
H E A D  A N D  N E C K  I M A G I N G
O R I G I N A L  A R T I C L ECopyright© Author(s) - Available online at dirjournal.org.

Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

226

Diagn Interv Radiol 2025; DOI: 10.4274/dir.2025.243132

You may cite this article as: Lee Y. Dual-energy computed tomography-based volumetric thyroid iodine quantification: correlation with thyroid hormonal 
status, pathologic diagnosis, and phantom validation. Diagn Interv Radiol. 2025;31(3):226-233.

Dual-energy computed tomography-based volumetric thyroid iodine 
quantification: correlation with thyroid hormonal status, pathologic 
diagnosis, and phantom validation

PURPOSE
To investigate the relationship between intrathyroidal iodine concentration (IC) (mg I/mL) and thy-
roid hormonal status or pathologic diagnosis with the use of dual-energy computed tomography 
(DECT). 

METHODS
We retrospectively included patients who underwent neck CT examination between September 
2016 and August 2021 using a dual-layer DECT scanner (120 kilovolt peak) for preoperative thyroid 
imaging. We performed volumetric IC measurements at the thyroid parenchyma on the additional 
iodine map generated from non-contrast images. We then compared the mean IC of thyroid paren-
chyma based on thyroid hormonal status (hypothyroid, euthyroid, and hyperthyroid) and diffuse 
thyroid disease (DTD). Additionally, we determined the accuracy of iodine quantification with our 
site-specific DECT acquisition protocol using a GammexTM phantom containing seven iodine inserts 
with different ICs ranging from 2 to 20 mgI/mL. 

RESULTS
Among the 578 patients (M:F: 87:491, age: 48.6 ± 11.7 years) who were finally selected, the mean 
thyroid parenchymal ICs was the lowest in the hyperthyroid group, followed by the hypothyroid 
group, and then the euthyroid group (0.68 ± 0.37, n = 44 vs. 1.13 ± 0.42, n = 61 vs. 1.32 ± 0.43, n = 
473, P < 0.01, respectively). In the patients with euthyroidism, the mean parenchymal IC was already 
lower in the patients with pathologically proven DTD than in those without DTD (1.22 ± 0.44 mgI/
mL vs. 1.45 ± 0.37 mgI/mL, P < 0.01). Based on the phantom study, the median percentage devia-
tions from the expected values were 5.1% for ICs of 2–20 mgI/mL.

CONCLUSION
DECT-based IC quantification could be a potentially useful method for identifying patients with 
thyroid hormone dysfunction or DTD without the use of contrast media.

CLINICAL SIGNIFICANCE
Without the need for intravenous administration, DECT-based intrathyroidal IC quantification pro-
vides potentially valuable information from the non-contrast CT image of the thyroid parenchyma 
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In non-contrast computed tomography (CT) imaging, the normal thyroid gland, which har-
bors approximately 70%–80% of the body’s iodine in a healthy adult,1 exhibits a distinctive 
increase in CT attenuation in comparison with other anatomical structures. In contrast, pa-

tients presenting with thyroid hormone dysfunction or underlying thyroiditis exhibit a pro-
nounced reduction in CT attenuation, suggestive of inflammatory cell infiltration within the 
thyroid gland.2-6 It is crucial to acknowledge that CT attenuation is not a fixed measurement; 
rather, it is susceptible to fluctuations influenced by technical parameters, including the type 
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of scanner employed, tube potential [kilo-
volt peak (kVp)], and patient positioning.7,8 
These factors can markedly amplify the ob-
served changes in the thyroid gland, which 
is particularly rich in iodine. Moreover, X-ray 
fluorescence spectrometry has emerged as a 
novel technique for evaluating the intrathy-
roidal iodine pool.9,10 However, it is limited to 
the analysis of formalin-fixed samples and, as 
a result, is not applicable for individual pa-
tient assessments.

Previous research utilizing dual-energy 
CT (DECT) has shown the ability to directly 
measure iodine concentration (IC) from in-
dividual voxels. This advancement has en-
hanced diagnostic performance in oncolog-
ical imaging by facilitating the prediction of 
pathological subtypes, assessing post-treat-
ment responses, and determining progno-
sis.11-13 Recent studies have suggested that 
measuring IC obtained through DECT could 
be advantageous in the treatment of pa-
tients with thyroid hormone disorders.14-16 
However, these studies did not sufficiently 
consider the impact of thyroid hormone sta-
tus or the technical parameters associated 
with DECT. Consequently, the present study 
investigates the feasibility of quantifying io-
dine from non-contrast thyroid CT images of 
patients with established thyroid hormone 
status and/or histopathological diagnoses, 
in addition to using a CT phantom contain-
ing iodine inserts, through the application of 
recently developed dual-layer detector DECT 
technology.

Methods 
This study was approved by the Korea 

University Ansan Hospital Institutional Re-
view Board and the requirement of informed 
consent was waived due to its retrospective 
chart review and image analysis (approval 
no: AS20180180, date: September 2023).

Patient population

To evaluate the parenchymal IC of the 
entire thyroid gland using non-contrast CT 
images in relation to thyroid function and 
pathological findings, we conducted a ret-
rospective analysis of the medical records of 
1,365 patients who underwent neck CT ex-
aminations using a DECT scanner at our insti-
tution between September 2016 and August 
2021. The criteria for inclusion in this study 
were as follows: (a) the entire thyroid gland 
was imaged without the use of contrast media 
during the neck CT examination; (b) thyroid 
hormone levels, including free thyroxine (fT4) 
(ng/dL), triiodothyronine (T3) (ng/dL), and 
 thyroid-stimulating hormone (TSH) (uIU/mL), 
were measured within 1 month prior to the 
CT examination; (c) any thyroid nodule pres-
ent had a diameter of ≤10 mm as determined 
by sonographic imaging or final surgical spec-
imens, if surgery was performed; (d) patients 
had no prior history of medication that could 
potentially influence thyroid function test re-
sults, such as dopamine agonists, glucocorti-
coids, somatostatin analogues, metformin, 
salicylates, phenytoin, lithium, and tyrosine 
kinase inhibitors; and (e) the overall quality of 
the CT images was not significantly compro-
mised by beam-hardening artifacts, primarily 
associated with adjacent bony structures.

Finally, a total of 578 patients (M:F: 87:491, 
mean age: 48.6 ± 11.7 years) were included 
for DECT-based IC quantification. Compre-
hensive patient characteristics are presented 
in Table 1 and Figure 1. The primary indication 
for neck CT in these patients was preopera-
tive planning, particularly concerning neck 
lymph node metastasis.17 As such, non-con-
trast CT images were routinely acquired 
before contrast administration to identify 
calcifications or cystic change in neck lymph 
nodes, which are well-established CT indica-
tors of metastatic thyroid carcinoma.17 

According to the TSH results, 61, 473, and 
44 patients were classified as hypothyroid, 
euthyroid, and hyperthyroid, respectively. 
The mean age and sex distribution did not 
differ across the three groups (all P > 0.05). 
The TSH levels were significantly different 
across the three groups (all P < 0.01), whereas 
a significant difference existed only between 
the hyperthyroid group and the other two 
groups for the fT4 and T3 levels (all P < 0.01). 
Among the 521 patients who underwent to-
tal thyroidectomy, subtotal thyroidectomy, 
or hemithyroidectomy for the removal of 
thyroid nodules with cytological diagnoses 
or to alleviate symptoms associated with hy-
perthyroidism, 318 patients were pathologi-
cally diagnosed with diffuse thyroid disease 
(DTD). 

Data acquisition and iodine quantification 

Non-contrast CT images utilized for the 
quantification were obtained using a sin-
gle-source, dual-layer detector CT system 
( Philips Healthcare, IQon Spectral CT scan-
ner, Cleveland, OH, USA). The imaging pa-
rameters employed included a tube voltage 
of 120 kVp, a mean tube current of 42 mAs 
(with a range of 30–150 mAs), a collimation 
thickness of 64*0.625 mm, a helical pitch of 
0.609, a rotation time of 0.75 seconds per 
rotation, and a field of view measuring 350 
mm. The scan encompassed a range from 
the skull base to the aortopulmonary win-
dow. An automatic tube current modulation 
system was engaged during the scanning 
process along both the X–Y and Z axes (Dos-
eRight 3D-DOM; Philips Healthcare).

All acquired images were subsequently 
transferred to and analyzed using special-
ized DECT postprocessing software (Spectral 
Diagnostic Suite version 6.5, Philips Health-
care) to generate an iodine-specific densi-
ty map through projection-based material 

Main points

• Dual-energy computed tomography (CT) 
can quantify the inherent thyroid iodine sta-
tus using the non-contrast CT images. 

• The intrathyroidal iodine concentration (IC) 
was observed to be significantly reduced in 
patients exhibiting hypo- or hyperthyroid-
ism in comparison with those with euthy-
roidism, with a reference range determined 
to be 1.32 ± 0.43 mgI/mL.

• Significantly decreased intrathyroidal IC was 
observed in patients with pathologically 
confirmed diffuse thyroid disease, even in 
those who are euthyroid. Figure 1. Flowchart of included patients with dual-energy computed tomography-based thyroid gland 

iodine quantification. DECT, dual-energy computed tomography.
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decomposition.7 Conventional images were 
reconstructed employing a hybrid iterative 
reconstruction algorithm (iDose 4, level 3) 
alongside a soft tissue algorithm [window 
level set at 60 Hounsfield unit (HU); window 
width at 300 HU], with a slice thickness of 2 
mm.

For the volumetric assessment of CT at-
tenuation values and IC in the thyroid glands, 
a board-certified radiologist with 19 years of 
expertise in head and neck imaging utilized a 
semi-automated region-growing technique 
to encompass the entire thyroid gland on 
40-kiloelectronvolt (keV) virtual monoener-
getic images, as this kiloelectron volt level 
significantly enhances intrathyroidal iodine 
CT attenuation.7,8 Additional sets of iodine 
density maps and conventional images were 

employed to derive IC and CT attenuation 
values (Figure 2). The total thyroid volume, 
inclusive of both lobes and the isthmus, was 
calculated. Measurements were conducted 
three times using the vendor’s proprietary 
image viewer (IntelliSpace Portal v9; Philips 
Healthcare) and subsequently averaged.

Hormone status and pathologic analysis 

The thyroid hormone status of patients 
was categorized into three distinct groups: 
hypothyroid, euthyroid, and hyperthyroid, 
based on recent serum levels of TSH and 
fT4. The reference ranges utilized by our 
institution were as follows: TSH levels be-
tween 0.17 and 4.05 uIU/mL and fT4 levels 
between 0.85 and 1.86 ng/dL. TSH is recog-
nized as the most effective screening mark-

er for thyroid function due to its enhanced 
sensitivity and specificity relative to other 
hormonal assessments.18 Accordingly, in 
this study, patients were classified into the 
hypothyroid, euthyroid, and hyperthyroid 
groups based on their TSH levels being 
above the upper limit, within the reference 
range, or below the lower limit of the refer-
ence range, respectively. Additionally, for 
patients who underwent thyroid surgery at 
our institution, we documented the patho-
logical subtypes of thyroid nodules and the 
presence of DTD, which encompasses a di-
verse array of autoimmune inflammatory or 
hyperplastic conditions, including Hashimo-
to’s thyroiditis (HT) and nodular or diffuse 
hyperplasia.19

Figure 2. Example of thyroid parenchymal iodine concentration (IC) measurement. Initially, the volumetric region of interest encompassing the entire thyroid 
glands was drawn on the axial 40-keV virtual monoenergetic images (a, d) using the semi-automated region-growing method. Then, both mean CT attenuation 
value and IC were obtained from the corresponding iodine density map (c, f, g) and conventional CT images (b, e). Total thyroid volume was also recorded. keV, 
kiloelectronvolt; CT, computed tomography.

Table 1. Clinical characteristics of the patients

Hypothyroid Euthyroid Hyperthyroid P value 

Numbers of patients (men: women) 61 (9:52) 473 (72:401) 44 (6:38) >0.05*†‡

Age (years) 50.4 ± 10.3 48.3 ± 11.4 48.5 ± 15.8 >0.05*†‡

Thyroid-stimulating hormone (uIU/mL, normal range: 0.17–4.05) 5.94 ± 1.44 1.74 ± 0.83 0.04 ± 0.04 <0.01*†‡

Free thyroxine (ng/dL, normal range: 0.79–1.86) 1.21 ± 0.17 1.29 ± 0.15 1.56 ± 0.56 <0.01†‡

Triiodothyronine (ng/dL, normal range: 78–182) 116.4 ± 33.6 115.8 ± 32.8 150.5 ± 56.6 <0.01†‡

Numbers of pathologic diagnosis for thyroid parenchyma (no pathologic 
results: normal: diffuse thyroid disease) 6:14:41 36:189:248 15:0:29

Data shown as mean ± standard deviation. The presented P values resulted from comparison between three groups with different thyroid hormonal status, using chi-squared 
tests for categorical variables and one-way analysis of variance tests for continuous variables. *, hypothyroid vs. euthyroid; †, hypothyroid vs. hyperthyroid; ‡, euthyroid vs. 
hyperthyroid. 
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Statistical analysis  

Categorical variables represented numer-
ically were analyzed across the three groups 
(euthyroid, hypothyroid, and hyperthyroid) 
using the chi-squared test. Continuous var-
iables were reported as mean ± standard 
deviation or median (interquartile range). 
To assess the differences in parenchymal 
CT attenuation, IC, and total thyroid volume 
among the three distinct thyroid hormone 
groups, one-way analysis of variance (ANO-
VA) was conducted following the verification 
of normal distribution through the Shap-
iro–Wilk test. The Bonferroni correction was 
applied to account for multiple comparisons. 
Additionally, a subgroup analysis was per-
formed on the euthyroid group to evaluate 
the presence or absence of DTD in their sur-
gical specimens. The relationship between 
continuous variables (IC, CT attenuation, age, 
fT4, and TSH) was examined using bivariate 
Pearson or Spearman correlation analysis. 
Data analysis was conducted using IBM SPSS 
Statistics 25.0 (Armonk, NY, USA), with a P val-
ue of <0.05 deemed indicative of a statistical-
ly significant difference.

Phantom study

To evaluate the quantitative accuracy 
of the DECT protocol for IC calculation, we 
employed an electron density phantom 
(GammexTM 467, Gammex Inc., Middleton, 
WI, USA) that contained iodine-loaded in-
serts (2.8 cm in diameter and 7 cm in length) 
corresponding to seven different ICs (2.0, 2.5, 

5.0, 7.5, 10.0, 15.0, and 20.0 mgI/mL), in ad-
dition to a solid water insert rod, positioned 
within the inner circle of the phantom, while 
the outer ring remained unfilled.11,12,20 During 
the scanning process, the phantom was axial-
ly aligned on the scanner table and centered 
within the gantry to facilitate axial scans of 
the insert-filled section of the phantom (Fig-
ure 3). The CT parameters selected were con-
sistent with our standard protocol for adult 
neck scans, using a voltage of 120 kVp. Both 
conventional and spectral base images were 
generated for subsequent analysis, following 
the methodology previously described. Cir-
cular regions of interest (ROIs) measuring ap-
proximately 100 mm2 were delineated at the 
center of each insert across 10 consecutive 
slices. Each scan was conducted three times, 
resulting in a total of 30 measurements for 
each rod. The analysis of measured versus 
expected values included the calculation of 
the absolute difference (measured−expect-
ed) and the percentage deviation, expressed 
as [100 × (measured− expected)/expected].

Results

Mean intrathyroidal iodine concentration 
values in the three different thyroid hormo-
nal groups

The means of CT attenuation values, IC, to-
tal volume, and iodine content of the whole 
thyroid glands are summarized in Table 2. In 
the group of 473 patients with euthyroidism, 
the means of CT attenuation values, IC, and 
total volume of thyroid parenchyma were 

103.2 ± 16.5 HU, 1.32 ± 0.43 mgI/mL, and 
11.7 ± 11.9 mL, respectively. Based on ANO-
VA tests, mean intrathyroidal CT attenuation 
values and IC were significantly different 
among the three groups (all P < 0.01). Mean 
CT attenuation values and IC were the low-
est in the hyperthyroid group, and lower in 
the hypothyroid group compared with the 
euthyroid group (0.68 ± 0.37 mgI/mL, 75.2 ± 
19.3 HU vs. 1.13 ± 0.42 mgI/mL, 95.1 ± 18.2 
HU, all P < 0.01) (Figure 4). Furthermore, the 
hyperthyroid group presented with a signifi-
cantly larger thyroid volume compared with 
both the euthyroid group and the hypothy-
roid group (all P < 0.05); however, no statis-
tically significant difference in volume was 
observed between the euthyroid and hypo-
thyroid groups (P > 0.05).

Difference in intrathyroidal iodine concen-
tration values based on pathologic diagnosis 

In the group of 437 patients with euthy-
roidism who underwent thyroid surgery, the 
mean thyroid parenchymal IC was found to 
be significantly lower in those diagnosed 
with DTD in comparison to those without 
this diagnosis,as confirmed by pathological 
assessment (1.22 ± 0.44 mgI/mL vs. 1.45 ± 
0.37 mgI/mL; P = 0.023, Figure 5).

Correlation between intrathyroidal iodine 
concentration values and other continuous 
variables 

Using Pearson correlation analysis, thy-
roid parenchymal IC had a statistically sig-

Figure 3. Gammex phantom with different iodine concentrations. To examine the accuracy of iodine quantification using dual-energy computed tomography (CT), 
iodine concentration increased clockwise from 12 o’clock position (a, b). The zoom-in conventional axial CT image [(c): window level/width 60/300 HU] and iodine 
density map [(d): window level/width 3/15 mgI/mL] acquired with 120 kVp show the increased signal. kVp, kilovolt peak; HU, Hounsfield unit.

Table 2. Volumetric quantification of entire thyroid glands with different thyroid hormonal status using dual-energy computed tomography 
datasets

Hypothyroid
 (n = 61)

Euthyroid 
(n = 473)

Hyperthyroid
(n = 44)

P value

Computed tomography attenuation (HU) 95.1 ± 18.2 103.2 ± 16.5 75.2 ± 19.3 <0.01*†‡

Iodine concentration (mgI/mL) 1.13 ± 0.42 1.32 ± 0.43 0.68 ± 0.37 <0.01*†‡

Total volume of thyroid gland (mL) 11.2 ± 7.1 11.7 ± 11.9 46.3 ± 59.0 <0.05†‡

Data shown as mean ± standard deviation. *, hypothyroid vs. euthyroid; †, hypothyroid vs. hyperthyroid; ‡, euthyroid vs. hyperthyroid; HU, Hounsfield unit.

a b c d
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nificant strong positive relationship with CT 
attenuation only (r = 0.859, P < 0.01), whereas 
other variables, including age, fT4, and TSH, 
had no relationship with thyroid parenchy-
mal IC (r = −0.033, −0.069, 0.054, respectively, 
all P > 0.05).

Accuracy of iodine quantification using 
computed tomography phantom 

Examples of conventional CT and IC imag-
es of iodine inserts using the same scanning 
protocol implemented at our institution for 
the acquisition of non-contrast DECT imag-
es are shown in Figure 6. The quantification 
results for the iodine inserts indicated good 
agreement between the individual measure-
ment values and the reference values, yield-
ing an overall median difference of 0.36 mgI/
mL (range: 0.12–0.58 mgI/mL) and a mean 
percentage deviation of 5.1% (range: 2.2%–
6.2%) for IC values between 2.0 and 20.0 mgI/
mL.

Discussion 
This study presents the first reference 

range of intrathyroidal IC of patients with eu-
thyroidism from non-contrast thyroid CT im-
ages using DECT-based IC quantification. As 
anticipated, the mean intrathyroidal IC val-
ues were significantly lower in patients with 
hypo-/hyperthyroidism when compared 

with those who were euthyroid. Further-
more, the observed decrease in IC associated 
with concurrent DTD occurred prior to the 
onset of thyroid hormonal dysfunction. Con-
sequently, the reference range for intrathy-
roidal IC provided in this study will enhance 
the understanding of iodine metabolism in 
the context of thyroid hormone disorders.

Iodine is a crucial micronutrient required 
for the synthesis of thyroid hormones.21 In 
healthy adults, the sodium/iodine symporter 
facilitates the active transport of iodide into 
the thyroid follicles, operating across a con-
centration gradient that is 20–50 times great-
er than that found in plasma. Consequently, 
a substantial proportion of iodine, estimated 
at 70%–80% (equivalent to 15–20 mg), is se-
questered in colloid pools.1 These pools exert 
a predominant effect on the CT attenuation 
values of the thyroid gland. Previous exper-
imental studies have demonstrated a direct 
relationship between CT attenuation and IC 
in solution, supporting the use of intrathyroi-
dal CT attenuation as a functional indicator 
for the early detection and assessment of 
thyroid disease severity.3-6 However, iodine, 
an element with a high atomic number (Z 
= 53), exhibits variable CT attenuation de-
pending on the photon energy level, espe-
cially just beyond its K-edge (33.2 keV).7,8 As 
a result, the manipulation of iodine CT atten-
uation can be achieved through adjustments 

in kVp. Furthermore, neighboring osseous 
structures often result in significant beam 
hardening artefacts in the vicinity of the 
thyroid gland, impeding the precision of CT 
attenuation.

To overcome these problems in CT atten-
uation measurement, several researchers 
have advocated for DECT-based IC quanti-
fication as a more precise and dependable 
diagnostic approach for evaluating thyroid 
hormone levels.14-16 Binh et al.14 were the first 
to propose the use of intrathyroidal IC as a 
functional marker in patients with hyperthy-
roidism, demonstrating a significant nega-
tive correlation between iodine 123 uptake 
at 3 hours and intrathyroidal IC (r = −0.680, 
P < 0.05). However, no correlation was found 
between iodine 123 uptake and CT attenua-
tion values (P = 0.087).14 In a study involving 
226 patients with euthyroidism, it was ob-
served that intrathyroidal IC was significant-
ly lower in men compared with women and 
exhibited a gradual decline in patients over 
the age of 40.15 Another investigation involv-
ing patients with euthyroidism revealed that 
mean IC and total iodine content were posi-
tively correlated with fT3/total-T3 levels, but 
exhibited a negative correlation with TSH.16 
However, prior studies measured intrathy-
roidal IC values at only two or three slices 
of each lobe, averaging the results without 
assessing the entire thyroid volume.14-16 Ad-

Figure 4. Representative non-contrast computed tomography (CT) images of thyroid gland in the patients with different thyroid hormonal status. The region 
of interest-indicated iodine density maps (d-f) switched from the upper conventional CT images [(a): hypothyroid, (b): euthyroid, (c): hyperthyroid] show the 
significantly decreased mean thyroid parenchymal iodine concentration in the patients with hypo-/hyperthyroidism than the euthyroid group (0.9, 0.5 mgI/mL vs. 
1.3 mgI/mL). 

a

d

b

e

c

f



 

Dual-energy computed tomography-based thyroid gland iodine quantification • 231

ditionally, the sample size in these studies 
(n = 43) was relatively small, limiting the de-
termination of correlation coefficients. Fur-
thermore, the DECT-based IC quantification 
methods lacked validation, especially con-
sidering the significant variability that can 
result from technical factors such as scanner 
type and body diameter.22,23 In contrast, the 
present study used volumetric quantification 
in a larger cohort of patients with confirmed 
hormonal and pathologic diagnosis. As a re-
sult, the accuracy of this approach was con-
firmed in a phantom study, suggesting that 
the results obtained are more reliable than 
those reported in previous investigations.14-16

This study appears to be the first volumet-
ric analysis of intrathyroidal IC across three 
distinct groups defined by differing thyroid 
hormone levels: hypothyroid, euthyroid, and 
hyperthyroid. Notably, the results show a 
statistically significant greater mean reduc-
tion in IC in patients with hyperthyroidism 
compared with those with hypothyroidism. 
Although the underlying mechanisms for 
these observed differences remain unclear, 
several plausible hypotheses can be pro-
posed. For example, Graves’ disease (GD), the 
predominant etiology of hyperthyroidism, is 
characterized by a two- to threefold increase 
in thyroid gland weight, accompanied by 

markedly increased vascularity, as evidenced 
by immunohistochemical evaluations of sur-
gical specimens.24 In GD, the interstitial tissue 
of the thyroid gland is typically infiltrated by 
lymphocytes, which rapidly lyse thyroglob-
ulin, resulting in thyroid follicular shrinkage 
or collapse due to colloid deficiency. Con-
versely, in patients with HT, the lympho-
cytic infiltration persistently damages the 
thyroid follicles, culminating in permanent 
hypothyroidism following an initial phase of 
hyperthyroidism.24 As HT advances, the thy-
roid gland undergoes a gradual reduction in 
size, potentially leading to atrophy in its later 
stages, which is characterized by extensive 
fibrosis and a weight reduction to as low as 
10–20 g. Therefore, the diminished thyroid 
volume observed in patients with hypothy-
roidism within this study may suggest a pro-
gression towards the advanced stage of HT. 
In contrast, the significantly enlarged thyroid 
glands in patients with hyperthyroidism may 
be indicative of edematous swelling and in-
creased vascularity, which further diminishes 
the interstitial compartment of the thyroid 
parenchyma, as opposed to the predomi-
nant fibrosis seen in patients with hypothy-
roidism.

It is important to note that there is a sig-
nificant decrease in intrathyroidal IC in pa-
tients with pathologically confirmed DTD, 
even in those who are euthyroid. This obser-
vation may suggest a potential precursor to 
thyroid hormone dysfunction. Additionally, 
the significant interobserver variability as-
sociated with the sonographic diagnosis of 
DTD must be acknowledged, as well as the 
limitation that sonographic characteristics 
alone do not yield quantitative data regard-
ing the functional progression of DTD.25,26 In 
contrast, imaging modalities employed in 
nuclear medicine, such as thyroid scans and 
radioactive iodine uptake tests, involve the 
administration of minimal radiation doses, 
either intravenously or orally, through the in-
gestion of the radiopharmaceutical sodium 
pertechnetate, to evaluate thyroid function. 
Typically, these assessments are conducted 
multiple times over a duration ranging from 
30 minutes to a maximum of 24 hours.27 
Furthermore, DECT-based IC quantification, 
which does not necessitate the additional 
use of intravenous contrast, has the potential 
to provide a comprehensive assessment of 
both total thyroid volume and intrathyroi-
dal IC as the functional indicators within a 
relatively brief timeframe.14-16 Therefore, this 
approach may present advantages over con-
ventional CT densitometry, ultrasound, or 
nuclear medicine imaging in the assessment 

Figure 6. Example of iodine quantification with iodine concentration phantom. For 2–20 mgI/mL 
concentrations, measured mean computed tomography (CT) attenuation and iodine concentration were 
documented adjacent to each region of interest on the conventional CT image [(a): window level/width 
60/300 HU] and corresponding iodine density map [(b), window level/width 3/15 mgI/mL]. HU, Hounsfield 
unit.

Figure 5. Non-contrast computed tomography (CT) image characteristics in the euthyroid group patients 
with and without diffuse thyroid disease (DTD). Compared with the conventional CT images of thyroid gland 
(a, b), the reduced intrathyroidal iodine concentration and total thyroid volume were confirmed in patients 
with DTD by iodine quantification [(c): 1.2 mgI/mL with 8.5 mL vs. (d): 1.4 mgI/mL with 13.3 mL].

a b

c

a b

d
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of thyroid parenchyma in patients exhibiting 
thyroid hormone dysfunction or suspected 
pathological conditions, provided that a ra-
diation dose-optimized DECT scanning pro-
tocol is employed. 

Nonetheless, our research has primari-
ly focused on intrathyroidal IC quantifica-
tion. This was achieved through the use of 
non-contrast DECT images acquired from 
patients for preoperative staging purposes. 
Therefore, it is essential to consider several 
factors that may limit the direct applicabil-
ity of these findings to the thyroid gland, 
which is acknowledged as the organ most 
vulnerable to radiation exposure. First, the 
DECT technique employed to generate io-
dine maps, virtual monoenergetic images, 
and virtual non-contrast images relies on 
low and high effective X-ray energies to 
obtain varying attenuation coefficient val-
ues for different materials.7,8,13 In contrast 
to other anatomical regions, the thyroid 
gland, situated in the lower neck, is par-
ticularly susceptible to beam-hardening 
artifacts and image noise during clinical as-
sessments. These factors can considerably 
compromise the accuracy of DECT-derived 
iodine maps, as lower-energy photons are 
absorbed more rapidly than their high-
er-energy counterparts, resulting in an in-
tensified X-ray beam spectrum by the time it 
reaches the detector.28 Previous research by 
Kanatani et al.28 indicated that X-ray beam 
hardening may lead to an underestimation 
of CT attenuation in iodine imaging, while 
the CT attenuation in virtual monoenerget-
ic imaging was found to be overestimated 
in their phantom study. Although the accu-
racy of the dual-layer detector DECT utilized 
in this investigation has been validated in 
phantom studies for iodine quantification 
across various scanning and reconstruction 
parameters, such as tube potential, dose, 
rotation time, and spectral reconstruction 
level,11,12 there is a lack of published stud-
ies specifically addressing the impact of 
X-ray beam hardening in the vicinity of the 
thyroid gland. Second, the findings of this 
study are primarily confined to a specific 
scanning protocol conducted at a single 
institution; thus, further research should be 
undertaken across multiple institutions us-
ing different scanners or protocols. Notably, 
the primary objective of the non-contrast 
scanning was to identify calcifications in 
the thyroid gland or cervical lymph nodes, 
rather than to quantify intrathyroidal IC. 
Consequently, the technical parameters 
employed were not optimized to justify the 
radiation dose, despite their accuracy in 

quantifying IC. To effectively assess the ad-
vantages of DECT in quantifying IC through 
DECT-derived iodine maps in thyroid pa-
renchyma, a new CT protocol must be de-
veloped to measure relatively low intrathy-
roidal IC levels, particularly when IC is < 1.0 
mgI/mL, in accordance with the principle 
of radioprotection: “as low as reasonably 
achievable.” Third, this study retrospective-
ly selected only those patients who con-
secutively underwent DECT examinations 
and thyroid function tests. As a result, the 
majority of participants were middle-aged 
women with euthyroidism scheduled for 
thyroid cancer surgery. Additionally, other 
patients with thyroid hormone dysfunction 
included in this study were subclinical, pre-
senting as either hypo- or hyperthyroidism, 
rather than overt disease. Therefore, the 
relationship between thyroid glandular IC 
and variables such as age or thyroid func-
tion necessitates validation in future stud-
ies encompassing a broader range of ages 
and hormonal statuses. Lastly, this research 
focused on the intrathyroidal IC quantifi-
cation by analyzing ROIs within the entire 
thyroid glands with thyroid nodules meas-
uring 10 mm or less. As a result, the IC of 
these smaller nodules may have been un-
intentionally included in the overall analy-
sis, while nodules >1 cm were deliberately 
excluded. Given the prevalence of thyroid 
nodules in clinical practice, further studies 
should be undertaken to assess the impact 
of nodules on IC quantification, thereby im-
proving the relevance and applicability of 
the findings. 

In conclusion, the application of DECT-
based intrathyroidal IC quantification offers 
a potentially valuable method for investigat-
ing iodine metabolism in relation to thyroid 
hormone disorders. However, further studies 
are necessary to validate its effectiveness in 
a more diverse patient population with dif-
fering thyroid hormone levels, as well as to 
develop more rigorous scanning protocols.
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