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 Abstract  
Background: Accurate diagnosis of thyroid nodules is important for 

avoiding unnecessary surgeries and allowing timely treatment. Ultrasound 

and fine needle aspiration cytology (FNAC) are the most commonly used 

diagnostic procedures. 

Objective: To correlate ultrasonography with the FNAC report findings 

using the American College of Radiology Thyroid Imaging Reporting and 

Data System (ACR TI-RADS) and the Bethesda System for Reporting 

Thyroid Cytopathology (TBSRTC) in differentiating malignant from 

benign thyroid nodules. 

Patients and Methods: A prospective study conducted from January 2021 

to January 2024 assessed 103 cases of thyroid nodules who underwent 

ultrasound examination and fine needle aspiration. Ultrasonography 

findings were analyzed and correlated with FNA cytology reports based on 

ACR-TIRADS and BSRTC. 

Results: Patients were predominantly female, n = 87 (84.4%). Most of the patients 

were in the 31–40 year group (n = 55, 53.39%). Most of the patient nodules had 

TIRADS 3 (n = 59, 57.28%), followed by TIRADS 2 (n = 20, 18.44%). When 

comparing the ACR TI-RADS scoring system with the TBSRTC, the percentage of 

malignancy for TR1, 2, 3, 4, and 5 was 0, 0, 1.6, 80, and 89%, respectively. In our 

study, the overall sensitivity and specificity of the TIRADS score were 94.11% and 

96.51%, respectively. PPV: 84.21%; NPV: 98.80%; and accuracy: 96.11%. In 

addition, there was a significant association between TIRADS and the Bethesda 

system of classification (P < 0.001). 

Conclusion: ACR-TIRADS scoring is highly sensitive and accurate for 

diagnosing thyroid malignant nodules. It is a sensitive tool and could be 

used alone to determine the nature of thyroid nodules. 
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Introduction 

   Thyroid nodule is a common medical 

problem with about 5 % of population had a 

nodule on clinical examination and about 50 

to 67 % of those underwent ultrasound [1]. 

Elderly patients are more prone to thyroid 

malignancies, and males are at more risk, 

although nodules are more common in 

females [2]. Approximately 5–15% of 

patients with thyroid nodules has thyroid 

cancer [3]. The prevalence of thyroid cancer 

among patients with thyroid nodules in the 

Arab world varies and reported to be 10.5% 

in Jordan [4], 5% in Saudi Arabia in one 

study [5] and 10.4% in another [6] and 14.9% 

in Diyala, Iraq [7]. In Yemen, the prevalence 

of thyroid cancer was 17.7% of patients with 

goiter in one study [8] and in another study; 

its prevalence was higher than other Middle 

Eastern countries with a higher rate of 

follicular thyroid cancer than that in other 

published data in one study [9]. Ultrasound is 

an important imaging tool for discovering 

and assessing a thyroid lesion. More 

importantly, ultrasound can be combined 

with FNAC to enhance the diagnostic 

accuracy in the differentiation of benign from 

malignant nodules [10]. Neck ultrasound 

remains the most widely used technique for 

discovering nodules, and sonographic 

features like margins, calcifications, 

echogenicity, and vascularity are used to 

determine the potential risk of malignant 

nodules. However, US an operator-dependent 

method, so its use is limited by the technical 

skill of the operator [11]. TIRADS 

classification is an ultrasound-based scoring 

system that allows for a precise selection of a 

nodule to be aspirated, avoiding unnecessary 

surgery [12]. This system eases the cross-talk 

between radiologists and endocrinologists 

worldwide. 

   FNAC is a crucial technique in determining 

the need and extent of surgery. FNAC should 

be reported in a uniform system among 

pathologists to pave the road for physicians 

to make a clear decision [13]. FNAC 

provides a reliable, cost-effective and robust 

diagnostic outcome; so, it is the gold standard 

for diagnosing thyroid nodules [14]. FNA has 

high sensitivity and specificity in 

differentiation malignant from benign thyroid 

lesions. However, it is nondiagnostic in 2–

16% of cases and indeterminate in a further 

5–20% [15]. Reporting of FNA cytology has 

improved in the past 10 years with the 

introduction of classification schemes in 

order to standardize terminology, to facilitate 

communication among cytopathologists, 

endocrinologists and surgeons, and to 

provide the malignancy risk for specific 

diagnostic categories [15]. 

   The Bethesda System for Reporting 

Thyroid Cytopathology (BSRTC) contains 

six categories for reporting FNAC. It was 

developed in 2010 and revised in 2017, and is 

now widely used as a diagnostic tool in 

thyroid pathology [16]. TBSRTC has been 

widely adopted in the United States and in 

many places worldwide and has been 

endorsed by the American Thyroid 

Association [17]. It has improved 

communication and provided a uniform 

template for sharing data among investigators 

[16].  

   The aim of the work is to To the best of our 

knowledge, there is no study comparing 

TIRADS with BSRTC in our country, so we 

decided to conduct a study among Yemeni 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/1092/version/1065
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patients referred for US-guided FNA of 

thyroid masses. 

Patients and Methods 

   This study was an analytical, prospective 

study conducted in the Bahabara medical 

radiology center in Mukalla city, Yemen, 

between January 2021 and January 2024. 103 

subjects with thyroid mass were included in 

the study; these subjects were referred from 

outpatient's clinics to the center for thyroid 

ultrasound and FNAC. 

Thyroid ultrasound 

   Conventional thyroid ultrasound and color 

Doppler were done while the patients were in 

a supine position, and a probe with a 

frequency of 12 MHz was used. An 

experienced radiologist who had more than a 

decade of experience in the thyroid field 

performed ultrasonography. 

Image analysis 

   Each nodule was assessed for characteristic 

features like microcalcification, margins, 

echogenicity, composition, and shape. 

Cervical lymph nodes were examined as 

well. According to ACR TI-RADS, thyroid 

nodules are categorized as benign, minimally 

suspicious, moderately suspicious, or highly 

suspicious for malignancy. Figure 1 shows 

the characteristic features used to calculate 

the TIRADS score, which are interpreted as 

follows: the higher the number of points, the 

more suspicious for malignancy. TIRADS 

scores 1 to 3 were considered benign, while 

other scores were considered positive for 

malignancy [18]. 

 

 
Figure (1): TIRADS categories of thyroid nodules and size of nodule threshold to perform FNA [18]. 

  

https://djm.uodiyala.edu.iq/index.php/djm/article/view/1092/version/1065
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Ultrasound-guided FNAC of nodules 

FNA was performed following a standard 

technique by a needle of 23-gauge and 

freehand technique under US guidance. The 

same highly expert pathologist did the 

histopathological evaluation, and the 

cytological findings of every patient were 

classified according to the 2017 BSRTC [19], 

every single patient after giving him the 

cytopathology report was ordered to go to the 

doctor who asked for FNAC; in turn, he took 

a copy of the report and send it back to the 

corresponding author, who correlated 

between the patient's report and the ACR TI-

RADS system Table (1).  

 

Table (1): The Bethesda System for Reporting Thyroid Cytopathology 2017 

 

Statistical Analysis 

   The statistical package for social sciences 

(SPSS version 25) was used to summarize 

the data numerically (mean, standard 

deviation, and median) and graphically 

(frequency tables and graphics). Sensitivity, 

specificity, positive predictive value (PPV), 

and negative predictive value (NPV) of ACR 

TI-RADS were calculated for US findings 

based on FNAC results. P ≤ 0.05 was 

considered significant for all statistical 

analyses. 

Results 

   In this study, most of the patients were 

female, 84.4% (n = 87). Most of the patients 

were in the age group of 31–40 years 

(53.39%; n = 55), ranging from 17 – 54 years 

Figure (2) and Table (2).  

 

 
            Figure (2): Gender distribution of the participants. 

 

 

male
female

Category Meaning 

I Non-diagnostic or unsatisfactory 

II Benign 

III Atypia/follicular lesion of undetermined significance 

IV Follicular neoplasm or suspicious for follicular neoplasm 

V Suspicious for malignancy 

VI Malignant 

Adapted from ref 8 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/1092/version/1065
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Table (2): Showing the age groups of the participants. 

Age Number of patients % 

 30 y 15 14.56% 

31-40 55 53.39% 

41-50  36 34.95% 

> 51 7 6.79% 

                                            

The size of the nodules in our study ranged 

from 7 mm to 48 mm. solid or almost solid 

constituted about 57.7% (n = 56), the 

majority of them were wider than tall 

(93.20%; n = 96), and had smooth margins of 

89.3% (n = 92). About echogenicity, 78.64% 

(n = 81) were hyperechoic or isoechoic, and 

79.11% (n = 82) had no echogenic foci Table 

(3). 

 

Table (3): Ultrasound features of thyroid nodules based on ACR TI-RADS. 

ACR-TIRADS based on Number  (103) % 

Composition   

Cystic/almost completely cystic 5 4.85 

Spongiform 0 00 

Mixed cystic and solid 42 40.7 

Solid/ almost solid 56 57.7 

Shape   

Wider than tall 96 93.20 

Taller than wide 7 6.79 

Echogenicity   

Anechoic 5 4.85 

Hyperechoic or isoechoic 81 78.64 

Hypoechoic 14 13.59 

Very hypoechoic 3 2.91 

Margins   

Smooth 92 89.3 

Ill defined 6 89.32 

Lobulated/ irregular 5 4.85 

Extra thyroid extension 0 0 

Echogenic foci   

None/ large comet tail artifact  82 79.61 

Macro calcification 9 8.73 

Peripheral calcifications 3 2.91 

Punctate echogenic foci 9 8.73 

 

The category TR3 was the most common 

among our patients (57.28%; n = 59), 

followed by TR2 (19.42%; n = 20), and TR1 

was the least frequent one Table (4).  
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Table (4): ACR TI-RADS for sex of patients. 

TI-RADS n % MALE FEMALE 

T1 5 4.85% 0 5 

T2 20 19.42% 3 17 

T3 59 57.28% 7 52 

T4 10 9.71% 5 5 

T5 9 8.74% 1 8 

Total 103 100% 16 87 

Regarding the correlation between ACR TI-

RADS and the Bethesda system of thyroid 

classification scores, we found a moderate 

correlation (r = 0.577). This means that the 5 

TIRADS 1 and 20 TIRADS 2 nodules in 

particular were benign nodules. Regarding 

the nodules in TIRADS 3, only one was 

labeled suspicious for follicular neoplasm 

(Bethesda classification 4), while the 

remaining 58 nodules were in Bethesda II 

and 1. The percentage of malignant nodules 

in our study was 16.5% (n = 17), and the 

frequency of malignant nodules was higher in 

nodules with TIRADS scores 4 and 5. The 

higher the TIRADS classification score, the 

higher the percentage of malignancy among 

nodules; TIRADS 4 and 5 carried the highest 

percentages (80 and 89%, respectively). The 

comparison between the ACR TI-RADS 

classification and the TBSRTC demonstrated 

that the percentage of malignancy for TR1, 2, 

3, 4, and 5 was 0, 0, 1.6, 80, and 89%, 

respectively Table (5). 

 

Table (5): Thyroid Imaging Reporting and Data System (TI-RADS) and Bethesda Correlation. 
ACR-TIRADS 

categorization 

BETHESDA system of thyroid classification 

I II III IV V VI Total n (%) % of malignancy 

TIRADS 1 1 4 0 0 0 0 5(4.8%) 0 

TIRADS 2 1 19 0 0 0 0 20(19.41%) 0 

TIRADS 3 0 58 0 1 0 0 59(57.28%) 1.6% 

TIRADS 4 0 2 0 1 6 1 10(9.70%) 80% 

TIRADS 5 0 1 0 0 0 8 9(8.73%) 89% 

Total n (%) 2(1.9%) 84(81.6%) 0 2(1.9%) 6(5.8%) 9(5.8%) 103(100%)  

 

The sensitivity and specificity of ACR TI-

RADS calculated based on FNAC results 

were 94.11% and 96.51%, respectively, while 

the positive and negative predictive values 

were 84.21% and 98.8%, respectively. 

Furthermore, the positive likelihood ratio was 

19.62%, the negative likelihood ratio was 

0.0585%, and the accuracy was 96.11% 

Table (6). 
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Table (6): TIRADS classification versus FNAC results cross-tabulation. 
TIRADS classification FNA RESULTS                                     

 Positive  Negative  

positive  

count 16,(a)true positive  3,false positive(b)   19 

% of total  15.53% 2.91% 18.44% 

negative 

Count  1 ,false negative(c)   83true negative(d) 84 

% of total  0.97% 80.58% 81.55% 

total 

Count  17 86 103 

%of total 16.5% 83.50% 100% 

 

In our study, the association between 

TIRADS and the Bethesda system of 

classification was statistically significant (P < 

0.001). 

Discussion  

   Thyroid ultrasound is an important, non-

invasive technique to determine the nature of 

thyroid nodules, as there is no sensitive 

sonographic feature to delineate benign from 

malignant lesions; ACR-TIRADS was 

proposed for this task [20]. Our study 

revealed that female patients were 

predominant (84.4%) with an average age of 

late thirties (38y). This is in line with 

previous studies [21,22, 23], in which the 

prevalence of thyroid nodules in females was 

86%. This could be attributed to sex 

hormonal influences in females [24]. Our 

study has shown malignancy risk of 0%, 0%, 

1.6%, 80%, and 89%, respectively, for 

TIRADS categories 1, 2, 3, 4, and 5, which is 

in line with previous studies [20, 25]. In this 

study, the sensitivity of TIRADS to discover 

malignant nodules was 80% and 89% for 

TIRADS 4 and 5, respectively; this is 

supported by other validation studies carried 

out by Horvath et al, Zhang et al, and Xu [26, 

27,28]. In our study, TIRADS 3 was the most 

predominant category; this was in contrast to 

an Indian study that found TIRADS 2 to be 

the most prevalent [29]. In spite of this 

difference between the studies in categorizing 

thyroid nodules, benign thyroid nodules are 

still the most prevalent. We demonstrated 

that nodules in the ACR TI-RADS 3 category 

had the highest negative predictive value 

(NPV). This was in line with an earlier study 

that discovered ACR TI-RADS scores of four 

or greater had the highest NPV [30]. This 

might explain the lower malignancy rate in 

TR3, as individual features like the 

hyperechoic or isoechoic nature of the nodule 

are not included as possible features to 

predict malignancy in the TIRADS system. 

In our study, the sensitivity of a fine needle 

aspiration biopsy was 94.11%, which was 

comparable with the previous studies, but the 

specificity was 96.51%, which was higher 

than most of the published series [31-37]. On 

the other hand, the accuracy of TIRADS in 

our study was 96.11%, which was higher 

than what was determined by Nighat 

(76.1%.) [38], Çolakoğlu, and Deniz (73.6%) 

[39]. The reason for the high accuracy in our 

study is possibly because of the high PPV 

and NPV. Our study revealed that all patients 

https://djm.uodiyala.edu.iq/index.php/djm/article/view/1092/version/1065
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with Bethesda 1 had benign nodules; this was 

compatible with several previous studies [40-

44]. In our study, 1.9% of patients were 

classified as Bethesda I, of which all their 

histopathology reports were benign; this was 

similar to Cibas [19]. Our study 

demonstrated a strong positive correlation 

between the Bethesda scoring system and the 

ACR TI-RADS; our finding was supported 

by several studies [40-44]. 

Limitations of the study 

   The small sample size and using 

cytopathology results despite their false 

negative results as a standard reference for 

comparison are the main limitations of our 

study. 

Conclusions  

   TI-RADS classification is an important tool 

in the evaluation of thyroid nodules; it can be 

used to decide whether FNA is necessary or 

not. The TIRADS score has high diagnostic 

accuracy in comparison to the BSRTC. 

However, further large studies, including 

those at other centers, are necessary to prove 

the results of this study. 

Recommendations 

   We do recommend using ACR-TIRADS as 

an indicator of whether to do FNA or not for 

thyroid nodules in our community. 
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  باثيسدا فيمدى تطابق نتائج نظام تيراد التابع للكلية الامريكية للأشعة مع نتائج نظام 

 تقييم عقيدات الغدة الدرقية 

، 5، محمد خميس العكبري 4، سمير يسلم باعثمان 3، عبير محمد بن ثعلب  2، احمد سالم باسباع 1جمال عمر باحباره 

 6نبيل سالم مسيعان 

 

 الملخص 

 

الدراسة:  العمليات    خلفية  لتجنب  الأهمية  بالغ  الدرقية أمر  الغدة  لعقيدات  الدقيق  الضرورية وتمكين التشخيص  الجراحية غير 

( من اهم التقنيات  FNACالعلاج في الوقت المناسب. استخدام الموجات فوق الصوتية والشفط بالإبرة الدقيقة من الغدة الدرقية )

 التشخيصية.

للكلية الأمريكية للأشعة )  ربط علاقة تقارير الموجات فوق الصوتية باستخدام نظام تيرادل  اهداف الدراسة: -ACR TIالتابع 

RADS ( تقارير  نتائج  مع   )FNAC( الدرقية  الغدة  أمراض  لتصنيف  بيثيسدا  نظام  باستخدام   )TBSRTC  لتميييزالعقيدات  )

 الخبيثة من الحميدة.

المرضى يعانون  من    103قيمت    2024إلى يناير    2021دراسة استطلاعية أجريت في الفترة من يناير    المرضى والطرائق:

من عقيدات الغدة الدرقية وخضعوا للفحص بالموجات فوق الصوتية والشفط بالإبرة الدقيقة. تم تحليل نتائج التصوير بالموجات 

 . BSRTCو ACR-TIRADS(بناءً على FNACفوق الصوتية وربطها بتقارير ) 

 TIRADS 3معظم عقيدات المرضى تحتوي على  ٪(. كانت  84.4)  87كان المرضى في الغالب من الإناث، العدد =    النتائج:

الخبيثة في  TBSRTCمع    ACR TI-RADS(. عند مقارنة تصنيف  ٪59,57.28)ن     3و  2و  TR1، كانت نسبة الأورام 

على الترتيب. بلغت الحساسية العامة والنوعية لتقارير صور الغدة الدرقية ونظام البيانات    ٪89و  80و  1.6و  0و  0هي    5و  4و

(TIRADS  في التصنيف  -٪96.51و  ٪94.11دراستنا  (  نظامي  بين  كبير  ارتباط  وجود  لوحظ  وقد  الترتيب.  على   %

TIRADS( و بيثيسداP <0.001.) 

تصنيف  :الاستنتاجات الدرقية.   ACR-TIRADSيعتبر  الغدة  عقيدات  في  الخبيثة  الأورام  عن  للكشف  ودقيقًا  للغاية    حساسًا 
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