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Abstract

Background: One of the most common clinical problems is the differentiation of vertebral marrow lesions, particularly in the
elderly patients. Since clinical staging, treatment strategy, and prognosis in malignant and benign lesions are different, it is very
essential to determine the benign and malignant nature of vertebral pathologies.
Objectives: The aim of this study was to assess the value of diffusion weighted magnetic resonance imaging and chemical shift
in the diagnosis, characterization, and differentiation of benign and malignant vertebral bone marrow lesions and to define the
sensitivity and the specificity in differentiating benign and malignant vertebral lesions according to the optimal cut-off Apparent-
diffusion-coefficient (ADC) values and signal intensity ratio (SIR).
Methods: This study included 39 patients with 86 untreated vertebral lesions that underwent the routine MRI sequences of the
spine as well as the two non-routine sequences (DWI and in/opposed phase). The optimal cut-off ADC value and SIR were determined
for the differentiation of benign and malignant lesions. We used the biopsy results and clinical follow-up, as the gold standard to
classify the vertebral marrow lesions as benign and malignant.
Results: Of the examined 39 patients, 67 focal lesions were included that 42 lesions proved to be malignant and 25 lesions diag-
nosed as benign. The results of this study showed that the ADC values of benign lesions were significantly (P < 0.001) higher than
untreated metastatic lesions. SIR values were calculated 1.155 ± 0.183 in malignant lesions, while it was 0.649 ±0.341 in benign le-
sions. Threshold analysis yield optimal cut-off point that showed ADC min and ADC mean and SIR had high sensitivity, specificity,
and accuracy in the discrimination of benign and malignant lesions.
Conclusions: Quantitative diffusion weighted and chemical shift MR imaging are effective non-invasive technique in differentiat-
ing benign from malignant vertebral bone marrow lesions that provide additional information to the routine MRI sequences.
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1. Background

One of the most common clinical problems is the dif-
ferentiation of vertebral marrow lesions, particularly in
the elderly patients. In spite of osteoporotic compression
fracture that is common in this age, the spine is regarded as
one of the most common sites of bone metastases that may
result in pathologic fracture. Since clinical staging, treat-
ment strategy, and prognosis in malignant and benign le-
sions are different, it is very essential to determine the be-
nign and malignant nature of vertebral pathologies (1).

Although the conventional MRI plays a fundamental
role in the evaluation of bone tumors, its specificity is
limited. To be illustrated, atypical hemangioma in con-
ventional MRI appears similar to malignancy (2). Further-
more, osteoporotic or traumatic compression fracture in

the acute phase appears hypointense on T1-weighted and
hyperintense on T2-weighted images that can be confused
with metastatic compression fracture (3). Therefore, we
need supplemental techniques for more accurate diagno-
sis in MRI.

Diffusion weighted MRI has recently applied with con-
ventional MRI for characterizing vertebral lesions. DWI
measures the random extra, intra, and transcellular mo-
tion of water molecules, and it is highly sensitive to cellu-
larity and free water molecule mobility (4).

DWI can provide useful information about the nature
of lesions, but because of T2 effect, it may demonstrate be-
nign and malignant lesions in similar appearance. As a re-
sult, it lacks sensitivity and accuracy in differentiating be-
nign from malignant lesions (5, 6).

Apparent-diffusion-coefficient (ADC) is a quantitative
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parameter obtained by DWI. It removes the T2 effect from
the diffusion images and provides a quantitative signal
that is directly related with the degree of diffusion of water.
ADC value is displayed as a parametric map and by drawing
regions of interests on this map, the ADC values can be ob-
tained (7).

In addition to diffusion, chemical shift images can
be a best supplemental technique for differentiating be-
nign and malignant lesions. Chemical shift MR imaging
(also identified as in-phase and out-of-phase imaging or
opposed-phased imaging) are pairs of GRE images at the
same TR, but with two different time echo, which assess the
presence of water and fat in a tissue voxel at the molecu-
lar level. If a voxel contains both fat and water, drop of sig-
nal on out-of-phase images will be occurred (8). Based on
the fact that fatty marrow replaces with malignant tumor
cells, the differentiation of benign and malignancy could
be possible, and they can solve the diagnostic problem of
marrow signal intensity difference between hyper cellular
red marrow and malignant infiltration.

The aim of this study was to assess the diagnostic ac-
curacy of chemical shift MR imaging and the minimum,
mean, and maximum ADC values in differentiating benign
and malignant vertebral marrow lesions and to establish
the optimal cut-off signal intensity ratio (SIR) and ADC val-
ues with appropriate sensitivity and specificity.

2. Methods

This prospective study included 39 patients (22 males
and 17 females with the mean age of 58.34 years and the
age ranged 33 - 76 years), who had altered signal in one or
more vertebral bodies. The decision to include a patient
was taken in after acquiring and reviewing immediately
the sagittal T1-weighted sequence. If one vertebra was seen
showing one hypointense (diffuse homogeneous or het-
erogeneous decreased marrow signal intensity compared
with muscle and non-degenerated intervertebral disk) or
hyper intense lesion (focal or diffuse signal alteration sim-
ilar to that of subcutaneous fat), the full protocol of se-
quences and measurements was activated. Exclusion cri-
teria were (1) lesions already underwent with chemother-
apy, radiation therapy, and surgery (2) contraindication to
MRI e.g. an implanted magnetic device, pacemakers (3)
pregnancy (4) percutaneous biopsy (because of present-
ing blood products that effect on DWI characteristic) (5) le-
sions lesser than 1 cm (in order to ensure an exact measure-
ment of the ADC values within a region of interest (ROI)).

All patients were examined between March 2015 and
September 2016. A total of 39 patients have 67 vertebral
lesions. The histopathologic diagnosis as well as the final
clinical diagnosis were used as the gold standard to clas-
sify the vertebral bone marrow as benign or malignant; 25
vertebral body without pathologic SI on MR images were

considered as a control group. Overall, 67 vertebral lesions
and 25 normal vertebrae were assessed.

2.1. Techniques

MRI studies were done on a 1.5-T MR system (avonto
siemen, Germany), using a suitable body or surface coil.

MR image techniques:
1- T1 weighted image in sagittal plane: Image sequence:

fast spin echo (FSE), Time Repetition: 399, time Echo: 10 ms
to 14ms, Field of view: 20 cm to 25 cm, slice thickness: 4.5
mm, NEX = 3 - 4 excitation.

2- T2 weighted image in sagittal and axial plane: Image
sequence: FSE, time repetition: 3100 ms to 4000 ms, time
Echo: 100 ms to 115 ms, field of view: 20 cm to 25 cm, slice
thickness: 4.5 mm, NEX = 3 - 4 excitation.

Number of slice was different according to the lesion
size.

3- Short Time Inversion Recovery (STIR) in the sagittal
plane: Image sequence: FSE, Time Repetition: 4500 ms,
time Echo: 70 ms, field of view: 20 cm to 25cm, slice thick-
ness: 5 mm, flip angle: 150.

3- Diffusion weighted imaging and apparent diffusion
coefficient mapping: a fast saturated single shot turbo spin
echo was obtained in sagittal plane with following param-
eters:

Time Repetition: 3200 ms, Time echo: 94 ms, flip angle:
90 slice thickness: 5 mm. the b values were 0, 50, 1000, and
ADC map was obtained by processing of DW images.

In spite of these sequences: sagittal in-phase and
opposed-phase image added to the protocols with follow-
ing parameters: Time Repetition: 90, Flip angle: 70, slice
Thickness: 5.5 mm, FOV: 20 - 25 cm. Time echo for in-phase
image was 4.9 ms and for opposed phase image was 2.2 ms.

2.2. Post Process

Three radiologists with over 10 years of experience in
musculoskeletal radiology interpreted images and during
the MR images analysis, they were blinded to the patholog-
ical results. All MRI findings have been correlated with the
pathological results and clinical follow-up.

2.3. Quantitative Analysis

1- The ROI (Region of Interest) was placed in the solid
portion of the tumor and tumor-like lesions that was vari-
able according to lesions size.

2- After drawing ROI on the 3 points of lesion, min-
imum, mean, and maximum ADC values were recorded.
The ADC values were automatically obtained, using MR
scanners software.

3- In addition, the ROI was placed on the 3 points of le-
sion and adjacent normal vertebral body on in-phase and
out of phase images. Then, the average signal intensity of
these lesions and normal vertebra was calculated.
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4- The change that occurred in the signal intensity of
normal and abnormal marrow was estimated by SIR (sig-
nal intensity ratio). SIR is the marrow mean signal inten-
sity on the opposed phase to the mean signal intensity on
the in phase images.

The certification of ethics committee regard-
ing this article was provided by Shaheed Beheshti
University of Medical Sciences with ethic number:
IR.SBMU.RETECH.REC.1397.94 and informed consent was
taken from each patient.

2.4. Statistical Analysis

The analysis of data was performed to assess statisti-
cal significant variances. The (minimum, mean, and max-
imum) ADC values and SIR of benign and malignant ver-
tebral lesions were compared by Chi-square and indepen-
dent t test. ROC (Receiver operating characteristic) curves
were plotted to find the optimal cutoff point of SIR and the
(minimum, mean, and maximum) ADC values to discrimi-
nate benign from metastatic vertebral lesions with calcu-
lation of accuracy, specificity, sensitivity, and area under
the curve (AUC). Statistical analyses were performed, using
SPSS, Version19.0.0.

3. Results

This prospective study included 39 patients (22 (56%)
males and 17 (43%) females, with a mean age of 58.45 years
and the age ranged 32 - 83 years). A total of 39 patients
had 67 vertebral lesions. The diagnosis of lesions was con-
firmed by biopsy or 6 month follow-up; 42 lesions were
proved to be malignant, and the other 25 lesions were
proved to be benign.

All hemangioma lesions were hyperintense on T1 and
T2 and hypointense on diffusion weighted images except
2 lesions that were hyperintense on DWI (Figure 1). Be-
nign vertebral CFs (osteoporotic, acute traumatic) were dif-
fusely hypointense on T1 weighted, hyperintense on T2WIs
and STIR sequences. On diffusion weighted image, out of
14 acute CFs, 9 were hypointense, 3 were hyperintense, and
2 lesions showed isointense signal intensity (compared
with the signal intensity of normal bone marrow). All ma-
lignant lesions were hypointense on T1-weighted images
and hyperintense on T2WIs, STIR and diffusion-weighted
sequences except 4 lesions that appeared hypointense on
DWI.

Out of 42 lesions, which were proved to be malignant,
38 lesions were hyperintense on diffusion weighted im-
age. They showed minimum (0.564 ± 0.142 × 10-3 mm2/s),
mean (0.933 ± 0.255 × 10-3 mm2/s), and maximum (1.34 ±
0.289 × 10-3 mm2/s) ADC values. Also, 18 (44%) out of the
25 lesions, which were proved to be benign by the gold
standard, were hypointense on diffusion weighted images
with the minimum (0.794 ± 0.121 × 10-3 mm2/s), mean

(1.399 ± 0.229 × 10-3mm2/s), and maximum (1.713 ± 0.286
× 10-3 mm2/s) ADC values (Table 1).

On the other hand, 37 (94%) of the 42 lesions, which
were proved to be malignant, showed no signal drop with
median SIR of 1.155 ± 0.183 and 21 out of 25 lesions, which
were proved to be benign, showed a signal drop with SIR
average of 0.649 ± 0.341 (Table 2).

The minimum, mean, and maximum ADC values of
normal vertebral marrow were 0.122±0.073× 10-3 mm2/s,
0.443 ± 0.0865 × 10-3mm2/s, and 0.774 ± 0.105 × 10-3

mm2/s) that were significantly lower than benign and ma-
lignant lesions (P < 0.001), while the mean signal inten-
sity ratio for normal bone marrow was 0.526 ± 0.113 that
showed no statistically significant difference between SIR
for benign vertebral lesions and normal bone marrow(P =
0.093).

The ADC values of normal bone marrow and malignant
group were significantly lower than ADC values of benign
lesions (P < 0.001). On the other hand, the mean signal in-
tensity ratios for the benign vertebral lesions and normal
control group were significantly lower than SIR values of
the malignant lesions.

In order to differentiate benign lesions from malig-
nant ones, a threshold value was calculated, using the ROC
analysis. ROC analysis yielded optimal threshold values of
0.66× 10-3 mm2/s (minimum ADC), 1.2× 10-3 mm2/s (mean
ADC), and 1.5 × 10-3 mm2/s (maximum ADC) that showed
sensitivity of 81%, 85.7%, 78% and specificity of 84%, 88%, 72%
for differentiating benign and malignant lesions (Table 3
and Figure 1).

In the current study, we compared the diagnostic value
of ADC minimum, mean, and maximum. Although ADC
minimum and mean showed close diagnostic impact, ADC
mean had higher sensitivity and accuracy compared with
maximum and minimum ADC values (Table 3).

On the other hand, the ROC determined the optimal
SIR cutoff value of 0.92. This means that > 0.92 indicated
malignant result, while < 0.92 were defined as benign re-
sults with a sensitivity of 90.5%, specificity of 88% and accu-
racy of 92% (Table 3 and Figure 1).

4. Discussion

Spine is the most common site of bone metastases,
and it is very essential to differentiate metastatic lesions
from benign ones in patients with cancer (1). Although
conventional MRI plays a fundamental role in the evalua-
tion of bone tumors, its specificity is limited. For exam-
ple, T1 weighted images may show benign lesions similar
to malignancies as in our study all metastatic lesions and
all acute CFs were hypointense in T1WI. As a result, it is dif-
ficult to distinguish malignancy based on T1-weighted im-
ages alone, which is in agreement with studies conducted
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Figure 1. Receiver-operating characteristic (ROC) curve for the discrimination between benign and malignant lesions, using the A, ADC and B, SIR

Table 1. Comparison of ADC Values of Benign Lesions, Malignancies, and Normal Marrow

Variables Minimum ADC Value, × 10-3mm2 /s Mean ADC Value, × 10-3mm2 /s Maximum ADC Value, × 10-3mm2 /s

Benign vertebral lesions 0.794 ± 0.121 1.399± 0.229 1.713 ± 0.286

Malignant vertebral lesions 0.564 ± 0.142 0.933± 0.255 1.348 ± 0.289

Normal vertebral marrow 0.122 ± 0.07 0.443 ± 0.086 0.774 ± 0.105

Abbreviation: ADC, Apparent-diffusion-coefficient.

Table 2. Comparison of Signal Intensity Ratio of Benign Lesions, Malignancies, and
Normal Marrow

Variables Mean SIR ± SD Range

Benign vertebral lesions 0.649 ± 0.341 0.12 - 1.201

Malignant vertebral lesions 1.115 ± 0.183 0.821 - 1.554

Normal vertebral marrow 0.526 ± 0.113 0.15 - 0.64

Abbreviation: SIR, signal intensity ratio; SD, standard deviation

by Zidan et al. (9) and Martel Villagran et al. (10). There-
fore, more accurate diagnosis in MRI needs supplemental
techniques.

DWI showed that out of 14 acute benign CFs (osteo-
porotic or acute traumatic), 9 were hypointense, 3 were hy-
perintense and 2 lesions showed isointense signal inten-
sity (compared with the signal intensity of normal bone
marrow). Among the hemangioma lesions, out of 11 le-
sions, 9 were hypointense and 2 were hyperintense. All
metastatic lesions were hyperintense in DWI except 4 le-
sions that can be blastic ones. In the present study, some
of benign lesions were hyperintense that can be attributed

to the T2 effect (Figure 2). The findings of this study were
concordant with studies carried out by Abodewan et al. (7)
and Ballio et al. (5), while they differed from that reported
by Turna et al.; (11) they stated that the majority of benign
CF showed hyperintense on DW images, which might due
to the use of lower b-value or different sequence.

Similar to Zidan et al. and Tadros et al., we applied 3
diffusion sensitizing gradients with b-values of 0, 50, and
800 mm2/s. The average values of minimum, mean, and
max ADC for malignant lesions were 0.564 ± 0.142 × 10-3

mm2/s, 0.933±0.255× 10-3 mm2/s, and 1.348±0.289× 10-3

mm2/s and the same value for benign lesions were 0.794±
0.121 × 10-3 mm2/s, 1.399 ± 0.229 × 10-3mm2/s, and 1.713 ±
0.286 × 10-3 mm2/s. The findings of the current study on
ADC mean were similar to Abo Dewan et al. (7), but this
study had some limitations in this comparison, since the
number of CFs was small and we did not have inflamma-
tory/infective lesions.

The present study showed that ADC values of benign le-
sions were definitely higher than malignant lesions, which
was concordant with studies conducted by Balliu et al. (5),
Abo Dewan et al. (7), and Zidan et al. (9).

In contrast of this study, Turna et al. (11) and Maeda et
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Table 3. Threshold ADC Values and SIR of Benign and Malignant Vertebral Marrow Lesions

Threshold Value Accuracy, % Sensitivity, % Specificity, %

ADC mean < 1.2, × 10-3mm2 /s 90 85.7 88

ADC min < 0.665, × 10-3mm2 /s 88.5 81 84

ADC max < 1.5, × 10-3mm2 /s 81.5 78 72

SIR > 0.92 92 90.5 88

Figure 2. Male patient, 87 years old with hemangioma. A, Sagittal T1-weighted and B, STIR and C, DWI images revealed the hemangioma hyperintense. D, Sagittal opposed
phase and E, in phase show low signal intensity ratio (0.75). F, ADC map shows a high apparent coefficient by ADC value of 1.58 × 10-3mm2/s, which confirmed the benignity
nature of the lesion.

al. (12) stated that ADC values are not useful in differen-
tiating benign and malignant lesions because of existing
some overlap. This controversy might be related to techni-
cal variances between studies and different disease stages
(ADC value of chronic compression fracture may be similar
to malignant lesions).

In agreement with the current study, Chan et al. (13)
showed a statistically significant difference between the
ADC values of acute benign and malignant fracture. They
found no overlap between their ADC values, while we
found some overlap. In this study, 4 metastatic lesions
showed ADC minimum, mean, and maximum higher than
cut-off point value that can be due to blastic metastasis or
existence of fibrous tissue in the metastases.

In this research, we added in/opposed phase image to
conventional and diffusion sequences. We expressed the
changes that occurred in the signal intensity of normal
and abnormal marrow by SIR. SIR is the marrow mean sig-
nal intensity on the opposed phase to the marrow mean
signal intensity on the in phase images. Using this for-
mula, which was also used for other studies, we calcu-

lated a mean signal intensity ratio of 1.155 ± 0.183 for the
metastatic group and 0.649 ± 0.341 for the benign group
and 0.45 ± 0.113 for normal group. We found that SIR in
the malignant lesions are definitely higher than normal
and benign ones (Figures 3 and 4). These results were sup-
ported by Ogura et al. (14) and Tadros et al. (15), but dif-
fered from that reported by Geith et al. (16), who stated
that the osteoporotic lesions showed hyperintense signal
on opposed phase image. They founded no statistically sig-
nificant difference in SI on the opposed-phase images of be-
nign and malignant vertebral lesions. They reported a sen-
sitivity of only 50% and a specificity of 88.5%. This disagree-
ment might be due to this fact that an equal amount of fat
and water is not always present in benign lesion because
of edema. It results in more or less hyperintensity on the
opposed-phase images.

Also, some overlap occurred in this study; 4 benign
lesions had a ratio greater than 0.92 and 5 malignant le-
sions had a value less than 0.92; these results were in agree-
ment with Zidan et al. (17) and Swartz et al. (18) The false-
positive result may be due to massive bone marrow edema
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Figure 3. Female patient with acute benign CF. A, B, C: (T1 and T2 WI and DWI) show traumatic fracture in L2 vertebral body. The lesion reveals low signal in T1 and high signal
in STIR and DWI.D, E, F: (ADC map and out of phase and in phase) display high signal on ADC map with high min, mean ,max ADC values ( 0.67, 1.33 and 1.88 × 10-3 mm2/s) and
low SIR (0.54).

with abundant water that did not show signal dropout on
opposed phase images. The false-negative results may be
due to densely sclerotic metastasis that showed suscepti-
bility artifact on opposed phase sequence or fat containing
metastases.

Using ROC analysis, the optimal SIR cutoff value for sep-
arating benign and malignant lesions was found to be 0.92
which quite similar to Zidan, but less than the cutoff value
of one reported by El-Samie et al. (14).

In the current study, an SIR cutoff value of 0.92 was able

to differentiate benign and malignant lesions with 90.5%
sensitivity, 88% specificity, and 92% accuracy. These results
were in agreement with Zidan et al. (17), who reported 93%
sensitivity and 82% specificity, and with Martel Vilagran et
al. (10), who reported 97% sensitivity, 80.1% specificity, and
83.2% accuracy.

The results of this study showed that the sensitivity,
specificity, and accuracy of diffusion weighted imaging al-
most were comparable to those calculated for chemical
shift imaging.
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Figure 4. Female patient, 43 years old with breast neoplasm. Metastatic CF in L3 and metastatic lesion in T12. A, Sagittal FSE T1 WI shows both lesions hypointense. B, C: (STIR
and DWI) reveal the lesions hyperintense. D, ADC map display low ADC values. E, F: (opposed phase and in-phase) show high SIR (1.13 (L3) and 1.34 (T12)) that improve malignant
nature of lesions.

4.1. Conclusions

Quantitative diffusion weighted and chemical shift MR
imaging are effective non-invasive technique in differen-
tiating benign from malignant vertebral bone marrow le-
sions, which provide additional information to the routine
MRI sequences. These techniques have an important role
in diagnosis, characterization, and differentiation of be-
nign and malignant vertebral bone marrow lesions.

Acknowledgments

None declared.

Footnotes

Authors’ Contribution: None declared.

Conflict of Interests: None declared.

Financial Disclosure: None declared.

Int J Cancer Manag. 2018; 11(7):e66003. 7

http://intjcancermanag.com


Jafarpour M et al.

References

1. Jung HS, Jee WH, McCauley TR, Ha KY, Choi KH. Discrimination
of metastatic from acute osteoporotic compression spinal frac-
tures with MR imaging. Radiographics. 2003;23(1):179–87. doi:
10.1148/rg.231025043. [PubMed: 12533652].

2. Matrawy KA, El-Nekeidy AA, Gaber El-Sheridy H. Atypical hemangioma
and malignant lesions of spine: Can diffusion weighted Magnetic
Resonance Imaging help to differentiate? Egypt J Radiol Nucl Med.
2013;44(2):259–63. doi: 10.1016/j.ejrnm.2013.03.001.

3. Hatipoglu HG, Selvi A, Ciliz D, Yuksel E. Quantitative and diffusion MR
imaging as a new method to assess osteoporosis. AJNR Am J Neurora-
diol. 2007;28(10):1934–7. doi: 10.3174/ajnr.A0704. [PubMed: 17905893].

4. Khoo MM, Tyler PA, Saifuddin A, Padhani AR. Diffusion-weighted imag-
ing (DWI) in musculoskeletal MRI: a critical review. Skeletal Radiol.
2011;40(6):665–81. doi: 10.1007/s00256-011-1106-6. [PubMed: 21311884].

5. Balliu E, Vilanova JC, Pelaez I, Puig J, Remollo S, Barcelo C, et al.
Diagnostic value of apparent diffusion coefficients to differenti-
ate benign from malignant vertebral bone marrow lesions. Eur J
Radiol. 2009;69(3):560–6. doi: 10.1016/j.ejrad.2007.11.037. [PubMed:
18276098].

6. Koh DM, Collins DJ. Diffusion-weighted MRI in the body: applications
and challenges in oncology. AJR Am J Roentgenol. 2007;188(6):1622–35.
doi: 10.2214/AJR.06.1403. [PubMed: 17515386].

7. Abo Dewan KAW, Salama AA, El habashy HMS, Khalil AES. Evalu-
ation of benign and malignant vertebral lesions with diffusion
weighted magnetic resonance imaging and apparent diffusion coef-
ficient measurements. Egypt J Radiol Nucl Med. 2015;46(2):423–33. doi:
10.1016/j.ejrnm.2015.01.002.

8. Gokalp G, Mutlu FS, Yazici Z, Yildirim N. Evaluation of vertebral bone
marrow fat content by chemical-shift MRI in osteoporosis. Skeletal
Radiol. 2011;40(5):577–85. doi: 10.1007/s00256-010-1048-4. [PubMed:
21069523].

9. Zidan DZ, Elghazaly HA. Can unenhanced multiparametric MRI
substitute gadolinium-enhanced MRI in the characterization of
vertebral marrow infiltrative lesions? Egypt J Radiol Nucl Med.
2014;45(2):443–53. doi: 10.1016/j.ejrnm.2014.02.014.

10. Martel Villagran J, Bueno Horcajadas A, Perez Fernandez E, Mar-
tin Martin S. Accuracy of magnetic resonance imaging in differ-

entiating between benign and malignant vertebral lesions: role
of diffusion-weighted imaging, in-phase/opposed-phase imaging
and apparent diffusion coefficient. Radiologia. 2015;57(2):142–9. doi:
10.1016/j.rx.2013.11.003. [PubMed: 24768474].

11. Turna O, Aybar MD, Tuzcu G, Karagoz Y, Kesmezacar O, Turna IF. Evalu-
ation of vertebral bone marrow with diffusion weighted MRI and ADC
measurements. Istanbul Med J. 2014. doi: 10.5152/imj.2014.94695.

12. Maeda M, Sakuma H, Maier SE, Takeda K. Quantitative assessment
of diffusion abnormalities in benign and malignant vertebral com-
pression fractures by line scan diffusion-weighted imaging. AJR Am J
Roentgenol. 2003;181(5):1203–9. doi: 10.2214/ajr.181.5.1811203. [PubMed:
14573404].

13. Chan JH, Peh WC, Tsui EY, Chau LF, Cheung KK, Chan KB, et al. Acute
vertebral body compression fractures: discrimination between be-
nign and malignant causes using apparent diffusion coefficients. Br
J Radiol. 2002;75(891):207–14. doi: 10.1259/bjr.75.891.750207. [PubMed:
11932212].

14. Ogura A, Hayakawa K, Maeda F, Saeki F, Syukutani A, Shibutani S,
et al. Differential diagnosis of vertebral compression fracture us-
ing in-phase/opposed-phase and short TI inversion recovery imaging.
Acta Radiol. 2012;53(4):450–5. doi: 10.1258/ar.2012.110524. [PubMed:
22416260].

15. Tadros MY, Louka AL. Discrimination between benign and malig-
nant in vertebral marrow lesions with diffusion weighted MRI
and chemical shift. Egypt J Radiol Nucl Med. 2016;47(2):557–69. doi:
10.1016/j.ejrnm.2016.02.007.

16. Geith T, Schmidt G, Biffar A, Dietrich O, Durr HR, Reiser M, et al.
Comparison of qualitative and quantitative evaluation of diffusion-
weighted MRI and chemical-shift imaging in the differentiation of
benign and malignant vertebral body fractures. AJR Am J Roentgenol.
2012;199(5):1083–92. doi: 10.2214/AJR.11.8010. [PubMed: 23096183].

17. Zidan DZ, Habib LA, Chalabi NA. Quantitative chemical-shift MR imag-
ing cutoff value: Benign versus malignant vertebral compression
– Initial experience. Egypt J Radiol Nucl Med. 2014;45(3):779–86. doi:
10.1016/j.ejrnm.2014.05.016.

18. Swartz PG, Roberts CC. Radiological reasoning: bone marrow changes
on MRI. AJR Am J Roentgenol. 2009;193(3 Suppl):S1–4. Quiz S5-9. doi:
10.2214/AJR.09.7069. [PubMed: 19696238].

8 Int J Cancer Manag. 2018; 11(7):e66003.

http://dx.doi.org/10.1148/rg.231025043
http://www.ncbi.nlm.nih.gov/pubmed/12533652
http://dx.doi.org/10.1016/j.ejrnm.2013.03.001
http://dx.doi.org/10.3174/ajnr.A0704
http://www.ncbi.nlm.nih.gov/pubmed/17905893
http://dx.doi.org/10.1007/s00256-011-1106-6
http://www.ncbi.nlm.nih.gov/pubmed/21311884
http://dx.doi.org/10.1016/j.ejrad.2007.11.037
http://www.ncbi.nlm.nih.gov/pubmed/18276098
http://dx.doi.org/10.2214/AJR.06.1403
http://www.ncbi.nlm.nih.gov/pubmed/17515386
http://dx.doi.org/10.1016/j.ejrnm.2015.01.002
http://dx.doi.org/10.1007/s00256-010-1048-4
http://www.ncbi.nlm.nih.gov/pubmed/21069523
http://dx.doi.org/10.1016/j.ejrnm.2014.02.014
http://dx.doi.org/10.1016/j.rx.2013.11.003
http://www.ncbi.nlm.nih.gov/pubmed/24768474
http://dx.doi.org/10.5152/imj.2014.94695
http://dx.doi.org/10.2214/ajr.181.5.1811203
http://www.ncbi.nlm.nih.gov/pubmed/14573404
http://dx.doi.org/10.1259/bjr.75.891.750207
http://www.ncbi.nlm.nih.gov/pubmed/11932212
http://dx.doi.org/10.1258/ar.2012.110524
http://www.ncbi.nlm.nih.gov/pubmed/22416260
http://dx.doi.org/10.1016/j.ejrnm.2016.02.007
http://dx.doi.org/10.2214/AJR.11.8010
http://www.ncbi.nlm.nih.gov/pubmed/23096183
http://dx.doi.org/10.1016/j.ejrnm.2014.05.016
http://dx.doi.org/10.2214/AJR.09.7069
http://www.ncbi.nlm.nih.gov/pubmed/19696238
http://intjcancermanag.com

	Abstract
	1. Background
	2. Methods
	2.1. Techniques
	2.2. Post Process
	2.3. Quantitative Analysis
	2.4. Statistical Analysis

	3. Results
	Figure 1
	Table 1
	Table 2
	Table 3

	4. Discussion
	Figure 2
	Figure 3
	Figure 4
	4.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interests
	Financial Disclosure

	References

