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Background: Diffusion-weighted imaging (DWI) is valuable in the screening, diagnosis, and grading of 
breast lesions. However, conventional DWI (C-DWI) is prone to chemical shift and distortion. ZOOMit 
DWI (Z-DWI), as an advanced magnetic resonance imaging (MRI) technique, applies two spatially selective 
parallel excitation pulses to focus sampling in the hope of obtaining more valuable information. This study 
aimed to evaluate and compare the image quality and feasibility of Z-DWI with those of C-DWI in breast 
lesions.
Methods: The study included 51 patients with breast lesions who underwent breast MRI from May 2021 
to February 2022. All patients received Z-DWI and C-DWI sequences, with b values selected as 50 and  
800 s/mm2 (Z-DWIb50, Z-DWIb800, C-DWIb50, and C-DWIb800). Apparent diffusion coefficient (ADC) values 
based on Z-DWI and C-DWI were calculated. For qualitative analysis, four image quality parameters 
were selected and assessed on a 4-point Likert scale (1 = poor and 4 = excellent). For quantitative analysis, 
ADC, relative ADC (rADC), signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), and tumor-to-
parenchymal contrast (TPC) values were selected for comparison.
Results: Z-DWI had higher scores compared to C-DWI in terms of lesion conspicuity, anatomical 
details, distortion and artifacts, and overall image quality (P<0.05). Meanwhile, the agreement between the 
two readers was reasonably good [intraclass correlation coefficient (ICC) range, 0.360–0.881]. The SNR 
of Z-DWIb800 was better than that of C-DWIb800 (P<0.001). The Z-DWI ADC and rADC values of breast 
lesions were statistically significantly lower than those of C-DWI (mean ADC: P<0.001; rADC; P=0.005).
Conclusions: Z-DWI sequences were shown to have superior image quality. The ADC map of Z-DWI is 
more conducive to the imaging evaluation of breast lesions.
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Introduction

Malignant breast lesions are considered to be the most 
common disease in women, and breast cancer has a high 
mortality rate (1). In developed countries, almost 12.4% 
of women are at risk of developing breast lesions in their 
lifetime. In developing countries, breast lesions are usually 
diagnosed at very late stages (2). The high prevalence 
and the need for early treatment of lesions emphasize the 
importance of early and accurate imaging and clinical 
diagnosis.

Breast magnetic resonance imaging (MRI) has been 
studied and applied due its specific soft-tissue visualization 
properties. Previous studies have revealed that diffusion-
weighted imaging (DWI) has considerable value in the 
screening, diagnosis, grading, and treatment evaluation of 
breast lesions (3-5). Functional DWI is based on the degree 
of freedom of water molecule diffusion, which is sensitive 
to the microstructure of tissue (6). The quantified apparent 
diffusion coefficient (ADC) can be used to indicate the 
nature of breast lesions (7). Conventional DWI (C-DWI) 
applying single-shot echo planar imaging (SS-EPI) is prone 
to chemical shifts and distortions due to the limitations of 
the relatively long sampling times in the phase encoding 
direction; the inhomogeneity of the magnetic field; and 
respiratory motion, air, and fat artifacts (8). Applying a 2D 
spatially selective excitation pulse is effective in reducing 
these artifacts when a zoomed field of view (FOV) is desired. 
Active excitation of the desired portion of the imaging in 
the slice and phase encoding directions shortens the echo 
chain length, reducing image distortion and other artifacts 
associated with phase encoding, as described by Saritas  
et al. (9) in spinal DWI. The ZOOMit is a recently 
developed MRI technique that focuses data sampling by 
applying two spatially selective parallel excitation pulses, 
which can be independently adjusted to encode the phase 
and frequency of each channel, where 2D spatially selective 
excitation pulse is applied (10,11). ZOOMit not only 
obtains a precise region of interest (ROI) but also suppresses 
aliasing artifacts from around the FOV as much as possible. 
This provides a more homogeneous B1 field, a shorter echo 
time and scan time, and higher spatial resolution (12,13). 
With this new DWI technique, more anatomical details can 
be obtained from the ROIs, the negative effects of folding 
artifacts minimized, image quality improved, distortion 
and blurring are reduced, and motion and flow artifacts are 
avoided (14,15). ZOOMit DWI (Z-DWI) has been used 
for the prostate, parotid gland, and spine, among other sites 

(16-18). However, it remains to be determined whether the 
image quality of Z-DWI is sufficient for breast evaluation.

The purpose of this study was thus to explore and 
compare the image quality of Z-DWI and C-DWI in breast 
lesions and to evaluate the feasibility of Z-DWI for clinical 
application. 

Methods

Study population

This retrospective study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University. The relevant informed 
consent requirements were obtained from patients.

From May 2021 to February 2022, 58 women with 
clinically suggestive breast lesions attending our hospital 
underwent 3.0T MRI either as an outpatient or inpatient. 
The inclusion criteria were the following: patients with 
clinically suggestive breast lesions, who underwent MRI 
[especially C-DWI, Z-DWI, and dynamic contrast-
enhanced (DCE) MRI]. In DCE sequences, abnormal 
masses and abnormal enhancements were present 
in the unilateral or bilateral breasts according to the 
Breast Imaging Reporting and Data System (BI-RADS) 
classification criteria in three aspects: morphology, margins, 
and signal changes. The exclusion criteria were the 
following: patients with motion artifacts or in vitro artifacts 
(n=2), patients treated for malignancy (n=5), and patients 
whose image quality could not be assessed in other cases 
(n=0). For the patients with multifocal lesions, the lesion 
showing the largest size on the cross-sectional images was 
selected for analysis. As a result, 51 eligible women (age 
range, 18–76 years) were ultimately enrolled in the study 
for statistical analysis.

MRI scanning

Breast MRI examinations were performed using a Siemens 
MRI system (MAGNETOM Skyra 3.0T) with a unique 
18-channel phased-array breast coil. Patients were placed 
in the prone position. Multiparameter MRI of the breasts, 
including T1-weighted, T2-weighted, C-DWI, Z-DWI, 
and DCE sequences, were performed on the patients. If 
there were suspicious lesions in both breasts, three imaging 
sessions on the right and left sides were required in the axial 
orientation, as Z-DWI can only image a single breast at a 
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time. The scanning parameters of C-DWI and Z-DWI are 
listed in Table 1. 

The ADC maps for both DWI sequences were 
automatically generated by Siemens devices through 
algorithmic calculations. In general, the ADC can 
be calculated from the acquisition of two different  
b values, which is a linear regression of the logarithmically 
transformed signal intensity of the two acquisitions (19). 
Additionally, since adding acquisitions with different  
b values significantly lengthens the scan time, two b values 
are usually used in clinical applications, typically b=50 and  
800 s/mm2.

Image analysis

Qualitative analysis
Two breast radiologists (each with more than 6 years’ 
experience) independently analyzed the MRI images 

on an image archiving and communication system. An 
independent double-blind method was used for the two 
readers throughout the measurement and evaluation 
processes. The two readers reviewed six sets of images 
( C - D W I b 5 0,  C - D W I b 8 0 0,  Z - D W I b 5 0,  Z - D W I b 8 0 0 , 
conventional ADC, and ZOOMit ADC) in random 
order and scored them with respect to lesion conspicuity, 
anatomical details, distortion and artifacts, and overall 
image quality. For each sequence, a 4-point Likert scale (20) 
was chosen to qualitatively analyze the image quality (1, 
poor image clarity and serious distortion or motion artifacts; 
2, medium image clarity and relatively heavy distortion or 
motion artifacts; 3, good image clarity and slight distortion 
or motion artifacts; 4, excellent image clarity and no 
distortion or motion artifacts).

Quantitative analysis
A diagnostic radiologist in breast (with 10 years’ experience) 
registered ROIs at the same workstation, and another 
breast diagnostic radiologist (with 10 years’ experience) 
served as an aid. In case of disagreement, a consensus was 
reached via discussion prior to ROI selection and outlining, 
which included calculation of signal-to-noise ratio (SNR), 
contrast-to-noise ratio (CNR), tumor-to-parenchymal 
contrast (TPC), and ADC values of the C-DWI and 
Z-DWI images. C-DWI, Z-DWI, and DCE images were 
transferred to RadiAnt DICOM Viewer software (https://
www.radiantviewer.com). The DCE images were used as 
a reference for the areas of mass-like enhancement and 
nonmass-like enhancement, and the ROIs were measured 
against the high-signal portions of the C-DWI and Z-DWI 
images, respectively, via manual animation of the circles. 
The dimension with the largest cross-sectional area of 
the lesion was selected, with the cystic, necrotic, and 
hemorrhagic areas being avoided, and ROIs were drawn in 
the parenchymal component areas. For each measurement, 
three ROIs were selected to calculate the mean value. These 
ROIs were replicated in other sequences. For a graphical 
example of ROI selection, see Figure 1.

The SNR, CNR, and TPC values were calculated as 
follows:
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Table 1 Scanning parameters of C-DWI and Z-DWI

Scanning parameter C-DWI Z-DWI

Slice orientation Axial Axial

TR/TE, ms 10,000/53 4,500/68

Field of view, mm 400×152 180×135

Matrix size 250×95 200×150

Slices 26 20

Slice thickness, mm 5 5

Slice gap, mm 1.5 1.5

Voxel size, mm3 1.6×1.6×5 0.9×0.9×5

Fat suppression SPAIR SPAIR

Acquisition time, min:s 2:57 2:34

B values, s/mm2 50, 800 50, 800

NSA 1,3 1,3

Diffusion mode 3-scan trace 3-scan trace

Diffusion directions 3 3

iPAT GRAPPA 2 GRAPPA 2

Orientation LR × AP LR × AP

C-DWI, conventional diffusion-weighted imaging; Z-DWI, 
ZOOMit diffusion-weighted imaging; TR, time to repetition; TE, 
time to echo; SPAIR, spectral attenuated inversion-recovery; 
NSA, number of signal averages; iPAT, integrated parallel 
acquisition technique; GRAPPA, generalized autocalibrating 
partially parallel acquisition; LR, left/right; AP, anteroposterior.

https://www.radiantviewer.com
https://www.radiantviewer.com
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where Stumor is the signal intensity of the breast lesion, 
Sparenchyma is the signal intensity of the normal breast 
parenchyma, σtumor is the standard deviation of the signal 
intensity of the breast lesion, σparenchyma is the standard 
deviation of the signal intensity of the normal breast 
parenchymal, and σbackground is the standard deviation of the 
background signal (the air between the breasts).

With RadiAnt DICOM Viewer, axial T1WI-enhanced 
images and DWI images were used as the reference. Based 
on the replicated ROIs, the ADC values of each lesion and 
normal ipsilateral pectoral muscle tissue were similarly 
measured, and the three ROIs were averaged. In addition, 
the relative ADC (rADC) value was calculated as an 
optimization index, which was the mean ADC value of each 
lesion divided by the mean ADC value of normal ipsilateral 
pectoral muscle.

Statistical analysis

Statistical analyses were performed using SPSS 26 software 
(IBM Corp.). After testing for normal distribution, all 
comparisons used a paired t-test or a Wilcoxon signed-
rank test. The intraclass correlation coefficient (ICC) with 
95% CI was used to assess interreader agreement in terms 
of qualitative analysis of image quality. An ICC greater 
than 0.75 indicated excellent interreader agreement (ICC 
<0.4, poor; ICC 0.4–0.75, fair to good). A P value <0.05 was 

considered statistically significant.

Results

Qualitative analysis

A total of 51 women were included in the study analysis with  
a mean age of 43.1 years (SD 11.5 years; range, 18–76 years).

The qualitative parameters of C-DWI and Z-DWI are 
listed in Table 2. Regarding lesion conspicuity, anatomical 
details, distortion and artifacts, and overall image quality, 
the two radiologists rated the series of Z-DWI higher 
compared with the series of C-DWI (Figures 2,3). In terms 
of lesion conspicuity, significant differences were present 
between C-DWI and Z-DWI (b=50 s/mm2, ADC) for 
reader 1 (b=50 s/mm2: Z=–3.827, P<0.001; ADC: Z=–4.866, 
P<0.001) and reader 2 (b=50 s/mm2: Z=–3.199, P=0.001; 
ADC: Z=–3.826, P<0.001), but no statistical difference 
existed between C-DWI (b=800 s/mm2) and Z-DWI  
(b=800 s/mm2) (reader 1: Z=–1.667, P=0.096; reader 2:  
Z=–1.890, P=0.059).  Other parameters,  including 
anatomical details, distortion and artifacts, and overall 
image quality, were significantly different between the six 
sequences of C-DWI and Z-DWI (both P values <0.05; 
Table 2). Therefore, the Z-DWI sequences generally scored 
higher in the subjective evaluation of image quality, while  
b=800 s/mm2 had the highest score.

The agreement between the two readers with (Table 3): 
b=50 s/mm2, b=800 s/mm2, and ADC was reasonably good 
in terms of lesion conspicuity (C-DWI: 0.881, 0.602, 0.780; 

Figure 1 ROI selection for DCE (A), Z-DWIb800 and (B) Z-ADC (C). The location of the breast lesion is indicated by the arrow (A,B). DCE 
images were used as a reference to show either mass-like or nonmass-like enhancement, and then the signals of the lesion (left ROI), normal 
breast gland (middle ROI), and background noise (right ROI) were measured in each sequence. ROI, region of interest; DCE, dynamic 
contrast-enhanced; Z-DWIb800, ZOOMit diffusion-weighted imaging when b=800 s/mm2; Z-ADC, ZOOMit ADC; ADC, apparent diffusion 
coefficient.

A B C
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Table 2 Qualitative parameters of C-DWI and Z-DWI

Double reading Lesion conspicuity Anatomical details Distortion and artifacts Overall image quality

Reader 1

b=50 s/mm2

C-DWI 3.10±0.82 2.00±0.56 2.45±0.54 2.53±0.50

Z-DWI 3.51±0.57 2.63±0.56 2.78±0.46 2.94±0.37

Z −3.827 −5.166 −3.788 −4.583

P <0.001 <0.001 <0.001 <0.001

b=800 s/mm2

C-DWI 3.55±0.54 2.90±0.45 2.82±0.38 3.02±0.37

Z-DWI 3.65±0.52 3.25±0.52 3.16±0.41 3.47±0.50

Z −1.667 −4.243 −3.710 −4.796

P 0.096 <0.001 <0.001 <0.001

ADC

C-ADC 2.90±0.85 1.80±0.69 2.04±0.71 2.35±0.62

Z-ADC 3.53±0.64 2.53±0.57 2.69±0.54 2.92±0.48

Z −4.866 −5.476 −5.260 −4.874

P <0.001 <0.001 <0.001 <0.001

Reader 2

b=50 s/mm2

C-DWI 3.22±0.87 1.96±0.39 2.47±0.54 2.67±0.47

Z-DWI 2.65±0.59 2.78±0.46 2.96±0.34 3.92±0.33

Z −3.199 −5.444 −3.266 −3.873

P 0.001 <0.001 0.001 <0.001

b=800 s/mm2

C-DWI 3.82±0.43 2.96±0.34 2.90±0.30 3.12±0.38

Z-DWI 3.92±0.33 3.31±0.50 3.08±0.27 3.51±0.50

Z −1.890 −4.025 −2.714 −4.264

P 0.059 <0.001 0.007 <0.001

ADC

C-ADC 3.22±0.89 1.94±0.67 2.10±0.66 2.53±0.57

Z-ADC 3.76±0.51 2.57±0.57 2.71±0.53 2.98±0.31

Z −3.826 −5.184 −4.670 −4.600

P <0.001 <0.001 <0.001 <0.001

The values are presented as the mean ± SD. C-DWI, conventional diffusion-weighted imaging; Z-DWI, ZOOMit diffusion-weighted 
imaging; ADC, apparent diffusion coefficient; C-ADC, conventional ADC; Z-ADC, ZOOMit ADC. 
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Z-DWI; 0.799, 0.572, 0.577), anatomical details (C-DWI: 
0.671, 0.510, 0.756; Z-DWI: 0.807, 0.746, 0.576), and 
overall image quality (C-DWI: 0.722, 0.566, 0.670; Z-DWI: 
0.760, 0.760, 0.742, respectively) of the C-DWI and Z-DWI 
images. The ICCs for the summed scores of the different 
scales were between 0.510 and 0.881. However, there was 

poor agreement in the distortion and artifacts of C-DWIb50 
(ICC, 0.360; 95% CI: 0.131–0.637).

Quantitative analysis

The comparison of the quantitative parameters of C-DWI 

Figure 2 A case of mass-like enhanced lesion (arrows). The patient was a 59-year-old, whose left breast had a mass-like enhanced lesion, 
which was pathologically confirmed as high-grade ductal carcinoma in situ. DCE (A), C-DWIb50 (B), C-DWIb800 (C), C-ADC (D), 
hematoxylin eosin staining at 40× (E), Z-DWIb50 (F), Z-DWIb800 (G), and Z-ADC (H). (B,C,F,G) The signal intensity of the background 
fibroglandular tissue decreased with increasing b values. Moreover, the lesions on Z-DWI were more distinct and clearer compared to C-DWI 
both for b=50 and 800 s/mm2. (F,G) The Z-DWI images show anatomical details of the blur at the edge of the lesion with only minimal 
artifacts, allowing the lesion to be more easily described. DCE, dynamic contrast-enhanced; C-DWI, conventional diffusion-weighted 
imaging when b=50 and 800 s/mm2; C-ADC, conventional ADC; Z-DWI, ZOOMit diffusion-weighted imaging when b=50 and 800 s/mm2; 
Z-ADC, ZOOMit ADC; ADC, apparent diffusion coefficient.

Figure 3 A case of a nonmass-like enhanced lesion (arrows). The patient was a 42-year-old female, whose left breast had a nonmass-like 
enhanced lesion, which was pathologically confirmed as stage II invasive ductal carcinoma. DCE (A), C-DWIb50 (B), C-DWIb800 (C), C-ADC 
(D), hematoxylin eosin staining at 40× (E), Z-DWIb50 (F), Z-DWIb800 (G), and Z-ADC (H). Compared with C-DWI (B,C), the nonmass-like 
enhanced lesions on Z-DWI (F,G) showed sharper contours and more detailed flocculent enhancement. (D,H) The same lesion had fewer 
signal artifacts and lower intensity on the Z-ADC image. DCE, dynamic contrast-enhanced; C-DWI, conventional diffusion-weighted 
imaging when b=50 and 800 s/mm2; C-ADC, conventional ADC; Z-DWI, ZOOMit diffusion-weighted imaging when b=50 and 800 s/mm2; 
Z-ADC, ZOOMit ADC; ADC, apparent diffusion coefficient.
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and Z-DWI is summarized in Tables 4,5. 
There were no significant differences between C-DWIb50 

and Z-DWIb50 in terms of SNR (Z=–1.050; P=0.294), 
CNR (Z=–1.228; P=0.219), or TPC (Z=–1.219; P=0.223). 
In contrast, for b=800 s/mm2, there was a significant 
difference in SNR between C-DWIb800 and Z-DWIb800 
(Z=–5.418; P<0.001), with the latter having a higher SNR. 
The differences in CNR (Z=–0.874; P=0.382) and TPC  
(Z=–1.523; P=0.128) were not significant between 
C-DWIb800 and Z-DWIb800. Meanwhile, the mean ADC 
(Z=–4.340; P<0.001) and rADC (Z=–2.791; P=0.005) values 
were significantly lower for Z-DWI than for C-DWI.

Table 3 Consistency comparison of the quantitative parameters of C-DWI and Z-DWI between the two readers

Image set Lesion conspicuity Anatomical details Distortion and artifacts Overall image quality

C-DWI (b=50 s/mm2) 0.881 (0.791, 0.932) 0.671 (0.423, 0.812) 0.360 (0.131, 0.637) 0.722 (0.513, 0.841)

C-DWI (b=800 s/mm2) 0.602 (0.249, 0.783) 0.510 (0.142, 0.720) 0.679 (0.444, 0.816) 0.566 (0.251, 0.751)

C-ADC 0.780 (0.581, 0.880) 0.756 (0.575, 0.860) 0.658 (0.400, 0.805) 0.670 (0.426, 0.811)

Z-DWI (b=50 s/mm2) 0.799 (0.649, 0.855) 0.807 (0.662, 0.890) 0.772 (0.599, 0.870) 0.760 (0.579, 0.863)

Z-DWI (b=800 s/mm2) 0.572 (0.182, 0.769) 0.746 (0.556, 0.855) 0.548 (0.215, 0.740) 0.760 (0.580, 0.863)

Z-ADC 0.577 (0.266, 0.757) 0.576 (0.253, 0.758) 0.775 (0.605, 0.870) 0.742 (0.549, 0.852)

The values are presented as intraclass correlation coefficient (95% CI). C-DWI, conventional diffusion-weighted imaging; Z-DWI, ZOOMit 
diffusion-weighted imaging; ADC, apparent diffusion coefficient; C-ADC, conventional ADC; Z-ADC, ZOOMit ADC. 

Table 4 Comparison of the SNR, CNR, and TPC parameters between C-DWI and Z-DWI

Image set SNR CNR TPC

b=50 s/mm2

C-DWI 869.84±482.16 9.48±9.72 2.14±1.84

Z-DWI 965.47±518.10 10.34±8.52 2.06±1.09

Z −1.050 −1.228 −1.219

P 0.294 0.219 0.223

b=800 s/mm2

C-DWI 345.10±132.28 12.15±8.19 2.59±1.14

Z-DWI 632.01±342.73 13.18±8.13 2.88±1.37

Z −5.418 −0.874 −1.523

P <0.001 0.382 0.128

The values are presented as the mean ± SD. SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio; TPC, tumor-to-parenchymal 
contrast; C-DWI, conventional diffusion-weighted imaging; Z-DWI, ZOOMit diffusion-weighted imaging. 

Table 5 Comparison of the ADC values between C-DWI and 
Z-DWI

Image set Mean ADC (×10−3 mm2/s) rADC (×10−3 mm2/s)

C-DWI 1.14±0.40 0.72±0.32

Z-DWI 1.05±0.41 0.67±0.30

Z −4.340 −2.791

P <0.001 0.005

The values are presented as the mean ± SD. ADC, apparent 
diffusion coefficient; C-DWI, conventional diffusion-weighted 
imaging; Z-DWI, ZOOMit diffusion-weighted imaging; mean 
ADC, average value of apparent diffusion coefficient (×10−3 mm2/s); 
rADC, the relative apparent diffusion coefficient (×10−3 mm2/s).
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Discussion

DWI is being increasingly used in clinical breast MRI. 
Tissues with a dense cellular structure are more likely 
to limit diffusion due to the Brownian motion of water 
molecules, which can be applied to breast lesions, 
particularly in breast cancer (21,22). Previous studies have 
shown that DWI and ADC can increase the specificity 
of the diagnosis of breast lesions and can be used to 
characterize tumors (23-25). Recently, the advanced 
Z-DWI technique was to determine if it can provide 
additional benefits in diagnostic imaging and clinical utility. 
Siemens Healthineers created ZOOMit to apply echo-
planar imaging and another parallel radiofrequency pulse 
sequence, thus obtaining a reduced FOV in the phase 
direction (26). ZOOMit DWI technology images a single 
breast at a time, with encoding limited to the targeted 
region, thus reducing acquisition time, increasing spatial 
resolution and decreasing the number of magnetization rate 
artifacts (14,27).

This study focused on the imaging value and feasibility 
of Z-DWI technique in breast lesions. We found that breast 
DWI based on Z-DWI had significantly higher image 
quality, higher SNR, and lower mean ADC and rADC 
values than did that based on C-DWI.

In qualitative analysis, our results showed that both 
readers scored Z-DWI higher than C-DWI in terms 
of lesion conspicuity, anatomical details, distortion and 
artifacts, and overall image quality. As stated above, this can 
be attributed the ability of Z-DWI to apply two spatially 
selective excitation pulses in reducing the distortion and 
physical FOV and in increasing the spatial resolution 
(14,28). ZOOMit had higher image quality in breast lesions 
and was better suited to the reading habits of the radiologists, 
which is consistent with previous research by Sun et al. (29).  
Although no significant difference was found in lesion 
conspicuity when b=800 s/mm2, the scores were high in 
both Z-DWI and C-DWI. Moreover, the scores of each 
qualitative parameter of Z-DWIb800 were higher than those 
of the other sequences This is in line with studies (30,31) that 
have shown that high b values can provide better imaging 
quality and lesion conspicuity in breast MRI, possibly due to 
the increased suppression of background signal. 

In addition, six sequences of Z-DWI and C-DWI showed 
good interreader agreement (ICC range, 0.510–0.881),  
indicating that the measurement of these qualitative 
parameters was sufficiently reliable and repeatable (32). For 
these sequences, the two readers had different scores for 

the distortion and artifacts of C-DWIb50 (ICC =0.360). A 
low b value in conventional DWI is less sensitive to tissue 
diffusion, resulting in poorer intertissue contrast. This 
difference could also be a result of subjectivity in qualitative 
evaluation and a preference for image quality and standard 
definitions. Nevertheless, the agreement of the artifacts 
of Z-DWIb50 was higher than that for those of C-DWIb50, 
further suggesting that the ZOOMit technique in superior 
for displaying and characterizing lesions.

In quantitative analysis, we found that SNR decreased 
with an increase in the b value, and the SNR of the lesions 
on Z-DWI was higher than that on C-DWI (b=800 s/mm2).  
This is consistent with reports by Cheng et al. (33), 
who reported that high b values require larger diffusion 
sensitization gradients and longer echo times, possibly 
resulting in lower SNRs and longer scanning times. 
Unexpectedly, however, the SNR of Z-DWI (b=800 s/mm2)  
was significantly higher (almost twice as high). Several 
previous studies have reported differences in SNR of 
reduced FOV scans in multidisease, multidimensional 
comparisons. Park et al. (34) found that zoomed DWI had 
more specific detail and higher SNR in breast imaging, and 
Riffel et al. (35) came to the same conclusion in their study 
on renal imaging. This can be attributed to the combination 
of the phase coded scaling technique with dynamic and 
spatially selective radiofrequency pulses. Although some 
studies have indicated that the SNR of fibroglandular and 
adipose tissue in reduced-FOV DWI is lower than that in 
C-DWI (36), the diagnostic performance of reduced-FOV 
DWI in breast MRI was also excellent and valuable.

It is well known that the quantitative measurement 
of ADC values can contribute to grading and the 
differentiating of benign and malignant breast lesions. 
In general, ADC values correlate with the cellularity and 
the tumor stroma of breast tumors, and a lower ADC 
value indicates denser glioma cells (37). The diagnostic 
stability of only using ADC values for breast lesions is not 
high. Previous studies have proposed various methods to 
normalize ADC, such as using normal mammary glands on 
the same side of the lesion, using normal mammary glands 
on the opposite side of the lesion, and using the pectoralis 
major muscle as a reference. The mammary gland is closely 
related to the female menstrual cycle, endocrine regulation, 
and hormone levels, among other processes. Compared 
to the mammary gland, the pectoralis major muscle can 
relatively minimize the impact and error when used as a 
reference (38,39). The diagnostic efficacy of rADC-muscle 
in breast lesions has not been extensively reported upon, 
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and only Tang et al. (39) found some degree of superiority of 
ADC and rADC-muscle in identifying benign and malignant 
breast lesions. Our study found that the mean ADC and 
rADC values were significantly lower for Z-DWI (mean 
ADC 1.05±0.41; mean rADC 0.67±0.30) than for C-DWI 
(mean ADC 1.14±0.40; mean rADC 0.72±0.32). This is 
consistent with the evaluation results of Z-ADC values 
in endometrial carcinoma reported by Karaca et al. (40)  
and those of distal bile duct strictures reported by Sim 
et al. (41). In our opinion, this difference may be partly 
explained by the reduction of aliasing artifacts or partial 
volume effects and the good contrast resolution of Z-DWI. 
The ZOOMit technique may be able to respond to a more 
realistic and accurate ADC value for the area of interest or 
lesion.

Some limitations to our study should be mentioned. 
First, the sample size selected was comparatively small. 
Second, differences in ROI placement can directly affect the 
ADC value results (19), causing diversity in ROI selection, 
but in this study, relatively reliable mean ADC and rADC 
values were selected as parameters. Finally, this study was 
dominated by breast lesions with no histopathological 
results. It may be worth further comparing the interreader 
agreement of ADC measurements of Z-DWI and C-DWI. 
Based on existing results, future studies should be conducted 
in larger patient populations with a variety subgroup 
analyses based on size, grade, or other pathological 
characteristics.

Conclusions

In conclusion, Z-DWI had superior image quality 
compared to the now commonly used C-DWI in regard 
to clinical utility. In qualitative analysis, Z-DWI showed 
higher lesion conspicuity, more anatomical detail, and fewer 
distortion and artifacts. In quantitative analysis, Z-DWI 
showed higher SNR and lower mean ADC and rADC 
values, especially at b=800 s/mm2.

Thus, the Z-DWI technique is feasible and valuable, and 
its clinical impact should be evaluated in future studies.
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