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Abstract Purpose The goal of this study was to com-

pare the sensitivity of MRI and scintigraphy for detecting

metastatic bone disease involving the axial skeleton.

Patients and Methods A total of 59 patients (58 women

and 1 man, age range 28–83 years, mean age 53.0 years)

with histopathologically proven breast cancer during a

15-month period (between April 2003 and January 2004)

were included in the study. All the patients underwent

scintigraphy and MRI examinations for staging, follow-

up, or evaluation of bone pain. Results MR imaging

revealed 59 metastases in 59 patients (sensitivity, 95%;

specificity, 100%; positive predictive value, 100%). Four

lesions detected by MRI were classified as of uncertain

origin (grade 2) and 36 lesions were regarded as definitely

benign (grade 1). Scintigraphy revealed 44 metastases in

59 patients (sensitivity, 70%; specificity, 94%; positive

predictive value, 95%). A total of 29 lesions were con-

sidered as of uncertain origin (grade 2), and 26 lesions

were regarded as definitely benign (grade 1). About five

lesions were graded as grade 2 in scintigraphy, while MRI

graded them as degeneration or benign compression

(Grade 1). For 11 lesions the same grade was regarded in

both MRI and scintigraphy. Two lesions graded as grade

3, and eleven lesions graded as grade 2 in scintigraphy

demonstrated no pathological signal intensity in MRI. In

total, 18 lesions with no activity in scintigraphy were

graded as grade 3 lesions in MRI. Conclusion MRI is

more sensitive than scintigraphy in the detection of bone

metastases. MRI appears to be able to screen patients

more effectively than scintigraphy if the spine and pelvis

are included because metastases merely outside the axial

skeleton are rare.
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Introduction

Breast cancer represents the most common tumor in

women [1] and bone is a common site of metastatic disease

in breast cancer [2, 3]. Metastases are predominantly found

in the axial skeleton [4]. Patients with skeletal metastases

have a favorable prognosis compared to patients with

extraskeletal metastases [5, 6]. Rapid therapy by early

diagnosis [7] may decrease morbidity arising from bone

pain [8] or spinal cord compression.

Scintigraphy using technetium 99-m methylene

diphosphonate enables imaging of the entire skeleton with

high sensitivity, but limited specificity [9]. New imaging

techniques such as single-photon-emission computed

tomography (SPECT), positron emission tomography

(PET) and magnetic resonance imaging (MRI) can identify

bone metastases at an earlier stage [10, 11]. MRI is sen-

sitive to bone marrow abnormalities [12–14] and yields
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information on tumor extent, vertebral morphology, spinal

cord compression, or medullary metastases. Such infor-

mation cannot be obtained by scintigraphy. MRI may

differentiate metastases from osteoporotic fractures [15]

and other causes of increased bone metabolism such as

degenerative disease. Several studies have compared

scintigraphy with MR imaging in tumor detection and

characterization [16–18]. Although most of these studies of

localized areas conclude that MR imaging is both more

sensitive and more specific than scintigraphy, its use as an

alternative to scintigraphy for whole-body imaging has

been limited by cost, acquisition time, and convenience

[16–18].

The goal of this study was to compare the sensitivity of

MRI and scintigraphy for detecting metastatic bone disease

involving the axial skeleton.

Subject and methods

Patient data

A total of 59 patients (58 women and 1 man, age range

28–83 years, mean age 53.0 years) with histopathologi-

cally proven breast cancer during a 15-month period

(between April 2003 and January 2004) were included in

the study. All the patients underwent scintigraphy and MRI

examinations for staging, follow-up or evaluation of bone

pain. Exclusion criteria were based on contraindications to

MR imaging, such as the presence of a cardiac pacemaker.

The mean interval between the MRI and scintigraphy

examinations was 15 days (range 10–40 days).

Imaging protocol

The MR examinations were performed on a 1.5-T system

(Symphony; Siemens Medical Solutions, Issaquah, WA,

USA). For MR studies high-field strength scanners were

used.

The cervical vertebrae, acromioclavicular and glenohu-

meral joints, proximal part of humeral diaphyses,

dorsolumbar vertebrae, sternum and costae, sacrum and

femur were evaluated by MRI.

In all the patients, sagittal-T1 weighted spin-echo (TR

616 ms, TE 20 ms) and STIR (TR 6,660 ms, TE 81 ms)

MR sequences were used. A matrix size of 256, rectangular

field-of-view, slice thickness between 5 and 7 mm, inter-

slice gap 1.5 mm was used.

Whole-body scintigraphy was performed 2–3 h after

injection of 550 MBq of Tc-99 m MDP in anterior and

posterior projections by use of a large-field gamma camera

equipped with all-purpose collimators.

Image interpretation

MR images and scintigrams were initially reviewed by two

experienced observers who were unaware of the results of the

corresponding imaging technique, with interpretation based

on consensus. Subsequently, images were reread with bone

scan and corresponding MR images side to side to ensure that

concordant lesions were truly concordant and that discor-

dance actually existed. Each lesion was graded from 1 to 3

(1 = benign, 2 = uncertain origin, and 3 = malignant) based

on the probability of being malignant.

On MRI a lesion was considered to be malignant when

there was a focal or diffuse hypointensity on the T1-

weighted scan and corresponding intermediate to high

signal intensity on the STIR image. To differentiate

metastases from benign lesions, additional criteria like the

bull’s eye and halo sign were considered as described by

Schweitzer et al. [19]. For the spine, additional criteria for

malignant infiltration included bulging of the posterior

margin of the vertebral body, signal intensity changes

extending into the pedicles, and paraosseous tumor exten-

sion. A lesion was considered as uncertain in origin when

the differentiation between a metastatic and a benign pro-

cess, such as osteoporotic fracture or bone marrow

reconversion, was not possible. A lesion was regarded to be

benign when it was located directly adjacent to degenera-

tive changes of the vertebral endplates or near joint

surfaces or when the lesion displayed high signal intensity

on T1-weighted scans.

On bone scintigraphy, criteria for lesion characterization

were distribution of tracer accumulation as well as locali-

zation, shape, and intensity of focal tracer uptake. A lesion

was regarded to be benign and of degenerative origin when

focal tracer accumulation occurred adjacent to joint sur-

faces. Well-circumscribed linear tracer uptake involving

the thoracic or lumbar spine or symmetrical tracer uptake

of adjacent ribs was considered to be a benign process

caused by osteoporotic or traumatic fractures. A focal

lesion was regarded to be malignant when the distribution

and pattern of focal accumulation could not be explained

by degenerative or posttraumatic changes. Findings for

which a differentiation between degenerative, posttrau-

matic, or tumorous origin of tracer uptake was impossible

were considered as uncertain.

To determine the diagnostic potential of both modalities

in different anatomic regions MR images and bone scans

were evaluated separately for the following areas: thoracic

spine, lumbar spine, pelvis including sacrum, proximal

parts of upper and lower extremities, rib cage including

sternum, and shoulder girdle including scapula and clavi-

cles. To confirm or rule out the initial findings and to

classify findings into benign and malignant lesions, follow-

up studies were performed with MRI, bone scintigraphy,
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CT, and radiographs over a 3- to 6-month period. A lesion

was considered as metastatic when it showed progression

on the same imaging modality on follow-up examination or

fulfilled typical criteria of a malignant lesion on a follow-

up examination with another imaging modality.

Statistical analysis

For the purpose of our study, a gold standard was estab-

lished by correlation with clinical outcome (minimum

follow-up, 1 year), additional imaging (plain graphy, CT,

and MRI). Using the established gold standard, sensitivity,

specificity, and positive predictive values were calculated

for each technique. Using the Mc Nemar test, we compared

the sensitivities of the two imaging techniques.

Results

Both MR and scintigraphic imagings were well tolerated

by all patients. With the imaging protocol used in our

study, the axial skeleton could be imaged within

25–30 min of acquisition time. The complete examination,

including patient positioning and changing of MR coils,

required 45 min of room time.

MR imaging revealed 59 metastases in 59 patients

(sensitivity, 95%; specificity, 100%; positive predictive

value, 100%). About 59 lesions were graded as definitely

being metastatic on MRI. All of these lesions demonstrated

low signal intensity on T1-weighted sequences and inter-

mediate to high signal intensity on STIR images. Of 59

lesions, 54 (91.5%) were located in the axial skeleton

(spine, pelvis), whereas 5 metastatic lesions (8.5%) were

detected in other parts of the skeleton (extremities, ribs,

and sternum). Four lesions detected by MRI were classified

as of uncertain origin (grade 2) and 36 lesions were

regarded as definitely benign (grade 1).

Scintigraphy revealed 44 metastases in 59 patients (sen-

sitivity, 70%; specificity, 94%; positive predictive value,

95%). Bone scintigraphy detected 44 lesions that fulfilled the

criteria of a metastatic deposit. Of the 44 lesions, 36 (82%)

were located in the axial skeleton and 8 (18%) in the

extremities, ribs, sternum. A total of 29 lesions were con-

sidered as of uncertain origin (grade 2), and 26 lesions were

regarded as definitely benign (grade 1). About 5 lesions were

graded as grade 2 in scintigraphy, while MRI graded them as

degeneration or benign compression (Grade 1) (Fig. 1). For

11 lesions the same grade was regarded in both MRI and

scintigraphy (3 lesion grade 3; 2 lesion grade 2; 6 lesion

grade 1) (Fig. 2). Two lesions graded as grade 3, and 11

lesions graded as grade 2 in scintigraphy demonstrated no

pathological signal intensity in MRI (Fig. 3). A total of 18

lesions with no activity in scintigraphy were graded as grade

3 lesions in MRI. In pelvic region the number of MRI grade 3

lesions was 25, while in scintigraphy it was 3. The 17 lesions

depicted in sacrum, pubis, and ischion in MRI demonstrated

no activity in scintigraphy.

Fig. 1 A 62 years old female with back pain operated 5 years ago for

right breast cancer. Whole-body scintigram (anterior view) (a) shows

metastatic activity increase in D8 vertebrae (arrow) MR images

shows height loss in the D8 vertebrae body, T1 hypointense (b), STIR

hyperintense, and (c) pathological signal changes (arrows). Note

almost complete regression of the pathological signal changes in the

follow-up MR images after 45 days (d) due to benign osteoporotic

compression fracture (arrow)
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Exact correlation between both techniques was found in

46 (78%) of the 59 patients. Discrepancy between the two

techniques was observed in 13 patients (22%) (Mc Nemar

test, 0.001; P = .016).

Additional findings demonstrated by MRI were lung

metastases and pleural effusion (two patients), ovarian cyst

(one patient), renal cyst (one patient), enchondromas in

proximal diaphysis of femora (one patient), spondylolis-

thesis and degenerative changes (two patients), and

degenerative cyst in right caput humeri (one patient).

Discussion

Bone is a common site of metastatic disease in breast

cancer. While the frequency of bone metastases is 1–2% at

the time of primary diagnosis [2, 3], bone metastases are

found in approximately one-third of the patients with

recurrent disease. Bone metastases may occur with almost

all malignancies, but they are most common in carcinomas

of the breast (47–85%), lung (32%), prostate (54–85%),

kidney (33–40%), or thyroid (28–60%) [20, 21]. At

autopsy, bone metastases are found in more than half of the

patients who die of breast cancer [22, 23].

The spine is the most common site of skeletal

metastases (39%) because of the abundant vasculariza-

tion and red bone marrow [15, 18]. Most bone

metastases are hematogenous in origin [15, 24]. The

initial seeding of metastatic deposits via hematogenous

spread is typically localized in the hematopoetic (red)

marrow. This location explains the predominance of

metastatic bone lesions in the axial skeleton ([90% of

metastatic bone lesions) [25].

The imaging of spinal metastatic disease may include

conventional radiography, myelography, radionuclide bone

scintigraphy, CT, and MR imaging. Radiography, CT, and

bone scans assess mainly the bony abnormality, particu-

larly the cortex, whereas MR imaging examines bone

marrow, in which the early metastatic deposits frequently

occur [24]. Findings of abnormal bone on radiography,

bone scintigraphy, and CT mainly result from tumor

invasion of the cortical bone rather than of the medullary

bony matrix. CT is sensitive in detecting subtle cortical

invasion, but is less sensitive for medullary bone or bone

marrow involvement [18]. Bone destruction can be difficult

to detect on CT in the presence of osteoporosis or degen-

erative changes, which are common in elderly adults with

cancer [26].

Fig. 2 A 63 years old female operated 4 years ago with left breast

cancer. Whole-body scintigram shows suspect activity increase in the

right sternoclavicular region. In the sagittal T1 (b) and STIR (c)

weighted MR sequences for the dorsolumbar region depicts T1 hypo-

STIR hyperintense metastatic lesions in the dorsal and lumbar

vertebrae (arrows). In the coronal T1 (d) and STIR (e) weighted

sequences for the pelvis, multiple T1 hypo-STIR hyperintense

metastatic lesions in the right side of the sacrum, ilium, and ischium,

intertrochanteric region of the right femur and the left collum femoris

(arrows)
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The mechanism of abnormal Tc-99 m MDP uptake

shown in bone scanning is complex. Abnormal radionu-

clide uptake is generally believed to increase with

regional bone-blood flow, bone remodeling, formation of

new bone, and enhanced bone matrix turnover [27, 28].

For many years, bone scintigraphy using technetium-

labeled diphosphonate analogs has been used to provide

whole-body imaging of the skeleton to detect skeletal

metastases, either manifested as focal accumulation (a hot

spot) or as the absence of radiotracer (a cold spot) [29].

Although planar scintigraphy is easily performed and is

the current method of choice for whole-body skeletal

evaluation, it creates a limited representation of the body

in a single composite plane or multiple oblique planes

with both poor spatial and contrast resolution [29]. Sim-

ilarly, as technetium-labeled diphosphonate analogs are

taken up by chemisorptions onto the phosphorus groups

of calcium hidroxyapatite produced by osteoblasts, con-

centration of isotope at scintigraphy is essentially an

indirect marker of tumor, in effect indicating the host

osteoblastic response to tumor deposits.

Alternative screening modalities, such as conventional

radiography and CT, for the detection of bone marrow

metastases have been shown to be less sensitive than

skeletal scintigraphy [30]. Bone marrow scintigraphy

showed a higher sensitivity for the detection of bone

marrow metastases than skeletal scintigraphy [31].

Magnetic resonance imaging is sensitive to bone mar-

row abnormalities [12–14] and yields information on tumor

extent, vertebral morphology, spinal cord compression, or

medullary metastases. Such information cannot be obtained

by scintigraphy. MRI may differentiate metastases from

osteoporotic fractures [15] and other causes of increased

bone metabolism such as degenerative disease. In our study

five cases were younger than 40 ages, and 38 cases were

older than 50 ages. Due to the high prevalence of osteo-

porosis and degenerative changes, MRI provides better

information in the middle and old age group for differen-

tiation of metastases compared to scintigraphy.

For extremities, pelvis, and spine, MR imaging is clearly

superior to bone scanning and provides important infor-

mation about tumor morphology, tumor extension, and

neurological complications. Its inferiority in detecting

metastases of skull and ribs is likely related to the small

and curved marrow spaces of these bones and, in the tho-

racic region, to additional motion artifacts of respiration

and pulsation. In recent studies whole-body MR imaging

showed a similar number of lesions in the head–neck

region, ribs, scapulae and skull as in scintigraphy and

depicted more lesions in the chest wall [32].

Fig. 3 A 55 years old female operated 5 years ago with right breast

cancer. Scintigraphy shows suspect activity increase in the right 9th

costae (a). In the coronal T1 (b) and STIR (c) weighted MR

sequences for the thoracic region; no metastatic lesion depicted in the

costae
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There are a number of studies demonstrating the high

sensitivity of MRI in the detection of bone marrow

metastases and its advantages over bone scintigraphy and

conventional radiography [33–36].

In a retrospective study comparing scintigraphy and MR

imaging for the detection of spinal metastases in 35

patients, Gosfield et al. [37] described 69 lesions using

MRI and 63 lesions using scintigraphy. No patient with

positive bone scan results had negative MR scan results,

but one patient with positive MR scan results was noted to

have a bone scan with completely normal findings. Fujii

et al. [38] compared scintigraphy and MR imaging exam-

inations of 36 patients with suspected metastatic prostatic

cancer to the spine and found that MR imaging had

revealed in six patients metastatic lesions that were not

shown on scintigraphy. Likewise, Flickenger et al. [39], in

study of 32 patients with metastatic breast cancer, reported

a sensitivity of 100% and a specificity of 73% for MR

imaging, versus a sensitivity of 62% and a specificity of

100% for scintigraphy. In our study 59 and 44 lesions were

diagnosed as definitely malignant in MRI and scintigraphy,

respectively. In MRI 54, and in scintigraphy 36 vertebral

metastases were depicted in the axial skeleton. 18 MR

grade 3 lesions had no activity in scintigraphy, while 2

scintigraphy grade 3 lesions demonstrated no pathological

signal intensity in MR.

An important aspect of our study is that with scintigraphy,

significantly more lesions were graded as uncertain in origin,

especially in the spine. This finding proves that the mor-

phologic information provided by MRI is of great value for

the differentiation between benign and malignant lesions. In

addition, MRI offers important information for treatment

planning and detects imminent tumor associated complica-

tions that can lead to early and adequate treatment [40].

While comparing the costs of axial skeletal MRI and

bone scintigraphy, one has to consider that because of the

aforementioned reasons, the results of nuclear medicine

studies often require additional examinations like plain

films, CT, or even MRI. The cost is three times higher with

MRI plus scintigraphy. Thus MRI alone is not a more

expensive imaging method.

The disadvantage remains to be the inability to image the

entire skeleton within reasonable time. However, our data

depict that metastases merely in remote areas of the axial

skeleton are rare. This observation could justify the

screening of patients with breast carcinoma by MRI of the

axial skeleton [4]. Scintigraphy might be added for staging

in patients with positive MRI results to screen remote

skeletal regions. New developments in sequence design

have led to considerable reduction of acquisition times. For

imaging of bone marrow lesions, a combination of

T1-weighted and STIR sequences provides all the infor-

mation required, as these sequences combine anatomical

information and high image quality with a high sensitivity

and specificity in lesion detection [39, 41]. In comparison

with a recent study by Eustace et al. [16], who used only

STIR sequences for whole-body imaging, our protocol

includes in addition T1-weighted sequences, which we

found to be very helpful for the differentiation between

benign and malignant lesions. The use of fast MR sequences

and a large field-of-view does not have a limiting effect on

the lesion detection rate for the bone marrow spaces of

extremities, pelvis, and spine. For these areas, MRI was

clearly superior to bone scanning and provided important

information about tumor morphology, tumor extension, and

neurological complications [40].

Accurate comparison of two imaging techniques

requires a gold standard, which traditionally has been

biopsy or histopathology. The ideal histological correla-

tion, made by biopsy of every presumed lesion, was not

performed in this study. Correlation with other imaging

techniques; additional imaging after 1 year were used to

validate our results (gold standard), similar to many early

studies that established the validity of scintigraphy and

other comparative studies between scintigraphy and MR

imaging [16].

This study reveals the unique potential of axial skeletal

MR imaging including to provide skeletal screening in

patient with known or suspected bone metastases of breast

cancer. Specifically, our study depicts the ability of MR

imaging to provide screening for skeletal metastases as an

alternative to planar scintigraphy in our institution at a

similar cost (total charge), based on unit-time costing. In

effect, 25–30 min of MR scan time (the time for an average

axial skeletal MR study) is equivalent to the time cur-

rently charged for routine MR study of knee and equivalent

to the total cost of 99 m-Tc-methylene diphosphonate

scintigraphy.

In conclusion, bone marrow imaging MRI is more

sensitive than scintigraphy in the detection of bone

metastases. MRI appears to be able to screen patients more

effectively than scintigraphy if the spine and pelvis are

included because metastases merely outside the axial

skeleton are rare. Both the methods demonstrate a high

specificity in differentiating benign from malignant causes

of symptoms [4]. Further studies will have to show if MRI

of the entire skeleton will change current concepts in

screening tumor patients for bone metastases.
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