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Purpose To determine the usefulness of diffusion weighted-MRI (DW-MRI) in the evaluation of
spinal metastasis.

Materials and Methods From July to August 2017, 48 whole-spine DW-MRI to detect metasta-
sis in patients with extra-spinal tumors were retrospectively evaluated by three radiologists.
The usefulness of DW-MRI was evaluated in four groups based on the change in confidence rat-
ing between two sessions: 1 (T1- and T2-weighted and contrast-enhanced images) and 2 (addi-
tional DW-MRI). The associations of the usefulness with age, sex, primary cancer, bone type with
metastasis, number of probable metastatic segments in session 1, and anatomic locations were
assessed in vertebral body and posterior element cases.

Results According to the readers 1, 2, and 3, there were 18, 19, and 16 vertebral body cases, re-
spectively, and 12, 13, and 9 posterior element cases, respectively. In the group with no except-
ed metastasis, DW-MRI was useful in 52-59% of vertebral body cases and 39-67% of posterior
element cases. There were no significant differences in the usefulness with respect to the num-
ber of probable metastatic segments in session 1, age, sex, primary cancer, bone type with me-
tastasis, or anatomic location.

Conclusion DW-MRI could be used to evaluate spinal metastasis. However, there were no dif-
ferences in the usefulness with respect to the anatomic location.
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Fig. 1. Flow chart for patient selection.

Whole spine MRI with diffusion weighted
imaging of metastasis work up protocol (n=64)
July-August 2017

Exclusion criteria (n=16)
- Primary tumor or tumor-like lesion in spine (n=7)
- No primary tumor (n=5)
- Not for metastasis work up (n=4)

4

Final study population (n=48)

A EH 2zt 48“394 B2 3.0-Tesla 27|53 F/d 971 (Ingenia, Philips Healthcare,
Best, the Netherlands)2 55131} 2|3 Ho] o F7FE Q|5 7|&2] # 2 Z(whole spine)

MRI Z 2 EZ(conventional MRI)}2 th3F 2Tk T1 =2 A/ EJE A3 of| F[T1-weighted
sagittal turbo-spin-echo (°]3} TSE)] [repetition time (°]3} TR)/echo time (|5} TE),
400~650/10 msec; slice thickness, 4 mm; slice gap, 0.4 mm; field of view, 25~40 cm; matrix,
440 X 429], T2 7= &/ BlE A3 o I (T2-weighted sagittal TSE) (TR/TE, 3400~4400/120
mseg; slice thickness, 8 mm; slice gap, 2 mm; field of view, 25~40 cm; matrix, 440 X 413), 71
2|3 T1 Z=x /49 B2 AW of| 3(T1-weighted axial TSE) (TR/TE, 400~650/10 msec; slice
thickness, 8 mm; slice gap, 2 mm; field of view, 25~40 cm; matrix, 440 X 429).
29 34 92 AIA T1 Z= 5B A3 o Z(T1-weighted multiecho dixon TSE) 54

2 AL, AFH(TR/TE, 450~650/15 msec; slice thickness, 4 mm; slice gap, 0.4 mm; field of
view, 25~40 cm; matrix, 352 X 391; mean acquisition time, 6 minutes 47 seconds) % 4™
(TR/TE, 400~650/15 msec; slice thickness, 8 mm; slice gap, 2 mm; field of view, 15 cm; ma-
trix, 304 X 260; mean acquisition time, 6 minutes 54 seconds)°ll thsll AUtk 2F#= 0.1
mmolL/kg Gd-DPTA (Magnevist; Schering, Berlin, Germany)= 79 Akt

btz /g thhol| I3 Y/ (multi-shot echo planar imaging)S AlJHHol| thal AAct
(TR/TE, 2255/62~84 msec; slice thickness, 4 mm; slice gap, 0.4 mm; field of view, 25~37 cm;

matrix, 148 X 97; b =1000 s/mm? mean acquisition time, 4 minutes 1 seconds).

TAAZ B
39| F/Fefstt Jak(reader 1, 25 G/ ool 17d7te] F=2 7H1 F/delet w9,

reader 2, 25+ G 3ollA 73] A 7 Fdelst 12, reader 3, 5 F/dollA 971 2]
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OHE MRI Z2 EZo]| thgh 3715 Hhgsiqinl; 24, 719 MRI 2 EZ(conventional, T1 %
T2 4= 943 29 27 94, 4, conventionalol] DWIE 715t T2 &2, SU3H $xjo
gk 23] 9] T M2 25 o)/de] ARt 7HAS Fal ZIdYato] 2]E HAHrecall bias)E 3Tt
& WA Aol A= 2 WA Al 2] ks B xS A ESAY FarskA] ekt

23] 9] 5 Aol A} L5 23 Ho] of Hof tfgt 7= 3 B4 (spinal segment)2] 422 7]
E5|Qa1, Z4zko] £-of| tisl 4= 5FHconfidence rating)g 3712] 532 & L}ro] H43lst
o] 7]&slnk: vl 2igohA| ol 7t A== 7-%-(probably metastasis: 2), Z10] oJ-7} of

gt 7-9-(doubtful: 1), B4 £rgs] Ho|7} gl& A 0= ekl Z-$(probably benign: 0).
5}1#94 2% 274 (spinal segment)2 o]l |3+ 2| F=uE-F (vertebral body)} 255112
(posterior element) &2 L0 37 }sH3lct.

23]9] *ﬂ*“oﬂf\i# Fd A2 AT AtollA HE Mol & Alrbehe Ao ® HokH 4H
= T2, 2F Aol ofio] mtto] glof Xthgh AA| k=l 7PEA| 3gsioict. A viA =
AofA=1) TL A= @l Rlo] HAIE 7|0 % W S Ae g B 49,2
E J/gollA] B 2] sl (trabecular bone)7F AAE 1S 749 1 o
oM Aot £ 42 B 499 Al 7HA 7S ¥F o2 stof Hlw A 2RShA| o7t o4
&= 7-%(probably metastasis: 2)% ¥=55t{0H16-20). =3t T2 4% G0l 278 A&
(halo sign)7} Hole 79, BE Aol HE 9] 220 20o] Fgo| Bo|& A ooj& ol &

_TE
&.’9
M
o8
o|N
o

OJAlE 4= Q= a0 2 sieltt

A AFTE AAF0] HolA| AU, Rt = AAE B A9 Hwd 25| Ho|7} gle
Ao 2 mohe]= 79 (probably benign: 0)2 T=51910m o]2i3t AHE0] B5 79 o]
of 27} ofuhgt -2 (doubtful: 1) THES oﬂt}.

5 JHA) w5 AldolM = A WA = Al 9] 7% YAl 4851, ool toto]
o] W2 apparent diffusion coefficient 4tS Eo|™, &4 A$Hdiffusion restriction)S &
A A Mol AT 4 Q= AH o g FuslrH(13, 15). FAFel st o AKreader 3)= A7)
YIS ZY Ao =RE 67l o]ujol] o] FofXl #Fo] T2 (plain radiograph)d} A
T3 F/d(elst CT)oll 7IRbste] 2= Holo] f52 B7I3e A5 Holo] K2 =89

’d(osteolytic), = 4d/d(osteoblastic), H&Hd (mixed) 22 F-E5FATH21).
F/deJst} ol (reader 3)+= DWIS] S 7ol =], DWICA] 51/dol| oJsl 7t A= A%
2

Bo] 22 s)Rsta ol [vertebral level: AZ(C), F3(T), RF(L), ()0l wfe} Lpiro] 1

tllo]e] &A1 Heiste] FA| stk EAlelA] 15E7te] A2 71X o) 7 S w)of AEsiit.
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Table 1. Usefulness of DW-MRI at Each Anatomic Location

Presumed Metastatic Lesion Presumed
L . Not Non-Metastatic
Definite Useful Equivocal .
Useful Lesion
Vertebral body
Category* 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Probably metastasis | P =1 T T T \ A i =7 —
Doubtful = b d ) — d d T T T T T —
Probably benign 1 1 T = ! (R | ) ) \J —
Reader 1
Number of patients 1 0 I 2 4 3 1 1 0 0 3 1 8 17
Total 18 5 8 17
Reader2
Number of patients 4 1 5 2 4 3 0 1 2 0 2 0 8 16
Total 19 5 8 16
Reader 3
Number of patients 0 1 7 2 3 2 1 3 0 0 2 0 10 17
Total 16 5 10 17
Posterior element
Category* 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Probably metastasis l P =1 T T T \: ) = T —
Doubtful — b d d — d \ T T T T T —
Probably benign T T T = 4 \: T = 1 ) ) \ —
Reader 1
Number of patients 1 0 1 0 10 0 0 0 0 0 1 0 5 30
Total 12 1 5 30
Reader2
Number of patients 3 0 4 0 4 1 1 0 0 0 0 1 9 25
Total 13 1 9 25
Reader 3
Number of patients 0 2 2 0 4 1 0 0 0 1 2 1 10 25
Total 9 4 10 25

Data on the number of subjects.

*The patients were divided in 14 categories based on the total number of changes in the confidence rating (probable metastatic, equivocal,
and probable benign segments) between sessions 1 (conventional, T1- and T2-weighted image, and contrast-enhanced MRI) and 2 (addition-
al DW-MRI after conventional imaging) as follows: Category 1, decreased number of probable metastatic segments, no change in equivocal
segments, or increased number of probable benign segments; Category 2, decreased number of probable metastatic segments, decreased
number of equivocal segments, or increased number of probable benign segments; Category 3, no change of probable metastatic segments,
decreased number of equivocal segments, or increased number of probable benign segments; Category 4, increased number of probable
metastatic segments, decreased number of equivocal segments, or no change in probable benign segments; Category 5, increased number of
probable metastatic segments, no change in equivocal segments, or decreased number of probable benign segments; Category 6, increased
number of probable metastatic segments, decreased number of equivocal segments, or decreased number of probable benign segments;
Category 7, increased number of probable metastatic segments, decreased number of equivocal segments, or increased number of probable
benign segments; Category 8, decreased number of probable metastatic segments, increased number of equivocal segments, or no change in
probable benign segments; Category 9, decreased number of probable metastatic segments, increased number of equivocal segments, or in-
creased number of probable benign segments; Category 10, decreased number of probable metastatic segments, increased number of equiv-
ocal segments, or decreased number of probable benign segments; Category 11, no change in probable metastatic segments, increased
number of equivocal segments, or decreased number of probable benign segments; Category 12, increased number of probable metastatic
segments, increased number of equivocal segments, or decreased number of probable benign segments; Category 13, no change in probable
metastatic segments, no change in equivocal segments, and no change in probable benign segments; and Category 14, all segments are
probably benign in both the sessions. DW-MRI was useful in categories 1, 2, 3,4, 5, 6, and 7. The use of DW-MRI was equivocal in categories 8, 9,
10, 11, and 12. DW-MRI was not useful in Category 13. No metastasis was presumed in Category 14.

DW-MRI = diffusion-weighted MRI

https://doi.org/10.3348/jksr.2019.80.6.1145 1149
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Fig. 2. Graphs of the usefulness of diffusion-weighted MRI depending on the anatomic position (vertebral body; A and posterior element; B),
evaluated by each reader (reader 1, reader 2, and reader 3).

@ Vertebral body Posterior element
70+ B
" [ ] Reader 1 80 [] Readerl
60 (185/831)% o [ Reader2 70 (126/718) ] Reader 2
16/31) [] Reader3 57 [ Reader3
50 | 60 - 13/23)
50 44
< 407 n ~ 39 39 010/23)
s 1051) g 42 ©/23) 9/23)
30 ) o 2
(8/31) (8/32) 301 (5/18)
204 6 16 16 =
(5/31) (5/32) (5/31) 204 )
10+ i 5 4
10 (1/18) (1/23)
0 0
Definitely useful Equivocal Not useful Definitely useful Equivocal Not useful
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Table 2. Usefulness of Diffusion-Weighted MRI Depending on the Clinical Information and Number of Involved Segments on Conventional MRI
at Each Anatomic Location

Presumed Metastatic Lesion

— - p-Value Presumed Non-Metastatic Lesion
Definite Useful Equivocal  Not Useful
Vertebral body
Reader 1
Age* 594+ 172 66.2+9.4 583+79 0.064
Sex 0.59
Male 10 4 6
Female 8 1 2
Primary cancer 0.822
Lung 3 1 2
Prostate 2 2 1
Breast 4 0 2
Miscellaneous’ 9 2 3
Type 0.517
Pure lytic 3 1 4
Blastic and mixed 6 1 2
Unknown* 9 3 2
Number of segment on session 1* 5882 78*x116 102 %133 0.278
Total 18 5 8 17
Reader2
Age* 66.2 £12.0 56.6 £11.1 61.6%+9.8 0.829
Sex 0.875
Male 11 3
Female 8 2 2
Primary cancer 0.953
Lung 4 0 2
Prostate 1 1
Breast T 3 3
Miscellaneous* 19 5 8
Type 0.597
Pure lytic 3 2 3
Blastic and mixed 6 2 2
Unknown* 10 1 3
Number of segment on session 1* 59+96 182+ 149 82+129 0423
Total 19 5 8 16
Reader 3
Age” 66.5+11.0 665+ 151 541*11.1 0.764
Sex 0.725
Male 6 3
Female 5
Primary cancer 0.115
Lung 3 0 1
Prostate 1 3 0

https://doi.org/10.3348/jksr.2019.80.6.1145 1151
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Table 2. Usefulness of Diffusion-Weighted MRI Depending on the Clinical Information and Number of Involved Segments on Conventional MRI
at Each Anatomic Location (Continued)

Presumed Metastatic Lesion

— - p-Value Presumed Non-Metastatic Lesion
Definite Useful Equivocal  Not Useful
Breast 2 1 2
Miscellaneous* 5 0 4
Type 0.912
Pure lytic 2 1 3
Blastic and mixed 5 2 3
Unknown* 4 1 1
Number of segment on session 1* 42=*6.1 14+17 176+ 147 <0.001
Total 11 4 7 26
Posterior element
Reader 1
Age* 59.8 +10.5 66 £ 0 59.6 +13.9 0.501
Sex 0.387
Male 9 0
Female 3 1 2
Primary cancer 1
Lung 3 0 1
Prostate 2 0 0
Breast 2 0 1
Miscellaneous* 5 1 3
Type 0.378
Pure lytic 5 0 2
Blastic and mixed 4 0 3
Unknown* 3 1 0
Number of segment on session 1* 57=%55 0x0 148+ 126 0.039
Total 12 1 5 30
Reader 2
Age* 63.2+12.0 55+0 61.2 +12.0 0.986
Sex 0.029
Male 5 1 8
Female 8 0 1
Primary cancer 0.257
Lung 3 1 1
Prostate 3 0 1
Breast 4 0 1
Miscellaneous® 3 0 6
Type 0.448
Pure lytic 2 1 3
Blastic and mixed 7 0 3
Unknown# 4 0 3
Number of segment on session 1* 45169 70 142£116 0114
Total 13 1 9 25

1152 jksronline.org
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Table 2. Usefulness of Diffusion-Weighted MRI Depending on the Clinical Information and Number of Involved Segments on Conventional MRI
at Each Anatomic Location (Continued)

Presumed Metastatic Lesion

— - p-Value Presumed Non-Metastatic Lesion
Definite useful Equivocal  Not Useful
Reader 3
Age* 67.4+123 61+11.0 593*£128 0959
Sex 0.336
Male 4 2 8
Female 5 2
Primary cancer 0.183
Lung 3 0 1
Prostate 1 2 1
Breast 1 2 2
Miscellaneous 4 0 6
Type 0.756
Pure lytic 1 1 4
Blastic and mixed 5 2 3
Unknown* 3 1 3
Number of segment on session 1* 23134 22%29 152+114 0.002
Total 9 4 10 25

Data on the number of subjects, except when mentioned otherwise.

*Data are expressed as mean =% standard deviation, with the ranges enclosed in parentheses.

fPrimary cancers, except lung and prostate or breast cancers, are classified as miscellaneous.

¥Cases of no possible radiographic or CT scan within 6 months from the MRI to evaluate the metastatic type are classified as unknown.

Table 3. Usefulness of Diffusion-Weighted MRI Depending on the Anatomic Location

Presumed Metastatic Lesion

p-Value Presumed Non-Metastatic Lesion

Definitely Useful Equivocal Not Useful
Reader 1
Position 0.55
Vertebral body 18 5 8 17
Posterior element* 12 1 5 30
Reader2
Position 0.29
Vertebral body 19 5 8 16
Posterior element* 13 1 9 25
Reader 3
Position 0.64
Vertebral body 16 5 10 17
Posterior element* 9 4 10 25

Data on the number of subjects.
*The sacrum was evaluated only in the vertebral body because it is difficult to count the number of involved segments in the posterior element.

https://doi.org/10.3348/jksr.2019.80.6.1145 1153



24 Avk= Table 13 Fig, 20] 29Fsto] 2|5ttt

487 9] A thd BE F AFWEES 7IF2 =2 SIS W, reader 19] /3ol A defi-
nitely useful-2 189, equivocal-> 59, not useful-> 870|213, presumed non-metastatic le-
sion 177 °]3At}. Reader 29] THE/goll A= definitely useful2 199, equivocal> 5%, not
useful-2 87 °] 211, presumed non-metastatic lesion2 167 0] 2{tt. Reader 39] THE/ol| A=
definitely useful 16, equivocal2 5%, not useful2 109 °] 111, presumed non-metastatic
lesion2 1774 ] A tt. Presumed non-metastatic lesionS 2 35H4] a1 A4S wh definitely
useful 1452 reader 1041 58%(18/31), reader 201141 599(19/32), reader 30114 5296(16/31) iCt.

4874 9] A i FAE T HFHIULZE 7|F o2 51S Wi, reader 12] TEJol|A defi-
nitely useful-2 129, equivocal-> 19, not useful-2 5740|2131, presumed non-metastatic le-
sion2 307 °| AT}, Reader 29] THE/goll A= definitely useful 139, equivocal> 1%, not
useful 90|11, presumed non-metastatic lesion- 257 0] T}, Reader 32] TEfol|l A=
definitely useful-2 9%, equivocal-> 4%, not useful-> 1070|131, presumed non-metastatic
lesion2 257 0] At} Presumed non-metastatic lesionS Z3F5HA] &A1 ALFell S wl) defi-
nitely useful 7152 reader 1014 67%(12/18), reader 2014 57%(13/23), reader 30141 39%
(9/23)ict.

Reader 39] =0 gFsto]) &1 ®H#]| HlAdof|A] probably metastasis® H7He 24 0] = 2|
W55 A2 H 1 E 7|02 519 | 25 definitely useful, equivocal Z12] 3L not useful
group Afojoll §-2lgk Zto] & HJATH -5 (p < 0.001), H5F112](p = 0.002)]. Reader 1]
49 MR e 2 BA6I9S o, 8o)5k 2fo] 2 B tHp = 0.039). Reader 20|41= 2E 749
oflA] Fofgt 2ol 7} ATt

rok

£ reader®] TN A, 43, A FY, Holo] §9 B sy Six (HFHEE, 2
Table 4. Quality of DW-MRI
Category* Poor Fair Good Excellent

DWI image quality

Number of patients 7 10 15 16
DWI image quality by vertebral level

C 0 6 2 40

T 6 6 13 23

L 0 0 48

S 0 0 48

Data on the number of subjects.

*The patients were divided in 4 grades based on the number of spinal segments not visible on DW-MRI be-
cause of artifacts: poor (0), more than 5 segments are not visible; fair (1), 3-4 segments are not visible; good
(2), 1-2 segments are not visible; excellent (3), all the spinal segments are visible.

DW-MRI = diffusion-weighted MRI, DWI = diffusion weighted image
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Fig. 4. MR images of an 82-year-old man with prostate cancer. Sagittal T1-weighted (A), sagittal T2-weighted turbo spin-echo (B), and sagittal
fat-suppressed contrast-enhanced T1-weighted MR images showing probable metastasis at T7-T9 spinal segments (C). Diffusion-weighted
MR images [b = 1000 (D) and apparent diffusion coefficient map (E)] also showing probable metastasis at T7-T9 spinal segments, along with a
small probable metastasis at the T3 spinal segment (arrows on D and E). Sagittal T1-weighted (A), sagittal T2-weighted turbo spin-echo (B),
and sagittal fat-suppressed contrast-enhanced T1-weighted MR images showing no definite spinal metastasis at the T3 spinal segment (C).
MR = magnetic resonance
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Fig. 5. MRimages of a 66-year-old man with hepatocellular carcinoma.

A. Sagittal T1-weighted turbo spin-echo MR image showing a hypointense round nodular lesion (arrow) at the L2 vertebral body.

B. Sagittal T2-weighted MR image showing an isointense lesion (arrow) at the same location.

C-E. Sagittal fat-suppressed contrast-enhanced T1-weighted MR image showing peripheral enhancement of the L2 lesion (arrow on C). The
patient’s positron emission tomography-CT report showed this lesion as one of probable metastasis. Diffusion-weighted MR images [b = 1000
(D) and apparent diffusion coefficient map (E)] showing no diffusion restriction in the L2 lesion (arrows on D and E).

MR =magnetic resonance
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