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PURPOSE
To compare images generated by synthetic diffusion-weighted imaging (sDWI) with those from 
conventional DWI in terms of their diagnostic performance in detecting breast lesions when per-
forming breast magnetic resonance imaging (MRI). 

METHODS
A total of 128 consecutive patients with 135 enhanced lesions who underwent dynamic MRI be-
tween 2018 and 2021 were included. The sDWI and DWI signals were compared by three radiolo-
gists with at least 10 years of experience in breast radiology. 

RESULTS
Of the 82 malignant lesions, 91.5% were hyperintense on sDWI and 73.2% were hyperintense on 
DWI. Of the 53 benign lesions, 71.7% were isointense on sDWI and 37.7% were isointense on DWI. 
sDWI provides accurate signal intensity data with statistical significance compared with DWI (P < 
0.05). The diagnostic performance of DWI and sDWI to differentiate malignant breast masses from 
benign masses was as follows: sensitivity 73.1% [95% confidence interval (CI): 62–82], specificity 
37.7% (95% CI: 24–52); sensitivity 91.5% (95% CI: 83–96), specificity 71.7% (95% CI: 57–83), respec-
tively. The diagnostic accuracy of DWI and sDWI was 59.2% and 83.7%, respectively. However, when 
the DWI images were evaluated with apparent diffusion coefficient mapping and compared with 
the sDWI images, the sensitivity was 92.68% (95% CI: 84–97) and the specificity was 79.25% (95% 
CI: 65–89) with no statistically significant difference. The inter-reader agreement was almost perfect 
(P < 0.001).

CONCLUSION
Synthetic DWI is superior to DWI for lesion visibility with no additional acquisition time and should 
be taken into consideration when conducting breast MRI scans. The evaluation of sDWI in routine 
MRI reporting will increase diagnostic accuracy.
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Breast tumors, image analysis, diagnostic imaging, diffusion magnetic resonance imaging, 
echo-planar imaging

Conventional breast magnetic resonance imaging (MRI) has the highest sensitivity for 
breast cancer detection, staging of known cancer, and evaluation of response to neo-
adjuvant chemotherapy. In recent years, specifically according to the Dense Tissue 

and Early Breast Neoplasm Screening trial1 and the EA1411 Eastern Cooperative Oncology 
Group–American College of Radiology (ACR) Imaging Network study,2 the indication spec-
trum of breast MRI has widened. The European Society of Breast Imaging now recommends 
offering screening breast MRI every 2–4 years in women aged 50–70 years with extremely 
dense breasts.3 However, MRI is limited by high costs, which include the cost of contrast mate-
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rial administration, intravenous (IV) supplies, 
point-of-care renal function screening, and 
on-site physician coverage for adverse con-
trast material-related events. Furthermore, 
prolonged examination time is an addition-
al concern. With the latest concerns regard-
ing the safety of gadolinium-based contrast 
agents, diffusion-weighted imaging (DWI) 
has been recommended as an encouraging 
alternative to dynamic contrast-enhanced 
MRI for detecting early breast cancer. In ad-
dition, an improvement in tumor visibility 
without contrast injection could improve the 
cost-effectiveness of MRI. DWI is a fast, wide-
ly available, unenhanced MRI technique that 
provides a unique radiologic image contrast 
by providing information on the cellular en-
vironment of tissues in vivo. In recent years, 
this sequence has been used in addition to 
conventional sequences and decreases false 
positivity. 

However, DWI has many limitations, such 
as a decrease in signal-to-noise ratio (SNR) 
and experiencing eddy current distortions 
when using a high b value; studies have been 
conducted to overcome these limitations 
and to improve this sequence.4 The princi-
pal basis for using DWI for disease detection 
relies on maximizing the image contrast be-
tween diseased tissue and the background. 
The extent to which this occurs depends on 
the intrinsic tissue diffusivity, the T2 relax-
ation time, and the diffusion weighting (b 
value) of the motion probing gradients that 
are applied. The selection of the b value is a 
key point as it directly affects the image SNR, 
lesion contrast-to-noise ratio, and apparent 
diffusion coefficients (ADCs). The b value 
can enhance both the lesion detection sen-
sitivity and specificity, but it also leads to a 
decreased SNR. Furthermore, the perfusion 
effect is minimized.5,6 However, acquiring 
images at higher b values (>1.000 sec/mm2) 
leads to more distortion due to susceptibil-
ity effects and eddy currents and lengthens 

imaging times.7-10 One of the new tech-
niques for improving the accuracy of DWI is 
synthetic DWI (sDWI). sDWI is a mathemat-
ical computation technique that builds on 
previously described principles and calcu-
lates a high b value (or any b value) image 
from DWI images acquired with at least two 
different lower b values.11,12 Once the ADC 
is known, it can be used to extrapolate the 
expected signal intensity for each image 
voxel to any computed b value using the 
equation S(b) = S(0) e−ᵇ*ADC, thus generating 
a computed DWI image.6,13,14 The calculation 
of synthetic high b values is a strategy to 
enhance contrast already present in lower 
b value images and is potentially useful to 
detect and depict lesions but lacks the pow-
er of non-Gaussian diffusion to characterize 
tissues.

sDWI is superior to conventional DWI 
with fewer artifacts, no inhomogeneity in 
fat suppression, and a high SNR. There are 
many reports15-18 on the efficacy of sDWI for 
imaging organs such as the prostate; how-
ever, there are limited reports on the evalu-
ation of breast lesions.18,19

The aim of this study is to investigate the 
feasibility of the sDWI technique for lesion 
detection and to compare it with conven-
tional DWI.

Methods

Patients selection 

This study involved a retrospective anal-
ysis of acquired data. The medical Ethics 
Committee of Acıbadem University ap-
proved this single institution study (2023-
09/303), and informed consent was waived. 
All the enhancing lesions on breast MRI 
images between March 2018 and Septem-
ber 2021 were included in the study. The 
exclusion criteria were as follows: cases with 
no histopathological diagnosis or 2 years 
follow-up; cases with biopsy history prior 
to MRI; cases involving MRI scans following 
neoadjuvant chemotherapy.

A total of 139 breast MRI scans were 
evaluated, and four patients were excluded 
due to artifacts and technical inadequacy 
(insufficient fat suppression). Consequently, 
135 lesions in 128 patients were evaluated 
(median age: 47.51 ± 11.15 years; age range: 
27–79 years). Among these, 117 lesions had 
histopathological diagnoses, either with 
core needle biopsy or vacuum-assisted bi-
opsy, and the remaining 18 lesions were 
stable in the 2-year follow-up and were re-
garded as benign. 

Magnetic resonance imaging technique

All examinations were performed using 
a 1.5 Tesla (T) MRI device (Aera; Siemens 
Healthcare) using an 18-channel breast 
matrix surface receiver coil with prone posi-
tioning. Care was taken to perform the MRI 
scans of premenopausal women between 
days 5 and 15 of the menstrual cycle. Multi-
parametric MRI images (fat-sat STIR T2W se-
quence, a pre-contrast DWI sequence, and a 
dynamic contrast-enhanced T1W sequence) 
were obtained for all the patients. For the 
dynamic contrast-enhanced sequences, 
0.1 mmol/kg of body weight of contrast 
material (Gadovist; Bayer Healthcare Phar-
maceutical, Berlin, Germany) was injected. 
Diffusion-weighted echo-planar images 
(time of repetition: 3.000–7.000 ms, time of 
echo: 50–60 ms, field of view: 260–300 mm, 
matrix: 192 × 192, number of excitations: 1, 
sectional thickness: 4 mm with a 1 mm in-
tersection gap) were obtained in the axial 
plane prior to contrast administration. The 
DWI was obtained using diffusion gradient b 
values of 50–800 sec/mm2. ADC maps were 
calculated from raw DWI images using all b 
values and applying the standard monoex-
ponential regression approach performed 
automatically by the scanner software. sDWI 
images at b = 1.500 sec/mm2 were automati-
cally constructed in a commercially available 
workstation using syngo.via VB10 software 
(Siemens Healthcare, Erlangen, Germany).

Data analysis 

The evaluation was performed by three 
radiologists with at least 10 years of expe-
rience in breast radiology. One radiologist 
evaluated the sDWI images in addition to 
all sequences, whereas the other two radiol-
ogists, who were blinded to the clinical di-
agnoses and all imaging findings, evaluated 
only the conventional DWI and sDWI images. 
Imaging data were analyzed on a dedicated 
workstation (Multi-Modality Work-Place, 
Siemens Healthineers). Detection of hyper-
intense lesions on sDWI and DWI was ac-
knowledged as positive for malignancy sus-
picion as on DWI, and the readers assigned a 
qualitative positive or negative assessment.

Lesion size was defined as the largest di-
ameter of the enhancing lesion in the first 
minute post-contrast T1W sequence. For pa-
tients with more than one lesion, the largest 
lesion was included in the study. 

Breast densities were categorized into 
four groups (type A, B, C, and D) according 
to the American College of Radiology Breast 
Imaging Reporting and Data System atlas 
terminology.20

Main points

• Synthetic diffusion-weighted imaging 
(sDWI) is a mathematical computation tech-
nique to generate a high b value DWI image. 
No extra acquisition time is required.

• Synthetic DWI is superior to DWI sequence 
due to fewer artifacts, lack of inhomogene-
ity in fat suppression, and a high signal-to-
noise ratio.

• Synthetic DWI is superior to DWI sequenc-
es for lesion visibility, particularly in dense 
breasts. Thus, sDWI should be considered 
when conducting breast magnetic reso-
nance imaging scans.
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Statistical analysis 

Data of continuous variables were pre-
sented as a mean ± standard deviation, min-
imum–maximum, and percentile. A compar-
ison of two variables that were independent 
and not normally distributed was performed 
using the Mann–Whitney U test. The chi-
squared test (or, when appropriate, Fisher’s 
exact test) was used to investigate the rela-
tionship between the categorical variables.

Receiver operating characteristic curve 
analysis was performed for the determina-
tion of ADC cut-off values according to the 
statistically significant parameters. Subse-
quently, the diagnostic values and confi-
dence intervals (CIs) were obtained.

The inter-reader agreement was evaluat-
ed using intra-class correlation and the Fleiss 
κ test. 

Statistical analysis was performed using 
MedCalc Statistical Software version 12.7.7 
(MedCalc Software bvba, Ostend, Belgium; 
http://www.medcalc.org; 2013). All P values 
of <0.05 were considered statistically signif-
icant.

Results
Eighty-two lesions were malignant (con-

firmed via histopathologic diagnosis) (mean 
size: 27.4 ± 20.55 mm, range: 3–100 mm), 
and 53 lesions were benign (35 lesions were 
confirmed via histopathologic diagnosis, and 
18 lesions were stable in the 2-year follow-up 
and regarded as benign) (mean size: 13.06 ± 
7.66 mm, range: 4–36 mm) (Table 1). 

Diagnoses of benign lesions included 
fibrocystic changes (n = 10; 18.8%), fibroad-
enoma (n = 7; 13.2%), usual epithelial hyper-
plasia (n = 1; 1.8%), fat necrosis (n = 2; 3.7%), 
adenosis (n = 4; 7.5%), stromal fibrosis (n = 8; 
15.0%), radial scar (n = 2; 3.7%), intramamma-
ry lymph node (n = 1; 1.8%), and stable in the 
2-year follow-up (n = 18; 33.9%). Malignant 
lesion subtypes consisted of invasive ductal 
carcinoma (IDC) (n = 70; 85.3%), invasive lob-
ular carcinoma (n = 3; 3.6%), metaplastic car-
cinoma (n = 1; 1.2%), and ductal carcinoma in 
situ (DCIS) (n = 8; 9.7%).

The diagnostic performance of ADC val-
ue to differentiate malignant breast masses 
from benign masses was as follows: sensitivi-
ty 92.68% (95% CI: 84–97), specificity 79.25% 
(95% CI: 65–89), using an ADC cut-off value 
of 1.189 x 10−3 mm2/sec, which is comparable 
with the literature data.21-24

Of the 82 malignant lesions, 75 were 
hyperintense on sDWI, whereas 7 were iso-

intense (Figure 1). Four of the 7 sDWI iso-
intense malignant lesions were DCIS. Two 
of the remaining three IDCs (80 and 10 mm 
in size and both Luminal B cancers) were 
located peripherally in the axillary tail, and 
the lesions were not visualized due to insuf-
ficient fat-suppression and distortion in that 
area (Figure 2). One triple-negative IDC le-
sion appearing isointense on the DWI image 

showed diffusion restriction when evaluated 
with an ADC map. Of the seven isointense 
cases, six were also isointense on DWI. There 
was one case in which the biopsy result of 
DCIS was hyperintense on DWI with a high 
ADC value (1.504 x 10−3 mm2/sec). Therefore, 
it was interpreted as no diffusion restriction 
and DWI hyperintensity may be due to the T2 
effect. When the DWIs were evaluated with 

Table 1. Summary of characteristics of the study population

Clinical and radiological characteristics #

Patient age, median (range) (years) 47.51 ± 11.15 (27–79)

Amount of fibroglandular tissue (breast 
density), number (%) of patients

Type A 1 (0.74%)

Type B 24 (18.75%)

Type C 75 (58.59%)

Type D 35 (27.34%)

Pathology result, number (%) of patients
Malignant  82 (60.74%)

Benign 53 (39.25%)

Lesion size, mean (range) 

Benign 

 13.06 ± 7.66 mm (4–36 mm)

Mass 11.18 mm (4–30 mm)

Non-mass 16.15 mm (6–36 mm)

Malignant

 27.4 ± 20.55 mm (3–100 mm)

Mass 25.8 mm (3–80 mm) 

Non-mass 36.5 mm (9–100 mm)

Lesion enhancement patterns (mass, non-
mass) 

Mass Non-mass

Benign 33 (62.26%) 20 (37.73%)

Malignant 70 (85.36%) 12 (14.63%)

Figure 1. A 44-year-old female patient with a diagnosis of invasive ductal cancer in the inner part of the 
left breast. In the dynamic contrast-enhanced image (a), there is an irregular mass with heterogeneous 
enhancement. Synthetic diffusion-weighted image (b) showed markedly hyperintense mass, and 
conventional diffusion-weighted image (c, d) showed homogeneous diffusion restriction in the mass 
(hyperintense on DWI and hypointense on ADC map). The ADC values were measured at least three times. 
The average ADC value was 0.769 x 10-3 mm2/sec, which is below the cut-off value (1.189 x 10-3 mm2/sec). 
DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.

a

c

b

d



 

94 • March 2024 • Diagnostic and Interventional Radiology Yılmaz et al.

ADC mapping (using a cut-off value of 1.189 
x 10−3 mm2/sec), three cases showed diffusion 
restriction, whereas four did not (Table 2).

When the stand-alone DWI sequence was 
evaluated, 60 of the 82 malignant lesions 
were hyperintense, and the remaining 22 
were isointense. Of these 22 isointense le-
sions, 6 were isointense on both sDWI and 
DWI, whereas 16 lesions were hyperintense 
solely on sDWI. When the DWI sequence was 
compared with ADC mapping, 15 of 16 le-
sions (in one lesion ADC value is 1.239 mm2/
sec) showed restricted diffusion with ADC 
values less than the cut-off value of 1.189 x 
10−3 mm2/sec. 

Comparison of DWI acquired with b = 
800 diffusion gradient to sDWI at b = 1.500 
value (Table 3) in the detection of malignant 
lesions showed that sDWI was significantly 
effective (P < 0.001).

Of the 53 benign lesions, 38 were iso-
intense on sDWI, whereas 15 were hyperin-
tense (Figure 3). Of these 15 hyperintense 
lesions, 4 were isointense on DWI and the 
remaining 11 were hyperintense (Table 4). 
When compared with ADC mapping, 6 of 
these 11 lesions had ADC values above the 
cut-off value of 1.189 x 10−3 mm2/sec. The re-
maining 5 lesions had ADC values below the 
cut-off value.

For the 53 benign lesions, 33 were hy-
perintense, and 20 were isointense on DWI 
images. ADC mapping showed values below 
the cut-off value of 1.189 x 10−3 mm2/sec in 
11 of these 53 benign lesions. 

When the sDWI and DWI sequences for 
benign lesions were compared, the false pos-
itivity rates were 28.30% and 62.26%, respec-
tively. If DWI sequences are assessed in con-
junction with the ADC map, the rate of false 
positive results is 20.75%.

Figure 2. A 64-year-old female patient with a diagnosis of Luminal B IDC in the axillary tail of the left breast 
is observed. In the dynamic contrast-enhanced image (a), there is an enhanced non-mass lesion, which 
is a potential malignancy. Synthetic diffusion-weighted image (b) showed lesion isointense. Conventional 
diffusion-weighted image (c) showed lesion isointense and DWI was evaluated with ADC map (d) there 
is diffusion restriction in the lesion. The average ADC value was 1.003 x 10-3 mm2/sec, which is below the 
cut-off value (1.189 x 10-3 mm2/sec). IDC, invasive ductal carcinoma; DWI, diffusion-weighted imaging; ADC, 
apparent diffusion coefficient.

a

c

b

d

Table 2. Analysis of the seven false (-) lesions on sDWI

Maximum 
diameter

Pathology result DWI ADC value (x10-3 mm2/sec) sDWI

15 mm DCIS Isointense 1.156* Isointense

10 mm Luminal B IDC Isointense 1.003* Isointense

80 mm Luminal B IDC Isointense 1.328 Isointense

10 mm DCIS Isointense 1.514 Isointense

12 mm DCIS Isointense 1.200 Isointense

10 mm Triple (-) IDC Isointense 1.184* Isointense

23 mm DCIS Hyperintense 1.504 Isointense

*The ADC values below the cut-off (1.189 x 10-3 mm2/sec) are marked. DWI, diffusion-weighted imaging; ADC, 
apparent diffusion coefficient; sDWI, synthetic diffusion-weighted imaging; IDC, invasive ductal carcinoma; DCIS, 
ductal carcinoma in situ.

Table 3. Comparison of lesion signal intensities of DWI obtained with b = 800 diffusion gradient and sDWI with b = 1.500

Pathology result Benign Malignant P value

n % n %

DWI
Hyperintense 33 62.3% 60 73.2%

0.189
Isointense 20 37.7% 22 26.8%

sDWI
Hyperintense 15 28.3% 75 91.5%

<0.001
Isointense 38 71.7% 7 8.5%

Pathology result
n

Benign Malignant

% n % Auc Acc Sensitivity Specificity

DWI
Hyperintense 20 37.7%  22 26.8%

0.555 0.592 0.731 (0.622–0.824) 0.377 (0.248–0.521)
Isointense 33 62.3%  60 73.2%

sDWI
Hyperintense 38 71.7%  7 8.5%

0.816 0.837 0.915 (0.832–0.965) 0.717 (0.576–0.832)
Isointense 15 28.3% 75 91.5%

DWI, diffusion-weighted imaging; sDWI, synthetic diffusion-weighted imaging; AUC, area under curve; Acc, accuracy. 
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The diagnostic performance of DWI and 
sDWI to differentiate malignant breast mass-
es from benign masses was as follows: sensi-
tivity 73.1% (95% CI: 62–82), specificity 37.7% 
(95% CI: 24–52); sensitivity 91.5% (95% CI: 
83–96), specificity 71.7% (95% CI: 57–83), 
respectively. The diagnostic accuracy of DWI 
and sDWI was 59.2% and 83.7%, respectively.

Lesion size represents a significant lim-
itation when evaluating lesions on the DWI 

sequence. In this investigation, a total of 
seven malignant lesions were identified that 
appeared isointense in the sDWI sequence, 
rendering them undetectable. These lesions 
displayed a size range spanning from 10–80 
mm, with an average size of 22.85 mm. With-
in the DWI sequence, 22 out of 82 malignant 
lesions exhibited isointensity and remained 
undetectable. These lesions varied in size 
from 9–80 mm, with an average size of 23.54 
mm. Notably, there was one lesion measur-

ing <1 cm (9 mm) that could not be detected 
in the DWI sequence.

In addition, the study identified a total of 
32 lesions falling within the size range of 3–9 
mm (<1 cm). Among these, 9 were malignant 
and 23 were benign. As explained earlier, all 
but one of these nine malignant lesions were 
detectable. Among the benign lesions, 11 
displayed isointensity in both sequences, 7 
showed hyperintensity solely in the DWI se-
quence, and 6 were hyperintense in both the 
DWI and sDWI sequences. When comparing 
the relationship between size and detectabil-
ity in both benign and malignant lesions, no 
statistically significant difference (P = 0.0867) 
was found. These findings suggest that size 
does not significantly impact the assessment 
of lesions in the DWI and sDWI sequences. 

The distribution of the individual amounts 
of fibroglandular tissue (FGT) is important 
because difficulties with lack of fat saturation 
are more common in breasts with a high per-
centage of fat.12 The performance of DWI and 
sDWI sequences can be affected by the distri-
bution of FGT. In this study, the composition 
of the female group included 24 (18.75%) 
women within ACR category B, 75 (58.59%) 
women within category C, and 35 (27.34%) 
women within category D. Only one case 
was categorized as “type A,” and this category 
was thus disregarded (shown in Table 5). No 
statistically significant difference was found 
between the breast parenchymal distribu-
tion and signal distribution DWI and sDWI 
sequences regarding type B, type C, and type 
D (DWI P = 0.066; sDWI P = 0.335).

Figure 3. A 42-year-old female patient with a diagnosis of stromal fibrosis in the outer part of the right 
breast was observed. Structural distortion was observed on routine annual mammography and MRI was 
suggested. In the dynamic contrast-enhanced image (a), there was an enhanced lesion with an irregular 
shape, which indicates malignancy. The synthetic diffusion-weighted image (b) showed lesion isointense. 
The conventional diffusion-weighted image (c) showed a hyperintense signal but when DWI was evaluated 
with an ADC map (d) there was no diffusion restriction in the lesion. The average ADC value was 1.429 x 10-3 
mm2/sec, which is above the cut-off value (1.189 x 10-3 mm2/sec). MRI, magnetic resonance imaging; DWI, 
diffusion-weighted imaging; ADC, apparent diffusion coefficient.

a

c

b

d

Table 4. Analysis of the 15 false (+) lesions on sDWI

Maximum diameter Pathology result DWI ADC (x10-3 mm2/sec) sDWI

12 mm Radial scar Hyperintense 1.077* Hyperintense

30 mm Fibrocystic change Hyperintense 1.218 Hyperintense

27 mm Fibrocystic change Hyperintense 1.614 Hyperintense

9 mm Stabil -2 years follow up Hyperintense 1.409 Hyperintense

9 mm Stabil -2 years follow up Hyperintense 1.460 Hyperintense

5 mm Stabil -2 years follow up Hyperintense 1.357 Hyperintense

8 mm Intramammary lymph node Hyperintense 1.100* Hyperintense

8 mm Apocrine metaplasia Hyperintense 1.309 Hyperintense

30 mm Adenosis Isointense 1.112* Hyperintense

12 mm Stromal fibrosis Isointense 1.016* Hyperintense

13 mm Fibroadenoma Isointense 1.122* Hyperintense

30 mm Sclerosing adenosis Isointense 1.079* Hyperintense

36 mm Apocrine metaplasia.fibrocystic change Hyperintense 1.033* Hyperintense

24 mm Complex sclerosing lesion Hyperintense 1.152* Hyperintense

13 mm Usual epithelial hyperplasia Hyperintense 0.928* Hyperintense

*The ADC values below the cut-off (1.189 x 10-3 mm2/sec) are marked. DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient; sDWI, synthetic diffusion-weighted 
imaging.
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Synthetic DWI inter-reader agreement 
was almost perfect for lesion visibility (shown 
in Table 6) and was statistically significant (κ: 
0.922, P < 0.001). 

Discussion 
DWI has been proposed as an unen-

hanced option for breast cancer screening 
via MRI, and synthetic b values may improve 
lesion visibility without increasing the ac-
quisition time while avoiding the disadvan-
tages of performing DWI at extremely high 
b values. In this study, DWI was assessed for 
tumor visibility and breast cancer detection 
by a combination of acquired b values (800 
sec/mm2), ADC maps, and synthetic b values 
(1.500 sec/mm2). Synthetic b values of 1.500 
sec/mm2 provided the best lesion conspicui-
ty. Benign lesions were more conspicuous at 
lower b values, whereas malignant tumors 
appeared brighter than the surrounding 
parenchyma at higher b values, particularly 
in breast composition categories C and D, 
where lesions can be masked on mammo-
grams by the density of FGT. The study shows 
that sDWI sequences are superior to DWI se-
quences for lesion visibility, and the results 
corroborate those in the recent literature.11,18

In this study, the lesion visibility was as-
sessed using DWI and sDWI. The former was 
significantly less sensitive than the latter 
(73.1% vs. 91.5%, P < 0.001). Furthermore, the 
detection rate of cancer was not significant-
ly different when the DWI sequences were 

evaluated in conjunction with ADC mapping 
(92.68%). In two independent studies,11,18 the 
conventional DWI of cancer to parenchyma 
contrast ratio of malignant lesions was com-
pared with DWI with higher b values. The au-
thors reported that the tumor-to-parenchy-
mal contrast ratio of sDWI was significantly 
higher than that of conventional DWI, with-
out compromising the cancer detection rate. 
In another study, Blackledge et al.16 claimed 
that sDWI raised the rate of lesion detection 
in comparison to DWI. O’Flynn et al.19 also 
reported that sDWI increased sensitivity for 
breast cancer. However, these studies in-
volved smaller cohorts, and only malignant 
lesions were evaluated. 

The prime focus of DWI is to differenti-
ate between benign and malignant lesions 
to prevent unnecessary breast biopsies or 
enable screening without admission of IV 
contrast media. Only 19%–36% of the lesions 
that are biopsied due to MR examination 
results turn out to be malignant.25,26 It is par-
ticularly important to differentiate benign 
lesions, which show contrast enhancement 
resulting in false positive results. There is 
limited data on the evaluation of benign le-
sions on sDWI.18 Unlike other studies, in this 
study, both malignant and benign lesions 
were evaluated. The rate of false positivity 
of sDWI and DWI was 28.30% and 62.26%, 
respectively. The high rate of false positivity 
on DWI has been attributed to the T2 shine-
through effect.16 However, the false positivity 
was 20.75% when DWI was evaluated with 

an ADC map (Table 2). This data indicates 
that by first examining the sDWI images and 
then evaluating any questionable lesions us-
ing the ADC map, the opportunity exists to 
achieve a quicker and more precise diagno-
sis, while also avoiding unnecessary biopsies.

Studies conducted in recent years have 
shown that the combined evaluation of 
early phase contrast images and DWI can 
replace late-phase and kinetic-curve evalu-
ation, meaning results can be achieved with 
a much shorter imaging time.27 Furthermore, 
in recent years, an annual or biannual screen-
ing MRI has been recommended for high-risk 
patients with dense breasts, and an abbrevi-
ated MRI is aimed at achieving fast and accu-
rate results.28 The primary objective of breast 
MRI is to enhance the precision of diagnosis 
while minimizing the likelihood of overdiag-
nosis. In most of the abbreviated MRI pro-
tocols, DWI sequences are included.29-31 This 
study shows that adding sDWI scans, which 
do not require additional acquisition time in 
the evaluation, has the potential to increase 
the diagnostic accuracy of abbreviated MRI 
evaluations. 

The performance of DWI and sDWI se-
quences can be affected by the distribution 
of FGT. Fat suppression cannot be made 
homogeneously in fatty breasts in diffu-
sion-weighted sequences. Furthermore, fatty 
breasts have a lower ADC value compared 
with dense breasts in the retroareolar region 
and upper outer quadrant.12,32 This study did 
not identify any correlation between breast 
density and the detectability of lesions on ei-
ther DWI or sDWI. Similarly, prior studies32,33 

showed that the visibility of breast lesions 
on DWI was not influenced by breast densi-
ty. However, since the optimal evaluation is 
often made with mammography in women 
with fatty breasts, MRI is rarely required for 
the evaluation of the patient and thus, the 
number of fatty breasts in the study group is 
extremely low. 

This study has a number of limitations. 
First, it is a single-center study. A multicentral 
study will be valuable to showing the repro-
ducibility of the findings. Second, this study 
evaluated only lesion detection. Although 
the image quality in the sDWI series is rela-
tively high, no quantitative assessment was 
conducted. Furthermore, the role of DWI in 
the visualization of non-mass enhancement 
is not definite.34-36 In this study, this patient 
group was not evaluated separately; this 
evaluation should be conducted in further 
studies.

Table 5. Cross-evaluation of the relationship between signal distribution and breast 
parenchyma compositions in DWI and sDWI sequences

 Breast density category

 Type B  Type C  Type D

n % n % n %  P value

B800
Hyperintense 20 83.3 53 70.7 20 57.1

0.066
Isointense 4 16.7 22 29.3 15 42.9

B1500
Hyperintense 16 66.7 48 64.0 26 74.3

0.335
Isointense 8 33.3 27 36.0 9 25.7

DWI, diffusion-weighted imaging; sDWI, synthetic diffusion-weighted imaging.

Table 6. Inter-reader agreement assessment

Readers sDWI signal assesment n (number of patients) % κ (kappa) P value

Reader 1
Hyperintense 90 66.7

0.922 <0.001

Isointense 45 33.3

Reader 2
Hyperintense 90 66.7

Isointense 45 33.3

Reader 3
Hyperintense 91 67.4

Isointense 44 32.6

sDWI, synthetic diffusion-weighted imaging.
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To conclude, the findings indicate that 
sDWI exhibits significantly greater sensitivi-
ty than conventional DWI in assessing both 
malignant and benign lesions. The results 
indicate that the inclusion of sDWI image 
evaluation in the interpretation of breast MRI 
scans has the potential for a better outcome.
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