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ABSTRACT
Objective: To evaluate the effectiveness of qualitative diffusion-weighted magnetic resonance imaging in
differentiating between acute benign and pathological vertebral compression fractures.
Patients and Methods: A total of 71 patients with vertebral fractures, comprising 33 with benign fractures
(18 traumatic and 15 osteoporotic) and 38 with pathological compression fractures (29 patients with metastasis,
4 with myeloma, 2 with eosinophilic granuloma, and 3 with tuberculosis), were examined by radiography
and magnetic resonance imaging. T1-weighted, T2-weighted, short T1 inversion time (tau) inversion-recovery,
diffusion-weighted, and gadolinium–diethylenetriamine penta-acetic acid–enhanced images were prospectively
studied. Diffusion-weighted magnetic resonance imaging was performed using spin-echo echo-planar sequences.
Pathological fracture was proven by biopsy or surgery, and benign compression fracture was proven by clinical
or magnetic resonance imaging follow-up.
Results: Acute benign fractures and pathological fractures had characteristic appearances on standard
magnetic resonance imaging. After diffusion weighting, 3 (9%) of the 33 benign fractures showed isointense
or hypointense signal mixed with bands of hyperintensity, 8 (24%) were isointense or hypointense, and the
remaining 22 (67%) displayed hyperintensity. Among the 38 pathological fractures, 35 (92%) had a hyperintense
signal intensity on diffusion weighting, whereas the remaining 3 (8%) had a isointense or hypointense signals.
There was no significant difference between acute benign fractures and pathological fractures with respect to
hyperintensity after diffusion weighting (p = 0.098).
Conclusion: Qualitative diffusion-weighted magnetic resonance imaging cannot accurately distinguish
pathological from acute benign vertebral compression fractures. Further quantitative diffusion-weighted
magnetic resonance imaging studies may be needed.

Key Words: Diagnosis, differential; Diffusion magnetic resonance imaging; Spinal fractures

INTRODUCTION
Vertebral compression is a commonly encountered
clinical problem. Accurate diagnosis is important for
its appropriate treatment and prognosis. The distinction
between a benign and a malignant cause is critical.
Radiography, computed tomography, and radionuclide
scintigraphy are considered insufficient to define the
cause, because they possess either low sensitivity or low
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specificity.1 Although conventional magnetic resonance
imaging (MRI) is useful in most cases, the establish-
ment of a clear diagnosis in all cases is quite difficult
because of the similar signal intensity characteristics.
Diffusion-weighted MRI measures the movement of
water molecules under different gradient impulses. In
this prospective study, we evaluated the effectiveness
of qualitative diffusion-weighted MRI in differentiat-
ing between benign and pathological vertebral compres-
sion fractures.

PATIENTS AND METHODS
A total of 71 patients with vertebral fractures (42 males
and 29 females with a mean age of 44 years [range,
9-76 years]) and who had symptoms lasting for fewer
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than 16 days were referred to the authors for MRI within
3 days of presentation, from 1 March 2002 to 31 May
2003. The 71 cases of vertebral compression comprised
33 benign fractures (18 traumatic and 15 osteoporotic)
and 38 pathological compression fractures (29 with
metastasis, 4 with myeloma, 2 with eosinophilic
granuloma, and 3 with tuberculosis). Pathological frac-
ture was proven by computed tomography–guided
needle biopsy or surgery. Benign fracture was proven
by clinical or MRI follow-up after 3 months.

MRI was performed using a 1.5-T whole-body super-
conducting MRI system (Signa Horizon MR/I; General
Electric Medical Systems, Milwaukee, WI, United
States) with a spine-array surface coil. Diffusion-
weighted MRI was performed with the spin-echo
echo-planar imaging sequence. All patients were exam-
ined with conventional MRI (sagittal T1-weighted fast
spin-echo, sagittal T2-weighted, sagittal T2-weighted
fat-saturation, and axial T2-weighted imaging). Settings
were as follows: repetition time [TR] of 560 ms and
echo time [TE] of 11.5 ms for T1-weighted images and
TR of 3500 ms and TE of 101.9 ms for T2-weighted
images; field of view, 18 x 18 cm; slice thickness,
5.0 mm; space, 1.0; matrix size, 384 x 224; number of
excitations, 3). Gadolinium–diethylenetriamine penta-
acetic acid contrast enhancement was used in 35 cases.
Diffusion-weighted MRI settings were as follows: sag-
ittal TR/TE, 6000/62.7; matrix size, 256 by 256; number
of excitations, 8. Data acquisition was repeated with
3 different b values (100, 300, and 600 s/mm2).

The diffusion-sensitising gradients were placed along
the 3 orthogonal (x, y, and z) directions. The signal
intensity of the affected vertebral body was compared
with that of the nearby normal bone marrow. Sagittal
T1-weighted images, T2-weighted images, and short
T1 inversion time (tau) inversion-recovery (STIR)
sequence images were reviewed by 2 experienced
radiologists who were blinded to the clinical infor-
mation. The following characteristics of the affected

vertebral body were assessed: morphological changes,
bone marrow signal intensity, and epidural and poste-
rior element involvement. Diagnosis was made by
consensus.

RESULTS
Table 1 shows the signal intensities of the affected ver-
tebrae according to the different imaging modalities.
Benign fractures or pathological fractures had charac-
teristic appearances on routine MRI scans.

Most benign fractures (61%; 20/33) had foci of low sig-
nal intensity on T1-weighted images (Figure 1a). In
addition, most benign lesions (61%) were hyperintense
on T2-weighted and STIR images (Figures 1b and 1c).
Diffuse inhomogeneous signal intensity was seen in 8
(24%) cases of benign fracture on T1-weighted, T2-
weighted, and STIR images; 5 (15%) cases of benign
fracture were isointense or slightly hyperintense on these
images. Retropulsion of the posterior upper or lower
part of vertebral bodies was seen in 16 (48%) cases,
and fracture lines were visible in 28 (85%) cases. In
contrast-enhanced MRI, T1-weighted images revealed
band-like homogeneous foci with obvious enhancement,
similar to that of the normal vertebral body (21%;
7/33). In diffusion-weighted MRI scans, 3 (9%) benign
fractures revealed isointensity or hypointensity mixed
with band hyperintensity, 8 (24%) were isointense or
hypointense, and the remaining 22 (67%) displayed
hyperintensity (Figure 1d). Similar results were obtained
for each of the 3 increasing b values.

Among the 38 pathological fractures, an epidural soft-
tissue mass and a convex posterior vertebral cortex were
found in 14 (37%) cases and 8 (21%) cases, respectively.
Diffuse low–signal intensity lesions were observed in
35 (92%) cases on T1-weighted images, and hyper-
intense lesions were seen in 35 (92%) cases on T2-
weighted and STIR images (Figures 2a and 2b). Three
(8%) cases were hypointense on all sequences. In
contrast-enhanced MRI scans, 28 (74%) cases showed

Table 1. Signal intensities of the benign and pathological vertebral fractures, by type of magnetic resonance image.

Signal intensity T1-weighted T2-weighted STIR Gd-DTPA Diffusion-weighted

Benign Patho- Benign Patho- Benign Patho- Benign Patho- Benign Patho-
logical logical logical logical logical

Isointense or slightly hyperintense 5 5 5
Hyperintense 20 35 20 35 7 22 35
Hypointense or focal isointense 20 3 3 3 3 3
Hypointense, diffuse 35 8
Diffuse, inhomogeneous 8 8 8 28

Abbreviations: STIR = short T1 inversion time inversion-recovery; Gd-DTPA = gadolinium–diethylenetriamine penta-acetic acid.



Diffusion Magnetic Resonance Imaging of Vertebral Fractures

6 J HK Coll Radiol 2005;8:4-8

inhomogeneous enhancement. In diffusion-weighted
MRI scans, 35 (92%) had a hyperintense signal inten-
sity (Figure 2c); the remaining 3 (8%) were isointense
or hypointense. Similar results were obtained for increas-
ing b values.

A 2-tailed Fisher’s exact test revealed that there was no
significant difference between acute benign fractures
and pathological fractures with respect to hyperintensity
on diffusion-weighted MRI scans (p = 0.098).

DISCUSSION
The incidence of vertebral fracture is especially high
among the elderly, and diagnosing the actual cause of
the fracture, such as osteoporosis, trauma, or tumour,
can be difficult. Most previous studies have been based
on the clinical, radiographic, computed tomographic,
and bone scintigraphic findings. However, the diagnos-
tic accuracy of these techniques is not very high.1 On
the other hand, MRI is more sensitive to changes in bone
marrow than scintigraphy,2,3 and its value in distinguish-
ing between differential diagnoses has been emphasised.
Yuh et al4 and Baker et al5 compared MRI manifesta-
tions of benign fractures with malignant ones in spin-
echo, chemical shift, and STIR sequences. Complete
replacement of marrow was observed for pathological
fractures, whereas only partial replacement of marrow
was observed for benign fractures. Cuenod et al6 pointed

out that retropulsion of the posterior upper or lower part
of the vertebral body preserves bone-marrow signal
intensity, and that band-like homogeneous foci with
enhancement on T1-weighted images and isointensity
on T2-weighted images are suggestive of a benign
fracture. In contrast, an epidural soft-tissue mass, con-
vex posterior vertebral cortex, and diffuse low signal
intensity with inhomogeneous enhancement are indica-
tive of a pathological fracture.

In our study, benign vertebral fractures were character-
ised by retropulsion of the posterior upper or lower part
of vertebral bodies. Visible fracture lines and partial
hyperintensity on T1-weighted images indicated
preservation of some normal bone marrow and relative
sparing of the posterior elements. Band-like homoge-
neous foci with enhancement appeared similar to the
normal vertebral body. A total of 90% of patients who
had benign vertebrate fracture in our study demon-
strated these findings. Furthermore, 86% of patients with
pathological fracture in our study had multiple verte-
bral involvement, epidural soft-tissue masses, a convex
posterior vertebral cortex, diffuse low–signal intensity
lesions on T1-weighted images, or inhomogeneous
contrast enhancement.

Therefore, in agreement with previous studies, benign
or pathological fractures had particular characteristics

(a) (b) (c) (d)

Figure 1. Magnetic resonance images of a patient with acute osteoporotic fracture: (a) sagittal T1-weighted image showing a partially
hypointense, wedge-shaped L4 vertebral body and L1 chronic vertebral compression fracture with preserved vertebral fat; (b) sagittal T2-
weighted image and (c) T2-weighted (fat saturation) image showing hyperintense L4 and isointense L1 adjacent normal vertebrae; and (d)
sagittal diffusion-weighted image (b = 100 s/mm2) showing increased inhomogeneous signal intensity within the L4 body and unchanged
signal intensity of L1.
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on routine MRI scans. On the basis of the MRI appear-
ance alone, the accuracy in differentiating benign from
pathological fractures has been shown to reach 79% to
94%.7 After 2 months, acute benign fractures appear
isointense to slightly hyperintense on T1-weighted im-
ages and isointense on T2-weighted images owing to
restitution of marrow fat cells in the bone marrow.2

The replacement of bone marrow with tumour cells in
pathological fractures is characterised by hypointensity
on T1-weighted images and hyperintensity on T2-
weighted and STIR images. However, variation of
signal intensity in benign fractures due to hemorrhage
can lead to misinterpretation.2,5

Diffusion-weighted MRI measures the mobility of wa-
ter protons in tissues, and the apparent diffusion coeffi-
cient (ADC) is a measure of this diffusion.8 Diffusion-
weighted MRI has been widely used to monitor stroke
and to detect early ischaemic events. Recent studies of
diffusion-weighted MRI have differentiated benign from
pathological vertebral fractures.2,3,9,10 Oedema and haem-
orrhage in acute osteoporotic or traumatic vertebral
fractures will increase extracellular free water in bone
marrow, thereby resulting in an increase in ADC and
hypointensity on diffusion-weighted MRI scans.

Figure 2. Magnetic resonance images of patient who had kidney cancer metastases: (a) sagittal T1-weighted image showing non-
uniformly hypointense lumbar vetebral bodies; (b) sagittal T2-weighted image showing non-uniform hyperintensity; and (c) sagittal diffu-
sion-weighted image (b = 300 s/mm2) showing hyperintensity of the involved vertebral bodies.

Conversely, reduction of the extracellular volume in
tumour tissue leads to a decrease in ADC and hence
hyperintensity on diffusion-weighted MRI scans.2

According to Baur et al,2,10 diffusion-weighted MRI pro-
vides excellent distinction between benign and patho-
logical vertebral fractures, with all benign fractures be-
ing hypointense to isointense compared with normal
bone marrow, and with all pathological ones being
hyperintense. In our study, 67% of benign fractures
and 92% of pathological fractures were hyperintense in
diffusion-weighted MRI scans. Our results correspond
well to those of Zhou et al9 and Castillo et al.3 With
relatively smaller b values, the ‘shine through’ effect
becomes more obvious, and leads to hyperintensity on
diffusion-weighted MRI scans. Pathological vertebral
fractures may also reveal hyperintensity on diffusion-
weighted MRI scans, thereby making it difficult to
reliably distinguish between benign and pathological
fractures solely with diffusion-weighted MRI. In our
study, 3 different b values (100, 300, and 600 s/mm2)
were applied. To overcome the ‘shine through’ effect,
Chan et al11 tried using higher b values (1000 s/mm2):
benign fractures were hypointense and pathological ones
were hyperintense, allowing diffusion-weighted MRI

(a) (b) (c)
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to distinguish between the two. In contrast, Maeda et
al12 found that with high b values (1000 s/mm2) qualita-
tive analysis showed no significant difference between
benign and malignant compression fractures. Both
groups found that quantitative assessment using ADC
was helpful in differentiating between benign and patho-
logical fracture. Finally, isointensity or hypointensity
in both T2-weighted and diffusion-weighted MRI
scans was found in 3 cases of metastatic prostate
cancer in our study. Castillo et al3 have reported that
sclerotic metastases or treated metastases may be
hypointense according to diffusion-weighted MRI,
which leads to possible misinterpretation.

In conclusion, diffusion-weighted MRI alone cannot
reliably distinguish between pathological and benign
vertebral compression fractures. Using a combination
of higher b values and ADC measurement can increase
the specificity in differentiating the 2 entities.
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