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Diagnosis of Different Spinal Lesions by Multi Parametric MRI  
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Abstract  

Background:  Vertebral marrow lesions in patients with  

known primary malignancy are a common clinical problem,  

particularly in elderly patients. In spite of osteoporosis being  
the commonest cause at this age, the spine also is a common  

site of metastases, with about 39% of all bone metastases  
occurring in the spine. Such metastases may result in a  

pathologic fracture. Recently, multi-parametric MR imaging  

(mp MRI) has shown the ability to localize, detect, and stage  

various diseases.  

Aim of Study:  Assess role of Diffusion Tensor Imaging  
and in phase / opposed phases in diagnosis of different spinal  
bony lesions.  

Patient and Methods:  This prospective study was per-
formed between December 2020 and December 2022 on  

patients who had spinal bony lesions of both sexes (47 patients;  

29 males and 18 females). Only those patients who are willing  
to participate in study were included. All patients subjected  

to conventional MRI, DTI, In phase/Opposed phase imaging,  
FA, MD of malignant and benign lesion were calculated,  
signal characters in chemical shift images was estimated and  
subjected for statical analysis.  

Results:  ROC curve analysis revealed that FA cut-off  
value of 0.550 can differentiate malignant from benign lesions,  

with sensitivity, specificity and Accuracy of 87.5%, 65.2%,  
76.6% respectively. Also MD cut-off value of 0.919 differen-
tiate malignant from benign lesions with sensitivity, specificity,  

and Accuracy of 95.8%, 91.3%, 93.6% respectively. In out of  

phase images: Malignant lesions included in the study had  

high SI in 91.7% of them which is statistically significant  
(p<0.001) from benign lesions which showed signal drop in  
87% of them.  

Conclusion:  However, conventional MRI is the imaging  
modality of choice in detecting and evaluating spinal bony  
lesions, advanced imaging techniques as DTI and in phase  
/out of phase images add more accuracy in differentiation  

and characterization of them.  

Key Words:  Spinal Lesions – DTI – Chemical shift.  

Correspondence to:  Dr. Ahmed El-Morsy, The Department  
of Diagnostic Radiology, Faculty of Medicine,  
Mansoura University  

Introduction  

THE  spine is the largest store of bone marrow in  

the body. Addressing bone marrow signal pattern  

is an integral part of the spinal magnetic resonance  

(MR) imaging evaluation. By far, magnetic reso-
nance imaging (MRI) is the best imaging modality  
to depict bone marrow thanks to its inherent soft-
tissue contrast and non-ionizing nature [1] .  

Vertebral marrow lesions in patients with known  

primary malignancy are a common clinical prob-
lem, particularly in elderly patients. In spite of  

osteoporosis being the commonest cause at this  
age, the spine also is a common site of metastases,  
with about 39% of all bone metastases occurring  
in the spine. Such metastases may result in a path-
ologic fracture [2] .  

MRI is an excellent non-invasive modality for  
evaluating bone marrow and detecting marrow  

lesions. MRI has the highest sensitivity for detecting  
both diffuse and focal bone marrow involvement.  

In spite of its high sensitivity, MRI is of only  
limited specificity in the evaluation of bone marrow  

alterations. This limited specificity requires addi-
tional, sometimes invasive diagnostic steps to  
obtain accurate diagnosis [3] .  

Recently, multi-parametric MR imaging (mp  
MRI) has shown the ability to localize, detect, and  

stage various diseases [4,5] . The mp MR in approach  
combines anatomic sequences (T1- and T2-  
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: Multi parametric. 
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weighted MR imaging) with functional imaging  
sequences. Functional and quantitative MR imaging  
methods, such as DWI, dynamic contrast-enhanced  

MR imaging, and in-phase/opposed-phase imaging,  
measure the Brownian motion of water molecules,  
regional vascular properties of the tumor, and fat  

quantification, respectively [6,7] .  

DTI is a sensitive probe of cellular structure  
that works by measuring the diffusion of water  

molecules. The measured quantity is the diffusivity  
or diffusion coefficient, a proportionality constant  

that relates diffusive flux to a concentration gradient  

[8] .  

Chemical-shift or opposed phase imaging relies  

on the fact that water and fat have different reso-
nance frequencies so that when they are resonating  

aligned their signal is summed (in-phase imaging)  
while when they are opposed (out-phase imaging)  

their signals are subtracted with subsequent signal  
drop. As fat and water intermix in both types of  

marrow, the signal of red marrow will not signifi-
cantly drop in out phase while that of yellow  

marrow will. However, this is not absolute and a  

cut off value of 20% signal drop has postulated  

[1] . In-phase/opposed-phase imaging of the spine  

should be a sensitive and specific way to differen-
tiate benign from malignant lesions [9] .  

Patients and Methods  

This prospective study was performed on 47  
patients (18 females and 29 males) between De-
cember 2020 and December 2022 in the Diagnostic  

Radiology Department of Mansoura University  
Hospital. Adult patients who had spinal bony le-
sions of both sexes.  

I- Inclusion criteria:  
• Only those patients who are willing to participate  

in the study will be included.  
• Patients who diagnosed by previous imaging to  

have spinal bony lesions or pathologically proved  
spinal bony lesions.  

II- Exclusion criteria:  

1- Patients who have cardiac pacemaker, coch-
learimplant, intracranial metallic aneurysmal clips,  

metallic FB in their eye and sever claustrophobic  

2- Methods of research: All patients were sub-
jected to full history taking & general and Neuro-
logical examination by the referring Department,  
then conventional non contrast MRI scan using  

1.5 Tesla scanner (Ingena, Philips) in supine posi-
tion with magnetic bore using body coli, the stand-
ard sequences obtained were:  

1- T 1 (repetition time (TR)=400 ms, echo time  

(TE)=8ms, matrix=169, field of view (FOV)  

=422, slice thickness=4mm).  

2- T2 (TR=3000ms, TE=120ms, matrix=169x169,  
FOV=422, slice thickness=4mm).  

3- STIR (TR 2500ms, TE 40ms, matrix 269x384,  
FOV 500mm, slice thickness 6mm).  

4- Then Diffusion tensor imaging was obtained  
using a Single shot echo planar imaging se-
quence (TR/TE=3200/90ms) with parallel im-
aging Sensitivity Encoding (SENSE) reduction  
factor P 2. Automatic multiangle-projection  

shim and chemical shift selective fat suppression  
technique applied to reduce the artefacts at  

diffusion-weighted MR images. Diffusion gra-
dients were applied along 32 axes, using a b-
value of 0 and 1000 s mm-2. The scanning  
parameters were: FOV=422mm 2, data matrix  
=88 and 28 slices were obtained, with a thick-
ness of 4.4mm, with no gap and the total scan  
duration was 7-8min.  

Then DTI Analysis was performed after the  
images were transferred to the workstation. Using  

View Forum 7.2.0.1 exported patient image data,  
Philips medical system, Best, Netherlands. Auto-
mated registration of the diffusion tensor imaging  
data was done to eliminate eddy current artifacts.  

A region of interest (20-40 mm 2) was placed  
at co-registered FA map using an electronic cursor  
on the lesion of interest within vertebral body, FA  

and MD were automated calculated.  

5- Lastly In phase/Opposed phase imagingwith In  

phase: TR 400, TE 4.6, FA 80, slice thickness  
4mm, slice gap 1mm & Opposed phase: TR  
400, TE 2.3, FA 80 slice thickness 4mm, slice  
gap 1mm. Signal changes of the lesions of  
interest within affected vertebral bodies were  
classified as bright intermediate of low signal  

in and opposed phase images.  

N.B:  All sequences were taken in sagittal plane  

on the affected vertebrae.  

Statistical analysis:  
Data analysis was performed by SPSS software,  

version 25 (SPSS Inc., PASW statistics for windows  

version 25. Chicago: SPSS Inc).  

Ethical consideration:  
-  Study protocol was submitted for approval by  

Mansoura medical research ethics committee  
(our institutional research board "IRB"), Faculty  

of Medicine, Mansoura University.  
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-  Code number: MS.20.05.1136.  
-  Informed consent will be obtained from each  

participant in the study after assuring confiden-
tiality.  

-  Personal privacy will be respected in all levels  
of this study.  

Final diagnosis based on clinical and radiolog-
ical data, typical Hemangiomas with characteristic  
high T1 and T2 signalwith partial or total signal  
drop in STIR, infection: Diagnosed clinically by  
history, imaging methods and confirmed by labo-
ratory findings after collection aspiration,vertebral  

compression: Known case of osteoporosis, com-
pression fracture diagnosed by recent post traumatic  

history, multiple myeloma diagnosed by biopsy,  
metastasis with known cases of primary lesion and  
bone scan.  

Results  

The mean age of the 47 patients with benign  

lesions was (38.17±18.98) and the males (73.9%)  
more affected than females (26.1 %). And the mean  

age of patients with malignant lesions was (48.21±  

14.31) with equal percentage of affection in both  

sexes (50%). Table (1) shows the distribution of  

benign and malignant lesions among included  
cases, 23 patients with benign lesions, 24 cases  

with malignant lesions. (Figs. 1,2).  

Malignant lesions included in the study have  
low T1 SI in 87.5% which is statistically insignif-
icant from benign lesions which showed low SI  
inT1WI in 73.9% of them. Also, Malignant lesions  
included in the study had high T2 SI in 54.2 % of  
them which is statistically significant ( p=0.016*)  
from benign lesions which showed high SI inT2WI  
SI in 47.8% of them. In STIR and in phase images:  
No statistical significant as regard SI of benign  
and malignant lesions.  

In out of phase images:  Malignant lesions in-
cluded in the study had high SI in 91.7% of them  
which is statistically significant ( p<0.001) from  
benign lesions which showed signal drop in 87%  

of them (Table 2).  

The mean FA for benign lesions was (0.456±  

0.177) and for malignant lesions was (0.75±0.135)  
with statistically significant (p<0.001) and the  
mean MD for benign lesions was (1.36±0.34) and  
for malignant lesions (0.394±0.248) with statisti-
cally significant (p<0.001) Table (3) and Fig. (3).  

ROC curve analysis revealed that by using cut-
off value of 0.550 to differentiate malignant lesions  
from benign lesions FA had sensitivity, specificity,  

+ve predictive, –ve predictive and Accuracy of  
87.5%, 65.2%, 72.4%, 83.3%, 76.6% respectively.  
And by using cut-off value of 0.919 to differentiate  

malignant lesions from benign lesions MD had  
sensitivity, specificity, +ve predictive, –ve predic-
tive and Accuracy of 95.8%, 91.3%, 92%, 95.5%,  

93.6% respectively.  

From we realized that combined FA and MD  
had sensitivity, specificity, +ve predictive, -ve  

predictive and Accuracy of 95.8, 95.7, 95.8, 95.7,  
95.7 respectively.  

Table (1): Distribution of the studied cases according to  
diagnosis.  

Diagnosis of benign:  
Vertebral compression  

N=23 (100%)  
14 (60.9)  

Vertebral compression fracture  5 (21.7)  
Hemangioma  2 (8.7)  
Infection  2 (8.7)  

Diagnosis of malignant:  N=24 (100%)  
Metastasis  18 (75)  
Multiple myeloma  5 (20.8)  
Lymphoma  1 (4.2)  

Table (2): Comparison of MRI findings between benign &  
malignant lesions.  

Benign  
n=23 (%)  

Malignant  
n=24 (%)  

Test of  
significance  

T1:  
Iso  2 (8.7)  1 (4.2)  MC=1.4  
Low  17 (73.9)  21 (87.5)  p=0.496  
High  4 (17.4)  2 (8.3)  

T2:  
Iso  7 (30.4)  2 (8.3)  MC=10.38  
Low  2 (8.7)  9 (37.5)  p=0.016*  
High  11 (47.8)  13 (54.2)  
Intermediate  3 (13.0)  0  

STIR:  
Iso  1 (4.3)  1 (4.2)  MC=3.36  
Low  3 (13.0)  0  p=0.186  
High  19 (82.6)  23 (95.8)  

Inphase:  
Iso  4 (17.4)  2 (8.3)  MC=3.78  
Low  7 (30.4)  14 (58.3)  p=0.151  
High  12 (52.2)  8 (33.3)  

Outphase:  
Low  20 (87)  2 (8.3)  FET=29.16  
High  3 (13)  22 (91.7)  p<0.001 *  

Table (3): Comparison of FA & MD between benign and  

malignant lesions.  

Benign  
n=23  

Malignant  
n=24  

Test of  
significance  

FA:  t=6.38  
Mean ± SD  0.456±0.177  0.75±0.135  p<0.001 *  

MD:  t=11.03  
Mean ± SD  1.36±0.34  0.394±0.248  p<0.001 *  
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Fig. (1): 65 years old femalepatient pathologically proved to have multiple myeloma, (A) T1, (B) T2, (C) STIR, (D) in phase,  

(E) opposed phase & (F) DTI with T2 mask images showing multilevel vertebral lesions with low T1, high STIR signal  

& no opposed phase signal drop.  

Fig. (2): 18 years old male patient with L3 vertebral compression fracture, (A) T1, (B) T2, (C) STIR, (D), opposed phase (E)  

in phase & (F) DTI with T2 mask images showing L3 vertebral body low T1, high TSIR signal & opposed phase signal  

drop.  
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FA MD  

Fig. (3): Mean MD & FA between benign and malignant  

lesions.  

Discussion  

Vertebral marrow lesions are commonly seen  
in older age groups of patients, due to a variety of  
causes ranging from infections, traumatic collapse,  

osteoporotic collapse, and neoplastic vertebral  

marrow changes [10] .  

MRI has the highest sensitivity for detecting  
both diffuse and focal bone marrow involvement.  
In spite of its high sensitivity, MRI is of only  
limited specificity in the evaluation of bone marrow  

alterations. This limited specificity requires addi-
tional, sometimes invasive diagnostic steps to  
obtain accurate diagnosis [11] .  

The mean age of patients with benign lesions  
is (38.17±18.98) and the males more affected than  

females and the mean age of patients with malignant  

lesions is (48.21±14.31) with equal percentage of  
affection in both sexes while in the study of [12]  
the mean age of malignant lesions was 57±11.5  
years, and that of benign lesions was 63±12.5  
years.  

Most of malignant lesions was metastases then  
multiple myeloma then lymphoma and this agree  

with previous study [13]  in which most of vertebral  
lesions were metastases then multiple myeloma  

then lymphoma.  

Most of benign lesions was compression then  
fracture then infection while in the study of [14]  
our study most of the malignant lesions appear  

low on T1WI, high on T2WI and STIR and this  
agreed with the study of [15]  in which most of the  
suspicious lesions appearing low on T 1 W, high  
on T2W and STIR, explained by high cellularity  
and cytoplasmic fluid within malignant cells.  

DTI is a non-invasive technique providing  
accurate imaging parameters that can be used for  

differentiating malignant from benign compressed  

vertebrae [16] . The principal finding in our study  
is that DTI parameters can be used for the differ-
entiation of malignant and benign vertebral lesions.  

The FA of malignant vertebral bone marrow affec-
tion was higher than that of benign involvement  
and this cope with previous study [16]  which found  
that mean FA values of malignant vertebral collapse  
of both readers were 0.55±0.2 and 0.52±0.1 and  

the FA values in patients with benign compressed  
vertebra of both readers were 0.26±0.1 and 0.28±0.1  
respectively.  

The AUC of FA was 0.902 and the cut off points  
for differentiating malignant from benign vertebral  

involvement were 0.550, While in the study of [16] .  
The AUC of FA was 0.93 and the thresholds of FA  
used for differentiating malignant from benign  
vertebral involvement of both readers were 0.37,  

and this differentiation may be due to different  

ROI size and machine parameters.  

Not our study only but many studies approved  
that the FA values of malignant lesions are higher  
than that of benign lesions, other studies [17,18]  in  
which the mean FA values of hepatic hemangiomas  
were significantly lower than those of malignant  

lesions & FA values of malignant lesions of parotid  
glands were significantly higher than those of  

benign lesions.  

The mean MD values of benign vertebral in-
volvement is higher than malignant vertebral in-
volvement and this agree with previous study [16]  
which found that the mean MD values of malignant  

vertebral lesions were lower than benign vertebral  
lesions.  

Many studies approved that the MD values of  

benign lesions are higher than malignant lesions  
on differentiation between benign and malignant  

head and neck as well as orbital tumors lesions  
using DTI and DWI [16,19] .  

The addition of FA to MD calculation increased  
the confidence of prediction of nature of vertebral  

involvement. Previous study [16]  which found  
thathigh AUC of combined FA and MD calculation  

with diagnostic accuracy of combined FA and MD  
calculation reaching 95.3%.  

In-phase/opposed-phase imaging has been used  

extensively in separating benign from malignant  
adrenal lesions as well as differentiating fatty  

infiltration of the liver from neoplastic disease.  
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In-phase/opposed-phase imaging of the spine  
should be a sensitive and specific way to differen- 
tiate benign from malignant lesions [20] .  

Of the 24 patients who proved to have malignant  

lesions, 22 showed no signal drop in out phase and  
only 2 showed signal drop. And of the 23 patients  

who proved to have benign lesions, 20 showed  

signal drop and only 3 show high signals and our  
results nearly similar previous studies [21] .  

References  

1- NOUH M.R. and EID A.F.: Magnetic Resonance Imaging  

of the spinal marrow: Basic understanding of the normal  
marrow pattern and its variant, World journal of radiology,  

7 (12): p.448, 2015.  

2- H.S. Jung, Jee W.H., McCauley T.R., Ha K.Y. and Choi  
K.H.: Discrimination of metastatic from acute osteoprotic  

compression spinal fractures with MR imaging. Radio-
graphics, 23 (1): pp.179-187, 2003.  

3- EL-SAMIE H. and EL-GHANY H.: The value of added  
opposed/in phase MRI sequences in characterization of  

the focal vertebral bone marrow lesions in oncology  

patients. The Egyptian Journal of Radiology and Nuclear  
Medicine, 46 (3): 727-732, 2015.  

4- DWIVEDI D.K., KUMAR R., BORA G.S., et al.: Strati-
fication of the aggressiveness of prostate cancer using  

pre-biopsy multiparametric MRI (m pMRI). NMR Biomed,  
29: 232-38 Cross Ref Medline, 2016.  

5- RO S.R., ASBACH P., SIEBERT E., et al.: Characteriza-
tion of orbital masses by MRI. Eur. J. Radiol., 85: 324- 
36 Cross Ref Medline, 2016.  

6- KIMURA M. and DA CRUZ L.C. Jr.: Multi parametric  
MR imaging in the assessment of brain tumors. Magn-
Reson Imaging Clin. N. Am., 24: 87-122 Cross Ref  

Medline, 2016.  

7- ERLY W.K., OH E.S. and OUTWATER E.K.: The utility  
of in-phase/opposed-phase imaging in differentiating  

malignancy from acute benign compression fractures of  

the spine. AJNR Am. J. Neuroradiol., Jun-Jul. 27 (6):  
1183-8. PMID: 16775260; PMCID: PMC 8133913, 2006.  

8- FARAHANI F.V., KARWOWSKI W. and LIGHTHALL  

N.R.: Application of graph theory for identifying connec-
tivity patterns in human brain networks: A systematic  

review. frontiers in Neuroscience, 13: 585, 2019.  

9- EL-SAMIE H. and EL-GHANY H.: The value of added  
opposed/in phase MRI sequences in characterization of  

the focal vertebral bone marrow lesions in oncology  

patients. The Egyptian Journal of Radiology and Nuclear  
Medicine, 46 (3): 727-732, 2015.  

10- GHAFFAR M.K.A., MOHAMED M.F., AWAD ALLAH  
M.D. and SHROUK M.: Role of Magnetic Resonance In-
Phase and Out of Phase Sequences in Differentiating  
Benign from Suspicious Vertebral Marrow Lesion. The  

Medical Journal of Cairo University, 90 (6): pp. 1005- 
1012, 2022.  

11- PESAPANE F., DOWNEY K. and ROTILI A.: Imaging  
diagnosis of metastatic breast cancer. Insights Imaging,  
11: 79, 2020.  

12- WADHAWAN B., KAUR R., KAUR V., JIRANKALI  
V., SINGH N. and JINDAL R.: The role of chemical shift  

magnetic resonance imaging in differentiating osteoporotic  

benign and malignant vertebral marrow lesions. Polish  
Journal of Radiology, 86: e468, 2021.  

13- ZAMPA V., COSOTTINI M., MICHELASSI M., ORTORI  
S., BRUSCHINI L. and BARTOLOZZI C.: Value of  

opposed-phase gradient-echo technique in distinguishing  

between benign and malignant vertebral lesions. European  

Radiology, 12: pp. 1811-1818, 2002.  

14- DEWAN K.A.W.A., SALAMA A.A. and KHALIL A.E.S.:  
Evaluation of benign and malignant vertebral lesions with  

diffusion weighted magnetic resonance imaging and  

apparent diffusion coefficient measurements. The Egyptian  

Journal of Radiology and Nuclear Medicine, 46 (2):  
pp.423-433, 2015.  

15- MOHSON K.I., NAIEF Q.T. and JALIL F.A.: Differenti-
ating Benign from Suspicious Vertebral Marrow Lesions  
Detected with Conventional Magnetic Resonance Imaging  

Using Apparent Diffusion Coefficient and Diffusion-
Weighted Image. Open Access Macedonian Journal of  
Medical Sciences, 8 (B): 114-118, 2020.  

16-RAZEK A.A.K.A. and SHERIF F.M.: "Diagnostic accuracy  

of diffusion tensor imaging in differentiating malignant  
from benign compressed vertebrae." Neuroradiology, 61:  

1291-1296, 2019.  

17- SALEH G.A., ELMOKADEM A.H., RAZEK A.A., EL-
MORSY A., HAMDY O., ELERAKY E.S. and SALEH  
M.: Utility of diffusion tensor imaging in differentiating  
benign from malignant hepatic focal lesions. European  

Radiology, 33 (2): 1400-1411, 2023.  

18- TAKUMI K., FUKUKURA Y., HAKAMADA H., IDEUE  
J., KUMAGAE Y. and YOSHIURA T.: Value of diffusion  
tensor imaging in differentiating malignant from benign  

parotid gland tumors. European Journal of Radiology, 95:  

pp. 249-256, 2017.  

19- KOONTZ N.A. and WIGGINS R.H.: “Differentiation of  
benign and malignant head and neck lesions with diffusion  
tensor imaging and Dwi,” American Journal of Roentge-
nology, 208 (5): pp. 1110-1115. Available at: https://  
doi.org/10.2214/ajr.16.16486,  2017.  

20- ROMEO V., UGGA L. and STANZIONE A.: Differential  
diagnosis of benign and malignant vertebral compression  
fractures using conventional and advanced MRI tech-
niques. BJR Open, 1 (1): 20180033, doi: 10.1259/bjro.  

20180033. PMID: 33178924; PMCID: PMC7592442,  
2019.  

21- JAFARPOUR M., FAEGHI F., VALIZADE A. and GHA-
FOURI M.: The Application of Apparent Diffusion Coef-
ficient and Chemical Shift Images in Differentiation of  

Benign and Malignant Vertebral Lesions. Int. J. Cancer  

Manag., 11 (7): e66003, 2018.  

https://doi.org/10.2214/ajr.16.16486,
https://doi.org/10.2214/ajr.16.16486,


Ahmed El-Morsy, et al. 665  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

