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Fig. 1. Acute osteoporotic compression fracture of the L1 body (arrow) in a 77-year-old woman. Notice the low signal intensity on
the T1-weighted image (A) and T2-weighted image (B). Diffusion-weighted MR image (C) shows that the vertebral fracture is hy-

pointense to adjacent normal vertebral bodies.
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Table 1. Signal Intensity at T1, T2 & Diffusion-Weighted Imaging

T1WI T2WI DWI
Group L I H L I H L I H
An =21 19 2 0 3 2 16 21 0 O
B(n =17 17 0 O 0 1 16 0 0 17
C(n = 11) 1 8 2 0 9 2 2 7 2
Dn=7 7 0 0 0 1 6 o o 7

T1WTI: T1-weighted image, T2ZWI: T2-weighted image,
DWI: Diffusion-weighted image,

L: Low signal intensity,

I: Iso signal intensity,

H: High signal intensity,

A: Acute benign compression fracture,

B: Metastatic compression fracture,

C: Chronic benign compression fracture,

D: Spondylitis

C

Fig. 2. Metastatic compression fracture of the T3 body (arrow) caused by breast cancer in a 77-year-old woman. Notice the low sig-
nal intensity on the T1-weighted image (A) and the high signal intensity on the T2-weighted image (B). Diffusion-weighted image
(C) shows that the vertebral fracture is hyperintense to adjacent normal vertebral bodies. Also notice the spinous process involve-
ment (arrowheads) of T3 on T1- and T2-weighted images and diffusion-weighted image.
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A

Fig. 3. Pyogenic spondylitis of the L2 and L3 bodies (arrows) in a 22-year-old man. Notice the low signal intensity on the T1-weight-
ed image (A) and the high signal intensity on the T2-weighted image (B). Diffusion-weighted image (C) shows that the vertebral
bodies are slightly hyperintense to adjacent normal vertebral bodies.

Table 2. Bone Marrow Contrast ratio & Signal to Noise Ratio at

Diffusion-Weighted Imaging

Group Contrast ratio Signal to noise ratio
A n=21) —0.48+ 0.13 2.66x 0.95
B(n=17) 0.98+ 0.49 7.97+ 4.56
Cn=11) 0.05+ 0.46 4.76+ 1.95
D (n=7) 0.89+ 0.73 3.39 1.69

A: Acute benign compression fracture,
B: Metastatic compression fracture,

C: Chronic benign compression fracture,
D: Spondylitis

(p < .01).
797 339
(p = .01).
MR ,
(11-16).
T1
T2
Baker (4 1-3
19 15 T1 T2

, T2

— 352 —

@an
8 4
(18).
@ 23
29
. Baker (4)
, 19 7
Tl
T1
.Yuh (3
61 , 23

25 ,



2000,;43:349-355

, 61 47
T T2

Le Bihan  (8)
(intravoxel incoherent motion) ,
(apparent diffusion coefficient)
(local water mobility)
(water protons)

. Latour (19)
(red bone marrow)

(19, 20). (diffusion con—
Stant, Deff) L]
Latour (19)

Latour (19) Baur (6) 17
22

Baur ® 17
, 22 5
19 , 3

— 353 —

T T2

o o o0 o

, , . MRI
1997;37:529-534

. Frager D, Elkin C, Swerdlow M, Bloch S. Subacute osteoporotic

compression fracture: misleading magnetic resonance appearance.
Skeletal Radiol 1988;17:123-126

. Yuh WTC, Zachar CK, Barloon T], Sato Y, Sickels W], Hawes DR.

Vertebral compression fractures: distinction between benign and
malignant causes with MR imaging. Radiology 1989;172:215-218

. Baker LL, Goodman SB, Perkash I, Lane B, Enzmann DR. Benign

versus pathologic compression fractures of vertebral bodies: as-
sessment with conventional spin-echo, chemical shift, and STIR
MR imaging. Radiology 1990;174:495-502

. Hayes CW, Jensen ME, Conway WF. Nonneoplastic lesions of ver-

tebral bodies: findings in magnetic resonance imaging. Radiogra-
phics 1989;9:883-903

. Baur A, Stabler A, Bruning R, et al. Diffusion-weighted MR imag-

ing of bone marrow: differentiation of benign versus pathologic
compression fractures. Radiology 1998;207:349-356

i

1996;34:825-830

. Le Bihan D, Breton E, Lallemand D, Grenier P, Cabanis E, Laval-

Jeantet M. MR imaging of intravoxel incoherent motions: applica-
tion to diffusion and perfusion in neurologic disorders. Radiology
1986;161:401-407



9. Chien D, Kwong KK, Gress DR, Buonanno FS, Buxton RB, Rosen
BR. MR diffusion imaging of cerebral infarction in humans. AJNR
Am J Neuroradiol 1992;13:1097-1102

10. Tsuruda JS, Chew WM, Moseley ME, Norman D. Diffusion-
weighted MR imaging of the brain: value of differentiating be-
tween extraaxial cysts and epidermoid tumors. AJNR Am J Neuro-
radiol 1990;11:925-931

. Vogler JB, Murphy WA. Bone marrow imaging. Radiology 1988;
168:679-693

12. Pettersson H, Gillespy T, Hamlin D], et al. Primary musculoskele-

tal tumors: examination with MR imaging compared with conven-
tional modalities. Radiology 1987;164:237-241

13. Porter BA, Shields AF, Olson DO. Magnetic resonance imaging of

bone marrow disorders. Radiol Clin North Am 1986;24:269-288

14. Moulopoulos LA, Varma DGK, Dimopoulos MA, et al. Multiple

myeloma: spinal MR imaging in patients with untreated newly di-
agnosed disease. Radiology 1992;185:833-840

1

—_

15. Smith SR, Williams CE, Davies JM, Edwards RHT. Bone marrow
disorders: characterization with quantitative MR imaging. Radiolo-
gy 1989;172:805-810

16. Zimmer WD, Berquist TH, McLeod RA, et al. Bone tumors: mag-
netic resonance imaging versus computed tomography. Radiology
1985;155:709-718

17. , , ,

. 1993;29:1033-1038

18. Sugimura K, Yamasaki K, Hajime K, Tanaka Y, Kono M. Bone
marrow diseases of the spine: differentiation with T1 and T2 relax-
ation times in MR imaging. Radiology 1987;165:541-544

19. Latour LL, Svoboda K, Mitra PP, Sotak CH. Time-dependent diffu-
sion of water in a biological model system. Proc Natl Acad Sci USA
1994:91:1229-1233

20. Szafer A, Zhong |, Gore JC. Theoretical model for water diffusion
in tissues. Magn Reson Med 1995;33:697-712

— 354 —



2000,;43:349-355

J Korean Radiol Soc 2000;43:349 - 355

Diffusion-weighted MR Imaging of Bone Marrow in the Spine:
Differentiations of Metastatic Compression Fracture,

Benign Compression Fracture, & Spondylitis'

Byung Hak Rho, M.D., Woo Mok Byun, M.D., Won Gyu Park, M.D., Sang Ho An, M.D ?,
Yong Min Chang, Ph.D.?, Kil Ho Cho, M.D., Jae Kyo Lee, M.D., Jae Ho Cho, M.D.,
Mi Soo Hwang, M.D., Jay Chun Jang, M.D., Bok Hwan Park, M.D.

'Department of Diagnostic Radiology, College of Medicine, Yeungnam University
*Department of Rehabilitation Medicine, College of Medicine, Yeungnam University
*Department of Diagnostic Radiology, College of Medicine, Kyungpook National University

Purpose: To determine the findings of diffusion-weighted magnetic resonance (MR) imaging of acute and
chronic benign compression fracture, metastatic compression fracture, and spondylitis, and to differentiate be-
tween them.

Materials and Methods: Forty-nine cases with vertebral compression fractures (17 metastatic, 16 acute osteo-
porotic, 11 old osteoporotic, 5 acute traumatic) and seven with spondylitis (4 tuberculous, 3 pyogenic) under-
went MR imaging. All cases were classified as belonging to one of four groups: A: acute osteoporotic and trau-
matic, B: metastatic, C: old osteoporotic, or D: spondylitic. For MR imaging, a 1.5-T scanner (Magnetom
Vision, Siemens, Erlangen, Germany) was used, and the diffusion-weighted imaging sequence was based on
reversed fast imaging with steady-state precession (PSIF) and a relatively low b value of about 150 sec/mm?*
Signal intensity characteristics were evaluated in terms of the contrast ratio (CR) and signal-to-noise ratio (SNR)
of bone marrow.

Results: Diffusion-weighted MR imaging showed that signal intensity in group A was hypointense to adjacent
normal vertebral bodies, but in group B, hyperintensity was noted. In group C, signal intensity was variable,
while in group D, hyperintensity was again noted. Diffusion-weighted imaging revealed that in group A, bone
marrow CR had a negative value, while in groups B and D, this value was positive (p < .01). The SNR of group
D was lower than that of group B, but the difference was not statistically significant (p > .01).

Conclusion: Diffusion-weighted MR imaging revealed that the signal intensity of metastatic compression frac-
ture and spondylitis was hyperintense to adjacent normal vertebral bodies, that of acute benign compression
fracture was hypointense, and that of chronic benign compression fracture was variable. This modality is
therefore useful for differentiating between metastatic compression fracture, spondylitis and acute benign
compression fracture.

Index words : Magnetic resonance (MR), comparative studies
Magnetic resonance (MR), diffusion study
Osteoporosis
Spine, fractures
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