not Involved (%) | Total (%)
Cervical 10 (16.7) 50 (83.3) 60 (100)
Upper Thoracic | 24 (40) 36 (60) 60 (100)
Lower Thoracic | 29 (48.3) 31 (51.7) 60 (100)
Upper Lumbar | 30 (50) 30 (50) 60 (100)
Lower Lumbar | 33 (55) 27 (45) 60 (100)
Sacral 15 (25) 45 (75) 60 (100)
Total 141(39.2) 219 (60.8) 360 (100)

6. MRI Readings as Per Region

The spine was divided into cervical, upper
thoracic (T1-6), lower thoracic (T7-12), upper lumbar
(L1-2), and lower lumbar (L3-5) and sacral regions. In

all 60 patients, each region was scored as involved or
not involved by metastases depending on whether the
MRI readings were positive or negative. The readings
are tabulated in Table 6.

Table 6: MRI readings as per region

Region Involved (%) | Not Involved (%) | Total (%)
Cervical 17 (28.3) 43 (71.7) 60 (100)
Upper Thoracic | 33 (55) 27 (45) 60 (100)
Lower Thoraci | 43 (71.7) 17 (28.3) 60 (100)
Upper Lumbar | 43 (71.7) 14 (28.3) 60 (100)
Lower Lumbar | 46 (76.7) 14 (23.3)

Sacral 21 (35) 39 (65) 60 (100)
Total 203 (56.4) 157 (43.6) 360 (100)
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The commonest region positive for metastatic
involvement, in MRI was lower lumbar region with 46
(76.7%) positive regions. The lower thoracic and upper
lumbar regions were the second commonest with 43
(71.7%) positive regions each.

7. Comparison of Regions Read Positive and
Negative on Bone Scan And MRI
Table 7 summarizes the comparison of regions
read positive or negative on bone scans and MRI.

Table 7: Comparison of regions read positive and negative

Region BS+ BS- BS+ BS- Total
MRI+ MIR- MRI- MRI+

Cervical 10 43 0 7 60
Upper Thoracic | 23 26 1 10 60
Lower Thoracic | 28 16 1 15 60
Upper Lumbar | 28 15 2 15 60
Lower Lumbar 30 11 3 16 60
Sacral 14 38 1 7 60
Total 1233 149 8 70 360

BS-Bone scan, MRI- Magnetic Resonance Imaging

Of the 360 regions, 133 regions (36.9%) were
read positive on both bone scan and MRI and 149
regions (41.4%) were read negative on both. 8 regions
(2.2%) were read positive on bone scan and negative on
MRI and 70 (19.5%) regions were read positive on MRI
and negative on bone scan.

8. Concordant and discordant regions

Table 8 summarizes the concordance, or lack
of it, in regions read positive or negative on bone scans
and MRI. The regions were read as concordant if the
readings were positive or negative on MRi and bone
scan combined and discordant if otherwise. 282 regions
(78.3%) were read as concordant on bone scan and MRI
and 78 regions (21.7%) were read as discordant.

Table 8: MRI readings as per region

Region Concordant regions (%) | Discordant Regions (%) | Total
Cervical 53 (88.3) 7(11.7) 60
Upper Thoracic | 49 (81.7) 11 (18.3) 60
Lower Thoraci 44 (73.3) 16 (26.7) 60
Upper Lumbar 46 (76.7) 14 (23.3) 60
Lower Lumbar 41 (68.3) 19 (31.7) 60
Sacral 21 (35) 39 (65) 60
Total 203 (56.4) 157 (43.6) 360

X2 chi square value = 12.37

The discordance was commonest in lower
lumbar region with 19 regions (31.75). Upper lumbar
region was the second commonest discordant region
with 17 regions (28.3)

9. Discordant readings by region as per primary in
specific cancers
The discordant regions were further evaluated
in the three commonest primary tumors, that is
carcinoma breast, prostrate and lung.

I. Discordant regions in carcinoma breast patients.
In the 19 patients of carcinoma breast, the
commonest region to be involved by metastases was

Degrees of freedom=5 P value = 0.03

upper lumbar region (involved in 15 patients). The
second commonest region involved was lower lumbar
region (involved in 11 patients.).

A total of 25 regions were read as discordant in
the 19 patients of carcinoma breast. 2 (8%) regions
were read as positive on bone scan and negative on
MRI. 23(92%) regions were read as positive on MRI
and negative on bone scan. The discordance was the
maximum in the upper lumbar region with 7 regions
(285). Lower Ilumbar regions was the second
commonest discordant region with 6 regions (24%).
Table 9 shows the distribution of discordant regions in
patients of carcinoma breast.
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Table 9: Discordant regions in carcinoma breast patients

Region Bone Scan = Bone Scan- Total (%)
MRI-(%) MRI+ (%)
Cervical 0(0) 1(4) 1(4)
Upper Thoracic | 0 (0) 3(12) 3(12)
Lower Thoraci | 0(0) 5 (20) 5 (20)
Upper Lumbar | 1 (4) 6 (24) 7 (28)
Lower Lumbar | 1 (4) 5 (20) 6 (24)
Sacral 0(0) 3(12) 3(12)
Total 2(8) 23 (92) 25 (100)

Il. discordant regions in carcinoma prostrate
patients

In the 16 patients of carcinoma prostrate, the
commonest region to be involved by metastases was
lower lumbar region (involved in 13 patients). The
second commonest region involved was sacral region
(involved in 9 patients)

Table -10 shows the distribution of discordant
regios in patients of carcinoma prostrate, 2 regions
(9.6%) were read as positive on bone scan and negative
on bone scan. The discordance was the maximum in the
lower lumbar region, with 7 regions (33.3%)

Table 10: Discordant regions in carcinoma prostrate patients

Region Bone Scan = | Bone Scan- Total (%0)
MRI-(%) MRI+ (%)

Cervical 0(0) 1(4.8) 1(4.8)
Upper Thoracic | 0 (0) 1(4.8) 1(4.8)
Lower Thoraci 0(0) 3(14.3) 3(14.3)
Upper Lumbar 0(0) 4 (19) 4 (19)
Lower Lumbar 1(4.8) 6 (28.5) 7(33.3)
Sacral 1(4.8) 4 (19) 5 (23.8)
Total 2(8) 23 (92) 25 (100)

I11. Discordant regions in carcinoma lung patients

In the 9 patients of carcinoma lung, the
commonest region to be involved by metastases was
lower thoracic region (involved in 6 patients). The
second commonest region involved was upper lumbar
region (involved in 5 patients)

1 region (8.35) was read as positive on bone
scan and negative on MRI, 11 regions (91.7%) were
read as positive on MRI and negative on bone scan. The
discordance was the maximum in the lower thoracic
region, with 5 regions (41.6%)

Table 11: Discordant regions in carcinoma lung

Region Bone Scan = | Bone Scan- Total (%)
MRI-(%) MRI+ (%)

Cervical 0(0) 1(8.3) 1(8.3)

Upper Thoracic | 0 (0) 1(8.3) 1(8.3)

Lower 1(8.3) 4 (33.3) 5 (41.6)

Thoracic

Upper Lumbar | 0(0) 3 (25) 3 (25)

Lower Lumbar | 0(0) 2 (16.7) 2 (16.7)

Sacral 0(0) 0(0) 0(0)

Total 1(8.3) 11 (91.7) 12 100)

Total number of vertebrae involved by metastases
In the 60 patients evaluated in our study, a
total of 1740 vertebrae were studied. Table 12 shows

the number of vertebrae positive and negative on bone
scan and MRI respectively.
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Table 12: Number of vertebrae involved by metastases

MRI Bone Scan Total (%)
Positive Negative

Positive 274 (15.7) 90 (5.2) 364 (20.9)

Negative 10 (0.6) 1366 (78.5) 1376 (79.1)

Total 284 (16.3) 1456 (83.7) 1740 (100)

1366 (78.5) vertebrae were read as negative on
both modalities. 374 (21.5%) vertebrae were read as
positive on MRI or bone scans. 364 (20.9%) vertebrae
were positive on MRI and 284 (16.3%) vertebrae were
positive on bone scan. 274 (15.7%) vertebrae were read
as positive on both bone scan and MRI. 90 (5.2%)
vertebrae were read as positive on MRI and negative on
bone scan. 10 (0.6%) vertebrae were read as positive on
bone scan and negative on MRI.

10.correlation of positive bone scan with lesion size
on MRI

The size of each lesion in 364 vertebrae, that
were read as positive on MRI, was measured at its
greatest dimension on MRI. The lesions were
categorized as small (<2 cm) or large (>2 cm) and the
results are tabulated in Table 13.

Table 13: Correlation of positive bone scans with lesion size on MRI

Size on MRI Bone Scan reading Total (%)
Positive (%) Negative(%0)

Small (<2 cms) 2 (24 80 (97.6) 82 (100)

Large (>2cms) 272 (96.5) 10 (3.5) 282 (100)

Total 274 (75.3) 90 (27.7) 364 (100)

X2 chi square value = 301.69

274 vertebrae (75.3) were read as positive on
bone scan and 90 vertebrae (24.7%) negative. 82 small
lesions (22.5%) and 282 large lesions (77.5%) were
identified in the 364 vertebrae. Out of the 82 small
lesions, only 2 lesions (2.4%) were read as positive and
80 lesions (97.6%) were read as negative. Out of the
282 large lesions. 272 lesions (96.55) were read as
positive and 10 lesions (3.5%) were read as negative.

11. Correlation of positive bone scan with lesion
location on MRI
The lesions in all 364 vertebrae, that were read
as positive on MRI, were classified as intramedullary,
subcortical and transcortical. This was based on the

Degrees of freedom =15 P value = 0.0000

relationship between the lesion and cortical bone. The
results are tabulated in Table 14.

274 vertebrae (75.35) were read as positive on
bone scan and 90 vertebrae )25.75) negative. 70
intramedullary (19.2%), 76 subcortical (20.8%) and 218
transcortical (605) lesions were identified in the 364
vertebrae. Out of the 70-intramedullary lesions, none of
the lesions (0%) were positive on bone scan. Out of the
76 subcortical lesions, 58 lesions (76.3%) lesions were
positive on bone scan and 18 lesions (23.75) were
negative. Out of the 218-transcortical lesions, 216
lesions (99.1%) were positive on bone scan and 2
lesions (0.9%) were read as negative.

Table 14: Correlation of positive bone scans with lesion location on MRI

Location on MRI | Bone Scan reading Total (%)
Positive (%) Negative(%)

Intramedullary 0(0) 70 (100) 70 (100)

Subcortical 58 (76.3) 18 (23.7) 76 (100)

Transcortical 216 (99.1) 2 (0.9) 218 (100)

Total 274 (75.3) 90 (25.7) 364 (100)
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Case of Neuroblastoma stage III, in a 03 years old boy.

Bone scan showing the large intra-abdominal lesion and increased uptake in
DV9.

STIR sagittal image of the dorsolumbar spine showing hyperintense lesions in
DV9 and LV4.

Case of Carcinoma lung in a 48 years old man with compression fracture DV10
(operated).

Bone scan showing increased uptake in DV10.

T1- weighted image of the dorsal spine showing collapse of DV10 with spinal
stabilizers in DV9 and LV11. The vertebral marrow of DV10 appears
hypointense.

T2- weighted sagittal image of the dorsolumbar spine showing hyperintense
lesions in DV9 and LV4.
T1- weighted axial image at the level of LV4 showing large subcortical lesion.

T2- weighted image of the dorsal spine showing collapse of DV10 with spinal
stabilizers in DV9 and LV11.

T1- weighted a.xial image at the level of DV10 showing hypointense marrow of
DV10, suggestive of replacement of the marrow by metastatic tumor tissue.
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Case of carcinoma prostrate, in a 66 years old man.

Normal bone scan.

STIR sagittal image of the lumbosacral spine showing hyperintense lesion in
LV1.

T2- weighted axial image at the level of LV1 showing large hyperintense
subcortical lesion.

Post contrast T1- weighted axial image at the level of LV1 showing intense
enhancement of the lesion.
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Case of melanoma, in a 24 years old lady.
Bone scan showing increased uptake in LV3.
STIR sagittal image of the whole spine showing hyperintense lesion in LV3.

T1- weighted sagittal image of the lumbosacral spine showing hypointense lesion
in LV3.

T1- weighted axial image at the level of LV3 showing large transcortical lesion in
LV3.
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Case of carcinoma thyroid, in a 47 years old lady.

Bone scan showing increased uptake in DV 7, 8, S1, left innominate bone and
right superior pubic ramus.

STIR sagittal image of the dorsolumar spine showing hyperintense lesions in
DV7, 8,9, LV3 and SV1.

T2- weighted image of the whole spine showing hyperintense lesions in DV 7,8,9
and LV3.

T1- weighted axial image at the level of DV9 showing multiple small
intramedullary lesions.
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Case of carcinoma breast, in a 65 years old lady.

Bone scan showing increased uptake in DV12, LV4, SV1, Skull, right humerus
and right innominate bone.

STIR sagittal image of the dorsolumbar spine showing hyperintense lesions in
DV12, LV4, SV1 and SV2.

T1- weighted sagittal image of the lumbar spine showing hypointense lesions in
DV12 and LV4.
T2- weighted axial image at the level of LV4 showing large transcortical lesion.
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Case of carcinoma prostrate, in a 66 years old man.

Bone scan showing increased uptake in DV10, LV1, 2, 5 and both innominate bones.
STIR sagittal image of the whole spine showing hyperintense lesions in DV6 to 12 and
LV1.2 and LV5

TI- weighted sagittal image of the whole spine showing hypointense lesions in DV6 to
12and LVI,2 and LVS .

T1- weighted axial image at the level of DV12 showing multiple small intramedullary
and subcortical lesions.
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Case of carcinoma breast, in a 59 years old lady.

Bone scan showing increased uptake in DV8, 11, 12, LV5 and innominate bones.
STIR sagittal image of the dorsolumbosacral spine showing hyperintense lesions
inDV8, 9, 11, 12, LV3, 4, 5 and SV1.

T1- weighted image of the dorsolumbosacral spine showing hypointense lesions
inDV8, 9, 11, 12, LV3, 4, 5 and SV1.
T1- weighted axial image at the level of SV1 showing large subcortical lesion.
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Case of carcinoma lung, in a 61 years old man.
Bone scan showing increased uptake in LV1.
STIR image of the lumbosacral spine showing hyperintense lesion in LV1.

T1- weighted image of the cervicdorsal spine showing hypointense lesions in
DV5 and DV6.
T1- weighted axial image at the level of DV5 showing small intramedullary lesion.

DISCUSSION was 46 years and 32 males (53.3) and 28 females
In our study, 60 patients with a proven (46.7%) formed part of our study. The commonest age
malignancy and clinical and laboratory suspicion of group of patients with vertebral metastases was 51-60
vertebral metastases were included between the ages of years. This was in consonance with the finding of
14 months to 71 years. The mean age of the patients various authors as mentioned in Table 2.
Table 15: Commonest age group of patient with vertebral metastases

SI. No | Study Year Commonest age group

1. Avrahami E et al [35] | 1989 51-60 years

2. Frand JA [39] 1990 51-60 years

3. Taoka T [1] 2001 51-60 years

4. Our study 2005 51-60 years
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The commonest primary tumor in our study
was carcinoma breast with 19 cases (31.7%). Various

authors have also reported similar frequency of primary
tumors, as mentioned in Table 2.

Table 16: Frequency of commonest primary tumor

Sl. No Study Year Commonest age group
1. Avrahami E etal [35] | 1989 Carcinoma Breast
2. Frand JA [39] 1990 Carcinoma Breast
3. Taoka T [1] 2001 Carcinoma Breast
4 Our study 2009-2010 Carcinoma Breast

The second commonest tumor in our study
was carcinoma prostrate with 16 cases (26.7%).
Carcinoma lung was the third commonest with 9 cases
(15%).

Carcinoma breast was commonest in the age
group between 41-50 years with 7 cases (36.8%).
Carcinoma prostrate was commonest in the age group
between 51-60 years with 7 cases (43.8%). Carcinoma
lung was commonest in the age group between 41-50
years with 3 cases (33.3%).

Out of the total 360 regions, bone scan was
positive in 141 regions (39.2%) and negative in 219
regions (60.8%). The commonest region positive for
metastatic involvement, in bone scan, was lower lumbar
region with 33 (555) positive regions and the second
commonest was upper lumbar region with 30 positive
regions (505). This was comparable to the previous
studies as shown in Table 3.

Table 17: Commonest region positive for metastases in bone scan

SI.No | Study Year Commonest regions | Second commonest
1. Gosfield E 1ll et al | 1993 Lower lumbar Upper lumber
[41]
2. Cesani F et al[44] 1995 Lower lumbar Upper lumber
3. Our study 2009-2010 Lower lumbar Upper lumbar

Out of the total 360 regions, MRI was positive
in 203 regions (56.4%) and negative in 157 regions
(43.6%)

Table 18: Commonest region positive for metastases in MRI

SI. No | Study Year Commonest regions | Second commonest
1. Gosfield E 1l et al | 1993 Lower lumbar Upper lumber
[41]
2. Cesani F et al[44] 1995 Lower lumbar Upper lumber
3. Our study 2009-2010 | Lower lumbar Upper lumbar, lower thoracic

The commonest region positive for metastatic
involvement, in MRI, was lower lumbar region with 46
(76.7%) positive regions, this was comparable to the
previous studies as shown in Table 4.

The lower thoracic and upper lumbar regions
were the second commonest with 43 (71.7%) positive
regions each, whereas in other studies upper lumbar
region was the only second commonest region. This
minor variation in our finding may be explained on the
basis of small sample size of our study.

Of the 360 regions 133 regions (36.9%) were
read positive on both bone scan and MRI and 149
regions (41.4%) were read negative on both. 8 regions
(2.2%) were read positive on bone scan and negative on

MRI and 70 (19.5%) regions were read positive on MRI
and negative on bone scan.

More patients were absolutely and relatively
considered to have metastatic involvement of the spine
by MRI than by bone scan. Overall, the distribution of
positive regions was similar on bone scans and MRI
with the greatest number in the lower lumbar region and
the least in the cervical region.

The discordance was commonest in lower
lumbar region with 19 regions (31.7%). Upper lumbar
region was the second commonest discordant region
with 17 regions (28.3%). The difference between
proportions of discordant readings was found to be
statistically significant (p=0.03). our findings are in
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consonance with the findings of various authors as

mentioned in Table-5

Table 19: Commonest discordant region

SI. No | Study Year Commonest discordant region
1. Gosfield E 11l et al*d | 1993 Lower lumbar
2. Cesani F et al “ 1995 Lower lumbar
3. Our study 2009-2010 Lower lumbar

Our findings of great discordance in the
lumbar region (36 out of total 78 discordant regions —
46.2%) may be due to the composition of the study
population. Lumbar spine metastases are common in
breast (upper lumbar region) and prostrate cancer
patients (lower lumbar region), the two groups
comprising the preponderance of our patients sample.
The discordance may be related to the pattern of
physiological spread in these two types of malignancy.
Carcinoma breast and prostrate commonly spread
through Batson’s venous plexus. Batson’s plexus is a
low pressure, valveless system with multiple venous
communications throughout the thoracolumbar spine
and pelvis [61].

Carcinoma Breast

Breast cancer metastases can be osteoblastic,
osteolytic, or mixed.Bone is the most common site for
metastases and the lesions are primarily found in the
axial skeleton. Unfortunately, bone metastases from
breast carcinoma can occur many years after the initial
diagnosis. 21% of patients with distant relapse in bone
have a single metastatic deposit, with the spine being
the most common site [66]. Metastasis is common to
the L-2 vertebral body.

Initial studies reported that a significant
number of patients with early stage disease (stage | and
I1) had bone metastases. Recent, more rigorous,

evaluation has shown that essentially only those patients
with aggressive stage Il disease have bone involvement
[67]. The number and distribution of metastases can
provide prognostic information, with patients harboring
less than three new lesions surviving longer.
Conversion to a positive bone scan holds a poor
prognosis.

In the 19 cases of carcinoma breast in our
study, the commonest age group was 41 to 50 years.
The commonest region to be involved by metastases
was upper lumbar region (involved in 15 patients,
78.9%). The second commonest region involved was
lower lumbar region (involved in 11 patients, 57.9%).
This was in consonance with the findings of Gosfield E
Il et al [41] and Resnick D et al [68].

A total of 25 regions were read as discordant in
the 19 patients of carcinoma breast. 2 (8%) regions
were read as positive on bone scan and negative on
MRI. 23 (92%) regions were read as positive on MRI
and negative on bone scan. The discordance was the
maximum in the upper lumbar region with 7 regions
(285). This is possibly because upper lumbar region is
the commonest region to be involved by metastases in
carcinoma breast patients. Lower lumber regions was
the second commonest discordant region with 6 regions
(24%). Various authors have also reported similar
findings.

Table 20: Commonest discordant region in Carcinoma Breast patients

Sl. No. | Study Year Commonest discordant region
1. Gosfield E 1l et al | 1993 Upper lumbar
[41]
2. Cesani F et al [44] 1995 Upper lumbar
3. Our study 2009-2010 Upper lumbar

Carcinoma prostrate frequently metastasizes to
bone, often as its first site, distributing primarily to the
axial skeleton (particularly the spine and pelvis). Bulky
metastatic disease can be present before patient die
from their disease. There is prolonged patient survival
when metastases number fewer than six, are confined to
the axial skeleton, and do not involve the skull or
sternum [69].

In the 16 cases of carcinoma prostrate in our
study, he commonest age group was 51 to 60 years. The
commonest region to be involved by metastases was

lower lumbar region (involved in 9 patients, 56.3%).
This was in consonance with the findings of Gosfield E
I11 et al [41] and Resnick D et al [69].

A total of 21regions were read s discordant in
the 16 patients of carcinoma prostrate. 2 (9.6%) regions
were read as positive on bone scan and negative on
MRI. 19 (19.4%) regions were read as positive on MRI
and negative on bone scan. The discordance was the
maximum in the lower lumbar region with 7 regions
(33.3%). This is possibly because lower lumbar region
is the commonest region to be involved by metastases in
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carcinoma prostrate patients. Sacral region was the
second commonest discordant region with 5 regions

(23.8%). Various authors have also reported similar
findings.

Table 21: Commonest discordant region in Carcinoma Prostrate patients

Sl. No. | Study Year Commonest discordant region
1. Gosfield E 1Il et al | 1993 Lower lumbar
[41]
2. Cesani F et al [44] 1995 Lower lumbar
3. Our study 2009-2010 Lower lumbar

Carcinoma lung

Lung carcinomas can produce an osteolytic,
osteoblastic, or a mixed response in bone. Lesions are
often seen in T-12 verteba. Small cell lung carcinomas
can spread to the bone early, and metastases are often
present when the patient is initially evaluated. Bone
scanning in patients with lung carcinomas may show
focal tracer uptake in the primary tumor mass itself.

Most clinicians feel that routine bone scanning
is unnecessary in patients with non-small cell lung
carcinoma once either CT or MRI has found metastases
in the mediastinum. Patients with metastatic bone
disease often exhibit other clinical indicators such as
symptoms, or elevated alkaline phosphatase or calcium.
Because many patients with these findings do not have
metastatic disease, bone scanning and MRI should be
reserved for when these clinical parameters are
abnormal.

In the 9 cases of carcinoma lung in our study,
the commonest age group was 41 to 50 years. The
commonest region to be involved by metastases was
lower thoracic region (involved in 6 patients, 66.7%).
The second commonest region involved was upper
lumbar region (involved in 5 patients, 55.6%). This was
in consonance with the findings of Gosfield E 111 et al
[41] and Resnick D et al [69].

A total of 12 regions were read as discordant in
the 9 patients of carcinoma lung. 1 (8.3%) regions were
read as positive on bone scan and negative on MRI. 11
(91.7%) regions were read as positive on MRI and
negative on bone scan. The discordance was the
maximum in the lower thoracic region with 5 regions
(41.6%). This is possibly because lower thoracic region
is the commonest region to be involved by metastases in
carcinoma lung patients. Upper lumbar region was the
second commonest discordant region with3 regions
(25%). Gosfield E et al [63] have reported similar
findings in their study.

Number of vertebrae involved by metastases

A total of 1740 vertebrae were evaluated in our
study of 60 patients. 1366 (78.5%) vertebrae were read
as negative on both modalities. 374(21.5%) vertebrae
were read as positive on MRI or bone scans. 364
(20.9%) vertebrae wee positive on MRI and 284

(16.3%) vertebrae were positive on bone scan. 274
(15.7%) vertebrae were read as positive on both bone
scan and MRI. 90 (5.2%) vertebrae were read as
positive on MRi and negative on bone scan. 10 (0.6%)
vertebrae were read as positive on bone scan and
negative on MRI. The reasons for false negative MRI
could not be evaluated in our study.

MR imaging is a sensitive method of detecting
intramedullary metastases to those bones with large
marrow cavities such as vertebral bodies[4]. However,
it is not cost-effective in examining bones with small
marrow cavities, such as ribs, because it cannot globally
examine the entire skeletal system as bone scintigraphy
can. The extra-vertebral metastases (detected by bone
scan) were therefore not evaluated by MRI in our study.

The sensitivity of MRI in respect of bone scan,
in detection of vertebral metastases, was 97% and the
specificity was 94%. This was comparable to the
previous study of Eustace S et al [48], who also
reported a sensitivity of 96.5%

Correlation of positive bone scan with lesion size on
MRI

The size of each lesion in 364 vertebrae, that
were read as positive on MRI, was measured at its
greatest dimension on MRI and the lesions were
categorized as small (<2 cm) or large (>2 cm). 82 small
lesions (22.5%) and 282 large lesions (77.5%) were
identified in the 364 vertebrae. Out of the 82 small
lesions, only 2 lesions (2.4%) were read as positive and
80 lesions (97.6%) were read as negative. Out of the
282 large lesions, 272 (96.5%) were read as positive
and 10 lesions (3.5%) were read as negative.

Percentage of small sized lesions diagnosed by
bone scan was significantly lower than the percentage
of large size lesions diagnosed. Pearson’s chi-square
test (x> Chi square value = 301.69) confirmed a
statistically highly significant correlation between the
lesion size and bone scintigraphci results (p value =
0.0000). this was in consonance with previous study of
Taoka T et al [1].

Because the vertebral body has a relatively
large marrow cavity, early or small metastases tend to
be intramedullary without cortical involvement [4] and
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may not cause sufficient bony remodeling to be
detected on bone scans. Small lesions or lesions
localized away from the cortex are, therefore, likely to
be undiagnosed on bone scintigraphy, despite
destruction of trabecular bone. Even if most of the bone
marrow has been infiltrated with metastases, the uptake
of radioactive tracers caused by the destruction with
metastases, the uptake of radioactive tracers caused by
the destruction of the relatively small amount of
medullary boney matrix remains low and, therefore,
may not be easily appreciated when the uptake is
contrasted with that of the normal cortex.

Correlation of positive bone scan with lesion location
on MRI

The lesions in all 364 vertebrae, that were read
as positive on MRI, were classified as intramedullary,
subcortical and transcortical. This was based on the
relationship between the lesion and cortical bone.
70intramedullary (19.2%). 76 subcortical (20.8%) and
218 transcortical (60%) lesions were identified in the
364 vertebrae. Out of the 70-intramedullary lesions,
none of the lesions (0%) were positive on bone scan.
Out of the 76 subcortical lesions, 58 lesions (76.3%)
lesions were positive on bone scan and 18 lesions
(23.7%) were negative. Out of the 218-transcortical
lesions, 216 lesions (99.1%) were positive on bone scan
and 2 lesions (0.95) were read as negative.

Percentage of intramedullary and subcortical
lesions diagnosed by bone scan was significantly lower
than the percentage of transcortical lesions diagnosed.
Pearson’s chi-square test (X? Chie square value +
301.69) confirmed a statistically highly significant
correlation between the lesions size and bone
scintigraphic results (p value = 0.0000). this was in
consonance with previous study of Taoka T et al [1].

The mechanism of abnormal Tc-99m MDP
uptake shown in bone scanning is complex. Abnormal
radionuclide uptake is generally believed to increase
with regional bone-blood flow, bone remodeling,
formation of new bone, and enhanced bone matrix
turnover [1,58]. Bone scintigraphy is sensitive for
detecting areas of bone remodeling, particularly cortex.
However, abnormal increase of uptake in the medullary
cavity because of tumor destruction of the medullary
bony matrix may not be as obvious because of the
relatively small amount of medullary bone and
relatively high uptake of the normal cortical bone.

MR imaging is a sensitive method of detecting
intramedullary metastases in vertebral bodies. Our
findings suggest that cortical involvement is likely to
key factor contributing to the difference in detection
rates of vertebral body metastases on MRI and bone
scintigraphy and that MRI is a sensitive and specific
modality in detection of vertebral metastases.

CONCLUSION

Total of 60 patients (between the ages of 14
months of 71 years) with a proven malignancy and
clinical and laboratory suspicion of vertebral metastases
were evaluated on radionuclide bone scan and MR
imaging. Male : female ratio was 1:1.14. the commonest
age group of patients with vertebral metastases was 51-
60 years.The commonest primary tumor was carcinoma
breast (19 patients). Carcinoma prostrate was the
second commonest (16 patients) and carcinoma lung the
third commonest (9 patients).Of the total 360 evaluated
regions, bone scan was positive in 141 regions and
negative in 219 regions. The commonest region positive
for metastatic involvement, in bone scan, was lower
lumbar region (33 regions). Of the total 360 evaluated
regions, MRI was positive in 203 regions and negative
in 157 regions. The commonest region positive for
metastatic involvement, in MRI, was lower lumbar
region (46 region) .The discordance between bone scan
and MRI was commonest in lower lumbar region (19
regions). Upper lumbar region was the second
commonest discordant region (17 regions). The
commonest region to be involved by metastases in
carcinoma breast patients was upper lumbar region
(involved in 15 patients, 78.9%). The commonest
discordant region in these patients was upper lumbar
with 7 regions read as discordant (28%). The
commonest region to be involved by metastases in
carcinoma prostrate patients was lower lumbar region
(involved in 13 patients, 81.3%). The commonest
discordant region in these patients was lower lumbar
with 7 regions read as discordant (33.3%).The
commonest region to be involved by metastases in
carcinoma lung patients was lower thoracic region
(involved in 6 patients, 66.7%). The commonest
discordant region in these patients was lower thoracic
with 5 regions read as discordant (41.6%). Out of the
total 1740 vertebrae that were evaluated in our study,
374 vertebrae were read as positive on MRI or bone
scans. Of these 374 vertebrae, 364 (97.3%) vertebrae
were positive on MRI and 284 (75.9%) were positive on
bone scan. The sensitivity of MRI as against bone scan,
in detection of vertebral metastases, was 96.5% and the
specificity 94%.The correlation of positive bone scan
with lesion size of MRI was found to be statistically
highly significant (p value =0.0000). percentage of
small sized lesions diagnosed by bone scan was
significantly lower than the percentage of large size
lesions diagnosed. The correlation of positive bone scan
with lesions location on MRI was found to be
statistically (p value = 0.0000). percentage of
intramedullary and subcortical lesions diagnosed by
bone scan was significantly lower than the percentage
of transcortical lesions diagnosed. MR imaging was
found to have a higher sensitivity and specificity as
against radionuclide bone scan in early detection of
vertebral metastases.
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