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ABSTRACT: 
Background: Fine needle aspiration cytology (FNAC) is an accurate technique for 

diagnosing thyroid nodules. However, 10% are non-diagnostic. As a result, there is a 

need for an alternative diagnostic technique . 

        Water molecular motion in lesions and healthy tissues can be quantitatively 

measured with the help of diffusion-weighted imaging (DWI). The net diffusion of 

the water molecules is expressed in terms of the apparent diffusion coefficient 

(ADC.) 

Aim of the study: 

        Our goal was to evaluate the usefulness of ADC values in differentiating 

malignant from benign thyroid nodules, as well as pathological subtypes of each 

group with FNAC correlation. 

Materials and methods: 

        Seventy patients with 70 thyroid nodules were included in this prospective study 

done during the period between January 2022 and March 2024. Each patient's thyroid 

gland nodules were examined by diffusion-weighted imaging and then intended to 

have ultrasound-guided FNAC. 
 

Results: 
 

          The mean ADC value for the benign group is higher than for malignant nodules. The mean ADC at b = 1000 was 

1.02 ± 0.381 in benign lesions, but in malignant lesions, it was 0.73 ± 0.323 with a statistically significant difference 

between P<0.001. 
 

 

          We observed a considerable overlapping in ADC values of different pathological subtypes within each group of 

either malignant or benign nodules with a statistically insignificant difference (P value ranged from 0.056 to 0.063).  

Conclusions:  
         ADC values can be used to discriminate benign from malignant thyroid nodules; however, it is not possible to 

distinguish between several histological subtypes of each group. 
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Background 
 

 

        It is essential to differentiate between benign and malignant nodules. In patients with 

benign nodules, it helps to avoid unnecessary surgery. Early detection of malignant nodules 

lowers disease mortality and morbidity rates. 
(1, 2)

 

 

         The assessment of non-diagnostic and inadequate samples remains an issue, and there is 

no widely acknowledged strategy to follow up on non-diagnostic thyroid fine needle 

aspiration cytology (FNAC). 
(3)

 

 

 

         Diffusion-weighted MRI Imaging (DWI) detects changes in tissue microstructure that 

affect water diffusion. The apparent diffusion coefficient value (ADC), which is significantly 

lower in malignant nodules than in benign nodules, can aid in the differentiation between two 

types of nodules. Using a high b value, you can improve diagnostic accuracy. 
(4, 5)

 

 

  

         The ideal b value for a thyroid MRI and the corresponding suggested cut-off point for 

ADC value to detect a malignant nodule are still debated. 
(6)

 

 

Aim of work: 

 
        Determining the right treatment plan for thyroid nodules requires discrimination 

between benign and malignant groups. Our objective was to evaluate the application of 

apparent diffusion coefficient values in the application of diffusion magnetic resonance 

imaging to distinguish between malignant and benign thyroid nodules, as well as pathological 

subtypes within each group. 

 

Materials and Methods 

 

Patients: 

 
       The time frame for this prospective study was January 2022–March 2024. It included 70 

patients (43 females and 27 males) with 70 thyroid nodules. Their mean age was 46.90±11.43 

years, ranging from 20 to 70 years. Before being referred for MRI examination, each patient's 

thyroid gland nodules were examined via ultrasonography (US). It was intended for every 

patient to have FNAC. 
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       Before participating in the study, each participant signed an informed consent form that 

our local committee on research and ethics had authorized (ERN: MED (1/3/2022) s. no (38) 

RAD922_002). 

 

Inclusion criteria: 

 Patients with thyroid nodules (solitary or multiple nodules, either solid or complex 

nodules). In a patient showing multiple thyroid nodules, we selected the most 

significant nodule that showed a higher TIRADS level. 

 Post-operative thyroidectomy with local recurrent masses.  
 

Exclusion criteria: 

 Pure thyroid cystic lesions.  

 Diffuse thyroid diseases. 

 Thyroid abscess.  

 Patients contraindicated for MRI (e.g., pacemakers). 

 Patients who are ineligible for aspiration (e.g., Bleeding disorders). 

 Claustrophobic patients.   

 

MRI imaging: 

 
 Using a 1.5-T system (SIGNA™ Explorer 1.5T GE Healthcare United States of 

America and Achieva Philips Medical Systems, Philips Electronics MRI machines 

United States of America). 

  Circularly polarized surface coil was placed over the neck. 

 The conventional MRI protocol consisted of the following sequences:  

     - Axial T1-weighted sequence with a repetition time (TR) / echo time (TE) 

(500/15 ms). 

- Axial and coronal spin-echo T2-weighted sequence with TR/TE (4000/90 ms).  

- The Field of view of 25 cm, with a slice thickness of 5 mm, an intersection gap 

of 1 mm, and an acquisition matrix of 256 × 256.  

 Diffusion-Weighted MR Imaging (DWI):  

-The imaging protocol is an axial sequence, multi-section, multi-shot echo-planar 

imaging (EPI).  
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- 192 x 144 acquisition matrix; thickness of 5 mm; interslice gap of 1 mm; FOV 

of 25 cm; high TR of 1700 ms; short TE of 100 ms. About 1 minute and 45 

seconds was the acquisition time. 

- A circular ROI, measuring between 10 and 30 mm
2
 depending on the size of the 

nodule, was selected in the center of solid nodules or on the solid section of 

mixed solid-cystic thyroid nodules while avoiding cystic degeneration, 

hemorrhage, and necrosis as much as possible. 

-The system's software automatically determined the mean ADC values when 

ROIs were determined. 

-ADC value was determined using b values of 500 and 1000 s/mm
2
. Square 

millimeters per second (mm
2
/s) express the ADC values. 

-To determine the study's conclusions, comparisons of the pathological subtypes 

of malignant and benign nodules, as well as their lowest, maximum, and mean 

ADC values, were made. 

 After MRI exams, FNAC and pathological evaluation were performed on every 

patient under US guidance. 

Statistical analysis: 

 

 After revision, coding, tabulation, and introduction to a PC, the gathered data was 

processed through the Statistical Package for Social Science (SPSS version 22).  

 Depending on the data distribution, quantitative variables are expressed as mean. 

Frequencies and percentages were used to express qualitative characteristics.  

 Using the Student t-test, two study groups were compared on a continuous variable. 

The association between the categorical variables will be investigated using the chi-

square test. Regarding P-values less than 0.05, the results were considered 

statistically significant. 

 Sensitivity, specificity, predictive value, and accuracy of the apparent diffusion 

coefficient values compared to the result of Ultrasound-guided FNAC of the thyroid 

nodules will be calculated. 

Results 

 
         Seventy patients with 70 thyroid nodules were selected in this prospective study and 

underwent MRI with pathological examination by FNAC under ultrasound guidance. 
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         In our study, 41 (58.6%) patients had benign thyroid nodules, which included 8 (11.4%) 

patients with lymphocytic thyroiditis, 12 (17.1%) patients with colloid nodules, and 21 (30%) 

patients with follicular adenomas. In contrast, 29 (41.4%) patients had malignant thyroid 

nodules, which included 2 (2.9%) patients with B-cell lymphoma, 2 (2.9%) patients with 

medullary carcinoma, 7 (10%) patients with follicular carcinoma, 4 (5.7%) patients with 

papillary carcinoma on top of follicular adenoma, and 14 (20%) patients with papillary 

carcinoma (Tables 1 and 2).  

Table (1): pathological subtypes of benign nodules in participating subjects. 
 

Tumor  type N % 

Lymphocytic thyroiditis 8 11.4% 

Colloid nodule 12 17.1% 

Follicular adenomas 21 30% 

Total  41 58.6% 

 

Table (2): pathological subtypes of malignant nodules in participating subjects. 
 

Tumor type N % 

B-cell lymphoma 2 2.9% 

 Medullary carcinoma 2 2.9% 

Papillary carcinoma  on top of follicular adenoma  4 5.7% 

Follicular carcinoma 7 10% 

Papillary carcinoma  14 20% 

Total  29 41.4% 

 

 

           The link between ADC values and several pathological subtypes of thyroid nodules 

across the entire sample was described. The ADC ranged from 0.21-2.60 for the patients we 

investigated. Most of them, 68.6% had an ADC ≥1, and 31.4% had an ADC <1 (Table 3).  
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Table (3):  Correlation between ADC values and various histopathological variations of 

thyroid nodules over the entire sample. 

Variant  

                 ADC  

≥ 1         < 1  

Lymphocytic thyroiditis  8   

Colloid nodule  10  2 

Follicular adenoma  17  4  

B-cell lymphoma    2 

 Medullary carcinoma   2  

Papillary carcinoma  on top of follicular adenoma  2  2 

Follicular carcinoma 4  3  

Papillary carcinoma 
7  7 

Total  48 22  

 

        The mean ADC value for the benign group was higher than for malignant nodules. The 

mean ADC at b = 1000 was 1.02 ± 0.381 in benign lesions, but in malignant lesions, it was 

0.73 ± 0.323 with a statistically significant difference in between with P<0.001(Table 4). 

Table (4): Comparison between the studied benign and malignant groups according to ADC 

at b = 1000. 

 
Benign 

(n = 41) 

Malignant 

(n =29) 
T p 

     ADC     

Range  0.66 – 2.60 0.21 – 1.3 
4.775

*
 <0.001

*
 

Mean ± SD. 1.02± 0.381 0.73± 0.323 

 t, p: t, and p values for Student t-test for comparing between the two groups 

*: Statistically significant at p ≤ 0.05. 

 

        The lymphocytic thyroiditis's (Fig. 1) ADC value varied between 1.31 and 2.60 × 10
-

3
mm

2
/s. The ADC for colloid cysts (Fig. 2) and follicular adenomas (Fig. 3) ranged from 1.0 

to 2.5 × 10
-3

 mm
2
/s and 0.66 to 2.37 × 10

-3
 mm

2
/s, respectively. ADC values were as follows: 

0.21 – 0.96 × 10
-3

 mm
2
/s for follicular carcinoma (Fig. 4); 0.51 – 1.0 × 10

-3
 mm

2
/s for B-cell 

lymphoma (Fig. 5); 0.22 – 1.30 × 10
-3

 mm
2
/s for papillary carcinoma on top of follicular 
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adenoma; 0.67 – 0.73 × 10
-3

 mm
2
/s for medullary carcinoma; and 0.20 – 0.96 × 10

-3
 mm

2
/s 

for papillary carcinoma (Fig. 6) (Table 5). 

 

 

Fig. 1 A left thyroid lobe nodule was detected in T2 (a) and ADC (b) 
images; the ADC value was 1.69 × 10-3. Lymphocytic thyroiditis was the 
pathology of this lesion. 

 

 

 

Fig. 2 The right thyroid lobe nodule was seen in T2 image (a) and ADC 
(b); the ADC value was around 1.9 × 10-3. A colloid cyst was the 
pathology of this lesion. 
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Fig. 3 The right thyroid lobe nodule appeared in T2 (a) and ADC (b) 
images showing that the ADC value was 1.48 × 10-3. Follicular adenoma 
was the pathology of this lesion. 

 

 

  

Fig. 4 A left thyroid lobe nodule is detected in T2 (a) and ADC (b) 
images; the ADC value was 0.66 × 10-3. Follicular carcinoma was the 
pathology of this lesion. 
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Fig. 5 A right thyroid lobe nodule is detected in T2 (a) and ADC (b) 
images; the ADC value was 1.0 × 10-3. B cell lymphoma was the 
pathology of this lesion. 

 

 

 

 

 

Fig. 6 A left lobe thyroid nodule was seen in T2 (a) and ADC (b) images; 
the ADC value was 0.52 × 10-3. Papillary carcinoma was the nodule's 
pathology. 
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Table (5):    ADC values for pathological subtypes 

 

         When we analyzed the FNAC results, we observed that the ADC values of pathological 

subtypes within each group, either benign or malignant, exhibited considerable overlapping, 

and the range of P value was from 0.056 to 0.063, denoting statistically insignificant 

differences (Fig. 7). 

 

 

 

 

 

 

Fig. (7): Box plot graphs of apparent diffusion coefficient (ADC) values for benign and 

malignant lesions with range overlap.    

 

 

          Using b = 1000 s/mm
2
, a receiver operator characteristic (ROC) curve was calculated. 

A cutoff point on the curve could distinguish benign and malignant tumors.  

  

     Type ADC range 

(mm
2
/s) 

ADC mean 

(mm
2
/s) 

Lymphocytic thyroiditis 1.31–2.60 × 10
-3

 1.95 × 10
-3

 

Colloid nodule 1.0–2.5 × 10
-3

 1.75 × 10
-3

 

Follicular adenoma 0.66 – 2.37 ×10
-3

 1.53 × 10
-3

 

B-cell lymphoma  0.51 – 1.0 × 10
-3

 0.750 × 10
-3

 

 Medullary carcinoma  0.67 – 0.73 ×10
-3

 0.70 × 10
-3

 

Papillary carcinoma  on top of follicular 

adenoma  

0.22 – 1.30 × 10
-3

 0.74 × 10
-3

 

Follicular carcinoma 0.21 – 0.96 × 10
-3

 0.57 × 10
-3

 

Papillary carcinoma 0.20 – 0.96 × 10
-3

 0.55 × 10
-3
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         ADC values with a cutoff point of 1.0 × 10
-3

 mm
2
/s or below could be considered for 

malignancy, with 66.67% sensitivity, 60% specificity, 62.5% positive predictive value, and 

64.3% negative predictive value (Table 6 and Fig.8). 

 

Table 6: ADCs sensitivity, specificity, positive and negative predictive values. 

Cut off point 
Sensitivity Specificity +PV -PV 

Like hood 
test 

1.0 66.67 % 60.00 % 62.5 % 64.3 % 0.367 

 

 

Fig. (8): Receiver operating characteristic (ROC) curve of ADC value in the studied group. 

 

Discussion 

 
         Thyroid nodules are the most prevalent abnormality of the thyroid gland. Early 

detection of malignant nodules lowers disease mortality and morbidity rates. 
(7, 8)

 

 

         Our goal was to assess the application of ADC values utilizing diffusion MRI with 

FNAC correlation in discriminating benign thyroid nodules from cancerous ones and 

identifying various pathological subtypes of each group. 
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          Diffusion-weighted MRI Imaging (DWI) detects changes in tissue microstructure that 

affect water diffusion. A quantitative measure called the Apparent Diffusion Coefficient 

(ADC) can be used to identify if a thyroid nodule is malignant or benign. 
(9, 10)

 

 

        Because they are significantly lower in malignant nodules, the ADC values can aid in 

distinguishing benign from malignant nodules. The ideal b value and the corresponding 

suggested cut-off point of ADC value to detect a malignant nodule are still up for debate. 
(11, 

12)
 

 

       In the current study we measures the mean ADC at b =1000, which is consistent with the 

findings of Ravikanth et al. 
(13)

, who noted that at higher b-values, there is a risk of noise 

contamination and poor image resolution, which leads to an unreliable ADC measurement; at 

lower b-values, there is a risk of perfusion contamination, which means the measured ADC 

will not be reliable to assess tissue diffusion due to mixed effects of perfusion and diffusion 

that could not be separated at these levels. 

 

         In this study, The mean ADC at b = 1000 was 1.02± 0.381 in benign lesions. Still, in 

malignant lesions, it was 0.73± 0.323 with a statistically significant difference between and 

P<0.001, which is in agreement with the study done by Shokry et al. 
(14)

, who reported that 

the ADC values in malignant group were significantly lower than in benign group (P value < 

0.001), with benign group having a mean ADC value of 1.52 ± 0.35 and a range 0.7–2.2. The 

malignant group had a mean ADC value of 0.95 ± 0.29, ranging from 0.7 to 1.8. 

 

          In the current study, as regards the ROC curve, ADC revealed a 1.0 cut-off point, 

66.67% sensitivity, 60% specificity, 62.5% positive predictive value, and 64.3% negative 

predictive value. On the other hand, the study conducted by Noufal et al. 
(15)

 had 94.4%, 

96.8%, and 96.25% sensitivity, specificity, and accuracy, respectively. The outcomes align 

with the meta-analysis conducted by Chen et al. 
(16)

 

 

         In their investigation, Shokry et al. 
(14)

 reported that the ADC measurement's cut-off 

value for distinguishing between both groups of nodules was 1.15, with 88.2% sensitivity and 

92.3% specificity. 

 

        In the current study, the lymphocytic thyroiditis's ADC value varied between 1.31 and 

2.60 × 10
-3

mm
2
/s. The ADC for colloid cysts and follicular adenomas varied from 1.0 to 2.5 

× 10
-3

 mm
2
/s and 0.66 to 2.37 × 10

-3
 mm

2
/s, respectively. They were as follows: 0.21 – 0.96 × 
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10
-3

 mm
2
/s for follicular carcinoma; 0.51 – 1.0 × 10

-3
 mm

2
/s for B-cell lymphoma; 0.22 – 

1.30 × 10
-3

 mm
2
/s for papillary carcinoma on top of follicular adenoma; 0.67 – 0.73 × 10

-3
 

mm
2
/s for medullary carcinoma; and 0.20 – 0.96 × 10

-3
 mm

2
/s for papillary carcinoma. 

 

         In the current study, we could not distinguish between several pathological subtypes 

within each group separately, either benign or malignant group, utilizing the ADC value. The 

P value was 0.056 to 0.063. 

[ 

         The results of Abdel Razek et al. 
(17)

 found that the ADC values of the subtypes of the 

malignant group showed insignificant differences between them (P = 464), which were in 

line with this. Additionally, this was consistent with the findings of Schueller-Weidekamm 

et al. 
(18)

 (P = 0.058).  

 

        The complex composition of a benign thyroid nodule, which includes calcium, 

hemorrhage, fibrosis, minor necrosis, cystic alteration, and collagen, was thought to have an 

impact on the nodules' ADC values. However, this effect was not significant in differentiating 

between benign thyroid nodule subtypes. 
(12)

 

  

        There are still some limitations in this study that affect the ability to differentiate 

between pathological subtypes of either benign or malignant nodules. The statistical power 

and analytical results are limited in some way by the relatively low percentage of certain 

pathological subtypes. 

 

Conclusion and recommendation: 

 
         The distinction between benign and malignant groups can be made with the aid of 

diffusion-weighted MRI and ADC values, as they are much lower in malignant nodules. 

However, it is not possible to distinguish between the various pathological subtypes of either 

benign or malignant nodules. 

 

       Further research is needed to understand better the ADC’s role in the area of early 

detection and differentiation between distinct pathological types with each benign or 

malignant groups of thyroid nodules. 
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Abbreviations 

ADC: Apparent diffusion coefficient 

EPI: Echo planner imaging 

FNAC: Fine needle aspiration cytology 

MRI: Magnetic resonance imaging 

ROC: Receiver operating characteristics 

ROI: Region of interest 

SPSS: Statistical Package for the Social Sciences 

STIR: Short tau inversion recovery 

TE: Echo time 

TR: Repetition time 

US: Ultrasound 
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