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The widespread occurrence of thyroid nodules and the typically slow progression of thyroid cancer have led to the development of the 
thyroid imaging reporting and data system (TI- RADS). The primary objectives behind the development of TI- RADS were to minimize 
unnecessary biopsies of non- cancerous nodules, enhance the overall precision of diagnosis and establish a uniform risk- stratification 

framework based on the lexicon to notify healthcare professionals of nodules that require a biopsy. The identification and precise diagnosis 
of thyroid nodules have led to improved clinical practice examination reports within the general population. TI- RADS is a risk- stratification 
system related to thyroid lesions and based on ultrasound characteristics and is similar to the structure of the breast imaging reporting and 
data system. There are various versions of TI- RADS, with some being widely used and adequately validated, while others lacking thorough 
evaluation. TI- RADS uses a numerical scoring system for characteristics, and its categories are determined by the cumulative score of a 
thyroid nodule, indicating the likelihood of it being benign or malignant. In this article, the various TI- RADS systems were examined as a 
successful method for producing precise and comprehensive documentation, with a particular emphasis on their functionality, similarities, 
distinctions and potential future developments.

Thyroid nodules are common worldwide, and their prevalence is increasing. Most nodules are 

asymptomatic and detected incidentally on cross- sectional imaging or physical examination. In 

rare cases (10–15%), nodules are malignant and require diagnostic evaluation. Even malignant 

nodules frequently show non- aggressive behaviour.1 The increase in the incidence of thyroid 

cancer is unfairly distributed globally, and the morbidity increases moderately from year to year, 

mainly in female patients.2 Moreover, the prevalence of thyroid nodules increases with increasing 

age. Thus, around half of women older than 70 years have a nodule.3 For the assessment of thyroid 

nodules, a diagnostic ultrasound (US) imaging, which is a widely accepted method, is suggested 

as the first- line modality.4,5 With the improvements in imaging technologies and increased use of 

diagnostic imaging, there is a considerable increase in the rates of nodule detection, discrimination 

between malignant and benign nodules and fine- needle aspiration (FNA), which are necessary for 

clinical decisions.6,7

The increase in the diagnosis, despite its limited impact on survival rates, primarily stems from the 

relatively indolent progression of the most common form of thyroid cancer, known as papillary 

thyroid cancer (PTC).8 PTCs frequently manifest without any noticeable symptoms. Autopsy 

findings reveal that approximately 11% of individuals possess one or more foci of PTC in either 

the thyroid gland or a nearby lymph node.9–11 The rapid increase in the occurrence rates of thyroid 

cancer has been attributed to the identification of this asymptomatic condition.12 Moreover, colloid 

goitres, which are a prevalent, non- cancerous growth in the thyroid gland, can present as either 

a diffuse or a nodular pattern. It is crucial to distinguish them from other potential forms of goitre, 

particularly malignancy. A comprehensive understanding of the condition is necessary for an 

accurate diagnosis. The initial evaluation heavily relies on patient history and physical examination, 

with a focus on identifying the characteristics indicative of malignancy. Thyroid US and serum 

thyrotropin levels are the primary techniques used to assess colloid goitres and rule out other 

thyroid abnormalities.13

Studies have demonstrated that the widespread accessibility and usage of ultrasonography for 

detecting nodules and assisting in needle biopsy procedures have been linked to the increasing 

rates of detection.14
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Therefore, improving diagnostic techniques and using advanced 

technologies are essential for safer thyroid surgery, reducing the 

uncertainties and risks associated with thyroid nodules. Surgical 

removal of the nodule becomes a viable option when biopsy results 

are inconclusive.15 To address the high number of potentially unnoticed 

PTCs and the associated concerns of excessive treatment and rising 

costs, the American Association of Clinical Endocrinologists (AACE) and 

the American Thyroid Association (ATA) have issued recommendations 

for a more cautious approach.16,17 The goal is to stabilize the rates 

of occurrence of thyroid cancer and decrease overdiagnosis and 

overtreatment.17–19 As a result, a reasonable, reliable and more cost- 

effective system for risk stratification can be established.

Innovations in molecular testing and novel therapies have altered 

the approach to aggressive thyroid cancer, impacting management 

recommendations for early- stage and progressive diseases.20 Various 

classification systems and methodologies have been published to 

categorize thyroid nodules based on their risk of cancer.21,22 To improve 

the effectiveness of US diagnosis, Horvath et al. set up the first thyroid 

imaging reporting and data system (TI- RADS) based on the US features 

of thyroid nodules in 2009, and since then, there have been various 

versions of TI- RADS across the world.23 Multiple factors contribute to the 

existence of numerous TI- RADSs, each with unique advantages. TI- RADS 

aids physicians in precise diagnoses, which is modelled based on the 

breast imaging reporting and data system (BI- RADS). TI- RADS uses a 

standardized scoring system to categorize thyroid nodules based on their 

risk levels. This system has proven to be highly accurate in diagnosing 

thyroid nodules through US, resulting in a reduction in biopsies of 

benign nodules. However, it is important to acknowledge that TI- RADS 

also has its limitations. These include the potential for similarities and 

discrepancies in terminology and standards when different researchers 

establish their own classification systems for describing and defining the 

US features of thyroid nodules.24

The TI- RADS serves multiple purposes, resulting in a lack of consensus 

and ongoing debate regarding its validation.25 Various categorization 

schemes exist for different versions of TI- RADS, allowing users to 

determine when to use the FNA method, conduct US follow- ups on 

suspicious nodules and safely disregard benign or non- suspicious 

nodules.26 The scoring system consists of five classifications based on US 

findings. As the cumulative score increases, the corresponding TI- RADS 

level also increases, indicating a higher probability of malignancy.27 The 

present study evaluates different TI- RADS techniques as diagnostic 

methods, focusing on their functionality, similarities, differences, 

challenges and potential future outcomes.

Literature search strategy
We conducted a comprehensive literature review by exploring PubMed, 

Scopus and Google Scholar databases for English- language articles 

published prior to 30 December 2023. Our search criteria encompassed 

various terms, such as ‘thyroid cancer’, ‘thyroid nodules’, ‘thyroid 

imaging’, ‘TI- RADS’, ‘diagnosis’ and ‘risk- stratification’. The abstracts 

of the identified articles were assessed for their relevance, and 

subsequently, the complete texts of all pertinent publications were 

obtained. Furthermore, we meticulously examined the references cited 

within the selected articles.

Different risk classification systems for thyroid 
nodules
Various risk classification systems have been released for thyroid 

nodules, specifically emphasizing US characterization. These systems 

differ in their methodology, with some using simple pattern recognition, 

while others using intricate patterns, weighted risk and multiple risk 

categories. They integrate a blend of nodule morphology and size metrics.

The American Thyroid Association system
The ATA system, an evidence- based recommendation and an atlas 

of sonographic features, serves as a valuable resource for healthcare 

practitioners in the management of thyroid nodules and thyroid 

cancer.28 It was published in 2006 and updated in 2009 and 2015.29 The 

ATA system introduces a novel classification that encompasses five 

distinct categories: (1) benign (risk of malignancy: <1%), (2) extremely 

low suspicion (risk of malignancy: <3% in lesions measuring 20 mm or 

larger), (3) low suspicion (risk of malignancy: 5–10% in lesions measuring 

15 mm or larger), (4) intermediate suspicion (risk of malignancy: 10–20% 

in lesions measuring 10 mm or larger) and (5) high suspicion (risk of 

malignancy 70–90% in lesions measuring 10 mm or larger).30

Kwak thyroid imaging reporting and data system
In Kwak TI- RADS, a total score for each thyroid nodule is based on five 

sonographic nodule features: (1) solid component, (2) hypoechogenicity 

or marked hypoechogenicity, (3) micro- lobulated or irregular margin, 

(4) microcalcification and (5) taller- than- wide shape, and it is calculated 

to define the need for fine- needle biopsy. This simple scoring system 

has more function in the classification of thyroid nodules in a clinical 

setting. This reporting system was modified in 2011 and 2013.21,31 The 

Kwak TI- RADS classification system consists of five distinct categories: 

TI- RADS 1 indicates a normal thyroid; TI- RADS 2 signifies the absence 

of any suspicious features and suggests a benign condition; TI- RADS 

3 indicates the absence of any suspicious features but carries a high 

probability of being a benign nodule; TI- RADS 4a denotes the presence 

of one suspicious feature; TI- RADS 4b signifies the presence of two 

suspicious features; TI- RADS 4c indicates the presence of three or four 

suspicious features and, finally, TI- RADS 5 suggests the presence of five 

suspicious features.32

Korean Society of Thyroid Radiology thyroid imaging 
reporting and data system
The Korean Society of Thyroid Radiology TI- RADS (K- TIRADS) was 

developed in 2011 and revised in 2016. K- TIRADS uses sonographic 

characteristics to determine the necessity of a biopsy based on risk 

classification into four distinct categories. The risk of the malignancy is 

assessed by three suspicious US features in K- TIRADS, which include a 

shape that is taller- than- wide and a margin that is spiculated or micro- 

lobulated, presence of microcalcification and other sonographic features 

related to the composition and echogenicity of the nodule (Table 1).33

European Thyroid Association thyroid imaging 
reporting and data system
European TI- RADS (EU- TIRADS) was described by the European Thyroid 

Association for the US assessment of thyroid nodules in 2017.34 This 

model aims to diagnose malignancy with high sensitivity and to maintain 

high negative predictive value. It was modelled based on the BI- RADS 

in 2009.23,34 This reporting system was altered and validated based 

on a prospective study. This is a five- stage system with the ability to 

describe, recognize pattern findings on US and measure size.35 Details of 

EU- TIRADS and the risk of malignancy are shown in Table 2.34

American College of Radiology thyroid imaging 
reporting and data system
The American College of Radiology TI- RADS (ACR TI- RADS) was 

introduced in 2017 and uses a standardized scoring system for reports.26 
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This system comprises five categories ranging from benign to extremely 

suspicious nodules. It provides specific recommendations for FNA and 

sonographic follow- up based on a combination of category and nodule 

size.36

The primary objective of the American College of Radiology (ACR) 

Committee in developing TI- RADS was to create a set of guidelines for 

managing thyroid nodules that are incidentally detected on positron 

emission tomography (PET), computed tomography (CT), magnetic 

resonance imaging (MRI) or US.37 Additionally, they aimed to devise a 

comprehensive lexicon that could effectively describe all thyroid nodules 

observed through sonography.38 All thyroid nodules can be categorized 

with TI- RADS classifications based on the lexicon published by the ACR.27 

This category was presented by Horvath et al., based on the US- assessed 

thyroid nodules and cumulative score.36 Table 3 outlines five categories: 

TI- RADS 1 (TR1), benign; TR2, not suspicious; TR3, mildly suspicious; TR4, 

moderately suspicious and TR5, highly suspicious for malignancy.26,39

ACR TI- RADS scoring is determined based on five distinct categories of 

US findings: composition, shape, echogenicity, margin and echogenic 

foci.26 Scoring is based on TI- RADS levels and follow- up US, and points 

are designated to each US feature, with higher values indicating a greater 

probability of suspicion. Figure 1 displays these characteristics organized 

according to the five lexicon categories.26 The total score of a nodule is 

applied to allocate its TR category. A thyroid nodule with a total score 

of 0, 2, 3, 4–6 and 7 and more is categorized as TI- RADS 1, 2, 3, 4 and 5, 

respectively.26

Chinese guidelines for thyroid imaging reporting and 
data system
Chinese TI- RADS (C- TIRADS) provides a validated method for assessing 

thyroid nodule malignancy risk .40 Developed in 2020 by the Superficial 

Organ and Vascular Ultrasound Group of the Society of Ultrasound in 

Medicine of the Chinese Medical Association, C- TIRADS is an updated 

version of TI- RADS.41 Unlike ACR TI- RADS, C- TIRADS focuses on six key 

US features that strongly indicate malignancy or benignity.42 These 

features include shape (orientation), composition (architecture), 

echogenicity, margin and echogenic foci. C- TIRADS uses a scoring 

scheme based on sonographic features, assigning one point for higher 

malignancy risk and deducting one point for benign features.43 The 

details of C- TIRADS categories and risk of malignancy are indicated in 

Table 4.43

Positive features of C- TIRADS include vertical orientation (+1), solid 

composition (+1), marked hypoechogenicity (+1), microcalcifications 

(+1), and ill- defined, irregular, lobulated or extrathyroidal extension 

margin (+1), and negative features are hyperechoic foci with a comet- tail 

artefact (- 1). If there is more than one hyperechoic pattern in a nodule, 

only the highest score is entered.44

Revised thyroid imaging reporting and data system
Liang et al. introduced a pragmatic risk- stratification system, known 

as revised TI- RADS (R- TIRADS), which uses five US features, such 

as composition, echogenicity, shape, margin and echogenic foci, 

to categorize the malignancy risk associated with thyroid nodules 

effectively (Figure  2).24 The R- TIRADS imitates the ACR TI- RADS. They 

hypothesized that the R- TIRADS would improve the diagnostic sensitivity 

of thyroid nodules.24

Table 1: Korean Society of Thyroid Radiology thyroid imaging reporting and data system categories33

K- TIRADS categories Definition US features
Risk of 
malignancy (%)

1 No nodule NA <1

2 The nodule is benign •	 Spongiform
•	 Partial cystic composition with comet- tail artefact
•	 Pure cyst

<3

3 Low suspicion of malignancy •	 Partially cystic composition without any US feature
•	 Solid isoechoic/hyperechoic composition without any US feature

3–15

4 Intermediate suspicion of malignancy •	 Solid hypoechoic composition without any of the three US features
•	 Partial cystic composition with any of the three US features
•	 Solid iso/hyperechoic composition with any of the three US features

15–50

5 High suspicion of malignancy Solid hypoechoic composition with any of the three US features >60

K- TIRADS = Korean Society of Thyroid Radiology thyroid imaging reporting and data system; NA = not applicable; US = ultrasound.

Table 2: European thyroid imaging reporting and data system categories21,34

EU- TIRADS categories Definition US features
Risk of 
malignancy (%)

1 Normal No nodule NA

2 Benign Pure cyst,
entirely spongiform

0

3 Mildly suspicious Ovoid, smooth isoechoic/hyperechoic 2–4

4 Moderately suspicious Ovoid, smooth and mildly hypoechoic 6–17

5 Highly suspicious One of the following features:
•	 Irregular shape
•	 Irregular margins
•	 Microcalcifications
•	 Marked hypoechogenicity (and solid)

26–87

EU- TIRADS = European thyroid imaging reporting and data system; NA = not applicable; US = ultrasound.
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Artificial intelligence thyroid imaging reporting and 
data system
Artificial intelligence TI- RADS (AI- TIRADS) uses artificial intelligence 

(AI) to optimize the TI- RADS. Wildman- Tobriner et al. posited that the 

AI- optimized TI- RADS is a data- driven model for the purpose of risk 

stratification of thyroid nodules.45 This model not only validates ACR 

TI- RADS, but also proposes modifications to it that may enhance its 

performance and applicability.

Table 3: American College of Radiology thyroid imaging reporting and data system categories26,39

ACR TI- RADS categories Definition Scoring Risk of malignancy (%) Recommendation

TR1 Benign 0 points 0.3 No FNA required

TR2 Not suspicious 2 points 1.5 No FNA required

TR3 Mildly suspicious 3 points 4.8 ≥2.5 cm: FNA
≥1.5 cm: follow- up
(for 1, 3 and 5 years)

TR4 Moderately suspicious 4–6 points 9.1 ≥1.5 cm: FNA
≥1.0 cm: follow- up (for 1, 2, 3 and 
5 years)

TR5 Highly suspicious ≥7 points 35 ≥1.0 cm: FNA
≥0.5 cm: follow- up
Annual follow- up for up to 5 years

ACR = American College of Radiology; FNA = fine- needle aspiration; TR = thyroid imaging reporting and data system category.

Figure 1: Scoring in the American College of Radiology thyroid imaging reporting and data system

The score is designated from each of these five categories: composition, echogenicity, shape, margin and echogenic foci. If there are several nodules, only the four highest- scoring 
nodules (not inevitably the largest) should be scored, reported and followed up. Mainly cystic or spongiform nodules are essentially benign. If these features are present, no 
additional points will be included (automatically as thyroid imaging reporting and data system category)
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Table 4: Chinese thyroid imaging reporting and data system categories43

C- TIRADS categories Definition Scoring
Risk of 
malignancy (%)

1 A nodule- free thyroid NA 0

2 Benign -1 0

3 Probably benign 0 <2

4A Low suspicion 1 2–10

4B Moderate suspicion 2 10–50

4C High suspicion 3 or 4 50–90

5 Highly suggestive of malignancy 5 >90

6 A nodule with a malignancy NA NA

C- TIRADS = Chinese thyroid imaging reporting and data system; NA = not applicable.

Figure 2: Six categories of the revised thyroid imaging reporting and data system, thyroid imaging reporting and data system 
levels and criteria for fine- needle aspiration or follow- up ultrasound24

FNA = fine needle aspiration; TR = thyroid imaging reporting and data system category.
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Similarities and differences between risk-
stratification systems
Şahin et al. assessed the effectiveness of ATA and TI- RADS classifications 

to identify malignancy.46 They found that the sensitivity and specificity of 

the ATA risk classification were 80% and 96.3%, whereas the sensitivity 

and specificity of the TI- RADS classification were 76% and 97.5%. 

Accordingly, ATA and TI- RADS have high specificity and sensitivity. 

Moreover, they found that the best category for identifying malignant and 

benign nodules was TR5 for TI- RADS and the high- suspicion category for 

ATA.46

Yoon et al. conducted a study comparing K- TIRADS, ACR TI- RADS and 

EU- TIRADS.25 They also assessed the effectiveness of sonographic FNA 

criteria in detecting malignant thyroid nodules. While the three systems 

had similarities in most US lexicons and categorization systems, there 

were notable differences in how they classified thyroid nodules. The 

diagnostic performance of FNA size criteria varied significantly between 

these systems, primarily due to differences in FNA size criteria and 

partly due to diverse risk categorizations of nodules. Understanding the 

similarities and differences of these systems is important for improving 

international standardization.25

Approximately 2% of [¹⁸F]fluorodeoxyglucose PET/CT scans show focal 

thyroid incidentaloma (TI), with about one- third being cancerous.47 

However, there is a lack of evidence on the best management approach 

for TI. Current guidelines suggest using FNA. In a study by Trimboli et 

al., the effectiveness of ACR TI- RADS, EU- TIRADS and K- TIRADS in 

determining the need for FNA in TIs was evaluated.48 The study found 

that all TI- RADSs successfully categorized the risk of cancer in focal 

TI. EU- TIRADS and K- TIRADS performed well in indicating the need for 

FNA. Given the high likelihood of cancer in this patient population, it 

is recommended to prioritize TI- RADS systems that are more likely to 

recommend FNA.48

The EU- TIRADS and ACR TI- RADS scores were implemented to guide 

clinicians in performing FNA. However, their effectiveness has not 

been evaluated or compared in patients undergoing surgery. Magri 

et al. conducted a study to assess the accuracy of these scores in 

real- life patients who underwent thyroidectomy.28 The study aimed 

to identify any cases of missed thyroid cancer due to these scores. 

The findings showed that both ACR TI- RADS and EU- TIRADS accurately 

predict thyroid cancer when histology is used as a reference standard. 

However, clinical judgement is still needed to determine the need for 

FNA.28

Watkins et al. compared the diagnostic capabilities of the British Thyroid 

Association (BTA), ACR TI- RADS and AI- TIRADS in detecting the malignancy 

in thyroid nodules.49 The study aimed to assess unnecessary FNA rates. 

Results showed that all systems had similar diagnostic performance, 

achieving a sensitivity of over 93%. Malignant nodules were classified 

as US grade 4–5, while benign nodules have grade 1–2. ACR TI- RADS and 

AI- TIRADS significantly reduced recommended FNA frequency for non- 

cancerous nodules compared with BTA.49

The US- based diagnosis of thyroid nodules has been extensively studied, 

and the ACR TI- RADS reporting system consistently shows superior 

accuracy compared with other systems. It effectively reduces the need 

for biopsies of benign nodules. In a recent study by Hoang et al., the 

frequency of recommended FNA for low- risk adult patients undergoing 

sonographic evaluation was examined.50 ACR TI- RADS suggests 25–50% 

fewer biopsies compared with ATA, EU- TIRADS and K- TIRADS due to 

differences in size thresholds and risk- level criteria.

Diagnostic value of thyroid imaging reporting and 
data system
As the incidence of thyroid nodules is increasing around the globe, 

accurate interpretation of thyroid nodule features is an extremely 

important component of any classification system.51

Thyroid biopsy methods are different among practitioners. There is 

contradictory use of resources, such as on- site cytopathologists who 

ascertain if biopsy samples are sufficient for diagnosis. Providers who 

perform diagnostic procedures can compare quality measures, such 

as diagnostic output, false- negative rate and false- positive rate. This 

comparison helps ensure that optimal procedural methods are followed 

and unnecessary repeat biopsies are avoided.52

Schenke et al. recommended including scintigraphy in the TI- RADS model 

to identify hyperfunctioning thyroid nodules and reduce unnecessary 

diagnostic procedures.53 This improves the positive predictive value 

(PPV) of a high TI- RADS class. However, scintigraphy carries a potential 

risk of inducing hyperthyroidism. Their findings about the importance of 

scintigraphy are consistent with publications by other researchers.

Chandramohan et al. found that TI- RADS is a practical method for 

assessing thyroid nodules with high PPV and agreement among 

observers.38 They conducted a prospective study to evaluate the PPV and 

interobserver agreement of TI- RADS. They performed US on patients with 

thyroid nodules of >1 cm. US features and the TI- RADS category were 

compared with cytology and surgical histopathology. The determination of 

the PPV and likelihood ratio for malignancy, based on ultrasound features 

of thyroid nodules and final assessment categories, was conducted 

using data from the assessments of all readers combined. Moreover, 

interobserver agreement was calculated using linear weighted kappa. As 

a result, they indicated that TI- RADS is a simple and practical technique 

for evaluating thyroid nodules, which can be used in practice.38

Wei et al. evaluated the overall diagnostic accuracy of TI- RADS 

categorization in the differential diagnosis of patients with thyroid 

nodules.51 Using meta- analysis techniques, specificity, pooled sensitivity, 

positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio 

and summary receiver operating characteristic curves were obtained. 

Consequently, the TI- RADS classification proves to be a reliable diagnostic 

approach for distinguishing thyroid nodules.

Ahn et al. conducted a retrospective study on 432 thyroid nodules to 

assess the false- negative rate in US- guided FNA.54 The study found an 

overall false- negative rate of 3.2%. The study also found that as the 

K- TIRADS score increased, the false- negative rate tended to be higher. 

In nodules with low or high suspicion (K- TIRADS 3 and 5), there was no 

significant difference in the false- negative rate based on nodule size. 

However, in nodules with intermediate suspicion (K- TIRADS 4), larger 

nodules had a higher false- negative rate. Therefore, the impact of nodule 

size on the false- negative rate varied depending on the US pattern.

Limitations
There are certain limitations associated with this study, including the 

presence of both similarities and discrepancies in terminology and 

standards used to describe and define the characteristics of thyroid 

nodules in the US feature, as different researchers develop their 

classification systems.
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Challenges and problems
Applying new guidelines for the evaluation of a specific condition or organ 

system often poses some challenges and problems.24,26,33,34,45,46 Setting 

up TI- RADS can present issues associated with measurement accuracy, 

imaging and workflow, structured reporting, interpretation, interobserver 

variability, performance in detecting non- PTC and implementation and 

quality improvement.26,52

Measurement accuracy and reproducibility
Thyroid nodules must be sized accurately, as the maximum dimension 

specifies whether a given lesion needs to be biopsied or followed. While 

it is inevitable to have some differences in observations among observers 

due to the variability of the variable, the use of a consistent approach 

improves the accuracy and reproducibility of measurements.26 Nodules 

should be measured in three dimensions: (1) the largest dimension on 

an axial image, (2) the largest dimension perpendicular to a previous 

measurement on the same image and (3) the greatest longitudinal 

dimension on a sagittal image.55

Imaging and workflow
The issues with TI- RADS stem from education, workflow and interpretation. 

Educating and training sonographers is crucial for implementing TI- RADS 

worldwide. Consequently, implementing a standardized sonographer 

protocol becomes an essential prerequisite for ensuring uniformity in 

the quality of service provided.30 Thyroid nodules measuring less than 5 

mm should not be given much attention. For nodules larger than 5 mm, 

it is necessary to obtain still images and cine clips in both transverse 

and sagittal planes, focusing on the relevant US characteristics. The 

size of each nodule is determined by measuring its anterior–posterior, 

transverse and craniocaudal dimensions.52

Furthermore, developing a worksheet or annotation system to help the 

sonographer in documenting the features of nodules and other data is 

essential. A thyroid gland illustration could be included to indicate the 

location of a nodule, with adjacent spaces where measurements and 

TI- RADS- specific features are recorded. If the sonogram is conducted 

for follow- up purposes, it is advisable for the sonographer to thoroughly 

examine previous images and reports in order to identify any mentioned 

and measured nodules, whenever feasible.30

Structured reporting
Generating a comprehensive and well- organized report for a thyroid 

examination poses a significant challenge for radiologists, especially in 

cases where there are multiple nodules. Accordingly, the sonographer 

should recognize and catalogue a maximum of four nodules that are 

ranked by point and measure them.52 Structured reporting can increase 

report homogeneity and language uniformity, allowing a standardized 

approach and recommendations, causing better communication between 

radiologists and clinicians and eliminating radiologist individuality.56 Three 

tiers of structured reporting exist. The initial tier involves the usage of 

headings, such as indications, comparison, findings and impression. The 

second tier incorporates organ systems as subheadings, also known as 

itemized reporting. The third tier incorporates standardized terminology 

and language. TI- RADS reports are particularly suitable for the third tier, 

as they provide standardized terms to describe thyroid nodules.56,57

Interpretation and interobserver variability
A precise understanding of the characteristics of thyroid nodules is an 

essential component of any classification system. While the TI- RADS 

parameters only permit the indexing of the four most concerning 

nodules, evaluating a thyroid gland with numerous nodules can pose a 

significant challenge.58

Tappouni et al. introduced an algorithmic approach that can aid in 

categorizing nodules for indexing purposes.52 They demonstrated that 

spongiform and cystic nodules, based on their composition, are benign 

and do not require any intervention. As a result, these characteristics 

would be given the least priority when reporting. If the nodule is not 

spongiform or cystic, then the existence and appearance of peripheral 

calcifications are evaluated, as these are suspicious features. All features 

of the echogenic foci options are incorporated and contributed to the 

overall score.

The definition of features is of significant importance, particularly with 

regard to the inclusion of a lexicon in certain systems. It should be noted 

that, for certain features, there may exist multiple definitions, such 

as in the case of taller- than- wide shapes. To ensure the appropriate 

implementation of sonographic risk- stratification systems, it is crucial to 

define the independent risk characteristics that form the basis of each 

system.59

Grani et al. conducted a study demonstrating that grey- scale sonographic 

features are independently linked to malignancy and compared various 

definitions.59 The key suspicious features of thyroid nodules were 

identified by the authors, who also offered a simplified definition for 

certain controversial aspects. Additionally, they noted that the malignancy 

rate increases in proportion to the number of features present.

Thyroid nodules with a taller- than- wide shape are often identified by an 

anteroposterior/transverse diameter (AP/T) ratio greater than 1. However, 

there is a variation in the assessment of the AP/T diameter, which could 

lead to overreporting. Grani et al. proposed a new ratio of ≥1.2 to improve 

the reliability of the taller- than- wide definition.60 They evaluated the 

diagnostic performance and found that redefining nodules with an AP/T 

ratio of ≥1.2 enhances the specificity for malignancy. By incorporating 

this definition into risk- stratification systems, the specificity will increase, 

reducing the number of suggested biopsies without compromising the 

overall diagnostic performance significantly.

In another investigation conducted by Li et al., the diagnostic efficacy 

of a novel ultrasonographic technique in assessing thyroid nodules with 

a taller- than- wide configuration was examined.61 The usage of their 

innovative ultrasonographic method to measure a taller- than- wide shape 

demonstrated exceptional accuracy in predicting the presence of thyroid 

malignancy.

The performance in detecting non-papillary thyroid 
cancer
Trimboli et al. conducted a study to determine whether risk- stratification 

systems have been adequately investigated in all types of thyroid 

malignancies.62 The researchers conducted a thorough investigation by 

reviewing the studies that categorized thyroid nodules using five common 

US risk- stratification systems. These studies also included information 

on the histological diagnosis of cancerous lesions. Additionally, a meta- 

analysis was performed to determine the overall prevalence of cancer 

and the relative prevalence of different types of thyroid cancers, such as 

PTC, follicular thyroid cancer (FTC) and medullary thyroid cancer (MTC).

The study found that most confirmed cancers were PTCs, indicating 

that US classifications are reliable for diagnosing PTCs. However, to 

improve the detection of other types of thyroid cancers, such as FTCs 
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and MTCs, the patterns and thresholds for FNA should be refined or US 

should be combined with other technologies. Furthermore, the results 

raise the question whether clinicians are focusing on detecting PTCs 

while neglecting the most aggressive thyroid cancers. Therefore, further 

studies are recommended to investigate this issue.62

The most challenging indeterminate nodules are those classified as 

atypia of undetermined significance/follicular lesion of undetermined 

significance (AUS/FLUS) and follicular or oncocytic (Hürthle cell) 

neoplasm/suspicious for a follicular or oncocytic (Hürthle cell) neoplasm 

(FN/SFN) according to The Bethesda System for Reporting Thyroid 

Cytopathology (TBSRTC) (Bethesda Category III and IV, respectively).63 The 

2017 edition of TBSRTC revised the predicted probability of malignancy 

for indeterminate nodules, estimating it to be 10–30% for AUS/FLUS and 

25–40% for FN/SFN when considering the non- invasive follicular thyroid 

neoplasm with papillary- like nuclear features as a malignant tumour. 

While it is recommended to follow up with patients and repeat FNA 

for AUS/FLUS nodules, FN/SFN nodules pose a more significant clinical 

challenge to address.64

Marina et al. revealed that the amalgamation of US risk- stratification 

systems and molecular testing (e.g. v- raf murine sarcoma viral oncogene 

homolog B [BRAF] and rat sarcoma [RAS] mutation analyses) enhances 

the evaluation of malignancy risk in TBSRTC IV thyroid nodules in contrast 

to singular assessments.64

Implementation and quality improvement
There are two national quality measures for thyroid nodules: Merit- based 

Incentive Payment System (MIPS) measures 406 and 265.65 Measure 

406 looks at incidental nodules found during CT and MRI scans, while 

measure 265 ensures thorough review and communication of biopsy 

results. Quality measures can be assessed in the fields of efficiency, 

diagnostic accuracy, appropriateness and patient- centred care.66

Future perspectives and strengths
TI- RADS has some strengths in categorizing the risk of malignancy, 

making predictions about malignant thyroid nodules and guiding clinical 

decision- making based on additional information, as determined by a 

healthcare professional. TI- RADS should be updated as new information 

becomes available. Hoang et al. found that because thyroid cancer 

grows slowly and active surveillance has positive results, it is important 

to consider a larger size threshold for recommending FNA for TR3–TR5 

nodules.67 One adjustment could be considering the nodule’s location 

in the evaluation. A study found a higher chance of malignancy in 

nodules located in the isthmus.68 Another change could be revising the 

point system for certain characteristics. For instance, a study proposed 

assigning less than three points to punctate echogenic foci when they 

appear in nodules with both cystic and solid components.69

Incorporating US techniques, such as elastography and contrast- 

enhanced US, into future ACR TI- RADS updates is recommended. 

Elastography is a reliable way to assess tissue stiffness in malignant 

nodules and can help identify abnormal organ stiffness.70–73 Combining 

elastography with B- mode US features has been shown to improve 

diagnosis accuracy, increasing both sensitivity and specificity.74,75

Moreover, Tappouni et al. revealed that other structured reporting 

systems, such as BI- RADS and liver imaging reporting and data system 

(LI- RADS), contain categories that can be implemented into TI- RADS, for 

instance, a thyroid nodule that is recognized to be malignant but has 

not been or potentially will not be treated.52 This would be similar to 

the BI- RADS 6 category and may be particularly important when patient 

care is transferred to another practice. Therefore, a repeat and possibly 

discordant assessment can be avoided.

On the contrary, patients with a history of thyroidectomy or ablation 

who present with abnormal imaging findings should not receive an 

evaluation out of context. These patients may take advantage of a 

posttreatment category as described in LI- RADS (e.g. TR viable or TR non- 

viable).52 Additionally, individuals with uncertain nodules and negative or 

inconclusive FNA results should have a follow- up biopsy or be referred 

to a surgeon for possible thyroidectomy. For instance, a TR5 lesion with 

negative FNA findings should experience a repeat biopsy, as a sampling 

error may have happened. As a result, a particular suggestion for a 

repeat biopsy or surgery referral may assist in such conditions.52

Furthermore, Medas et al. suggest that the decrease in surgeries 

for uncertain thyroid nodules during the coronavirus disease 2019 

(COVID- 19) pandemic may have led to an increase in aggressive thyroid 

tumours.76 However, other theories, such as the selection of patients with 

aggressive malignancies, should also be considered. They recommend 

avoiding postponing surgery for uncertain thyroid nodules in future 

pandemics.

AI has revolutionized the assessment of thyroid nodules, being used 

effectively in US, CT scans and MRI scans.77 In certain cases, AI systems 

can even accurately predict the immunohistochemistry of thyroid 

nodules by evaluating segmented image data sets. Furthermore, the 

integration of computer- assisted diagnosis (CAD) into daily clinical 

practice does not significantly disrupt the workflow, as it only increases 

the examination time by approximately 2- 3 minutes.78

However, AI systems still have a long way to go before they can fully 

replace experienced radiologists in terms of improving accuracy and 

reducing time consumption. Larger studies that meet uniformity criteria 

are necessary to further evaluate the diagnostic performance of these 

systems. Nonetheless, current CAD systems provide valuable support to 

radiologists in the assessment of thyroid nodules and contribute to an 

overall increase in the accuracy of routine thyroid US.79

A universal risk- stratification system is urgently needed to assist both 

clinicians and patients in understanding US reports and making informed 

decisions about nodules that require further evaluation, such as a biopsy. 

At present, the International Thyroid Nodule Ultrasound Working Group 

is leading an effort to create an international risk- stratification system 

called I- TIRADS. This system will incorporate the best risk- stratification 

systems currently available.80

A universal risk- stratification system and standardized terminology are 

needed to simplify thyroid nodule evaluation and reduce unnecessary 

biopsies while identifying significant malignancies. I- TIRADS is a 

significant step towards this goal; however, further validation is needed 

through population studies before implementation.40

Conclusions
The prevalence of thyroid nodules is on the rise globally, posing a 

significant threat to human health. Therefore, it is imperative to enhance 

the detection of aggressive thyroid cancers. Recent advancements 

in treatment guidelines aim to minimize unnecessary treatment. 

Consequently, it is crucial to establish an accurate risk- stratification 

system to avoid overdiagnosis, excessive treatment and unnecessary 

imaging and biopsies. The TI- RADS classification serves as a reliable 
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diagnostic tool for distinguishing between benign and malignant thyroid 

nodules. This system provides a structured reporting framework and 

consistent nodule classification, enabling appropriate management 

recommendations. However, there are certain challenges in implementing 

this system. Currently, AI is transforming operations by reducing human 

involvement and using computers to imitate intelligent actions. Deep 

learning, a cutting- edge technology, has made significant advancements 

by enabling models to learn from data without explicit instructions. 

With this remarkable technology, AI is rapidly advancing and finding 

applications in various domains. AI- TIRADS has the potential to enhance 

the accuracy of thyroid cancer diagnosis, differentiate between benign 

and malignant thyroid conditions and promote interobserver agreement, 

particularly those who are less experienced in this field. As a result, the 

TI- RADS holds potential for various research opportunities and future 

modifications. It is essential to conduct unified TI- RADS classification 

criteria and high- quality prospective studies to improve the diagnosis of 

thyroid nodules. q
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