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Improved image quality and micronodule detection in thyroid 
spectral computed tomography using modified swimmer’s 
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Background: Spectral computed tomography (CT) can be used as a valuable complement to ultrasound 
(US) in the detection of thyroid nodules. This study sought to investigate the effects of various arm positions 
during thyroid spectral CT scans in terms of radiation exposure, image quality, and micronodule detection 
(≤10 mm).
Methods: A total of 180 patients (mean age: 48 years; 136 females) who underwent thyroid spectral CT 
were assigned to the traditional position (TDN; n=60), swimmer’s position (SWIM; n=60), and modified 
swimmer’s position (M-SWIM; n=60) groups. Image quality in the plain, arterial, and venous phases was 
assessed using a 4-point grading scale, the signal-to-noise ratio (SNR), and the contrast-to-noise ratio (CNR). 
Radiation exposure was assessed using the volume computed tomography dose index (CTDIvol), dose-length 
product (DLP), effective dose of the neck (EDN), and effective dose of the thyroid (EDT). The micronodule 
detection rates for spectral CT and US were compared using the pathology detection rate as a reference.
Results: The M-SWIM group had a significantly higher proportion of 4-point grading, SNR, and CNR 
than the TDN and SWIM groups (all P<0.001). The CTDIvol, DLP, EDN, and EDT were similar among the 
three groups (all P>0.05). The micronodule detection rate was higher in the M-SWIM group than the TDN 
and SWIM groups (total: 90.6% vs. 70.1% vs. 46.8%; benign: 89.1% vs. 66.7% vs. 45.5%; malignant: 94.3% 
vs. 79.5% vs. 51.5%; all P<0.001), but comparable to that of the US group (total: 90.6% vs. 91.2%; benign: 
89.1% vs. 90.6%; malignant: 94.3% vs. 92.5%; all P>0.05).
Conclusions: The proposed M-SWIM improved the image quality of thyroid spectral CT without 
increasing the radiation dose, and significantly enhanced the micronodule detection rate.
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Introduction

Ultrasound (US) is the preferred conventional imaging 
modality for thyroid nodule evaluation (1). However, it has 
certain limitations, including operator-dependent variability, 
a limited ability to assess extrathyroidal extension, and 
difficulties visualizing nodules located in the posterior 
aspect of the thyroid gland or behind bony structures (2). 
Computed tomography (CT) addresses these limitations by 
providing consistent, operator-independent imaging. It also 
provides multiplanar views of the anatomical location of the 
thyroid lesion and its relationship with surrounding tissues, 
as well as a comprehensive visualization of calcifications 
within the lesion. Recent advances in CT technology such 
as spectral CT (3) reduce radiation exposure by using 
dedicated dose-reduced protocols, including noise-reducing 
reconstruction algorithms, automatic exposure control, 
raw-data-based filtering techniques, and tube current 
modulation (4,5). Moreover, spectral CT uses unique post-
processing algorithms for artifact correction, and outputs 
virtual monochromatic images (6) that enhance the inherent 
anatomical contrast of the thyroid, which in turn improves 
lesion visualization. Thus, spectral CT can be considered a 
valuable complement to US.

During routine CT examinations of the thyroid gland, 
artifacts often appear when the patient is in a traditional 
position (TDN) (7). This is largely because the thyroid 
is located at the border of the shoulder and neck, where 
significant variations in attenuation characteristics are 
observed. These artifacts significantly affect the visualization 
of the thyroid and its surrounding structures (8). Adjusting 
the tube voltage or tube current can slightly reduce these 
artifacts; however, it also increases the radiation dose. Choi 
et al. (9) leveraged an external traction device to lower 
the shoulders, resulting in improved image quality for 
lower cervical spine CT scans. However, this approach 
requires additional pre-scanning preparations, prolongs the 
examination time, and relies on patient cooperation. Mueck 
et al. (10) used the swimmer’s position (SWIM), where one 
hand is raised and the other is placed by the side of the body, 
to reduce image artifacts in cervical spine CT. This approach 
has improved image quality compared to that of conventional 
neck CT scans, but artifacts in the thyroid region persist.

In clinical practice, we have observed that image quality 
could be further improved when using the SWIM for 
thyroid CT scans, and, importantly, some patients show 
venous contrast agent retention artifacts during CT scans. 
Therefore, for the first time, we proposed the modified 

swimmer’s position (M-SWIM), where the lowered hand 
extends slightly toward the contralateral ilium. This 
approach not only shifts the relative position of the thyroid 
in the transverse plane, but also further moves the position 
of one clavicle forward and the position of the shoulder 
strap downward in the coronal plane. In addition, the 
contrast agent is injected into the lowered hand to avoid 
contrast agent retention.

We hypothesized that the M-SWIM would be a more 
effective positioning technique that not only enhances 
the image quality of thyroid CT scans but also improves 
the detection of thyroid micronodules while minimizing 
additional radiation exposure. To this end, we compared 
the effects of three different arm positions (i.e., TDN, 
SWIM, and M-SWIM) in spectral CT in terms of image 
quality, radiation exposure, and the detection of thyroid 
micronodules. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1119/rc).

Methods

Patients 

This study was approved by the Institutional Review Board 
of Zhuhai People’s Hospital (No. 202407), and conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). Written informed consent was obtained from 
all patients. Patients at Zhuhai People’s Hospital who 
underwent both thyroid US and contrast-enhanced 
spectral CT examinations, and eventually underwent 
total thyroidectomy or fine needle aspiration biopsy were 
enrolled in this study. Clinicians determined the necessity 
of thyroid CT scans (e.g., to identify whether the nodules 
had affected the surrounding tissues and lymph nodes). 
The inclusion and exclusion criteria are detailed in the 
Supplementary file (Appendix 1).

Spectral CT protocol

All thyroid CT scans were performed using a 256-detector 
row CT scanner (New Revolution CT, GE Healthcare, 
USA) under the Gemstone Spectral Imaging mode. The 
patients were instructed on how to position their bodies, 
and advised not to swallow during the scan to keep the neck 
relatively still. The scan was performed from head to toe, 
from the base of the skull to the level of the third thoracic 
vertebra. The following parameters were used: rapid tube 

https://qims.amegroups.com/article/view/10.21037/qims-24-1119/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-1119/rc
https://cdn.amegroups.cn/static/public/QIMS-24-1119-Supplementary.pdf
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voltage: fast switching between 80 and 140 kVp (0.5 ms); 
tube current: 50% adaptive statistical iterative reconstruction 
with a noise index of 5.5; rotation time: 0.5 s/rotation; pitch: 
0.992:1; collimation width: 64×0.625 mm; slice thickness: 
1.25 mm; slice interval: 1 mm; and reconstruction matrix: 
512×512. Prior to the contrast-enhanced scan, all patients 
received a nonionic contrast agent, iohexol (320 mg I/mL), 
which was injected at a rate of 3 mL/s (dose: 1.5–2 mL/kg). 
The plain phase was performed before enhanced scanning 
rather than non-virtual contrast image, as the latter relies 
on algorithms and may result in unstable image quality. The 
arterial phase scan was performed 25 seconds after contrast 
injection, followed by a delayed 25-second scan for the 
venous phase images. To ensure overall image quality (11), 
all images were transferred to a workstation (AW version 4.6, 
GE Healthcare, USA) to generate images at 70 keV as the 
output for monoenergetic imaging.

The scan positions were as follows: TDN: supine 
position with arms naturally hanging down at the sides; 
SWIM: supine position with one arm raised, and the other 
arm naturally hanging down at the side; and M-SWIM: 
supine position with one arm raised, and the other arm 
hanging down and extended to the opposite iliac bone. In 
the SWIM and M-SWIM, the left arm was fixed in the 
raised position, and the injection arm was the right arm. 
The scanning technicians instructed each patient on the 
positioning. Illustrations of the three arm positions are 
provided in Figure 1.

Image quality evaluation and radiation dose calculation

Image quality evaluation
Two experienced radiologists (with 10 years of experience 
each in head and neck imaging) read the images on the 
optimal reconstruction field of view (rather than the 
shoulder girdle or scout views). Using a 4-point image 
grading scale, on which 1 represented severe artifacts, 
2 represented moderate artifacts, 3 represented mild 
artifacts, and 4 represented no artifacts, the two readers 
independently evaluated the images of the three groups. For 
further details on the 4-point image grading scale, see the 
Supplementary file (Appendix 1). In cases of disagreement, 
consensus was reached through discussion.

The four regions of interest (ROIs) were the thyroid 
gland (ROIT), muscles surrounding the thyroid gland 
(ROIM), posterior neck muscles (ROIPM), and internal 
jugular vein (ROIV) at the level of the 7th cervical vertebra 
to the 2nd thoracic vertebra (Figure 2). Notably, the ROIT 

Figure 1 Arm positions, thyroid CT images, as well as regions of 
interest plotting. (A) Patients in the TDN group were positioned 
traditionally, with their hands on both sides of the body. (B) 
Patients in the SWIM group were positioned in the swimmer’s 
position, with one arm positioned above the head and the other 
arm lateral to the body. (C) Patients in the M-SWIM group were 
positioned in an improved SWIM, with one arm positioned above 
the head, and the other arm lateral to the body, and stretched to 
the contralateral ilium. (D) The arterial phase CT image of the 
thyroid using TDN was scored 2 for the objective evaluation 
due to the beam artifact. (E) The arterial phase CT image of the 
thyroid using SWIM was scored 2 due to the contrast artifact. 
(F) The arterial phase CT image of the thyroid using M-SWIM 
was scored 4, as it had no artifacts. CT, computed tomography; 
TDN, traditional position; SWIM, swimmer’s position; M-SWIM, 
modified swimmer’s position.
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excluded areas of cystic degeneration and calcification. The 
CT values [Hounsfield units (HU)] and image noise values 
[standard deviation (SD)] were measured from the ROIs. 
The signal-to-noise ratio (SNR) and contrast-to-noise ratio 
(CNR) were calculated to assess image quality (12). The SD 
value of the posterior neck muscle without artifacts at the 
same level was used as the background noise. If the CNR 
value was negative, its absolute value was adopted. The 
equations for SNR and CNR are expressed as follows:

T T PMSNR CT value of ROI SD of ROI=
	

[1]

M M PMSNR CT value of ROI SD of ROI= 	 [2]

V V PMSNR CT value of ROI SD of ROI=
	

[3]

-T M T MCNR SNR SNR= − 	 [4]

-T V T VCNR SNR SNR= −
	

[5]

Calculation of radiation dose
The volume computed tomography dose index (CTDIvol) 
and dose-length product (DLP) (13) of the three 
groups were documented in the picture archiving and 
communication system. The effective dose of the neck 
(EDN) and the effective dose of the thyroid (EDT) were 
calculated using the formula DLP × W, where W is the 

conversion factor based on the International Commission 
on Radiological Protection coefficients. The conversion 
factors used were WN (conversion factor for neck effective 
dose): 0.0059 mSv/mGy × cm, and WT (conversion factor 
for thyroid effective dose): 0.04 mSv/mGy × cm (14,15). 
The data for EDN and EDT were recorded separately, and 
the mean and SD were calculated.

To examine the effects of the body mass index (BMI) 
and effective diameter of the neck (EDN) on the radiation 
dose, the two confounders were compared among the three 
groups. The EDN was measured on an axial CT image at 
the level of the upper margin of the tracheal cartilage (5).

Comparison of the micronodule detection rates

Two senior radiologists independently reviewed the thyroid 
spectral CT images with the three arm positions to identify 
micronodules (≤10 mm) from all nodules. The US images 
and reports were also screened by two sonographers. In 
cases of disagreement, consensus was reached by discussion. 
The ability of spectral CT and US to detect benign and 
malignant micronodules was then compared using the 
postsurgical pathology results as a reference. The post-
operative pathology results included the number, location, 
and size of the nodules in the resected thyroid tissue, as well 

T T T
V V

M M M

PM PM PM

A B C

Figure 2 Illustration of the delineation of the ROIs. (A) In the plain phase, three ROIs consisting of ROIT, ROIM, and ROIPM were 
separately placed on the thyroid gland, muscles surrounding the thyroid gland, and posterior neck muscles at the level of the 7th cervical 
vertebra to the 2nd thoracic vertebra. (B) In the arterial phase, the ROIT, ROIM, ROIPM, and ROIV were placed on the thyroid gland, muscles 
surrounding the thyroid gland, posterior neck muscles, and internal jugular vein at the same level. (C) In the venous phase, the ROIT, ROIM, 
ROIPM, and ROIV were placed on the thyroid gland, muscles surrounding the thyroid gland, posterior neck muscles, and internal jugular 
vein at the same level. The red circles represent each ROI with a standard 0.3–0.5 cm2 square area, and were used to measure the CT values 
in HUs and their SDs to calculate the SNR and CNR. ROIs, regions of interest; ROIT, thyroid gland region of interest; ROIM, muscles 
surrounding the thyroid gland region of interest; ROIPM, posterior neck muscles region of interest; ROIV, internal jugular vein region of 
interest; HUs, Hounsfield units; SDs, standard deviations; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.
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as the benign or malignant nature of the nodules.

Statistical analysis

The Kruskal-Wallis H test was used to compare the 
categorical variables, while an analysis of variance was used to 
compare the continuous variables. If a significant difference 
was found, a post-hoc Student-Newman-Keuls test was used 
for multiple comparisons, unless otherwise stated. The Chi-
square test was used to compare the detection rates among 
the three groups. All the statistical analyses were performed 
using SPSS (version 22.0, Armonk, NY, USA). A P value 
<0.05 was considered statistically significant.

Results

Patient characteristics

The patient characteristics are shown in Table 1. The average 
age of the patients was 48 years, and 136 (75.6%) of the 
patients females. The malignancy rates were 21.2% (33/156), 
26.8% (44/164), and 29.3% (53/181) in the TDN, SWIM, 
and M-SWIM groups, respectively. No significant differences 
were observed among the three groups in terms of age, sex, 
BMI, EDN, and malignant prevalence (all P>0.05). 

Comparison of image quality and radiation dose

Image quality
As Figure 3 shows, the M-SWIM group had the highest 

score across all three scanning phases [plain phase: 46.7% 
(28/60); arterial phase: 66.7% (40/60); venous phase: 
63.3% (38/60)], followed by the SWIM group [plain 
phase: 31.7% (19/60); arterial phase: 46.7% (28/60); 
venous phase: 41.7% (25/60)], and the TDN group [plain 
phase: 13.3% (8/60); arterial phase: 20.0% (12/60); venous 
phase: 16.7% (10/60)]. Notably, no patients in the SWIM 
and M-SWIM groups received a grading score of one, 
but this did occur in the TDN group in the subjective 
assessment of image quality. Accordingly, the M-SWIM 
group had higher image quality than the SWIM and TDN 
groups (all P<0.001).

The SNR and CNR were used for the objective 
assessment of image quality. As Table 2 shows, compared 
to the SWIM and TDN groups, the M-SWIM group had 
superior image quality across all three scanning phases (all 
P<0.001). In the plain phase, the average SNR and CNR 
were much higher in the M-SWIM group than in the 
SWIM and TDN groups (SNRT: 11.8 vs. 8.7 vs. 5.9; SNRM: 
7.8 vs. 5.5 vs. 4.6; CNRT-M: 4.0 vs. 3.2 vs. 2.6, all P<0.001). A 
similar trend was observed in the arterial and venous phases; 
the M-SWIM group also had the highest mean SNR and 
CNR compared to the SWIM and TDN groups (arterial 
phase, SNRT: 19.2 vs. 14.8 vs. 9.8, SNRM: 7.8 vs. 5.5 vs. 3.5, 
CNRT-M: 11.4 vs. 9.2 vs. 6.3, SNRV: 19.2 vs. 12.1 vs. 9.2, 
CNRT-V : 5.0 vs. 4.0 vs. 2.5; venous phase, SNRT: 18.1 vs. 
13.2 vs. 8.8, SNRM: 8.5 vs. 5.6 vs. 4.0, CNRT-M: 9.6 vs. 7.5 vs. 
4.7, SNRV: 19.2 vs. 11.9 vs. 9.3, CNRT-V: 3.8 vs. 2.6 vs. 1.5, 
all P<0.001). Collectively, the M-SWIM group had better 
image quality than the other two groups.

Table 1 Patient characteristics

Variables TDN group (N=60) SWIM group (N=60) M-SWIM group (N=60) P value

Age (years) 48±12 50±13 46±12 0.212

Gender 0.396

Male 17 (28.0) 16 (27.0) 11 (18.0)

Female 43 (72.0) 44 (73.0) 49 (82.0)

BMI (kg/m2) 23.8±3.1 24.3±3.8 23.6±3.2 0.449

EDN (cm) 12.8±1.2 13.0±1.5 13.0±1.6 0.629

Micronodule 0.225

Benign 123 (78.8) 120 (73.2) 128 (70.7)

Malignant 33 (21.2) 44 (26.8) 53 (29.3)

Continuous variables are expressed as the mean ± standard deviation, while the categorical and ordinal data are presented as the n (%). 
BMI, body mass index; EDN, effective diameter of the neck; TDN, traditional position; SWIM, swimmer’s position; M-SWIM, modified 
swimmer’s position.
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Figure 3 A stacked column chart displays the subjective evaluation results for the image quality of the TDN, SWIM, and M-SWIM groups 
in the three scanning phases. TDN, traditional position; SWIM, swimmer’s position; M-SWIM, modified swimmer’s position.

Table 2 Comparison of objective assessment image quality among the TDN, SWIM, and M-SWIM groups

Image quality indicators Phase TDN group (n=60) SWIM group (n=60) M-SWIM group (n=60) P value

SNRT Plain 5.9±2.9 8.7±2.3 11.8±3.2 <0.001

Arterial 9.8±4.0 14.8±5.9 19.2±6.0 <0.001

Venous 8.8±3.4 13.2±5.0 18.1±4.5 <0.001

SNRM Plain 4.6±2.0 5.5±1.4 7.8±1.9 <0.001

Arterial 3.5±1.5 5.5±2.0 7.8±1.7 <0.001

Venous 4.0±1.4 5.6±2.0 8.5±1.8 <0.001

CNRT-M Plain 2.6±1.8 3.2±1.4 4.0±1.9 <0.001

Arterial 6.3±3.1 9.2±4.4 11.4±4.7 <0.001

Venous 4.7±2.6 7.5±3.3 9.6±3.1 <0.001

SNRV Arterial 9.2±5.2 12.1±6.7 19.2±9.0 <0.001

Venous 9.3±3.7 11.9±4.4 19.2±5.8 <0.001

CNRT-V Arterial 2.5±2.2 4.0±2.6 5.0±3.1 <0.001

Venous 1.5±1.2 2.6±2.2 3.8±2.4 <0.001

Continuous variables are expressed as the mean ± standard deviation. SNRM was defined as the ratio of the CT value of the soft tissue 
surrounding the thyroid gland to the background noise at the C7 to T2 level; SNRT was defined as the ratio of the CT value of the thyroid 
to the background noise at the C7 to T2 level; CNRT-M was defined as the difference between SNRT and SNRM, which is the contrast index 
between the thyroid gland and its surrounding muscle tissue; SNRV was defined as the ratio of the CT value of the internal jugular vein 
to the background noise at the C7 to T2 level; CNRT-V was defined as the difference between SNRT and SNRV; that is, the contrast index 
between the thyroid gland and its adjacent enhanced internal jugular vein. TDN, traditional position; SWIM, swimmer’s position; M-SWIM, 
modified swimmer’s position; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio.
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Radiation dose
Table 3 shows the radiation dose of thyroid spectral CT 
using TDN, SWIM, and M-SWIM. Overall, there were 
no significant differences in the radiation exposure metrics, 
including the CTDIvol, DLP, EDN, and EDT, among the 
three groups (all P>0.05). Compared with the TDN group, 
the EDN and EDT of the M-SWIM group were reduced 
by 5.7% (6.6±1.1 vs. 7.0±1.0 mGy, P=0.109) and 5.7% 
(44.7±7.6 vs. 47.4±6.6 mGy, P=0.109), respectively. The 
post-hoc analysis showed that the radiation doses between 
the SWIM and M-SWIM groups was similar but were 
lower than that of the TDN group. The results suggested 
that the M-SWIM did not increase the radiation dose.

Comparison of the micronodule detection rates

Figure 4 shows the thyroid micronodule detection rates 
using spectral CT and US. For US, the detection rates of 
the total [90.4% (141/156) vs. 90.9% (149/164) vs. 91.2% 
(165/181), P=0.970], benign [91.1% (112/123) vs. 90.8% 
(109/120) vs. 90.6% (116/128), P=0.993], and malignant 
[87.9% (29/33) vs. 90.9% (40/44) vs. 92.5% (49/53), 
P=0.775] micronodules in the TDN, SWIM, and M-SWIM 
groups did not differ significantly (all P>0.05). However, 
the detection rates of the TDN, SWIM, and M-SWIM 
groups varied, such that the M-SWIM group had the 
highest detection rate followed by the SWIM group and the 
TDN group [total: 90.6% (164/181) vs. 70.1% (115/164) 
vs. 46.8% (73/156), P<0.001; benign: 89.1% (114/128) vs. 
66.7% (80/120) vs. 45.5% (56/123), P<0.001; malignant: 
94.3% (50/53) vs. 79.5% (35/44) vs. 51.5% (17/33), 

P<0.001]. 
Additionally, the micronodule detection rates were 

compared between spectral CT and US; in the TDN 
group, statistically significant differences were found in the 
total, benign, and malignant micronodule detection rates (all 
P<0.001); in the SWIM group, significant differences were 
found in the total and benign micronodule detection rates 
(both P<0.001), but no statistically significant difference 
was found in the malignant micronodule detection rate 
(P=0.133); and in the M-SWIM group, no significant 
differences were found in the total (P=0.855), benign 
(P=0.696), and malignant (P=0.679) micronodule detection 
rates.

Discussion

Previous studies (9,16) used a table cloth and an external 
device to manipulate the shoulder position downward, and 
reported that this maneuver reduces the artifacts (17) caused 
by significant attenuation changes in lower neck CT scans 
due to variations in body thickness. Other studies (10,18) 
have explored the SWIM and found that adjusting the 
patient’s arm position can address this issue. However, in 
our use of the SWIM in clinical practice, we observed that 
image quality could be further improved.

Most studies (9,16,19) have primarily focused on the 
image quality of the lower cervical spine, neglecting that of 
the thyroid gland in the anterior neck. The improvement 
in body thickness scanning was limited to the axial position, 
and contrast media residue in the subclavian vein posed 
a potential obstacle to optimizing the SWIM for thyroid 

Table 3 Comparison of radiation exposure of TDN, SWIM, and M-SWIM groups

Radiation exposure Phase TDN group (n=60) SWIM group (n=60) M-SWIM group (n=60) P value

CTDIvol (mGy) Plain 18.8±1.2 18.2±1.8 18.1±1.7 0.095

Arterial 18.2±1.9 17.5±2.4 17.1±2.5 0.055

Venous 18.2±1.9 17.5±2.4 17.1±2.5 0.055

DLP (mGy·cm) Plain 405.2±50.2 394.5±62.0 392.3±62.3 0.056

Arterial 390.6±62.3 368.9±66.8 363.1±67.7 0.052

Venous 389.5±62.3 369.0±66.8 363.1±67.7 0.052

EDN (mSv) Total 7.0±1.0 6.7±1.1 6.6±1.1 0.109

EDT (mSv) Total 47.4±6.6 45.3±7.6 44.7±7.6 0.109

Continuous variables are expressed as mean ± standard deviation. TDN, traditional position; SWIM, swimmer’s position; M-SWIM, 
modified swimmer’s position; CTDIvol, volume computed tomography dose index; DLP, dose-length product; EDN, effective dose of the 
neck; EDT, effective dose of the thyroid.
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scanning. Consequently, we proposed the M-SWIM, which 
involves injecting contrast media into the lower hand, and 
extending it obliquely toward the contralateral ilium. The 
M-SWIM enhances the relative anatomical alignment 
of the bilateral clavicles, shoulders, and thyroid gland in 
both the axial and coronal planes, thereby enabling the 
clearer visualization of the thyroid gland in CT images. 
Additionally, while the previous generation of CT machines 
lacked advanced capabilities, our study leveraged spectral 
CT with rapid scanning technology and adaptive statistical 
iterative reconstruction for thyroid gland imaging (20). 
Further, the application of the Revolution GE CT spectral 
imaging mode with an automatic anti-artifact algorithm 
and monochromatic image acquisition facilitated the 
generation of low-noise thyroid images, enabling the more 
effective analysis of thyroid nodules (21). Previous studies 
(10,22) using the SWIM have also reported that optimizing 
shoulder position and hand placement to reduce body 
thickness in the lower neck can minimize radiation exposure 
during scanning. Therefore, by using advanced CT 
machines, such as spectral CT, the M-SWIM can effectively 
mitigate beam artifacts in thyroid CT images without 
subjecting the patient to additional radiation exposure.

Using M-SWIM, the artifacts in the thyroid CT images 
were significantly reduced, as was the level of image noise. 

In the subjective evaluation, 12 (20.0%) patients in the 
TDN group, 28 (46.7%) patients in the SWIM group, 
and 40 (66.7%) patients had the highest scores. Instead 
of only measuring the attenuation values and SDs of the 
ROIs placed on the thyroid and surrounding structures, 
we calculated the SNR and CNR to assess the image 
quality. The SNR quantifies image quality by comparing 
the objective noise to the background noise (23). The 
CNR indicates the relative image quality and visibility of 
the target lesion. From a lesion visibility perspective, only 
the CNR needs to be increased, and increasing contrast is 
equivalent to reducing noise (24). Therefore, the SNR and 
CNR intuitively describe the noise and contrast between 
the thyroid and the surrounding structures. The results 
showed that compared to the TDN and SWIM groups, 
the SNR and CNR were improved in the M-SWIM group, 
especially during the arterial phase. This is because images 
acquired in the arterial phase not only have beam artifacts 
like the other phases but also have artifacts caused by 
contrast media remaining in the subclavian vein, which are 
effectively reduced by M-SWIM.

To reduce the beam and contrast media artifacts, we 
adjusted the shoulder girdle angle to >10° and positioned 
the arm in which the contrast medium was injected low and 
extended to the opposite ilium. In our study, the M-SWIM 

Figure 4 Detection rates of micronodules using ultrasound and spectral computed tomography based on TDN, SWIM, and M-SWIM. 
TDN, traditional position; SWIM, swimmer’s position; M-SWIM, modified swimmer’s position.
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served this purpose well, but it has been rarely discussed 
in previous literature. To easily improve image quality, 
the effect of increasing the tube voltage or tube current is 
obvious, but this also increases the radiation dose. However, 
attempts should be made to maintain low radiation doses to 
avoid increasing the risk of tumors caused by the stochastic 
effects of CT radiation exposure (25), and because the 
thyroid gland is a radiation-sensitive organ. Compared to 
the TDN group, the radiation exposure metrics, such as the 
EDN and EDT, showed a tendency to decrease in the SWIM 
and M-SWIM groups. It might be that the optimal shoulder 
position resulted in a decreased bone and soft tissue volume 
within the constant scanning range. This would increase 
the likelihood of keeping the image noise constant, and 
reaching the maximum tube current during scanning with 
automated tube current modulation. Thus, our current 
results suggest that using a simple arm positioning strategy 
like M-SWIM in routine practice with cooperative patients 
could easily improve thyroid CT image quality without any 
additional radiation exposure, financial costs related to extra 
devices, or discomfort to the patient.

We also explored the efficacy of detecting thyroid 
micronodules to aid in the early identification of potential 
malignancies, reduce the risk of tumor progression, and 
raise health awareness among patients. After comparing 
the CT and US micronodule detection rates, significant 
differences were observed in the TDN group. In the SWIM 
group, there were statistically significant differences in the 
detection rates of total and benign micronodules between 
CT and US, but no such difference was observed in relation 
to the malignant micronodules. The M-SWIM group had 
a malignant micronodule detection rate of 94.3%, which 
was slightly higher than the US detection rate of 92.5%. 
Further, the total and benign micronodule detection rates 
were 90.6% and 89.1%, respectively, which were close 
to the US detection rates (total: 91.2%, benign: 90.6%). 
Additionally, the CT total micronodule detection rate of the 
M-SWIM group was 20.5% higher than that of the SWIM 
group, and 43.8% higher than that of the TDN group. 
These f﻿﻿indings suggest that the application of M-SWIM for 
thyroid CT scanning significantly improved micronodule 
detection compared to US, and M-SWIM also improved 
thyroid CT image quality. Clear thyroid CT images 
obtained in the M-SWIM position can complement those 
obtained by US, as they better show microcalcifications 
and their dense distribution patterns, and can be used 
to evaluate deep-seated nodules, and enable detailed 
multiplanar assessments. Additionally, spectral CT provides 

further valuable measurements of functional iodine uptake, 
aiding in the differentiation of benign and malignant 
nodules. Clearer CT images could serve as an indispensable 
complementary tool to optimize clinical decision making.

This study had some limitations. First, the clinical 
applicability of the arm positioning strategy was limited to 
patients who were cooperative and did not have any physical 
disabilities in their arms. Second, while efforts were made 
to balance the BMI, EDN, and scan lengths, these differed 
in the patients. The use of identical subjects in all three 
groups and the use of the same scanning parameters would 
have provided a more accurate assessment of the exact effect 
of the arm positioning strategies on CT image quality and 
radiation dose. However, it is ethically challenging to collect 
data from the same subjects in a clinical setting. Therefore, 
in the future, phantom studies or well-designed prospective 
studies should be conducted to validate the current findings.

Conclusions

Our findings showed that the M-SWIM was more effective 
than the TDN and SWIM in reducing imaging artifacts, 
and also improved the detection of micronodules in thyroid 
spectral CT. Moreover, patients undergoing thyroid CT in 
the M-SWIM did not experience any additional radiation 
exposure compared to those in the TDN and SWIM.
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