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Abstract

Background: Ultrasound elastography (USE) is a non-invasive technique
for distinguishing benign from malignant thyroid nodules. It uses strain ratio
to determine thyroid nodular stiffness, however it has limitations when no
normal thyroid tissue is present.

Objective: To assess the diagnostic performance of USE in the prediction of
malignant thyroid nodules by assessing the strain ratio comparing the normal
thyroid tissues as a reference and sternocleidomastoid muscle as a second
reference.

Patients and Methods: The study was conducted on 33 patients with single
TIRADS 11 or IV nodules at Al-Imamein Al-Kadhimein Medical City in
Baghdad-Iraq for 5 months (August 25th, 2020 to January 15th, 2021), using
both gray scale and real-time USE on a Voluson- E6 Ultrasound machine.
Final diagnosis has been obtained by cytology and/or histopathology.
Results: The study involved a total of 33 patients, with 78.8% female and
21.2% male. Of these, 72.7% were benign, and 27.3% were malignant. The
thyroid nodules were hypoechoic, taller, and micro calcified. The
parenchymal-nodular SR of all thyroid nodules ranged from 0.55-6.0, while
the muscle-nodular SR ranged from 0.42-5.25. The best (strain ratio) SR
cutoff value was (>3.63) for parenchymal-nodular SR, with sensitivity,
specificity, and accuracy rates were 100%, 85%, and 89.2%, respectively.
Conclusion: The study found that sternocleidomastoid muscle has high
sensitivity, specificity, and accuracy in predicting thyroid malignancy and
differentiating benign from malignant nodules so making it safe for use in
certain cases.

Keywords: Elastography, Thyroid nodules, Strain ratio, Muscle.

Thyroid nodules are a prevalent concern in the general population, with an incidence of 5% in
women and 1% in men in iodine-sufficient areas, and 19-68% detected using high-resolution
ultrasound (1,2) Most thyroid nodules remain benign, with only 5% existence malignant (3).
Diagnosing benign or malignant thyroid nodules is crucial for treatment. Fine needle aspiration
biopsy (FNAB) is recommended for the diagnosis but has limitations (4). Ultrasound perceives
thyroid nodules, their location, size, composition, and histopathology (5). It's crucial for identifying
cancerous nodules due to their high prevalence (6). For solid thyroid nodules, parameters like
echotexture, shape, borders, intramodular calcifications, and peri nodular halo should be evaluated
(7). The American Thyroid Association [ACR] has developed the Thyroid Imaging Reporting and
Data System [ACR-TIRADS], a sonographic technique for evaluating nodular features (8).
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The American Thyroid Association (ACR)
strategies (9) declared that apart from worrisome
cervical lymphadenopathy, no single
sonographic characteristic or combination is
sensitive enough to identify all malignant
nodules.  Elastography is an emerging
sonographic technology that needs additional
confirmation (10). Ultrasound elastography
(USE) is an imaging method that detects tissue
stiffness. It was first described in the 1990s and
has since been further developed and enhanced
to allow quantitative measurements of tissue
stiffness (11). The elasticity of the thyroid
gland depends on the structural features of the
tissue matrix. Unlike conventional ultrasound
(US) which determines reflectivity based on
microscopic structure, elastography affords
image contrast depending on histologic tissue
structure, allowing discrimination between
normal and parenchymal disorders (10). The
normal thyroid has a soft advent, with variability
in elastography appearance due to parenchymal
hyperplasia and involution (12). Combining
thyroid USE with B-mode US can enhance the
capability to differentiate benign from malignant
thyroid nodules and diminish the number of
desired FNAs (13). Elastography methods can
distinguish precious from normal tissue for
investigative applications. Conservative
ultrasound is a low-priced, adaptable, and
commonly available modality, which also
applies to USE (14). Elastography evaluates
tissue elasticity, or the ability of tissue to resist
deformation or regain its original shape after
force is applied (11,15). Techniques include
free-hand quasi-static or strain elastography
[SE], which measures shape-deformation using
a probe compression (10), and shear-wave
elastography (SWE), a new technique that uses
acoustic pressure from the probe to provide real-
time elastic information (16). SE measures the
shape-deformation and  lesion  stiffness
compared to surrounding tissue, while SWE
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detects the transverse component of particle
displacement caused by an acoustic pulse from
the probe (10). Strain elastography is a method
used to measure the stiffness of thyroid nodules
by analyzing changes in size and shape
corresponding to the route of the investigative
force (17),(18). The strain data are presented as
a semitransparent color map termed an
electrogram, which is placed on the B-mode
picture (19). The strain ratio is a pseudo-
quantitative measurement that indicates the
ratio of strain recorded in a neighboring
reference tissue region of interest and strain
measured in a target lesion ROI (20). Thyroid
ultrasound strain imaging investigations can be
classified based on the stimuli used and the
grading systems employed. The most common
stimulus utilized in thyroid ultrasound strain
imaging iS  operator-applied external
compression through the ultrasound transducer
(14). Thyroid ultrasound strain imaging scoring
systems include two qualitative elasticity scores
(Asteria criterion, a 4-point score (21) or Rago
criteria, a 5-point score) (22) and a semi-
quantitative thyroid stiffness index, which
measures the strain in the background normal
thyroid tissue versus the strain in the thyroid
nodule (23). The Asteria criteria are based on
four classes of tissue stiffness, whereas the
Rago criteria range from score 1 (even elasticity
throughout the nodule) to score 5 (no elasticity
in the nodule or the area of posterior
shadowing) (22). The real-time elastography
(RTE) appearance of thyroid nodules is
assessed subjectively using the elasticity score
(ES) (23) and strain ratio (SR). The latter
involves placing two similar ROIs at similar
depths, resulting in a strain ratio that may be
more accurate than elasticity imaging (24-26).
Combining these measurements is assumed to
be superior for malignancy assessment, as they
provide independent measures (11).tissue as the
first reference and
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SCM muscle as the second reference. The
current study’s purpose was to assess the
diagnostic performance of USE in the prediction
of malignant thyroid nodules by assessing the
strain ratio compared to sternocleidomastoid
muscle and normal thyroid tissue as references.

Patients and Methods

This prospective study was conducted at the US
unit of the Radiological Department at Al
Imamein Al Kadhimein Medical City in
Baghdad from August 25th, 2020, to January
15th, 2021. The study included 33 patients aged
18 years or older, with solitary thyroid nodules,
including TIRADS 11l nodules of more than 25
mm and TIRADS IV nodules of more than 15
mm. The patients were examined using B-mode

Diyala Journal of Medicine

ultrasound and  sonoelastography  before
undergoing fine-needle aspiration (FNA).
Exclusion criteria included patients with

inconclusive histopathology, TIRADS | and I,
multiple thyroid nodules, abnormal thyroid
parenchyma, neck surgery affecting the
sternocleidomastoid muscle (SCM) or partial
thyroidectomy, abnormal thyroid function tests,
and thyroid nodules with eggshell calcification.

Imaging Methods:

Gray-scale US: The thyroid ultrasonic
examination was carried out utilizing the
Voluson-E6  Ultrasound  machine  (GE
Healthcare, USA) with a 5 to 12 MHz linear
array transducer. Thyroid nodule criteria were
obtained with the patient resting supine with an
exposed neck and a minor neck extension. The
thyroid gland is scanned at axial, sagittal, and
oblique planes. The size, margin, composition,
echogenicity, orientation, and presence of
calcification were all measured and documented.
Real-time Elastographic US: Elastographic US
of the nodules were carried out immediately
after the B-mode US. The operator placed the
linear probe perpendicular to the skin on the
neck. A box was then highlighted that included
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the selected thyroid nodule and an adequate
surrounding normal thyroid tissue at the same
depth as possible. This was followed by the
inclusion of the same thyroid nodule and the
other reference tissue (SCM muscle). To reduce
motion artifacts, patients were instructed to
hold their breath and refrain from swallowing
during the examination. The probe exerted
slight external compression until an ideal
pressure was achieved, as indicated by the
presence of a green color on the indicator bar in
the upper left corner of the screen. The
elastogram was displayed as a color scale over
the grayscale image of the US. The color scale
varied from red, which indicated components

with the greatest elastic strain (softest
components), to blue, which indicated
components without strain (hardest

components). Two SR were measured for each
nodule by placing a selected ROI within the
reference tissue and another ROI on the thyroid
nodule as follows:

1. The parenchymal-nodular strain ratio
(PNSR) measures the strain between the thyroid
nodule and the surrounding normal thyroid
tissue.

2. Muscle-nodular strain ratio (MNSR): the
strain of the thyroid nodule with the second
reference tissue the SCM muscle.

The average value for each selected nodule was
calculated (at least three measurements were
recorded), and the average was used to calculate
the result.

Statistical analysis

The data were statistically analyzed using the
Statistical Package for Social Sciences (SPSS)
version 22 for Windows. Descriptive data are
reported as mean + SD and frequencies as
percentages. Chi-square and Fisher’s exact tests
were used for categorical variables when
appropriate. The t-test was used for continuous
variables. Sensitivity, specificity, accuracy, and
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the cut-off value of each SR was calculated. In
all statistical analyses, a P-value of < 0.05 was
considered statistically significant.
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Results

The histopathological distribution of the
benign and malignant thyroid nodules
according to age and gender: The results of
this  study showed that the final
histopathological diagnosis of thyroid nodules
was 24 (72.7%) benign and 9 (27.3%)
malignant. The patient’s age was ranging from
(18 — 68) years, with mean +SD =43.4+10.7
years. In benign nodules, patients' ages ranged
from 18 to 68 vyears., with mean =+
SD=41.29+12.89 years, whereas in malignant
cases, the age ranged from 32 to 60 years, mean
+ SD= 44+8.32 years, with non-statistically
significant result; P-value 0.88. The majority of
patients with thyroid nodules were females 26
[78.8%], and most of the females had benign
thyroid nodules 21 [87.5%]. However, the result
was not significant. This is demonstrated in
Table 1.

Table 1. Demographical characteristics of the
studied sample distributed by the type of the
thyroid nodules.

Parameters Be_nlgn 'V'a"E’”a”‘ P-value
n=24 n=9

Gender,

n (%)

Female 3(12.5) 4(44.4) 0.68
Male 21(87.5) 5(55.6) '
Age

Mean = SD | 41.2+12.8 4418.32
Min 18 32 0.8
Max 68 60
*The result was non-significant at P- value <0.05

The sonographic characteristic of the
thyroid nodules.

Echogenicity: The majority of the thyroid
nodules were isoechoic 21(63.6%), 10 (30.3%)
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were hypoechoic, and 2 (6.1%) were
hyperechoic. Most of the benign thyroid
nodules were isoechoic 18 (75%), and 4
(16.7%) of them were hypoechoic. While the
malignant thyroid nodules, 6 (66.7%) of them
were hypoechoic and 3 (33.3%) of them were
isoechoic. The result was statistically
significant P-value 0.019, as demonstrated in
Table 2.
Composition: Most of the thyroid nodules were
solid 26 (78.8%), most of the benign thyroid
nodules were solid 19 (79.2%), and 5 [20.8%]
of them were mixed. Most of the malignant
thyroid nodules were solid 7 (77.8%), and only
2 (22.2%) of them were mixed. However, the
result was not significant. This is demonstrated
in Table 2.
Margin: Most of the thyroid nodules had well-
defined margins 29 (87.9%). 23 (95.8%) of the
benign thyroid nodule had well-defined margin.
6 (66.7%) of the malignant thyroid nodules had
well defined margin. One third of the malignant
thyroid nodules had ill- defined margin with
significant result P- value = 0.047. These
findings were demonstrated in Table 2.
Orientation: Most thyroid nodules were wider
than taller 31 (93.9%). All the benign nodules
were wider than taller 24 (100%). According to
the study, most malignant nodules were wider
than taller, and on the other hand, all nodules
that were taller than wide (22.2%) had
significant outcomes and were malignant. These
findings were demonstrated in Table 2.
Calcification: 11 (45.8%) of the benign
nodules showed no calcification, and 10
(41.7%) had macrocalcification. In the present
study, most of the malignant nodules (8 from 9

cases =889 %) had calcification.
Microcalcification ~was most  frequently
encountered which is present in 5 cases

(55.6%), while macro calcification is present in
(3 from 9 cases=33.35). These findings were
demonstrated in Table 2.
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The TIRADS of selected thyroid nodules in  All malignant nodules were of TIRADS IV
relation to histopathological results: 12 of the  with significant result, P-value < 0.05. These
benign thyroid nodules were TIRADS Ill, and  findings were demonstrated in Table 2.

12 cases were of TIRADS IV.

Table 2. the association of the sonographic characteristic of the thyroid nodules with
histopathological type of the nodules.

Benign Malignant P-value
Parameters No. % No. %
Echogenicity
Hyperechoic 2 8.34 0 0
Isoechoic 18 75 3 33.3 0.019*
Hypoechoic 4 16.7 6 66.7
Composition
Solid 19 7.2 7 77.8 0.63
mixed 5 20.8 2 22.2
Margin
Well-defined margin 23 95.8 6 66.7 0.047*
I1l-defined margin 1 4.2 3 33.3
Orientation
Wider than taller [oval] 24 100 7 77.8 0.017*
Taller than wider [oval] 0 2 22.2
Calcifications
No calcification 11 45.8 1 111 0.02*
Microcalcification 3 12.5 5 55.6 '
Macrocalcification 10 41.7 3 33.3
TIRADS
TIRADS Il 12 50 0 0 0.012*
TIRADS IV 12 50 9 100

*The result was significant at P-value <0.05, TIRADS: Thyroid Imaging Reporting and Data System

The association of the histopathological type  odules were 4.1+0.8 ranging from 2.45-5.25

of thyroid nodules with their PNSR and  ith significant P-value for both SR, as shown
MNSR: The PNSR of all thyroid nodules were i, Taple 3.

ranging from (0.55-6.0) with meanzSD of 2.95 . _ _
. Table 3. SR ratios of thyroid nodules for benign and
+1.5. The meantSD of benign nodules were malignant lesions among the patients.

2.26+0.95, ranging from 0.55 to 4.33, while the

mean+SD of malignant nodules were 4.87+1.11 Parameter | N |Mean | SD [ Min| Max V:L .
ranging from (6-3.16). The MNSR of all thyroid Benign | 24 | 226 | 095 | 055] 4.33
nodules were ranging from (0.42-5.25) with PNSR [\alignant| 9 | 4.78 111 | 316! 60 <0-j301
meantSD of 2.44 +1.28. The meant SD of Benign | 24 | 181 075 10421 313
benign nodules were 1.81+0.75, ranging from MNSR\Vilignant| 9 | 41 08 | 245|525 | <0001

0.42 to 3.13, while the mean+SD of malignant
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The cutoff value for PNSR and MNSR to
differentiate between benign and malignant
Nodule: The best strain ratio Cutoff value
derived from analysis was (>3.63) for PNSR
(higher values were more indicative of
malignant thyroid nodules, whereas values
below this cut-off value, suggestive of benign
nodule). The strain ratios of PNSR and MNS
were represented by the ROC Curve in Figure 1.

PR

True PozSve Rate (Sms o

False Postve Rabe (1-Spactey

Figure 1. The Strain ratio at ROC curve.

The best cut off value for parenchyma-nodule
strain ratio is 3.63 with highest sensitivity,
specificity and accuracy of 100%, 85.3% and
89.2% respectively, this indicates that all cases
with pathological findings were accurately
detected when the strain ratio exceeded 3.63.
and suggests that 85.3% of non-pathological
nodules were correctly classified as benign
using this cutoff value. as seen in Table 4.
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Table 4. PNSR Cutoff value to differentiate between
benign and malignant thyroid nodules among the
patients.

Asymptotic 95%
PNS | AU | P-value | Accura | Confidence Interval
R © o Lower Upper
Bound B
0.9 <0.001 | 89.2% 0.874 1.000
46 *
Positive if Sensitivity | Specifici
ty
>2.88 100.0 82.7
>3.63 100.0 85.3
>3.73 98.8 875
>4.08 77.8 94.3
>4.50 66.7 100.0

The best cutoff value for muscle —nodule strain
ratio is 3.20 with highest sensitivity, specificity
and accuracy of 100%, 91.1% and 93.3%
respectively. This indicates that at MNSR >
3.20 all pathological nodules were accurately
detected as malignant and 91.1% of non-
pathological nodules were correctly classified
as benign at this cutoff, as demonstrated in
Table 5.

Table 5. MNSR Cutoff value to differentiate between
benign and malignant thyroid nodules among the
patients.

Asymptotic 95%
AU P- Accurac Confidence Interval
C value y
Lower Upper
Bound Bound
MN 0976 | <0.00 | 93.3% | 0927 1.000
SR 1%
Positive if Sensiti | Specificity
vity
>2.8 100 83.3
0
>3.20 100 91.1
0
>3.53 T7. 100
8
>4.09 66. 100
8
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Discussion

In this study, there was no significant link
between patient's age or gender and histological
diagnosis. US examination can detect these
nodules with irregular margins,
microcalcification, and hypo echogenicity
indicating biopsy these criteria may correlate
with thyroid malignancy (27). FNA is necessary
for distinguishing benign from malignant
nodules, but it's invasive and may cause
sampling errors. Approximately 15-20% of
thyroid nodules yield non-diagnostic cytology or
inadequate sampling (28), making it crucial to
determine which nodules require follow-up and
which necessitate re-aspiration.

Ultrasound elastography is a non-invasive
technique used to differentiate benign and
malignant thyroid nodules (29). However, it has
limitations when there's no normal surrounding
thyroid tissue, like multinodular goiter or
Hashimoto's thyroiditis (29). A new reference
tissue, SCM muscle, has been developed. There
was no significant link between patient's age or
gender and histological diagnosis, which is
similar with other studies (30,32).

In terms of echogenicity, the current
investigation found a statistically significant link
between the echogenicity of thyroid nodules on
US and histological diagnosis. This is consistent
with recent research (33,34), which found a
substantial association between the echogenicity
of thyroid nodules and the prediction of
malignancy.  Furthermore, current  study
discovered a substantial relationship between the
border of thyroid nodules and histological
diagnosis, consistent with previous research
(30,35) indicating that ill-defined or irregular
margins  significantly  predict malignancy.
Additionally, the orientation of thyroid nodules
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correlation between microcalcification and
malignancy prediction, but these features alone
are not accurate (36). The study also found a
significant correlation between TIRADS (lll
and 1V) and the distinction between benign and
malignant thyroid nodules. Also, the study
reveals a significant difference in the stiffness
of benign and malignant thyroid nodules using
US elastography for both PNSR and MNSR
with P-value <0.001, similar to results
documented in previous studies (30,37)
revealing more rigidity in malignant nodules
than in normal ones. Moreover, the study
indicated that the best cut-off value for
predicting malignant nodules is >3.63, with
100% sensitivity, 85% specificity, and 89.2%
accuracy, respectively. Previous studies have
used the normal thyroid parenchyma's SR as a
reference for discriminating between benign
and malignant thyroid nodules, with a wide
range of optimal cut-off values, from SR 1.1 in
Rago et al. study [86% sensitivity and 90%
specificity] to SR 4.2 in Ning et al. study with a
sensitivity of 81.8% (22)

Additionally, the study indicated that the
muscle-nodule  strain  ratio  elastography
(MNSR) for predicting malignant nodules was
>3.2, with a 100% sensitivity, 91.1 specificity,
and 93.3% accuracy rate, respectively. This is
higher than previous studies (30,38) which set
MNSRs of overl.85 with sensitivity,
specificity, and accuracy of 95.6%, 92.8%, and
93.4%, and above 2.31 for malignant thyroid
nodules (39) Gorguli's (37) study set the
highest MNSR cutoff value (>5.75), with the
highest sensitivity and specificity (100% and
96.3%). The muscle-nodule SR was also
variable compared to other studies. The
variability in the cutoff value of SR (PNSR and

was found to have a highly significant ~MNSR) between previous studies and the

correlation  with  malignancy  prediction ~ current study can be attributed to differences in

(35, 33). Moreover, the study found a  sampling criteria, examination techniques due

significant to different machines and operators, and a lack
64
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of uniformity in procedures, such as
compression forces applied by operators. The
current study found a statistically significant
similarity between PNSR and MNSR in
differentiation between benign and malignant
thyroid nodules (p-value <0.001 for both) with
better sensitivity, specificity, and accuracy rate
of MNSR in comparison with PNSR. This result
was concomitant with Gorgult study (37).
Another study done by Aydin et al (30) shows
no significant difference between PNSR and
MNSR in the form of sensitivity, specificity, and
accuracy rate in the prediction of malignant
thyroid nodules, the sensitivity, specificity, and
accuracy rate were 95.6%, 93.4%, and 94.3%
respectively for PNSR and for MNSR, the
sensitivity, specificity, and accuracy rate were
95.6%, 92.8%, 93.4% respectively with p-value
< 0.001. This could be related to subtle
inflammation of the thyroid parenchyma, which
may be missed by the radiologist.
Conclusions

The study found that USE has high diagnostic
accuracy in distinguishing benign  from
malignant thyroid nodules, while SCM muscle
has high sensitivity, specificity, and accuracy in
predicting nodular thyroid malignancy. MNSR
had a better cutoff value of 3.2 compared to
PNSR's 3.63 in the differentiation of

benign and  malignant thyroid nodules,
suggesting it could be used safely in cases where
PNSR has limitations.

Recommendations

The study advocates for the use of elastography
and Gray-scale US for assessing thyroid nodules
and suggests using sternocleidomastoid muscle
as a reference point in addition to normal
thyroid parenchyma for better strain ratio
measurement.

Source of funding: No source of funding.
Ethical clearance: The ethical approval was
taken from the scientific committee of the Iraqi
Board of Diagnostic Radiology, by the number

Diyala Journal of Medicine

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1418

of 45 in (25/8/2020) An oral informed consent
was taken from all patients.

Conflict of interest: None.
Acknowledgements:

| am grateful to the institute of radiology in AL-
Imamein  AlKadhimein Medical city.
References

1. Milas M, Mandel SJ, Langer JE. Advanced
Thyroid and Parathyroid Ultrasound. Advanced
Thyroid and Parathyroid Ultrasound. 2017 Mar
27;1-468.

2. Abdulkareem Salman M. Prevalence of
Thyroid Hormones Test Abnormality In
Females At Reproductive Age Attending Al-
batool Maternity Teaching Hospital. Diyala
Journal of Medicine. 2023 Jun 30;24(2):93-9.
https://doi.org/10.26505/djm.v24i2.1000

3. Duick DS, Levine RA, Lupo MA. Thyroid
and parathyroid ultrasound and ultrasound-
guided FNA. Thyroid and Parathyroid
Ultrasound and Ultrasound-Guided FNA. 2017
Dec 9;1-546.

4. Kagoya R, Monobe H, Tojima H. Utility of
elastography for differential diagnosis of benign
and malignant thyroid nodules.
Otolaryngology—Head and Neck Surgery.
.2010Aug1,;143(2):230-4.
https://doi.org/10.1016/j.0tohns.2010.04.006

5. Patnaik M, Patnaik G, Swain J, Kanwar J.
Rapidly Progressing Non-Hodgkin’s
Lymphoma of Thyroid Gland. AL-Kindy
College Medical Journal. 2024 Apr 1
20(1):74-7.

https://doi.org/10.47723/nrpvbk52

6. Idan, H. M., & Motib, A. S. (2024).
Incidence of head and neck cancer among
Baquba Teaching Hospital Patients. Diyala
Journal of Medicine, 27(1), 86-96.
https://doi.org/10.26505/DJM.27018820708.

7. Ji YK, Chang HL, Soo YK, Woo KJ, Jin
HK, Su KA, et al. Radiologic and pathologic
findings of nonpalpable thyroid carcinomas
detected by ultrasonography in a medical

65

April 2025, Volume 28, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1418
https://doi.org/10.26505/djm.v24i2.1000
https://doi.org/10.1016/j.otohns.2010.04.006
https://doi.org/10.47723/nrpvbk52
https://doi.org/10.26505/DJM.27018820708.

saDIM

screening  center. J
2008;27(2):215-23.
https://doi.org/10.7863/jum.2008.27.2.215

8. Omer Bahabara , Jamal, Salem Basabaa ,
Ahmed, Mohammed Bin Thalab , Abeer,
Yeslam Baothman , Sameer, Khamis Alakbary ,
Mohammed, Salim Musiaan N. Correlation
Between the Thyroid Imaging Reporting and
Data System and Bethesda System of Cytology
in Thyroid Nodule Evaluation. Diyala Journal of
Medicine. 2024 Jun 25;26(2):1-13.
https://doi.org/10.26505/djm.v26i2.1092.

9. Cooper DS, Doherty GM, Haugen BR,
Kloos RT, Lee SL, Mandel SJ, et al. Revised
American Thyroid Association management
guidelines for patients with thyroid nodules and
differentiated  thyroid  cancer.  Thyroid.
2009Nov1;19(11):1167-214.
https://doi.org/10.1089/thy.2009.0110

10. Cantisani V, Lodise P, Grazhdani H,
Mancuso E, Maggini E, Di Rocco G, et al.
Ultrasound elastography in the evaluation of
thyroid pathology. Current status. Eur J Radiol.
2014 Mar;83(3):420-8.
https://doi.org/10.1016/j.ejrad.2013.05.008.

11. Sigrist RMS, Liau J, Kaffas A El,
Chammas MC, Willmann JK. Ultrasound
Elastography: Review of Techniques and
Clinical  Applications. Theranostics. 2017
;7(5):1303-29.
https://doi.org/10.7150/thno.18650

12. Melmed S, Polonsky KS, Larsen PR,
Kronenberg HM. Williams Textbook of
Endocrinology, Twelfth Edition. Williams
Textbook of Endocrinology, Twelfth Edition.
Elsevier; 2011. 1-1898 p. Awvailable from:
http://www.sciencedirect.com:5070/book/97814
37703245/williams-textbook-of-endocrinology
13. Shiina T, Nightingale KR, Palmeri ML,
Hall TJ, Bamber JC, Barr RG, et al. WFUMB
guidelines and recommendations for clinical use
of ultrasound elastography: Part 1. basic
principles and terminology. Ultrasound Med

Diyala Journal of Medicine

Ultrasound Med.

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1418

Biol. 2015 May 1;41(5):1126-47.
https://doi.org/10.1016/j.ultrasmedbio.2015.03.0
09

14. Kamaya A, Machtaler S, Safari Sanjani S,
Nikoozadeh A, Graham Sommer F, (Pierre)
Khuri-Yakub BT, et al. New technologies in
clinical ultrasound. Semin Roentgenol. 2013
Jul;48(3):214-23.
https://doi.org/10.1053/j.r0.2013.03.009.

15. Abdulgader S, Nori W, Akram N, Al-
Kinani M. Radiological Modalities for the
Assessment of Fetal Growth Restriction: A
Comprehensive Review. AL-Kindy College
Medical Journal. 2024 Apr 1;20(1):4-13.
https://doi.org/10.47723/nz221421

16. Sebag F, Vaillant-Lombard J, Berbis J,
Griset V, Henry JF, Petit P, et al. Shear Wave
Elastography: A New Ultrasound Imaging
Mode for the Differential Diagnosis of Benign
and Malignant Thyroid Nodules. J Clin
Endocrinol Metab. 2010 Dec 1 ;95(12):5281-8.
https://doi.org/10.1210/jc.2010-0766.

17. Magri F, Chytiris S, Chiovato L. The role of
elastography in thyroid ultrasonography. Curr
Opin  Endocrinol  Diabetes Obes. 2016
;23(5):416-22.
https://doi.org/10.1097/MED.00000000000002
74

18. Abdulgader SK, Al-Ani YAA, Akram NN,
Nori W, Al-Kinani M. Metastatic Ovarian
Tumor from Incidental Renal Cell Carcinoma:
A Case Report and Literature Review. Al-
Anbar Medical Journal. 2024 Jun 1 ;20(1):113—
6.
https://doi.org/10.33091/amj.2024.145878.1521
19. Gennisson JL, Deffieux T, Fink M, Tanter
M. Ultrasound elastography: principles and
techniques. Diagn Interv Imaging.
2013;94(5):487-95.
https://doi.org/10.1016/j.diii.2013.01.022

20. Choi YJ, Lee JH, Baek JH. Ultrasound
elastography for evaluation of cervical lymph
nodes. Ultrasonography.

66

April 2025, Volume 28, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1418
https://doi.org/10.7863/jum.2008.27.2.215
https://doi.org/10.26505/djm.v26i2.1092.
https://doi.org/10.1089/thy.2009.0110
https://doi.org/10.1016/j.ejrad.2013.05.008.
https://doi.org/10.7150/thno.18650
https://doi.org/10.1016/j.ultrasmedbio.2015.03.009
https://doi.org/10.1016/j.ultrasmedbio.2015.03.009
https://doi.org/10.1053/j.ro.2013.03.009.
https://doi.org/10.47723/nz221421
https://doi.org/10.1210/jc.2010-0766.
https://doi.org/10.1097/MED.0000000000000274
https://doi.org/10.1097/MED.0000000000000274
https://doi.org/10.33091/amj.2024.145878.1521
https://doi.org/10.1016/j.diii.2013.01.022

x.DIM Diyala Journal of Medicine

2015;34(3):157-64.
https://doi.org/10.14366/usg.15007

21. Asteria C, Giovanardi A, Pizzocaro A,
Cozzaglio L, Morabito A, Somalvico F, et al.
US-elastography in the differential diagnosis of
benign and malignant thyroid nodules. Thyroid.
2008 May 1;18(5):523-31.

https://doi.org/ 10.1089/thy.2007.0323

22. Rago T, Santini F, Scutari M, Pinchera A,
Vitti P. Elastography: New Developments in
Ultrasound for Predicting Malignancy in
Thyroid Nodules. J Clin Endocrinol Metab.
2007 Aug 1;92(8):2917-22.

https://doi.org/ 10.1210/jc.2007-0641

23. Dighe M, Bae U, Richardson ML,
Dubinsky TJ, Minoshima S, Kim Y. Differential
Diagnosis of Thyroid Nodules with US
Elastography Using Carotid Artery Pulsationl..
2008Aug1;248(2):662-9.
https://doi.org/10.1148/radiol.2482071758

24. Wang HL, Zhang S, Xin XJ, Zhao LH, Li
CX, Mu JL, et al. Application of Real-time
Ultrasound Elastography in Diagnosing Benign
and Malignant Thyroid Solid Nodules. Cancer
Biol Med. 2012 Jun;9(2):124-7.

https://doi.org/ 10.4103/2156-7514.197074

25. Guazzaroni M, Spinelli A, Coco I, Del
Giudice C, Girardi V, Simonetti G. Value of
strain-ratio on thyroid real-time
sonoelastography. Radiol Med. 2014 Mar
1;119(3):149-55.
https://doi.org/10.1007/s11547-013-0320-9 .

26. El-Hariri MA, Taha Ali TF, Tawab MA,
Magid AMA, EI-Shiekh AF. The clinical value
of ultrasound elastography in predicting
malignant thyroid nodules. The Egyptian
Journal of Radiology and Nuclear Medicine.
2014 Jun 1;45(2):353-9.
https://doi.org/10.1016/j.ejrnm.2014.03.006

27. Kim HG, Moon HJ, Kwak JY, Kim EK.
Diagnostic accuracy of the ultrasonographic
features for subcentimeter thyroid nodules
suggested by the revised American Thyroid

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1418

Association guidelines. Thyroid. 2013 Dec
1;23(12):1583-9.

https://doi.org/ 10.1089/thy.2012.0586

28. Chow LS, Gharib H, Goellner JR, Van
Heerden JA. Nondiagnostic thyroid fine-needle
aspiration cytology: management dilemmas.
Thyroid.2001;11(12):1147-51.
https://doi.org/10.1089/10507250152740993
29. Bojunga J, Herrmann E, Meyer G, Weber S,
Zeuzem S, Friedrich-Rust M. Real-time
elastography for the differentiation of benign
and malignant thyroid nodules: a meta-analysis.
Thyroid. 2010 Oct 1;20(10):1145-50.
https://doi.org/10.1089/thy.2010.0079

30. Aydin R, Elmali M, Polat AV, Danaci M,
Akpolat I. Comparison of muscle-to-nodule and
parenchyma-to-nodule strain ratios in the
differentiation of benign and malignant thyroid
nodules: which one should we use? Eur J
Radiol. 2014 Mar;83(3).

https://doi.org/ 10.1016/j.ejrad.2013.12.003

31. Zhang WB, Xu W, Fu WJ, He BL, Liu H,
Deng WF. Comparison of ACR TI-RADS,
Kwak TI-RADS, ATA qguidelines and
KTA/KSThR guidelines in combination with
SWE in the diagnosis of thyroid nodules. Clin
Hemorheol Microcirc. 2021 Feb 10 ;78(2):163—
74.

https://doi.org/10.3233/CH-221507

32. Abdulgader SK, Bakr GM an, Ahmed SA,
Hassan QA, Al-Kinani M. Gender Distribution
of Coronary Artery Calcium Score and Degree
of  Stenosis  Assessed by  Computed
Tomography Angiography in Iragi Patients with
Chest Pain: Al-Rafidain Journal of Medical
Sciences ( ISSN 2789-3219 ). 2024 Jul
20;7(1):78-84.
https://doi.org/10.54133/ajms.v7i1.1032

33. Colakoglu B, Yildirim D, Alis D, Ucar G,
Samanci C, Ustabasioglu F, et al. Elastography
in Distinguishing Benign from Malignant
Thyroid Nodules. J Clin Imaging Sci. 2016 Oct
1,6(4).

67

April 2025, Volume 28, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1418
https://doi.org/10.14366/usg.15007
https://doi.org/%2010.1089/thy.2007.0323
https://doi.org/%2010.1210/jc.2007-0641
https://doi.org/10.1148/radiol.2482071758
https://doi.org/%2010.4103/2156-7514.197074
https://doi.org/10.1007/s11547-013-0320-9%20.
https://doi.org/10.1016/j.ejrnm.2014.03.006
https://doi.org/%2010.1089/thy.2012.0586
https://doi.org/10.1089/10507250152740993
https://doi.org/10.1089/thy.2010.0079
https://doi.org/%2010.1016/j.ejrad.2013.12.003
https://doi.org/10.3233/CH-221507
https://doi.org/10.54133/ajms.v7i1.1032

saDIM

https://doi.org/10.4103/2156-7514.197074

34. Muhi AM, Kamal AM, Dawood SN,
Kareem TF, Fakhri RTT, Al-Attar Z. The Role
of Strain Elastography in Evaluating Borderline
Axillary Lymph nodes. AL-Kindy College
Medical Journal. 2022 May 5;18(1):68-72.
https://doi.org/10.47723/kcmj.v18i1.692

35. Shin JH, Baek JH, Chung J, Ha EJ, Kim
JH, Lee YH, et al. Ultrasonography Diagnosis
and Imaging-Based Management of Thyroid
Nodules: Revised Korean Society of Thyroid
Radiology Consensus Statement and
Recommendations. Korean J Radiol. 2016 May
1;17(3):370-95.

https://doi.org/ 10.3348/kjr.2016.17.3.370

36. Slapa R, Jakubowski W, Slowinska-
Srzednicka J, Szopin

ski K. Advantages and disadvantages of 3D
ultrasound of thyroid nodules including thin

Diyala Journal of Medicine

ORIGINAL RESEARCH
Published: 25 April 2025
DOI: 10.26505/djm.v28i1.1418

37. Gorgull FF. Which Is the Best Reference
Tissue for Strain Elastography in Predicting
Malignancy in Thyroid Nodules, the
Sternocleidomastoid Muscle or the Thyroid
Parenchyma? J Ultrasound Med. 2019 Nov
1;38(11):3053-64.

https://doi.org/ 10.1002/jum.15013

38. Abdulgader  SK.  Thyroid  Imaging
Reporting and Data System (TI-RADS)
Stratification for Thyroid Incidentalomas in
Iraqi Sample. Kirkuk Journal of Medical
Sciences. 2024 Oct 1;12(2):13-20.
https://doi.org/10.32894/kjms.2024.152350.111
1.

39. Ciledag N, Arda K, Aribas BK, Aktas E,
Kdse SK. The utility of ultrasound elastography
and MicroPure imaging in the differentiation of
benign and malignant thyroid nodules. AJR Am
J Roentgenol. 2012 Mar;198(3).

slice  volume rendering. Thyroid Res. https://doi.org/ 10.2214/AJR.11.6763
2011;4(1):1.
https://doi.org/ 10.1186/1756-6614-4-1

68

April 2025, Volume 28, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1418
https://doi.org/10.4103/2156-7514.197074
https://doi.org/10.47723/kcmj.v18i1.692
https://doi.org/%2010.3348/kjr.2016.17.3.370
https://doi.org/%2010.1186/1756-6614-4-1
https://doi.org/%2010.1002/jum.15013
https://doi.org/10.32894/kjms.2024.152350.1117.
https://doi.org/10.32894/kjms.2024.152350.1117.
https://doi.org/%2010.2214/AJR.11.6763

ORIGINAL RESEARCH
Published: 25 April 2025

Diyala Journal of Medicine DOI: 10.26505/djm.v28i1.1418

Aandll) gy (and aladiuly culaad) ) 48 jal) 3300 e Mg dpad g Cilagdiall ) bl lga) dpud 45 jlia
Aa gadiall 438 A1) 3aad) e b A5 gual) (398 Cila gall Sl
A5 dana dana ' A ad b))
uidlal)
3l e (e Bapeal) Culaall judi 853k A ‘Qhuﬁ#g@;\ﬁﬁbaﬁmh@}a&\@ﬁagﬂugﬁﬂ\ BIRL ]
0555 Ledie el A e 5 508 358 aa 53 S0 g Bac) 5 gl dlgadl) daus Aol 59 48 Hall 3asll calia (i jelal 385 A5all 48 )l
Al dpnpdall 48 5l 33l Aol 3 (i cllia
48 )5l 3aad) Al aladinly dlea) Ao andi A (e 48 ) Cla@ally 5l 8 adiill elalll an g dul all e Cangd) IS salaY)
) S A0 2 8 5l dpuail) Aliasl) 5 dxgaal)
u\;ﬂ\'&h;\}}a;w.\nc_ﬂj\jig'_ﬂu‘w"éd:\;}“Q\Aﬁ&d‘tﬁjdw\)h;a\.‘a.\fssécﬁ@\h\)d&.\)}i :LBJH‘JU"'.AJA“
2021 iy S 0538 15 N 2020 sbame | / 2 25 a8 i) (3 Gloall — dlais & dulall (pelalSH Cpalea) Ae b 4 gaal) (558
le Jsanll a1 385 Volution-E6 A sall (358 Cila sall Slea ddau 53 sl C8 gl axiial 5 (gale ) (uliiay (oaia el gaan (s o
il ale S/ 5 LAl ale (5 5k (e Al clapall
DS e (9%021.2)Y 5 SUY) (e pgie (9%78.8) 26 (V 45V, £ 43.4) e A (68-18 ) (mmwll yee Jangie IS silidl)
e dohly dasale 84 suall Aall Apall 438 Hall Glagal) culS A Glate CilS (% 27.3 ) 1 5 saea ilS (0472.7)24
ol jad) £ Jan iy 2,007, ) A el aall Gl anead el (gaall Mlgall) And G gl i g8l QSN jedai g ¢y e V)
Y,ii:l:é.\ﬁg;)\éuu\ﬁ\ih).\m o,Yo_ +,¢Y wi@\\&mc;\ﬂ@&%d&ﬂ\ dw;\.\mﬂ\.}jc Y,d0+),0 L)AL.SJL.)M
e A3, Y00 A4 Y 41 04) Ay Jaray A 55 5 Al e i) gl slgadll daws J (<Y )ilS adad Ao Jual ), YA,
V0 )00 0%) ¢ AL A8 Jasa s ¢ dpa peaddl s ¢ dpuliad) ae (VY )ilS gaial) Liasd) algadl) daud adad o Juadl 5 ¢ (N 5l
(s e Ay, o
L (4l lia S 38 )l saadl ol 5l il 8 380 5 dpa pead 5 Adle Al 2005A10 4 8 5 dpail) Aliaall & jedal: LATLY)
Aladiul (Say Gl Lpall 5 sagend) 48 50l B2l e G Suadl) dpadiill 4821 A gaxd) liasd) dleal) A 5 il (gaall Slga]
i) il algal) Gl o 30 Lo aa o A VA 8 ol gaiall Liasll dlea) Ao
Aleall) s A jall saall Cladie Al A je and idalidal) cilalsl
Lk Juad iy ) rdml pall Ciligall
Zainab.faisal137@gmail.com :Jxa!

YoY¢ Jead VY :eﬁu\}\@)\ﬁ
Yove SIS A gl
YeYo OLu.\'.'ﬁ A\ :Jﬁﬂ\@)lﬁ

LG - kg — el CpalBlS cppalay) ddyaa
L)) - Ak — daalad) algd) AS gl ) L ol 930 o

69 April 2025, Volume 28, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1418
file:///C:/Users/Spider%20House/Downloads/Telegram%20Desktop/Zainab.faisal137@gmail.com

