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Magnetic resonance imaging has established a role in diagnostic work up of patients presenting with 
various spinal pathologies. DWI  is a powerful adjunct  to routine  magnetic resonance evaluation, 
providing  confidence  in  lesion detection  and  tissue characterization. Our present study focuses on 
diagnostic accuracy of diffusion weighted imaging  technique in detection and characterization of 
traumatic versus pathological fractures  using apparent diffusion coefficient maps..In this 
prospective study  of 25 people, there  were 13 malignant fracture/infiltration, 12 benign fractures . 
The malignant fracture/infiltration cases had  low mean ADC value of 0.6 x 10-3mm2/s with 
restriction  on DWI+ADC. A mean ADC value of 1.57 x 10-3mm2/s was seen in benign fractures 
cases with no obvious restriction  .A  diagnostic  accuracy  of 88% in malignant vs benign fractures  
was obtained. We conclude that  DWI sequence  with  ADC  mapping  when  added to routine array 
of MRI spine with analysis of DW images(qualitative study) and  ADC values(quantitative study) 
enhanced   the  effectiveness and accuracy of  MRI  in  the  differentiation of  benign vs malignant  
fractures 
 
 
 
 
 
 

  

  
 
 

 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

  

 
 

 

INTRODUCTION 
 

Conventional magnetic resonance (MR) imaging have shown 
good results in the differentiation of benign and malignant 
fractures. Differentiating  benign and malignant vertebral 
compression fractures is very important in daily clinical 
practice Recent literature have shown addition of DWI showed 
promising results. DW-MRI and ADC values will increase 
diagnostic confidence in doubtful cases and decrease the need 
for biopsy .One of the unique advantages of DW-MRI is that 
the technique enables the quantitative ADC measurements of 
tissues.  The majority of radiological tools for disease 
assessment are qualitative, relying on the visual interpretation 
of imaging features. However, quantitative imaging techniques 
are becoming increasingly important. The diffusion coefficients 
in lesions caused by malignant infiltrations are significantly 
lower than in benign osteoporotic  and traumatic fractures. This 
difference can be explained by the structure of the cancerous 
tissue, containing a dense network of tumor cells, which 
restricts the self-diffusion of the water molecules. In benign 
lesions the interstitial volume in the edema is expected to be 
increased, leading to an increase of the self-diffusion in the 
lesion.2 

 MATERIALS   AND METHODS  
 

Source of Data 
  

The main source of data for the study is patients from the 
following teaching hospital attached to Bapuji Education 
Association J.J.M. Medical College, Davangere. 
 

 Bapuji Hospital 
 Chigateri General Hospital 
 Women and Child Health Care Hospital 

 

Appropriate MR sequences and multiplanar imaging will be 
performed for every patient. 
 

Technique 
 

Imaging will be done with 1.5 Tesla Philips Achieva Magnetic 
resonance imaging machine. Diffusion weighted imaging will 
be added to all the routine sequences done. 
 

METHOD OF COLLECTION OF DATA  
 

Study Period:  1year. 
 

All patients referred to the department of Radio diagnosis with 
clinical history suspicious of fracture in a period of 1 year from 
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October 2017 to October 2018 are subjected for the study. 
Based on our previous hospital records we got 20 cases of 
spinal fractures per year so we have included 25 cases as our 
study sample 
 

Inclusion Criteria 
 

All age group patients suspected with 
 

 Patients presenting with acute neurological spinal deficit 
 Suspected cases of spinal cord injuries/lesions 

 

Exclusion Criteria 
 

The Study will Exclude 
 

Patients with  
 

 Intracranial aneurysm clips or Intra-orbital metal 
fragments. 

 Any electrically, magnetically or mechanically activated 
implants (including cardiac pacemakers, bio stimulators, 
neurostimulators, cochlear implants, and hearing aids). 

 

Mri Protocol 
 

 T1 W and T2W in 3 planes-AXIAL, SAGITTAL AND 
coronal  Stir coronal 

 T1 post contrast Dwi with adc 
 

Patients diagnosed on MRI with DWI with benign r malignanat 
fracture will be subjected to HPE r followed up clinically to 
confirm the diagnosis 
 

Objective of Study 
 

To study the sensitivity and diagnostic accuracy of diffusion 
weighted imaging  technique in   detection and characterization 
of benign versus malignant fractures using apparent diffusion 
coefficient maps 
 

Interpretation 
 

DW-MRI gives unique information that reflects microstructural 
and functional alterations in tissues.4 DWI provides a contrast 
that reflects the degree of self-diffusion of water molecules in a 
tissue. DW-MRI performed using b-values of 800-1,000 s/mm2 
usually results in significant signal suppression of normal 
tissues or the background signal intensity, allowing foci of high 
signal intensity impeded diffusion of tumours to be more 
readily identified. ADC values are a measure of diffusion 
ability of molecules in the given tissue and give an idea of the 
composition of the given tissue. Typical values of the ADC in 
normal bone marrow are  0.2 to 0.5 x 10-3 mm2 /s.3A high 
ADC value means increased Brownian movement of molecules 
(which means no restriction), thereby suggesting less 
compactness of the given tissue.1 . As the lesion contour can be 
more difficult to define on the ADC map, we draw the ROI on 
the b-value image, and then copy this onto the ADC map to 
record their values. 
 

RESULTS 
 

In this prospective study of 25 people, there were 13 malignant 
fracture/infiltration, 12 benign fractures .The malignant 
fracture/infiltration cases had low mean ADC value of 0.6 x 
10-3mm2/s with restriction on DWI+ADC.A mean ADC value 
of 1.57 x 10-3mm2/s was seen in benign fractures cases with 
no obvious restriction .A diagnostic accuracy of 88% in 

malignant vs benign fractures and 85% in infective spinal 
pathologies was obtained 
 

Table 1 Age Distribution of Type of Fractures 
 

Age groups 
(Yrs) 

MMF 
Benign 

BFOF BFTF 
16 - 20 0 0 0 
21 - 30 0 0 1 
31 - 40 0 0 2 
41 - 50 1 0 1 
51 - 60 3 1 1 
61 - 70 7 3 0 

71 & above 2 3 0 
Total 13 7 5 

 

Age Distribution: The malignant and osteoporotic spinal pathologies were predominantly seen in the 
elderly i.e. 61-70 yrs. Traumatic spinal pathologies were seen more in the middle aged adults between 31-
40 yrs. 
 

Table 2 Adc Values In Fractures 
 

 
Mean ± SD Range Significance 

MF 0.68 ± 0.12 0.4 - 0.8 MF  v/s  BF 
BF 1.58 ± 0.12 1.3 - 1.7 MF v/s BF 

 

Mean Adc Value: In this study the mean ADC values for malignant spinal pathologies 
were arrived at 0.68, for benign spinal conditions it was 1.58 
 

Table 3 Dignostic Value of Adc With Hpe In Benign And 
Malignant Fractures 

 

Radiological diagnosis-adc 
Hpe or   clinical follow up 

Total 
BF MF 

BF 9 1 10 
MF 2 13 15 

Total 11 14 25 
 

Sensitivity 9/11 82% 
Specificity 13/14 93% 

PPV 9/10 90% 
NPV 13/15 87% 

Dignostic Accuracy 22/25 88% 
 

Diagnostic accuracy of DWI with ADC values is arrived at 88% when ADC diagnosis is 
compared with gold standard HPE r clinical follow up 

 

Table 4 Diagnostic Accuracy Comparing Three Methods 
 

 
Rad/Conv.MR

I v/s Rad-ADC 
Rad/Conv.MR

I v/s  HPE 
Rad-ADC  
v/s  HPE 

Sensitivity 80% 91% 82% 
Specificity 73% 86% 93% 

PPV 67% 83% 90% 
NPV 85% 92% 87% 

Dignostic 
Accuracy 

76% 88% 88% 

 

Graph Showing Diagnostic Accuracy Comparing 3 Methods 
 

 
 

Diagnostic Accuracy of Dwi With Adc And Conventional Mri 
Both values arrived at 88% but specificity and PPV of DWI  came to be  

93% and 90% respectively which is higher than of conventional MRI 
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Image of Dw Ss (Epi) With Adc Mapping 
 

 
 

Malignant Metastasis  Sagittal section- DWI of dorsolumbar spine with b-
value 1000s/mm2shows hyperintensity in vertebral bodies as discussed 
above with corresponding ADC mapping image shows invertion at the 

similar areas with low mean ADC values of 0.6 x 10-3 mm2/s 
 

Image of Dw Ss (Epi) With Adc Mapping 
 

 
 

Benign (traumatic fracture) sagittal section DWI of dorso-lumbar spine 
with b-value 1000s/mm2 shows no restriction, corresponding ADC 

mapping image shows no inversion at the similar area with high mean 
ADC value of 1.6 x 10-3 mm2/s 

 

Image of Dw Ss (Epi) With Adc Mapping 
 

 
 

Benign acute osteoporotic fracture Sagittal section DWI image of dorso-
lumbar spine with b-value 1000 s/mm2 shows hyperintensity, 

corresponding ADC mapping image shows inversion at the similar area 
with  mean ADC value of 1.6x10-3 mm2 

 

DISCUSSION 
 

Benign Fracture 
 

In this category the peak age group incidence is seen between 
31-40 yrs  with male (4 cases) predominance in traumatic 
fractures. In osteoporotic fractures the peak age group 
incidence is seen in 61-70 years with female (5 cases) 
predominance .Out of 12 people with no history of malignancy, 
5 cases of traumatic fracture with acute/chronic h/o trauma 
fractures were diagnosed on conv MRI and included in the 

study. 7 cases of osteoporotic fractures were diagnosed based 
on clinical / routine MRI   are   included in the study 
 

Dwi+Adc Imaging: (qualitative analysis) alone showed no 
restriction in benign fracture cases with diagnostic accuracy of 
88% in differentiating benign vs malignant fractures 
 

Coming to final statement Conv MRI was unable to diagnose 
1case and ADC was unable to diagnose 2 cases proved on 
HPEr clinical follow up as benign entity. Conv MRI over 
diagnosed 2 cases and ADC overdiagnosed 1 case of benign 
fracture as malignant fracture. 
 

Mean Adc Value:  (quantitative analysis) of 1.57 x 10-3 
mm2/s was derived by statistical analysis in these   cases 
 

Malignant Fracture / Infiltration 
 

In this category the peak age group incidence was seen in 61-
70 yrs with male (7) predominance. All  cases  with history of 
suspicious and known primary  (ca lung, ca breast, ca prostate, 
ca thyroid,  lymphoma etc) malignancies and follow up cases 
with metastasis to spine with or without associated 
compression fractures were proceeed with  routine MRI (13 
cases were diagnosed as malignant infiltration) with DWI 
sequence + ADC mapping (qualitative) and quantitative ADC 
value estimation from Region Of Interest (ROI) of  involved/ 
fractured vertebra bodies of spine.  
 

Dwi+Adc Imaging: (qualitative) analysis alone demonstrated 
restriction in 15 cases where as HPE r clinical follow up 
showed positivity in only 14 cases with diagnostic accuracy of 
88% in diagnosing benign vs malignant fractures 
 

Coming to final statement conv MRI was unable to diagnose 2 
cases proved on HPE r clinical follow up..ADC was unable to 
diagnose 1 case proved on HPE to be malignant infiltration. 
Conv  MRI over diagosed  1 case ,ADC over diagnosed 2 cases 
of benign fracture as malignanat infiltration 
 

Mean ADC value of 0.69 x 10-3 mm2/s was derived by 
statistical analysis in these cases 
 

CONCLUSION 
 

In conclusion, DWI sequence with ADC mapping when added 
to routine array of MRI spine with analysis of DW 
images(qualitative study) and ADC values(quantitative study) 
will enhance the effectiveness and accuracy of MRI  in the 
diagnosis of benign or malignant fractures  .Hence, DW-MRI 
which is noninvasive and non ionizing modality plays a very 
important role in early and accurate diagnosis and tissue 
characterization of various spinal lesions and will be most 
useful in patients in whom HPE is not possible  which is crucial 
for successful management of patients 
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