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ABSTRACT

Background: Thyroid nodules are a common problem in clinical practice, caused by congenital
anomalies, inflammatory pathologies, and tumors. Thyroid nodules are a common endocrine
problem, and while most are benign, differentiating between benign and malignant nodules is
crucial for appropriate patient management. Ultrasonography (US) is the primary imaging
modality for evaluating thyroid nodules and has high sensitivity of detecting benign nodules but
its accuracy in definitively diagnosing malignancy can vary. Even though Final diagnosis relies
on FNAC and histopathology of surgical specimens, every patient with thyroid nodules are not
candidate for FNAC and histopathology diagnosis. This study aims to assess the accuracy of
ultrasound characterisation of thyroid nodules compared with FNAC to reduce non-eligible
patients from the invasive FNAC and histopathology procedure and avoid unnecessary surgery.

Objective: The objective of this study is to assess the diagnostic accuracy of ultrasound in the

characterisation of thyroid nodules compared to the fine needle aspiration results in patients
visiting Tibebe Ghion hospital for thyroid scanning from December to January 2026

Methods: This study was conducted at Tibebe Ghion specialised hospital in an institution-based
cross-sectional study in patients visiting Tibebe Ghion specialized hospital scanned for thyroid
disease and nodules detected with ultrasound and FNAC results. From December,1 to January
30,2026. The data was collected by trained radiology residents from December 1 to January 30,
2025. In this study, all patients who full fill the inclusion criteria in the study period were
included .The questioners included questions on patient demography, duration of the symptoms,
ultrasound and FNAC findings. Data were che cked for completeness and consistency and the
data was collected by kobo software and then analyzed by SPSS compute software based on
specific and general objectives.

The two by two tables used to calculate the dependent variables. The sensitivity, specificity,
diagnostic accuracy, positive predictive value and negative predictive value was calculated from
the two by two table. Binary regression using bivariate and multivariate factors used to show the
association of each independent variable with the dependent variable.

The total cost of this study estimated was 30,000 ETB.

RESULT.

Among 131 nodules 26(19.8%) were malignant and 105 (80.2%) were benign by FNAC.
ultrasound demonstrated a sensitivity of 80.8 % and specificity of 81%.the overall diagnostic
accuracy was 80.9%.the positive predictive value was 51.2% while the negative predictive value
was 94.4%.the positive likelihood ratio was 4.25 and the negative likely hood ratio is 0.24.a
statistically significant association was observed between ultrasound diagnosis and FNAC results
(x2=36.92,p=0.001)

Conclusion,

This study show ultrasound has high accuracy to detect and characterize benign thyroid nodules
and can be used as a sensitive screening tool and avoid unnecessary surgical interventions but
ultrasound has limitation to diagnosis malignant nodules accurately so that FNAC and
histopathogic examination is mandatory to confirm ultrasound malignant looking lesions.

Keywords: ultrasound, Fine Needle Aspiration, thyroid nodule
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Introduction

1.1 back ground

Thyroid nodules are a common problem in clinical practice, caused by congenital
anomalies, inflammatory pathologies, and tumors(1). These nodules (TNs) are solid or
fluid-filled lumps that form within the thyroid gland. The estimated prevalence by
palpation is 3%-7% in some countries (2). The prevalence is higher among randomly
selected individuals by high-resolution ultrasonography where it may increase to 67%
according to one study (2). Thyroid nodules are always examined due to the fear of it
being thyroid malignancy.

Thyroid nodule incidence is increasing due to the widespread application of
ultrasonography. Fine-needle aspiration cytology is widely applied for the detection of
malignancies .(3)The incidence of thyroid cancer is on the rise and is now the fifth most
common cancer diagnosed in adult women worldwide and the second most common in
women over 50 years of age (2). The advancements in diagnostic technologies may be
contributing to the increasing prevalence of TNs, but it may be explained by other
traditional risk factors such as increasing age, insufficient iodine intake, exposure to
radiation, and unhealthy lifestyles. This in turn increases the risk of obesity and
metabolic syndrome, which are regarded as risk factors for TNs (2).Several conditions
can cause nodules to develop in the thyroid gland, including overgrowth of normal
thyroid tissue, thyroid cysts, Hashimoto's disease, multinodular goiter and thyroid cancer
(2). Most TNs aren't serious and don't cause symptoms(3, 4). However, a small
percentage of TNs are caused by thyroid malignancy. This percentage is variable in
different countries.

One of the important diagnostic tools in the assessment of TNs is ultrasound (US)(5). It
is currently the most accurate imaging modality for detecting TNs. It provides the best
information about the shape and structure of nodules. Furthermore, it is useful as a guide
in performing fine-needle aspiration (FNA) if required (2, 6).

]
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1.2 Statement of the problem

The incidence of thyroid nodules has been on the rise in the world population, with women more
likely to develop thyroid cancer than men (7, 8). In fact, thyroid cancer is the second most
common malignancy among world women.(7).Similarly, in the Gulf countries, thyroid cancer is
the fifth Most common cancer among women, and the rates of thyroid malignancies are
significantly higher in women from these countries than in those from the United States(7)
.There are limited studies on thyroid disease in Africa. The prevalence of thyroid disease was
reported from few countries. For instance, the prevalence was 7.3% in Zambia, and 3.6% in
Uganda(9). Although there is no population-based study regarding the prevalence of thyroid
disease, it appears to be not uncommon in Ethiopia. Studies haves shown that goiters are very
prevalent in Ethiopia; many hospitals are burdened with the disease. According to the UNICEF
report in 1993, 78% of the total population of Ethiopia was exposed to iodine deficiency, 62%
were iodine deficient and 26% had goiter(9). The rate of goiter was 59% (study done In Jimma,
Southwest Ethiopia)(10).the other study done in 2025 in Addis Ababa private setting show 93%
of patients with hyperthyroidism presented with goiter and 91% has toxic nodular goiter(11).a
study done in Gondar northern Ethiopia show the incidental finding of thyroid nodules in
patients visiting outpatient department for other complaint was 33.4% (95% CI: 27.9, 38.9)(12).
International studies show about 5-10% of all thyroid nodules are malignant (13). the above
mentioned studies try to show the burden of thyroid disease worldwide and also in Ethiopia, but
none of these studies mentioned the significant of ultrasound to detect either clinically suspected
thyroid nodules or incidental findings for those patients having neck ultrasound for other reasons
.ultrasound is  vital investigative modality not only to detect thyroid nodules but also to
characterize the nodules by identifying malignancy predictive sonographic findings .Therefore,
it is crucial to differentiate between benign and malignant thyroid nodules in this population.
’thyroid nodule are also commonly detected in patients scanned for other
reasons.(14).Ultrasonography (US) is considered as the primary method for evaluating thyroid
nodules because of its acceptability, cost- effectiveness and safety. (7) Because of the superficial
location of the thyroid gland, high-resolution real-time gray-scale and color Doppler sonography
can demonstrate normal thyroid anatomy and pathologic conditions with remarkable clarity (15).
As a result, ultrasound plays an increasingly important role in the diagnostic evaluation of
thyroid disease, although it is only one of several diagnostic methods currently available. To use
ultrasound effectively and economically, it is important to understand its current capabilities and
limitations.”” However, being an operator- dependent method, its use is limited by the technical
skill of the operator’’.

In evaluating of thyroid nodule using ultrasound there is a system called thyroid imaging and
reporting system (TIRAD)(8, 15). To facilitate interpretation and standardization among
specialists, recently a standardized system for analyzing and reporting thyroid ultrasound and for
risk stratification thyroid imaging reporting and Data System TIRAD was proposed,, following
the BIRAD system widely used for mammography. According to this system, thyroid nodules
can be categorized in six different risk groups according to their ultrasonographic
characteristics(4)

* TIRAD I normal thyroid gland.

]
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* TIRAD II benign conditions 0 % malignancy, including simple cysts, spongiform nodules, and
isolated macrocalciications.

* T IRAD Il probably benign nodules < 5% malignancy.

« TIRAD IV suspicious nodules (5-80% malignancy rate). Nodules in this group can be further
categorized as 4a (5 to 10% malignancy) and 4b (10-80% malignancy)

* TIRAD V probably malignant nodules malignancy > 80%.

» TIRAD VI biopsy-proven malignant nodules

In contrast, fine- needle aspiration cytology (FNAC) is considered the gold standard diagnostic
test for evaluating thyroid nodules. (7) (16).As clearly mentioned in the TI-RAD system thyroid
nodules grouped as TIRAD I-I1l has low chance of being malignant and no need of further
invasive work up like FNAC and histopathologic exam but practical in our institution clinicians
send neck ultrasound and FNAC at the same time after physical examination regardless of
nodule condition, even sometimes there may be no nodule detected .sometimes there is also
bleeding of the nodule iatrogenically when they come to ultrasound after FNAC.These are
procedures that should be improved. This study aimed to assess the diagnostic accuracy of
ultrasound in characterization of thyroid nodules compared to FNAC and also identify the
predictive ultrasound finding that associate with thyroid malignancy to decrease the burden of
invasive procedures and un necessary surgery for benign conditions.

1.3 Significance of the Study

This research aims to evaluate the diagnostic accuracy of ultrasonography (US) in differentiating
between benign, and malignant thyroid nodules compared to FNAC. By determining whether
the US can serve as a viable alternative to FNAC, which saves non-candidate patients from
invasive procedures and seeks to establish effective diagnostic protocols that could enhance
patient management and reduce unnecessary invasive procedures. The Society of Radiologists in
Ultrasound (SRU) recommends avoiding unnecessary tests and surgeries in patients with benign
nodules. “’Therefore, to diagnose clinically significant thyroid cancers, the SRU recommends the
use of FNAC only when the nodules are

1.>10 mm in size and with micro calcifications;>15mm

2. Solid or with coarse calcifications; >20 mm

3. Mixed solid and cystic nodules or nodules that significantly increased in size since the last US.
Therefore, an accurate characterization of thyroid nodules by ultrasound may enhance clinical
decision-making and patient management. This study will reduce the number of unnecessary
biopsies and surgeries by determining the role of ultrasound in predicting benignity or
malignancy of thyroid nodules, taking FNAC as a reference. Conducting this study in Tibebe
Ghion Specialized Hospital, Bahir Dar, Ethiopia, addresses a gap in the existing literature
regarding the use of ultrasound in this specific geographical and cultural context. It contributes to
local healthcare knowledge and practices. The findings of this study may also help in the training
of junior practitioners of ultrasound characterization of thyroid nodules.

The findings from this study can serve as a basis for further research on thyroid nodule
characterization and management in Ethiopia and similar settings. It may pave the way for

]
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larger-scale studies or investigations into other imaging modalities. Thyroid disorders to be a
significant public health issue. This study can inform policy decisions regarding screening and
management practices for thyroid nodules, ultimately improving health outcomes for the
population

To the best of my knowledge, despite the high rates of thyroid nodules and malignancies in the
region, there is a lack of studies analyzing the diagnostic accuracy of US for this purpose.
Therefore, this research is crucial for clinical practice, patient care, and future research,
particularly within the context of thyroid nodule management in Ethiopia

2 Literature review:

2.1 Overview of thyroid nodules

The American Thyroid Association (ATA) defines thyroid nodule as a discrete lesion within the
thyroid gland(17). Thyroid nodules are common and are estimated to occur in at least 33% of the
population and present a common clinical problem(18) Other Epidemiologic studies estimate
that 4% to 7% of adults in the United States have palpable thyroid nodules, with women affected
more frequently than men.(15). Thyroid nodules are any discrete lesion that can be delineated on
imaging studies from adjacent parenchyma.(19)

Many thyroid diseases can present clinically with one or more thyroid nodules. These nodules
represent common and controversial clinical problems. For instance, a study in the United States
found that only one out of every 20 clinically identifiable nodules turns out malignant (2), while
another reported that the proportion of thyroid cancer from TNs might reach up to 15% (2).
Additionally, exposure to ionizing radiation increases the incidence of both benign and
malignant nodules, with 20% to 30% of a radiation-exposed population having palpable thyroid
disease (15)

Although nodular thyroid disease is relatively common, thyroid cancer is rare and accounts for
less than 1% of all malignant neoplasms. (15) The overwhelming majority of thyroid nodules are
benign (18, 20). The clinical challenge is to distinguish the few clinically significant malignant
nodules from the many benign nodules and thus identify patients who need surgical excision.
This task is complicated because nodular disease of the thyroid gland often is clinically occult
(<10-15 mm), although it can be readily detected by high-resolution sonography (21).
Differentiated thyroid cancer, the most frequent subtype of thyroid cancer, is increasing in
prevalence (18, 22). Studies suggest that approximately 95% of thyroid nodules are benign and
will not progress to malignant disease (20). However, the rate of malignancy within thyroid
nodules may be higher in low-resource settings, specifically since nodules are more frequently
detected when clinically apparent rather than incidentally (18)

Approximately 80% of nodular thyroid disease is caused by hyperplasia of the gland and occurs
in up to 5% of the population. (15) The aetiology of hyperplasia includes iodine deficiency
(endemic), disorders of hormonogenesis (hereditary familial forms), and poor utilization of

]
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iodine as a result of medication (3). When hyperplasia leads to an overall increase in size or
volume of the gland, the term goiter is used. Notably, the peak age of patients with goiter is 35
to 50 years, and women are affected three times more often than men (20). Supporting this trend,
another study in India also states that there were significantly more women than men presenting
with thyroid nodules (21). Furthermore, within that study, 171 (=85.5%) cases had only one
thyroid nodule, while 29 (14.5%) had two or more nodules (21).

2.2 role of ultrasound in evaluation of thyroid nodules

Neck ultrasound is the diagnostic modality of choice, and it is widely used in thyroid conditions
(20, 21). It is estimated that its use could show the existence of thyroid nodules in up to 67 per
cent of the population, of which approximately 5 % would be malignant (20). Ultrasound plays
an essential role in thyroid evaluation, since it allows us to calculate its size, distinguishing
between (single and multiple) nodules and diffuse affection with or without nodules (22).

USG has many advantages as it is noninvasive, lacks radiation, cheap and easily accessible
modality, and helps classify categorizing the nodules due to its superior resolution (22). Further,
it also detects clinically apparent nodules and can guide FNAC of thyroid nodules. It can detect
suspicious thyroid nodules that may require subsequent thorough examination and adequate
treatment on time. The ultrasound predictors of thyroid malignancy include the presence of rim
or punctate calcification, hypoechoic consistency, irregular margin, solid composition, and taller
than wider in shape (23).

2.3 ACR TI-TIRADS classification

ACR TI-RADS is a reporting system for thyroid nodules on ultrasound proposed by the
American College of Radiology (ACR)(20). Ultrasound scoring is determined from five
categories of ultrasound findings; the higher the cumulative score, the higher the TI-RADS and
the likelihood of malignancy (20).

One score is assigned from each of the following categories.
Composition: (choose one)

cystic or completely cystic *: 0 points

spongiform *: 0 points

mixed cystic and solid: 1 point

O O O O

solid or almost completely solid: 2 points
Echogenicity: (choose one)

0 anechoic: 0 points

0 hyper- or isoechoic: 1 point

0 hypoechoic: 2 points

e very hypoechoic: 3 points
Shape: (choose one) (assessed on the transverse plane)

0 wider than tall: O points

Page 1 4‘
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o taller than wide: 3 points
Margin: (choose one)
0 smooth: 0 points
0 ill-defined: O points
0 lobulated/irregular: 2 points
0 extra-thyroidal extension: 3 points
All findings in the final category are also added to the other four scores.
Echogenic foci: (choose one or more)
0 none: 0 points
0 large comet-tail artifact: O points
0 macrocalcifications: 1 point
o peripheral/rim calcifications: 2 points
0 punctate echogenic foci: 3 points
Classification
e TR1: 0 points
0 benign
e TR2: 2 points
0 not suspicious
e TR3: 3 points
o mildly suspicious
e TRA4: 4-6 points
0 moderately suspicious
o TRb5: >7 points
0 highly suspicious
Recommendations
e TR1: no FNA required
e TR2:no FNA required
e TR3:>1.5 cm follow up, >2.5 cm FNA
o follow up: 1, 3, and 5 years
e TR4:>1.0 cm follow up, >1.5 cm FNA
o follow up: 1,2, 3, and 5 years
e TR5:>0.5 cm follow up, >1.0 cm FNA
o annual follow-up for up to 5 years

Page 1 5
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FNA biopsy is recommended for suspicious lesions (TR3-TR5) with the above size criteria(20).
If there are multiple nodules, the two with the highest ACR TI-RADS scores should be sampled
(rather than the two largest), with the largest size being used as a tie-breaker if there are multiple
nodules of the same classification.

Interval enlargement on follow-up is significant if there is an increase of >20% and >2 mm in
two dimensions or a >50% increase in volume. If the ACR TI-RADS level increases between
scans, an interval scan the following year is again recommended.

Despite this clear guideline, clinicians send every patient for ultrasound and FNAC at the same
time in daily clinical practices.

2.4 Fine Needle Aspiration Cytology (FNAC)

Fine needle aspiration cytology (FNAC) is safe, easy to perform(21). Economic and an accurate
procedure used in the diagnosis of thyroid Lesions, particularly in the presence of cold
nodule(22). It is a well-established outpatient procedure used in the primary diagnosis of
palpable thyroid swellings. Currently this technique is practiced world-wide and it is the
investigation of choice in thyroid, breast, and lymph node swellings (21) The technique has been
shown to be simple, the limitations include false negative results, false positive results and a
proportion of FNA results that are not obviously benign or malignant and fall into the
indeterminate or suspicious group(22, 23). Published data suggest FNA has an overall accuracy
rate around 75% in the detection of thyroid malignancy (24).the other study shows Overall
accuracy of FNAC as 85%, with sensitivity of 98% and specificity of 82%(22). Overall, the
majority (94%) of nodules were benign, predominated by colloid nodules(25). Malignant
nodules accounted for 6% of cases, out of which papillary carcinoma was most common (26). So
the overall accuracy of Fine needle Aspiration can be affected by specimen inadequacy and
sampling technigues .so managing clinicians should be aware of these potential limitations and
pitfalls of FNAC interpretation(22).

2.5 Diagnostic Accuracy of ultrasound compared to FNAC

So, before jumping to the invasive FNAC, scholars recommend the use of high-frequency
ultrasound. The question is how sensitive the US is in detecting thyroid nodules and predicting
the malignant potential. A study done in India shows sensitivity, specificity, and accuracy of
66.7%, 87.8%, and 82.9%, respectively(27). Many studies have been done worldwide in
correlation of US with the most sensitive test, FNAC(28).

a study done in Canada show Sixty-six nodules (8.1%) has a spongiform pattern and all were
benign; 28 nodules (3.5%) showed the pattern described as “cyst with colloid clot” and all were
benign; 14 nodules (1.7%) showed a “giraffe” pattern and all were proven to be Hashimoto
thyroiditis; and eight nodules (1%) showed the “white knight” pattern and all were Hashimoto
thyroiditis(29).

A study done in India; Combination of all imaging features on USG has a high sensitivity of
85.71 % and specificity of 90.91%, with 95% CI for diagnosing malignancy, with a significant
correlation between USG and FNAC in evaluation of thyroid nodules(19).. So, in experienced
hands, the combination of USG features can predict the presence of malignancy in the thyroid
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nodule. The accuracy of this simple, safe and cost-effective investigation can be compared with
FNAC, which can be reserved for ambiguous lesions.

. A study done in Yemen shows the association between USG and FNAC diagnoses showed a
significant relationship (y2= 34.914, P < 0.001), with a high proportion of benign cases in both
USG and FNAC results. Validity analysis demonstrated a sensitivity of 88.68% and a specificity
of 70.73% for USG in diagnosing thyroid carcinoma. The positive predictive value was 79.66%,
and the negative predictive value was 82.86%. The overall accuracy of USG compared to FNAC
was 80.85% (25). There was also a study done in South Africa; there is a high agreement
between the ATA classification and Cytopathology or histology when nodule features are
grouped into clusters. Agreement between the American Thyroid Association classification and
cytopathology/histology was 86.7% with a kappa of 0.714. The agreement between the
cytopathology FNA results and lobectomy histopathology was 98.8%with a kappa of 0.973.(30).
Another study done at Uganda in patients clinically diagnosed with different benign and
malignant thyroid nodules like graves’ disease ,hashimoto thyroiditis and thyroid cancer and has
both thyroid ultrasound and FNAC show percent of agreement of 90% accuracy ultrasound in
predicting thyroid nodule benignity or malignancy.(31) USG-guided FNAC gives an added
advantage of providing a more accurate diagnosis of the lesion or the lesions in thyroid. Study
USG-guided FNAC better tissue vyield and better quality of smears in comparison to
conventional FNAC and improved the sensitivity and diagnostic accuracy(32).

Study done at Addis Ababa Ethiopia show over all agreement of ultrasound result and FNAC
result of 65.2% (23)

Almost all the above studies in different parts of the world shows ultrasound is a significant
noninvasive investigative modality to predict the benignity and malignancy of thyroid nodule
before the invasive FNAC.despite the above fact it is common that clinicians send thyroid nodule
case to the invasive FNAC before having ultrasound.so this study will show the accuracy of
ultrasound compared to FNAC that will minimize the invasive procedures.

2.6 Research gap

Many studies on ultrasound thyroid nodule diagnostic accuracy are conducted in united states, India,
Canada and Uganda and show over all high accuracy of ultrasound in diagnosis of thyroid nodules
compared with FNAC (33-35), however there is limited evidence in Ethiopia regarding the diagnostic
performance of ultrasound features compared to FNAC results.
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4. Objectives

4.1 General objective

The general objective of this study is to assess the diagnostic accuracy of ultrasound in the
characterisation of thyroid nodule compared to the fine needle aspiration results in patients
visiting Tibebe GHION hospital for thyroid scanning from December, 2025 to January 2026

4.2 specific objective
1. To describe ultrasound features of thyroid nodules
2. To determine the diagnostic accuracy, sensitivity and specificity of ultrasound in
characterization of thyroid nodules compared to FNA findings in predicting of the benignity
or malignancy of thyroid nodules.
3 To determine associated factors affecting the benignity and malignancy of thyroid nodules.

5 Method and material:

5.1 Study design & study period

Institution-based cross-sectional study design was used & study was conducted from
December to January 2026 GC.

5.2 Study area

The study was conducted at Tibebe Ghion Comprehensive Specialized Hospital located in Bahir
Dar city, Amhara Regional State, Ethiopia. Tibebe Ghion Specialized Hospital is situated in
Sebatamit, en route to Adet town, approximately 570 kilometers to northwest of the capital city
of Ethiopia, Addis Ababa and with 1840 meters (6036 feet above sea level) on the southern coast
of Lake Tana. TGSH is a referral hospital serving as a teaching hospital for college of Medicine
and Health science of Bahir Dar University and patients with a catchment population of more
than five million people who are referred from the region and abuttal regions. The hospital
offered a wide range of medical services, including Internal Medicine, Pediatrics,
Gynecology/Obstetrics, Surgery, Dentistry, Otolaryngology, Psychiatry, Ophthalmology,
Radiology, Dermatology, and Head and Neck Surgery. Each department comprised emergency,
inpatient, and outpatient units. The department of radiology is pillar of the hospital with almost
fully equipped with modern MRI, CT, Digital X RAY and ultrasound. Radiology department is

organized into five subunits. These includes neurology unite, body unite, chest and

]

—

Page 1 9



cardiovascular unite, musculoskeletal unite and ultrasound unite. This department is among the
top reason for patient referral to TGSH different parts of the region and from the surrounding

regions, the hospital also pathology department with fully functioning FNAC service.

5.3 Source population

The source population was all patients who visited the radiology department for thyroid nodule
scanning.

5.4 Study population

The study population was all patients who visited the radiology department for thyroid nodule
scanning from December 1, 2025 to January 30, 2026 G.C.

5.5 Study unit

All patients that were referred to the Radiology Department — TGSH to do neck ultrasound with
clinical diagnoses of goiter and have thyroid nodule and FNAC result from December to January
2026 EC and selected by nonprobability consecutive sampling.

5.6 Inclusion & exclusion criteria
5.6.1 Inclusion criteria
all patients referred for thyroid ultrasound imaging with a clinically suspected thyroid nodule

5.6.2 Exclusion criteria
e Patients who has normal thyroid scan

e Patients who had known thyroid malignancy,
e Patients who had bleeding diathesis

e Pediatrics clients who cannot consent.

5.7 Sampling technique and sample size
The sample size was determined based on the objectives.using the following assumptions:

n=2z2-p-(1-p)/E2where

Z is Confidence Level: 95% (Z = 1.96

p is Proportion which is 65% from previous study
E is Margin of Error .0.05

N is Population Size.

Pagez O

N =1.96X1.96 X0.65 (1-0.65)/0.05X0.05
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N=350 and adding 10% it become 385

The time schedule for this research data collection was 2 months making the total working day
for ultrasound 40 days, from the hospital registration for neck ultrasound for patients with
thyroid nodule is 4 cases maximum daily based, assuming the maximum daily number of 4
cases the expected number of cases in the study period is 160.

now apply the finite population correction since N =160 :

n_(corrected) =n/1+ (n-1)/N}
Substituting the values:

n_(corrected) = 385 / 1 + (385 -1)/160} = 385 / 1 + 349/160} = 385 / 1 + 2.1825 = 385 /
3.18125= 121

Since the sample size using finite population corrected formula is less than expected case, this
study use non-probability consecutive sampling technique and all patients for whom ultrasound
and FNAC was done and full fill the inclusion criteria in the study period have been included in
our study. 140 cases were identified, from these nine cases had no FNAC result during the study
period.

A total of 131 patients with thyroid ultrasound and FNAC were included in the study
5.9 Variables of the study

5.9.1 Dependent variables:
FNAC result (benign thyroid nodules, malignant thyroid nodules)

5.9.2 Independent variables:
Ultrasound findings, size, echogenicity, margin, echogenic, foci, shape, composition

Demographic data, age sex, marital status, educational level

Symptom duration,

5.10 operational definitions
Thyroid nodule: thyroid is defined as any discrete lesion with in the thyroid gland identified by
ultrasound

Benign nodule: Thyroid nodule identified as benign by FNAC

Malignant nodule: thyroid nodule identified as malignant by FNAC

Pagez 1
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Hypoechogenecity: thyroid nodules with lower echogenicity compared to surrounding strap
muscles (darker).

Taller than wider: nodules anteroposterior dimension is larger than transverse dimension
Abnormal calcification: presence of microcalcification (<1mm),macrocalcification (>1mm),

Rim calcification is echogenic calcified rim surrounding the periphery
thyroid nodule

Punctate calcification: tiny, punctate echogenic foci usually <1mm inside the nodule with no
posterior shadowing.

Smooth margin: well defined nodule border with no irregularity or spiculation

5.11 Data collection procedure

Prepared questionnaires in English language that contain measurable language were utilized.
Two radiology residents were trained how to collect data and the questionnaire was explained.
Using kobo collect software through smartphone by 2 trained data collectors (residents) from
December, 2025 to January 2026 include those patients who has thyroid nodules on ultrasound
and signed the consent were included and some of the patients has FNAC at their hand or on
their chart was filled at the same day and for patients with no FNAC result at the same day of
ultrasound, the medical record number were traced and the result was collected at the card room.

5.12. Data quality control
Trained data collectors (2 resident physicians) collected the data. Training was given for data

collectors for one day on method of extracting the needed information, how to fill the
information to the kobo collect software. Pretest was done using 10% of sample size to asses’
understandability of the questioners. The data was collected with close supervision by the
principal investigator (Pl) to check its consistency and for any ambiguousness of the

questionnaire.

5.13. Data processing and analysis
The data was checked for its completeness every day by principal investigator and then it was

exported to Statistical Package for Social Science version 27 (SPSS-27) for analysis. Descriptive
statistics (mean, standard deviation, median, frequency & percentages) was computed depending

on the nature of the variable and results were presented as graphs &tables. Two by two crosstab
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was used to assess the sensitivity, specificity, positive predictive value and negative predictive
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value.Chii -square chart Cohens kappa and p value was used to assess the association of thyroid
ultrasound result with FNAC result and also each ultrasound findings with p value greater than
0.25 with bivariant assessment was used to assess their association with final FNAC diagnosis.
Binary logistic regression analysis was performed to identify ultrasound features independently
associated with malignancy. Odds ratio with 95% confidence interval were reported .sensitivity,
specificity, positive predictive value and negative predictive value were calculated using FNAC
as the reference standard. Receiver operating curve analysis was performed to assess diagnostic
performance. Before performing multivariable analysis, multicollinearity among independent
variables was assessed using the variance inflation factor (VIF) and a spearman correlation
matrix. Results showed a low risk of collinearity with VIF values less than 5 and correlation
coefficient less than 0.6, and Hosmer-Lemeshow test and variable that are not significant are
considered for analysis. Finally, variables with P- value <0.05 at confidence interval (ClI) of
95% in multi-variate analysis with a corresponding odds ratio was used to declare the variable as

having strong association with thyroid malignancy.

5.14 Ethical clearance

Ethical clearance obtained before data collection from institutional review board of BDU College
of health science and medical faculty after receiving support paper from the radiology
department. In order to respect patient’s bill of right, regulation of the Tibebe Ghion hospital
where the study was conducted, permission obtained from the officials. Any piece of information
kept confidential by keeping anonymity of the study subjects.

6. Results

6.1sociodemographic characteristics

The study included 131 patients with thyroid nodules the majority were females, 85.5 %(N = 112
) and the rest 14.5 % were males. The mean age was 41 years and the age range was 50, with
minimum 20 years and maximum 70 yrs. The average duration of symptom is 7 years.
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Table 1 SOCIO-DEMOGRAPHICCHARATERSTICS OF PATIENTS WHO HAD THYROID NODULE ON
ULTRASOUNDAND FNAC FROMDECEMBER TO JANUARY ,2026 (N-131)

Variables Category Frequency Percentage (%)

Sex Female 112 85.5
Male 19 14.5

Age 20-30 years 38 29
30- 40years 40 30.5
40-50 years 27 20.6
50-60 years 18 13.7

60-70 8 6.1

Marital status Married 97 74
Single 25 19.1

Widowed 7 53

Divorced 2 1.5

6.2 clinical data

The most common symptom was anterior neck swelling (81.7%,N=107),has no previous thyroid
surgery (93.1%,N=122),has no family history of thyroid disease (96.2%,N=126) ,do not take
thyroid medication (67.9%,N=89).

The average duration of symptoms was 7 yrs.

6.3 ultrasound image findings

The average size of the thyroid nodules were 3 cm, Most thyroid nodules were solid in
composition (58% (N =77) ) ,iso/hyperechoic in echogenicity ((.66.4% N =67),wider than taller
in shape 92.4 % (N= 112 ,smooth in margin (72.5 % ,N=95) and has no or large comet tail
artifact (56.4 % (N = 74 ). Most of the thyroid nodules were benign looking in the final
ultrasound diagnosis 46.6% (N =61 ) (Table 2)
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Table 2 Ultrasound findings in patients having thyroid nodule in TGSH from december2025-january

2026 (N-131
Ultrasound finding frequency | percent

Composition Solid 77 58.8
Cystic 18 13.7
Mixed cystic and solid 26 19.8
Spongiform 10 7.6
Echogenicity Anechoic 22 16.8
Hyperechoic or isoechoic 87 66.4
Hypoechoic 22 16.8

Very hypoechoic
Echogenic foci No or large comet tail artifact 74 56.8
Macro calcification 37 26.7
Peripheral or rim calcification 18 13.7
Punctate 4 3.1
Margin Smooth 95 72.5
II-defined 22 16.8
Lobulated or irregular 12 9.2
Extra thyroidal extension 2 1.5
Final ultrasound diagnosis Benign looking 61 46.6
Mildly suspicious 29 22.1
Moderately suspicious 26 19.8
Highly suspicious 15 11.5
Shape Wider than taller 121 92.4
Taller than wider 10 7.6
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6.4 FNAC RESUT
About 80.2% (N =105) were benign and 19.8 % ( N= 26) were malignant

FNAC result

M benign
M malignant

Figure 2 show distribution of FNAC results in TGSH from December to January 2026 (N=131)
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6.5 diagnostic accuracy, sensitivity and specificity of ultrasound compared to

FNAC

Most of the nodules from the final ultrasound diagnosis were benign comprising about 68.7%
(N=90) from this about 94.4% (N=85) were benign by FNAC and the rest 5.6 % (N=5) were
malignant on FNAC.the remaining 41 cases were diagnosed as malignant on ultrasound from

which 20 cases were benign by FNAC and 21 cases were malignant on FNAC.The overall
sensitivity is 80.8% and specificity is 81%.the negative predictive value is 94.4 % and the

positive predictive is 51.2%.the overall accuracy of ultrasound to predict malignancy is 80.9%.

Table 3 ASSOCIATION BETWEEN ULTRASOUND DIAGNOSIS AND FNAC RESULTS IN PATIENTS HAVING

THYROID NODULE IN TGSH FROM DECEMBER 2025 TO JANUARY 2026 (N-131)

Ultrasound FNAC malignant | FNAC benign Total X2 (df) P value
diagnosis n(%) n(%)
Malignant 21(51.2%) 20 (48.8%) 41
looking
Benign looking 5 (5.6%) 85(94.4%) 90
Total 26(19.8%) 105 (80.2%) 131 36.92 0.001

Table 4 the validity of thyroid ultrasound diagnosis of thyroid carcinoma in TGSH from December 2025-
January 2026 (N=131)

Statics Value
Sensitivity 80.8%
Specificity 81%

Positive predictive value 51.2%

Negative predictive value 94.4%

Overall accuracy 80.9%
Kappa(K) 0.51
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Figure 3 showing the diagnostic accuracy of ultrasound in differentiating malignant and benign
nodules in TGSH from December to January 2026 (N=131)

Table 5 showing the diagnostic accuracy of ultrasound in differentiating malignant and benign nodules
based on ROC

TEST AUC 95% Cl

ULTRASOUND DIAGNOSIIS 0.809 0.7-09

6.6 Factors that affect the final FNAC diagnosis
Bi-variate and multivariate logistic regression was undertaken to select significant factors

associated with thyroid malignancy on FNAC. Bi-variate logistic regression analysis revealed
that being male in gender, presence of abnormal echogenicity(hypoechoic or very hyperechoic),
taller than wider in shape, irregular margin or extra thyroidal extension, presence of internal
calcification (macro, peripheral or punctate) and final ultrasound diagnosis of malignant looking
were all significantly related with thyroid malignancy in FNAC. Bi-variables with p-value < 0.25

were a candidate for multivariable analysis. In the multivariable analysis abnormal echogenicity

—
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(being hypoechoic), abnormal shape (taller than wider) and final ultrasound diagnosis were
significantly associated with thyroid malignancy with p value of <0.05. Those patients who had
hypoechoic thyroid ultrasound have 4.5 times higher risk of having thyroid malignancy than
those anechoic echogenicity (AOR=4.5, 95% CI (1.2-16)). Patients who had taller than wider
shape had 12.6 times higher risk of thyroid malignancy than those who wider than taller shape
(AOR=12.6, 95% CI (1.1-142)). And patients who had malignant looking ultrasound diagnosis

has 5.2 times more likely to be malignant compared to benign looking nodules (AOD5.2,95%ClI
1.4-19.4).
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Table 6 Bivariate and multivariate regression analysis to identify factors associated with thyroid

malignancy patients with thyroid nodules in TGSH, from December 2025 to January 2026 (N=131)

Variable name Category Benign COR Pvalue | AOD 95%ClI | Pvalue
Malignant (95%Cl)
Gender Male Benign=10 5 0.002 1.897 0.396- 0.423
Malignant=9 9.089
Female Benign=95
Malignant=17
Abnormal Yes Benign=11 8.5 0.001 7.835 2.5-24 <0.001
echogenicity Malignant=13
No Benign=94
Malignant=13
Abnormal Yes Benign=31 3.6 0.005 3.6 1.3-10.5 0.018
internal Malignant=16
calcification No Benign=72
Malignant=10
Margin Smooth/ill- Benign =100 12.5 0.001 7.8 2.053- 0.003
defined Malignant =16 29.9
Irregular Benign =5
[extrathyroidal Malignant =15
extension
)
2
2
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7. DISCUSSION

Thyroid carcinoma is the leading cause of death among endocrine cancers following ovarian
cancer .it is reported to be one of the fastest growing types of malignancies in the world(36).the
prevalence of thyroid cancer in norther Ethiopia is estimated to be 7.5 %(37). The wide spread
dissemination of modern medical imaging—in particular, high-resolution ultrasound—nhas
resulted in our ability to detect thyroid nodules in at least 50% of the general adult population,
compared with a detection rate of 4-8% by traditional clinical palpation(29). Using latest
sonography techniques, evaluation of thyroid nodule and diagnosing as malignant without FNAC
has risen to 90% specificity and almost 100% sensitivity(38). This study was conducted to
assess the diagnostic accuracy of ultrasound in the characterisation of thyroid nodules compared
to FNAC in patients scanned for thyroid nodules and had thyroid nodules in both ultrasound and
FNAC TGSH, from December to January 30, 2026 G.C.

From this study, the overall accuracy of ultrasound in characterisation of thyroid nodules
compared to FNAC was 80.5 (X2=36.9, P=0.001), the sensitivity was 80.8%, the specificity was
81%, showing a strong association. This overall accuracy was comparable with study done in
Indian showing 82%  accuracy, but has higher sensitivity (80.8% vs 66.7%, ) and lower
specificity (81% vs 87.8% ).(27).the higher sensitivity in our study suggests improved detection
of malignant nodules which is important for early cancers detection in our institution. The lower
specificity in our institution shows higher rate of false positive cases indicating some benign
nodules misclassified as malignant that indicates ultrasound alone cannot diagnosis thyroid
malignant unless we confirm by FNAC in our institution. This can be due to operator experience
since ultrasound is operator dependent. The sensitivity and specificity of our study comparable
with other study done in India with overall sensitivity and specificity of ultrasound was

(81.25%) and (86.54%) respectively (33)

The patterns of ultrasound findings in our study show, most thyroid nodules were solid in
composition comprising 58.8%, 92.4% had wider than taller, 89.3% had smooth margin, 66%
had hyperechoic/isoechoic and 56.8% had no or large comet tail artifact. These ultrasound
findings show most of the thyroid nodules in our study were benign .This show comparable

result with the study done on Uganda(26) suggesting regional similarity in sonographic patterns.

In this study, as shown in the multivariate analysis, those patients who has hypoechoic
ultrasound findings had an increased chance of being malignant in FNAC (OR=7.8, P<0.001).
This indicates that patients with hypoechoic nodules were approximately 7.8 times more likely to
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have malignant cytology compared to those with anechoic nodules. This finding is consistent

with international literature (39).

The second associated factor with increased malignancy in this study was the presence of
abnormal internal calcification (OR=3.6 P=.0.018). Thyroid Nodules having abnormal
calcification (macro/rim/peripheral or punctate) were about 3.6 times more likely to have thyroid

malignancy than thyroid nodules with no internal calcification or with large comet tail artefact.

The third associated factor in this study with increased malignancy was the presence of irregular
/extra thyroidal extension margin (OR=7.8,P=0.003) .Thyroid nodules with irregular margin or
with extra thyroidal extension were 7.8 times more likely to have thyroid malignancy than
nodules with smooth margin. The finding is consistent with study done at Thailand reported as
Malignant nodules were more likely to have irregular or spiculated borders (p-
value<0.001)(39).in this study almost all the above variables had strong association but there was
wide confidence interval ,it was due to small malignant cases compared with the number of

variables.

8 Limitations of the Study:
This study tries to assess the diagnostic accuracy of ultrasound in the diagnosis of thyroid

nodules' malignancy, taking FNAC as the standard and ultrasound predictors of
This study had the following limitations:

1. This research takes FNAC as reference but it would have been better if surgical biopsy
were taken instead.

2. This study was executed a single-centered study. Results of a multicenter study would
be more generalizable.

3. This study used cross-sectional study design and unable to fully capture seasonal or

population variability
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9. CONCLUSION:
This study was conducted to assess the diagnostic accuracy of ultrasound in the characterization

of thyroid nodules compared with the standard FNAC at TGSH. The finding show good
diagnostic performance of ultrasound in differentiating benign from malignant thyroid nodules

showing high overall diagnostic accuracy compared to FNAC.

There was a statistically significant association between ultrasound diagnosis and FNAC,
indicating ultrasound is a reliable tool for initial evaluation of thyroid nodules.

In multivariate analysis hypoechogenecity, having peripheral /rim/punctate calcification and
nodules with irregular margin were identified as significant independent predictors of

malignancy.

Most of the thyroid nodules in this study had benign ultrasound features including smooth
margin, no internal calcification, wider than taller shape and anechoic or isoechoic/hyperechoic

echotexture.

Most thyroid nodules in the study were benign on FNAC diagnosis.

10. Recommendation:
The following recommendations were made based on the findings of this study:

For Bahir Dar University, TGSH clinicians who evaluate patients with thyroid nodules:

v’ Ultrasound has a high negative predictive value so that patients diagnoses as benign in
ultrasound has high probability to have benign FNAC result so it is better to decide
based on ultrasound diagnosis than sending every patient for invasive FNAC.but in
patients having malignant looking ultrasound diagnosis ,it is recommended to confirm

with FNAC since US has high false positive rate.

For the department of radiology:

v Regular training and mentor radiology residents to reduce high false positive rate.
v To avail high quality ultrasound machine.
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For the department of pathology

v It is better take ultrasound guided FNAC rather than free hand FNAC to enhance

nodule detection and appropriate diagnosis:

For researchers

% It is better to do in multiple institutions with long study period with large sample size.

%+ Better to use histopathology result rather than FNAC to assess the diagnostic accuracy.
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ANNEX

[ Information Sheet

Title of the Study:

Diagnostic accuracy of ultrasound in characterization of thyroid nodules compared to FNAC and
associated factors Patients Visiting Tibebe Ghion Specialized Hospital for Thyroid Nodule
Scanning, Bahir Dar, Ethiopia, 2026 G.C.

Principal Investigator:
By Simegnew Getahun (MD,Radiology Resident)
Bahir Dar University College of health science department of clinical radiology

ANLEYMOM143@GMAIL.COM

Introduction:

You are being invited to participate in a research study that aims to evaluate the effectiveness of
ultrasound in characterizing thyroid nodules by comparing ultrasound findings with FNAC
results. This study is being conducted at Tibebe Ghion Specialized Hospital.

Purpose of the Study:

The purpose of this study is to determine how accurately ultrasound can characterize thyroid
nodules compared to the results obtained from histopathological examinations. This information
may help improve diagnostic accuracy and patient management in the future.

Study Procedures:

If you agree to participate in this study, you will be asked to:
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* Undergo an ultrasound examination of your thyroid nodule.
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* Provide a sample for FNAC analysis, which may involve a fine needle aspiration (FNA) biopsy
(if clinically indicated).

» Complete a questionnaire regarding your medical history and demographic information.

Duration:

The ultrasound scanning will take approximately 30 minutes and FNAC may depend on the
clinical schedule.

Confidentiality:

All information collected during this study will be kept confidential and used only for research
purposes. Your identity will not be disclosed in any reports or publications resulting from this
study. I will use unique study code, data will be stored in password protected device, access
limited to investigators and advisors

Risks and Benefits:

* Risks: The ultrasound procedure is generally safe with minimal risks. However, there may be

discomfort associated with the FNAC biopsy.FNAC will be done when clinically indicated and

no additional procedure will be done solely for research purpose and we will use only existing
data

* Benefits: There is no direct clinical benefit for you but your participation may contribute to
better understanding and management of thyroid nodules and may potentially benefit future
patients.

Voluntary Participation:

Participation in this study is entirely voluntary. You may withdraw at any time without any
impact on your medical care. If you withdraw, no new data will be collected, previously
collected anonymized data will be used.

Contact Information:
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If you have any questions or concerns about this study, please contact:
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Simegnew getahun
Bahir Dar Univesrsity department of clinical radiology
Phone number 0912806032

[Email Address] ANLEYMOM143@GMAIL.COM

ANNEX II. Consent Form

Title of the Study:

Percent of Agreement of Ultrasound in Characterization of Thyroid Nodules Compared to
Histopathology Results in Patients Visiting Tibebe Ghion Specialized Hospital for Thyroid
Nodule Scanning, Bahir Dar, Ethiopia, 2025 G.C.

I have read and understood the information sheet provided to me regarding this study. I have had
the opportunity to ask questions and have received satisfactory answers. | understand that my
participation is voluntary and that | may withdraw at any time without affecting my medical care.

By signing below, I consent to participate in this study.

Participant’s Name

Participant’s Signature:

Date:
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Investigator’s Name : ___ Simegnew Getahun (MD,)
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Investigator’s Signature:

Date:

ANNEX IIl. ENGLISH version questionnaire:

DATE: ------- J—

Sociodemographic data

1,1

Age

1.2

Sex Male
female

1.3

Marital status Married
Single
Widowed
divorced

1.4

Educational level Iliterate
Read and right
Complete primary
school
Complete secondary
school
Degree and above

Clinical history

2.2 Previous history of Yes
thyroid disease no

2.3 Previous history of Yes
thyroid surgery No

2.4 Family history of Yes
thyroid disease No

2.5 How long the nodule ...y
stay

Ultrasound findings

Composition Predominantly solid
Predominetly cystic
Mixed cystic and solid
spongiform

Echogenicity Anechoic

]
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Iso/hyperechoic
Hypoechoic
Veryhypoechoic

Echogenic foci

No or large comet tail artifact
Macrocalcification
Rim or peripheral calcification
Punctate calcification

Shape Wider thal taller
Taller than wider
Margin Smooth
[l defined
Irregular

Extrathyroid extension

FNAC findings

FNAC was taken under ultrasound guidance Yes
no
Final cytology result from the FNAC benign
malignant

ANNEX IV DECLARATION.

This is to certify that the entitled “Assessment of diagnostic accuracy of ultrasound in
characterization of thyroid nodules compared to FNAC in TGSH” submitted in partial fulfillment
of the requirements for specialty in Clinical radiology department of clinical radiology Bahir
dare university is a record of original work carried out by me and has never been submitted to

this or any other institution to get any other degree or certificate. The assistance and help |

received during the course of this investigation have been duly acknowledged.

Investigator:

Dr. Simegnew Getahun (MD, year I1I clinical radiology resident)

Signature

Date
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