
     

APMC Vol. 19 No. 1 January – March 2025 20 www.apmcfmu.com  

 
ORIGINAL ARTICLE ANNALS OF PUNJAB MEDICAL COLLEGE 

 
 

Diagnostic Accuracy of Diffusion-Weighted Magnetic Resonance 
Imaging (DW-MRI) in Differentiating Benign and Malignant Thyroid 

Nodule 
 

Nosheen Ahmad1, Amna Rehan2, Abdul Rauf3, Hassan Bukhari4, Bushra Ujala5, Sadaf Irfan6  
 

1  
Associate Professor, Department of Radiology, Faisalabad Medical University, Faisalabad Pakistan 
Manuscript writing CORRESPONDING AUTHOR 

Dr. Nosheen Ahmad 
Associate Professor, Department of Radiology, 
Faisalabad Medical University, Faisalabad Pakistan 
Email: drnosheenahmad@hotmail.com 
 

Submitted for Publication: 31-10-2024 
Accepted for Publication 23-12-2024 

2  
Associate Professor, Department of Radiology, Faisalabad Medical University, Faisalabad Pakistan 
Data collection 

3  
Assistant Professor, Department of Radiology, Faisalabad Medical University, Faisalabad Pakistan 
Statistical analysis 

4  
Assistant Professor, Department of Radiology, Faisalabad Medical University, Faisalabad Pakistan 
Proof reading 

5  
Assistant Professor, Department of Radiology, Faisalabad Medical University, Faisalabad Pakistan 
Abstract writing 

 

6  
Women Medical Officer, Department of Radiology, Allied Hospital, Faisalabad Pakistan 
Data collection 

 

How to Cite: Ahmad N, Rehan A, Rauf A, Bukhari H, Ujala B, Irfan S. Diagnostic Accuracy of Diffusion-Weighted Magnetic Resonance Imaging (DW-MRI) in Differentiating 
Benign and Malignant Thyroid Nodule. APMC 2025;19(1):20-23. DOI: 10.29054/APMC/2025.1696 

 
ABSTRACT 

Objective: To determine the diagnostic accuracy of diffusion-weighted magnetic resonance imaging (DW-MRI) in 

differentiating benign and malignant thyroid nodules, keeping histopathology as the gold standard. Study Design: Cross-

sectional study. Settings: Radiology Department, Allied Hospital, Faisalabad, Pakistan. Duration: 24thJune 2021 to 

23rdDecember 2021. Methods: From a total of 145 patients with palpable thyroid nodules on clinical examination of size 

>5mm and duration >3 months of age 25-65 years of either gender were included. DW-MRI was performed on all patients 

and correlated with histopathology reports. Results: From 145 patients, 55.86% were from 25 to 45 years. The majority 

(57.93%) are females. Overall sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and 

diagnostic accuracy of DW-MRI were 94.29%, 90.61%, 90.41%, 94.44%, and 92.41%, respectively. Conclusion: The findings 

of this study indicate that DW-MRI is a non-invasive modality that exhibits high accuracy in distinguishing malignant from 

benign thyroid lesions. 
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INTRODUCTION 

hyroid nodules are common pathological conditions 
affecting the thyroid gland and are characterized by 

distinct lesions located inside the gland. These lesions are 
often detectable by palpation and typically exhibit a 
remarkable sonographic appearance.1 Current guidelines 
suggest that 7–15% of thyroid nodules may be 
malignant.2 Diagnosis of malignancy in sufferers with 
thyroid nodules is of paramount importance as it is one 
of the maximum curable malignancies. Preferably, 
diagnostic procedures should be no longer the simplest of 
excessive accuracy but less invasive. After identifying the 
thyroid nodule, referring the patient to an 
endocrinologist may be necessary. Ultrasound is used to 
confirm nodule presence and gland size. Quantifying 
TSH and anti-thyroid antibodies can help identify 
purposeful thyroid illnesses.3 Despite ongoing research, 

consensus on optimal cut-off value b value for thyroid 
nodule assessment remains continued.4  

There has been little research on using DWI to detect 
thyroid nodule malignancy, but values of apparent 
diffusion coefficient (ADC) can help distinguish 
malignant from benign nodules.5 Increased b-values for 
ADC calculation do not always translate to better 
diagnostic performance in differentiating benign from 
malignant lesions.6 According to research, the incidence 
of malignant thyroid nodules was 36.59%, and the 
sensitivity and specificity of DW-MRI were 93% and 87%, 
respectively.7 Several studies have proven the sensitivity 
and specificity of DW-MRI.8,9,10  

This study aims to determine the diagnostic accuracy of 
DW MRI in identifying thyroid nodules in the 
surrounding population that are benign and malignant. 
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To lower the chance of needless surgical operations and 
the monetary burden. The results of this examination will 
provide those particular patients with a non-invasive 
diagnostic modality that can be carried out mechanically 
in our trendy exercise in figuring out the pre-operative 
reputation of thyroid nodules. 

METHODS 

This cross-sectional validation study was done in the 
radiology department of Allied Hospital FSD from 24th 
June 2021 to 23rd December 2021. After taking permission 
from ERC vide letter no. 48.ERC/FMU/2023-24/412 
dated 16-03-2024, 145 consecutive patients who the 
clinician referred are selected. The sample size was 
calculated with a 95% confidence level of 7% absolute 
precision, taking the expected prevalence of malignant 
thyroid nodules as 36.59% and sensitivity and specificity 
of DW-MRI as 93.0% and 87%, respectively.8  

These Patients were between the ages of 25-65 years of 
either gender. All these patients had palpable thyroid 
nodules on clinical examination, having a size of>5mm 
and a duration of>3 months. Patients with already 
biopsy-proven malignant thyroid nodules and with 
contraindications to MRI, i.e., claustrophobia and cardiac 
pacemakers assessed on history and patients with CRF, 
were excluded.  

Each patient provided informed written consent. DWI 
MRI was conducted on each patient utilizing a 1.5 Tesla 
full-body GE MR equipment. DW-MR images were 
acquired of thyroid glands in the axial plane. The imaging 
was performed at b values of 50, 500, and 1000. The whole 
duration of the scan was 4 minutes and 54 seconds. After 
acquiring images, regions of interest were delineated in 
each suspected nodule on ADC maps. These regions 
range from 5 to 10 mm2, excluding areas exhibiting 
necrosis, calcification, and cystic components. The DW-
MRI results were examined and compared to the 
histopathology report, which was the gold standard. A 
positive DW-MRI was defined as exhibiting 
hyperintensity on both T2-weighted and DW images at a 
b-0 s/mm2 intensity level while maintaining 
hyperintensity at a b-1000 s/mm2 intensity level, with an 
ADC value below 1.00 mm2/s. 

All data, malignant thyroid nodules on DW-MRI, and 
histopathology were recorded. The presence of 
pathological evidence of malignancy, including nuclear 
inclusion and vascular invasion, on histopathological 
analysis was taken as positive. The data collected was 
subjected to analysis using the computer program SPSS 
16. Mean and SD were used to display age, illness 
duration, ADC value, and nodule size. Frequency and 
percentage of gender, malignant thyroid nodule on DW-
MRI, and histology were reported. Stratification was 

used to adjust for effect modifiers such as age, gender, 
illness duration, and nodule size.  

RESULTS 

From 145 patients, 55.86%were from 25 to 45 years. The 
majority (57.93%) are females—the mean duration of 
disease and size of the nodule. The mean value of ADC 
was 1.38 ± 0.64 mm2/s. ADC value in malignant cases 
was 0.77 ± 0.11 and in benign cases was1.94 ± 0.33. DW-
MRI supported the diagnosis of malignant thyroid 
nodules in 73 patients. Histopathology confirmed 
malignant thyroid nodules in 70 cases. The number of 
actual positive cases in DW-MRI was 66, whereas seven 
false positive cases were07. Among patients with 
negative DW-MRI results, 68 were confirmed as negative, 
and 04 were incorrectly identified as negative. The DW-
MRI has a sensitivity of 94.29%, specificity of 90.61%, PPV 
of 90.41%, NPV of 94.44%, and diagnostic accuracy of 
92.41%. Table 3 presents the stratification of diagnostic 
accuracy based on age groups, gender, disease duration, 
and nodule size. 

Table 1: Baseline characters of the study population 

Variables 
Frequency 

(Percentage) 
Mean +/-SD 

Age (years) 
25-45 
46-65 

81 (55.86%) 
64 (44.14%) 

44.69+/-9.68 

Gender 
Male 

Female 
61 (42.07%) 
84 (57.93%) 

 

Duration of 
disease months 

< 6 
>6 

67 (46.21%) 
78 (53.79%) 

8.13 ± 3.52 
months 

Size of nodule 
cm 

< 3 
>3 

61 (42.07%) 
84 (57.93%) 

4.27 ± 1.49 
cm 

 

Table 2: Diagnostic accuracy of DW-MRI  

 

On DW-MRI 

Histopathology 

P-value 

Positive Negative 

Positive 66* 07 *** 

0.0001 

Negative 04** 68**** 

*-TP=True positive **-FP=False Negative***-FN=False positive ****-TN=True negative 
Specificity: 90.61%, Sensitivity: 94.29%, PPV: 90.41%, NPV: 94.44%, Diagnostic 
Accuracy: 92.41% 
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Table 3: Stratification DW MRI accuracy according to different variables 

Variables Sensitivity Specificity PPV NPV DA P value 

Age (years) 
25-45 
46-65 

95.24% 
92.86% 

89.74% 
91.67% 

90.91% 
89.66% 

94.59% 
94.29% 

92.59% 
92.19% 

0.0001 
0.0001 

Gender 
Male 
Female 

96.30% 
93.02% 

91.18% 
90.24% 

89.66% 
90.91% 

96.88% 
92.50% 

93.44% 
91.67% 

0.0001 
0.0001 

Duration of disease months 
<6 
>6 

93.33% 
95.00% 

91.89% 
89.47% 

90.32% 
90.48% 

94.44% 
94.44% 

92.54% 
92.31 

0.0001 
0.0001 

Size of nodule cm 
<3 
>3 

92.86% 
95.24% 

90.91% 
90.48% 

89.66% 
90.91% 

93.75% 
95.00% 

91.80% 
92.86% 

0.0001 
0.0001 

 

DISCUSSION 

Prevalence and occurrence of thyroid disease have visible 
first-rate growth in recent years. A growing occurrence of 
thyroid cancers has been pronounced internationally.11 

Most popular non-invasive imaging technique for 
thyroid lesions is ultrasound; nonetheless, there are still 
unreliable criteria to differentiate benign from malignant 
tumors. Even with remarkable advancements in 
diagnostic tools like CT, radionuclide imaging, and 
ultrasound, developing a reliable and non-invasive 
method to differentiate benign from malignant tumors 
remains significant. MRI advances may also indicate that 
some methods are diagnostically cost-effective for 
various pathologies. Routine imaging can locate and 
measure thyroid lesions. However, such guidelines still 
lack the precision needed to determine whether a thyroid 
nodule is benign or cancerous or how common these 
nodules are. 

DWI is a form of purposeful MRI. This phenomenon is 
predicated upon the process of water molecule diffusion 
by tumor tissue. DWI can offer significant information on 
the molecular characteristics of the underlying disease 
and the processes by which it operates.12 DWI offers a 
convenient and non-invasive method for assessing 
thyroid nodules, eliminating the need for intravenous 
contrast agents.13 Several studies14, 15 demonstrate that 
DWI can discriminate among benign and malignant 
nodules but with low sample size and inconclusive 
findings. The current study found that the sensitivity, 
specificity, PPV, NPV, and diagnostic accuracy of DW-
MRI were 94.29%, 90.61%, 90.41%, 94.44%, and 92.41%, 
respectively. In a study, the incidence of malignant 
thyroid nodules was 36.59%, and the sensitivity and 
specificity of DW-MRI were 93.0% and 87%, respectively.7 
Another study reported sensitivity, specificity, PPV, 
NPV, and accuracy of DWI of 84.4%,82.3%,97.4%,40%, 
and 84.2%, respectively.8 Kong et al9 demonstrated 84.9% 

and 92.20% sensitivity and specificity of DW-MRI. Galal 
et al10 have shown the sensitivity and specificity of DW-
MRI at 100.0% and 88.90%, respectively. A study on 35 
individuals revealed a marked distinction in mean ADC 
readings of malignant and benign thyroid nodules. An 
ADC value of 1.6 x 10-3mm2/s has been employed as a 
threshold. DWI and ADC readings exhibited sensitivity, 
specificity, PPV, NPV, and diagnostic accuracy of 93%, 
95%, 93%, 95%, and 92.3%, respectively.16 

Elshafey et al14 stated a sensitivity of 96% and a specificity 
of 92%. A study by Razeket et al17 reported that malignant 
nodules have lower ADC values. Observed elevation in 
ADC values in benign nodules can be attributed to 
several factors. ADC values from normal parenchyma in 
the study conducted by Razek et al17 would have 
provided significant benefit in comparing these values 
with those of diseased thyroid tissue and establishing an 
internal standard of reference. Moreover, the study 
conducted by the researchers had a limited number of 
malignant thyroid nodules (n = 7), as only the solitary 
lesion found using sonography was included in their 
analysis. findings of this study indicate that utilization of 
a combined diagnostic approach enhances the probability 
of encountering further cancers in cases with single 
thyroid nodules. 

A study conducted by Bilgen Mehpare Özer18 examined 
the effects of DWI on thyroid nodules. The mean value of 
ADC was lower in malignant nodules at b values of 500 
and 800 compared to benign nodules. Maximum 83.3% 
sensitivity and 90.0% specificity were observed with ADC 
value at b 500 and they observed the sensitivity was 
71.4%, with specificity of 89.7% for the ADC values at b 
800. indicating its potential as a diagnostic marker  

This study further substantiated the significance of DW 
MRI as a crucial diagnostic modality for distinguishing 
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between malignant and benign thyroid lesions, aligning 
with previously reported data.8,15,17 

CONCLUSION 

The findings of this study indicate that DW-MRI is a non-
invasive modality that exhibits high sensitivity and 
accuracy in differentiating malignant from benign 
thyroid lesions. This advancement has significantly 
enhanced our capacity for precise diagnosis of thyroid 
lesions and improved patient care through timely and 
appropriate treatment while minimizing unnecessary 
diagnostic biopsies.  

LIMITATIONS 

The present investigation exhibited some limitations. The 
scope of this investigation was limited to a singular 
hospital, thereby limiting the generalizability of the 
findings to a broader population. Furthermore, while we 
made a deliberate effort to exclude cystic sections of 
thyroid nodules during signal intensity assessments, it is 
important to acknowledge that the micro-cystic 
composition of thyroid nodules might potentially impact 
our findings. 

SUGGESTIONS / RECOMMENDATIONS 

We propose the employment of DW-MRI as the primary 
method for detecting and accurately distinguishing 
between benign and malignant thyroid nodules rather 
than relying on biopsy. 
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