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MAIN POINTS

• This study evaluated the diagnostic
utility of simplified IVIM (SI-IVIM)
with three b-values in distinguish-
ingmalignant frombenign breast le-
sions, showing comparable but not
superior accuracy to conventional
ADC.

• Median and minimum perfusion
fraction (f) values yielded the high-
est AUCs (0.79 and 0.76), indicating
potential as supplementary mark-
ers when diffusion imaging results
are inconclusive.

• Despite advantages like shorter
scan time and lower complexity, SI-
IVIM’s clinical utility is limited due
to variability in perfusion estimates,
necessitating validation in larger, di-
verse populations.
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ABSTRACT

Aim: To assess the success of 3b-value simplified intravoxel incoherent motion (SI-IVIM)
diffusion-weighted imaging (DWI) in distinguishing malignant from benign breast lesions.

Materials and Methods: Sixty-four breast lesions in 59 women were retrospectively analyzed.
Patients with MRI-negative lesions, lesions smaller than 8 mm, poor-quality DWI, or indetermi-
nate lesions without surgical excision were excluded. All MRIs scans were conducted using a
1.5 TMRI scanner, including DWI (b values: 0, 100, 800, and 1500 s/mm2), and dynamic contrast-
enhanced sequences (DCE-MRI). Lesions were segmented manually using the ITKsnap program
with the help of DCE-MRI, and volumetric mask images (VOI) were generated. Different appar-
ent diffusion coefficient (ADC) values and IVIM parameters,D=ADC (100,1500) and f= f (0, 50,
800), were computed. The diagnostic performances of different ADC values and IVIM parame-
ters were compared to define sensitivity, specificity and the optimal cut-off values.

Results: Maximum (max) ADC100, median (med) ADC800, med ADC1500, med f and minimum
(min) f values showed significant differences between benign and malignant breast lesions.
Med D and min D were lower in the malignant group; however, this difference did not reach
statistical significance. The diagnostic performances of med f (AUC= 0.79) and min f (AUC=
0.76) were superior to those of the conventional ADC value (ADC800, AUC= 0.74) in the ROC
curve analysis. However, in the DeLong test analysis, neither med f nor min f demonstrated
statistically significant diagnostic superiority over the other parameters.

Conclusion: The SI-IVIM parameters showed no significant diagnostic superiority over the ADC
value in differentiating malignant breast lesions.

Keywords: Breast neoplasms, Diffusion magnetic resonance imaging, Simplified IVIM,
Intravoxel-incoherent motion
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INTRODUCTION

The most sensitive imaging method for breast cancer detec-

tion is dynamic contrast-enhanced magnetic resonance imag-

ing (DCE-MRI) [1]. However, its specificity is generally

less than 80% [2]. Advanced imaging techniques are crucial

in the era of precision medicine, because they play a central

role in directing therapeutic decisions, improving diagnos-

tic accuracy, and customizing treatment options. Diffusion-

weighted imaging (DWI) has emerged as a promising nonin-

vasive method for distinguishing between breast cancer and

benign lesions, differentiating between in situ and invasive le-

sions, and predicting the efficacy of neoadjuvant therapy us-

ing apparent diffusion coefficient (ADC) values [3-6]. How-

ever, breast cancer typically exhibits a high number of cells
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(low diffusivity) and a high number of blood vessels (high per-

fusion), which may have opposite effects on ADC values [7].

Intravoxel incoherent motion (IVIM) MRI can reveal details

regarding the diffusion and perfusion properties of tissues,

particularly in the context of blood flow in the microvascula-

ture, by using multi-b-value DWI [8, 9]. It provides separate

measurements of pure diffusion (D), representing the mobil-

ity of water molecules in tissue; pseudodiffusion (D*), which

depends on the length of the microvessel segments and blood

velocity; and the microvascular volume fraction (f ), which re-

flects the contribution of microvascular blood flow without

the use of a contrast agent [7].

In the IVIM technique, nonlinear least-squares fitting proce-

dures without any constraints are generally used. employed

to determine the values of D, D*, and f simultaneously.

To utilize fitting algorithms, multiple DWI sequences with

a wide range of b values are needed to be acquired, which

leads to prolonged acquisition durations [10]. Furthermore,

these methods frequently result in numerical instabilities, in-

adequate repeatability, and incorrect parameter values for D*

and f in tissues having low perfusion [11]. SI-IVIM op-

erates under the assumption of the pseudodiffusion has di-

minished to zero in b values that exceed a sufficiently large

threshold, which may overcome the instability of the multi-b
value IVIM. To achieve SI-IVIM analysis, acquiring DWI se-

quences with three or four distinct b values is necessary [12].

SI-IVIM offers reduced computational complexity and faster

data analysis, which benefits clinical settings by improving pa-

tient comfort and compliance through quicker data acquisi-

tion [13]. However, simplified models may compromise ac-

curacy and reliability in parameter estimation by overlooking

complex tissue interactions, leading to variability and reduced

precision in distinguishing tissue types or pathologies.

Few studies have investigated the efficacy of SI-IVIM in dis-

tinguishing between malignant and benign breast lesions [13,

14]. To address this problem, the primary objective of this

study was to assess SI-IVIM to distinguish malignant from be-

nign breast lesions.

MATERIALS ANDMETHODS

Patient population

This retrospective study was approved by the local institu-

tional review board (Protocol no: KA23/73). The require-

ment for informed patient consent was waived because of the

retrospective nature of the study. We retrospectively reviewed

patients between April 2021 and March 2023 who have sus-

picious breast lesions on ultrasound, mammography or MRI

and had biopsy (ACR BI-RADS scores of 4 or 5 breast le-

sions). The primary indications for breast MRI encompassed

preoperative staging, surveillance of high-risk patient pop-

ulations, and the assessment of indeterminate findings de-

tected on mammography or ultrasound. Patients with MRI-

negative lesions, lesions smaller than 8 mm to prevent the in-

fluence of partial volume effects, low DWI quality, and lesions

with unknown malignant potential (papillary lesions, flat ep-

ithelial atypia, lobular neoplasia, atypical ductal hyperplasia,

radial scar) without surgical excision were excluded from pa-

tient population of the study (Figure 1). A total of 64 breast

lesions in 59 women (five patients with 2 suspicious breast le-

sions), with ages between 24 to 99 years and a mean age of

53.38±15.17 years, were included in the study.

MRI data acquisition and DWI parameters

All MRIs were conducted with the patient lying face down

using a breast coil with four channels with a 1.5 T MRI scan-

ner (MAGNETOM Avanto, Siemens Healthcare, Erlangen,

Germany). The following sequences were acquired as part

of the routine clinical protocol: axial turbo spin-echo (TSE)

T1, axial turbo inversion recovery magnitude (TIRM), axial

spin-echo echo-planar imaging (EPI), and dynamic contrast-

enhanced magnetic resonance imaging (DCE-MRI) using

a 3D fat-saturated gradient echo axial sequence (TR/TE:

4.60/1.42 ms; flip angle: 6°; NEX: 1 slice thickness:1 mm; ma-

trix size: 358 × 448; FOV: 340 × 100), six phases after injection

of intravenous 0.2 mL/kg gadoterate meglumine (Dotarem).

Four b-values (0, 100, 800, and 1500 s/mm2) in three orthog-

onal orientations were obtained for an EPI sequence using fat

suppression (SPAIR) with the following parameters: acquisi-

tion time of 6.5 minutes, TR/TE of 7400/78 ms, matrix size

of 63 × 164, FOV of 340 × 390 mm, slice thickness of 4 mm,

slice gap of 4 mm, and NEX of 5.

Postprocessing and Image analysis

In previous research, the IVIM method employed the follow-

ing equation to calculate its parameters in a streamlined man-

ner [12, 13, 15].

ADC(i, j) =
ln(S(bi))−ln(S(bj))

j−i

Utilizing this specified equation, the different ADC values

were calculated.

D and f were estimated using the method proposed by Le Bi-

han [15]. Previous studies have suggested that b-values > 200

s/mm² should be used to minimize the influence of perfusion

effects [11]. Based on this information, we calculated the f

values using b-values of b0=0, b1=800, and b2=1500 s/mm².

D = ADC(100, 1500) = ln (S(b1))−ln (S(b2))
b2−b1

f = f(0.800, 1500) = 1− S(b2)
S(0) .expD.b2

Volume of interest (VOI)

DWI images were registered with post-contrast images using

ITK-SNAP (http://www.itksnap.org) software. A proficient

breast radiologist with four years of expertise in breast radiol-

ogy manually delineated the lesions seen on the post-contrast

second phase of DCE-MRI scans (Figure 2). The segmen-

tation process involved outlining the outer boundary of the

tumor on each image slice, while excluding areas of hemor-

rhage, necrosis, or cystic elements. In cases of multifocal or
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Figure 1. Flow chart of study population.

Figure 2. Segmentation of themass and the contralateral normal breast tissue. An irregular contouredmass with invasive ductal carcinoma diagnosis

in the outer-lower quadrant of the right breast is visible in the contrast-enhanced axial image (A) and the b = 0 DWI map (B). The segmentation of

the mass (outlined with white line) and the contralateral normal breast (outlined with dashed white line) in the b = 0 DWI sequence which is used to

create the mask image is seen (C). The contralateral normal breast was segmented ensure a volume comparable to the mass lesion.

multicentric tumors, only the primary lesion with the largest

size was segmented. Volumetric mask images were generated

for both lesions and normal fibroglandular structures of the

contralateral breast using the VOI method based on DCE im-

ages and b=0 images in the ITKsnap. Following visual confir-

mation to ensure correct anatomical alignment between DCE

images and images with varying b values, the VOI was trans-

ferred to the parameter maps. Subsequently, the average in-

tensity values of the various ADC values, D, and f, were au-

tomatically computed from the mask images using the fslstats

command.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics

for Windows, Version 22.0 (Armonk, NY: IBM Corp.) and

R Studio (version 2023.06.1+524; Posit, PBC, Boston, MA,

USA). Post-test power analysis was performed using Cohen’s

d effect size calculations and two-sided t-tests with α=0.05 to

evaluate the achieved statistical power for each radiological pa-

rameter. Continuous data are presented as mean standard de-

viation or median and interquartile range (IQR, 25−75th per-

centile). Kolmogorov-Smirnov (K-S) test was used to analyze

the normal distribution assumption of the quantitative out-

comes. The student’s t-test was used to compare normally

distributed variables, while the Mann–Whitney U test was

applied for non-normally distributed variables. The Delong

test was used to compare area under the curve (AUC) val-

ues to investigate whether any parameter exhibited diagnostic

superiority. The diagnostic performance of different IVIM

parameters was evaluated using receiver operating character-

istic (ROC) curve analysis. The optimal cut-off values, for

the parameters that showed statistically significant differences,

in the ROC analysis were determined using the Youden In-

dex, which maximizes the sum of sensitivity and specificity

to achieve the best diagnostic threshold. For each parame-

ter, the sensitivity and specificity were calculated along with

their 95% confidence intervals (CI). Differences in IVIM para-

meters among different immunohistochemical subtypes were

analyzed using the Kruskal-Wallis test for non-normally dis-

tributed variables and one-way ANOVA for normally dis-

tributed variables. Correlations between IVIM parameters

and tumor immunohistochemical features were assessed us-

ing the Pearson correlation coefficient (r) for normally dis-

tributed data and the Spearman correlation coefficient (ρ) for

non-normally distributed data. A p-value < 0.05 was consid-

ered statistically significant.

RESULTS

A total of 64 breast lesions were analyzed, comprising 35

(54.7%) malignant and 29 (45.3%) benign lesions. The de-

scriptive statistics of the lesions are presented in Table 1.

Several parameters showed statistically significant differences

between the malignant and benign groups (Figure 3). Among

these, the median (med)f and minimum (min)f had the low-

est p-values (p< 0.001) (Table 2).

Med D and min D were lower in the malignant group, but

this difference was not significant (p= 0.184 and p= 0.210, re-

spectively).

The diagnostic performances of medf (AUC= 0.79) and min

f (AUC= 0.76) were superior to that of the conventional
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Table 1. Demographics of the patients and lesion characteristics.

Malignant lesions Benign lesions

Breast side (% in columns)

Right 24 (68.6) 18 (62.1)

Left 11 (31.4) 11 (37.9)

Mean age of the patient 58.37±14.88 47.34±13.42

Mean diameter (mm) 28.26±15.93 14.38± 6.40

(min-max) (9-80) (8-33)

Mean volume(cm3) 5.92±6.98 0.616± 1.18

(min-max) (0.20-30.21) (0.05-6.51)

Shape (% in columns)

Mass 31 (88.6) 23 (79.3)

Non-mass 4 (11.4) 6 (20.7)

Histopathological subtype (% in columns) Invasive carcinoma of no special type (NOS) 21 (60) Fibroadenoma 12 (41.4)

Invasive lobular carcinoma (ILC) 4 (11.4) Fibrocystic changes 10 (34.5)

Mixed IDC/ILC 2 (5.7) Apocrine metaplasia 1 (3.4)

Mucinous carcinoma 1 (2.9) Florid ductal hyperplasia 1 (3.4)

Tubular carcinoma 1 (2.9) Mastitis 3 (10.3)

Mucoepidermoid carcinoma 1 (2.9) Papilloma 2 (6.9)

Ductal carcinoma in situ 4 (11.4)

Focal microinvasive carcinoma on a background of papillary DCIS1 (2.9)

Grade (% in columns) -

1 3 (8.6)

2 15 (42.9)

3 12 (34.3)

HER-2 status (% in columns) -

Positive 5 (14.3)

Negative 26 (74.3)

Hormone receptor status (% in columns)

Positive 31 (100)

Negative 0 (0) -

Number of lesions (% in columns)

Multifocal 10 (28.6)

Multicentric 4 (11.4) -

One mass 14 (40)

Immunohistochemical subtypes (% in columns)

Luminal A 9 (25.7)

Luminal B 17 (48.6)

HER-2 positive 5 (14.3)

Triple negative 0 (0)

ADC value (ADC800, AUC= 0.74) in the ROC curve analy-

sis (Table 3) (Figure 4). However, in the DeLong test analysis,

neither medf nor minf demonstrated statistically significant

diagnostic superiority over the other parameters.

The optimal cutoff value for med f was 304.28 × 10-³ mm²/s,

yielding a sensitivity of 86.2% and a specificity of 65.7%, with

a positive predictive value (PPV) of 85.2% and a negative pre-

dictive value (NPV) of 67.6%. (95% CI 68−91%). For min f,

the optimal cut-off value was 65.78 × 10-³ mm²/s, resulting in

a sensitivity of 82.7% and a specificity of 57.1% with a PPV

of 80% and an NPV of 61.5% (95% CI 64−88%). Similarly,

for ADC800, the optimal cut-off value was 1.3 × 10-³ mm²/s,

achieving a sensitivity of 65.5% and a specificity of 85.7% ,

with a PPV of 75.7% and an NPV of 74.1% (95% CI 60-88%).

Min f , and med f among different immunohistochemical

subtypes, no significant differences were found between the

groups. Upon evaluating the correlation of these values with

the receptor status and Ki-67, a negative correlation was ob-

served between min f and Ki-67 (rs = -0.45, p = 0.012). No

significant correlations were detected for any other parame-

ters.

Post-test power analysis revealed strong statistical power

(>0.80) for medianADC800 (power=0.88), medianf
(power=0.99), and minf (power=0.98). Moderate power

was observed for medianADC1500 (power=0.71) and max-

ADC100 (power=0.66). The remaining parameters showed

lower statistical power (<0.60) (Figure 5).

DISCUSSION

In this study, the diagnostic efficacy of SI-IVIM parameters

using three different b values was assessed to distinguish ma-

lignant from benign breast lesions. Although the AUC value
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Table 2. Comparison of IVIM parameters.

Parameter Benign’ Malignant’ p value

Med ADC100* 1.80 (0.44-3.46) 1.75 (0.96-2.55) 0.677

Min ADC100 * 0.79 (0.06-3.18) 0.394 (0.008-1.56) 0.161

maxADC100 * 2.87 (1.47-6.67) 6.65 (2.05-6.84) 0.007

Med ADC800 t 1.31 ±0.42 1.03±0.27 0.001
Min ADC800 * 0.84 (0.008-1.72) 1.01 (0.21-1.56) 0.118

Max ADC800 t 1.81±037 1.83±0.35 0.863

Med ADC1500 t 1.02±0.36 0.83±0.23 0.018
Min ADC1500 * 0.62(0.03-1.42)0.4 0.44 (0.03-0.95) 0.104

Max ADC1500 t 1.44±0.36 1.43±0.33 0.919

Med D * 0.61 (0.07-1.38) 0.57 (0.05-1.20) 0.184

Min D * 0.29 (0.002-1.09) 0.20 (0.004-0.63) 0.210

Max D t 1.1±0.39 1.09±0.31 0.911

Med f * 386.34 (157.60-586.99) 280.37 (155.16-457.98) < 0.001
Min f * 193.08 (13.25-488.87) 55.63 (4.03-260.87) < 0.001
Max f * 521.58 (336.49-790.12) 560.87 (396.87-717.75) 0.240

Med: median, min: minimum, max: maximum. ‘ADC, D, f values are given in units of 10-3 mm2/s.*:median(min-max) value and p value of Mann–

Whitney U test, t : mean SD and p value of Student’s t-test.

Table 3. ROC curve analysis.

Test Variables AUC Std. Errora P value Lower Bound Upper Bound

Med f 0.79 0.06 <0.001 0.68 0.91

Min f 0.76 0.06 <0.001 0.64 0.88

Med ADC800 0.74 0.07 0.001 0.60 0.88

Max ADC100 0.70 0.07 0.010 0.56 0.83

Med ADC1500 0.70 0.07 0.005 0.57 0.84

of medf (AUC=0.79) and minf (AUC= 0.76) were superior

to that of the conventional ADC (ADC800 AUC=0.74), this

difference was not statistically significant in the Delong test.

Therefore, simplified IVIM with a 3-b value did not show di-

agnostic superiority to the ADC value in differentiating ma-

lignant breast lesions from benign ones.

This indicates that SI-IVIM could serve as a complementary

imaging tool in breast lesion evaluation, potentially offer-

ing additional diagnostic insights in cases where conventional

DWI findings are inconclusive. However, its clinical utility

remains limited, and further studies with larger, more diverse

patient populations are needed to validate its role in routine

breast cancer assessment.

There are limited studies evaluating the diagnostic perfor-

mance of simplified IVIM in breast lesions [13, 14]. Mürtz

et al. studied the effectiveness of S-IVIM in the detection

of breast lesions. They analyzed DWI data (b = 0, 50, 250,

and 800 s/mm2) of 126 patients. They claimed that ADC,

D1, and D2 were significantly smaller, and f1, f2, and D*

were significantly larger in malignant breast lesions than in be-

nign lesions. Their findings also indicated that using DWI

with b = 800 s/mm² as a standalone tool, the combination

of D1+f1 achieved the highest discriminability with an ac-

curacy of 93.7%, that was significantly higher than ADC at

86.9%, D1 alone at 88.0%, and f1 alone at 87.4%. When

DWI was used as adjunct to DCE-MRI, D1 (92.6%) showed

the highest diagnostic accuracy as the single parameter, which

was slightly, but not significantly, better than ADC (91.1%)

and D2´ (88.1%).

Li et al. compared the effectiveness of a 12-b-value traditional

biexponential fitting model IVIM with a 3-b-value method

in addition to DCE-MRI in 28 suspicious breast lesions.

The study found that the 3-b-value method provided imag-

ing parameters that were more accurate and had compara-

ble or superior diagnostic values compared to traditional bi-

exponential IVIM fitting [14].

In a meta-analysis by Arian et al. D and f values were sig-

nificantly different between benign and malignant lesions,

whereas D* did not show any significant difference [16]. Ma-

lignant lesions had lower D and higher f values. MA et al.

evaluated the diagnostic value of IVIM in breast lesions in a

meta-analysis, they showed that D had the highest diagnos-

tic performance with pooled sensitivity and specificity of 0.85

and 0.87, respectively [17]. Previous studies mostly showed

lowerD values and higher f values in malignant breast lesions

than benign lesions [13, 18].

In our study, to eliminate the influence of perfusion in light

of previous research, IVIM parameters were calculated using

three values, specifically b values of 0, 800, and 1500 s/mm2

[11]. Consequently, the D* value could not be determined.
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Figure 3. Axial MRI images of 3 different patients with following diag-

nosis: Lesion 1 (patient 1), fibroadenoma; lesion 2 (patient 2); invasive

carcinoma of the no special type (grade 2 ER:60%, PR:55%, Her-2: nega-

tive, ki-67:40%); lesions 3 (patient 3), invasive lobular carcinoma (grade

2 ER, 95%; PR, 25%; Her-2, negative; ki-67:14%). First lesion appears

with low signal intensity on the diffusion maps (C, D). It has high median

ADC1500 (E, 1.21 x 10-3 mm2/s), median D (F, 0.69 x 10-3 mm2/s), and

median f (G, 512.36 x 10-3 mm2/s) values. Lesion 2 appeared hyper-

intense on diffusion maps (I, J). It has low median ADC1500 (L, 0.67 x

10-3 mm2/s), median D (M, 0.55 x 10-3 mm2/s), and f (N, 173.26 x 10-3

mm2/s) values. Lesion 3 appeared hyperintense on the diffusion maps

(R, S). It has low median ADC1500 (T, 0.79 x 10-3 mm2/s), medianD (U,

0.58 x 10-3 mm2/s), and f (V, 131.18 x 10-3 mm2/s) values.

The D values were lower in the malignant group, but this dif-

ference was not significant. Surprisingly, the medf and minf
values were significantly lower in malignant lesions. Although

Figure 4. ROC curve analysis.

Figure 5. Post-test power analysis of IVIM parameters.

med f (AUC=0.79) showed a better diagnostic performance

than conventional ADC (ADC800 AUC=0.74), this differ-

ence was not statistically significant. The reason for the re-

ducedf can be explained by several factors. First, blood vessels

in malignant tumors can be in abnormal structures that tend

to be disorganized and leaky, so the overall blood flow within

the tumor is lower than that in healthy tissue [19]. The dense

cellular structure in malignant tumors may limit the move-

ment of water molecules and the space available for blood per-

fusion, resulting in lower D and f values [11]. The hetero-

geneity of perfusion in breast tumors is a well-known issue. In

one study, malignant lesions had an average of 27% of voxels

with no perfusion at all [20]. Similarly, even more than 50%

of the voxels exhibited no perfusion in another study [21].

Therefore, voxel-wise parameter calculations could be more

accurate for perfusion analysis. Furthermore, unlike other

simplified IVIM studies on the breast, the maximum b value

in our study was b=1500, which is more susceptible to noise

effects and Gaussian influences [22, 23]. Additionally, tumor

269 https://doi.org/10.5455/annalsmedres.2024.12.259

https://doi.org/10.5455/annalsmedres.2024.12.259


Karabiyik S. et al. Original Article AnnMed Res 2025;32(6):264–271

perfusion values represent a parameter that reflects tumor ag-

gressiveness. In the present study, there were no cases of triple-

negative breast tumors, and the number of HER-2-positive,

which are characterized by aggressive immunohistochemical

profiles, patients was limited. This may have contributed to

the lower perfusion values [24].

Perucho et al. designed an IVIM study to optimize b values

in patients with cervical cancer. They stated that, although

three b-values were sufficient for a simplified model, Dlinear
and f linear had error rates of 1% and 8%, respectively, failing

to maintain discriminative capability [25].

Several studies have shown that DWI demonstrates significant

diagnostic value in characterizing breast tumors and may of-

fer higher specificity compared to traditional MRI techniques

[17, 26]. DWI is performed with 2-b values and is based on

the assumption of a mono-exponential fit to obtain a decay

constant. However, the signal attenuation observed in mono-

exponential DWI is not always linear. DWI images fail to ac-

count for the microcirculation of blood. Le Bihan et al. intro-

duced IVIM as a technique to differentiate the effects of diffu-

sion and perfusion by applying a bi-exponential model to the

signal decay using multiple b-values without requiring a con-

trast agent [15]. The traditional biexponential fitting model

IVIM with multiple b values has some disadvantages, such as

longer scanning time, increased complexity of execution and

processing period, sensitivity to noise, and patient compliance

[12]. SI-IVIM offers several advantages, such as reduced com-

putational complexity and quicker and more straightforward

data analysis, which are particularly advantageous in the clini-

cal setting. Furthermore, the reduced time required to acquire

data enhances patient comfort and compliance, which are es-

sential considerations for regular clinical applications [13].

However, these methods have some disadvantages. An impor-

tant drawback is the possible loss of accuracy and reliability

in parameter estimation, because simplified models generally

neglect the complex interactions between diffusion and per-

fusion within tissues. This may result in variability of para-

meters and decreased accuracy in differentiating tissue types

or pathologies [27]. In IVIM imaging, the use of varying b-

value ranges leads to inconsistencies in the IVIM parameters.

There is no established consensus on the optimal b values,

which may lead to variability in the results. Perfusion effects

are generally more pronounced at b-values below 200 s/mm²,

and different thresholds can significantly alter IVIM parame-

ters. Additional challenges, lack of standardized acquisition

protocols, and different algorithms for analysis and motion

artifacts, further affect the reliability and reproducibility of

IVIM measurements [26, 28].

Limitations

The primary limitations of this study were the small number

of patients and inadequate tumor diversity from an immuno-

histochemical perspective. Results of post-test power analy-

sis suggests that larger sample sizes might be needed for more

definitive conclusions about these metrics. Another limita-

tion was that the segmentations were performed by a single

individual, and neither the reproducibility of the VOIs nor

the inter-observer variability was evaluated. In our study, a b-

value of 1500 s/mm² was employed as the maximum b-value.

This may result in higher non-Gaussian effects and noise-

related biases [22, 23].

CONCLUSION

SI-IVIM parameters showed no significant diagnostic superi-

ority over the ADC value in differentiating malignant breast

lesions. Future studies conducted on larger and more diverse

patient populations, as well as evaluating reproducibility and

inter-observer variability, could further enhance the reliability

and reproducibility of SI-IVIM for breast lesions.
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