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Background: Radiation-free lung cancer screening will reduce/eliminate radiation exposure in the 
diagnosis and follow-up of patients with lung cancer.
Methods: This was a prospective study. The participants were recruited using convenience sampling. A total 
of 36 patients with pulmonary nodules [patients with single or multiple pulmonary nodules >4 and <30 mm 
on their pulmonary computed tomography (CT) scans] who were admitted to Fudan University Zhongshan 
Hospital’s Xiamen branch were enrolled; they underwent a CT scan and a free-breathing ultrashort time-
of-echo (UTE) sequence scan using a 3-Tesla (T) magnetic resonance imaging (MRI) scanner. The CT 
examinations were regarded as the reference standard. Patients had an interval time of <3 days between their 
CT and MRI examinations. Two reviewers with more than 10 years’ experience in the diagnosis of pulmonary 
nodules identified the numbers and morphological features of the pulmonary nodules. 
Results: Among the 36 patients, 46 nodules were detected on CT images, 45 of which were also detected 
on UTE images (a detection rate of 97.6%). The detection rate for lobulation using UTE–MRI was 96.9%; 
however, the difference compared with the rate for the CT images was not statistically significant (P>0.05). 
In terms of confounding lesions (confounding lesions indicate that the patient has malignant tumours, benign 
nodules or inoperable nodules), the UTE–MRI method had a higher detection rate than the CT method, 
and the difference was significant (P<0.05). The probability of malignant lesions was found to be higher 
in confounding lesions than in homogeneous lesions. In terms of pleural traction, the UTE–MRI method 
demonstrated a higher detection rate (120%) than the CT method, but the difference was not statistically 
significant (P>0.05). In terms of spiculation, the UTE–MRI method demonstrated a lower detection rate 
(81.8%) than the CT method, although the difference was not statistically significant (P>0.05). 
Conclusions: Overall, 3-T UTE–MRI imaging has a high detection rate for pulmonary nodules >4 mm 
and is similar to that of conventional CT imaging. The method can be used for radiation-free lung cancer 
screening and follow-up examinations to reduce/eliminate both repeat CT examinations and radiation 
damage. 
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Introduction

Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer death (1). In USA, the National 
Lung Screening Trial demonstrated that screening high-
risk patients with low-dose computed tomography (CT) 
of the chest reduces lung cancer mortality compared with 
screening with chest X-rays (2). The accurate segmentation 
of the pulmonary nodules on CT scans plays a crucial role in 
the evaluation and management of patients with suspected 
lung cancer (3). However, low-dose CT emits radiation, 
and the probability of carcinogenesis-induced lung cancer is 
around 0.5–5.5% higher in patients undergoing long-term 
low-dose CT than in those not undergoing CT scanning (4). 
Radiation-free lung cancer screening will reduce/eliminate 
the use of radiation exposure in the diagnosis and follow-up 
of patients with lung cancer.

Magnetic resonance imaging (MRI) has the clear 
advantages of high soft-tissue resolution and no radiation. 
However, characteristics such as low proton density and 
quick transverse relaxation time (T2) signal attenuation 
restrict the use of this technique for the lungs, limiting its 
therapeutic utility. With the advancement of the associated 
technology, many academics have used MRI examinations 
to investigate image quality and diagnose pulmonary-
related disorders, especially in terms of sequence  
scanning (5). Specifically, the ultrashort time-of-echo 
(UTE) technique has undergone rapid development. This 
technique is characterised by a TE that can be reduced 
to the microsecond level; therefore, it is particularly 
suitable for the MRI examination of tissue with short T2 
components and inhomogeneous magnetic fields (e.g., lung 
tissue) since the signal is acquired at the early decay stage 
of the protons’ MR signal (6). In previous studies, Burris 
et al. (7) and Ohno et al. (8) used the UTE technique to 
detect small pulmonary nodules, but they did not analyse 
morphological characteristics. Elsewhere, Wielpütz 
et al. (9) analysed the morphological characteristics of 
pulmonary nodules in MRI but did not study their internal 
signal (i.e., the signal in the parenchyma of the nodule), 
they compared a 3-Tesla (T) UTE–MRI method with 
conventional CT imaging in terms of the detection of 
small pulmonary nodules, with the clinical application 
value of the former assessed by observing solid and 
part-solid nodules along the nodule margins. Herein, 
we present the following article in accordance with the 
STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-118/rc).

Methods 

Subjects 

This was a prospective study. The participants were 
recruited using convenience sampling. Imaging data were 
collected from 106 patients who underwent chest CT 
examinations between May 2019 and May 2020 at Fudan 
University Zhongshan Hospital’s Xiamen branch and 
were found to have pulmonary nodules. Following this, 
MRI examinations were performed. All the MRI scans 
involved the use of an axial UTE sequence. According 
to the inclusion and exclusion criteria, 36 patients were 
finally included in the study. Among them, 23 were male 
and 13 were female, with an age range of 29–70 years and 
an average age of 59.30±9.86 years. According to previous 
studies (9-12), in comparison with nodules of other sizes, 
UTE is more sensitive in detecting nodules >4 mm in 
diameter; thus, any nodules with a diameter <4 mm were 
excluded from this study. However, according to clinical 
experience, most patients’ nodules are <30 mm, so to reduce 
heterogeneity among the patients, any patients with nodules 
>30 mm were also excluded.

The inclusion criteria were as follows: (I) patients with 
single or multiple pulmonary nodules >4 and <30 mm on 
their pulmonary CT scans, (II) patients who were able to 
cooperate fully with the scanning protocol to complete the 
scans, with scan images of excellent quality, (III) patients 
without other underlying diseases, such as emphysema and 
(IV) patients with a time interval of <3 days between their 
CT and MRI examinations. The exclusion criteria included 
patients with images in the ‘bad’ or ‘very bad’ categories.

This study was conducted in accordance with the 
principles of the Declaration of Helsinki (as revised in 
2013). All the patients signed an informed consent form 
prior to the examination, and all examinations were 
approved by the ethics committee of Fudan University 
Zhongshan Hospital’s Xiamen Branch. This research was 
initiated by Xiamen Municipal Health Commission and 
undertaken at Zhongshan Hospital. As no financial support 
was received from any pharmaceutical enterprise, and no 
relevant drugs were used during the trial, there was no 
registration requirement for this study. Furthermore, the 
study did not have a registered study protocol.

Examination method 

Computed tomography examination 
A United Imaging uCT® 64-layer spiral CT scanner 

https://qims.amegroups.com/article/view/10.21037/qims-22-118/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-118/rc
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(Philips, USA) was used. All the patients were encouraged 
to breathe calmly during scanning and were placed in the 
supine position, with the feet entering first and both upper 
limbs raised. The patients were scanned from the lung 
apex to the lung base under the following parameters: layer 
thickness =5.0 mm, layer spacing =5.0 mm, pitch =1.375 and 
tube voltage =120 kV. The automatic tube current technique 
was used, and 2-mm-thick images were reconstructed. The 
average irradiation of the CT scan was 3.88 ms, and no 
contrast was used.

MRI examination 
A GE Healthcare HD 750 3.0-T MR scanner (Waukesha, 
USA) was used. The patients were positioned in the supine 
position with their feet entering first; a body surface 
coil was used, and calming regular breathing exercises 
were performed prior to the scan. The focal area of the 
pulmonary nodule found in the CT procedure was scanned 
in the axial position, and the whole lung was scanned in the 
coronal position using a respiratory-gating double-echo 
UTE sequence. The scanning parameters were as follows: 
time of repetition =10 ms, TE =0.032 and 4.4 ms, no 
contrast, flip angle =9°, field of view =40 cm, slice thickness 
=2.0 mm, slice interval =1.0 mm, matrix =512×512, scanning 
slice number =~20 and scanning time =~6 min.

Image interpretation and post-processing 
All images were divided into the categories of ‘very bad’, 
‘bad’, ‘good’ and ‘very good’ (10). The ‘very bad’ category 
indicated that the image clarity was poor, and the structure 

of the pulmonary nodules could barely be displayed. The 
‘bad’ category indicated that the image clarity was good, 
but the nodule structure was not clear and was not easily 
distinguishable from the surrounding tissue. The ‘good’ 
category indicated that the image was clear and the nodule 
structure was more obvious, and the ‘very good’ category 
indicated that the image and the nodule structure were very 
clear, with the latter easy to distinguish. 

Two reviewers with more than 10 years’ experience in the 
diagnosis of pulmonary nodules read the films, performed 
a double-blind analysis of the MRI, and then, 1 week later, 
observed and recorded the CT findings separately. In the case 
of any disagreement in the observations of the sign analysis, 
the radiologists discussed the results, and the image quality was 
re-evaluated according to the image quality grading standards. 
If a consensus was not reached, the image was not used in the 
next step. Overall, 15 cases were in the ‘very bad’ category,  
55 cases were in the ‘bad’ category, 24 cases were in the ‘good’ 
category, and 12 cases were in the ‘very good’ category. The 
patients with ‘good’ and ‘very good’ category images were 
included in the study (36 cases in total), with 70 cases not 
proceeding to the next step.

The numbers and locations of the detected pulmonary 
nodules in the UTE–MRI sequencing and the CT images 
were recorded (Figure 1), and the images were observed 
separately. The main observations included lobulations, 
spinous protuberances, pleural tractions and internal 
structures. The number of lesions, lobulations, spinous 
protuberances and pleural tractions was observed in the 
lung window, and the intralesional characteristics were 

Figure 1 Detection of pulmonary nodules by UTE and CT. The arrow shows the nodule. CT, computed tomography; UTE, ultrashort 
time of echo.

CT UTE
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observed in the mediastinal window. All of the MRI image 
observations were made using the UTE sequence and 
correctly adjusted window widths.

Definitions 

A ‘lobulation’ (11) occurred when the contours had a 
plurality of arcuate protrusions and the curved phases were 
concave cuts that formed a lobulated shape. A ‘pleural 
attachment’ (12,13) referred to an inconsistent spinous 
protuberance at the edge of the nodule exhibited in the lung 
window. A ‘pleural indentation’ (14) was a linear shadow 
between the pulmonary nodule and the pleura that may 
have been accompanied by triangular or trumpet-shaped 
projections of the adjacent visceral pleura. Malignant 
nodules were characterised by their pleural attachments, 

lobulations and pleural indentations. The confounding 
lesions indicated that the patient had malignant tumours, 
benign nodules or inoperable nodules.

Statistical analysis 

All statistical analyses were performed using IBM SPSS 21.0 
statistical software. The χ2 test was used for count data, and 
McNemar’s test (paired χ2 test) was used for paired data. A 
value of P<0.05 indicated a statistically significant difference. 

Results 

The number of lesions revealed using the two different 
methods 

A total of 106 patients were selected, with 36 of them meeting 
the inclusion criteria of this study. All 36 patients completed 
the study without withdrawal, and there were no adverse 
events during its course. Among the 36 patients, a total of 
46 pulmonary nodules (average diameter =~13 mm) were 
found via CT, and 45 were found via UTE–MRI; while the 
CT detection rate was marginally higher, the difference 
was not statistically significant (n=45, 97.8%, χ2=0, P=1; see  
Table 1). The nodules were located mainly in the upper lobe, 
with details of their distribution and locations presented in 
Table 2.

Table 1 Detection rate of pulmonary nodules by CT and UTE

Items n (%)

CT nodules 46 

UTE nodules (detection rate) 45 (97.8%)

χ2 value 0

P value 1

CT, computed tomography; UTE, ultrashort time of echo.

Table 2 Distribution and location of nodules 

Segment CT (n) UTE (n)

Anterior segment of right upper lobe 6 6

Apex and posterior segment of right upper lobe 5 5

Medial and lateral segments of right middle lobe 5 5

Dorsal segment of right lower lobe 4 4

Inner and posterior basal segments of right lower lobe 2 1

Anterior and outer basal segments of right lower lobe 3 3

Anterior segment of left upper lobe 5 5

Apical posterior segment of left upper lobe 5 5

Lingual segment of left upper lobe 3 3

Dorsal segment of left lower lobe 3 3

Inner and posterior basal segments of left lower lobe 3 3

Anterior and outer basal segments of left lower lobe 2 2

CT, computed tomography; UTE, ultrashort time of echo.
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The display of lobulations, spinous protuberances, internal 
structures and adjacent pleural indentations using the two 
methods 

The UTE–MRI detection rate for lobulation was 97%, 
similar to that for CT imaging (Figure 2A,2B), with no 
significant difference between them. In addition, while the 
UTE–MRI results suggested different structural signals 

in the lesions, the CT scans indicated only homogeneous 
density (Figure 3A,3B). Lobulations, spinous protuberances, 
pleural tractions and internal structures were observed, and 
the results are shown in Table 3. The UTE–MRI method 
demonstrated higher detection rates for heterogeneous 
changes in the lesions than CT imaging, with significant 
differences. The number of spinous protuberances 
revealed by the UTE–MRI images (15) was lower than 

Figure 2 Detection of lobulation by UTE and CT. (A) Left upper lung adenocarcinoma, CT sequences clearly showed the lobulation. 
(B) Left upper lung adenocarcinoma, UTE sequences clearly showed the lobulation. The arrow shows the lobulation. CT, computed 
tomography; UTE, ultrashort time of echo.

A BCT UTE

Figure 3 Detection of hypodense shadow and inconsistent high and low signal intensities by UTE and CT. (A) Lung adenocarcinoma in the 
left upper lobe, CT showed a hypodense shadow in the central solid component of the lesion. (B) Lung adenocarcinoma in the left upper 
lobe, UTE showed inconsistent high and low signal intensities. The arrow shows hypodense shadow and inconsistent high and low signal 
intensities. CT, computed tomography; UTE, ultrashort time of echo.

CT UTEA B
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Table 3 Number of detected pulmonary nodules by CT and UTE (cases)

Sign CT (n) UTE detected (n) χ2 value P value

Lobulation 33 32 0 1

Spinous protuberance 22 18 1.8 0.179

Pleural traction 10 12 0.5 0.480

Structural signals 11 20 7.1 0.007

CT, computed tomography; UTE, ultrashort time of echo.

Figure 4 Detection of lesion by UTE and CT. (A) CT sequences of lung adenocarcinoma in the right upper lobe showed spinous 
protuberance at the edge of the lesion. (B) UTE sequences of lung adenocarcinoma in the right upper lobe showed spinous protuberance at 
the edge of the lesion. The arrow shows the lesion. CT, computed tomography; UTE, ultrashort time of echo.

CT UTEA B

that revealed by the CT images (16), but there was no 
significant difference between the two methods (P>0.05). 
The UTE–MRI method was less clear in four cases of thin 
spinous protuberances, while it was similar to CT imaging 
for 18 thicker spinous protuberances (Figure 4A,4B). The 
UTE–MRI technique detected a higher number of pleural 
indentations (12) than CT imaging (10), but the difference 
was not statistically significant (P>0.05). Additionally, two 
UTE–MRI images revealed adjacent subpleural line-like 
hyperintensity (Figure 5A,5B) (Table 2).

The UTE–MRI images revealed 13 malignant tumours 
out of 20 confounding lesions, including 12 adenocarcinomas, 
1 squamous carcinoma, 5 benign nodules and 2 inoperable 
nodules. Meanwhile, the CT images revealed 7 malignant 
tumours out of 11 confounding lesions, including 6 
adenocarcinomas, 1 squamous carcinoma, 3 benign nodules 
and 1 inoperable nodule (Table 4). 

Discussion 

With the maturity and wider use of the technology, 
the signal-to-noise ratio, tissue contrast, chemical shift 
resolution and magnetic sensitivity of 3-T MRI images 
have increased dramatically in recent years. It has been 
demonstrated that MRI imaging has 100% sensitivity 
for lung nodules >8 mm in diameter, with a performance 
comparable to that of CT scanning (17). However, the 
application of MRI is limited to nodules >8 mm, and its 
widespread clinical application has not been verified. 

Lung tissue contains mainly gas and has an extremely 
short T2 time and limited signal acquisition. Conventional 
MR sequence acquisition is not clear, and images of short 
T2 components may not be acquired. The UTE sequence 
technique has developed rapidly in recent years and is now 
mainly used to acquire short T2 components. Its principle 
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is to use the ultrashort TE value (0.032 ms) to rapidly 
acquire MR signals of the short T2 components of matter 
before they decay rapidly to zero. If they decay, they are 
incomparable to conventional MRI scans. This means 
that UTE sequences can achieve better imaging results, 
representing a major breakthrough in the field of medical 
imaging, and their widespread application has important 
clinical significance. For example, when Ohno et al. (8) 
investigated the UTE sequencing technique and compared 
it with thin-layer conventional dose CT scans, their lung 
nodule detection rate of the latter was 92%, while the 
detection rate of the UTE sequence was 91.5% (there was 
no statistical difference between them). In addition, UTE–
MRI technology has been applied to the identification 
of pulmonary nodules. Ohno et al. (18) used it to capture 
pulmonary nodules in a recent study and concluded that 
UTE–MRI is comparable to low-dose CT scanning in 
terms of lung nodule imaging. According to research by 
Delacoste et al. (19), the size of lung nodules can also be 

determined using UTE–MRI. In this regard, UTE–MRI 
results are comparable to CT results. It is clear that UTE–
MRI technology has considerable potential for clinical 
applications involving the identification of pulmonary 
nodules and the determination of nodule size.

The results of the present study indicated that compared 
with CT scanning detection rate (97.8%), the detection 
rate of UTE–MRI sequencing for the total number of  
>4-mm nodules in the lung was 97.5%. One of the 
nodules did not appear in the UTE–MRI images, and its 
density in the CT scans was found to be light, with a CT 
value of around −850 Hu. In terms of the detection of 
lobulations, the image quality of UTE–MRI sequencing 
was consistent with that of CT scanning, which was in 
line with the results of previous studies (15). The image 
quality of CT imaging was higher than that of UTE–
MRI in terms of the detection of spinous protuberances, 
with a statistically significant difference. The main reasons 
for this were likely the small size of the lesions, their low 

Table 4 Differentiation of malignant tumors by internal mixed signals of CT and UTE nodules 

Project Malignant neoplasm detected by CT Malignant neoplasm detected by UTE χ2 value P value 

Number of patients 7 13 4.1 0.042

AUC 0.719 0.906

95% CI 0.495–0.884 0.711–0.987

CT, computed tomography; UTE, ultrashort time of echo; AUC, area under the curve; CI, concordance index.

Figure 5 Detection of pleural indentations by UTE and CT. (A) No abnormal signal in the adjacent pleura on CT. (B) UTE sequence 
showed linear hyperintensity in the adjacent pleura of lesion. The arrow shows the pleural indentations. CT, computed tomography; UTE, 
ultrashort time of echo.

CT UTEA B



Quantitative Imaging in Medicine and Surgery, Vol 13, No 3 March 2023 1799

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(3):1792-1801 | https://dx.doi.org/10.21037/qims-22-118

edge density and their positioning in the basal segment 
of the lower lobe, close to the mediastinum, meaning 
they were susceptible to interference from heartbeats and 
respiratory motion artefacts. The secondary reason was 
likely the different respiratory status of the patients when 
performing the two examinations (CT is end-inspiratory 
imaging and UTE is free-end-expiratory imaging). Previous 
research has demonstrated that acquiring images at the end of 
exhalation and inhalation has an effect on the fine structure of 
nodules, especially powdered-glass nodules (compared with 
solid nodules), meaning there are likely to be inconsistencies 
among them. Given its use of respiratory gating, UTE–MRI 
is more convenient for patients who cannot hold their breath 
or for newborns (20). Furthermore, a self-navigating three-
dimensional (3D) image-based MRI lung imaging technique 
has been established that enables motion-robust high-
resolution 3D free-breathing lung MRI, demonstrating 
feasibility in patients with irregular breathing patterns (21).

The signal within a nodule in a UTE image is frequently 
more perplexing than in CT imaging, where it appears as a 
more homogeneous isointensity or as slightly hypointense. 
In this study, the number of cases of confounding 
nodules in the UTE–MRI method was higher than that 
in CT imaging, with a statistically significant difference. 
Furthermore, the probability of malignant tumours in 
the confounding nodules was significantly higher than 
that in the homogeneous nodules. This was primarily 
due to the higher soft-tissue resolution of the UTE–MRI 
technique, which is also more sensitive than CT to the 
presence of haemorrhaging, necrosis, mucus degeneration 
and fibrous components within lesions: factors that are 
more often seen in malignant tumours. Thus, the internal 
confounding nodules in UTE–MRI indicated that the 
technique is conducive to the accurate evaluation of the 
nature of nodules and that it provides a possibility for future 
evaluations of the efficacy of the early treatment of tumours. 

The UTE–MRI technique demonstrated a slightly 
higher detection rate than that of CT imaging in terms of 
pleural indentation. Previous research discovered that the 
main cause of pleural indentation formation is intra-tumour 
scarring, which is related to visceral pleural indentation 
caused by tumour-induced pulmonary atelectasis (22). In the 
present study, the detection of pleural indentation in UTE–
MRI was higher than that in CT imaging, mainly because 
the former was more sensitive than the latter to the signal 
display of water. Xiao et al. (16) confirmed one component 
of pleural indentation areas to be water, and that mild 
pleural indentation is poorly displayed in CT images. 

The present study had some limitations. First, while 
the two imaging methods were compared, they were not 
compared with the pathological results, which may have 
led to some false positives. In the future, the number of 
patients with pulmonary nodules will need to be increased 
to study the presentation of various signs of lesions. Second, 
a number of patients with poor respiratory cooperation 
and poor image quality were excluded. Third, nodules of 
<4 mm in diameter were not included in this study; in the 
future, the scope of the research should be expanded to 
include more nodules. Finally, ground-glass nodules were 
not summarised separately, meaning the pleural retractions 
detected via UTE–MRI could have been false positives. 
Since this study imaged known nodules using a focused 
MRI approach, the nodule detection rate and the scan 
duration rate required in high-resolution UTE sequencing 
to cover the whole of the lungs was not clear, and further 
trials are needed to explore these factors.

Conclusions

The MRI technique has considerable potential for the 
identification of pulmonary nodules. The results of this study 
demonstrated that 3-T UTE–MRI has a high detection rate 
for pulmonary nodules >4 mm, similar to that of conventional 
CT imaging. The UTE technique is characterised by a 
TE that can be reduced to the microsecond level and is 
particularly suitable for the MRI of lung tissue with short 
T2 components and inhomogeneous magnetic fields. The 
method can be used for radiation-free lung cancer screening 
and follow-up examinations to reduce/eliminate both repeat 
CT examinations and radiation damage.
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