
Vol.:(0123456789)1 3

Health and Technology (2021) 11:1269–1275 
https://doi.org/10.1007/s12553-021-00604-z

ORIGINAL PAPER

Quantitative Evaluation for Differential Diagnosis of Breast Lesions 
in Diffusion‑Weighted MR Imaging

Winniecia Dkhar1  · Rajagopal Kadavigere2  · Samir Paruthikunnan Mustaffa2 

Received: 11 June 2021 / Accepted: 27 September 2021 / Published online: 19 October 2021 
© The Author(s) 2021, corrected publication 2022

Abstract
Diffusion-weighted MR Imaging is a rapidly emerging technique, that allows in-vivo mapping processes of the water diffusion 
in tissues. It has the potential capabilities for clinical application in breast imaging. The aim of this study was to find out the 
optimal b-value for calculation of ADC value for differential diagnosis of breast lesions. A total of 124 subjects (mean age 
46 years) with 141 lesions were included. The protocol consists of axial T2 sequence for lesion localization and measurement 
and DW sequence with three sets of b-values of 0, 300, 600, and 1000 s/mm2. The mean ADC values of the breast lesions 
for b-values (0, 300, 600, and 1000) were 1.75 ± 0.18 ×  10−3mm2/sec, 1.66 ± 0.12 ×  10−3mm2/sec and 1.57 ± 0.15 ×  10−3mm2/
sec for the benign lesions and 1.26 ± 0.048 ×  10−3mm2/sec, 1.14 ± 0.11 ×  10−3mm2/sec and 0.93 ± 0.14 ×  10−3mm2/sec for 
malignant lesions respectively. Statistical significant differences were noted on the ADC value of benign and malignant 
lesions among the three sets of b values (p = 0.001). ADC values of malignant lesion was significantly lower compared to 
benign lesions. The AUC (0.998) was substantially large for b-value of 0,600 s/mm2 with a threshold ADC cut off value of 
1.28 ×  10−3mm2/sec with 98.4% sensitivity, 93.2% specificity and 98.5% positive predictive value(PPV). In conclusion, dif-
fusion weighted imaging has the ability for differential diagnosis of breast lesions with the optimal b value of 0,600 s/  mm2. 
DWI is a reliable tool for characterising breast lesions and may increase the overall specificity of breast MRI.
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1 Introduction

Magnetic Resonance Imaging (MRI) has been a modality of 
choice for diagnosis and evaluation of breast tumors, espe-
cially in high breast density, where lesions were occult on 
mammogram and sonography. Diffusion-weighted MRI is 
a rapidly emerging technique, that allows the in-vivo map-
ping processes of the diffusion of water in the tissues; it can 

delineate the microstructure of a targeted tissue such as extra-
cellular space, tissue cellularity etc. [1]. It is highly suscep-
tible to the displacement of water molecules at the diffusion 
scale, which is a three-dimensional process and quantifies 
the diffusion index, which reflects the apparent mean dif-
fusivity, commonly known as the Apparent Diffusion Coef-
ficient (ADC), which estimate the degree of diffusion along 
three orthogonal directions [2]. Diffusion Weighted Imaging 
(DWI) is already an established magnetic resonances diag-
nostic tool in the field of medicine, but its clinical application 
for breast lesions evaluation is challenging due to the techni-
cal limitations and lack of standardized protocol. Diffusion-
Weighted MR uses Echo Planar Imaging (EPI) technique, 
which yields rapid image acquisition and contrast agent scan 
can be avoided. The quantitative data analysis provided by 
this sequence helps in differential diagnosis and evaluation 
of breast lesions. Hence, this technique has potential compe-
tence as an alternative for invasive biopsy procedures. Diffu-
sion weighted MRI techniques have high prospect to enhance 
the sensitivity and specificity for detecting and diagnosing of 
benign and malignant breast lesions [3].
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The earlier studies have reported that the use of DWI 
technique for breast imaging shows variation in their sensi-
tivity and specificity, probably due to the variation in techni-
cal parameters, such as b-value selection, the strength of the 
magnetic gradient and also the methods for calculation of 
ADC value in the region of interest [4, 5]. However, due to 
lack of standardized approach and guidelines for the appli-
cation of DWI in screening and detection of breast lesions, 
the data quality varies widely, though DWI have manifest 
the prospective capabilities for ameliorating the Positive 
Predictive Value (PPV) for detecting the breast lesion in 
MRI. Therefore, further investigation should be conducted 
in order to standardize the protocol. The main objective of 
the present study was to determine the optimal b-value for 
calculation of ADC value for differentiating the benign from 
malignant breast lesions.

2  Methods

The ethical approval for this prospective study was received 
from the institutional ethics committee. The study was 
explained to all the participants and written informed con-
sents were obtained.

2.1  Subjects

The study subjects were females with the age group of 
25—60 years (mean age 46 years). A total of 124 subjects 
with breast lesions of various BIRADS grading (BIRADS 
1–5) as detected in ultrasonography and mammography 
were recruited for breast MRI, with total number of lesions 
count of 141. The mean diameter of the lesions was 6.42 cm. 
MRI scan was scheduled between 7 to  15th days of the men-
strual cycle for premenopausal subjects. Patients with cystic 
lesions and silicone implants were excluded from the study.

2.2  MRI Techniques

MRI scan was performed using Philips Achieve 1.5 Tesla 
MRI (Philips, Netherland). Bilateral MRI breast scan was 
conducted, where the contralateral side was taken for evalu-
ation of the normal fibro-glandular breast tissue. The dis-
eased side was evaluated for the detection of breast lesions. 
The examination protocol consists of conventional pulse 
sequences -Axial T2W [6] (TE/TR: 120/3500 ms, slice 
thickness: 1 mm, matrix: 340 × 512, NSA: 2) for lesion 
localization and lesion size measurement and DW sequence 
(TE/TR: 95/8200 ms, flip angle: 90°, slice thickness: 3 mm, 
matrix: 192 × 192, signal averages: 4) with three combina-
tions of b-values (b = 0, 300, 600, and 1000 s/  mm2). The 
acquired diffusion series were registered prior to creating the 
corresponding ADC maps for each b values.

2.3  Image analysis

T2 FS sequence was used for lesion localization, and lesion 
size was measured at its maximal dimension in cm. The 
diffusion-weighted series for all the b-values combination 
were post-processed in the extended workstation.

For calculating the ADC values, the necrotic tissues 
identified in the morphological images of T2 FS weighted 
sequence were avoided [7]. ADC values were calculated 
using an ADC mapping. For a lesion measuring of 1–2 cm, 
three ROIs were calculated, 2.1 cm and above, six ROIs were 
individually placed basically for each pixel. The calculated 
ADC values of the ROIs for each lesion were averaged and 
tabulated. The margins of the lesions were avoided during 
ADC measurements in order to curtail the effect of partial 
volume averaging. For normal fibro glandular tissues, six 
ROIs were considered and calculated. Two radiologists with 
more than 10 years of experience in MR Breast Imaging 
retrospectively interpreted and analyzed the obtained DW 
images; however, they were blinded from the histopatho-
logical reports.

2.4  Statistical analysis

The data were statistically analyzed using Statistical Pack-
age for the Social Sciences (SPSS) v16.0. Descriptive sta-
tistic was used to calculate the mean ADC values. Analysis 
of variance (ANOVA) statistic was used to determine the 
statistical difference in the ADC values for benign lesions, 
malignant lesions and fibro glandular tissues for all sets of 
b-values where p-value of 0.05 was set as a level of signifi-
cance. Receiver Operating Characteristic (ROC) curve anal-
ysis was used to determine the cut off ADC values between 
malignant and benign breast lesions and area under the curve 
(AUC) was used to determine optimal b-value for the cal-
culation of ADC values. Further, the diagnostic accuracy 
of multiple b-value for determining the cut off ADC values 
was analyzed in terms of sensitivity, specificity and positive 
predictive value (PPV). Youden index (J) were also calcu-
lated to evaluate the diagnostic levels for investigation and 
differential diagnosis of a disease.

3  Results

The total samples for the present study were collected from 
62 breasts with 62 benign lesions, 62 breasts with 73 malig-
nant lesions and 62 fibro-glandular tissues. The mean ADCs 
of the breast lesions and fibro glandular tissues for all the set 
of b values (300, 600, and 1000) are tabulated in Table 1.

The mean ADCs of the breast tissues for all the set of b 
values (0, 300, 600, and 1000) was 1.75 ± 0.18 ×  10−3mm2/
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sec, 1.66 ± 0.12 ×  10−3mm2/sec and 1.57 ± 0.0.15 ×  10−3mm2/
sec for benign lesions and 1.26 ± 0.048 ×  10−3mm2/sec, 
1.14 ± 0.11 ×  10−3mm2/sec and 0.93 ± 0.14 ×  10−3mm2/
sec for malignant lesions respectively. The ADC value 
for the fibro glandular tissues in all the sets of b value was 
2.14 ± 0.25 ×  10−3mm2/sec, 2.04 ± 0.29 ×  10−3mm2/sec and 
1.90 ± 0.26 ×  10−3mm2/sec respectively. The ADC value 

difference for benign and malignant lesions was statistically 
significant among the three sets of b values (p = 0.001).

The mean ADC values for benign, malignant and fibro 
glandular tissues showed lower ADC values with the 
increase in the b-values, that is, the b-value of 0,300 showed 
higher ADC values whereas the b-value of 0,1000 showed 
lower ADC values and the difference noted were statisti-
cally significant (p < 0.001). Also, note that ADC value for 
malignant is significantly lower than the ADC for benign 
lesion and fibro glandular tissues.

According to the ROC (Fig. 1) the area under the curve 
(AUC) for b-value of 0,300 s/mm2 was 0.986, for b-value of 
0,600 s/mm2 was 0.998 and for b-value of 0,1000 s/mm2 was 
0.993. The AUC was substantially large when the b-value 
was 0,600 s/mm2, indicating that it was the optimal b-value 
for differentiating the benign and malignant breast lesions. 
The ADC values were also analyzed at different cut-off 
points to determine the prime threshold point as well as the 
diagnostic power of each b value.

For b value of 0,300 s/mm2, the ADC cut off threshold 
value is 1.34 ×  10−3mm2/sec which yielded 95.3% sensi-
tivity, 93.2% specificity, and 95.8% PPV. Whereas, for b 
value of 0,600 s/mm2, the ADC cut off threshold value is 
1.28 ×  10−3mm2/sec with 98.4% sensitivity, 93.2% specific-
ity, and 98.5% PPV and for b value of 0,1000 s/mm2, the 

Table 1  Mean and Range of ADC values of Benign, Malignant and 
Fibro-glandular breast tissues at multiple b value in MR Diffusion 
Weighted Imaging

ADC: Apparent diffusion coefficient; FGT: Fibro−Glandular Tissues, 
SD: Standard Deviation, CI: Confidence Interval

b-value Breast Tissues ADC X  10−3mm2/sec
Mean ± SD

Range p value

0,300 Malignant 1.26 ± 0.048 1.12- 1.36  < 0.001
Benign 1.75 ± 0.18 1.28–2.02
FGT 2.14 ± 0.25 1.59–3.02

0,600 Malignant 1.14 ± 0.11 0.77–1.37  < 0.001
Benign 1.66 ± 0.12 1.27–1.90
FGT 2.04 ± 0.29 1.59–2.96

0,1000 Malignant 0.93 ± 0.14 0.64–1.52  < 0.001
Benign 1.57 ± 0.15 1.13- 1.91
FGT 1.90 ± 0.26 1.56–2.62

Fig. 1  Receiver Operating 
Characteristic (ROC) curves 
derived from ADC values in 
differential diagnosis of benign 
from malignant lesions of three 
b values of 300, 600 and 1000 s/
mm2
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ADC cut off threshold value is 1.17 ×  10−3mm2/sec with 
96.9% sensitivity, 95% specificity, and 98% PPV.

Evaluating the diagnostic performances levels has 
become a main method in the investigation and differential 
diagnosis of a disease. Hence, Youden index captures (both 
sensitivity and specificity) the performance of a diagnostic 
test. The Youden index (J) for the three b values 300,600, 
and 1000 s/mm2 were 0.89, 0.92,0.92 respectively. There-
fore, the Youden index (J) for b value of 0, 600 and 0,1000 s/
mm2 indicate that there was an almost perfect test for dif-
ferentiating benign from malignant breast lesions (Table 2). 
Therefore, the optimal b-value in DWI for differential diag-
nosis of benign and malignant breast tissues in 1.5 T MRI 
was 0, 600 with a cut off threshold value of 1.28 ×  10−3mm2/
sec and AUC of 0.998 with 98.4% sensitivity, 93.2% of spec-
ificity and 98.5% of Positive Predictive Value, indicating the 
high diagnostic performance of the quantitative analysis of 
Diffusion Weighted MR Imaging in differential diagnosis of 
benign and malignant breast lesions.

4  Discussion

With the advancement in medical technology, besides Ultra-
sonography and Mammography, MRI is a globally accepted 
diagnostic technique for the evaluation of the breast tissues 
and abnormalities. DWI has a dormant capability in the 
approach to access the structural characteristics of the tis-
sues and also to characterize breast lesions. To improve the 
sensitivity and specificity for the detection of breast cancer 
at an early stage, several diverse techniques have endeav-
ored. In this present study, we evaluated the sensitivity of 
multiple b values for differential diagnosis of breast cancer 
tissues, as a means to improve the clinical diagnosis and 
treatment. Differential diagnosis of breast lesion with DWI, 
can be quantified with ADC values, which was assessed in 
ADC mapping by the signal attenuation due to the restricted 
movement of the water molecules in the tissues with high 
cellular density [8, 9]. In the present study, we found that 

Fig. 2  A 39-year-old female was diagnosed with a solid breast lesion 
on left side of the breast. MRI scan was performed with T2 FS and 
DWI sequences with three sets of b value (300,600 and 1000  s/
mm2). According to the mammography the lesion was reported 
to be BIRADS III. In the histopathological result the lesion was 
reported as Infiltrating Ductal Carcinoma (Malignant lesions). (a) 
Axial T2 FS sequence of the bilateral breast shows an oval shaped 
tumor measuring 3.31 cm in the left breast. (b, c and d) The diffu-

sion weighted images with multiple b value of 300,600 and 1000 s/
mm2 demonstrated ADC values of the malignant lesions as 1.34, 1.28 
and 1.22 ×  10−3mm2/sec, for fibro glandular tissue the ADC value 
were 2.63, 2.21,1.97 ×  10−3mm2/sec respectively. The ADC value 
decreases with an increase in b value. The ADC maps reflect the 
densely packed tumor cells pattern, which inhibits effective motion of 
water molecules and restricts diffusion

Table 2  Cut off Threshold 
value, Sensitivity, Specificity 
and Positive Predictive Value 
and Youden Index at multiple 
b-value for distinguishing 
between Benign and Malignant 
Breast Lesions

ADC: Apparent diffusion coefficient, PPV: Positive Predictive Value

b value AUC Cut off 
ADC value
X  10–3  mm2/sec

Sensitivity Specificity Positive  
Predictive Value 
(PPV)

Youden’s Index
(J)

0,300 0.986 1.34 95.3 93.2 95.8 0.89
0,600 0.998 1.28 98.4 93.2 98.5 0.92
0,1000 0.993 1.17 96.9 95 98 0.92
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the optimal b value for differentiating breast lesion between 
benign and malignant breast lesions is 0,600 s/mm2 with the 
mean ADC of 1.66 ± 0.12 ×  10−3mm2/sec for benign lesions, 
1.14 ± 0.11 ×  10−3mm2/sec for malignant lesions, and 
2.04 ± 0.29 ×  10−3mm2/sec for fibro-glandular tissues with 
98.4% and 93.2% sensitivity and specificity respectively. 
We also noted remarkably lower ADC value for malignant 
lesions as compared to the benign lesions in the three sets 
of b values, but the b value of 0,600 s/mm2 has higher AUC 
and high sensitivity and specificity.

In the present study we noted, the ADC value for benign, 
malignant and fibro-glandular tissues was lower in 0, 1000 
than 0, 600 s/mm2 (Table 2) as compared to 0,300 s/mm2 
which indicate that the ADC values decreases with increasing  
b values (Fig. 2). This was probably owing to the elimination 
of the effect of perfusion circulation. Similarly, in a study 
conducted by Kaiji Inoue [9] and also the previous stud-
ies [7, 10, 11] have reported that the ADC value was also 
influenced by perfusion if small b value was applied. In the 
tissues, the microscopic motion includes water diffusion and 
blood microcirculation within the capillary network, there-
fore the ADC value is highly affected by both diffusion and 
perfusion. In malignant breast tumor, due to the extent of 
micro vessels, the ADC value can be vigorously influenced 
by perfusion if small b value was applied.

The result of the present study is similar to the previ-
ous study conducted by Jung Pak et al. [11] who urges the 
use of b-values lower than 750 s/mm2 for detecting breast 
tumors. According to Guangwei et al. [12] recommendation, 
b value greater than 500 should be used for breast MRI so 
that the ADC measurement will be insensitive to perfusion 
and hence the ADC mapping value would be within an ace 
to the true diffusion coefficient.

Similarly, we noted in the previous studies [8, 13–19] 
they have reported detection and evaluation of breast lesions 
in DWI with multiple b value ranging from 250 -1500 s/
mm2 and with variable ADC cut off value. Studies that used 
low b value ranging from 250- 800 s/mm2 have reported 
slightly higher ADC values for both benign and malig-
nant lesion as compared to studies that used b values of 
1000–1500 s/mm2. Qinghua Min et al. [8] reported that the 
optimal b-value for breast lesion differentiation is 800 s/mm2 
with a threshold of 1.23 ×  10−3mm2/sec. Guangwei et al. [12] 
reported with b value of 600 s/mm2 the cut off threshold 
for differentiating benign from malignant breast lesion is 
1.44 ×  10−3mm2/sec. Reiko Woodhams et al. [20] in the year 
2005 reported, the ADC value to be 2.05 ± 0.27 ×  10−3mm2/
sec for fibro-glandular tissue, 1.12 ± 0.24 ×  10−3mm2/
sec for malignant lesions, 1.09 ± 0.23 ×  10−3mm2/sec 
for IDC, and 1.42 ± 0.42 ×  10−3mm2/sec for NIDC with 
b values of 0,750  s/mm2. Whereas Wei Zhang et  al. 
[14] reported the ADC value of Malignant lesion to be 
1.010 ± 0.234 ×  10−3mm2/sec and Benign lesion to be 

1.648 ± 0.392 ×  10−3mm2/sec for the b value of 0, 800 s/
mm2. Lalitha Palle N et al. [19] in their study reported the 
range of ADC value for benign and malignant lesions to 
be 1.3 to 1.5 ×  10−3mm2/sec and 0.85 to 1.1 ×  10−3mm2/
sec respectively with the sensitivity of 97.22% and a 
specificity of 100% for the b-values of 0,500 and 1000 s/
mm2. Similarly, in the study conducted by Uma Sharma 
et  al. [21] they reported the ADC of malignant lesions 
to be 1.02 ± 0.17 ×  10−3mm2/sec, benign lesions to be 
1.57 ± 0.26 ×  10−3mm2/sec and normal breast tissues to be 
1.78 ± 0.13 ×  10−3mm2/sec with the sensitivity of 92.5% and 
specificity of 91.1% for the b values of 0,500,1000 s/mm2. 
In a study conducted by Pratiksha Yadav et al. [18] with 
the b value of 800 s/mm2 the reported ADCs for benign 
and malignant lesions was 1.905 ± 0.59 ×  10−3mm2/sec, and 
1.014 ± 0.47 ×  10−3mm2/sec respectively.

Several studies conducted previously used b value of 
1000 s/mm2, but the reported mean ADC values and thresh-
old cut off value for the differential diagnosis of benign and 
malignant lesions were varying. C Marini et al. [5] used b val-
ues of 0, 1000 s/mm2 and reported the mean ADCs for benign 
and malignant lesions to be 1.48 ± 0.37 ×  10−3mm2/sec and 
0.95 ± 0.18 ×  10−3mm2/sec respectively. Similarly, Mi Jung Pak 
et al. [11] conducted a study using b values of 0,1000 s/mm2 
and reported ADCs for invasive ductal carcinoma to be 0.89 
0.18 ×  10−3mm2/sec  mm2, DCIS to be 1.17 ± 0.18 ×  10−3mm2/
sec, benign lesions to be 1.41 ± 0.56 ×  10−3mm2/sec and the 
normal fibro glandular tissue to be 1.51 ± 0.29 ×  10−3mm2/
sec. Likewise, Ebru Yılmaz et al. [17] reported the ADC 
values for benign were 1.584 ×  10−3mm2/sec and malig-
nant lesions were 0.884 ×  10−3mm2/sec with 88% sensi-
tivity and 87% specificity using b-value of 0,1000 s/mm2. 
CWS Wan et  al. [15] also reported the mean ADCs for 
benign and malignant lesions using the b Value of 1000 s/
mm2. Their study reported the mean ADC for malignant 
and benign lesions to be 0.89 ± 0.29 ×  10−3mm2/sec and 
1.27 ± 0.42 ×  10−3mm2/sec respectively with the sensitivity of 
85.9% and specificity of 77%. Whereas, Kaiji Inoue et al. [9] 
reported with multiple b value of 0, 250, 500, 750, 1000 s/
mm2 and mean ADC threshold ADC + 1.65 × SD, for benign 
lesions (1.50 ± 0.38 ×  10−3mm2/sec) and malignant lesions 
(0.98 ± 0.19 ×  10−3mm2/sec), with 94.5% sensitivity, 80% 
specificity. In a study conducted by Miho et al. [22] they used 
higher b value of 0, 1500 s/mm2 and reported the ADC value 
to be 0.90 ± 0.18 ×  10−3mm2/sec for malignant lesions, and 
1.21 ± 0.29 ×  10−3mm2/sec for benign lesions with a thresh-
old value of 1.11 ×  10−3mm2/sec and 93.2%, 55.6%, 73.3% of 
sensitivity, specificity, positive predictive value (PPV) respec-
tively. Similarly, in a study conducted by Reiko Woodham et al. 
[7] used a b values of 0, 1500 s/mm2 and reported the ADC 
value of 0.9 ± 0.2 ×  10−3mm2/sec and 1.3 ± 0.3 ×  10−3mm2/sec 
for malignant and benign lesions respectively.
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Therefore, we noted in all the previous studies the b value 
ranges from 250 up to 1500 s/mm2 with varying values of 
ADCs for both benign and malignant breast lesions and 
therefore the threshold cut off value for differential diag-
nosis were also not constant. However, accordant with the 
earlier studies, the present study revealed that the ADC value 
was significantly lower for malignant lesions as compared to 
benign lesions. It was also reported that the tissues micro-
structure such as necrosis or marked fibrosis, highly influ-
enced the ADC value because water diffusion was restricted 
in severe fibrosis. Therefore, the ADC value of fibrous ade-
nomas or invasive ductal carcinomas with prominent fibrosis 
may be decreased, and the ADCs of invasive ductal carci-
nomas with central necrosis may be increased [10]. We also 
noted that the precise positioning of the ROIs in the lesions 
were highly crucial for ADC measurement. Therefore, we 
avoided all regions suspected of necrosis. We also noted 
that prolonged DWI acquisition scanning times might be 
essential in order to increase the signal-to-noise ratio (SNR) 
and maneuver a decrease in slice thickness, hence in the 
current study we performed the scan with 1 mm thickness. 
According to the present results, we noted that the ADC 
values manifest less variability and were more specific since 
we excluded lesions < 1 cm in size, to avoid partial volume 
artifacts and also low b value (< 1000 mm/sec2) was used to 
minimize the perfusion circulation effect.

Among the other factors that may affect the ADC values, 
the higher strength of the magnetic field such as 3 T may 
have higher sensitivity and specificity, though the present 
study and other studies cited in this article were done on a 
1.5 T. However, we expect that these issues will be improved 
with advances in imaging instruments and software.

Diffusion-weighted MRI is a promising technique that can 
be incorporated into standard clinical breast MRI protocols 
and increase the PPV for MRI breast assessment. Another 
advantage of DWI is this technique can be easily added to 
the screening protocol, especially of younger women with 
denser breasts. In several cases where contrast-enhanced 
imaging is contraindicated, DWI is a preferable method than 
T1- and T2-weighted imaging for detecting breast tumors. 
Therefore, in order to acquire accurate, cut off threshold 
value for breast tumor characterizations, standardized of b 
value in DWI should be recognized.

According to the recommendation of Mi Junk Park et al. 
[11] the ADC value of breast lesions should be juxtaposed 
to fibro glandular tissue because the ADC value was variable 
with different gradient factors. In the present study we com-
pared the ADC value of the lesions with the fibro- glandular 
tissues, for the three set of b value (300,600 and 1000 s/mm2) 
and the results shows that there was a significant difference 
(p < 0.05) between the ADC value of benign, malignant and 
fibro-glandular tissues but the b value of 0,600 s/mm2 has the 
highest sensitivity and specificity for differential diagnosis.

We recommend to include DWI sequence in the breast 
MR protocol, for good reciprocity with histology finding. 
The b value and also the ADC threshold value for differ-
ential diagnosis of breast lesions should be standardized 
through large studies conducted at multiple centers. The 
results of the study can be translated into routine practice 
by using the following steps. In order to detect and per-
form differential diagnosis of the lesion a T2 weighted 
fat suppressed sequence should be obtained for accurate 
lesion localization and size measurement, followed by DWI 
sequence with the b-value of 0,600 s/mm2. Thereafter, ADC 
should be calculated using ADC mapping with a minimum 
selection of 3 ROIs, in which the ADC calculation should 
be done pixel by pixel. Differential diagnosis of the lesion 
can be obtained by using the ADC cut off value of 1.28 X 
 10–3  mm2/sec. ADC value below the cut off is considered as 
malignant lesion and ADC value above cut off is considered 
to be benign lesion.

5  Conclusion

Diffusion-weighted sequence constitutes a potential resource 
for both qualitative and quantitative evaluation of breast 
pathology. It manifests potential capabilities for improv-
ing the positive predictive value for the detection of breast 
cancer. DWI sequence can be implemented as a screening 
tool for high-risk population because of its short scan time 
and high sensitivity. According to our study, the optimal b 
value for differential diagnosis of breast lesion using ADC 
value for benign, malignant and fibro-glandular tissue was 0, 
600 s/mm2. We conclude that the ADC value increases the 
diagnostic sensitivity and specificity of Diffusion-Weighted 
sequence, which is an effective tool for treatment and man-
agement in clinical setting.
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