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Abstract
Background: To investigate the diagnostic value of three different examination methods of chest radiography (CXR), digital
tomosynthesis (DTS) and Computed tomography (CT) scan on the diagnosis of novel coronavirus pneumonia (COVID-19).

Methods: A retrospective analysis of three examination methods of chest: CXR, DTS, and CT scan of COVID-19 pneumonia patients
diagnosed in our hospital from January, 23, 2020 to February, 29, 2020. And we compared three different imaging methods to COVID-
19 display ability of pneumonia intrapulmonary lesions.

Results: A total of 37 patients diagnosed as COVID-19 by nucleic acid testing were included. The CXR group (10/37) and DTS group
(21/28) of 37 patients with COVID-19 pneumonia showed signi�cant differences in intrapulmonary ground glass opacities (P<0.05);
DTS group (21/28) and CT group (25/27) showed no statistically signi�cant differences in intrapulmonary ground glass opacities
(P> 0.05).

Conclusion: Comparison of the three imaging methods of COVID-19 pneumonia, the diagnostic e�ciency of CXR is low, which is easy
to be false negative and miss lesions; diagnostic resolutions of DTS are higher than CXR, which can improve the ability to display the
�ne structure of intrapulmonary lesions; CT scan shows the intrapulmonary of COVID-19 pneumonia low-density ground glass
opacities and internal structures have equal capacity compared with DTS. Therefore, DTS and CT are the best choices for the image
diagnosis of COVID-19 pneumonia.

Background
The novel coronavirus pneumonia was an acute infectious disease which was �rst discovered in the Wuhan’s Huananseafood
market,Hubei in December 2019.The disease outbreak in China and has rapidly spread worldwide since the end of 2019[1,2]. Among
the clinical diagnostic standards for this disease, the National Health Commission has successively issued Seventh edition of the
diagnosis and treatment guideline of COVID-19 pneumonia [3], in which imaging performance plays a critical role in the diagnosis [4].
At present, domestic and foreign literatures had described the imaging characteristics of COVID-19 pneumonia [5]. This article
focuses on the comparison of three different examination methods of COVID-19 pneumonia through CXR, DTS and CT scans for the
diagnosis of COVID-19 pneumonia.

1 Materials And Methods
1.1 General information

From January, 23, 2020 to February, 29, 2020, the patient in our hospital, who’s the COVID-19 nucleic acid test was positive, by real-
time reverse transcription polymerase chain reaction (RT-PCR) or next-generation sequencing and at least had two of the three image
examination methods of chest: CXR, DTS, and CT were included.

There are 37 patients included in this research, 19 males (51%)and 18 females(49%), the aged range from 12 to 74 years old, with an
average age of 45.1 (45.1±14.3)years old. Among the 37 cases, 25 (68%) were from Hubei even from Wuhan, and 12(32%) had close
physical contact with patients who diagnosed of novel coronary pneumonia. 6 (16%) of the 37 were from one family. The time from
onset of symptomsto admission was 1 to 20 days. The clinical symptoms are shown in Table 1.

 

Table1: Clinical symptoms and Comorbidities of patients with COVID-19 pneumonia

symptoms fever cough Sputum Fatigue Muscle
ache

diarrhea hypertension diabetes Cardiovascular
disease

COPD

case 28 24 13 11 10 2 2 2 1 2

Note: COPD: Chronic Obstructive Pulmonary Disease
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1.2 Apparatus and method Among the 37 cases, 28 cases had the CXR and DTS images of the chest 27 cases had CT imaging,
including DTS and CT in 20 cases.CXR and DTS examinations are completed just before the patient check-in. CT examinations are
performed on the day of check-in or the next day. The interval between all examinations is within 48 hours.

1.2.1 CXR and DTS photographs were taken by Shimadzu sonialvsion satire II digital continuous tomography Fusionsystem
(Tomosynthesis). At �rst, we took standard CXR anterior view, with conditions: 120 kV, 5.0 mAs, distance 1800 mm.

Then DTS photo was taken. The patient took a standing position and positioned under perspective. After setting the irradiation center,
the patient was instructed to take a deep breath and hold it. An arc-shaped movement with an angle of 40° between the tube and the
centerline was used. Medium continuous exposure, set the source image distance to 1100 mm, layer spacing to 2 mm, and the
imaging conditions to be set to: peak voltage of 100 kVp, current of 0.5 mA / s, and exposure time of 3.2 ms. The whole chest images
werereconstructed with a slice thickness of 2 mmand an interval of 2 mm, at the PACS workstation.

1.2.2 The Philips 16-row helical mode CT spiral scan was used. The patient was supine, and the scan begins at the end of inspiration.
Scans were done from the level of the upper thoracic inletto the inferior level of the costophrenic angle, and the following parameters
were used: tube voltage 120KV, 250mAs, FOV 250mm × 250mm, scanning and reconstruction matrix is 512 × 512, reconstruction
layer thickness is 1mm, reconstruction layer moment is 1mm. scanning image observation: lung window (window width: 1500 ~
2000, window level-700 ~ -550), mediastinum window (window width 250 ~ 300, window level 30 ~ 55), patients all informed
consent.

1.2.3 Image post-processing analysis. All CXR, DTS, and CT images were transmitted to the hospital PACS workstation in DICOM
format and evaluated by two senior doctors of attending or higher level to con�rm the differences in lesion distribution and density,
internal structure and edges clarity[6]. Observation indicators: ground glass opacities,  consolidation shadow,  nodular shadow, 
thickening of small blood vessels, air bronchial sign, interlobular septum thickening,  anti-halo sign,  lesions involving the lung
lobe.

1.2.4 Statistical methods SPSS 22.0 statistical software was used to process the data. The ability of each group to display image
signs was tested by Fisher’s exact probabilities, P<0.05 was considered statistically signi�cant.

2 Results
Orthotropic CXR of 37 patients showed patchy ground glass opacities, mainly in the �eld distribution of the lungs (Figure 1a). One
patient showed consolidation of two lung patches, and the remaining 27 chest radiographs did not show clear Intrapulmonary
lesions. 21 cases of 28 DTS showed snow�ake-like ground glass opacities, mainly with multiple patches in the �eld of both lungs. In
7 cases of ground glass opacities, thickened small blood vessels and in�ated bronchioles and bronchioles were seen. Uneven
thickening of small blood vessels (Figure 1b, c), 2 cases showed patchy consolidation in the lung, 2 cases showed ground glass
opacities (Figure 2b, c), and 2 cases had anti-halo signs (Figure 3b, c). Of the27 CT scans found ground glass opacities in one or both
lungs in 24 cases. In the ground glass opacities, there were 19 cases of small blood vessel thickening signs, 13 bronchiolar in�ation
signs, and 15 lobular septal thickening signs (Figure 4a- c), 2 cases of anti-halo sign, 2 cases of consolidation shadow and nodule
shadow (see Table 2).

Table 2 Compare the founding among the three different image methods

Groups ground glass
opacities

consolidation
shadow

nodular
shadow

thickening of small
blood vessels

air
bronchial
sign

interlobular
septum thickening

anti-
halo
sign

CXR(n=37) 10 1 0 7 7 0 0

DTS(n=28) 21 2 2 9 9 0 2

CT(n=27) 24 2 2 19 13 15 2

Note: CXR: chest radiography; DTS: digital tomosynthesis; CT: Computed tomography
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In terms of the display of ground glass opacities in the lung, group CXR and group DTS were tested by Fisher’s exact probabilities,
P<0.05, there was a statistical difference between the groups, and DTS showed better ground glass opacities than CXR; compared
with group DTS and group CT, P> 0.05, there was no statistical difference between the them, suggesting that DTS had the similar
ability of showing the ground glass opacities compared with CT.

3 Discussions
The COVID-19 pneumonia is a suddenly acute infectious disease of the respiratory system [7]. Given that laboratory tests for the
novel coronavirus can be falsely negative, radiologists play a key role in identifying suspicious image �ndings based on time interval
from the onset of symptoms and guide further evaluation and management of patients.Despite the non-speci�c �ndings of diffuse
alveolar damage is generally seen in viral infections, the speci�c nature of this pandemic makes imaging a good and accurate tool to
stratify patients selected from �rst-line clinical triage.Image �ndings of patients with mild COVID-19 pneumonia include
predominance of ground glass opacities in the early phase[8].

3.1 Chest radiography (CXR) 

As a commonly used imaging examination method, CXR is still useful because it is cheaper, faster and more widespread; it is a
commonly used chest imaging examination method in clinical practice [9].

CXR is a two-dimensional image,and the tissue overlap cannot be ignored, which is not conducive to the display of �ne
structures[10].The ability of CXR to detect more obvious lesions is acceptable, but is considered unreliable in detecting early phase of
the pneumonia[11], which can only be used for the initial screening of the COVID-19 pneumonia. CXR is not sensitive for the detection
of ground glass opacities, which are the main imaging features of COVID-19 pneumonia. It should not be used as the �rst-line
technique and should not be used to exclude COVID-19 infection. It should be restricted to the follow-up of patients admitted to
intensive care units, who are too fragile to be sent for CT [12].

3.2 Digital tomosynthesis (DTS)

DTS technology is an emerging photography technology that combines modern computer reconstruction image theory with
traditional X-ray tomography technology. It uses low-dose X-rays with different incidence angles for exposure, collects projection
information of tissue and organ images at different angles, and obtains digital images at any coronal level of the examination site by
�ltered back projection method [13]. Compared with conventional CXR, it avoids many different the effect of overlapping density
tissues on the display of �ne structures in the lungs improves the ability to detect �ne lesions in the lungs[14].DTS can obtain
continuous coronal tomographic images, breaking through the "visual barrier" caused by the large number of anatomical structures
overlapped on the conventional CXR to the diagnostician, and can show the detail of the lesion more clearly[15].

DTS can obtain continuous multi-layer images of the coronal position of the chest. Due to partial volume effects and human factors
such as the breath of the subject, the area near the ribs, mediastinum and other high-density tissues shows poor microstructure of the
lung tissue, which may appear missed diagnosis. However, DTS inspection equipment is easily available and the inspection method
is simple, which can effectively reduce the radiation dose of the examinee. DTS examinations can perform conventional CXR
examinations on the same examination equipment without the need for additional, separate equipment. Therefore, in clinical work,
both routine examinations can be completed, and DTS examinations can be performed immediately on those cases that require
further examination.

 In recent years, many studies had also corroborated the important role of DTS in the discovery and follow-up of chest nodular
lesions, and even the discovery and evaluation of lung cancer [16]. With the development and expansion of DTS technology, its role in
the neck, breast [17], the thoracic spine, abdomen and skeletal system becomes more and more signi�cant [18].

In this study, 21 cases of plaque ground glass lesions in both lungs were found among the 28 cases of DTS examination, 7 cases of
thickened small blood vessels in ground glass opacities. 37 cases of conventional CXR showed only 10 cases of ground glass
opacities, and 1 case of consolidation shadows. DTS showed that the ability of ground glass opacities was signi�cantly higher than
that of conventional CXR (P<0.05)

3.3 Chest CT examination
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CT is transverse tomographic imaging, and can perform post-processing of multi-planar images such as coronal and sagittal. CT
greatly reduces the effect of volumetric effects, the examination speed is fast, and it takes only one breath to complete the
examination. The density and spatial resolution of the images are better than DTS �lms. Therefore, "The novel Coronavirus Diagnosis
and Treatment Program (Seventh Edition Trial)" issued by the National Health Commission believes that CT imaging changes have
important clinical value for the diagnosis and evaluation of COVID-19.The CT scan is fast and gets high resolution volume data, and
can carry out various images post-processing, greatly improving the accuracy of the detection and diagnosis of COVID-19
pneumonia.

 In this study, a total of 27 con�rmed patients underwent CT examination, except for 3 cases where no positive lesion was found
during the �rst chest CT examination, and 24 cases were positive. Compared with DTS, CT excepted for the discovery of 24 ground
glass opacities in the lung [19]. In addition, there were more subtle structures that show signs of thickening of small blood vessels in
the lesion, signs of bronchiole in�ation, signs of thickening of lea�et septa, etc. than DTS. According to published reports, common
CT �ndings consist of bilateral patchy ground glass opacities with peripheral predominance [20]. However, according to Fisher's exact
probability test, there was no statistically signi�cant difference between DTS and CT [21] in the diagnosis of ground glass opacities
of COVID-19 pneumonia (P> 0.05) [22].

Considering the high dose X-rays of CT examination and the expense of it, DTS could replace CT scan as the economic screening
imagines method to diagnosis the COVID-19 pneumonia.

3.4 Comparison of clinical application of different imaging examination methods

The early imaging manifestations of COVID-19 pneumonia are mainly ground glass opacities lesions. Ordinary CXR photos are
di�cult to �nd early COVID-19 pneumonia due to overlapping images and low resolution. As the COVID-19 pneumonia progresses,
the density of the lesions can gradually increase to form a solid transformation. Portable radiography unit can only be used as a
means to review and evaluate the e�cacy of clinical treatment in patients with severe COVID-19 pneumonia. DTS is an image
technology specially used to display the speci�c layer structure of tissue. The literature reported that DTS is signi�cantly better than
CXR for the detection of ground glass opacities in the lung [23]. Our results of this group were basically the same as those reported in
the literature consistent. DTS can display lesions from the coronal plane. Though the formation of images is affected by the
interference of ribs, heart beats, and respiratory movements of the subject. Compared with CT images, there is still a certain gap in
the ability to display the lesions in the lungs. The CT examination results of the patients were compared, and statistical analysis
showed that the difference between DTS and CT in the discovery of ground glass density lesions of COVID-19 pneumonia was not
statistically signi�cant, suggesting that the diagnostic e�cacy of DTS for COVID-19 pneumonia is basically equivalent to CT, DTS
can be used as an imaging examination method for preliminary screening of suspected cases.

The shortcomings of this study: The number of cases in this study is limited, and most of them were e mild or ordinary type of
COVID-19 pneumonia. The lung in�ammation is relatively simple, and some patients had lung in�ammation later after the imaging
examination.

In summary, the ability of DTS to detect the lesion of ground glass opacities of COVID-19 pneumonia is not signi�cantly different
from that of CT. The ability of DTS in this diagnosis is signi�cantly better than CXR; DTS can be used as an important supplementary
method for CT examination of COVID-19 pneumonia; CXR can be used as a method for the diagnosis and treatment of severe COVID-
19 pneumonia.
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Figures

Figure 1
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Male patient, 25-30 years old, temperature 38.0℃. On January 20, he came to GuangZhou from XianNing, HuBei province. The
COVID-19 nucleic acid test was positive on January 28. 1a: The CXR on January 24,2020 both of the middle of lung �eld showed
ground glass opacities. Fig b,c On the same day(2020-1-24), the DTS showed multiple �aky ground glass opacities in the both lungs
�eld in different lays, it also showed the uneventhickening of small blood vessels .

Figure 2

Famle 30-35  years old, had fever for 1day with uncomfortable in the throat. She had been WuHan, HuBei on Janaury 18, 2020. On
January 22, she began to heve fever, the max tempeature is 37.9℃,then she came back to GuangZhou on January 23. Her parents
came along with her, both of them got fever and had treatment in hospital on January 28. All of these three patients’COVID-19 nucleic
acid test were positive on January 29. a The CXR on January 29,2020 it showed no abnormal in the picture. (b,c (picture C is the
Partially enlarged view) the DTS showed ground glass opacitiesdistributed around the bronchial vessels on the right lower lung, the
air bronchial sign could been seen.

Figure 3

Famle 35-40  years old. She traveled from WuHan to Philippines on January,20,2020 she got fever when she back to GuangZhou on
January 28,T39.5℃  without cough and sputum . The COVID-19 nucleic acid test was positive on January 31. 3(a) The CXR on
January 28,2020 it showedthe left lower lung �eld faintly seen �aky shadows with uneven density. 3 b,c (picture C is the Partially
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enlarged view) On the same day, the DTS showed ground glass opacities in the left lower lung �eld, low center density, showed anti-
halo sign.

Figure 4

a-c Male, 50-55  years old, got fever for 6 days with sweating, body temperature 37.0 ℃ to 37.5 ℃,no cough, sputum, chest pain,
chest tightness. The body temperature increased to 38 ℃, the condition gradually aggravated, with dyspnea, cough, and a small
amount of yellow sputum. The COVID-19 nucleic acid test was"weakly positive". He had diabetes, coronary heart disease coronary
stent implantation.2020-01-19, he had meals with a fever patient from WuHan. (a-c 2020-2-1 CT showed The ground glass opacities
of the two lungs are unequal in size, with the middle and lower lungs being the most prominent. The large lesions in the right lung
subpleural area are in the shape of a lunar arch, with air bronchial sign and thickening of the wall.


