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Abstract: Purpose: To explore the differentiating diagnostic value of intravoxel incoherent motion diffusion-weighted 
magnetic resonance imaging (IVIM-DWI) in the diagnosis of thyroid carcinoma and thyroid nodular goiter. Methods: 
Thirty-two patients with thirty-nine thyroid nodules, underwent magnetic resonance imaging (MRI) examination in-
cluding IVIM-DWI sequencing before their operations. Differences in standard apparent diffusion coefficient (ADCS), 
slow apparent diffusion coefficient (D), fast apparent diffusion coefficient (D*) and fraction of fast apparent diffu-
sion coefficient (f) values between the thyroid carcinoma group and nodular goiter group were compared. Param-
eters such as receiver operating characteristic (ROC) curves, diagnostic thresholds and diagnostic performance 
were obtained. Results: The values of ADCS and D in the thyroid carcinoma group were distinctly smaller than those 
in the nodular goiter group. The value of D* from the thyroid carcinoma group was higher than that from the nodular 
goiter group, but the value of f was lower than that of the nodular goiter group, although not significantly. In the dif-
ferentiation of the thyroid carcinoma group from the nodular goiter group, the area under the curve (AUC), sensitivity, 
specificity and threshold values were 0.825, 100%, 57.9%, and 1.31×10-3 mm2/s respectively for ADCS and 0.849, 
95%, 63.2%, and 0.856×10-3 mm2/s for D. Conclusion: ADCS and D were valuable for differentiating between thyroid 
carcinoma and nodular goiter.
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Introduction

The incidence of thyroid nodules has increased 
significantly in recent years, and thyroid cancer 
in thyroid nodules is found in 5% to 10% of 
these cases [1, 2]. The treatment regimens of 
benign and malignant thyroid nodules are quite 
different, so early differentiation of malignant 
nodules from benign nodules is very impor- 
tant.

Conventional magnetic resonance diffusion-
weighted imaging (DWI) is valuable for distin-
guishing malignant thyroid nodules from be- 
nign thyroid nodules [3, 4]. Studies on conven-
tional DWI have shown that the apparent diffu-
sion coefficient (ADC) values of malignant thy-

roid nodules are smaller than those of benign 
thyroid nodules [5-9]. However, Schueller-
Weidekamm obtained contradictory results. It 
is difficult to give a reasonable explanation for 
these contradictory results [10, 11]. The find-
ings might be partly due to the conventional 
DWI, which is based on a mono-exponential 
model that ignores the effect of microcircula-
tion perfusion on the signal intensity of DWI. Le 
Bihan proposed intravoxel incoherent motion 
(IVIM) theory and conducted a series of studies 
[12-15].

Magnetic resonance intravoxel incoherent 
motion diffusion weighted imaging (IVIM-DWI), 
which is founded on a double exponential 
model, can separate the diffusion of water mol-
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ecules from microcirculation perfusion, provid-
ing more information for diagnosis. There are 
few studies reporting on the value of IVIM-DWI 
in distinguishing malignant and benign thyroid 
nodules. Thyroid carcinoma is the most com-
mon malignant nodule of the thyroid. Locally, 
nodular goiter is the most common benign thy-
roid nodule. Clinically, in our hospital, thyroid 
cancer accounts for more than 90% of the 
malignant thyroid nodules, and nodular goiters 
account for approximately 85% of the benign 
thyroid nodules. In this study, we used IVIM-
DWI to conduct a preliminary study of thyroid 
nodules to explore its value in distinguishing 
thyroid carcinoma from thyroid nodular goiters.

Methods

Patient selection

Approval of the retrospective project was 
obtained from the Ethics Committee of our  
hospital (approval number: 2019-169), and all 
patients gave informed consent. Inclusion  
criteria were as follows: 1. Short lesion diame-
ter greater than 8 mm; 2. Solid nodule or prior-
ity to solid; 3. Nodules scheduled for surgical 
resection; and 4. Patient older than 18 years. 
Exclusion criteria were as follows: 1. Patient 
refused to join the experiment; 2. Patient had 
contraindications for MRI; and 3. Cystic nodule 
or priority to cystic. All patients received ultra-
sound examination, and the sonographer con-
sidered the nodule to be Ti-RADS level 4 or 5. 
Computed tomography (CT) and MRI examina-
tions were performed before the operation.  
The postoperative pathological examination 
confirmed the characteristics of the nodule.

Conventional MRI protocol

All patients were examined by a 1.5-Tesla MRI 
machine (Optima MR360; GE Healthcare, USA) 
with a combined head and neck coil. Imaging 
protocol included: 1) cross sectional T1-wei- 
ghted spin-echo sequence, repetition time 
(TR)/echo time (TE) was 499/8.5 milliseconds, 
number of excitation (NEX) =4; 3 mm (millime-
ter) slice thickness, 1 mm slice gap; 2) cross 
sectional T2-weighted spin-echo sequence  
with fat saturated, TR/TE was 3296/84 milli-
seconds; 3 mm section thickness, 1 mm inter-
section gap; NEX=4. Acquisition matrix 288× 
192, field of view (FOV) 24 cm×19.2 cm (centi-

meter). The routine scan ranged from the hyoid 
bone to the upper margin of the sternum.

IVIM-DWI protocol

A single-shot diffusion-weighted spin-echo 
echo-planar sequence with twelve b values  
was applied, which was 0, 10, 20, 30, 50, 80, 
100, 150, 200, 400, 600 and 800 s/mm2. 
Scanning parameters: TR/TE was 4072/88.9 
milliseconds, FOV 22 cm×18 cm, gathering 
matrix 128×128, slice thickness was 3 mm, 
slice gap was 1 mm, NEX=4. The IVIM scan 
range was determined by the size and location 
of the lesions shown in the conventional 
sequence.

IVIM-DWI analysis

All IVIM-DWI data were processed by FuncTool 
software (version AW 4.6, GE medical system) 
attached to the Advantage Workstation. Two 
radiologists assessed the data independently 
and were double-blinded to the pathological 
results of all thyroid lesions. These radiolo- 
gists had more than ten years’ experience in 
the field of head and neck radiology. The main 
principles and processes of IVIM-DWI analysis 
have been described previously [16-18]. Ac- 
cording to the formula Sb/S0 = (1-f) exp (-b D) + 
f exp (-b D*), Sb is the signal strength when the 
diffusion sensitivity coefficient b-value is great-
er than 0 s/mm2, S0 is the signal strength with 
a b-value of 0 s/mm2, D represents the real dif-
fusion coefficient with the pure diffusion of the 
water molecules in tissue, D* represents the 
pseudo diffusion coefficient associated with 
microcirculation perfusion, and f represents 
the fraction of microvascular volume. The ADCS 
value was generated with the conventional DWI 
formula Sb/S0 = exp (-b D), where the MRI data 
had higher b-values (200, 400, 600, 800 s/
mm2).

The regions of interest (ROI) with thyroid nodule 
parenchyma were drawn manually on the larg-
est cross-section level, avoiding cystic, bleed-
ing, necrosis and calcification areas on IVIM-
DWI parametric maps. Axial T1-weighted, T2- 
weighted imaging and computed tomography 
imaging were used as references. The area of 
the ROI was 58-711 mm2, continuous measure-
ment was performed three times and the aver-
age taken, and the value of ADCS, D (slow ADC), 
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D* (fast ADC) and f (fraction of fast ADC) were 
obtained, and pseudo-color map. The final 
value for each nodule was the average of the 
initial value from the two observations.

Statistical analysis

Statistical methods SPSS 19.0 software (SPSS 
Inc., Chicago, Ill) was used. The values with the 
IVIM-DWI parameters of thyroid carcinoma and 
nodular goiter are described as the mean ± 
standard deviation. The values of the IVIM-DWI 
parameters between the two groups were com-
pared with the Mann-Whitney U test. The opti-
mal diagnostic threshold was obtained by plot-
ting the receiver operating characteristic (ROC) 
curve, and the diagnostic efficiency for each 
parameter was contrasted by the area under 
the curve (AUC). The AUCs of the ADCS and D 
were compared using the Z test (software 
MedCalc 17.6). P<0.05 was considered statisti-
cally significant.

Results

Consecutive patients with thyroid nodules were 
enrolled from January to June 2019 in our hos-
pital. The study included 37 patients, but 5 pa- 
tients were removed because of poor imaging. 
The final sample consisted of the remaining  
32 patients, which included 5 males and 27 
females, ages 18 to 65 years old. The mean 

ages of patients with nodular goiter and thyroid 
carcinoma were 39.1±14.79 years old and 
45.95±10.89 years old, respectively. No dis-
tinct difference in age was observed between 
the two groups (P=0.12). Thirty-nine thyroid 
nodules were included, of which 20 were nodu-
lar goiters and 19 were thyroid carcinomas 
(papillary carcinoma 18, undifferentiated car- 
cinoma 1). The conventional MRI sequence 
images clearly showed 39 lesions, and the 
short diameter of lesions was greater than 8 
mm (Figures 1 and 2).

The parameter values of IVIM-DWI for the thy-
roid carcinoma and nodular goiter group are 
summarized in Table 1. The values of ADCS and 
D in with the thyroid carcinoma group were 
remarkably lower than those in the nodular goi-
ter group. The value of D* in the thyroid carci-
noma group was higher than that in the nodu- 
lar goiter group, and the value of f was lower 
than that of the nodular goiter group, although 
not significantly. There were color differences 
between the two groups on the pseudocolor 
graphs of the IVIM parameters (Figures 1B-E 
and 2B-E). There was no significant difference 
in the area under the ROC curves between the 
ADCS and D values (P=0.727).

The values of the IVIM-DWI correlation index 
(AUC, sensitivity, specificity and Youden index) 
are shown in Table 2. ROC curve is shown in 

Figure 1. (A-E) Sixty-year old man, thyroid papillary carcinoma. Transverse IVIM image when b value was zero (A). 
Transverse pseudocolorized images for ADCS (B), D (C), D* (D), and f (E).

Figure 2. (A-E) Forty-eight-year old female, nodular goiter, transverse IVIM image when the b value was zero (A). 
Transverse pseudocolorized images for ADCS (B), D (C), D* (D), and f (E).
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Table 2. Diagnostic performance of each IVIM parameter with 
nodular goiter
IVIM-DWI AUC Youden index Sensitivity (%) Specificity (%)
ADCS 0.825 0.579 100 57.9
D 0.849 0.582 95 63.2
D* 0.522 0.271 85 42.1
f 0.609 0.282 65 63.2
IVIM-DWI, intravoxel incoherent motion diffusion-weighted magnetic resonance 
imaging; ADCS, standard apparent diffusion coefficient; D, slow ADC; D*, fast ADC; 
f, fraction of fast ADC; AUC, area under the curve of receiver operating character-
istic curve.

Table 1. IVIM parameters of thyroid carcinoma and nodular goiter

IVIM-DWI Nodular goiter 
group

Thyroid carcinoma 
group P value

ADCS (×10-3 mm2/s) 1.82±0.41 1.24±0.43 <0.001
D (×10-3 mm2/s) 1.39±0.44 0.81±0.39 <0.001
D* (×10-3 mm2/s) 91.92±37.84 102.40±72.04 0.813
f (fraction of D*) (%) 31.68±8.92 28.80±9.48 0.247
IVIM-DWI, intravoxel incoherent motion diffusion-weighted magnetic resonance 
imaging; ADCS, standard ADC; D, slow ADC; D*, fast ADC; f, fraction of fast ADC.

Figure 3. Receiver operating characteristic curves for the ADCS, D, D*, f.

Figure 3. The optimal cutoff values of the ADCS 
and D are 1.31×10-3 mm2/s and 0.856×10-3 

mm2/s, respectively. D had  
the highest specificity and the 
highest AUC, and ADCS had the 
highest sensitivity among all 
the IVIM-based parameters.

Discussion

Our research revealed that 
IVIM-DWI has the potential 
ability to distinguish thyroid 
carcinoma from nodular goiter, 
and the diagnostic efficiency  
of D is similar to that of ADCS.

Our data showed that the val-
ues of ADCS and D with thyroid 
carcinoma were significantly 
lower than those of nodular 
goiter, which was consistent 
with most studies of conven-
tional DWI [3-9]. D is deter-
mined mainly by the density  
of cells along with the compo-
nent of extracellular matrix 
[19-22]. It is widely believed 
that ADCS value and D value 
are negatively correlated with 
tissue cell density, as is  
the nucleus-to-cytoplasm ratio 
[20-23]. We think the thyroid 
carcinoma had higher cell den-
sity, higher nucleus-to-cyto-
plasm ratio, water molecule 
diffusion was limited and had 
lower ADCS and D values. The 
AUC of D was slightly higher 
than the AUC of ADCS but not 
statistically significant, which 
implied that the diagnostic  
performance of D was similar 
to that of ADCS. In accordance 
with the IVIM theory, D pres-
ents the true diffusion coeffi-
cient of tissue which was 
caused by water molecule 
Brownian movement, and D* 
presents the pseudo diffusion 
coefficient of tissue caused  
by microcirculation perfusion. 
ADCS reflect total diffusion, 
including D and D*. No distinct 
difference in D* was observed 
between the two groups, so 

the ADCS and D have the same direction bet- 
ween the two groups.
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However, some studies believe that D is better 
than ADCS in differentiating malignant and 
benign tumor tissue, as in breast tumors [24-
26], prostate cancer and benign prostate tis-
sue [27, 28], and benign and malignant hepa- 
tic tumors [29, 30]. Woo Sungmin found that 
both the D and ADCS values were distinctly  
negatively related to the histological grade of 
hepatocellular carcinoma (HCC). In the process 
of distinguishing high-level HCC from low-level 
HCC, the D value was remarkably superior to 
the ADC value [31]. Yu-Dong Zhang obtained 
similar results with D, ADCS value and patho-
logical grades in prostate cancer; the D value 
performed better than the ADCS value in differ-
entiating low-level prostate carcinoma from 
medium/high-level prostate carcinoma [32]. 
Perhaps the differences in organizational struc-
ture lead to the different results.

In our study, the value of the f with thyroid car-
cinoma group was slightly lower than that of 
the nodular goiter group, and the D* value of 
the thyroid carcinoma group slightly exceeded 
the value of the nodular goiter group, with no 
significant difference (P≥0.247). F and D* are 
indicators related to perfusion, reflecting the 
blood volume and average blood flow velocity 
of the microvasculature, respectively [17, 18]. 
We suggest that the blood volume of a nodular 
goiter is slightly higher than that of thyroid car-
cinoma, the blood flow velocity with a nodular 
goiter is slightly slower than that of thyroid car-
cinoma, and the difference in blood flow ca- 
pacity is not significant. Similarly, Ben-David 
found that the difference between the quanti-
tative and semiquantitative perfusion parame-
ters of benign and malignant nodules was not 
significant [33]. Our results are inconsistent 
with Tan’s results [34]. We need to expand the 
sample size for further research. Future stud-
ies about the correlation between D*, f and 
perfusion parameters are needed.

Our study has some limitations. First, the sam-
ple size was small, which may result in statisti-
cal bias. Second, the values of the parameters 
with smaller nodules (the short diameter <8 
mm) were removed due to the partial volume 
effect. Third, the heterogeneity of the lesion 
affects the accuracy of the parameter mea-
sured, such as microcalcification, tiny cystic 
change, and micronecrosis. Fourth, because 
the ROI were manually sketched, error was dif-

ficult to avoid. Finally, a few cases were remov- 
ed because of poor image quality or vascular 
pulse artifacts, and the scanning sequence 
needed to be improved to reduce artifacts and 
improve image quality.

In conclusion, our data showed that ADCS and  
D were valuable for differentiating between thy-
roid carcinoma and nodular goiter, and the dif-
ferential diagnostic efficacy was similar.
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