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ABSTRACT 
 

Introduction and Aim: Ultrasound of the thyroid gland is a routine procedure. Nodules are the most common 

disorders seen and analyzed by ultrasound. The study purpose was to show how accurate ultrasonography was at 

identifying benign from malignant nodules using (Thyroid Imaging Reporting and Data System TIRADS) 

categories. High-frequency ultrasonography scanning of the neck and thyroid glands offers useful information and 

anatomical images. 
 

Materials and Methods: This study involved 495 patients who were subjected to a thyroid ultrasound imaging 

from December 2019 to December 2020. The ultrasound and evaluation was performed by a professional 

Radiologist by means of a transducer with linear-array (between 5 - 12 MHz) (DC-30, Shenzhen Mindray Bio-

Medical Electronics Co., Ltd). Nodules detected were evaluated for composition, echogenicity, boundary, shape 

and echogenic foci. Each attribute was recorded using the standardized scoring system provided by the ACR 

Thyroid Imaging Reporting and Data System (ACR TI-RADS). The scores obtained, were used in classifying the 

nodules as TI-RADS 1, 2, 3, 4a, 4b, and 5 to define risk levels of malignant nodule. 
 

Results: TIRADS approach was used to assess the thyroid ultrasound data obtained and the nodules categorized 

created on ultrasound features such as irregular edges, shape, tall rather wide, hypo echogenic, calcified, and 

vascular. The TIRAD 3 category was the most common accounting for about 251 cases (52.73 percent of the 

calculated diagnostic results, which included specificity (50%), sensitivity (96.59%), positive (97.21%) and 

negative (55.17%) predictive values. The study revealed 26 (4.25%) of the nodules to be cancerous. 
 
Conclusion: Since the TIRADS system of categorization is a good technique for predicting malignancies in thyroid 

nodules, we employ ultrasound as the first diagnostic tool for efficiently finding and classifying thyroid nodules. 
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INTRODUCTION 
 

 thyroid nodule is a small abnormal mass or 

lump in the thyroid gland, the prevalence of 

which is extremely common. Ultrasound of 

the thyroid gland is commonly used to detect nodules 

on thyroid.  Earlier studies have revealed that only 

about 10% of nodules of thyroid are cancerous (1,2) 

and a thyroid ultrasound detects thyroid nodules in 

50%-70% of patients (3-5). High-frequency 

ultrasound scanning of the neck and thyroid glands 

provides useful information and anatomical images, 

but it also shows more gland enlargement than is 

visible on clinical examination.  
 

Although computed tomography (CT), magnetic 

resonance imaging (MRI), and positron emission 

tomography (PET) are used in determining the degree 

of retrosternal stenosis and, in rare cases, recurring 

goiters (6); ultrasonography is still the most effective 

method for detecting nodules. In 2009, Horvath et al., 

(7) proposed an ultra-sonogram reporting system for 

thyroid nodules referred as TI-RADS (Thyroid 

Imaging Reporting and Data System) in line with the 

Breast Imaging Reporting and Data System (BI-

RADS) (8,9). Further, in 2011 Kwak et al (5) added a 

subtype to this classification referred as ACR TI-

RADS (American College of Radiology-Thyroid 

Imaging Reporting and Data System) to reduce 

thyroid nodule biopsies and increase overall diagnosis 

accuracy. The ACR-TIRADS includes a standardized 

scoring system based on ultrasonography features of 

thyroid nodules (10), useful to radiologists in 

diagnosis and follow up treatments. In the ACR-

TIRADS each lesion is scored based on five 

qualitative features of the ultrasound findings which 

include nodule echogenicity, construction, margins, 

figure and foci of echogenicity (11). Further, a score 

for each category is based on a point score option 

which are summed up to provide a final score (TR 

score) which quantifies the risk level of each lesion as 

benign (TR1, 0 points), not suspicious (TR2, 2 

points), mildly suspicious (TR3, 3points), moderately 

suspicious (TR4, 4-6 points) (TIRADS 4a low 

suspicion 2-10% risk for malignancy, while 4b 

suspicion of malignancy 10-<50%).  and highly 

suspicious (TR5, ≥7 points). Nodules with TR3-TR5 
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scores is suspected as malignancy risk and 

recommended for a fine needle aspiration biopsy.  
 

MATERIALS AND METHODS 
 

This study involved 495 patients who were subjected 

to a thyroid ultrasound imaging. The study 

investigation was undertaken from December 2019 to 

December 2020 and involved patients referred by a 

thyroid surgeon and endocrinologist of a private 

clinical facility at Mosul, Iraq. Each patient with neck 

hyperextended and in supine position was subjected to 

thyroid imaging both in the transverse and 

longitudinal planes. The thyroid gland ultrasound and 

evaluation were performed by a professional 

Radiologist by means of a transducer with linear-array 

(between 5 - 12 MHz) (DC-30, Shenzhen Mindray 

Bio-Medical Electronics Co., Ltd). Nodules if present 

were evaluated for echogenicity, construction, figure, 

margin, and foci of echogenicity. Each attribute was 

scored using the standardized scoring system provided 

by the ACR Thyroid Imaging Reporting and Data 

System (ACR TI-RADS) (11). In case more than one 

nodule, each was scored separately and the one with 

the highest TIRAD score was considered (12). Based 

on the cumulative scores obtained, the classification 

of nodules such as per TI-RADS 1, 2, 3, 4(a, b), and 5.  

The higher the scoring higher was the likelihood of 

malignancy.  
 

The data collected was subjected to statistical 

analysis. The significant differences between the 

groups was analyzed by chi-square exact test using the 

SAS-9 program. 
 

RESULTS 
 

Our study included 495 patients. The thyroid nodule 

detected by ultrasound in each patient was classified 

by TIRADS characteristics. Majority (261 cases; 

52.71%) of the nodules detected were categorized as 

TI-RADS 3. The other TI-RADS observed were TI-

RADS 1 (23 cases, 4.65%), TIRADS 2 (74 

cases;14.9%), TI-RADS 4a (108 cases; 21.82%), TI-

RADS 4b (28 cases; 5.66%), and TIRADS 5 (1 case; 

0.20%). Histologically, the risk of malignancy was 

investigated. There was an association between 

benign and malignant nodules (P value <0.01) from 

TI-RADS 3 to 5 (Table 1; Fig1). Histologically, 26 

(4.25%) nodules were malignant.  
 

TIRADS 1 and 2, 97 thyroid nodules (19.60%) had 

benign sonographic features: 5/97 thyroid nodules as 

simple cyst, nodules with non-continuous 

homogeneous peripheral calcification 4/97, thyroid 

nodules with central cysts 8/97, spongiform were 

80/97, Based on their ultrasound criteria, thyroid 

nodules have (0-2) score. For these thyroid nodules 

(FNA) done (n = 13), histopathological inspection 

after surgery (n =20) and followed up by ultrasound 

one year at least (n = 64) did not show malignancy. 

So, these 97 thyroid nodules were categorized as TI-

RADS 1 and 2 (Table 2). 

 

 
Fig.1 Percent prevalence of each TIRADS type in the 

study population 
 
Among the 261 thyroid nodules detected by 

ultrasound imaging 253 (96.93%) nodules were 

negative for signs of malignancy tested, such as 

hyperechoic nodules and presence of tiny cystic 

abnormalities. The nodules were found to be hard due 

to merging with peripheral vascular wall and 

macrocalcifications. Only 8 (3.07 %) of the 261 TNs 

were found to be malignant by histology. Additional 

exams (FNA (n =50) and/or pathological outcome 

after surgery (n =29) clinical and ultrasound 

examinations performed even after one year (n = 174) 

revealed no malignancy. These nodules were 

categorized as TIRADS 3 nodules based on TI-RADS 

classification (5,7).  

            Table 1: Percentages of TIRADS types detected by ultrasound in this study 
TI-RADS 

Type 

Number  

(%) 

Thyroid nodule type Chi2 

value Benign (%) Malignant (%)  

TI-RADS 1 23 (4.65) 23 (100.00) 0 80.60** 

 TI-RADS 2 74(14.95) 74 (100.00) 0 

TI-RADS 3 261(52.73) 253 (96.94 8 (3.07) 

TI-RADS 4a 108(21.82) 103(95.37) 5 (4.63) 

TI-RADS 4b 28(5.66) 16 (57.14) 12 (42.86) 

TI-RADS 5 1(0.20) 0  1 (100.00) 

Total 495 469 26 

          ** High significant (P < 0.01) difference between groups.  

      For malignant samples Chi2 value =5.65, which was not statistically significant (P<0.01) 
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Of the 108 thyroid nodules categorized as TI-RADS 

4a only 5 (4.63%) were observed to be pathologically 

malignant but having a <10% risk of malignancy 

(Table 1). Similarly, among TI-RADS 4b 28 thyroid 

nodules had a score of 2 with a malignancy risk of 10-

50%, while 12 (2.42%) were seen to be malignant 

Table (1). The 12 malignant TI-RADS 4b nodules 

were confirmed as malignant by histopathology 

(Table 3). A score of 3 or higher thyroid nodules were 

categorized as TI-RADS 5 only 1\495 was confirmed 

histologically as malignant (Table 3). 
 

Table 2: Percentage of each ultrasonography criteria 

in each TIRADS 
TIRADS Number (%) Chi2 value 

TIRADS 1,2 97(19.64)  

Simple cyst 5 (5.15) 171.24** 

TNs with a central cyst 8 (8.25) 

TNs with non-

interrupted  

homogeneous 

calcification 

4 (4.12) 

Spongiform 80 (82.47) 

TIRADS 3 261(52.82)  

Malignant confirmed 

by histology 

8 (3.07) 299.96** 

Normal 253 (96.93) 

TIRADS 4 136 (27.53)  

4a 108 (79.41) 47.06** 

4b 28(21.59) 

   ** Highly significant difference (P < 0.01) 

        between groups. 
 

 

  Table 3: TIRADS classes based on histopathology 
TIRADS  Histopathology Total (%) 

Benign Malignant 

1,2, 3, 4a  453 13 466 94.14%) 

4b, 5  16 13 29 (5.86%) 

Total 469 (95.75%) 26(4.25%) 495 
 

DISCUSSION  
 

Thyroid gland disorders are frequent in modern 

society, demanding some standardized techniques to 

deal with diagnosis and care.  In this study, we relied 

on TIRADS reporting of thyroid US findings as a 

simple technique to distinguish between malignant 

and benign thyroid nodules in any categorization. In 

this study, malignant risk was raised from TIRADS 

three to five. These results appear to be identical to 

Horvath's and Parallel (13, 14). Horvath 

recommended  risk of malignancy in < 5%malignant 

for TIRADS 3,  5% - 10% for TIRADS 4A, 10% - 

80% for TIRADS 4B and >80%  malignancy  for  

TIRADS 5 (7). If only one sonographic result is 

found, respectively the positive predictive value, 

negative predictive value, sensitivity, and specificity 

prediction values are: 97.21%, 55.17%, 96.59%, 

50.0%. 

It appears that tall, ill-defined periphery, clear hypo 

echogenicity, and microcalcifications, which were the 

most information-giving parameters in the case of 

nodule malignancy, are more important than wide, ill-

defined periphery, clear hypo echogenicity, and 

microcalcifications. The US ways of diagnosis 

represents the most efficient way in regards of 

diagnosing nodules with malignancies. This study has 

three limitations: 
 

1. We used ultrasonography to examine the 

    ultrasonography features of biopsied nodules.  

2. The malignant nodules appeared to be few. 

3. The information on the benign nodules could not 

be collected due to ethical concerns (3). 

 
 

 
 Fig. 2: Ultrasound image of a normal thyroid gland  

 

There was no focal lesion in category 1 of the TI-

RADS categorization and appeared normal (Fig 2) 

with homogenous thyroid tissues, while nodules 

(19.64 %) in this study were classified as TIRADS 2 

and had benign criteria on Us, which was verified by 

histology such as (simple cyst, nodule with peripheral 

wall calcification, solid nodule with central cystic 

component and spongiform shape) Fig 3. 
 

In this study the occurrence of malignant TI-RADS 3 

type was 3.07% (Table 1) which is in agreement with  

earlier studies where the occurrence of malignancy 

among TI-RADS 3 was reported to be <5% (5,7).   

Although, many TI-RAD3 type thyroid nodules are 

known to result in tumors, in this study, a malignant 

tumor is not only uncommon but also an unexpected 

result of nodular goiter surgery. TI-RADS category 4 

classification, TNs with a score of 4-6 consider as 4 

(20.81%; Fig 5). In such a case, (5) stated that the 

malignancy ratio could be fifty to ninety-five percent.  
 

The TNs with high score were classified as a TI-

RAD5. In this research all the TNs studied by the 

ultrasound technique proved to be malignant on 

histopathology but (7) and (5) stated that this category 

can have 85-99% malignancy probability (Fig.6). 
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  Fig.3: Ultrasound features of TI-RADS 2 nodule: A: simple cystic thyroid lesion  

B: nodule with homogeneous peripheral calcification C: spongiform nodule. 

 

 

Fig. 4. Ultrasound image of TI-RADS 3 hyperechogenic nodule  

                            with vascular periphery wall 

 

 
Fig. 5:  TI-RADS4 showing hypoechogenic nodule and punctate echogenic foci, but  

                        normal in shape with abnormal wall vascularity. Score of 5 
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Fig. 6:  TI-RADS 5 nodule with calcifications, irregular margins and the  

                                  shape being rather tall than wide, invading surrounding parenchyma. Score of 8 

 

Some US characteristics, such as hypo echogenicity 

and a form that is taller than wide, with uneven 

contours and calcifications, indicate the existence of 

malignancies (5, 14, 15).  
 

The well-known effect of iodine deficiency plays a 

significant role in explaining the disparities in 

prevalence by increasing the no. of benign nodules but 

not the malignant nodules (16). The proportion of 

Magnetization transfer contrast (MTC) among thyroid 

malignancies is unaffected by iodine intake (17- 24), 

the malignant range in this study was 5%, which was 

still within the previous range of 1.4-15.7. 
 

CONCLUSION  
 

We can infer that TIRADS categorization is accurate 

in predicting thyroid cancer. We recommend utilizing 

these methods since they are dependable, simple to 

use, and facilitate communication between clinical 

specialists. 
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