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Abstract Objective To investigate the value of dynamic contrast-enhanced MR perfusion imaging of benign and
malignant vertebral compression fractures by analysis of perfusion parameters and the distribution of the time-
intensity curve TIC patterns. Methods Dynamic gadolinium-enhanced MR perfusion imaging was performed on

40 patients with acute osteoporotic compression fracture ACF 40 patients with malignant compression fracture

MCF  and 36 age and sex-matched control subjects respectively. Peak enhancement percentage E

‘max

enhancement slope ES and time to peak TTP were determined from TIC. Types of TIC of compressed and
normal vertebral body were also defined. Results E,, ES and TTP values were significantly different between
compression fracture group and normal control group ¢ = 11.1997 9.7389 10.9449 9.7517 4.1366 and
6.4634 respectively P <0.01 .However E,, ES and TTP values were not significantly different between ACF
and MCF group ¢ =1.4998 1.2259 and 2.3905 respectively P >0.05 . The distribution of TIC patterns were

significantly different between benign and malignant compression fracture XZ =53.006 P <0.001 . Type E
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curve accounted for 80.0% 32/40 in ACF and type D curve 40% 16/40 in MCF group. No one case of type
E curve was showed in normal control group. Type C and type D curve accounted for 38.89% 14/36  61.11%
22/36 in normal control group respectively. For acute osteoporotic compression fracture the sensitivity
specifity accuracy positive predictive value and negative predictive value of the type E curve were 80.0%
67.5% 73.75% 71.11% and 77.14% respectively and for malignant compression fracture the sensitivity
specifity accuracy positive predictive value and negative predictive value of the type D curve were 40.0%
97.50% 68.75% 94.12% and 61.90% respectively. Conclusion In distinguishing acute osteoporotic from
malignant compression fracture E,,, ES and TTP values based on dynamic contrast-enhanced MR perfusion first-
pass images may not be useful. However the analysis of the TIC patterns would be helpful for the differential
diagnosis.

Key words Spine Fracture Magnetic resonance contrast enhancement Perfusion

45

40
13 1
2
MRI 8 Hodgking 10
12 _
time-intensity curve TIC
MR
50%
> MRI
MR 36 24
41 ~ 87 65.72 + 16.02
1
1.1 1.2
acute compression fracture ACF 40 1.5T MR Gyroscan Intera Philips
15 25 57 ~ 91 76.52 + Medical Systems Netherlands
8.69 MRI TSE-T, WI TR 3000 ms
1~27 7.6 X TE 120 ms SE-T;WI TR 480 ms TE 11 ms STIR TR
DXA 2~4 2419 ms TE 70 ms TI 170 ms
BMD WHO 0.4 mm FOV 325 mm x 325 mm
6 7d
MR TFE-
malignant T, WI 10 mm TR6.4 ms
compression fracture MCF 40 24 TE3.8 ms 30° FOV 350 mm x 350 mm
16 23~72 61.95 +12.36 224 x 224 MEDRAD
12 2 SPECTRIS Gd-
1 1 2 DTPA 3 ml/s
1 3 20 ml
1 4 8 TFE-T, W1
Hodgking 2 3 100 1s/ 100 s



46

SE-T, WI TTP SIL
1.3 Tn'se TIC SIbase SImax
MR Microsoft Excel 2003
ROI
1 ROI E,. = SL. -SL. /SL.. x100%
1 Gyroview ES = Sk, - Sk / Sl xT. x100%
100 s -
TIC  TIC ‘3
2 TIC 2 L 3
3
=20% 1
1.4
SPSS 13.0
One-Way ANOVA E.. ES TP
E. ES TIP S-
N-K q Xz Fisher
TIC
P <0.05
2
40
24 16 69
1 MR 40
30s 50s TFE-T, WI 17 23 85
TIC S
Sk, time to peak TTP q 1.2696 1.2568 1.1305 P >
Tn’se SImax TIC 0 . 05 Emax
STy e TIC 3 ES TTP
Signal Intensity Type A Signal Intensity Type B Signal Intensity Type C
Time Time Time
Signal Intensity Type D Signal Intensity Type E
Time -Time

2009 1 15 1 Chin J Osteoporos January 2009 Vol 15 No. 1

MR TIC



2009 1 15 1 Chin J Osteoporos January 2009 Vol 15 No.1 47
q 11.1997 E,. ES TTP q
9.7389 10.9449 9.7517 4.1366 6.4634 P < 1.4998 1.2259 2.3905 P > 0.05
0.01 1
1 E.. ES TTP Xts
Epae % ES % TIP s
Mean 95%CI Mean 95%CI Mean 95%CI
ACF 40 196.79£10.98  164.50~229.09  7.60+0.64 6.11~9.08 45.27+2.33  42.29~48.25
MCF 40 215.30+14.47 188.29~242.32  8.23+0.22 7.20~9.26 41.56+2.20  38.61 ~44.50
NC 36 73.25+5.58  53.43~93.07  2.400.20 1.65~3.15 51.87+1.96  48.16~55.58
F 31.56 30.49 10.63
P <0.01 <0.01 <0.01
ACF  MCF NC E ES TTP q 11.1997 9.7389 10.9449 9.7517 4.1366
6.4634 P <0.01 ACF MCF Ena ES TTP q 1.4998 1.2259 2.3905 P >0.05
TIC 2 TIC
X2 =53.006 P <0.001
2 E TIC A C D E
80.0% 32/40 3D TIC ACF 7 1 32 40
40% 16/ MCF n 16 13 40
40 4 1 E TIC C NC 4 22 36
D TIC 38.89% 14/36
61.11% 22/36
E TIC 3
80.0% 67.50% 73.75% 3.1 MR
71.11% 77.14% D
TIC T, WI
40.0% 97.50% 68.75% MR TIC
94.12% 61.90%
s
1400 S o
/\/-A/
1050 L
£
= 700
350 | S
0l ‘ m & %
'EIW[+C ik i) ()
3B L E TIC




48 2009 1 15 1 Chin J Osteoporos January 2009 Vol 15 No.1

.'IVI‘ K
; g
2600 : _
// it "‘{M"LI'.""‘\r"'"-.’lnu',.
% 1950
2
‘;‘ q'l‘ =V (| 1300 |
(=
650 .MN»\ ! ) )
L\ Tt 0 30 60 90
STIR | ¥ e I (s)
4A Thy, 4B Th, D TIC
95%
MR
E,. ES TIP
E. ES
3.2 MR TIC
6 7
TIC
- - _ TIC
8
6 7
9
MR E_ ES TTP TIc
T, WI ¢ T
Ch 4
o C TIC
D TIC
Chen * D TIC
100%
MR D TIC
36 10-13
97.50% 94 .12% 75% 30/40
E. ES
TTP
D TIC
40.0% D TIC



Chin J Osteoporos January 2009 Vol 15 No.1 49

Uetani M Hashmi R Hayashi K. Malignant and benign compression
fractures  differentiation and diagnostic pitfalls on MRI. Clinical
Radiol 2004 59 2 124-131.

Yu CW Hsu CY Shih TT et al. Vertebral osteonecrosis MR
imaging findings and related changes on adjacent levels. Am J
Neuroradiol 2007 28 1 42-47.

Scherer A Wittsack HJ Strupp C et al. Vertebral fractures in
multiple myeloma ~first results of assessment of fracture risk using
dynamic contrast-enhanced magnetic resonance imaging. Ann
Hematol 2002 81 9 517-521.

Chen WT  Shih TT Chen RC et al. Blood perfusion of vertebral
lesions evaluated with ~gadolinium-enhanced dynamic MRI  in
comparison with compression fracture and metastasis. J Magn Reson
Imaging 2002 15 3 308-314.

Tokuda O Hayashi N Taguchi K et al. Dynamic contrast-
enhanced perfusion MR imaging of diseased vertebrae analysis of
three parameters and the distribution of the time-intensity curve
patterns. Skeletal Radiol 2005 34 10 632-638.

Savvopoulou V' Maris TG Vlahos L et al. Differences in perfusion
parameters between upper and lower lumbar vertebral segments with

dynamic contrast-enhanced MRI DCE MRI . Eur Radiol 2008 18

Shih TT Liu HC Chang CJ et al. Correlation of MR lumbar spine
bone marrow perfusion with bone mineral density in female subjects.
Radiology 2004 233 1 121-128.

Shih TT Huang KM Li YW. Solitary vertebral collapse distinction
between benign and malignant causes using MR patterns. ] Magn
Reson Imaging 1999 9 5 635-642.

Wang CG  Xiao XS Shen TZ et al. MRI of cancellous bone
fracture and its healing in vertebral body. Chin J Orthop 1997 17

Moehler TM  Hawighorst H  Neben K et al. Bone marrow
microcirculation analysis in multiple myeloma by contrast-enhanced

dynamic magnetic resonance imaging. Int J Cancer 2001 93 6

Nosas-Garcia S Moehler T Wasser K et al. Dynamic contrast-
enhanced MRI for assessing the disease activity of multiple myeloma

a comparative study with histology and clinical markers. J Magn
Reson Imaging 2005 22 1 154-162.

Moulopoulos LA Maris TG Papanikolaou N et al. Detection of
malignant bone marrow involvement with dynamic contrast-enhanced

magnetic resonance imaging. Ann Oncol 2003 14 1 152-158.

2009 1 15 1
E TIC
Chen *
E TIC 1
85.7%
2
E TIC
3
E TIC
4
E TIC
80.0%
67.5% 73.75% >
TIC 13 2 2
2 Hodgking 6 6
9 1876-1883.
7
TIC 8
E TIC
9
MR 4 63-65 in Chinese .
10
E"H]X ES
TTP N 862-868.
K rans l l
v, PS
100 s
TIC
12
MR
MR 13

Zhang . Yang ZY Alex GP. Characteristics of bone marrow with
dynamic  contrast-enhanced MR imaging in patients with
haematological malignancies —preliminary results. Chin J Radiol
2007 41 3 269-273 in Chinese .

2008-07-10





