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Abstract: IVIM imaging technology can obtain physiological information of tissue cells and blood perfusion at the same time in one imaging process. Taking
female patients in Shenzhen Maternal and Child Health Hospital affiliated to Southern Medical University as an example, the migration and movement of breast
cancer cells and hepatocellular carcinoma cells are studied by intravoxel incoherent motion imaging. Apparent diffusion coefficient (ADC), true diffusion coeffi-
cient (D), pseudo-diffusion coefficient (D*) and perfusion fraction (f) are measured by the IVIM bi-index model, and statistical analysis is made. The results show
that the IVIM bi-index model can truly reflect the diffusion of water molecules in breast mass-like lesions, and reflect the migration and movement of breast cancer
cells. Especially D value has important reference significance for the research and diagnosis of breast cancer cells. IVIM bi-index model has limited diagnostic

value for the migration and movement of common hepatocellular carcinoma cells, and ADC value may have higher diagnostic efficiency.
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Introduction

Perfusion is an important physiological function of
blood flow to transmit oxygen and nutrients to tissues
and cells through the microcirculation network in tis-
sues (1). The quality of blood perfusion in tissues will
directly affect the activity of tissues and cells, thus af-
fecting the physiological function of whole tissues or
organs (2). The vast majority of human diseases are
caused directly or indirectly by abnormal tissue perfu-
sion, such as myocardial infarction, stroke, renal failure,
cancer and so on. On the contrary, the occurrence of
many diseases can also lead to abnormal tissue perfu-
sion, such as cirrhosis, hemangioma, cancer and so on
(3). In the clinic, a series of clinical indicators derived
from tissue perfusions, such as perfusion rate and blood
flow velocity, have been widely used in the diagnosis
and evaluation of diseases. In addition, tissue perfusion
can also be used to evaluate the effect of surgery and
the recovery of patients after surgery, because there
are obvious differences in blood perfusion before and
after some diseases, such as myocardial perfusion rate
before and after coronary thrombolysis. Therefore, the
accurate measurement of tissue perfusion has important
clinical significance for early detection of disease, accu-
rate evaluation of disease condition and post-operative
evaluation (4).

Medical imaging technology is the main means of
detecting tissue perfusion in the clinic, and it has deve-
loped rapidly in recent years. At present, the main ima-
ging technologies that can be used for tissue perfusion

measurement include single-photon emission compu-
ted tomography (SPECT), positron emission computed
tomography (PET), computed tomography (CT), per-
fusion imaging, contrast-enhanced ultrasound imaging
and dynamic enhanced magnetic resonance imaging (5).
These imaging techniques obtain perfusion information
by measuring the concentration distribution of imaging
agents or contrast agents injected into specific tissues or
organs in vitro. Strictly speaking, these imaging tech-
niques are invasive detection methods. For patients with
renal insufficiency, the invasion of imaging agents or
contrast agents can lead to new diseases such as renal
fibrosis, which can lead to renal failure in severe cases.
In order to remedy the defect of invasive imaging tech-
nology in tissue perfusion measurement, endogenous
imaging technology emerged as the times require. The
most representative technique is arterial spin labeling
imaging. This technique is derived from magnetic reso-
nance imaging. Because there is no need to inject ima-
ging agents or contrast agents in vitro, this technique is
suitable for all populations and has received extensive
attention in clinical medicine and the medical imaging
field (6).

Traditional MR imaging techniques mainly depend
on the differences of spin proton density, T, value, T,
value or T, value of tissues. DWI, unlike traditional MR
imaging techniques, mainly depends on the movement
of water molecules in tissues. Quantitative analysis of
DWI can provide information that conventional MRI
cannot provide, ADC measurement can help to distin-
guish benign from malignant lesions, predict and moni-
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tor the efficacy of radiotherapy and chemotherapy on
malignant tumors, etc. For biological tissues, the move-
ment of water molecules has two main aspects: one is
the diffusion movement of water molecules, i.e. Brow-
nian motion, which is related to the physical characte-
ristics of tissues and can be used to describe the charac-
teristics of tissues (7); secondly, the microcirculation of
blood flow in the capillary network, i.e. perfusion (8).
In terms of voxel-level, because of the distribution of
pseudo-random organs in the capillary network, when
diffusion sensitive gradient is applied, blood perfusion
can also cause the phase of proton groups in voxels to
be irrelevant, resulting in higher ADC values. If only
water molecules diffuse in voxels, the ADC values mea-
sured should be the same as the diffusion coefficient D
(DC), but in vivo ADC values are often higher, which
is due to the water molecules diffuse and blood perfu-
sion components of ADC values. Intraventric Incorre-
lated Motion (IVIM) imaging can be used to quantify
two motion components in DWI images. IVIM imaging
technology breaks through the concept of traditional
perfusion imaging technology. It not only does not have
the potential threat of external imaging agents to the hu-
man body in invasive perfusion imaging but also avoids
the situation of the low signal-to-noise ratio of perfu-
sion image caused by insufficient content of internal
imaging agents in non-invasive perfusion imaging (9).
In this paper, intravoxel incoherent motion imaging is
applied to cancer cell research to analyze the migration
and movement of breast cancer cells and hepatocellular
carcinoma cells (10).

Materials and Methods

The subjects of this study were female patients in
Shenzhen Maternal and Child Health Hospital affiliated
to Southern Medical University. The detailed settings
are as follows.

Research Method of Breast Cancer Cell Migration
and Movement-based on Intravoxel Incoherent Mo-
tion Imaging
Research Data

A retrospective analysis was made of 74 patients
with mass-like lesions in Shenzhen Maternal and Child
Health Hospital affiliated to Southern Medical Univer-
sity from January 2018 to January 2019. The age ranges
from 22 to 72 years old, with an average age of (4.31£7.6)
years old. Routine MR examination, single-b value and
multi-b value DWI were performed two weeks before
operation (11). All patients underwent surgical treat-
ment, among which 48 cases were malignant lesions
(malignant group), including 41 invasive ductal carci-
nomas, 2 medullary carcinomas, 3 mucinous adenocar-
cinomas, 1 ductal carcinoma in situ, and 1 intraductal
papillary carcinoma; 26 benign lesions (benign group),
including 19 fibroadenomas, 2 giant fibroadenomas, 3
benign phyllodes tumors and 2 intraductal papillomae.
Nineteen healthy persons aged 28-43 years old (average
(35.944.2) were selected as the control group during the
same period. All subjects signed informed consent (12).
Based on this setting, the migration and movement of
breast cancer cells (lesions) were studied.

Instruments and Methods

Philips Achieva 1.5 TMR scanner and 4-channel
phase-controlled coil for breast were used (13). In the
prone position, bilateral mammary glands naturally
hang in the coil and head-foot position enters the main
magnetic field. Two breast axes TSE TIW1, T2W1 and
T2W1 fat suppression sequence and sagittal TSE TIW1
fat suppression sequence were made volume scanning,
with a thickness of 4 mm. Dynamic enhanced scan-
ning was performed with a 3D THRIVE sequence, and
Gd-DTPA was a contrast agent, with a concentration
of 0.1 mmol’kg. NEMOTO high-pressure syringe and
elbow vein injection at a rate of 2.0 ml/s was used. 10
ml saline was injected intravenously after bolus injec-
tion of contrast agent. Firstly, the mask was scanned,
the contrast agent was injected at the same time, and the
dynamic enhancement scanning was performed for 7
consecutive times (14). Subtraction was performed after
scanning. Single b-value DWI uses a single-shot spin
plane echo sequence, and diffusion factor b values were
0,800 s/mm? Multi-b-value DWI uses single-shot echo
planner images (SS-EPI) and parallel acquisition space-
sensitive coding technology (SENSE), with b values of
0, 5, 10, 20, 50, 100, 200, 400, 800, 1200, 2000 s/mm?,
respectively.

Routine scan sequence and specific parameters of
MRI were as:

Axis TSE-T1WI: TR = 500 ms, TE = 11 ms, thic-
kness = 8 mm, interlayer spacing = 0 mm, FOV = 240
mmx240 mm, matrix = 179%x256, and excitation num-
beris once;

Axis TSE-T2WI: TR = 2980 ms, TE = 104 ms, thic-
kness = 8 mm, interlayer spacing = 0 mm, FOV = 240
mmx240 mm, matrix = 384%384, and excitation num-
ber is twice;

Axis FS-T2WI: TR = 3020 ms, TE = 101 ms, thic-
kness = 8 mm, interlayer spacing = 0 mm, FOV = 240
mmx240 mm, matrix = 320x320, and the excitation
number is twice;

Sagittal TSE-T 2WI: TR = 6070 ms, TE = 104
ms, thickness = 5 mm, spacing = 0 mm, FOV = 240
mmx240 mm, matrix = 346 x384, and the excitation
number is twice.

The principle of [IVIM imaging is as:

In human biological tissues, IVIM phenomena in-
clude the simple diffusion movement of water mole-
cules and blood perfusion. IVIM imaging can be used
to quantify diffusion movement components and blood
perfusion components respectively. The attenuation of
signal intensity accords with the following equation:

ADC =1In(SI,/51,)/(b,~b)) [1]

2,2 Q2
b is the dispersion factor, b=rGo (A—é/g)’ the unit
is s/mm?; 7 is the spin-magnetic ratio; G is the interval
time of gradient field; S/, and S/, are the signal inten-
sity of the corresponding pixels at the same location
where the diffusion-sensitive gradient field , is applied
and not applied; f is the perfusion fraction; D is the pure
diffusion coefficient, representing the diffusion motion
of pure water molecules (the slow diffusion motion
component), in units of s/ mm?, p“value is a pseudo-
diffusion coefficient, which represents the irrelevant
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movement of microcirculation in voxels, i.e. perfusion-
related diffusion movement, or becomes a component of
rapid diffusion movement.

Considering that D" is significantly larger than D,
when b is larger than 200 s/mm?, the effect on signal
attenuation can be neglected. Equation (1) can be sim-
plified as follows:
SI,/SI,=e™"” [2]

At this time, the D value can be obtained by Equa-
tion (2). IVIM DWI imaging can be performed by using
multiple sets of b values, and the f value and D value
can be obtained by combining the non-linear fitting al-
gorithm based on Equation (1).

Research Method of Migration and Movement of
Hepa Tocellular Carcinoma Cells Based on Intra-
voxel Incoherent Motion Imaging

Research Materials

A retrospective analysis was made of 60 cases of fo-
cal hepatic lesions (FHL) from December 2018 to July
2019 in Shenzhen Maternal and Child Health Hospital
affiliated to Southern Medical University. There were
46 elderly women and 14 young women, aged 31-80
years, with an average age of (54.2+11.4) years (15).
Among the 60 cases, 17 are hepatic hemangioma and
43 were hepatic malignant lesions, including 30 cases of
hepatocellular carcinoma (HCC), 6 cases of intrahepatic
cholangiocarcinoma (ICC), 7 cases of hepatic metasta-
sis (each case has multiple lesions, only one of them is
selected as representative lesions) (16). In order to set
up and study the migration and movement of hepatocel-
lular carcinoma cells (pathological changes), the inclu-
sion criteria were as follows:

Solid FHL, its minimum diameter is [J) cm;

Pathologically confirmed or imaging findings were
typical and confirmed by clinical data and follow-up;

There was no serious artifact in the IVIM bi-index
model image (17).

The classical imaging manifestations and follow-up
diagnosis of hepatic hemangioma: HCC and ICC are
confirmed by operation/puncture records. 5 cases of
liver metastases are confirmed by operation/puncture
pathology and 2 cases are confirmed by follow-up.

Instruments and Methods

GE Discovery MR 7503.0T MR instrument with
an 8-channel body phased-array surface coil was used
(18). Before scanning and training, patients were told
to fasting for solids and liquids for 4 hours and hold
their breath at the end of the breath. The patients were
asked to lie on his back, a breath-gating hose is placed,
the xiphoid process was located as the center, and the
whole liver was scanned. Contrast agent Gd-BOPTA
was injected through an elbow vein with a high-pressure
syringe at a dose of 0.2 ml/kg body mass and a flow rate
of 2 ml/s. Later, 20 ml saline was injected with the same
flow rate, and LAVA-FLEX Y1W was used to perform
arterial phase, portal phase and delayed phase imaging.
The scanning time was 25, 70 and 180 seconds after
injection of contrast agent, respectively.

Image Analysis

The ROI of the lesion was determined on DWI
images with different b values by dynamic enhanced
scanning at the maximum level of the lesion. The mean
value was measured three times (the area not less than
9 mm?) to avoid the liquefied necrosis area as far as
possible. In the control group, ROI was measured three
times (the area not less than 9 mm?) to obtain the mean
value. Under the platform of METLAB, D value was
calculated by using a linear fitting equation. Then the
non-linear least-squares method was used to fit and cal-
culate p* the D" value and f value of normal tissue,
benign tissue and malignant group (19).

Statistical Analysis

PASW Statistics 19.0 software package was used to
analyze the data. P < 0.05 indicates that the difference is
significant. ROC curve was used to determine the best
threshold, sensitivity and specificity of each parameter
for differential diagnosis of cancer cells. Med Calc 18.2
software was used to compare AUC (20).

Results

Study on Migration and Movement of Breast Cancer
Cells Based on Intravoxel Incoherent Motion Ima-
ging

Routine MRI Findings

There were no abnormal signs on conventional MRI. In
the benign group, round, oval and lobulated masses with
clear margins and low signal segregation were found
in 5 lesions. The time-signal curves were type I in 21
cases, type Il in 4 cases and type [Il in 1 case (21). In the
malignant group, irregular masses and oval masses were
found with unclear margins, clear parts. There were 2
cases of that time-signal curve was the type I, 9 cases
of type 11, 37 cases of type III, and multi-b value DWI
images showed that with the increase of b value, the
DWI signal intensity of the lesions decreases gradually
(Figure 1).

(a) b is 5s/mm2

(b) b is10s/mm2

S

<

(¢) b is 20s/mm? (d) b is 800s/mm?

SN

(e) b is 2000s/mm2

Figure 1. Infiltrating breast cancer, 72 years old. The arrow repre-
sents the lesion.
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Table 1. Data of 13 groups of subjects.

Group D (x10-3 mm?/s) f (%) D (x10-3 mm?/s) ADC (%x10-3 mm?/s)
Benign group (n=26) 1.30+0.19 5.80+2.68 107.24£17.56 1.34+0.11
Malignant group (n=48) 0.92+0.14 9.64+2.16 90.85+13.46 1.05+0.17
Control group (n=19) 1.97+0.21 4.82+1.08 127.96+18.45 1.93+0.23
F value 272.08 45.98 39.01 167.28
P value <0.01 <0.01 <0.01 <0.01
DWI Parameters
The data of the three groups are shown in Table 1. There A

were significant differences in D, f, D"and ADC values
between benign and malignant groups (all P < 0.01).
The comparison of F-values was based on approximate
F-test Welch method with uneven variance, the multiple
comparisons were based on Dunnett' the T3 method,
the comparison of D, D" and ADC values were based
on Fisher test with homogeneity of variance, and the
multiple comparisons were based on LSD method (22).
The D value of the benign group is lower than that of the
control group and higher than that of a malignant group
(P < 0.01); the f value of malignant group was higher
than that of the control group and benign group (P <
0.01), but there was no significant difference between
the control group and benign group (P <0.01); the ADC
value of the benign group was lower than that of the
control group and higher than that of the malignant
group (P < 0.01). There was no significant difference
between D value and ADC value in the control group.
There was no significant difference between D value
and ADC value in the benign group; the D value was
significantly lower than the ADC value of the malignant
group.

The ROC curve for differentiating malignant breast
mass-like lesions (migration and movement of breast
cancer cells) was analyzed by using various DWI pa-
rameters. The area under the curve of D value (AUC)
was 0.95, and the sensitivity and specificity of diagnosis
were 88.5% and 81.2% when the threshold value was
D<1.06x10°mm* /s ; the sensitivity and specificity of
diagnosis were 73.1% and 54.2% when the AU Cof F-
value was 0.87 and the threshold value was f >7.66%
; when the AUC of ADC was 0.90 and the threshold
value was ADC <1.15x107mm? /s , the diagnostic sen-
sitivity and specificity were 96.0% and 83.3%, respecti-
vely, as shown in Figure 2. That was, D value has high
diagnostic efficiency, followed by ADC value, f value
and D’ value.

Study on Migration and Movement of Hepatocellu-
lar Carcinoma Cells Based on Intravoxel Incoherent
Motion Imaging
Table 2 is a comparison of the parameters of hepatic he-
mangioma and malignant hepatic lesions. Figures 3 and
4 are the results of migration and movement of hepa-
tocellular carcinoma cells in 46-year-old patients with
hepatic hemangioma and 51-year-old patients.
According to Table 2, the ADC, D and f values of hepa-
tic hemangioma were higher than those of malignant
hepatic lesions, and the difference was statistically si-
gnificant (P < 0.05); the difference of D value was not
statistically significant (P = 0.499).

The diagnostic efficacy of the parameters of the [VIM
bi-index model for hepatic malignant lesions is shown

100 [~

ST

0 F

Sensitivity/%

20

Specificity/%

Figure 2. ROC curve for differential diagnosis of breast malignant

mass migration by using various DWI parameters.

Table 2. Comparison of parameters of hepatic hemangioma and
malignant hepatic lesions.

The nature ADC (x10- D (x10-3 D* (x10-3

of lesions 3 mm?/s) mm?/s) mm?/s) F

Hepatic

hemangioma 1.42(0.68) 1.17(0.83)  64.53(74.79)  0.35(0.24)
Malignant

lesions of 1.10(0.28) 0.76(0.42)  46.83(53.44) 0.27(0.15)
the liver

F value -3.846 -2.728 -0.677 -2.068

P value <0.001 0.006 0.499 0.039

(2) DWI (b=1500s/mm
the right lobe of the liv

Figure 4. A 51-year-old patient with moderately to poorly diffe-
rentiated HCC.

in Tables 3 and 4.

The best thresholds of ADC, D and fare 1.31,
0.79x10mm* / s and 0.346; the sensitivity and specifi-
city of diagnosing malignant liver lesions were 76.48%
and 79.56%, 88.25% and 52.28%, 52.93% and 79.54%,
respectively. The AUCs of the three groups were 0.820,
0.727 and 0.672 (all P < 0.05), and there was no signifi-
cant difference in the pairwise comparison.

There was a significant difference between the ADC
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Table 3. The diagnostic efficacy of the IVIM dual index model for malignant liver lesions.

Parameter ADC (%x10-3 mm?/s) D (x10-3 mm?/s) D* (x10-3 mm?/s) F

Threshold 1.31 0.79 63.86 0.346

AUC (95% CI) 0.820(0.712,0.929) 0.727(0.584,0.868) 0.556(0.389,0.725) 0.672(0.526,0.819)
P value <0.001 0.007 0.498 0.038

Sensitivity (%) 76.48 88.25 52.93 52.93

Specificity (%) 79.56 52.28 68.19 79.54

Table 4. Parameters of different types of solid liver lesions.

Parameter ADC (%x10-3 mm?/s)

D (x10-3 mm?/s)

D* (x10-3 mm?/s) F

Hepatic hemangioma 1.42 (0.68) 1.17(0.85) 64.53(74.79) 0.35(0.24)
HCC 1.07 (0.29) 0.81(0.37) 48.77(60.87) 0.26(0.14)
ICC 1.17 (0.21) 0.70(0.44) 4.07(2.43) 0.37(0.19)
Hepatic metastases 1.29 (1.97) 0.73(1.64) 32.25(70.03) 0.31(0.39)
7 18.534 8.568 1.607 7.597
P value <0.001 0.037 0.659 0.056
value (#° =18.553 P<0.01) and D value ( 4> =8.569, P
=0.036) of four types of FHL. There was no significant A
difference in the other parameters, shown in Table 4.
Discussion 100
S L
At present, DWI was the only imaging method that S 80
can observe the micro-movement of water molecules in 2 B
vivo. The diffusion limitation caused by the increase of g 60
local cell density in breast cancer patients exceeds the 2 40 - ADC
perfusion increase caused by the increase of local mi- _ D
crovessel density in breast cancer patients, so the ADC 20 - [] . [z
value decreases, which is the basis of ADC value used
to differentiate benign and malignant breast lesions. In éo 4;0 go 2;0 1(;0 >
clinical work, due to the differences in MR machine
type, scanning parameters and b value, there were great Specificity (%)
differences in the reports about the diagnostic value of
DWI in breast benign and malignant lesions. Because Figure 5. ROC curve for differential diagnosis of hepatocellular
of the irregular arrangement of the capillary network in carcinoma cell migration by using various DWI parameters.

biological tissue and the irregular movement of blood
in microcirculation like water molecules, the micro-mo-
vement of water molecules in each pixel includes the
diffusion of water molecules driven by simple tempe-
rature and the movement of tissue microcirculation.
Therefore, the ADC value contains both diffusion and
perfusion information.

Normal breast tissue has fewer blood vessels and
lower blood perfusion (23). Most of the enhancement
scans show scattered slight enhancement. In this study,
the f'value of the control group was (4.82+1.08)% , sug-
gesting that normal breast tissue is a low perfusion or-
gan. Therefore, its DWI signal attenuates exponentially
with the change of b value. Breast cancer cell prolifera-
tion was vigorous, cell density was high, extracellular
volume was reduced, at the same time, the limitation of
cell biofilm and the adsorption of macromolecular subs-
tances (such as protein) on water molecules were en-
hanced, and there are more immature tumor blood ves-
sels that cause the perfusion fraction to increase, both of
them make DWI signal show double exponential decay
in the opposite way.

In this study, the diffusion and perfusion informa-
tion of DWI were separated by IVIM bi-index model

technology, which makes the true diffusion reflecting
the change of cell density more accurate. The results
show that the D value and ADC values of the malignant
group were significantly lower than those of the benign
group and control group. There was no significant dif-
ference between the D value and ADC values of the
control group and the benign group. It may be related
to the cell density of malignant mass higher than that
of benign mass and normal breast tissue, and the effect
of local microcirculation perfusion on diffusion was
less. However, the D value of the malignant group was
significantly lower than that of ADC value, suggesting
that although the cell density was higher. The effect of
degree on diffusion counteracts the perfusion caused
by the increase of local microvessel, but the effect of
microcirculation perfusion on diffusion makes D value
lower than ADC value. The ROC curve analysis indi-
cates that AUC was 0.95 when D value was used to dia-
gnose malignant breast mass-like lesions. It suggested
that there was higher accuracy and the diagnostic sensi-
tivity and specificity were 88.5% and 81.2% when the
threshold value was D <1.06x10”mm*/s. The f value
of the malignant group was significantly higher than
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that of the benign group and control group, which was
related to the increase of immature tumor blood ves-
sels in malignant breast mass and the increase of perfu-
sion. AUC of F-value was 0.87, which indicates that f
value has a certain value in the diagnosis of malignant
breast mass-like lesions. When the threshold value was
f=27.66%, the sens1t1v1ty and specificity of diagnosis
were 83. 3% and 80.8%. D reflects the irrelevant move-
ment of blood in the microvascular structure, and has a
certain correlation with the average caplllary length and
blood flow velocity. The value of D" in malignant group
was significantly lower than that in the benign group and
control group. It may be due to the slowdown of blood
flow velocity in immature tumors in malignant tumors.
The AUC of malignant tumors was 0.75, suggesting that
the diagnostic value was medium. The threshold value
D" <94.72x107mm’ /s was 73.1%, and the diagnostic
sensitivity and specificity were 54.2%. ROC curve ana-
lysis shows that D value has high diagnostic efficiency,
followed by ADC value, f value and D’ value.

In this study, four kinds of the most common solid
FHL were selected, including benign hepatic heman-
gioma, malignant HCC, ICC and liver metastases. The
results show that the ADC, D and f values of hepatic
hemangioma were higher than those of common mali-
gnant hepatic lesions, which were basically consistent
with previous studies. In the solid components of mali-
gnant lesions, the cell density was usually higher, and
there were factors such as fibrosis in the tumors, so
the diffusion of water molecules was usually more res-
tricted, resulting in lower ADC and D values. Hepatic
hemangioma was rich in blood sinuses and blood sup-
ply, and the perfusion effect accounts for a large propor-
tion, and f increases; while in malignant lesions, there
were many new microvessels, but the development was
incomplete, slender and distorted, resulting in F lower
than that of hepatic hemangioma. ROC curve analysis
showed that there was no significant difference in AUC
values of ADC, D and f between benign and malignant
FHL in the differential diagnosis of migration and mo-
vement of hepatocellular carcinoma cells.

Imaging has many applications in biological research
(24-33). Imaging is used in angiogenesis of ovarian
tumors (34), breast cancer (35), nasopharyngeal carci-
noma (36), prostate cancer (37, 38), dosimetry purpose
(39, 40) and tumor research (41).

It has even recently been found to be used in chest
high-resolution computed tomography imaging findings
of coronavirus disease 2019 (Covid-19) pneumonia
(42). Cancer research has yielded good results through
the study of gene expression as well as biotechnological
methods (43-48).

According to the IVIM bi-index index model, a se-
ries of b values from low to high was applied to reflect
the characteristics of diffusion and perfusion of nor-
mal breast tissue, benign and malignant breast masses.
Through quantitative analysis of various parameters
related to diffusion and perfusion, new viewpoints and
perspectives were provided for identifying the move-
ment patterns of benign and malignant breast lesions.
This study confirms that the D value, D’ value and f
value of perfusion and diffusion related index provided
by the IVIM bi-index index model have certain value
in the diagnosis of breast mass-like lesions. Among

them, the D value has the highest diagnostic efficiency.
Whether D value can be used as an independent index
of differential diagnosis needs further analysis of large
sample data.

For the study of migration and movement of hepa-
tocellular carcinoma cells, only hepatic hemangioma,
abscess, focal nodular hyperplasia and adenoma were
included in the benign lesions. The blood supply sta-
tus of the lesions was not analyzed. The difference in
blood supply may significantly affect the v and f values,
and the repeatability of parameters measurement of the
IVIM bi-index model was not studied. [VIM bi-index
model can provide more accurate water molecular diffu-
sion and microcirculation perfusion information, but it
has limited value in diagnosis and differential diagnosis
of common solid FHL. The diagnostic efficiency of the
ADC value was higher, which may be due to the small
sample size. It is necessary to increase the sample size
for further study.
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