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ABSTRACT

Background: Conventional breast magnetic resonance imaging (MRI), including dynamic contrast-enhanced MR
mammography, may lead to ambiguous diagnosis and unnecessary biopsies.

Purpose: To investigate the contribution of quantitative diffusion tensor imaging (DTI) in the discrimination
between benign and malignant breast lesions at 3 T MRI.

Material and methods: The study included a total of 86 lesions (44 benign and 42 malignant) in 58 women (34
with malignant lesions, 23 with benign lesions and 1 with both types of lesions). All patients were examined on a
3T MRI scanner. Fractional Anisotropy (FA), Mean Diffusivity (MD), Apparent Diffusion Coefficient (ADC), as
well as eigenvalues (A;, Ao, A3) were calculated and compared between benign and malignant lesions using two
different software packages (GE Functool and ExploreDTI).

Results: Malignant lesions exhibited significantly lower ADC values compared to benign ones
(ADCppa1 = 1.06 x 10~ 3>mm?/s, ADCpe, = 1.54 X 10> mm?/s, p-value < 0.0001). FA measurements in car-
cinomas indicated slightly higher than those in benign lesions (FApa = 0.20 + 0.07,
FApen = 0.15 = 0.05, p-value = 0.0003). Eigenvalues A;, A2, A3, showed significantly lower values in malig-
nant tumors compared to benign lesions and normal breast tissue. ROC curve analysis of ADC and DTI metrics
demonstrated that ADC provides high diagnostic performance (AUC = 0.944) while, MD and A; showed best
discriminative results (AUC = 0.906) for the differentiation of malignant and benign lesions in contrast to other
DTI parameters.

Conclusion: The addition of eigenvalue analysis improves DTI's ability to differentiate between benign and
malignant breast lesions.

values

1. Introduction

their wide use, their sensitivity and specificity remain in some cases
insufficient [3].

Breast cancer is the most commonly diagnosed cancer among
women and constitutes the second leading cause of cancer deaths [1].
Even though the breast cancer incidence rate has been increased over
the last two decades, the mortality rate has been substantially declined
from 1989 to 2014, reaching a reduction of 38% according to the
American Cancer Society [2]. Hence, early detection plays a critical role
in the determination of treatment options and the effectiveness of the
selected treatment approach.

The predominant techniques currently used in breast cancer detec-
tion and diagnosis are mammography and ultrasonography, but despite

Breast MRI is an imaging tool with highest sensitivity for breast
cancer detection [4,5], especially for invasive ductal cancer, extremely
dense [6] and heterogeneously dense breast tissue on mammography
[71, and has gained clinical acceptance for a range of clinical indica-
tions, such as supplemental screening and pre-operative assessment of
breast cancer [8].

More specifically, Dynamic Contrast-Enhanced MRI (DCE-MRI) has
become an asset for the detection and characterization of breast cancer,
which however indicates a high false-positive rate, often leading to
unnecessary biopsies [9] and shows moderate specificity (range
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37%-97%) [10].

Diffusion Weighted Imaging (DWI), on the other hand, has shown
promising results to overcome the above limitation. DWI is a form of
MR imaging based upon measuring the random Brownian motion of
water molecules within a voxel of tissue, which is restricted by the
various tissue components. A basic parameter that can be measured
using DWI is the Apparent Diffusion Coefficient (ADC) and represents
the magnitude of diffusion (of water molecules) within tissue.
Consequently, ADC can provide details regarding the microstructure
and the tissue cellularity [11].

Diffusion tensor imaging (DTI) is a MRI technique that enables the
measurement of the restricted diffusion of water in a tissue and the
characterization of water motion in more detail. Furthermore, it pro-
vides the measure of directionality - diffusion anisotropy in addition to
ADC.

In particular, the average of the ADC values along the three ortho-
gonal directions is known as Mean Diffusivity (MD), while another DTI
parameter, Fractional Anisotropy (FA), is a scalar value between zero
and one which describes the degree of anisotropy of a diffusion process.

A value of zero means that diffusion is isotropic, i.e. it is unrestricted
(or equally restricted) in all directions. A value of one means that dif-
fusion occurs only along one axis and is fully restricted along all other
directions. Moreover, the evaluation of the eigenvalues (A1, A, A.3) may
enable the characterization of diffusion in three dimensions calculating
the degree of anisotropic water diffusion in the tissue.

There is a large body of literature investigating the potential of ADC
[4,12-14] and DTI [7,15-18] for the differentiation of breast lesions
confirming lower ADC values in malignant tumors compared to normal
breast tissue and benign lesions.

The purpose of this study was to examine the ability of DTI para-
meters and more specifically the 3D anisotropic diffusion (eigenvalues)
to discriminate between benign and malignant breast lesions, by com-
parison to ADC. Moreover, DTI metrics were calculated using two dif-
ferent software packages for DTI data analysis, GE Functool (GE
Healthcare, Milwaukee, USA) and ExploreDTI (developed by A.
Leemans) in order to estimate software dependency on eigenvalue
evaluation.

2. Material and methods
2.1. Patients

In this study, 58 women were included, ranging in age from 31 to
79 years (mean * SD, 53 * 13years).

This was a retrospective study, approved by the local Institutional
Review Board and informed consent was obtained from all participants.
Breast MRI was performed in patients with suspicious BI-RADS 3
(Breast Imaging-Reporting and Data System) to BI-RADS 5 lesions de-
tected on mammography and/or ultrasonography prior to any type of
biopsy.

Each breast MRI scan, completed bilateral coverage, revealed at
least one contrast-enhancing lesion and was accompanied by the cor-
responding pathology report derived from core needle biopsy or sur-
gical excision.

The exclusion criteria for participation in the study were: receiving
neoadjuvant chemotherapy or radiation therapy, having any metallic
clips from previous surgical procedures and having general contra-
indications to MRI or to the administration of contrast agents.

All patients underwent the same protocol including conventional
breast MRI, DWI and DTI.

All breast lesions included were confirmed histologically.

2.2. Image acquisition

MR images were acquired on a 3.0 T MRI scanner (GE Healthcare,
Signa HDx, Milwaukee, WI, USA) with patients placed in the prone
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position, using a dedicated phased array 8-channel breast coil. The final
imaging protocol consisted of a conventional MRI protocol, DWI and
DTIL.

Each conventional MRI examination included scanning of the two
breasts. Breast DCE-MRI protocol consisted of axial T2-weighted fast
spin echo sequence (T2-FSE), (repetition time/echo time (TR/TE)
3600/100 ms, slice thickness 4.0 mm and spacing 0 mm), axial short
inversion recovery sequence (STIR), (repetition time/echo time (TR/
TE) 3875/90ms, slice thickness 4.0 mm and spacing O mm), 3D T1-
weighted vibrant dynamic sequence with fat-suppression (flip angle 10°
and isotropic voxel 1 mm®) which was applied before and five times
after the intravenous (IV) injection of the contrast agent (gadolinium)
with a 10 second timing delay, using an automatic injector system.

The DWI protocol consisted of a DWI sequence which was acquired
before IV injection of the contrast medium with the following char-
acteristics: repetition time (TR) 6000 ms, echo time (TE) 63.80 ms, slice
thickness 4.0 mm, spacing 0 mm, flip angle 90° and b-value 850 s/mm?.
The selected matrix size was 256 X 256.

Diffusion tensor imaging (DTI) was performed using an axial echo
planar imaging (EPI) sequence with repetition time (TR) 6000 ms, echo
time (TE) 63.70 ms, slice thickness 4.0 mm, spacing O mm and flip angle
90°. The number of the diffusion directions was 6 and the diffusion
weighting (b-value) was set to 0 and 600 s/mm? DTI images were ac-
quired before the gadolinium-contrast medium injection.

An indicative example of the aforementioned protocol with DTI
parametric analysis is depicted in Fig. 1.

2.3. Data analysis

Data analysis and diffusion measurements were performed using the
vendor's software package for DTI analysis GE Functool (GE Healthcare,
Milwaukee, USA) and ExploreDTI which is a graphical toolbox, devel-
oped by Alexander Leemans, for exploratory diffusion tensor MRI [19].

GE Functool toolbox is used for advanced processing of 3D datasets
for multiple MR applications including perfusion, spectroscopy and
diffusion tensor imaging studies. The pre-processing stage comprised
EPI and eddy current distortion correction. During the basic analysis of
diffusion data, DTI scalars such as Fractional Anisotropy (FA) and Mean
Diffusivity (MD) were produced, while DTI parametric maps were
generated for the extraction of eigenvectors uj, u,, uz and eigenvalues
A1, Ao, Ag.

The eigenvectors and eigenvalues were calculated after completing
and diagonalizing the symmetrical diffusion tensor, Eq. (1).

Do Dy Dy

diagonalization
- 1 A2y s, Uy, U, U

D= Dyx Dy Dy,
Dy Dy Dy 1)

In order to measure the aforementioned DTI parameters inside the
lesion and in the contralateral normal tissue, the placement of Regions
of Interest (ROIs) is required.

Two radiologists with 20 years of experience in the interpretation of
breast MRI images, were blinded to the pathologic findings and histo-
logical information of the participants and manually delineated free-
hand ROIs around the lesions. The ROI was placed carefully within the
lesion borders excluding cystic, necrotic or hemorrhagic areas. Overall
there was minimal interobserver variability. In case of disagreement,
interobserver differences were resolved by consensus review.

ExploreDTI on the other hand is a graphical toolbox, for the ex-
ploration of diffusion (tensor) MRI and fiber tractography [18]. DTI
pre-processing was performed again consisting of subject motion, EPI
and eddy current distortion correction with reorientation of the b-ma-
trix. Subsequently, DTI data sets were reprocessed and all DTI para-
meters were computed since the selected ROI was manually located
inside the lesion and in the physiological breast tissue by the radi-
ologist. In contrast to GE Functool, ExploreDTI displays directly the
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Fig. 1. An example of DTI parametric analysis in a 43-year-old patient with a malignant lesion. (a) Post contrast T1-weighted image shows a lesion with hetero-
geneous internal enhancement. (b) Parametric maps of DWI, (c) ADC, (d) Average DC, (e) Fractional Anisotropy and (f) eigenvalues A1, A2, A3 where generated and
analyzed. A ROI is placed within the lesion borders to calculate all the DWI and DTI parameters.

calculated DTI metrics based on ROI Statistics.

2.4. Statistical analysis

Statistical analysis was performed using SPSS (IBM Corp., Endicott,
NY, USA). Descriptive statistics consisted of means and standard de-
viations for ADC, FA, MD and A, A,, A3 measurements. Non-parametric
Mann-Whitney U tests were used to evaluate the significance in the
ADC and DTI metrics between malignant and benign breast lesions,
while the Wilcoxon signed rank test was used between the affected
(benign or malignant) and the contralateral areas.

Receiver-operating characteristic (ROC) curve analysis based on
logistic regression models was performed to assess the diagnostic per-
formance of ADC and DTI parameters, while the statistical significance
was set at p = 0.05.

3. Results

Fifty-eight women aged 31-79 years (mean * SD, 53 * 13years)
participated in this study. Out of a total of 86 lesions identified on MRI,
44 (51%) were benign and 42 (49%) were malignant, while the mean
ROI size was 127.59 mm? for benign lesions and 228.82 mm? for ma-
lignant lesions respectively. The lesion size was 1.7 cm on average
(range, 0.6-5.1 cm) for benign lesions and 2.8 cm on average (range,
0.7-9.0 cm) for malignant lesions.
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3.1. DWI

ADC was measured for each patient, and for all breast lesions and
contralateral normal breast parenchyma. The mean ADC value of ma-
lignant and benign lesions was 1.06 x 103 + 0.24mm?/s and
1.54 x 1073 + 0.22 mm?/s respectively, while the mean ADC value of
the normal tissue was 1.77 x 10~3 + 0.20 mm?/s (Table 1). Con-
cerning the characterization of breast lesions, ADC measurements in
malignant lesions indicated lower values (p < 0.0001) compared to
benign lesions and normal breast tissue.

3.2. DTI analysis and comparison of different evaluation software (GE
Functool and ExploreDTI)

DTI data analysis was performed using both GE Functool and
ExploreDTI software packages and produced results regarding the FA,

Table 1
ADC mean values ( = SD) for malignant and benign lesions, and contralateral
normal area.

Malignant Benign Contralateral p-Value
normal tissue
ADC (x10™°mm?/s) 1.06 + 0.24 1.54 = 0.22 1.77 = 0.20 < 0.0001

p values represent Mann-Whitney U test for the comparison of the ADC values
between malignant and benign breast lesions.
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Table 2 1.43 x 1072 = 0.28mm?%s,  1.91 x 1072 + 0.24mm?*/s  and
MD and FA mean values ( = SD) for malignant and benign lesions, and con- 2,22 x 1073 + 0.24 mm?/s respectively. A, and A3 showed the same
tralateral normal area using GE Functool and ExploreDTL tendency towards lower values for carcinomas (1.29 + 0.28 mm?/s
Malignant Benign Contralateral p-Value and 1.12 + 0.29 mm?/s respectively) compared to benign breast le-

normal tissue sions (1.70 + 0.21 mm?/s and 1.56 * 0.23mm?/s). p-Values were

calculated lower than 0.05 (< 0.0001) for each eigenvalue. Statistical

MDFE“;“’I"B,BmmZ/ 1.25 = 031 170 = 024 199 = 024 < 0.0001 analysis of the maximal anisotropy indices (A;—A3) indicated same
s) mean values for carcinomas and benign lesions
MDgxplorenT! 122 + 026 1.80 = 0.25 1.96 + 0.20 < 0.0001 (0.35 * 0.21 x 10~ 3>mm?/s) (p = 0.682).
(x10~°>mm?/ ExploreDTI results accord with those derived from GE Functool as

s)
FAgunctool 0.20
FAgxplorenTt 0.18

depicted in Fig. 3. The mean A, for carcinomas, benign lesions and normal
tissue was: 1.45 x 1073 = 0.25mm?/s, 2.08 X 1073 = 0.34 mm?/s
and 2.03 x 1072 + 0.75mm?/s (p < 0.0001). The value of maximal
p values represent Mann-Whitney U test for the comparison of the MD and FA anisotropy ~ indices (A;-Az) was 0.45x 107° + 0.20 and

0.07 0.15
0.08 0.13

0.05 0.17
0.06 0.16

0.06 0.0003
0.05 0.001

+ + +
* * *

between malignant and benign breast lesions. 0.53 x 1072 + 0.33 for malignant and benign lesions, respectively.
However, the p-value of (\;—A3) failed to reach statistical significance
(p = 0.338).

MD and eigenvalues A4, A5, A3 (Table 2). DTI parameters were calcu-
lated for each patient and for all breast lesions and contralateral normal
breast parenchyma. 3.3. Comparison of ADC and DTI parameters
Results derived from GE Functool: The MD mean values for malig-
nant lesions, benign lesions and normal tissue were The mean ADC value of all malignant breast masses (using GE
1.25 x 1072 + 0.31mm2/s, 170 x 10~3 + 0.24mm?/s and  Functool) was 1.06 x 10~° * 0.24mm?/s, significantly lower than

1.99 x 102 % 0.24 mm?/s respectively, while the corresponding FA the ADC of benign lesions (1.54 x 10~% + 0.22mm?/s, p < 0.0001).

mean values were 0.20 + 0.07, 0.15 + 0.05 and 0.17 + 0.06. ADC measurements in the contralateral normal tissue indicated even
Results derived from ExploreDTI: The MD mean values calculated higher values, 1.77 x 107° + 0.20 mm?/s.
for malignant lesions, benign lesions and normal tissue were MD and Ay, Az, A3 values were significantly lower in malignant
1.22 x 1073 + 0.26 mm?/s, 1.80 X 103 + 0.25mm?/s and compared to benign lesions (p < 0.0001), while malignant masses
1.96 x 10™2 + 0.20 mm?/s respectively, while the corresponding FA showed significantly higher values of FA (0.20 * 0.07) compared to
mean values were 0.18 * 0.08, 0.13 = 0.06 and 0.16 *+ 0.05. benign masses (0.15 * 0.05, p = 0.0003). On the other hand, the
As depicted in Fig. 2, for both methods MD showed lower values maximal anisotropy indices (A;—\3) exhibited no significant difference
when measured in malignant lesions, in contrast to benign lesions and ~ between benign and malignant lesions (p = 0.682).
exhibited significant differences, p < 0.0001. Regarding FA mean va- The evaluation of ADC and DTI parameters as discriminators of
lues, the p-value was calculated 0.0003 (GE Functool) and 0.001 (Ex- benign and malignant tissues was performed utilizing receiver oper-
ploreDTI). ating characteristic (ROC) curve analysis. According to the ROC ana-
Mean Aq, Ay and Az values were calculated for malignant and be- lysis depicted in Fig. 4, ADC produced an AUC of 0.944, with sensitivity
nign lesions and for contralateral normal tissue using both GE Functool of 85% and specificity of 84.4%, while MD and A, constituted the best
and ExploreDTI software packages (Table 3). Statistical analysis of the discriminative DTI parameters with the same AUC, 0.906. Fractional
primer eigenvalue A; exhibited significant lower values for malignant Anisotropy showed a lower AUC of 0.729 with 65.8% sensitivity and
lesions, where benign and normal tissues appeared to have high \; 67.4% specificity and (A—A3) an even lower AUC of 0.512. ROC curve
values. analysis of MD combined with FA depicted in Fig. 5, demonstrated an
More specifically, A; values derived from GE Functool were AUC of 0.910, which remains lower compared to the diagnostic per-

formance of the ADC.

2] MD (GE Functool) [ FA (GE Functool)

25 T [ MD (ExploreDTI) 0.5 [ FA (ExploreDTI)
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Fig. 2. Box-plots showing the MD and FA measurements in normal tissue, benign and malignant lesions respectively and the comparison between the two software
(GE Functool and ExploreDTI).
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Table 3
Eigenvalues and maximal anisotropy indices with their corresponding SD and comparison results between malignant, benign, and contralateral normal area.
DTI metrics Malignant Benign Contralateral normal tissue p-Value
GE Functool (x 10~ % mm?/s) A 1.43 = 0.28 1.91 + 0.24 2.22 = 0.25 < 0.0001
A2 1.29 + 0.28 1.70 = 0.21 1.98 + 0.24 < 0.0001
A3 1.12 + 0.29 1.56 + 0.23 1.78 + 0.26 < 0.0001
A—Ag 0.35 = 0.21 0.35 = 0.21 0.44 = 0.16 0.682
ExploreDTI (x 10~ % mm?/s) A 1.45 * 0.25 2.08 = 0.34 2.03 = 0.75 < 0.0001
Ao 1.21 + 0.25 1.76 = 0.24 1.74 + 0.65 < 0.0001
A3 1.00 = 0.30 1.54 = 0.28 1.41 += 0.64 < 0.0001
A3 0.45 = 0.20 0.53 = 0.33 0.62 = 0.43 0.338
p values represent Mann-Whitney U test for the comparison of A;, A, A3 between malignant and benign breast lesions.
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Fig. 3. Box-plots showing (a) eigenvalues A, As, A3 and (b) A1—A3 measurements in normal tissue, benign and malignant lesions using both analysis software.

4. Discussion

DCE-MRI has been established as a powerful asset for the detection
and diagnosis of breast cancer [20]. There is a direct correlation be-
tween DCE-MRI and the vascularity of tumors, but there appears to be
no evidence to link this technique with tumor cellularity [21].

However, despite its high sensitivity in detecting breast lesions, the
main weakness of breast DCE-MRI remains its low specificity.

The utilization of diffusion MR imaging enhances the character-
ization of breast lesions, as it investigates tissue microstructure [22].
ADC constitutes the basic parameter of diffusion-weighted imaging and
reflects the magnitude of diffusion of water molecules within tissue.

1.0 I 1.0 ”
0.8 0.8
0.6 0.6
2 =
= o
2] 7]
c c
[+] [} p
D 0.4 D o4 | &
0.2 0.2
—ADC
s MD —M
CTEATEEEEEEE [N Naoly
— Reference line — Reference line
0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity 1 - Specificity

Fig. 4. ROC curves of (a) ADC, MD and FA and (b) A; and (\1—A3) for differentiation of malignant and benign breast lesions.
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Fig. 5. Combined ROC curve of MD and FA for differentiation of malignant and
benign breast lesions.

Typically, it can be measured by placing a freehand ROI inside the le-
sion borders excluding hemorrhagic, necrotic and cystic areas [23].
Nevertheless, the higher cell density of malignant masses compared to
benign lesions or normal tissue and the narrow extracellular space,
restrict the movement of water molecules and hence result in lower
ADC values [23]. There are a large number of studies which confirm the
significantly lower ADC values in malignant versus benign lesions
[12-14,24]. A recent study of Akin et al. [25], showed statistically
significant differences between the ADC values of malignant and benign
breast lesions with a very high AUC value of 0.945. In our study, ADC
measurements in malignant lesions indicated significantly lower values
(p < 0.0001) compared to benign lesions and normal breast tissue,
while the ROC curve analysis proved its high diagnostic performance
(AUC = 0.944) with 85% sensitivity and 84.4% specificity. The mean
ADC  values in  cancer and  benign  tissue  were
1.06 x 1072 + 0.24mm?/s and 1.54 x 10~ = 0.22mm?>/s respec-
tively and are similar to those of previously published studies such as
Costantini et al. [26], Nakajo et al. [27] and Razek et al. [28], who
revealed an association between tumor grade and ADC values, and Belli
et al. [29] who concluded that breast cancers with lower ADC values
may be more aggressive and have a higher metastatic potential.

Regarding the studies which investigated the role of diffusion tensor
imaging in the differentiation of breast lesions, the results of MD and A
measurements indicated lower values of both MD [4,18,30-32] and A\;
[30-32] in malignant tumors compared to benign lesions. In the present
analysis, our results were consistent with those of previous studies, as
they showed significantly lower MD, A;, A, and A3 values
(p < 0.0001) of breast cancer in contrast with benign breast masses.
After ROC curve analysis, MD and A; produced the same high AUC of
0.906 and hence we concluded that MD and A, constitute the best
discriminative DTI parameters (82.5% sensitivity and 81.4% specifi-
city) for the discrimination of breast lesions.

On the other hand, the results concerning the diagnostic utility of
DTI anisotropy indices remain conflicting. Baltzer et al. [4,17], Jiang
et al. [33] and Teruel et al. [30] showed higher FA values in breast
cancer, while Partridge et al. [17], Cakir et al. [34] and Eyal et al. [31]
reported no significant difference between benign and malignant le-
sions. Furman-Haran et al. [35] reported that (\;—A3) may contribute in
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the discrimination of malignant and benign breast tumors. According to
our findings, carcinomas showed significantly higher values of FA
(0.20 = 0.07) compared to benign tumors (0.15 * 0.05, p = 0.0003)
and its ROC curve had an AUC of 0.729. On the contrary, (A;—\3) ex-
hibited no statistically significant difference between benign and ma-
lignant lesions (p = 0.682). ROC curve analysis revealed an AUC of
0.512, which indicates a performance similar to random predictions
and represents a parameter with no discriminatory power.

When the diagnostic performance of MD and FA were compared
with ADC, the AUC of the combined curve (0.910) did not exceed the
AUC of the ADC (0.944), however the combination of MD and FA may
provide complementary information for the differentiation between
benign and malignant lesions. Onaygil et al. [32] showed that aniso-
tropic parameters using a binary logistic regression model including
DCEMRI and DTI increase the specificity of DCE-MRI from 83.0% to
93.6% without decreasing the 100.0% sensitivity.

The evaluation of software dependency on the calculation of
quantitative DTI parameters using the two software packages, GE
Functool and ExploreDTI, demonstrated a satisfactory agreement of the
derived values. The only exception was that the eigenvalue difference
(A1—A3), calculated by ExploreDTI, showed a slightly lower value in
malignant tumors compared to benign tumors (0.45 + 0.20 and
0.53 =+ 0.33, respectively) coming closer to the hypothesis of Furman-
Haran et al. [35] regarding the maximal anisotropy index (A;-A3)
nevertheless without a statistically significant confirmation.

One of the limitations of this study was the size of the population.
Undoubtedly, a larger group of participants is required to elucidate the
diagnostic role of DTI in the discrimination of breast tumors and to
draw safe conclusions. Another limitation is the partial volume effect
which can lead to errors in measurements, especially in case of small
lesions, where two or more tissue compartments exist within the same
voxel [36].

In addition, the average lesion size in this study was 1.7 cm and
2.8 cm for benign and malignant lesions, respectively, which can be
considered large, resulting in quite high specificity. Nevertheless, in
case of small lesions (< 1 cm), future improvements in DWI and DTI
may allow higher spatial resolution and hence a more accurate as-
sessment. Regarding the selection and the placement of the ROIs, they
were determined manually for each lesion. An automated segmentation
software could facilitate the data analysis and lead to less biased results.

Lastly, it has to be noted that the implementation of DTI as a routine
protocol can be limited by several technical issues associated with the
inhomogeneity and fat suppression ability as well as the EPI related
artifacts.

In conclusion, quantitative DTI may improve the specificity of
conventional 3.0 T breast MRI for the differentiation of malignant and
benign breast lesions, and can be considered a feasible addition as an
adjunct tool in the clinical routine.
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