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Quantitative evaluation of diffusion-
weighted imaging with multiple b-values
in vertebral fractures
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treatment planning. Therefore, we aimed to investigate the role of quantitative
evaluation of diffusion-weighted imaging (DWI) at multiple b-values of 200,
400 and 600 s/mm2 in differentiating benign from malignant thoracolumbar
vertebral fractures and to determine an optimal b-value.
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OMBIPTKAHBIH CBIHBIKTAPBI KE3IHAEI'TI KOIITET'EH B-MOHIMEH JTU®®Y3UAJIBIK-OJIIHEHI'EH BU3YAJIU3A-
HOUAJAYAbI CAHABIK BAFAJIAY

®arma Kynaiau
Pauonorusuibik Oesimi, MenuiiHa FpIIbIMIAphl yHUBEPCUTET], YMpanue OiimM Gepy »KoHe FhUIBIMU-3epTTeY KIMHUKACh, TYpKus

T¥XbIPbIMOAMA

Makcarbl: Kelige repnatpusanbik OHKOMOMMANbIK HaykacTapAa OMbIPTKaHbIH, CbiHYbl KE3iHAE OMbIPTKA CYMEKTEpIiHIH KaTepcis iCikTepiH katepni
icikTepaeH epekiueney KublHFa coragbl. CoHabikTaH, 6i3aiH MakcatbiMbid — 200, 400 xxeHe 600 c/MM2 kenTereH b-maHiH AN DY3NANbIK-eNLWEHreH
BM3yanuaauusnayabl caHAblk 6akblnayablH peniH 3epaerney xaHe oMbIpTKaHbIH kKeyae-0eniHin CbiHbIKTapbl 6apbiCbiHAa kaTepri icikTepaeH kaTtepcia
icikTi gudpdpepeHumaumsnay ywid Tvimai b-maHiH avikeiHaay 6onbin Tabbinagb.

OgpicTepi: 3epTTeyre 72 oMbIPTKA CbiHbIKTapbIMeH 44 nauneHT katbicTbl. 200, 400 xoHe 600 c/MM2 b-maHi kesiHae Anddy3nanbiK-enLLeHreH
BM3yanu3auusnayMeH yWnecTikTe MarHUTTIK-pe30HaHCTbIK ToMorpadusHblH HaTwkenepi 6arananabl. AnddysnsaHbiH enweHeTiH KOaPMULIMEHTIHIH
MaHIi XaHe AU dY3nsAHbIH enwweHeTiH KO3MULMEHTIHIH HOpManaHFaH MaHAepi anbiHabl. Paguonornsnblk eHe rmcTonorvsanblk kagaranayabiy
HaTWXenepi canbICTbIPbINAbI.

HoaTmxenepi: 72 ombIpTKa CbiHbIKTapblHaH 22-yi OMbIPTKa CYWEKTEepiHiH kaTepcia iciri xaHe 50-i kaTepni icik 6onbin WheIKTbl. Katepni iciktep
TOObIHbIH AN DY3NACHIHLIH ONLLEHETIH KOIPULMEHTIHIK opTalla HopmanaHFaH maHaepi 200 c/MM2b-MaHi KesiHae KaTepcis icikTep TobblHa, KaTepni
icikTep TobbIHAA 600 c/mMM2 KaparaHaa, TemeH 6onabl.

KopbITbIHABI: MarHUTTiK-pe30HaHCTbIK ToMorpadmsa  Anddy3usnbik-enLieHreH BudyanusauusanaymeH bipre — byn acipece, repuatpusnbik
OHKOMOTUANbIK HaykacTapAblH npobnemanapbiH wewy aaici. 200 c/mm2  b-maHi KesiHAe AnddY3USAnbIK-enLIeHreH Bu3dyanusauusanaynbl eTkisyre
XoHe AepeKTepai OHTannaHabIpy YLiH Anddyananay enleHeTiH KO3MULIMEHTIHIH HOpManaHFaH MaHiH 6aranay yCbiHbInaabl.

Herisri cesmep: AuddysnsaHbiH enweHeTiH KoadduumenTi, AnNddyY3AnbIK-eNWeEHETIH Budyanusauusanay, MarHUTTIK-pPE30HAHCTbIK
ToMorpadusi, OMbIPTKaHbIH CbIHYbI
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KOJHUYECTBEHHAS OLIEHKA TU®®Y3NOHHO-B3BEINEHHOM BU3YAJIN3AIIAN C MHOKECTBEHHBIM

B-3HAYEHHUEM IIPU INEPEJIOMAX ITIO3BOHKOB
®arma Kynanaun

Pagmonornyeckoe otnenenue, YHI/IBCpCI/lTCT MCIMUMHCKUX HayK, OGpaSOBaTCHLHa}I W HAYy4YHO-UCCIICI0BATCIIbCKAs KIMHUKA YMpaHne, CTaMGyJ'I, TprIl/l}I

PE3IOME

Llenb: MHoraa cnoXxHo otnmunte AOOGPOKAYECTBEHHYIO OMyXOrb KOCTEN MO3BOHOYHMKA OT 3110KaYeCTBEHHOW Npu neperome Nno3BOHOYHMKA
y repuaTpu4eckux OHKOBOMbHbIX. Heobxoamm TOYHbIA AMarHo3 ANs NNaHMpoBaHus NedyeHusi. [o3ToMy, Hallen Uenblo SBMSeTCs M3y4uTb porb
KONM4eCTBEHHOW OLEeHKM Anddy3MOHHO-B3BELLEHHON BU3yanu3aunm MHOXeCTBeHHbIX b-3HaveHun B 200, 400 1 600 ¢c/MM2 1 onpeaenuts onTumarnbHoe
b-3HaueHve ana auddepeHumalmm 4oOpoKkaYeCTBEHHON OMYXONM OT 31TI0KAYECTBEHHON NPY rPYyA0ONOSICHUYHBIX NEpPerioMax No3BOHOYHMKA.

MeTopabi: B vccnenoBaHwm NpuHANKM y4acTve COpOoK YeTbipe naumeHTa ¢ 72 neperiomamu No3BoHOo4YHUKa. OLeHuBanuch pesynsraTbl MarHMTHO-
pe3oHaHCHON Tomorpadgumm B coveTaHum ¢ auddy3MoHHO-B3BELLEHHON Bu3yanu3auuen npu b-aHadeHusix B 200, 400 n 600 c/mm2. lMony4eHsbl
3Ha4YeHUs n3mepsiemMoro koadduumneHTa auddysnm 1 HopManu3oBaHHble 3HaYeHUs namepsiemoro koadduumnernta anddysnn. CpaBHuBanuch

pes3ynbratbl pagnoriorM4eckoro 1 rmCToiorm4eckoro Haﬁﬂ}O,D,eHl/lﬂ.

PesynbraThbi: 1372 nepenomoB No3BOHOYHUKA, 22 Oka3anucb 406 poKaveCcTBEHHbIMU OMyXOSsIMU KOCTE MO3BOHOYHMKA U 50 3r0Ka4eCTBEHHBIMU.
CpefHue 1 HopMarnu3oBaHHbIE 3HAYEHUSI U3MePSiEMOro koadduLmeHTa Anddy3nm rpynnbl 3MoKa4eCTBEHHOW ONyxonu Bbiny HUXe, Yem B rpynne
[o6pokavecTBeHHOW onyxonu npu b-3HaveHun B 200 c/mMm2, Yyem npu 600 c/MM2 B rpynne 3nokavecTtseHHow onyxonu (p<0.05).

3akntouyeHue: MarHUTHO-pe3oHaHcHasi Tomorpacumsi COBMECTHO € AN Y3MOHHO-B3BELLEHHON BU3yanu3aunein 3To METoA peLLeHusi npobrnemsl
B OCOBEHHOCTN Y repraTpr4eckmx oHKoborbHbIX. PekomeHayeTcs nposefeHve Anddy3noHHO-B3BELLEHHON BU3yanu3auum npu b-sHaveHnm B 200 c/
MM2 1 OLEeHKa HOPMarnu30BaHHOIO 3Ha4YeHUst n3mepseMoro koadduumneHTa gnddysmm onsg onTuMmn3aunm JaHHbIX.

KnioueBble cnosa:
Tomorpadusi, nepernom No3BOHOYHMKA

Introduction

Vertebral fractures are frequently seen due to osteoporosis,
trauma and tumor. Incidence of vertebral fractures continues
to increase with age [1-5]. The diagnosis and determining the
ctiology of vertebral fracture are generally made on the basis of
history and clinical findings combined with radiological imaging
such as conventional radiography, computed tomography (CT)
and magnetic resonance imaging (MRI). MRI provides high
tissue contrast resolution. Therefore, bone marrow edema,
associated soft tissue component and contrast enhancement
can accurately be detected on MRI [1-5]. However, some
acute osteoporotic and traumatic vertebral fractures can
mimic malignant vertebral fractures with increased contrast
enhancement and high signal intensity on T2-weighted sequences
due to edema and inflammatory reactions. Differentiating benign
from malignant vertebral fracture is very important especially
in geriatric oncology patients. Existence of bone metastasis
changes the management of patient. In patients with bone
metastases, conservative treatment is preferred because of
reduced probability of being cured. In some patients, additional
imaging modality is required for differential diagnosis [1-5].

To the best of our knowledge, quantitative evaluation of
diffusion-weighted imaging (DWI) at b-values of 200, 400 and
600 s/mm2 in differential diagnosis of benign and malignant
thoracolumbar vertebral fractures has not been investigated
before. For this reason, aims of this study were to investigate the
role of quantitative evaluation of DWI at multiple b-values in
differentiating benign from malignant thoracolumbar vertebral
fractures and to determine an optimal b-value for differential
diagnosis.

Materials and Methods

The Institutional Review Board approved this retrospective
study, and informed consent was waived. Imaging reports
of thoracolomber MRI examinations in hospital information
system (HIS) were searched retrospectively at a single institution
between March 2003 and March 2005. The terms used were
vertebral fractures, vertebral tumor, metastasis, lymphoma,
multiple myeloma, cancer and carcinoma. There were 51 MRI
examinations of consecutive patients. Then, medical imaging
records of these patients were reviewed from picture archiving
and communications system (PACS). MRI examinations without

Mamepsiembin  koadppuumeHT  anddysun,

AN dY3NOHHO-B3BELLEHHAS BU3yanu3aumusi, MarHUTHO-PE30HaHCHasi

DWI (n=5) and two patients with insufficient images due to
artefacts were excluded. A total 44 patients with 72 vertebral
fractures who had undergone thoracolomber MRI combined
with DWI were enrolled in this study. There were 22 women
and 22 men with a mean age of 45+18 (SD) years (range: 19-78
years).

MRI examinations were performed on a 1.5 Tesla
system (Gyroscanlntera, Philips Medical Systems, Best, the
Netherlands). MRI sequences were as follows; sagittal T2-
weighted turbo spin-echo (TSE) (TR/TE: 3500/120, field of
view FOV: 325 mm, matrix: 264x512, slice thickness 5 mm),
sagittal T1-weighted TSE (TR/TE: 400/11, field of view FOV:
325 mm, matrix: 264x512, slice thickness 5 mm), sagittal T2-
weighted TSE spectral presaturation with inversion recovery
(SPIR) (TR/TE: 3500/120, field of view FOV: 325 mm, matrix:
216x512, slice thickness 5 mm), axial T2-weighted TSE (TR/
TE: 3500/120, FOV: 225mm, matrix: 213x512, slice thickness
5 mm,), sagittal pre-contrast and post-contrast T1-weighted
TSESPIR (TR/TE: 400/11, FOV: 325mm, matrix: 264x512,
slice thickness 5 mm) sequences, sagittal diffusion weighted
single-shot echo-planar imaging (EPI) (TR/TE: 1839/86, EPI
factor: 77, FOV: 270mm, image matrix: 77x256, slice thickness
Smm) with b-values 0, 200, 400 and 600 s/mm?2.

An experienced radiologist (FK) evaluated the MRI and
DWI findings of thoracolumbar vertebral fractures without
knowing the history, clinical or surgical results of patients. Signal
intensity on T1- and T2-weighted images, convexity of posterior
vertebral corpus wall, presence of contrast enhancement,
involvement of posterior vertebral elements and associated soft
tissue component on MRI were noted. Low signal intensity on
T1-weighted sequence and high signal intensity on T2-weighted
sequence without contrast enhancement was defined as edema.

Region of interest (ROI) measurements in vertebral fracture
and adjacent normal vertebral bone marrow were performed at
three different locations inside vertebral fracture in the dedicated
workstation (Philips Medical Systems). The measurements of
circular ROIs ranged in size between 110 mm2 and 130 mm?2.
For each vertebral fracture (n=72) and adjacent normal vertebral
bone marrow (n=72), the mean value of ROI measurements was
estimated on ADC map.The normalized ADC value (ratio of
mean ADC value in vertebral fracture to mean ADC value in
adjacent normal vertebral bone marrow) was estimated.
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Vertebral fractures were classified into two groups
as benign and malignant according to follow-up and
histopathological results.Vertebral fractures without clinical
and radiological progression at least 6 months of follow-up
were grouped as benign. All malignant vertebral fractures were
histopathologically proven.

Radiological and histopathological/follow-up findings
were compared. Kruskal-Wallis test or Mann-Whitney U test
were used, where appropriate, and p<0.05 was used to determine
statistical significance. The diagnostic capabilities of DWI for
differentiating malignant from benign vertebral fractures were
analyzed by estimation of sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and
accuracy ratios. Statistical analysis was done by using MedCalc
statistical software 12. 1. 4. 0

Results

Forty-four patients with 72 thoracolumbar vertebral
fractures were investigated. Of 72 vertebral fractures, 22
were benign and 50 were malignant. Mean follow-up period
of benign thoracolumbar vertebral fractures was 13.27+5.38
months (range: 6-24 months). Among benign (n=22) vertebral
fractures, 10 were osteoporotic and 12 were traumatic fractures
(Figure 1). Of 50 malignant vertebral fractures, there were
multiple myeloma (n=1), metastases of invasive ductal breast
cancer (n=6), prostate adenocancer (n=15), thyroid papillary
cancer (n=18), non-small cell lung cancer (n=5), Ewing sarcoma
(n=2) and lymphoma (n=3). Associated soft tissue component
(7/50, 14%) and involvement of posterior elements (11/50,
22%) were only seen in malignant fractures (Figure 2). Among
22 benign (osteoporotic and traumatic) fractures, 4 had contrast
enhancement. Some qualitative MRI findings such as low signal
intensity on T1-weighted sequence, high signal intensity on T2-
weighted SPIR sequence, total vertebral corpus involvement,
convexity of posterior vertebral corpus wall and contrast
enhancement were more frequent in our malignant group.
Associated soft tissue component and involvement of posterior

vertebral elements were not seen in our benign group. Of 50
malignant vertebral fractures, 3 showed low signal intensity on
DWI. Of 22 benign fractures, 2 had high signal intensity on DWI
and low signal intensity on ADC map. MRI combined with DWI
characteristics of benign and malignant vertebral fractures are
shown in Table 1.

The sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy of qualitative
DWI findings for diagnosing malignant vertebral fractures was
94%, 91%, 96%, 87%, and 93%, respectively.

Mean ADC value of normal adjacent vertebral bone
marrow with 0.39 = 0.07 (0.37-0.41)x10—3 mm2/s at b-value
of 200 s/mm?2 was significantly lower than those of malignant
and benign vertebral fractures (p<0.05). Maximum mean ADC
value of malignant vertebral fractures was 1.92x10-3 mm2
/s and minimum mean ADC value of benign fractures was
2.68x10-3 mm?2 /s at b-value of 200 s/mm2. At b-values of 200,
400 and 600, mean ADC values of malignant vertebral fractures
were found statistically lower than benign vertebral fractures’
(p<0.05). However, there was no significant difference between
mean ADC values at b-values of 200, 400 and 600 s/mm2 within
each group (p>0.05). But, normalized ADC values were found
significantly lower at b-value of 200 s/mm?2 than those of at
b-value of 600 s/mm?2 in malignant group (p<0.05). Normalized
ADC values of benign group was also significantly higher than
that of malignant group in all b-values (p<0.05). Mean ADC
and normalized ADC values of benign and malignant vertebral
fractures are demonstrated in Table 2.

Discussion

MRI is an appropriate method to detect bone marrow
edema or tumor. Sometimes, additional imaging modalities are
needed to make accurate diagnosis because of overlapping MRI
findings [1-7].

DWI indicates random movement of water molecules in
tissue. Apparent diffusion coefficient (ADC) map is obtained
from DWI automatically and also provides opportunity of

Figure 1. - 19-year-old woman who had traumatic L3, L4

and L5 (arrow) vertebral fractures with bone marrow edema

on sagittal T1-weighted sequence (a), on sagittal T2-weighted
sequence (b), on sagittal T2-weighted SPIR sequence (c), low
signal intensities of fractures and high signal intensities of bone
marrow edema on sagittal DWI at b value of 200 (d), 400 (¢)
and 600 s/mm2 (f).

Figure 2. 74-year-old man with prostate adenocancer had
metastatic vertebral fractures at L3 (arrow) and L5 vertebra
which show low signal intensity on sagittal T1-weighted
sequence (a), high signal intensity on sagittal T2-weighted
SPIR sequence (b), contrast enhancement on sagittal post-
contrast T1-weighted SPIR sequence (c) and high signal
intensity on sagittal DWI at b value of 200 (d), 400 (¢) and 600
s/mm?2 (f).
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Table 1

Distribution of qualitative and quantitative characteristics of MRI combined with DWI in benign and malignant
vertebral fractures

High Slon| Low SI NADCr

PNoa | Age | Gb | Me/Bf | Fx(n)g | Etiology T2-WIh | T2-SPIR1 | T1-WJj CEk | BEl | PEm | TCinvn | Convo STp 200 400 600
1 55 Fc B 1 OPs 1 1 1 No 1 No No No No 12.08 12.08 | 12.08
2 33 Md B 2 Trauma 2 No No No No No 1 1 No 15.46 11.17 | 15.46
3 57 F B 1 oP 1 1 1 No 1 No No 1 No 7.63 8.75 7.63
4 52 M B 2 Trauma 2 No 2 No 1 No 1 1 No 11.59 10.57 | 11.59
21.88 12.62 | 21.88
5 27 M B 1 Trauma 1 No No No No No No 1 No 14.80 11.58 14.80
6 19 M B 2 Trauma 2 No No No No No No 1 No 20.27 18 19.58
11.51 1095 | 11.93
7 65 F B 4 OP No No No 4 No No 1 1 No 7.68 7.68 7.97
12.17 12.17 | 12.17
8.12 9.93 8.12
8.37 8.88 8.37
8 21 M B 2 Trauma No No No No No No No No No 13.59 13.59 | 13.22
12.94 10.16 | 12.38
9 73 M B 2 opP 1 No 1 No No No 1 1 No 13.27 11.68 | 13.27
11.61 9.48 11.61
10 19 F B 3 Trauma 3 3 3 No 2 No No 1 No 9.80 9.80 9.57
14.21 11.78 | 13.60
16.62 16.62 | 15.58
11 61 F B 2 opP 2 No 1 No 1 No 1 1 No 18 16.70 | 18.64
9.73 9.73 9.14
12 70 M M 4 Prostate ca 4 4 4 4 No No 3 No No 3.58 4.13 441
3.81 2.48 4.47
3.30 4.13 4.13
4.18 3.57 4.69
13 78 M M 1 Prostate ca 1 1 1 1 No 1 No No No 3.81 3.81 3.81
14 43 M M 2 Thyroid ca 1 2 1 1 1 1 No 1 2 2.18 2.18 2.18
1.74 1.74 1.74
15 21 M M 2 Ewing S. 2 2 2 2 No 1 1 1 1 391 391 4.04
3.93 4.14 4.14
16 34 F M 1 Thyroid ca 1 1 1 1 No | No 1 1 No 1.62 1.62 1.62
17 41 M M 1 Lung ca 1 1 1 1 No No 1 1 No 2.25 1.89 1.89
18 78 M M 1 MM No 1 1 1 No No No No No 3.78 4.09 4.39
19 40 F M 1 Breast ca No 1 1 1 No No 1 1 No 391 4.35 4.35
20 41 F M 2 Thyroid ca 1 2 1 1 No 1 1 1 2 2.03 2.03 2.03
1.50 1.50 1.50
21 42 M M 1 Lymphoma 1 1 1 1 No | No No No No 4.18 4.40 4.52
22 35 F M 1 Thyroid ca 1 1 1 1 No 1 No No 1 3.72 3.93 3.93
23 40 F M 1 Thyroid ca 1 1 1 1 1 No No No No 2.82 3.04 3.48
24 73 M M 1 Lung ca 1 1 1 1 No 1 No No No 2 1.44 1.44
25 74 M M 2 Prostate ca 2 2 2 2 No 1 No 1 No 3.76 4.35 4.64
4.29 4.78 4.78
26 38 F M 5 Breast ca No No 5 5 No No 3 1 No 1.82 1.82 1.82
1.39 1.29 1.29
1.48 1.41 1.41
1.50 1.50 2.35
1.48 1.48 1.56
27 33 F M 1 Thyroid ca 1 1 1 1 No No 1 1 No 3.65 4.06 4.06
28 74 M M 1 Lung ca No 1 No 1 No | No 1 1 No 2.75 3.20 3.42
29 43 F M 1 Thyroid ca 1 1 No 1 No 1 1 1 No 1.29 1.29 2.25
30 76 M M 1 Prostate ca 1 1 1 1 No 1 1 1 1 3.42 3.42 3.80
31 45 F M 1 Thyroid ca 1 1 1 1 No No 1 1 No 4.30 4.30 4.53
32 41 F M 1 Thyroid ca No 1 1 1 No | No 1 1 No 4.25 4.25 4.47
33 19 M M 1 Lymphoma 1 1 1 1 No No No No No 4.71 4.71 523
34 32 F M 2 Thyroid ca 2 2 1 2 1 No No No No 3.07 3.56 4.29
3.70 3.70 3.90
35 31 F M 1 Thyroid ca 1 1 1 1 No 1 1 1 No 1.31 1.31 1.31
36 40 F M 1 Thyroid ca 1 1 No 1 No | No No No No 3.77 3.77 4.34
37 41 F M 1 Lung ca No 1 No 1 No | No 1 1 No 1.43 1.43 1.54
38 33 M M 1 Lung ca No 1 No 1 No No No 1 No 3.84 3.60 4.21
39 71 M M 2 Prostate ca 2 2 1 No 1 1 No 1 No 3.02 3.23 3.45
4.27 4.27 4.27
40 35 F M 1 Thyroid ca No 1 No 1 No | No 1 1 No 4.02 4.02 4.23
41 68 M M 5 Prostate ca 5 5 5 5 No No 1 1 No 3.93 4.26 4.26

3.58 3.79 4
4.02 4.51 4.75
4.84 4.84 5.43
2.84 3.06 3.38
42 21 M M 1 Lymphoma No 1 1 1 No No No No No 2.34 2.52 2.89
43 43 F M 1 Thyroid ca No 1 No 1 No | No 1 1 No 3.01 3.36 3.36
44 41 F M 1 Thyroid ca No 1 No 1 No No 1 1 No 2.03 1.89 2.03

PNoa: Numbers of patients, Gb: Gender, Fc:Female, Md: Male, Me/Bf: Malignant/Benign, Fx(n)g: Number of fractures, High SI on T2-WIh: High signal intensity on T2-
weighted image, High SI on T2-SPIR1: High signal intensity on T2- SPIR sequence, Low SI T1-WIj: Low signal intensity on T1-weighted image, CEk: contrast enhancement,
BEL: Band like bone marrow edema, PEm: Involvement of posterior vertebral elements, TCinvn: Involvement of total vertebral corpus, Convo:Convexity of posterior
vertebral corpus wall, STp: Associated soft tissue, NADCr: Normalized apparent diffusion coefficient, OPs: Osteoporosis, ca: cancer, Ewing: Ewing sarcoma, MM: multiple

myeloma.
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quantitative measurements. High signal intensity on DWI and
low signal intensity on ADC map exhibit restriction of diffusion
[1, 5-13]. Degree of DWI is directly related to b-value. The
b-value depends on the strength of the gradient, duration of
gradient and time between two gradients. Different b-values
are mostly achieved due to alterations in strength of gradient.
Higher b-value provides stronger diffusion effects and more
apparent visualization of diffusion restriction, but decreased
signal-to-noise ratio [8, 9]. Therefore, DWI with low (200
s/mm?2), intermediate (400 s/mm2) and high (600 s/mm2)
b-values was performed in our study group. Although DWI is
frequently performed for evaluation of acute cerebral ischemia,
it is recommended to use for other diseases of different organs
especially when there is a difficulty in differential diagnosis. It
is known that MRI combined with DWI increases diagnostic
accuracy [1, 5-13]. Increased cellularity due to tumor shows
restricted diffusion. Bone marrow edema can be excluded on

Table 2

different b-values.

DWTI and ADC map because of non-restriction of diffusion [12].

A number of studies have investigated the diagnostic
performance of DWI on differential diagnosis of benign and
malignant vertebral lesions and fractures. Castillo et al [14]
indicated that qualitative findings of DWI at b= 165 s/mm2 had
no advantage in the detection of vertebral metastases compared
to T1-weighted sequences in 15 patients. In contrast, qualitative
findings of DWI were found valuable in some previous studies
[15-17]. The results of these previous studies and ours were
summarized in Table 3. In another study, Hamimi et al. [7]
demonstrated that osteoporotic fractures (n=80) generally show
water line sign and sharp wedging whereas malignant fractures
(n=70) frequently have pedicle involvement, homogenous
low signal intensity on T1 —weighted sequence and restricted
diffusion. However, there was no quantitative assessment
of ADC value [7, 14-15]. Similar qualitative findings were
observed in our malignant group.

Mean ADC and normalized ADC values of benign and malignant thoracolumbar vertebral fractures according to

Mean ADC values (x10 -3 mm2/s)

Normalized ADC valuesa

Benign (n=22)

Malignant (n=50)

Benign (n=22) Malignant (n=50)

(£SDab) (95%Clc)

(£SD) (95%CI)

(£SD) (95%CI) (£SD) (95%CI)

b=200 s/mm2* 4.37+1.13 (3.90- 4.85)

1.29+0.54 (1.14- 1.44)

12.78+3.90 (11.14- 14.41) 3.06x1.07 (2.76- 3.36)

b=400 s/mm2* 3.98+0.83 (3.62- 4.32)

1.34£0.59 (1.18 - 1.51)

11.53£2.66 (10.42- 12.65) 3.14+1.17 (2.82- 3.47)

b=600 s/mm2* 4.34%1.13 (3.86- 4.81)

1.4440.61 (1.27 - 1.60)

12.65£3.84 (11.05- 14.26) 3.40+1.24 (3.05- 3.74)

aNormalized ADC values: ratios of mean ADC value in vertebral fracture to mean ADC value in adjacent normal vertebral bone marrow

abSD: standard deviation, cCI: confidence interval

*Mann Whitney U Test, p<0.05 was used to determine statistical significance between benign and malignant group.

Table 3 Diagnostic performance results of qualitative findings on DWI in previous studies and ours

Studies No of lesions Sensitivity | Specificity | PPV NPV Accuracy
(%) (%) (%) (%) (%)

Our study 75 94 91 96 87 93

Bhugaloo15 etal. 68 87 92 90 90

Pozzil6 et al. 33 95.6 90 95.6

Abowardal7 etal. 68 86 91 89 90

PPV: Positive predictive value, NPV: Negative predictive value

Previous studies have also suggested that quantitative
evaluation of DWI is necessary and lower ADC values (1.0+0.32
- 1.31+0.36 x 10—3 mm2/s) were reported in malignant vertebral
fractures with b-value of 1000 s/mm?2 [17-18]. Fawsy et al. [19]
performed DWI at two b-values of 500 and 800 and found mean
ADC values of 1.21£1.94 x 10-3 mm?2/s for benign fractures
and 0.69+0.92 x 10—3 mm2/s for malignant ones. Zhou et al
[20] evaluated mean ADC value with b-values of 0 and 250 s/
mm?2 for metastases (n=15) (1.9 + 0.3x10—3 mm?2/s) was found
significantly lower than that of benign ones (n=12) (3.2 + 0.5x
10—3 mm2/s). Similar results were found in ours with different
b-values.

Padhani et al [3] calculated that maximum mean ADC value
in malignant tumors (n=33) was 1.4x10-3 mm2 /s with b-values
of 50 and 800 or 900 s/mm?2, but they compared only malignant
lesions (n=33) and normal bone marrow (n=16) instead of
benign lesions or fractures [3]. In our study, maximum mean
ADC value of malignant fractures was higher with 1.92x10-3
mm?2/s at b-value of 200 s /mm?2.

In meta-regression analyses, Suh et al [13] found high
sensitivity (92%) and specificity (91%) ratios of ADC values

for differential diagnosis of benign and malignant vertebral
fractures. Pozzi et al. [16] mentioned that mean ADC value of
malignant fractures (1.241 + 0.4 x 10—3 mm2/s) was higher than
osteoporotic fractures (0.646 + 0.368 x 10—3 mm?2/s) at b=800
s/ mm2. In another study, they also supported these findings
with accuracy ratio of 76% for DWI with ADC measurement
at b values of 0 and 1000 s/mm2 [18]. They estimated mean
ADC values of malignant primary tumors as 1.00+0.32x10-
3 mm2/s, bone metastases as 1.02+0.25x10-3 mm2/s and
benign primary tumors as 1.31+0.36x10-3 mm2/s [18]. In our
study, only vertebral fractures were included and ADC values
were similarly higher in benign group. Additionally, DWI was
performed at multiple b-values.

Luo et al [21] reviewed findings of 12 studies for
comparison of DWI at standard (=500 s/mm2) and low (<500 s/
mm?2) b-values in differential diagnosis. They noted that ADC
value difference between benign and malignant group was more
apparent at low-b-value (p<0.05). Therefore, they recommended
low-b-value DWI (<500s/mm2) for differential diagnosis of
benign and malignant vertebral fractures [21]. In contrast, no
statistical difference was observed in our study between mean
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ADC values at b-values of 200, 400 and 600 s/ mm2 except for normalized ADC values of malignant group at b-values of 200 and
600 s/ mm?2.

In some previous studies, cut off points for ADC values were also estimated. Dewan et al. [22] found higher mean ADC value
in benign lesions with b-value of 1000 s/mm?2 than that of malignant ones (p < 0.05). With a cut off ADC value of 1.21x10—3 mm?2/s,
the sensitivity of 95.12%, specificity of 92.73%, was obtained in differential diagnosis [22]. Wonglaksanapimon et al. [23] found
the accuracy of 89.7%, sensitivity of 85.7% and specificity of 90.6% with a cut off ADC value of 0.89 for differentiation malignant
(n=7) from benign (n=32) fractures (p< 0.05) [23]. Geith et al [24] found that the best diagnostic performance of DWI and ADC
measurements is achieved by a combination of b-values of 100, 250, and 400 s/mm2 with a cut off ADC value of < 1.7x10-3 mm2/s
for differential diagnosis of acute benign (n=26) and malignant vertebral fractures (n=20) (sensitivity, 85%; specificity, 84.6%;
PPV, 81.0%; NPV, 88.0%) [17]. In our study, a cut off value couldn’t be estimated because there was a gap between maximum mean
ADC value of malignant fractures and minimum mean ADC value of benign fractures. Additionally, our maximum mean ADC value
of malignant fractures was near to their cut off value (1.7x10-3 mm2/s) with 1.92x10-3 mm?2 /s at b-value of 200 s/ mm2.

We emphasized that some MRI features like low signal intensity on T1-weighted sequence, total vertebral corpus involvement,
contrast enhancement, associated soft tissue component and involvement of posterior elements were strongly associated with
malignant fractures. We thought that differential diagnosis can be easier with quantitative measurements of mean ADC and
normalized ADC values. Malignant vertebral fractures had lower mean ADC and normalized ADC values compared to benign ones.

One of the limitations in our retrospective study was lack of histopathological results in benign fractures. Vertebral fractures
without clinical and radiological progression at least 6 months of follow-up were classified as benign. The other limitation is
heterogenity of our sample with the etiology of osteoporosis, trauma, primary malignant tumor and metastases secondary to different
malignancies. This heterogenity can cause different diffusion behavior and signal characteristics due to content of tissue.

MRI combined with DWI is a problem solving modality especially in geriatric oncology patients. Performing DWI at least
two b-values including b-value of 200 s/mm?2, quantitative evaluation on ADC map and estimation of normalized ADC value for
optimization of data are recommended for differential diagnosis of benign and malignant vertebral fractures.

Disclosures: There is no conflict of interest for all authors.
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