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ABSTRACT 
 

BACKGROUND 

Vertebral metastases occur with many malignancies and initially tend to be 

intramedullary. It is imperative that vertebral metastases are detected early so 

that early initiation of treatment can be done. Magnetic resonance imaging may 

diagnose vertebral metastases in an early stage. The aim of this study was to 

compare the efficacy of Magnetic Resonance (MR) Imaging as against 

Radionuclide bone scans in early detection of vertebral metastases. 

 

METHODS 

60 consecutive patients with a proven malignancy and clinical and laboratory 

suspicion of metastases were taken up for this study. The patients were subjected 

to MR Imaging and bone scan within 15 days of each other. The findings of MR 

imaging and bone scan were compared to see concordant and discordant lesions 

and were statistically analysed. 

 

RESULTS 

The sensitivity of MRI compared to bone scan, in the detection of vertebral 

metastases, was 97% and the specificity was 94%. Percentage of small sized 

lesions diagnosed by bone scan was significantly lower than the percentage of 

large size lesions diagnosed. Percentage of intramedullary and subcortical lesions 

diagnosed by bone scan was significantly lower than the percentage of 

transcortical lesions diagnosed. 

 

CONCLUSIONS 

MR imaging can pick up intramedullary metastases in vertebral bodies earlier than 

bone scan. Involvement of cortex of vertebral body is important for metastases to 

be picked up on bone scan. 
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Skeletal metastases occur with many malignancies and most 

of them are spread by hematogenous route. Early 

metastases are typically deposited in the hematopoietic 

marrow. Hence metastatic bone lesions are seen commonly 

in the axial skeleton.1 Because of the abundant 

vascularization and red bone marrow, vertebrae are the 

most common site for skeletal metastases. Vertebral 

metastatic lesions amount to about 39% of all skeletal 

metastases.2 

Bone scan is one of the methods of choice in the 

evaluation of skeletal metastases because of its reasonable 

cost. Further it readily available and evaluates the entire 

skeletal system.3 Bone scan is based upon the activity of 

reactive bone formation and hence is not specific for tumour. 

Fracture, infection, infarction, and other processes in which 

there is active new bone formation will show increased 

uptake on bone scan. Early or small metastatic deposits start 

in the bone marrow and generally are purely intramedullary. 

If bony cortex is not involved it may not cause enough 

osteoblastic activity to be picked up on bone scans.4 

Magnetic Resonance Imaging (MRI) is a sensitive 

method of detecting intramedullary metastases in vertebral 

bodies, which contain large marrow content. However, the 

use of MRI in metastases detection has been limited due to 

availability, 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 picking up 

early vertebral metastases.5 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. 

The aim of this study was to compare the efficacy of 

Magnetic Resonance Imaging as against Radionuclide bone 

scans in early detection of vertebral metastases. 

 

 
 

METHODS 
 

 

Patients 

The study was conducted in the departments of Radio 

diagnosis & Imaging and Nuclear Medicine of a tertiary care 

hospital between July 2017 and Oct 2019. 60 consecutive 

patients with a proven malignancy and clinical and 

laboratory suspicion of metastases were taken up for this 

study. The patients were subjected to MR Imaging and bone 

scan within 15 days of each other. Approval was taken from 

institutional ethical committee for the study. Informed 

consent was taken from all the participants of the study. 

 

 

Scintigraphic Technique 

Conventional whole-body scintigraphy was performed 3 

hours after intravenous administration of 20 mCi (740 M Bq) 

of Tc-99m MDP. Siemens Dicam (Hi Definition) single head 

gamma camera was used. After being intravenously injected 

with the radiopharmaceutical, the patients were encouraged 

to drink 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. 

 

 

MR Technique 

Imaging was performed on a 1.5 Tesla super conductive 

magnet using phased array spine coil. Short-TI inversion 

recovery (STIR) of the vertebral column in sagittal, coronal 

and axial planes were performed. If an abnormality was 

detected, further targeted T1 and T2 - weighted sequences 

were done. Paramagnetic MR contrast medium, IV 

gadolinium was administered as per the necessity, and T1- 

weighted axial and sagittal and/or coronal images were 

obtained. 

 

 

Image Interpretation 

The MR images and bone scans were read independently by 

an experienced Radiologist and an experienced Nuclear 

Physician. They were blind to the findings of the other study 

during initial interpretation. Bone scan regions were read 

positive using the accepted standards like number, location, 

intensity of uptake, focality and distribution pattern. An area 

was taken as abnormal when its tracer uptake was more 

equated to adjacent structures. Only the regions examined 

by both MR Imaging and scintigraphic studies were 

compared. MR images were read positive if a focus of low 

signal intensity was seen on T1-weighted images and high 

signal intensity on STIR or T2-weighted images. Post IV 

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. Every region was marked as positive 

or negative for metastases. The size of metastases were 

measured at its largest measurement on MR images. 2 cm 

was the cut-off kept with lesions <2 cm classified as small 

and >2 cms classified as large. The lesions which were 

coalescent were classified as large lesions. The lesions which 

were away from the cortex were classified as intramedullary, 

those who had contact with cortex were classified as 

subcortical and the lesions which invaded the cortex were 

classified as transcortical. 

Subsequently bone scan and MR images were reviewed 

side by side to ensure that concordant lesions are truly 

concordant. The findings were considered concordant in a 

region if outcome of metastases in both modalities were 

same and discordant if the outcome differed. Correlative 

modalities like radiographs and computed tomography were 

used in discordant cases. Progression on repeat bone scans 

and MRI was considered confirmatory for metastases. The 

presumption made was that all focal lesions on bone scans 

or MR images were metastases unless proved otherwise. 

 

 

 

 

 

BACKGROUND 
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RESULTS 
 

 

 

Of the 60 patients studied, the youngest patient was aged 

14 months and the oldest was 71 years. Majority of the 

patients (35.0%) fell into the age group of 51-60 years. The 

second commonest age group was 41-50 years (33.3%). 

The study included 32 males and 28 Females, forming 

53.3% and 46.7% respectively. The commonest was 

carcinoma breast with 19 cases (31.7%). The second 

commonest was carcinoma prostate with 16 cases (26.7%) 

and the third commonest was lung carcinoma with 9 cases 

(15%). 

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. 282 regions (78.3%) were read as concordant 

on bone scan and MRI and 78 regions (21.7%) were read as 

discordant. 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%). 

In the 60 patients evaluated in our study, a total of 1740 

vertebrae were studied. Table 1 shows the number of 

vertebrae positive and negative on bone scan and MRI 

respectively. 

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. 

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 or large and 

the results are tabulated in Table 2. 

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 

(96.5%) were read as positive and 10 lesions (3.5%) were 

read as negative (Figure 1). 

The lesions in all 364 vertebrae, that were read as 

positive on MRI, were classified as intramedullary, 

subcortical and transcortical. The results are tabulated in 

Table 3. 274 vertebrae (75.3%) were read as positive on 

bone scan and 90 vertebrae (25.7%) negative. 70 

intramedullary (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 (Figure 2). 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 (0.9%) were read 

as negative (Figure 3). 
 

 

Figure 1. 66 Years Old Man with Carcinoma Prostrate 
 

a and b - T2- Weighted Axial Images at the Level of LV1 

Showing Large Hyperintense Large Subcortical Lesion.   

c- STIR Sagittal Image of the Lumbosacral Spine Showing 

Hyperintense Lesion in LV1. d- Normal Bone Scan. 

 

 

Figure 2. 47 Years Old Lady with Carcinoma Thyroid 

 

a - T1- weighted axial image at the level of DV9 showing 

multiple small intramedullary lesions.  

b - STIR sagittal image of the dorsolumbar spine showing 

hyperintense lesions in DV 8, 9, LV3 and SV1.  

c- T2- weighted image of the cervical and dorsolumbar 

showing hyperintense lesions in DV 7, 8, 9 and LV3.  

d - Bone scan showing increased uptake in DV 7, 8, S1, left 

innominate bone and right superior pubic ramus 
 

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) 

Table 1. Number of Vertebrae Involved by Metastases 

 

Size on MRI 
Bone Scan Reading 

Total (%) 
Positive (%) Negative (%) 

Small (<2 cms) 2 (2.4) 80 (97.6) 82 (100) 

Large (>2 cms) 272 (96.5) 10 (3.5) 282 (100) 
Total 274 (75.3) 90 (24.7) 364 (100) 

Table 2. Correlation of Positive Bone Scans  
with Lesion Size on MRI 

χ2 Chi square value = 301.69, Degrees of freedom = 1, p value = 0.0000 
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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) 

Table 3. Positive Bone Scan Correlation  
with Lesion Location on MRI 

χ2 Chi square value = 291.69, Degrees of freedom = 2, p value = 0.0000 

 

 

Figure 3. 24 years Old Lady, A Case of Melanoma 

 

a - T1- weighted axial image at the level of LV3 showing 

large transcortical lesion in LV3.  

b - T1- weighted sagittal image of the lumbosacral spine 

showing hypointense lesion in LV3.  

c- STIR sagittal image of the whole spine showing 

hyperintense lesion in LV3.  

d- Bone scan showing increased uptake in LV3. 

 

 
 

 

DISCUSSION 
 

 

Skeletal metastases occur with many malignancies and are 

most common in carcinomas of the breast (47-85%), 

prostate (54- 85%), lung (32%), kidney (33-40%), and 

thyroid (28-60%). Most of the skeletal metastases are 

hematogenous in origin, although contiguous spread may 

occurring many cases.6 The initial deposition of 

hematogenous metastases is localized in the red marrow. 

Spine is the commonest site for skeletal metastases 

because of the plentiful hematopoietic marrow and 

vascularization. Spread of metastases to bone can occur 

through arterial system, venous system or through Batson’s 

plexus.7 Backache is the commonest presenting symptom in 

cases of vertebral metastases. Conventional radiography, 

radionuclide bone scan, single photon emission computed 

tomography (SPECT), Computed tomography and MR 

imaging can be performed in patients with vertebral 

metastases. Not less than 50% of cortical bone has to be 

damaged for a metastatic deposit to be picked up on 

conventional radiography. CT can pick up cortical lesions but 

is relatively insensitive for metastatic deposits in medullary 

cavity.8 

Bone scan is a good modality in the assessment of 

skeletal metastases. When a tumour 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. 

Radioisotopes are of considerable value in reactive bone 

formation.9 In reactive bone formation, hydroxyapatite 

crystals are deposited in the osteoid matrix laid down by the 

osteoblasts. The bone scan is primarily an index of 

osteoblastic activity and is more sensitive to abnormalities of 

bony cortex and less sensitive to marrow abnormalities. 

Hence small metastatic deposits which start in the bone 

marrow can be missed on bone scan.10 

Vertebral bodies contain large marrow content and MRI 

is a sensitive method of evaluating vertebral marrow and 

detecting intramedullary metastases.11 Various MR 

sequences have been used to evaluate vertebral tumours. 

Most Radiologists advocate a combination of STIR, T1-

weighted spin-echo and T2-Weighted spin-echo sequences. 

Vertebral metastases replace normal marrow fat with tissue 

of increased cellularity and are seen as areas of altered 

signal on various MRI sequences. On T1-weighted images, 

metastases are seen as a hypointense lesion in the marrow. 

On T2 weighted images, metastatic lesions are usually 

hyperintense due to their high water content. Normal 

vertebral bodies appear hypointense on STIR because of 

suppression of signal from fat.12 Metastases are easily 

detected as hyperintense lesions against the background of 

low-intensity surroundings. On diffusion-weighted images 

(DWI), vertebral metastases show hyperintense signal with 

reduced apparent diffusion coefficient (ADC) values. 

However, after therapy there may be a reduction in the 

hyperintense signal on DWI. Post Gd-DTPA administration, 

metastases usually show contrast enhancement.13 

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 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. The reasons for false 

negative MRI could not be evaluated in our study. The 

sensitivity of MRI in respect of bone scan, in detection of 

vertebral metastases, was 97% and the specificity was 94%. 

The size of each lesion in 364 vertebrae, that were read 

as positive on MRI, was measured at its greatest dimension 

on MRI. 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 (96.5%) 

were read as positive and 10 lesions (3.5%) were read as 

negative. Percentage of small sized lesions diagnosed by 
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bone scan was significantly lower than the percentage of 

large size lesions diagnosed. Pearson’s chi-square test (χ2 

Chi square value = 301.69) confirmed a statistically highly 

significant correlation between the lesion size and bone 

scintigraphic results (p value=0.0000). 

Early metastatic deposits are generally intramedullary 

and may not be picked up on bone scan in the absence of 

sufficient bony remodeling.14 Small lesions or lesions distant 

from the cortex may destroy trabecular bone but may not 

be picked up on bone scan.15 Even if metastases infiltrate 

most of the bone marrow, the uptake of radiopharmaceutical 

in medullary matrix may not be easily picked up against the 

uptake by normal cortex.16 

The lesions in all 364 vertebrae, that were read as 

positive on MRI, were classified as intramedullary, 

subcortical and transcortical. 70 intramedullary (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 (0.9%) 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 (χ2 

Chi square value = 301.69) confirmed a statistically highly 

significant correlation between the lesion size and bone 

scintigraphic results (p value=0.0000). 

Intramedullary metastases in vertebral bodies can be 

picked up earlier with MR imaging. Involvement of vertebral 

cortex is an important factor causing the disparity in 

detection of vertebral metastases on MRI and bone scan and 

that MRI is a sensitive and specific modality in detection of 

vertebral metastases. 

There are limitations to our study. Our patients 

underwent planar bone scans and not SPECT bone 

scintigraphy. Pathologic confirmation of metastases was not 

done in our study and we gave the diagnosis of metastases 

on imaging characteristics. 

In a suspected case of metastases, radionuclide bone 

scan is the most cost effective modality for evaluation of 

entire skeleton. MR imaging has a higher sensitivity and 

specificity as against radionuclide bone scan in early 

detection of vertebral metastases. MR imaging can be 

extremely useful in patients with high clinical suspicion of 

vertebral metastases having negative radionuclide bone 

scan. 

 

 
 

 

CONCLUSIONS 
 

 

 

MR imaging can pick up intramedullary metastases in 

vertebral bodies earlier than bone scan. Involvement of 

cortex of vertebral body is important for metastases to be 

picked up on bone scan. 
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