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Purpose: To investigate the influence factors for the various boundary manifestations of pulmonary non-neoplastic ground glass 
nodules (GGNs) on computed tomography (CT).
Materials and Methods: From January 2015 to March 2022, a total of 280 patients with 318 non-neoplastic GGNs were enrolled. 
The correlations between degree of inflammatory cell infiltration and relative density (ΔCT) and the boundary manifestations of 
lesions were evaluated, respectively.
Results: Nongranulomatous nodules (283, 89.0%) with fibrous tissue proliferation and/or inflammatory cells as the predominant 
pathological findings were the most common non-neoplastic GGNs, followed by granulomatous nodules (28, 8.8%). Among 
nongranulomatous GGNs, cases with more and less/no inflammatory cells were 15 (10.9%) and 122 (89.1%) in 137 well-defined 
ones with smooth margin, 16 (24.6%) and 49 (75.4%) in 65 well-defined ones with coarse margin, 43 (91.5%) and 4 (8.5%) in 47 ill- 
defined ones with higher ΔCT (>151HU), and 4 (11.8%) and 30 (88.2%) in 34 ill-defined ones with lower ΔCT (< 151HU). The 
proportion of cases with more inflammatory cells in well-defined nodules was similar to that in ill-defined ones with lower ΔCT (P = 
0.587) but significantly lower than that in ill-defined ones with higher ΔCT (P < 0.001). Among the granulomatous nodules, ill-defined 
cases with higher ΔCT (16, 57.1%) were the most common, and they (7/8, 87.5%) frequently had changes during short-term follow-up.
Conclusion: Nongranulomatous nodules are the most common non-neoplastic GGNs, their diverse boundary manifestations closely 
correlate with degree of inflammatory cell infiltration and density difference.
Keywords: tomography, X-ray computed, solitary pulmonary nodule, pathology

Introduction
With the increased availability of multi-detector computed tomography (CT) and the advent of low-dose CT screening for 
lung cancer, an increasing number of pulmonary ground glass nodules (GGNs) have been detected.1–3 Pathologically, 
GGNs can be caused by various benign disorders, such as inflammation, edema, fibrosis and hemorrhage, or neoplastic 
lesions including atypical adenomatous hyperplasia (AAH), adenocarcinoma in situ (AIS), minimally invasive adeno-
carcinoma (MIA) and invasive adenocarcinoma (IAC).4,5 Clinically, the treatments for the neoplastic and non-neoplastic 
GGNs are significantly different.6 Consequently, it is necessary to distinguish them to facilitate clinical decision-making.

Previous studies have been focusing on investigating the differences in CT features between neoplastic and non- 
neoplastic GGNs and found that size, shape, boundary, internal solid component, lobulation, spiculation, vessel 
convergence sign, vacuole sign, air bronchogram, and pleural indentation sign were indicators for differentiating 
them.6–8 Specifically, GGNs with solid component (part-solid nodule, PSN), well-defined boundary, vascular 
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convergence sign, larger diameter, lobulation, spiculation, air cavity density, or pleural traction were highly suggestive of 
neoplastic lesions, while those with irregular shape or ill-defined boundary were considered to be benign ones.9,10 

Although these morphological indicators for differentiating neoplastic and non-neoplastic GGNs were not completely 
consistent in different studies, it is generally believed that whether the boundary is clear or not is of great value for 
differentiation.4,10,11

Compared with neoplastic GGNs, ill-defined boundary was more frequent in non-neoplastic ones.10,12 However, 
a considerable non-neoplastic GGNs can also be well-defined, which indicates the diversity of their boundary manifesta-
tion. For the well-defined GGNs, their differential diagnosis is more difficult, and thus follow-up may provide some 
additional information,13 while its frequency and duration may be different for the neoplastic and non-neoplastic ones. 
Currently, there is no yet guidance on this matter. Therefore, understanding the basis for the diverse boundary of non- 
neoplastic GGNs may be helpful for differentiating diagnosis and determining follow-up strategies. To our knowledge, 
no studies have yet attempted to investigate the factors responsible for the different boundary manifestations of non- 
neoplastic GGNs on CT.

The transition of the pathological components and density difference in the lesion-lung boundary zone of GGNs may 
affect the visual illustration of their boundary. We speculate that the boundary manifestation of non-neoplastic GGNs 
may be related to their pathological composition and density. Therefore, this study focuses on investigating the 
correlations between the boundary of non-neoplastic GGNs and their pathological composition and density in order to 
reveal the basis for the various boundary manifestations. These findings may help to improve the understanding of GGNs 
and direct further follow-up.

Materials and Methods
This retrospective study was approved by the ethics committee of The First Affiliated Hospital of Chongqing Medical 
University, and the requirement for informed consent was waived because of the retrospective nature of this study.

Patients
A retrospective data collection of patients with GGNs undergoing CT examinations in our hospital from January 2015 to 
March 2022 was performed. Cases that met the following conditions were included in this study: (a) nodules were 
manifested as GGNs on the lung window; (b) GGNs were surgically resected and confirmed as non-neoplastic lesions by 
pathological examination; and (c) time interval between CT examination and operation was less than 1 weeks. Patients 
with the following conditions were excluded from the study: (a) no thin-section CT images with a thickness of ≤1 mm; 
(b) image artifacts that affect the image analysis; and (c) incomplete clinical or pathological data. Finally, a total of 280 
patients with 318 GGNs were enrolled in our study.

CT Examinations
The chest CT scans were performed using SOMATOM Perspective (Siemens Healthineers, Erlangen, Germany), and 
Discovery CT750 HD (GE Healthcare, Milwaukee, WI, USA), and SOMATOM Definition Flash (Siemens Healthineers, 
Erlangen, Germany) CT scanner. All patients were placed in a supine position with raised upper limbs and were asked to 
hold their breath after deep inspiration for better exposure. The scan range was from the entrance of the thorax to the 
costophrenic angle. The scanning parameters were as follows: tube voltage, 110–120 kVp; tube current, 80–250 mAs 
(reference mAs, using automatic tube current modulation technology); scanning slice thickness, 5 mm; reconstruction 
slice thickness and interval, 0.625 or 1 mm; matrix: 512 × 512; rotation time, 0.5 s. All images were reconstructed using 
an iterative reconstruction, and a standard algorithm (GE CT scanners) or medium-sharp algorithm (Siemens CT 
scanners) was adopted.

Image Analysis
The CT data were analyzed on a PACS workstation (Carestream Vue PACS) with lung window settings (window level, – 
600 HU; window width: 1500 HU). Two experienced radiologists specializing in chest imaging (Chu with 15 years of 
experience and Lv with 28 years of experience), who were blinded to the clinical data and histological diagnosis of the 
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GGNs, independently assessed the CT scans. In case of disagreement, a consensus was reached after a joint discussion 
and/or consultation with a third senior radiologist.

GGNs were evaluated in the following aspects: (a) size (the average of the longest diameter and the perpendicular 
diameter on axial images), (b) shape (round, oval, or irregular), (c) location (upper, middle, or inferior lobe), (d) 
uniformity of density (homogeneous or heterogeneous), (e) CT pattern (pure GGN [pGGN] and PSN), (f) mean CT 
attenuation, (g) nodule-lung interface (well-defined or ill-defined), (h) margin (smooth, coarse), and (i) other morpho-
logical features (lobulation sign, spiculation sign, vacuole sign, pleural indentation, air bronchogram, and containing 
solid components). Mean CT attenuation (in Hounsfield unit) was measured by placing three to five regions of interest 
within the ground glass components covering two-thirds of the largest area in GGN and peripheral normal lung tissue 
while avoiding vessels and bronchioles. The density difference (ΔCT) between the ground glass component in nodules 
and peripheral normal lung tissue was calculated.

Pathological Analysis
In this study, the rare lesions were not analyzed due to lack of representation. Pathologically, the common GGNs in this 
study were divided into granulomatous and nongranulomatous lesions. The pathological findings of nongranulomatous 
nodules included fibrous tissue proliferation and/or inflammatory cells infiltration, fibroblast and myofibroblast hyper-
plasia, and hyaline degeneration. Pathologically, inflammatory cells infiltration is defined as inflammatory cells, such as 
neutrophils, eosinophils, lymphocytes, plasmacytes, macrophages, or mast cells, locally or diffusely distributed in 
lesions. Based on the degree of inflammatory cell infiltration, nongranulomatous nodules were classified into three 
groups in this study: (1) lesions with more inflammatory cells: multifocal inflammatory cells with a predominance of 
lymphocytes were detected in nodules; (2) lesions with less inflammatory cells: a few scattered inflammatory cells with 
a predominance of lymphocytes were detected in nodules; (3) lesions without inflammatory cells infiltration: no 
significant inflammatory cells were detected in nodules.

Statistical Analysis
All statistical analysis was performed by using SPSS (version 26.0, IBM, NY, USA). Continuous data were expressed as 
mean ± standard deviation, while categorical variables were expressed as numbers and percentages. For the nongranu-
lomatous and granulomatous nodules, difference in nodule size was evaluated using the Kruskal–Wallis test, and 
differences in nodule location, CT pattern, and morphological features were analyzed using the Pearson chi-square test 
or Fisher exact test. Proportions of cases with different degree of inflammatory cell infiltration in nongranulomatous 
nodules with different boundary manifestations were also analyzed using the Pearson chi-square test. Receiver operating 
characteristic (ROC) curve analysis was calculated to evaluate the value of ΔCT in predicting the results of subjective 
assessment for the nodules with higher and lower density. The Youden index was used to determine the optimal cutoff 
value of Δ CT. A P-value less than 0.05 indicates that the difference was statistically significant.

Results
Clinical Findings
Table 1 summarizes the clinical characteristics of patients. Among the 280 patients, 75 (26.8%) were smokers, 59 
(21.1%) had symptoms, 53 (16.7%) had concomitant basic diseases, and 26 (9.3%) had a family history of lung cancer.

Pathological Findings and CT Features of GGNs
Among the 318 GGNs, nongranulomatous lesions (283, 89.0%) with fibrous tissue proliferation and/or inflammatory 
cells as the predominant pathological findings were the most common, followed by granulomatous lesions (28, 8.8%) (6 
cryptococcal infection, 5 tuberculosis infection, and 17 uncertain granulomas), and other rare lesions (7, 2.2%) (4 smooth 
muscle/spindle cell hyperplasia, 1 hemangioma, 1 hemorrhage, and 1 focal fine bronchialization). The CT features of 
GGNs are summarized in Table 2. They mainly located in the upper lobes (58.2%), and relatively more lesions were 
regular (74.8%) and well-defined (68.2%).
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Table 1 Patients’ Clinical Characteristics

Characteristics Value

Gender (male / female) 141 (50.4) / 139 (49.6)

Age (years) 53.3 ± 10.9 (24–79)

Smokers 75 (26.8)

Symptoms 59 (21.1)

Fever 2 (3.4)

Cough 47 (79.7)

Sputum 18 (30.5)

Chest pain 12 (20.3)

Phlegm with blood 3 (5.1)

Night sweat 1 (1.7)

Concomitant basic diseases 67 (23.9)

Diabetes 27 (40.3)

Chronic kidney disease 6 (9.0)

Cardiac disease 6 (9.0)

Cerebral infarction 2 (3.0)

Hypothyroidism 4 (6.0)

Hepatic insufficiency 12 (17.9)

Asthma 4 (6.0)

Malignant tumors 14 (20.9)

Family history of lung cancer 26 (9.3)

Notes: Data are presented as n (%), means ± SD or 
median (range). 
Abbreviation: SD, standard deviation.

Table 2 CT Features of Non-Neoplastic GGNs

Characteristics Nongranulomatous  
nodules (n = 283)

Granulomatous  
nodules (n = 28)

P-value

Location 0.104&

Right Upper lobe 109 (38.5) 5 (17.9)
Right middle lobe 20 (7.1) 4 (14.3)

Right lower lobe 52 (18.4) 9 (32.1)

Left upper lobe 63 (22.2) 5 (17.9)
Left lower lobe 39 (13.8) 5 (17.9)

CT pattern 0.001&

Pure GGN 154 (54.4) 6 (21.4)
Mixed GGN 129 (45.6) 22 (78.6)

Size (mm) 9.7 ± 4.6 13.4 ± 5.6 < 0.001§

Shape 0.062&

Round/ oval 217 (76.7) 17 (60.7)

Irregular 66 (23.3) 11 (39.3)

Boundary < 0.001&

Well-defined 202 (71.4) 9 (32.1) 0.478*

Smooth margin 137 (67.8) 5 (55.6)

Coarse margin 65 (32.2) 4 (44.4)
Ill-defined 81 (28.6) 19 (67.9)

Spiculation 0 (0.0) 1 (3.6) 0.090*
Lobulation 46 (16.3) 1 (3.6) 0.095*

Vacuole 16 (5.7) 0 (0.0) 0.378*

Air bronchogram 22 (7.8) 1 (3.6) 0.707*
Pleural indentation 28 (9.9) 6 (21.4) 0.102*

Notes: Data are presented as n (%), means ± SD or median. &Calculated with the Pearson χ2 test; 
*Calculated with the Fisher exact test; §Kruskal–Wallis test. 
Abbreviations: GGN, ground-glass nodule; SD, standard deviation.
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Correlations Between Boundary Manifestations and Pathological Composition and 
Density of GGNs
In view of the high incidence of above-mentioned nongranulomatous nodules and complexity of the pathological 
components in granulomatous nodules, only the correlations between boundary manifestations of nongranulomatous 
nodules and their pathological composition and density were further evaluated.

Among the 283 nongranulomatous GGNs, 202 (71.4%) were well-defined and 81 (28.6%) were ill-defined. 
Pathologically, among the 202 well-defined nodules, cases with more and less/no inflammatory cells were 31 (15.4%) 
and 171 (84.6%) in the total, 15 (10.9%) and 122 (89.1%) in the 137 ones with smooth margin (Figure 1a and a’), and 16 
(24.6%) and 49 (75.4%) in the 65 ones with coarse margin (Figure 1b and b’). Cases with less/no inflammatory cells 
were predominant in well-defined GGNs, whereas there were more nodules with more inflammatory cells in lesions with 
coarse margin (Figure 1c and c’) than in those with smooth margin (P = 0.012).

For the ill-defined nongranulomatous GGNs, they were subjectively divided into two groups (lesions with higher density 
and lesions with lower density) based on whether their density was close to that of peripheral normal lung tissue. ROC 
curve analysis revealed that the threshold value of ΔCT for distinguishing GGNs with higher and lower density was 151 
HU (area under the curve ≥0.999, 95% CI: 0.996–1.000, sensitivity and specificity: 97.00% and 100%, P < 0.001). Based 
on the ΔCT, there were 47 (58.0%) and 34 (42.0%) nodules with higher and lower density among the 81 ill-defined GGNs. 
Pathologically, cases with more and less/no inflammatory cells were 43 (91.5%) and 4 (8.5%) in the 47 lesions with higher 
density (Figure 1d and d’) and 4 (11.8%) and 30 (88.2%) in the 34 lesions with lower density (Figure 1e and e’). There were 
more nodules with more inflammatory cells in lesions with higher density than in those with lower density (P < 0.001).

The mean ΔCTs of well-defined nongranulomatous nodules with smooth (255 ± 91HU) or coarse (278 ± 89HU) 
margin and ill-defined nodules with higher density (246 ± 72HU) were similar (P = 0.122), but they all significantly 
higher than that of ill-defined nodules with lower density (98 ± 21HU) (P < 0.001). The proportion of cases with more 
inflammatory cells in the well-defined nodules was similar to that in ill-defined nodules with lower density (P = 0.587) 
but significantly lower than that in the ill-defined nodules with higher density (p < 0.001).

Among the 28 granulomatous nodules, ill-defined cases with higher density were the most common (16, 57.14%), 
followed by well-defined cases with smooth (5, 17.86%) or coarse (4, 14.29%) margin, and ill-defined lesions with lower 
density (3, 10.71%).

Figure 1 A 52-year-old man with an incidental GGN. (a) Axial CT image shows a 6-mm round and well-defined pGGN with smooth margin located in the right upper lobe. 
(a’) Histopathologic analysis reveals fibrous tissue hyperplasia without inflammatory cells. A 76-year-old man with an incidental GGN. (b) Axial CT image shows a 17-mm 
oval and well-defined pGGN with coarse margin located in the left upper lobe. (b’) Histopathologic analysis reveals fibrous tissue hyperplasia with less inflammatory cells 
(black circles). A 24-year-old man with an incidental GGN. (c) Axial CT image shows a 17-mm oval and well-defined PSN with coarse margin located in the left lower lobe. 
(c’) Histopathologic analysis reveals fibrous tissue hyperplasia with more inflammatory cells (black circles). A 46-year-old man with cough and expectoration and a smoking 
history of 20 years. (d) His father has lung cancer. Axial CT image shows an 18-mm irregular and ill-defined PSN with higher density (ΔCT=344HU) located in the right 
upper lobe. (d’) Histopathologic analysis reveals fibrous tissue hyperplasia with more inflammatory cells (black circles). A 49-year-old man with backache and a smoking 
history of 10 years. (e) Axial CT image shows a 14-mm oval and ill-defined PSN with lower density (ΔCT = 81HU) located in the left lower lobe. (e’) Histopathologic 
analysis reveals fibrous tissue hyperplasia without inflammatory cells.
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Follow-Up results
Among the 283 nongranulomatous GGNs, 95 (33.57%) cases were followed up for at least one month (mean, 5.56 ± 11.1 
months; range, 1–96 months). There were 57 well-defined nodules with smooth margin (mean follow-up intervals, 4.2 ± 
4.4 months; range, 1–19 months), 47 (82.46%) had no significant changes; 21 well-defined nodules with coarse margin 
(mean follow-up intervals, 9.9 ± 21.4 months; range, 1–96 months), 18 (85.71%) had no significant changes; 12 ill- 
defined nodules with higher density (mean follow-up intervals, 5.5 ± 6.0 months; range, 1–18 months), 8 (66.67%) had 
no significant changes, 2 (16.67%) and 2 (16.67%) of them increased and decreased in size and/ or density; 5 ill-defined 
nodules with lower density (mean follow-up intervals, 3.4 ± 2.1 months; range, 1–6 months), none had significant 
changes. Among the 28 granulomatous nodules, 8 were followed up for at least one month (2.3 ± 2.0 months, range, 1–7 
months), 5 (62.5%) and 2 (25%) of them increased and decreased in size and/or density (Figure 2).

Discussion
In the present study, it was found that a majority of non-neoplastic GGNs were nongranulomatous lesions. Their diverse 
boundary manifestations on CT images closely correlated with pathological components and density. For the well-defined 
ones, no matter their margin was smooth or coarse, the main pathological findings were fibrous tissue proliferation with 
less/no inflammatory cells. In contrast, the ill-defined ones with higher density (ΔCT > 151HU) were mainly consist of 
fibrous tissue proliferation with more inflammatory cells; however, those with lower density (ΔCT < 151HU) had the 
similar pathological findings with well-defined GGNs. These findings indicate that the degree of inflammatory cell 

Figure 2 A 57-year-old man with an incidental GGN. (a) Axial CT image shows an 8-mm round and ill-defined pGGN with lower density (ΔCT = 105 HU) located in the 
right lower lobe. (b) Follow-up CT scan performed 3 months later shows this nodule increases in size and density and a new solid nodule occurs in the adjacent lung field. 
Histopathologic analysis reveals granulomatous inflammation caused by cryptococcal infection. A 59-year-old man with diabetes and hepatitis B, and a smoking history of 20 
years. (c) Axial CT image shows a 12-mm round and well-defined PSN with smooth margin located in the right lower lobe. (d) Follow-up CT scan performed one month 
later shows the nodule decreases in density. Histopathologic analysis reveals granulomatous inflammation.
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infiltration and the density difference between the ground glass component and peripheral normal lung tissue directly 
affected the boundary display of nongranulomatous GGNs.

Among nongranulomatous GGNs, the well-defined boundary usually indicates the advanced stage of inflammation 
based on their main pathological findings. However, the proportion of cases with more inflammatory cells in well-defined 
nodules with coarse margin was higher than that in those with smooth margin. This difference may be related to the fact 
that these nodules are in different inflammatory processes, and their margin will become smoother with the decrease of 
inflammatory cell infiltration and proliferation of fibrous tissue.3,4,14 For the ill-defined GGNs, not only the pathological 
components but also the density difference (ΔCT) has influence on the display of lesion-lung interface. Regarding those 
with higher density, the ΔCT is also higher, their blurred boundary may be mainly caused by inflammatory cell 
infiltration and exudation. However, those with lower density had no significant inflammatory cells, their ill-defined 
boundary may be mainly relevant to the smaller ΔCT, which makes it difficult to be distinguished visually. Therefore, the 
density of ground glass component needs to be taken into account when the boundary of GGNs is evaluated. The ill- 
defined boundary of nodules with lower density may be a “false” CT feature.

Generally, the proportion of ill-defined lesions in non-neoplastic GGNs was significantly higher than that in 
neoplastic ones, but which varied greatly in different studies.10–12,15 In the non-neoplastic GGNs that were pathologically 
confirmed after surgical resection and absorbed during follow-up, this proportion ranged from 43% to 67%.12,15 In 
contrast, it ranged from 20% to 61% in studies which only enrolled the pathologically confirmed cases after surgical 
resection.10,16 In the present study, only the pathologically confirmed GGNs were enrolled and this proportion was 32.2% 
among the granulomatous and nongranulomatous lesions, which was lower than that in the samples including absorbed 
GGNs. This difference may be due to the fact that the well-defined GGNs were more susceptible to be neoplastic than the 
ill-defined ones, and thus they were more likely to be considered in surgical treatment.10,17,18 Therefore, it is necessary to 
pay more attention to differentiate the well-defined GGNs in clinical practice.

In previous studies, it was revealed that the neoplastic GGNs were mainly located in the upper lobe, PSNs had 
a higher possibility of neoplasm than pGGNs, and lobulation, spiculation, vessel convergence sign, vacuole sign, air 
bronchogram, and pleural indentation sign were common indicators of neoplastic GGNs.19–21 However, the present study 
showed the non-neoplastic GGNs also mainly located in the upper lobes, and PSNs and lesions with some of the above- 
mentioned signs were also very common in them, which were consistent with the previous findings.16,22–24 It suggested 
that there is certain overlap between neoplastic and non-neoplastic GGNs on their distribution and morphological 
characteristics, which made the differential diagnosis more difficult. For the indeterminate GGNs, follow-up may be 
a proper strategy, which could provide additional information for diagnosis.13 The present results may provide some new 
information for enriching the current follow-up strategy.

For the GGNs, follow-up intervals were usually determined based on their CT findings. From the Fleischner Society 
2017, repeated CT at 6–12 months will be considered for pGGN with size ≥6 mm and 3–6 months for PSN with size 
≥6 mm and multiple GGNs with any size.22 In addition, malignant signs were also considered in some studies.3,25,26 

However, no studies have yet taken the boundary of GGNs into account for determining the follow-up intervals. Given 
the high likelihood of more inflammatory cells, short-term follow-up (3–6 months) should be proper for ill-defined GGNs 
with higher density because they may have significant changes after inflammation subsides.27 In contrast, for those ill- 
defined nodules with lower density and well-defined GGNs (especially those with smooth margin), short-term follow-up 
may be of little significance owing to they had no or less inflammatory cells but significant fibrous tissue proliferation.3,28 

For these lesions, it should not easily think they are malignant even if they do not give any changes during long-term 
follow-up. In this study, the changes of some lesions during follow-up partly verified our infer. Thus, the boundary and 
density of GGNs should also be considered in determining follow-up intervals.

In the present study, the second most common non-neoplastic GGNs were granulomatous lesions, which had the 
similar CT manifestations of nongranulomatous lesions. Most of them were ill-defined and had higher density, which 
indicated they were in an active phase of infection. Although the ill-defined boundary supported the diagnosis of benign 
lesions for the granulomatous nodules, they can also be well-defined, which made it is difficult for diagnosis. The follow- 
up information of granulomatous GGNs suggested that those lesions usually changed rapidly in short-term, which was 
different from nongranulomatous lesions. Therefore, if a GGN changed rapidly, especially increasing in size and/or 
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density, it is more likely to be granulomatous lesion. Further examinations for fungal or tuberculous infection may 
provide more information for diagnosis.

There are four limitations in the present study. First, the nongranulomatous and granulomatous GGNs were 
respectively studied in this study due to their pathological differences. However, they cannot be well differentiated by 
CT in clinical practice. Thus, some findings from nongranulomatous nodules may be inconsistent with those of 
granulomatous lesions. Second, the evaluation for the degree of inflammatory cell infiltration in lesions was subjective. 
Third, the sample size with routine follow-up information was small due to the retrospective nature of this study. Thus, 
the value of current results in directing follow-up need to be further verified in clinical practice. Fourth, the etiology of 
some granulomatous GGNs were unknown.

Conclusion
In conclusion, most of the non-neoplastic GGNs are nongranulomatous lesions, their boundary manifestations are related 
to the pathological compositions and density. More inflammatory cells and lower relative density mainly contribute to the 
ill-defined boundary of nodules. For well-defined GGNs with coarse margin and ill-defined GGNs with higher density, 
short-term follow-up may be more meaningful in view of the higher probability of containing more inflammatory cells. 
Granulomatous GGNs are relatively rare, but they frequently have changes during short-term follow-up. Better under-
standing of these CT features and corresponding pathological basis of common non-neoplastic GGNs could contribute to 
the accurate diagnosis, reduction in the number of unnecessary operations, and advancements in determining an optimal 
management strategy.
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