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Introduction

Diagnosis of solitary pulmonary nodules (SPNs) in clinical 
radiology is mainly based on radiographic sign analyses of 
lesions, such as the position, size, number, morphology, 
margin, density and changes of adjacent structures. Since 
it was up to the clinical experience of radiologists, there 
is a subjective factor involved in this process. Moreover, 
different diseases might share same radiological findings, 

and different radiological presentation might also be 
observed in different stages or types for a single disorder. 
Therefore, radiologists might make totally different 
diagnoses based on the same radiological changes.

If radiological findings could be segmented by a 
computer aided approach to extract regions of interest and 
to provide quantitative graphic variables in relevance to 
diagnosis, appropriate graphic features could be selected for 
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259 had malignant SPNs. The entropy, contrast, energy, homogeneity, and correlation were 3.5597±0.6470, 
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Conclusions: The entropy and contrast of malignant pulmonary nodules have been demonstrated to be 
higher in comparison to those of benign pulmonary nodules, while the energy, homogeneity correlation of 
malignant pulmonary nodules are lower than those of benign pulmonary nodules. The texture features of 
images can reflect the tissue features and have high sensitivity, specificity, and accuracy in differentiating 
SPNs. The sensitivity and accuracy increase for larger SPNs.
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the diagnosis of specific lesions, resulting in minimization 
of inter-radiologist variations and delivery of objective 
and quantitative radiological data. Utility of computer-
aided approaches contributes to improved confidence of 
radiological diagnosis (1-4).

In this study, the role of textural features in the 
differentiation of SPNs has been investigated. Segmentation 
and extraction of SPNs, as well as their spatial structures 
and grey-scale, were quantitatively described, in expectation 
to find appropriate statistical variables to improve the 
diagnostic specificity of SPNs.

Materials and methods

General data and CT scans

Totally 379 cases of SPNs, including 120 benign lesions 
and 259 malignant lesions were collected and confirmed by 
clinical pathology or biopsy. There were 38 cases of SPNs 
sized ≤10 mm (20 benign lesions and 18 malignant lesions), 
178 cases of SPNs sized 11-20 mm (51 benign lesions and  
127 malignant lesions) and 163 cases of SPNs sized >20 mm 
(49 benign lesions and 114 malignant lesions). There were  
211 men and 168 women aged 21 to 87 years (median: 53 years).  
CT scanning conditions: helical scan; slice thickness of 
2-5 mm, the interlamination of 2-5 mm, scanning from 
pulmonary apex to the basis.

Image analysis

The maximal slice was selected and segmented by using 
the strategy of 2D Otsu threshold method (5) upon these 
379 SPNs. In combination with morphological approaches, 
open and close calculations were implemented for binary 
images to eliminate the influence of micro-vessels. Objects 
were isolated from the narrow parts of target area with 
the edge smoothing, but the target area and morphology 
remained unchanged. Profiling tracking was conducted for 
binary images, and the maximal gradient point was selected 
as the starting point of boundary tracking from the gradient 
map, with the maximal gradient boundary determined by 
eight neighborhood searching methods.

With natural contrast and high difference in grayscale 
between SPNs and normal lung tissues, self-adaptive 
threshold segmentation method was employed to locate 
SPNs and to achieve segmentation automatically. After 
segmentation, the edge of SPNs was highly consistent with 
that of SPNs in original images (Figure 1).

Extraction of texture features

Texture features of segmented SPNs were analyzed by the 
method of grey level co-occurrence matrix (GLCM). The 
variables of texture features include contrast, homogeneity, 
correlation, energy and entropy (6). GLCM can be used 
to analyze the spatial distribution of image texture features 
through different spatial position and angle (7,8), with 0°, 
45°, 90° and 135° as the angles generally used. The average 
values of texture features from four directions were used 
in this study, so that the texture features might not be 
influenced by the angle of rotation.

• Energy, the square sum of each matrix element, 
reflects the grayscale distribution homogeneity of 
images and texture crudeness. Same values of all  
co-occurrence matrix resulted in small energy profiles; 
on the contrary, high energy might be expected in case 
of unequal values among co-occurrence matrix values.
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• Contrast reflects the sharpness of images and the 
depth of texture grooves. Deeper texture grooves 
were associated with high contrast and better visual 
sharpness; on the contrary, low contrast led to shallow 
grooves and blurred images. Higher number of pixels 
with high difference in grayscale (e.g., contrast profile) 
is associated with higher values of contrast.
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• Entropy reflects the non-uniformity and complexity 
of image texture.
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• Correlation reflects the consistency of image texture.
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 in which xµ , yµ , xσ , and yσ were described as follows: 
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• Homogeneity reflects the homogeneity of image 
textures and scaled the local changes of image texture. 
High values of homogeneity denote the absence 
of intra-regional changes and locally homogenous 
distribution in image textures.
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Statistical analysis

SPSS 17.0 software is employed in the statistical analyses 
of this study. Inter-group comparison of texture variables 
between benign and malignant SPNs were analyzed 

by t-test. Differential analyses were performed upon 
SPNs of different sizes based on texture features, and a 
discrimination function was established to calculate the 
discrimination efficiency.

Results

Comparison of texture features between benign and 
malignant SPNs

The texture features of 379 SPNs were extracted 
successfully. The entropy, contrast and correlation of 
malignant SPNs were higher than those of benign SPNs. 
However, the energy, homogeneity and correlation were 
higher in benign SPNs than in malignant SPNs. Therefore, 
there were statistically significant differences in the variables 
of texture features (Table 1). Thus, the heterogeneity or 
complexity of malignant SPNs was higher than those 
of benign SPNs, while more homogenous and uniform 
appearances were observed for benign SPNs.

Figure 1 Steps for segmentation for SPNs. (A) Image of the maximal slice of SPNs; (B) a binary image after optimal threshold processing; 
(C) pulmonary mass after morphological processing; (D) areas of interest selected by the profiling tracking method; (E) SPNs after 
segmentation. SPNs, solitary pulmonary nodules.
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Texture feature-aided diagnosis of SPNs in different sizes

Qualitative diagnosis of SPNs remained to be highlights and 
challenges of medical imaging, especially in the diagnosis of 
patients with small SPNs. In this study, the texture features 
of radiological images were quantitatively analyzed. SPNs 
were classified according to the specified sizes and were 
utilized to determine the nature of SPNs, with different 
models of standardized linear discrimination function given.

Group of SPNs ≤10 mm
The standardized linear discrimination function and 
discrimination outcomes were provided for SPNs ≤10 mm, 
as shown Table 2.

D1 = –0.665Correlation + 3.194Entropy – 2.359Contrast  
+ 3.194Energy – 1.986Homegenetiy

According to the weighing position of classification 
system, malignant SPNs might be determined if the value 
of discrimination function >0, while the value <10 denoted 
benign SPNs, with 83.3%, 90.0% and 86.6% for the 
sensitivity, specificity and overall discrimination accuracy, 
respectively. 

Case analysis (Figure 2).

Group of SPNs 11-20 mm
The standardized linear discrimination function and 
discrimination outcomes were provided for SPNs with the 
size of 11-20 mm, as shown Table 3.

D1 = 0.137Correlation – 0.562Entropy + 2.454Contrast  

– 1.776Energy + 2.938Homegenetiy
According to the weighing position of classification 

system, benign SPNs might be determined if the value of 
discrimination function >0, while the value <10 denoted 
malignant SPNs, with 86.6%, 88.2% and 87.1% for the 
sensitivity, specificity and overall discrimination accuracy, 
respectively.

Case analysis (Figure 3).

Group of SPNs >20 mm
The standardized linear discrimination function and 
discrimination outcomes were provided for SPNs with the 
size of >20 mm, as shown Table 4.

D1 = –0.465Correlation + 0.133Entropy + 2.231Contrast 
–1.344Energy + 3.288Homegenetiy

According to the weighing position of classification 
system, benign SPNs might be determined if the value of 
discrimination function >0, while the value <10 denoted 
malignant SPNs, with 94.7%, 91.8% and 93.9% for the 
sensitivity, specificity and overall discrimination accuracy, 
respectively.

Case analysis (Figure 4).

Discussion

The texture features of 379 segmented SPNs were extracted 
in our current study. The entropy and contrast of malignant 
SPNs have been demonstrated to be higher in comparison 
to those of benign SPNs, while the energy, homogeneity 

Table 1 Texture features of benign and pulmonary and malignant nodules

Features Entropy Contrast Energy Homogeneity Correlation

Malignant SPNs 3.8007±0.6235 0.6088±0.2961 0.1673±0.1070 0.7980±0.0555 0.8550±0.0869

Benign SPNs 3.5597±0.6470 0.5384±0.2561 0.1921±0.1256 0.8281±0.0604 0.8748±0.0740

t –3.459 –2.367 1.980 4.770 2.290

P 0.001 0.018 0.048 <0.001 0.023

SPNs, solitary pulmonary nodules.

Table 2 Outcome of texture feature-based prediction for nodules ≤10 mm

Pathology
Prediction outcome

Sensitivity Specificity Accuracy
Benign Malignant

Texture features

Benign SPNs 18 2

Malignant SPNs 3 15 83.3% 90.0% 86.8%

SPNs, solitary pulmonary nodules.



Chinese Journal of Cancer Research, Vol 26, No 4 August 2014

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2014;26(4):451-458www.thecjcr.org

455

correlation of malignant SPNs were lower than those of 
benign SPNs. There were statistically significant differences 
in the texture features of radiological images between 
malignant and benign SPNs.

The energy of images was identified to be a scale to 
measure the grayscale distribution homogeneity of images 
and texture crudeness. Homogenous greyscale distribution 
and coarser particles were associated with higher energies; 
absence of local regions and homogenous local distribution 
in image textures were associated with higher homogeneity; 
correlation reflects the relevance of grey-scale in image 
texture; and higher values of matrix elements and finer 
image textures were associated with higher values of 
correlation (9,10). In this study, the energy, homogeneity 
and correlation were higher in benign SPNs than in 

malignant SPNs, suggesting the features of relatively 
homogenous grey-scale distribution, normal local texture 
regularity and relatively lower grey-scale contrast for benign 
SPNs; however, messy local texture, uneven grey-scale 
distribution and significant grey-scale contrast could be 
observed in malignant SPNs. Texture is known as a feature 
of tissue, which is composed of cells. Therefore, the texture 
changes of malignant SPNs was proposed to be associated 
with different cell sizes, irregular cell alignment, and cell 
polarity disorders in nodules involved.

Contrast reflects the sharpness of images and the depth of 
texture grooves. Higher grey-scale diversity (e.g., contrast) 
was associated with more pixels and higher contrast. 
Entropy reflects the non-uniformity and complexity of 
image texture. More complicated images were associated 

Figure 2 Group of ≤10 mm lung nodules: (A) right inferior pulmonary nodules of a 57-year-old woman. The correlation, entropy, contrast, 
energy and homogeneity of texture features were determined to be 0.8690, 2.4810, 0.1805, 0.2732 and 0.9323 respectively. These variables were 
input to the discrimination equation, and the D1 was determined to be =–0.932, which was below zero. This pulmonary nodule was determined 
to be benign. It was pathologically confirmed to be a fibrous and calcified nodule of right inferior lung; (B) right upper pulmonary nodules in 
a 37-year-old man. After segmentation, the correlation, entropy, contrast, energy and homogeneity of texture features were determined to be 
0.9268, 4.4735, 0.4498, 0.0700, and 0.7765 respectively. These variables were input to the discrimination equation, and the D1 was determined 
to be =0.466, which was above zero. The nodule was pathologically confirmed to be an adenocarcinoma in the right upper lung.

Table 3 Outcome of texture feature based prediction for nodules 11-20 mm

Pathology
Prediction outcome

Sensitivity Specificity Accuracy
Benign Malignant

Texture features

Benign SPNs 45 6

Malignant SPNs 17 110 86.6% 88.2% 87.1%

SPNs, solitary pulmonary nodules.
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Figure 3 Group of 11-20 mm lung nodules: (A) left upper lung nodule in a 71-year-old man. After segmentation, the correlation, entropy, 
contrast, energy and homogeneity of texture features were determined to be 0.9305, 4.0627, 0.5694, 0.1343 and 0.8214, respectively. These 
variables were input to the discrimination equation, and the D1 was determined to be =1.445, which was above zero. This pulmonary nodule 
was determined to be benign. It was pathologically confirmed to be granulomatous lesion and coagulative necrosis in the left upper lung; (B) 
a right upper pulmonary nodule in a 55-year-old woman. After segmentation, the correlation, entropy, contrast, energy and homogeneity 
of texture features were determined to be 0.8964, 3.2295, 0.4644, 0.2422 and 0.8493, respectively. These variables were input to the 
discrimination equation, and the D1 was determined to be =0.923, which was above zero. This pulmonary nodule was determined to be 
benign. It was pathologically confirmed to be chronic inflammation in the right upper lung.

Table 4 Outcome of texture feature-based prediction for nodules >20 mm

Pathology
Prediction outcome

Sensitivity Specificity Accuracy
Benign Malignant

Texture features

Benign SPNs 45 4

Malignant SPNs 6 108 94.7% 91.8% 93.9%

SPNs, solitary pulmonary nodules.

with higher entropy (11,12). The contrast and entropy were 
lower in benign SPNs than in malignant nodules, which 
showed malignant nodules were associated with deeper 
grooves in image texture and more complicated grey-scale 
in local images. In contrast, benign SPNs were associated 
with shallow image textures and relatively homogenous 
distribution of grey-scale. These results were consistent 
with the relative complicated nature of malignant tumors. 
Malignant tumors are often concomitant with hemorrhage, 
liquefaction and necrosis, in addition to their inconsistent 
characteristics of cell size, morphology and polarity, which 
constituted the pathological basis of texture changes.

For SPNs of different size groups, texture feature based 
differential diagnosis showed satisfactory accuracies for the 

groups of ≤10, 11-20, and >20 mm, with the sensitivity of 
83.3%, 86.6% and 94.7%, the specificity of 90.0%, 88.2% 
and 91.8%, and the accuracy of 86.8%, 87.1% and 93.9%, 
respectively. For texture features, based on the results of 
intergroup differentiation of nodules in different sizes, 
the accuracy of differential diagnosis was increased in 
proportion to the size of pulmonary nodule, mainly due to 
the continuous elevation of sensitivity without significant 
changes of specificity.

The texture features of images were important in the 
differential diagnosis of benign and malignant SPNs. 
Texture features might be useful to depict certain repeated 
local patterns and arrangement regularity in specified 
regions of images, could be used to describe local 
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Figure 4 Group of 11-20 mm lung nodules: (A) left upper lung nodule in a 68-year-old man. After segmentation, the correlation, entropy, 
contrast, energy and homogeneity of texture features were determined to be 0.9045, 3.4264, 0.4812, 0.1795 and 0.8426 respectively. These 
variables were input to the discrimination equation, and the D1 was determined to be =1.074, which was above zero. This pulmonary nodule 
was determined to be benign. It was pathologically confirmed to be a pulmonary tuberculosis mass in the left upper lung; (B) a lung nodule 
in the left upper lobe in a 65-year-old woman. After segmentation, the correlation, entropy, contrast, energy and homogeneity of texture 
features were determined to be 0.9121, 3.3044, 0.5249, 0.3073 and 0.8150 respectively. These variables were input to the discrimination 
equation, and the D1 was determined to be =-1.531, which was below zero. This pulmonary nodule was determined to be malignant. It was 
pathologically confirmed to be an adenocarcinoma in the upper lobe of left lung.

characteristics of images, and could provide characteristic 
metrics such as smoothness, roughness and regularity 
(13,14). In this study, the texture features of SPNs were 
investigated by the GLCM method, which could be used 
to determine the correlation between two greyscale points 
different in both distance and directions to each other 
based on the co-occurrence matrix model, and reflected the 
integrated information of direction, spacing and magnitude 
of changes in image greyscales to describe the roughness 
and repeated directions of image texture (15-17).

In this study, the diagnostic sensitivities were increased 
in proportion to the size of nodules in different size-groups 
of SPNs, without notable changes of the specificity. This 
was due to the features of benign SPNs, such as regular 
local texture and relatively homogeneous spreading, without 
notable texture changes in response to the size increase of 
nodules. Therefore, the changes of specificity were limited. 
However, with the size increase of nodules, they were 
more vulnerable to develop uneven distribution of texture, 
heterogeneity and even evolvement, resulting in uneven 
distribution of texture, increased contrast of greyscales 
and complicated greyscale of local images, and increase of 
entropy. Thus, with the size increase of malignant SPNs, 
more notable changes of texture characteristics might be 

observed, resulting in improved diagnostic sensitivity.
According to CT-based diagnosis of SPNs, the relevant 

risk factors such as age, size, glitches, lobulation, vascular 
aggregation, air cavity density and so on were analyzed 
using binary Logistic regression analysis (18). Since those 
radiological findings were up to the clinical experience of 
radiologists, there is a subjective factor involved in this 
process. Radiological findings segmented by a computer 
aided approach would be more objective with quantitative 
texture features, which are truly relevant with benign SPNs 
and 2 malignant SPNs.

Conclusions

The texture features of images were very important for 
the differential diagnosis of SPNs. However, due to the 
retrospective nature of this study, no prospective analysis 
was implemented. Only CT plain images of SPNs were used 
and changes of texture features pre- and post-enhancement 
of SPNs were not analyzed.
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