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Purpose: Solitary pulmonary inflammatory nodules (SPINs) are frequently misdiagnosed as 
malignancy. We aimed to investigate CT features and pathological findings of SPINs for 
improving diagnosis strategies.
Patients and Methods: In this retrospective study, 225 and 310 consecutive patients with 
confirmed SPINs and lung cancerous nodules were enrolled from January 2013 to 
December 2020. Nodules were classified into different types based on the key CT features: 
I, homogeneous and well-defined nodules with smooth (Ia), coarse (Ib), or spiculated 
margins (Ic); II, nodules with blurred boundaries, peripheral patches, or both; III, nodules 
exhibiting heterogeneous density; and IV, polygonal nodules. The pathological findings of 
SPINs were simultaneously studied and summarized.
Results: Among the 225 SPINs, type I (Ia, Ib, and Ic), II, III, and IV were 137 (60.9%) (47 
[20.9%], 33 [14.7%], and 57 [25.3%]), 62 (27.6%), 12 (5.3%) and 14 (6.2%), respectively. 
Correspondingly, those in 310 cancerous nodules were 275 (88.7%) (119 [38.4%], 70 
[22.6%], and 86 [27.7%]), 20 (6.5%), 15 (4.8%), and 0, respectively. Compared with lung 
cancers, type I nodules were less common but type II and IV nodules were more common in 
SPINs (each P < 0.0001). Though the frequencies of subtype I (P = 0.095) and type III (P = 
0.796) nodules were similar between two groups, their specific CT features were significantly 
different. The main pathological findings of each type of SPINs were most extensively 
identical (82.2 – 100%).
Conclusion: Between cancerous nodules and SPINs, differences in overall or specific CT 
features exist. The type II and IV nodules are highly indicative of SPINs, and each type of 
SPINs have almost similar pathological findings.
Keywords: solitary pulmonary nodule, tomography, X-ray computed, inflammation, CT- 
pathology correlation

Introduction
Solitary pulmonary nodules are usually detected incidentally or during screening 
for lung cancer.1,2 Solitary pulmonary nodules arise mainly from tumors (benign or 
malignant), infectious lesions, and noninfectious lesions.2,3 The treatment and 
prognosis for benign nodules differ significantly from those for malignant 
nodules.3–7 Therefore, accurate diagnosis of pulmonary nodules is of great impor
tance in clinical practice. Currently, computed tomographic (CT) scanning is the 
best diagnostic imaging tool for pulmonary nodules. However, benign and malig
nant nodules have many similar CT features.2,4–7 For example, most well-defined 
solitary pulmonary nodules with smooth margins have been benign, but 21% of 
malignant nodules also shared such features.2,8 Thus, distinguishing their CT 
characteristics of benign and malignant nodules is of great significance.
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Solitary pulmonary nodules may be solid or subsolid. 
Previous studies had confirmed that ground-glass nodules, 
especially the mixed ones, had an extremely high prob
ability of being malignant.9–12 However, the pathological 
nature of solid nodules is diverse, correctly differentiating 
them is crucial but difficult. In fact, a confident diagnosis 
of benignity can be made only for completely calcified or 
fat-containing nodules.13 The majority of incidental and 
screen-detected pulmonary solid nodules are inflammatory 
lesions (both healed and active) and benign tumors.13 CT 
manifestations of pulmonary benign tumors are usually 
similar, whereas those of inflammatory nodules and lung 
cancers are often complex, and such lesions need to be 
further understood and distinguished.

Previous studies have focused on differentiating all 
kinds of benign and malignant pulmonary nodules,14–16 

but no study specifically for the CT manifestations of 
solitary pulmonary inflammatory nodules (SPINs) has 
been reported. Furthermore, we have found no report 
about the systematic correlation between CT features and 
pathological findings of SPINs. The aim of this study was 
to summarize and clarify the CT features of SPINs by 
comparing inflammatory and cancerous nodules. In addi
tion, the pathological characteristics of SPINs were studied 
for better understanding their CT findings.

Patients and Methods
Patients
This retrospective observational study was conducted in the 
First Affiliated Hospital of Chongqing Medical University 
between January 2013 and December 2020 in China. Patients 
with surgically resected (video-assisted thoracic surgery seg
mentectomy or lobectomy) and pathologically confirmed 
SPINs (main pathological findings included inflammatory 
cells infiltration and fibrous tissue proliferation) and lung 
cancers were consecutively enrolled in this study. All the 
patients underwent chest CT examination within a week 
before surgery. Inclusion criteria were as follows: (1) The 
lesion was a nodule (diameter, ≤3 cm); (2) the lesion was 
solid; and (3) the patients’ clinical and pathological data were 
complete. The exclusion criterion was CT images containing 
breath artifact. In all, 225 patients with SPINs and 310 cases 
with lung cancers were enrolled in this study.

CT Protocol
All studies were performed on a SOMATOM Definition 
Flash CT scanner (Siemens Healthineers, Erlangen, 

Germany) with following parameters for non-contrast 
chest scan: 120 kV, 100 mAs, rotation time of 0.5 s, 
pitch of 1, 128×0.6 mm collimation, and 5-mm slice 
thickness and 5-mm interval for axial images. During 
CT examination, all the patients were uniformly scanned 
in the craniocaudal direction and placed in a supine 
position with both hands placed near the head. The 
scanning range included the whole chest from the level 
of the thoracic inlet to immediately below the costophre
nic angle. Contiguous transverse images were recon
structed with a slice thickness of 0.6 mm and 
a standard filtered back projection algorithm involving 
a kernel of high spatial resolution (lung images: widths 
of 1200–1600 HU and levels of −500–−700 HU) and 
a soft-tissue kernel (mediastinal images: widths of 
350–450 HU and levels of 20–40 HU), respectively.

Image and Pathological Findings Analysis
All patients’ CT data were initially reviewed on 
a workstation (Advantage Workstation 4.6; GE 
Healthcare, Chicago) by two senior chest radiologists 
(reviewer 1 has 12 years of experience, reviewer 2 has 
25 years of experience) who were unaware of the patho
logical results of the nodules. Interpretation discrepancy, if 
any, was resolved by consensus.

On CT image, the following characteristics were eval
uated: nodule distribution in different lobes, lesion size 
(mean of the longest diameter and perpendicular diameter 
on axial images), locations (whether abutting pleura or not, 
wide or narrow base connected to pleura), shape (round, 
oval, polygonal, or irregular), nodule–lung interface (well- 
defined or blurred), margins (smooth, coarse, or spicu
lated), density on lung window images (homogeneous or 
heterogeneous), internal signs (calcification, cavity, 
vacuole, and air bronchogram), and changes in the sur
rounding lung field (clear, patchy, or fibrotic). Wide base 
indicated the diameter of nodule-pleura contact surface 
was greater than or equal to that of nodule, or it was 
narrow base. Peripheral patch indicated that there was 
ground glass opacity surrounding nodules or locating at 
one side. Spiculation was further described as intensive if 
spiculations densely distributed around the nodules or as 
sparse, and short (length of spiculation ≤ diameter of 
nodule) or long (length of spiculation > diameter of 
nodule).

Based on the key CT features (order of categorization 
basis: shape [polygonal or not], density [heterogeneous or 
not], boundary [blurred or not], changes in peripheral lung 
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fields [peripheral patch or not], and margin [smooth, 
coarse, or spiculated]), nodules were classified into differ
ent types: I, homogeneous and well-defined nodules with 
smooth (Ia), coarse (Ib), or spiculated margins (Ic); II, 
nodules with blurred boundaries, peripheral patches, or 
both; III, nodules exhibiting heterogeneous density; and 
IV, polygonal nodules.

The pathological findings of nodules were reviewed 
and summarized by pathologist with 10 years of experi
ence. The main pathological components were determined 
for each type of SPINs.

Statistical Analysis
Patients’ clinical data and CT features of nodules were 
statistically analyzed. Continuous variables were 
expressed as means ± standard deviations, whereas cate
gorical variables were expressed as absolute numbers and 
percentages. Statistical differences were analyzed using 
the Wilcoxon rank sum test for patient age and mean 
diameter of nodules. Patients’ clinical data, types of 
nodules on CT images, and CT features of nodules were 
compared between two groups by using the Pearson χ2 test 
and Fisher exact test, as appropriate. The к statistic was 
used to calculate the interobserver variability in classifying 
nodules. Statistical analysis was performed with the SPSS 
20.0 software package (IBM, Chicago). A p value of less 
than 0.05 was considered significant.

Results
Study Population
Patients’ clinical data are summarized in Table 1. 
Compared with patients with lung cancers, those with 
SPINs were younger (P < 0.0001), and there were less 
smokers (P = 0.033), less cases with symptoms (P = 
0.001) but more with pulmonary basic diseases (P < 
0.0001).

Types of SPINs and Lung Cancers on CT 
Images
Numbers of nodules distributed in the upper, middle, and 
lower lobe of right lung and upper and lower lobe of left 
lung were 83 (36.9%), 19 (8.4%), 54 (24.0%), 39 (17.3%) 
and 30 (13.3%) and 106 (34.2%), 30 (9.7%), 51 (16.5%), 
74 (23.9%), and 49 (15.8%) in SPIN and lung cancer 
groups, respectively. Of the 225 SPINs (mean diameter: 
14.7 ± 6.3 mm, range: 4–30 mm) and 310 lung cancers 
(mean diameter: 17.3 ± 6.5 mm, range: 4–30 mm), 155 

(68.9%) and 271 (87.4%) were round or oval, 14 (6.2%) 
and 0 were polygonal, and 56 (24.9%) and 39 (12.6%) 
were irregular, respectively. The lobulated sign was 
detected 141 (45.5%) lung cancers and 32 (14.2%) 
SPINs. Compared with lung cancerous nodules, the 
SPINs were smaller (P < 0.0001), more irregular (P < 
0.0001), and less lobulated (P < 0.0001).

The classifications of SPINs and lung cancers based on 
key CT features are shown in Tables 2 and 3, respectively. 
There was perfect agreement between the two observers 
on classifying SPINs (к = 0.908) and lung cancers (к = 
0.924). Among the 225 SPINs, type I (Ia, Ib, and Ic) 
(Figure 1), II (Figure 2), III (Figure 3), and IV (Figure 4) 
nodules were 137 (60.9%) (47 [20.9%], 33 [14.7%], and 
57 [25.3%]), 62, (27.6%), 12 (5.3%) and 14 (6.2%), 
respectively. Correspondingly, type I (Ia, Ib, and Ic) 
(Figure 5A–D), II (Figure 5E and F), III (Figure 5G and 
H), and IV in lung cancer group were 275 (88.7%) (119 
[38.4%], 70 [22.6%], and 86 [27.7%]), 20 (6.5%), 15 
(4.8%), and 0, respectively. Compared with lung cancers, 
type I nodules were less common (P < 0.0001) but type II 

Table 1 Patients’ Clinical Data

Patients 
with SPINs  
(n =225)

Patients with 
Lung Cancers  
(n = 310)

P-values

Age (years) 55.3 ± 10.4 61.4 ± 9.8 < 0.0001

Men/women 138/87 171/139 0.154

Smokers 83 (36.9) 143 (46.1) 0.033

Clinical 
symptoms

82 (36.4) 159 (51.3) 0.001

Cough 47 (57.3) 143 (89.9) < 0.0001

Expectoration 39 (47.6) 120 (75.5) < 0.0001
Chest pain 27 (32.9) 35 (22.0) 0.066

Phlegm with 

blood

14 (17.1) 23 (14.5) 0.595

Hemoptysis 6 (7.3) 10 (6.3) 0.761

Fever 3 (3.7) 7 (4.4) 1.000

Pulmonary 
basic diseases

57 (25.3) 35 (11.3) < 0.0001

Chronic 
inflammation

26 (45.6) 13 (37.1) 0.425

COPD 22 (38.6) 14 (40.0) 0.893

Tuberculosis 9 (15.8) 9 (25.7) 0.244
Bronchial 

asthma

2 (3.5) 2 (5.7) 1.000

Note: Data are expressed as n (%).
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and IV nodules were more common (each P < 0.0001) in 
SPINs, while the frequencies of all subtypes I (P = 0.095) 
and type III (P = 0.796) nodules were similar between two 
groups.

In the 57 type Ic SPINs, spiculations in 30 (52.6%) 
lesions were sparse and long, in 23 (40.4%) were sparse 
and short, in 3 (5.3%) were sparse, short, and long, and in 
1 (1.8%) was intensive. In the 86 type Ic lung cancers, 
spiculations in 43 (50.0%) lesions were sparse and long, in 
18 (20.9%) were sparse and short, and in 25 (29.1%) were 
intensive. Compared with lung cancer, sparse and short 
spiculations were more common (P = 0.012) but intensive 
spiculations were less common (P < 0.0001) in type Ic 
SPINs. For type II nodules, more nodules with blurred 
boundary (54.8% vs 10%, P < 0.0001) and peripheral 
patch (90% vs 45.2%, P < 0.0001) were detected in 
SPINs and lung cancers, respectively. Regarding nodules 
with peripheral patch, all of the ground glass opacities 
surrounded nodules (100%) and were ill-defined (100%) 
in SPINs (Figure 2) but those mostly located at one side of 
nodules (83.3%) and were always well-defined (100%) in 
lung cancers (Figure 5E and F). For type III nodules, the 
cancerous ones presented as mixed branched (Figure 5G) 
or reticulated (Figure 5H) higher density and peripheral 

slightly lower density (Figure 5G), while these were not 
found in SPINs.

In SPINs, lesions with CT features of more than one 
type were more common than those in lung cancers (8.9% 
vs 1.9%, P < 0.0001). Compared with lung cancers, lesions 
abutting pleura were more common in SPINs (25.8% vs 
3.5%, P < 0.0001), while both of them frequently had 
a wide base attached to pleura (70.7% vs 54.5%, P = 
0.484). In addition, sporadic patch in same lobe (12.9% 
vs 4.2%, P < 0.0001) and intranodular calcification (4.9% 
vs 1.3%, P = 0.013) were more commonly detected in 
SPINs than in lung cancers, while frequencies of vacuole 
or cavity, pleural indentation, and air bronchogram in both 
groups were similar (each P > 0.05).

Pathological Findings of SPINs
Among the 310 cancerous nodules, 276 (89.0%) were ade
nocarcinomas, 23 (7.4%) were squamous carcinomas, 7 
(2.3%) were neuroendocrine carcinomas, and 4 (1.3%) 
were adenosquamous carcinoma and mucoepidermoid car
cinoma. Among the 225 SPINs, 203 (90.2%) were nonspe
cific inflammation (Figures 1–4), 17 (7.6%) were 
tuberculosis (Figure 6A–E), and 5 (2.2%) were fungal 
infection (Figure 6F and G). The pathological findings of 

Figure 1 Solid SPINs with smooth margin (type Ia) (A), coarse margin (type Ib) (B), sparse and long spiculations (type Ic) (C), and sparse and short spiculations (type Ic) 
(D). Pathologically, they have similar manifestations including significant fibrous tissue proliferation, hyaline change and few chronic inflammatory cells infiltration (E–H).
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Figure 2 Solid SPINs with blurred margin (A) and peripheral patch (C) (type II). Pathologically, they have similar manifestations including more acute and chronic 
inflammatory cells infiltration and fibrous tissue proliferation (B and D).

Figure 3 Solid SPIN with heterogeneous density (type III) and spiculations (A) on lung window. Pathologically, it consists of multiple components including fibrous tissue (B), 
hyaline change (C), calcification (D), and few inflammatory cells (B and C).
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SPINs are summarized in Table 4. Different types of SPINs 
had similar pathological components but with different pre
dominance. In type I SPINs, fibrous tissue proliferation and 
hyaline change were significant, and infiltration with few 
chronic inflammatory cells could be detected (128, 93.5%) 
(Figure 1). In type II SPINs, more acute and chronic 

inflammatory cells could be detected, in addition to fibrous 
tissue proliferation (51, 82.2%, Figure 2). In type III SPINs, 
multiple components could be observed: fibrous tissue pro
liferation, hyaline change, hemorrhage, mucoid degenera
tion, calcification, and inflammatory cell infiltration (12, 
100%) (Figure 3). Type IV SPINs, like type I SPINs, 

Figure 4 Solid SPIN with polygonal shape (type IV) (A). It has homogeneous density and smooth margin. Pathologically, it consists of fibrous tissue proliferation, hyaline 
change and a small amount of inflammatory cells infiltration (B).

Figure 5 Solid cancerous nodules with smooth and lobulated margin (type Ia) (A), coarse margin (type Ib) (B), lobulated margin and sparse and long spiculations (type Ic) 
(C), intensive and short spiculations (type Ic) (D), well-defined peripheral patch locating at one side (arrow) (E) or surrounding lesion (arrows) (F) (type II), and 
heterogeneous density (type III) (G and H).
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exhibited fibrous tissue proliferation, hyaline change, and 
infiltration with few chronic inflammatory cells (14, 100%) 
(Figure 4).

Discussion
In this study, solid SPINs exhibited various CT manifesta
tions and some were exclusive, whereas each type had 
relatively uniform pathological findings. Knowing the 
pathological characteristics of SPINs as well is helpful 
for understanding their different CT manifestations. 
However, CT features for each type were not distinct; 
different SPINs had CT manifestations of more than one 
type. Moreover, some types of SPINs also had signs that 
could be found in lung cancers. Thus, a further under
standing the potential differences in their CT features is 
needed.

With regard to lesion distribution and location, SPINs 
were found mainly in the superior lobe, which was similar 

to the location of lung cancers in this and previous 
studies.16 Some SPINs in this study were closely attached 
to adjacent pleura and a majority of those had a wide base, 
while these were rare for lung cancers.4–6,17–20 Peripheral 
inflammation frequently involving distal subpleural lung 
tissues may account for these differences. For nodules not 
abutted pleura, pleural indentations were all infrequent and 
similar in SPIN and lung cancer group. Thus, pleural 
indentation could not be used for differentiating them.

Compared with lung cancers, irregular nodules were 
relatively common but lobulated ones were infrequent in 
SPIN group. This may be related to the proliferation of 
fibrosis and infiltration of inflammatory cells in SPINs 
rather than the concurrence of different rates of cell growth 
and restriction caused by adjacent interstitium in lung 
cancers.4,11,16,21–23 Additionally, a few nodules with flat 
edges manifesting as polygonal shapes were only found in 
SPINs, which was probably caused by obstruction of 

Figure 6 Tuberculous nodules with smooth margin (A) and curved calcification (arrows) (B), coarse margin (C), sparse and long spiculations and pleural indentation 
(arrow) (D), and ill-defined peripheral patch (arrows) (E). A cryptococcal nodule abutting pleura with a wide base (F), and an oval aspergillus nodule with clear and smooth 
margin (G).
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adjacent structures. Thus, lobulated sign and polygonal 
shapes are meaningful for discriminating solid nodules.

Heterogeneous attenuation can be detected in both 
inflammatory and malignant nodules, but different patho
logical processes are responsible for this appearance.5,9,12 

Heterogeneous SPINs usually had multiple pathological 
components; however, the heterogeneous density in solid 
cancerous nodules usually indicated degeneration or 
uneven distribution of tumor cells.19 In lung cancers, het
erogeneous lesions would become homogeneous as grow
ing due to tumor cell proliferation, but this change would 
not happen in inflammatory nodules.19,24–26 Therefore, 
follow-up for monitoring density change is useful for 
differentiating heterogeneous nodules.

Spiculations are closely associated with lung 
cancers.2,4,8,12,16 However, the present study showed the 
occurrences of nodules with spiculations were similar in 
both groups but their CT features were different. The 
intensive spiculations were almost only found in lung 
cancers, while sparse and short ones were frequently 
detected in SPINs. These differences may be due to the 
hyperplasia of fibrous tissue and infiltration of inflamma
tory cells or tumor cells. Therefore, nodules with intensive 
spiculations were more likely to be tumor, and other CT 
features should be considered for differentiating nodules 
with other patterns of spiculations.

The halo sign (HS) can be seen in a large number of 
diverse conditions, which is the radiological correlate of 
infiltration (hemorrhage, neoplastic or inflammatory).27 In 
the present study, both the SPINs and lung cancers showed 
this sign but they were different. The HS (peripheral 
patch) in SPINs was ill-defined while most of that in 
lung cancers was well-defined, which was consistent with 
previous results.28–30 The pathological findings revealed 
that ill-defined HS detected in SPINs was closely related 
to the infiltration of massive inflammatory cells. Moreover, 
sporadic patches were detected in the same lobe with 
SPINs in some cases, which may be additional evidence 
of SPINs. Therefore, blurred boundaries and ill-defined 
peripheral patches are more typical of SPINs and this 
help distinguish them from lung cancers.

Regarding other CT characteristics, intranodular calcifica
tion was more commonly detected in SPINs than in lung 
cancers, while frequencies of vacuole or cavity, pleural inden
tation, and air bronchogram in both groups were similar. 
Compared with previous studies, the calcification in SPINs 
was far less common than that in benign nodules,2,4 but it was 
a potential sign for evaluating nodule and distinguishing them.

This study had several limitations. First, the key CT 
features for dividing SPINs into different types were not 
exclusive; some SPINs had features of more than one type. 
In addition, some SPINs and lung cancers (such as types 
I and III) shared same CT features, which still could not be 
well differentiated. However, after studying the pathologi
cal findings, it revealed that types I and III SPINs may not 
grow significantly due to significant fibrous tissue prolif
eration and hyaline change. Thus, follow-up could provide 
more information for the likely diagnosis because most of 
malignant solid nodules will increase in size and/or 
density,31 and such information should be added in an 
affected patient’s flowchart for discriminating SPINs 
from cancerous nodules.

Table 4 The Pathological Findings of SPINs

Main Pathological Findings Number Percentage 
(%)

Type 1 137

Significant fibrous tissue + few 
inflammatory cells

82 59.9

Significant fibrous tissue + hyaline 
change + few inflammatory cells ± 

calcification

46 (7*) 33.6

Significant fibrous tissue + more 

inflammatory cells

9 6.6

Type 2 62

More inflammatory cells + fibrous tissue 34 54.8

Massive inflammatory cells + fibrous 
tissue

17 27.4

Fibrous tissue + few inflammatory cells 11 17.7

Type 3 12

Fibrous tissue + hyaline change + 

calcification + hemorrhage + few 

inflammatory cells

7 58.3

Fibrous tissue + hyaline change + 

mucoid degeneration + few 
inflammatory cells

5 41.7

Type 4 14

Fibrous tissue proliferation + few 

inflammatory cells

10 71.4

Fibrous tissue + hyaline change + few 

inflammatory cells

4 28.6

Note: *Number of cases with calcification.
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In conclusion, SPINs share different CT features that 
are closely correlated with pathological findings. There are 
differences in overall or specific CT features between 
cancerous nodules and SPINs. Solid pulmonary nodules 
should be highly suspected of being inflammatory nodules 
if they have blurred boundaries, peripheral patches, or 
polygonal shapes on CT images. In contrast, nodules 
with intensive spiculations or lobulated sign have a high 
possibility of malignancy. For nodules without distinct CT 
features, follow-up may be helpful for discriminating by 
monitoring changes related to different pathological bases.
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