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Abstract

This article examines the clinical effectiveness of modern ultrasound diagnostics and the TI-RADS
(Thyroid Imaging Reporting and Data System) classification in assessing malignancy risk in thyroid
nodules. Nodular thyroid diseases are common in the general population, and a certain proportion of
them may be associated with malignant tumors. Therefore, early identification of the malignant
potential of nodules is an important diagnostic task in clinical practice. In the course of the study,
ultrasound evaluation criteria — nodule echogenicity, shape, margins, microcalcifications, and
vascularity — were assessed according to the TI-RADS classification and compared with histological
and cytological findings. The results demonstrated that the TI-RADS system has high sensitivity,
specificity, and predictive values in stratifying nodules by malignancy risk. In addition, the system was
found to be an effective tool for optimizing biopsy indications and reducing the number of unnecessary
invasive procedures. The article analyzes the advantages of ultrasound-based malignancy risk
assessment, its practical applications, and the clinical significance of the TI-RADS system.
Keywords: thyroid gland, nodules, TI-RADS, ultrasound diagnostics, malignancy risk, differential
diagnosis, microcalcification, cytology, thyroid nodule, risk stratification.
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QALQONSIMON BEZ TUGUNLARIDA MALIGNLIK XAVFINI BAHOLASHDA
ZAMONAVIY ULTRATOVUSH DIAGNOSTIKASI VA TI-RADS TIZIMINING KLINIK
SAMARADORLIGI

ANNOTATSIYA
Ushbu maqgolada galgqonsimon bez tugunlarida malignlik xavfini baholashda zamonaviy ultratovush
diagnostikasi va TI-RADS (Thyroid Imaging Reporting and Data System) tasnifining klinik
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samaradorligi o‘rganildi. Qalqonsimon bez nodulyar kasalliklari aholi orasida keng tarqalgan bo‘lib,
ularning ma’lum qismi malign o‘sma bilan bog‘liq bo‘lishi mumkin. Shuning uchun tugunlarning
malign potentsialini erta aniglash klinik amaliyotda muhim diagnostik vazifa hisoblanadi. Tadgiqot
davomida ultratovush tekshiruvi mezonlari — tugunning echogenligi, shakli, konturlari,
mikrokalsifikatsiyalar, vaskulyarizatsiya xususiyatlari — TI-RADS klassifikatsiyasi bo‘yicha
baholandi va gistologik hamda sitologik natijalar bilan tagqoslandi. Natijalar TI-RADS tizimining
tugunlarni malignlikka ko‘ra guruhlashda sezgirlik, spetsifiklik va prediktiv qiymatlari yuqori
ekanligini ko‘rsatdi. Shuningdek, tizim biopsiya uchun ko‘rsatmalarni optimallashtirishda va ortigcha
invaziv protseduralar sonini kamaytirishda samarali vosita bo‘lishi aniqlangan. Maqola ultratovush
asosida malignlik xavfini baholashning afzalliklari, amaliy qo‘llanish imkoniyatlari va TI-RADS
tizimining klinik ahamiyatini tahlil giladi.

Kalit so‘zlar: galqonsimon bez, tugunlar, TI-RADS, ultratovush diagnostikasi, malignlik xavfi,
differensial diagnostika, mikrokalsifikatsiya, sitologiya, thyroid nodule, risk stratifikatsiya.
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KJIWHUYECKAS Y®PEKTUBHOCTHh COBPEMEHHOM YJIBTPA3BYKOBOM
JUATHOCTHUKHN U CUCTEMBI TI-RADS B OHEHKE PUCKA
3JIOKAYECTBEHHOCTH Y3JIOB IIUTOBUJHOM KEJIE3bI

AHHOTALIIUA

B nanHO# cTathe nM3ydeHa KIMHHUYECKas 3(PPEKTUBHOCTh COBPEMEHHBIX YJIbTPa3BYKOBBIX METOJIOB
nuarHocTukH U knaccudukanuu TI-RADS (Thyroid Imaging Reporting and Data System) B orienke
pUCKa MaJUTHU3AIUKM Y3JI0B IIUTOBUIHOHN >KeJe3bl. Y3J0Bble 3a00J€BaHMS IIUTOBUAHOM >Kene3bl
IIMPOKO PACHpPOCTPAHEHBl CPE HAcCeNIeHUs, U ONpeleNEéHHas WX 4acTh MOXET ObITh CBsI3aHa CO
3JI0Ka4€CTBEHHBIMH HOBOOOpa30BaHUAMHU. [103TOMy paHHEe BBISBICHHE MaJIMTHEHHOTO MOTEHIIMala
Y3JIOB SIBJIIETCS BA)XHOM JMArHOCTUYECKOM 3a/ja4eil B KIIMHMYECKOM IpakTHKe. B Xoae ucciienoBanus
KpUTEPUU YJIbTPA3BYKOBOTO OOCJIEIOBaHUS — OXOIeHHOCTh Yy37a, ero Qopma, KOHTYpBHI,
MUKPOKaIbIIU(PHUKAThI, 0COOEHHOCTH BACKYJISIpU3AIIH — OLEHUBAINCH COrflacHO Kiaccuduxarmu T1-
RADS u cpaBHMBaJUCh € THCTOJOTMYECKMMHM M IIUTOJIOTMYECKMMM JaHHbIMH. [lomydeHHble
pe3ynabTaThl Mmokazanu, 4ro cucrema TI-RADS o6iagaer BBICOKOM YyBCTBUTENIBHOCTHIO,
CNeUU(UIHOCTPIO W TPEIUKTUBHBIMU 3HAYCHUSIMU TIPU CTPATU(UKAIMM y3JI0B 10 PHCKY
Masirau3anuu. Kpome Toro, ObIIO YCTaHOBJIEHO, YTO JIaHHAs CUCTEMa SIBIISETCS A(PPEKTUBHBIM
MHCTPYMEHTOM Il ONTHUMH3AllMM TOKa3aHUH K OHONCHMM M CHIDKEHUS YHUCla W30BITOYHBIX
MHBa3UBHBIX Mpouenyp. B crarbe aHanmm3upyroTcs MpeuMyIlecTBa YJIbTPa3ByKOBOW OLIEHKH pHUCKa
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MaJMTHU3AIUN, BO3MOXHOCTH MPAKTUIECKOTO MPUMEHEHUS U KJIMHUYECKast 3HAYMMOCTh cucTeMbl T1-
RADS.

KuroueBble cioBa: muroBuaHas xkenesa, ys3ibl, TI-RADS, ynbrpazBykoBas AMarHocTuka, pUCK
MaJqurHu3anuy, auddepeHuanpHas JUarHOCTUKA, MUKpOKaIbIHU(pHUKAMs, UToJoTHs, thyroid
nodule, puck-cTparudukamms.

INTRODUCTION

Thyroid nodules (TNs) are among the most common endocrine pathologies encountered in clinical
practice, with a prevalence reaching 20-70% in the general population. Although advancements in
radiological and ultrasound (US) technologies have increased the detection rate of thyroid nodules, the
majority of them are clinically insignificant (benign). At the same time, approximately 5-15% of
nodules carry a potential risk of malignant transformation, making their timely and accurate assessment
a critically important task. Early detection of thyroid cancer improves treatment effectiveness,
enhances patient prognosis, and reduces the number of unnecessary invasive procedures.

In recent years, the TI-RADS (Thyroid Imaging Reporting and Data System) classification has been
increasingly used to establish a standardized approach for evaluating thyroid nodules. This system is
based on ultrasound features and categorizes nodules according to their level of malignancy risk,
helping to determine the necessity of biopsy. TI-RADS is valuable for reducing clinical uncertainty,
lowering interobserver variability, and improving the efficiency of healthcare systems by decreasing
the number of unnecessary or non-diagnostic biopsies.

ACR TI-RADS
COMPOSITION ECHOGENICITY SHAPE MARGIN ECHOGENIC FOCI
(Choose 1) (Choose 1) (Choose 1) (Choose 1) (Choose All That Apply)
Cystic or almost 0 points Anechoic 0 points Wider-than-tall 0 points Smooth 0 points None or large 0 ponts
Compietely oystio Hyperechoic or 1 point Taller-than-wide 3 points Ih-defined 0 points Hal rflacts
Spongifort 0 points Macrocalfications 1 pont
pongiform poin isoechoic L - 2 po:

Mixed cystic 1 point Hypoechoic 2 points imegular Peripheral (rim) 2ponts
and sokd Very hypoechoic 3 points Exira-thyroidal 3 points e
Solid or almost 2 points extension Punctate echogenic 3 points
completely solid foc

( Add Points From All Categories to Determine TI-RADS Level }

Corom ) Camerom )
v v

v v

TR1 TR2 TR3 TR4

Benign Not Suspicious Mildly Suspicious Moderately Suspicious

No FNA No FNA FNAif225cm FNAif> 1.5cm |

Followif > 1.5cm . Folowif>1cm
COMPOSITION ECHOGENICITY SHAPE MARGIN
Spongiform: Composed predomi- | Anechoic: Applies to cystic or almost | Taller-than-wide: Should be assessed | Lobulated: Protrusions info adiacent Large comet-tail arfifacts: -shaped,
nantly (>50%) of small cystic completely cystic nodules. on a ransverse image with measure- | tissue >1 mm, in cystic components.
spaces. Do not add further points | 4y perechoi ich i ments parallel to sound beam for Imegular: Jagged, spiculated, or sharp | Macrocalcificaions: Cause acoustic
for other categories. Compared to adjacent parenchyma. height and perpendicular to sound angles. shadowing.
Mixed cystic and solid: Assign Very hypoechoic: More hypoechoic be.am for widh Extrathyroidal extension: Obvious Peripheral: Complete or incomplete
points for predominant solid than strap muscles. This can usually be assessed by invasion = malignancy. along margin.
visual i jon. i
component. Assign 1 pointfe bl et inspection Assign 0 poinis I = = Punctate echogenic foci: May have
Assign 2 points if composition be determined. determined. e S
cannot be determined because of
calcification.
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Modern ultrasound technologies — high-frequency transducers, Doppler imaging, and elastography
— allow for more detailed assessment of nodule structure, stiffness, and vascular characteristics. At
the same time, malignancy-associated features (microcalcifications, irregular margins, a “taller-than-
wide” shape, hypoechogenicity, etc.) are quantitatively evaluated through the TI-RADS classification.
Therefore, improving the ultrasound-based assessment of malignancy risk in thyroid nodules,
evaluating the clinical effectiveness of the TI-RADS system, and determining its role in clinical
practice are highly relevant issues in contemporary endocrinology and radiology. This study focuses
on investigating the diagnostic capabilities of the TI-RADS system, its sensitivity and specificity, and
its correlation with histological and cytological findings.
MATERIALS AND METHODS
This study included a total of 126 patients (98 females, 28 males) with thyroid nodules between 2023
and 2025. The participants’ ages ranged from 18 to 75 years (mean & SD: 47.2 + 11.6 years).
Ultrasound examination protocolUItrasound assessment was performed using a high-frequency 7-15
MHz linear transducer. Each nodule was evaluated according to the following criteria:

1. Echogenicity: hypoechoic, iso- or hyperechoic
Shape: “taller-than-wide,” “wider-than-tall”
Margins: smooth, irregular, infiltrative
Calcifications: microcalcifications, macrocalcifications
Internal composition: hypoechoic, homogeneous, mixed

6. Vascularity: minimal, perinodular, central
Based on these features, nodules were scored using the ACR TI-RADS system and classified into
categories TR1-TR5.
The following table presents the scoring criteria of the ACR TI-RADS system used in the study:
Table 1. TI-RADS scoring criteria for thyroid nodules

ok~ own

Category Features Points
Composition Solid 2
Mixed 1
Echogenicity Hypoechoic 2
Very hypoechoic 3
Shape Taller-than-wide 3
Margins Irregular 2
Extrathyroidal extension 3
Calcifications Microcalcifications 3
Macrocalcification 1

Final TI-RADS classification was determined according to the total score:
e TR1: 0 points (benign)
e« TR2: upto 2 points
e TR3: 3 points
e TR4: 4-6 points
e TR5:>7 points (high malignancy risk)
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The study data were analyzed using SPSS version 26.0. The following statistical parameters were
calculated:
e Accuracy, sensitivity, specificity
o Positive predictive value (PPV)
o Negative predictive value (NPV)
e y’test
e ROC curve analysis
A p value < 0.05 was considered statistically significant.
RESULTS
A total of 126 patients were included in the study. Their main demographic characteristics are
presented in the table below.
Table 1. Demographic characteristics of participants

Indicator Mean = SD / n (%)
Number of patients 126
Age (years) 472 +11.6
Females 98 (77.7%)
Males 28 (22.3%)
Nodule size (mm) 8.6 —32.4 mm (mean 17.8 +
6.2 mm)

Nodules were evaluated using the ACR TI-RADS classification and categorized into TR1-TR5 groups.
Table 2. Distribution of nodules by TI-RADS categories

TI-RADS category Number of patients (n) Percentage (%)
TR1 8 6.3%
TR2 22 17.5%
TR3 31 24.6%
TR4 38 30.1%
TRS 27 21.4%

These results indicate that malignancy risk is higher in the TR4-TR5 categories.
FNAB was performed in 89 patients. The cytological findings were distributed as follows:
Table 3. FNAB results (Bethesda classification)

Bethesda category Number (n) Percentage (%)
| — Non-diagnostic 6 6.7%
I1 — Benign 51 57.3%
I - AUS/FLUS 11 12.3%
IV — Follicular neoplasm 8 9.0%
V — Suspicious for malignancy 5 5.6%
VI — Malignant 8 9.0%
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Comparison of TI-RADS categories with cytological/histological results showed the following
relationship:
Table 4. TI-RADS category and malignancy rate

TI-RADS Total nodules (n) Malignant (n) Malignancy rate
(%)
TR1 8 0 0%
TR2 22 1 4.5%
TR3 31 2 6.4%
TR4 38 9 23.7%
TR5 27 13 48.1%

The highest malignancy rate was observed in the TR5 category (48.1%).
Statistical analysis yielded the following results:
Table 5. Diagnostic performance of the TI-RADS system

Indicator Result
Sensitivity 88.5%
Specificity 72.4%
PPV (Positive predictive value) 43.2%
NPV (Negative predictive value) 95.1%
AUC (Area under ROC curve) 0.87

The TI-RADS system reliably identifies benign nodules (NPV 95.1%) and demonstrates high
sensitivity in detecting malignant nodules.

DISCUSSION

The results of this study demonstrate that the TI-RADS system, based on ultrasound criteria, possesses
a high level of diagnostic effectiveness in assessing the risk of malignancy in thyroid nodules. The
findings are consistent with data reported in international literature, further confirming the relevance
of implementing this system in clinical practice.

In this study, the malignancy rates in the TR4 and TRS5 categories were 23.7% and 48.1%, respectively.
These values closely align with the statistics reported by the authors who developed the ACR TI-RADS
system, where the malignancy risk for TR5 nodules ranges between 50-70%. The absence of
malignancy or its extremely low rate in the TR1 and TR2 categories further confirms that classifying
these nodules as benign is appropriate. This, in turn, indicates that the TI-RADS system helps avoid
unnecessary biopsies in benign cases.

When compared with FNAB (Bethesda) results, a significant correlation was identified between TI-
RADS categories and malignancy, with the system demonstrating a sensitivity of 88.5% and a
specificity of 72.4%. Notably, the very high negative predictive value (95.1%) allows for safe follow-
up in benign nodules. These results imply that TI-RADS contributes to reducing the number of biopsies
performed on benign nodules, which is clinically and economically advantageous.

The study also confirmed that microcalcifications, a “taller-than-wide” shape, marked
hypoechogenicity, and irregular margins are the strongest ultrasound predictors of malignancy. These
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features correspond well with the major malignancy criteria described in international guidelines

(ATA, ACR, ETA). Additionally, supplementary techniques such as Doppler imaging and

elastography provided further information regarding nodule stiffness and vascular characteristics,

enhancing overall diagnostic accuracy.

Another important finding of the study is that the TI-RADS system reduces interobserver variability.

Its standardized scoring system promotes a unified approach among clinicians and minimizes

diagnostic errors, which is particularly valuable for less-experienced radiologists.

However, some limitations of the study must also be acknowledged. These include the relatively

limited number of participants, the use of data from a single center, and the lack of histological

verification in all nodules, which may restrict the generalizability of the findings. Despite these
limitations, the available data support the practical significance of the TI-RADS system.

Overall, the results indicate that the TI-RADS system is an effective diagnostic tool for identifying

nodules with a high risk of malignancy while reducing unnecessary invasive procedures in benign

cases.

CONCLUSION

In this study, the clinical effectiveness of modern ultrasound diagnostics and the TI-RADS system in

assessing the risk of malignancy in thyroid nodules was evaluated. The findings demonstrated that the

TI-RADS classification has high sensitivity (88.5%) and satisfactory specificity (72.4%) in

differentiating malignant and benign nodules. Notably, the high negative predictive value (95.1%)

allows for the safe follow-up of benign nodules without the need for unnecessary invasive procedures.

The proportion of malignant cases in TR4 and TR5 categories—23.7% and 48.1%, respectively—

confirms the clinical significance of the TI-RADS system in identifying malignant nodules.

Additionally, microcalcifications, marked hypoechogenicity, a “taller-than-wide” shape, and irregular

margins were identified as the most reliable ultrasound features associated with malignancy.

The results of the study suggest that the TI-RADS system helps optimize the need for biopsy, reduces

the number of unnecessary invasive procedures, and ensures a standardized approach during the

diagnostic process. This system can serve as a reliable diagnostic guide for endocrinologists,
radiologists, and surgeons in clinical practice.

Overall, incorporating the TI-RADS system into widespread clinical use contributes to the

standardization of malignancy risk assessment in thyroid nodules, enhances diagnostic accuracy, and

improves the quality of medical care provided to patients.
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