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Introduction

The depth location of the lung nodule is an important 
factor in determining an individualized surgical strategy 
for early-stage lung cancer. There are more opportunities 

for sublobar resections in peripheral superficial early lung 
cancer (1). However, the definitions of peripheral and 
central pulmonary lesions are controversial. For example, 
in the American College of Chest Physicians (ACCP) 
guidelines, the outer 2/3 of the thoracic cavity is considered 
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the periphery (2), while in the National Comprehensive 
Cancer Network (NCCN) and the European Society of 
Thoracic Surgeons (ESTS), the outer 1/3 of the pulmonary 
parenchymal is considered the periphery (3,4). In addition, 
the measurement details are inconsistent from one guide to 
another (5,6). Moreover, these methods are limited to the 2D 
level, and they are non-quantitative and subjective. Therefore, 
we need a quantitative method validated at the 3-dimensional 
level to measure the depth location of lung nodules.

In recent years, in the practice of performing pulmonary 
sublobar resections at our center, we have used the depth 
ratio method to quantitatively evaluate the depth location 
of the pulmonary nodules using the initial 2D computed 
tomography (CT) images, and the latest 3D reconstruction 
images. It is now reported as follows.

Methods

Participants

Patients who underwent pulmonary sublobar resection 
applying subsegment as anatomical unit (7) at our center 
from January 2016 to April 2019 were retrospectively 
analyzed. Patients met the following inclusion criteria: (I) 
maximum diameter of lung nodule ≤2 cm and ground-
glass opacity (GGO) component ≥50%; (II) cutting 
margin ≥2 cm (8) or ≥ tumor diameter  (9,10), (III) with 
complete information. Exclusion criteria: (I) unsatisfactory 
3D reconstruction image; (II) with rare anatomical 
variations. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Jiangsu Province Hospital and The First 
Affiliated Hospital of Nanjing Medical University Ethics 
Review Board (No. 2019-SR-450). Individual consent for 
this retrospective analysis was waived.

CT scan and 3D reconstruction

The scan was performed using a Siemens 64-slice dual-
source CT (Somatom force, Siemens, Germany), a 
double-syringe power injector, and iopromide 370 (Bayer 
Healthcare Ltd.). The patient was placed in the supine 
position. The start time of the scanning and the injection 
dose of the contrast agent was set, and the time-density curves 
were then obtained by bolus injection. The scanning range 
included the whole lung field with the collimator thickness 
of 0.6 mm, the reconstructed layer thickness of 1 mm, and 
the interlayer spacing of 1 mm. The convolution kernel 

of reconstruction was the soft tissue algorithm (B30) (11).  
During the scan, the patient held his/her breath as 
instructed. After the acquisition of images, the volume data 
from the arterial and venous phases were transmitted to a 
reconstruction software workstation. The data were then 
converted into 3D-CTBA images (DeepInsight, Demo 
Version 21.0). A region-growing algorithm was used to 
reconstruct the pleurae (12).

Measurement unit

Three groups were specified according to the unit of 
measurement. In the chest group, the unilateral lung was 
measured wholly as a unit. In the lobar group, each lobe 
of the bilateral lungs was the measurement unit. In the 
symmetrical 3 sectors group, the upper right lobe and the 
left upper division segment were set as the superior unit, 
the right middle lobe, and the left lingular segments as the 
middle unit, the bilateral lower lobes each as a lower unit (see 
Figure 1).

The depth ratio and corresponding partition of the outer, 
middle, and inner regions

In the above-mentioned measurement units, the bronchial 
cross-section center of each unit was set as the starting 
point (O) for measurement. By connecting the O point 
with the center of the lesion (A) and extending to the 
endpoint (B) on the pleural, the radial line OB was trisected 
into 0–33.3%, 33.4–66.6%, and 66.7–100%, respectively, 
corresponding to the outer, middle, and inner regions in the 
lung field, and the depth ratio (BA/BO) was calculated to 
determine the depth location of the lesion (see Figure 2). 

Specific measurement method in 2D coronal, sagittal, and 
axial CT images and 3D reconstruction images

In the RadiAnt Viewer software (Medixant, Poland), the 
2D coronal, sagittal, and axial CT images were observed 
simultaneously using the multiplanar reconstruction 
function. The nodule was first located in the axial image, 
and the center of the lesion was confirmed and locked in 
the coronal and sagittal images. By rotating the axes of the 
axial plane image, the unit of the lesion was determined in 
the coronal image, and the bronchial opening in the unit 
was further adjusted in the sagittal image. The starting 
point of the measurement was set according to the above 
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criteria, and the depth ratio was calculated to determine 
the depth location of the lesion in the lung field. In the 
3D reconstruction software DeepInsight, the bronchial 
opening of the measurement unit was confirmed by 
rotating the 3D image, and the center of the lesion was 
directly set to the center of the simulated sphere of the 
lesion. The subsequent measurements were consistent with 
those in the 2D image (see Figure 3 and Video 1). 2D and 
3D measurements were performed by a senior radiologist 

and a senior thoracic surgeon, respectively. If there was any 
dispute, another thoracic surgeon joined the discussion and 
made a decision.

Statistical analysis 

The statistical analysis was performed with SPSS (IBM 
SPSS Statistics, version 26.0), and GraphPad Prism 
(GraphPad Software, version 9.0). The continuous variables 

Figure 1 Schematic diagram of the measurement unit (rib view and mediastinal view). (A) The chest group: the unilateral lung was measured 
wholly as a unit; (B) the lobar group: upper right lobe (R S1+2+3), middle right lobe (R S4+5), lower right lobe (R S6+7+8+9+10), upper left lobe  
(L S1+2+3+4+5), and lower left lobe (L S6+8+9+10) each as a separate measurement unit; (C) the symmetrical 3 sectors group: the upper right lobe  
(R S1+2+3) and the left upper division segment (L S1+2+3) were set as the superior unit, the right middle lobe (R S4+5) and the left lingular 
segments (L S4+5) as the middle unit, bilateral lower lobes (R S6+7+8+9+10 and L S6+8+9+10) as the lower unit, respectively. R, right; L, left.

L S1+2+3+4+5

L S1+2+3

L S4+5

R S1+2+3

R S1+2+3

R L

R S4+5

R S4+5

L S6+8+9+10

L S6+8+9+10

R S6+7+8+9+10

R S6+7+8+9+10

A

B

C



Huang et al. 3D partition of lung1168

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2022;11(6):1165-1175 | https://dx.doi.org/10.21037/tlcr-22-391

are presented as medians with interquartile ranges (IQRs), 
and the categorical variables are expressed as frequencies 
with percentages (%). An intraclass correlation coefficient 
(ICC) was used to determine the intra-group consistency of 
the depth ratio measurement values. The intra-group and 
inter-group agreement of partitioning results in the 2D and 
3D images for the chest, lobar, and symmetrical 3 sectors 
groups were tested by Fleiss’s Kappa coefficient analysis. 
The Likelihood ratio test and chi-square test were used to 
analyze some categorical variables. 

Results

Participant characteristics

Two hundred and nine patients (64 males and 145 females) 
with a median age of 53 years (IQR, 44.5–62 years) were 
included in this study. The median diameter of the lesions 
was 10.3 mm (IQR, 9.13–12.9 mm). There were 78 lesions 
in the right upper lobe, 2 in the right middle lobe, 39 in the 
right lower lobe, 58 in the left upper lobe, and 32 in the left 
lower lobe (see Table 1). Detailed distribution information 
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Figure 2 Illustration diagram of the outer, middle, and inner regions of the left upper lobe in the chest group, the lobar group, and the 
symmetrical 3 sectors group. (A) The chest group set the center of the left main bronchial opening section as the O point. (B) The lobar 
group set the center of the bronchial opening section of the left upper lung lobe as the O point. (C) The symmetrical 3 sectors group set the 
center of the left upper lung lingual segment bronchial opening section as the O point. All three groups took the center of the pulmonary 
nodule as point A and the intersection of the OA extension with the left upper lung visceral pleura as point B. The radial line (OB) was 
trisected to divide the outer (yellow), middle (teal), and inner (red) regions.
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Figure 3 A graphic example of actual measurement in 2D and 3D images. (A) Lung nodules in 2D coronal, sagittal, and axial CT images; 
(B) measurement of depth ratio in the chest group; (C) measurement of depth ratio in the lobar group; and (D) measurement of depth ratio 
in the symmetrical 3 sectors group. CT, computed tomography. O is the starting point of depth ratio measurement, A is the center of the 
lesion, and B is the intersection of the OA extension line with the pleura.
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of the lung nodules is listed in Table S1.

Consistency of the depth ratio and corresponding partition 
in 2D coronal, sagittal, and axial CT images and 3D 
reconstruction Images

The scatter plot and ICC results indicated that in each 

measurement unit, the depth ratio in the 2D coronal, 
sagittal, and axial CT images was closely correlated with 
that of the 3D reconstructions images (chest group: ICC =1, 
P<0.001; lobar group: ICC =0.997, P<0.001; symmetrical 3 
sectors group: ICC =0.997, P<0.001; Figure 4).

According to the regional partition defined by the depth 
ratio method in both the 2D coronal, sagittal, and axial 
CT images and 3D reconstructed images, 0 inner nodules, 
48 middle nodules, and 161 outer nodules were observed 
in the chest group, 1 inner nodule, 62 middle nodules, and 
146 outer nodules were observed in the lobar group, and 
1 inner nodule, 69 middle nodules, and 139 outer nodules 
were observed in the symmetrical 3 sectors group. A Fleiss’s 
Kappa coefficient analysis of all three groups indicated that 
the intra-group partition results derived from the depth 
ratio of the 2D coronal, sagittal, and axial CT images were 
positively consistent with the partition results derived from 
the depth ratio of the 3D reconstructed images (Fleiss’s 
Kappa value =1, P<0.001; see Table 2).

Partition results of the chest, lobar, and symmetrical  
3 sectors groups, and the relationship between the results

In our study, there were no statistical differences in the 
final partition results between the 3 groups (see Table S2; 
λ=7.234, P=0.124), but obvious deviations in the region 
partition were found in different measurement units. Among 
the 161 outer pulmonary nodules in the chest group, 27 
became middle pulmonary nodules in the lobar group, and 
31 became middle pulmonary nodules in the symmetrical 3 
sectors group. Among the 48 middle pulmonary nodules in 
the chest group, 12 became outer pulmonary nodules and 1 
became inner pulmonary nodule in the lobar group, and in 
the symmetrical 3 sectors group 9 became outer pulmonary 
nodules and 1 became inner pulmonary nodule. There was 
also some variation in the findings when comparing the 
lobar group to the symmetrical 3 sectors group; the 7 outer 
pulmonary nodes in the lobar group became the middle 
pulmonary nodes in the symmetrical 3 sectors group. 
Further, Fleiss’s Kappa coefficient analysis revealed that 
the Fleiss’s Kappa coefficients were 0.511 (95% CI: 0.507, 
0.515; P<0.001) for the chest group and lobar groups, and 
0.517 (95% CI: 0.513, 0.522; P<0.001) for the chest group 
and symmetrical 3 sector groups. The partition results 
of the chest group were in general accord with the lobar 
group and the symmetrical 3 sectors group. The Fleiss’s 
Kappa coefficient for the lobar group and symmetrical 3 
sectors group was 0.923 (95% CI: 0.919, 0.928; P<0.001; 

Video 1 Demonstration of measurements in 2D and 3D software 
using the depth ratio method in the chest group, the lobar group, 
and the symmetric 3 sectors groups.

Table 1 Participant and nodule characteristics

Subjects Overall

Age (year)† 53 (44.5–62)

Sex, n [%]

Men 64 [31]

Women 145 [69]

Nodule diameter (mm)† 10.3 (9.13–12.9)

Nodule location, n [%]

RUL 78 [37]

RML 2 [1]

RLL 39 [19]

LUL 58 [28]

LLL 32 [15]

Image features on CT, n [%]

GGO 169 [81]

Part solid 40 [19]
†, data are medians, with interquartile ranges in parentheses. 
RUL, right upper lung; RML, right middle lung; RLL, right 
lower lung; LUL, left upper lung; LLL, left lower lung; GGO,  
ground-glass opacity.

https://cdn.amegroups.cn/static/public/TLCR-22-391-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-22-391-Supplementary.pdf
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Figure 4 Scatter plot and ICC correlation analysis of the depth ratio in 2D coronal, sagittal, and axial CT images (2D tri-sectional image), 
and 3D reconstruction images. (A) The chest group; (B) the lobar group; and (C) the symmetrical 3 sectors group. P value reported by 
intraclass correlation efficient. ICC, intraclass correlation coefficient.

Table 2 Relationship between partition in 2D coronal, sagittal, and axial CT images and 3D reconstruction images

Group
3D

Consistency (%) Fleiss’s Kappa value P value
Inner Middle Outer

The chest group 2D 1 <0.001

Inner 0 0 0 100

Middle 0 48 0 100

Outer 0 0 161 100

The lobar group 2D 1 <0.001

Inner 1 0 0 100

Middle 0 62 0 100

Outer 0 0 146 100

The symmetrical 3 sectors group 2D 1 <0.001

Inner 1 0 0 100

Middle 0 69 0 100

Outer 0 0 139 100

P value is reported by Fleiss’s kappa coefficient. 2D, two-dimensional; CT, computed tomography; 3D, three-dimensional.
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see Table 3). The lobar group was more consistent with the 
symmetrical 3 sectors group.

Interference of mediastinal structures in depth ratio 
measurements

We found that the measurements in the 3 different groups 
were influenced by mediastinal structures to varying levels, 
which caused errors in the calculation of the depth ratio and 
the related region partition. Mediastinal factors affected 
145 cases in the chest group, 55 cases in the lobar group, 
and only 10 cases in the symmetrical 3 sectors group. The 
chi-square test showed a statistically significant difference 
in the probability of being affected by the mediastinum in 
the three groups (χ2=202.986, P<0.001; see Table 4). The 
number of cases affected by the mediastinum in each group 
is shown in detail in Table S3, and the left upper lobe was 
observed to be the unit most affected by the mediastinum 
during measurement (see Figure 5).

Discussion

The depth location of early lung cancer is one of the 
most important factors for individualized surgery. For 
a pulmonary nodule, various surgical approaches are 
feasible when it is close to the pleura, and when it is 
deeper, subsegmentectomy, segmentectomy, or lobectomy 
is usually performed, but when it is further deeper, only 
lobectomy can be performed. The NCCN guidelines 
state that sublobar resection is feasible for early lesions in 
the peripheral of the lung parenchyma (3). However, the 
definition of peripheral pulmonary nodules is not consistent 
across guidelines (2-4). 

In traditional X-ray images, the lung parenchyma is 
divided into the inner, middle, and outer zones vertically (13).  
For example, a peripheral lesion adjacent to the cardiophrenic 
angle would be classified as an inner nodule, but from a 3D 
perspective, its position may not be so. Some researchers 
have suggested that lesions located in the region of 4th or 
more distant bronchi be defined as peripheral lesions (14). 

Table 3 Consistency of partition results between the chest group, lobar group, and symmetrical 3 sectors group

Group

The chest group The symmetrical 3 sectors group

Inner Middle Outer Total
Fleiss’s Kappa 
value (95% CI)

P value Inner Middle Outer Total
Fleiss’s Kappa 
value (95% CI)

P value

The lobar group

Inner 0 1 0 1 0.511  
(0.507, 0.515)

<0.001 1 0 0 1 0.923  
(0.919, 0.928)

<0.001

Middle 0 35 27 62 0 62 0 62

Outer 0 12 134 146 0 7 139 146

Total 0 48 161 209 1 69 139 209

The symmetrical 3 sectors group

Inner 0 1 0 1 0.517  
(0.513, 0.522)

<0.001

Middle 0 38 31 69

Outer 0 9 130 139

Total 0 48 161 209

P value is reported by Fleiss’s kappa coefficient. CI, confidence interval.

Table 4 Analysis of nodes affected by the mediastinum in the chest, lobar, and symmetrical 3 sectors groups

Variables The chest group (%) The lobar group (%) The symmetrical 3 sectors group (%) χ2 P value

Yes 145 (69.4) 55 (26.3) 10 (4.8) 202.986 <0.001

No 64 (30.6) 154 (73.7) 199 (95.2)

P values are reported by the chi-square test.

https://cdn.amegroups.cn/static/public/TLCR-22-391-Supplementary.pdf
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However, indeed, in the 3D images, both the 3rd and 4th 
bronchus may be in the peripheral area. In the study of 
Altorki et al., peripheral lesions were defined as having a 
tumor center that “was peripheral in the axial, coronal and 
sagittal plane” (15). This definition reflected the investigator’s 
3D spatial awareness in determining the location of the 
lesion. However, this method is very subjective and lacks 
quantitative data.

Some researchers investigated the use of various methods 
to define the pulmonary central region and reported 
that the concentric lines radiating from the hilum to the 
periphery were the most widely used (16). The basis of 
the concentric line method was essentially based on Lee’s 
concept that peripheral or central lesions should be defined 
by measuring the distance of the radial line from the 
pulmonary hilum to the periphery (17), which was adopted 
by many subsequent studies (18-20). Unfortunately, when 
we reviewed the previous studies that used concentric lines 
to divide the lung, we found that there was no detail on 
how to draw the radial lines or the concentric lines, and the 
center of the concentric lines was not consistent (either the 
midline or the hilum was used as the starting point) (5,6). 

The location index method proposed by Choi et al. 
quantitatively measured the distance from the nodule to 
the mediastinal center to analyze the correlation between 
the location and prognosis of patients with lesions (21). 
However, there were some defects in this research. First, 
they used the chest as the measurement unit to divide the 
location of lesions in the pulmonary lobe unit, and second, 

they set the contact point between the cross-sectional 
midline of the thorax and mediastinum as the starting point 
for the measurement, which inevitably caused errors when 
the radial line crossed the pulmonary fissure. In addition, 
their study lacked verification with 3D images.

The virtual radial lines, the concentric lines, and the 
location index method inspired us to use the depth ratio 
method to quantitatively partition the lung field in 3D 
images. In our study, based on different measurement 
units, we established the chest group, lobar group, and 
symmetrical 3 sectors group, then the depth ratio and 
relevant regional distribution were simultaneously verified 
in 2D CT images and 3D reconstruction images. The 
concept of the symmetrical 3 sectors was inspired by the 
definition of the “peripheral lung parenchyma” in the 
NCCN guidelines (3), the description of the periphery 
lesion in Altorki’s study (15), and Nelson’s suggestion that 
each lung included 4 major secondary bronchi that form the 
“superior, inferior, ventral and dorsal” units (22). 

Our results showed that the depth ratio data and the 
corresponding region partition were highly consistent 
in the 2D and 3D images for each measurement unit. 
However, all measurement units suffered different levels 
of mediastinal influence. There were 145, 55, and 10 cases 
affected in the chest, lobar, and the symmetrical 3 sectors 
group, respectively. In all 3 groups, the measurement in 
the left upper lung was most affected by the mediastinum. 
The mediastinal structures affecting measurement 
mainly included the aorta, the pulmonary vein, and 

Figure 5 Example of the effect of mediastinal structures. (A) The chest group, is affected by the aorta; (B) the lobar group, affected by 
the left pulmonary artery; and (C) the symmetrical 3 sectors group, without any effect. The red arrows indicate mediastinal influences in 
different measurement units in the same case. O is the starting point of depth ratio measurement, A is the center of the lesion, and B is the 
intersection of the OA extension line with the pleura.
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the pericardium. It was clear that the final depth ratio 
calculation and the corresponding region partition could 
not reflect the true depth location of pulmonary nodules 
in the lung parenchyma if the depth measurement data 
included a portion that traversed the mediastinal structure. 
So the symmetrical 3 sectors group was most suitable 
for the measurement of the depth location of lesions in 
the lung parenchyma. Furthermore, as we mentioned in 
the Materials and Methods section, all cases in this study 
underwent sublobar resection with subsegment as basic 
anatomical unit, and all patients met a resection margin 
greater than 2 cm or the tumor diameter. Our final data 
imply that all pulmonary nodules are located in the outer 
2/3. Therefore, we believe that the outer 2/3 of the lung 
parenchyma defined by the depth ratio in the symmetrical 
3 sectors should correspond to the periphery in the NCCN 
guidelines and that pulmonary nodules in this region can be 
planned for a sublobar resection surgical strategy. 

The region partition defined by the depth ratio 
method had a high consistency in 2D CT images and 3D 
reconstruction images, but there were some limitations in 
this study. First, the starting point of the measurement was 
subjectively selected by the investigator, which inevitably 
led to selection bias, moreover, due to the difference in 
measurement software, some errors in the location of point A 
(center of the pulmonary nodule) are inevitable for 2D versus 
3D measurements. Second, as we chose to use the center of 
the nodule to determine the region location of the lesion, the 
margin of some lesions inevitably crossed the boundary of the 
adjacent regions. Finally, patients who underwent pulmonary 
sublobar resection applying subsegment as anatomical unit at 
our center were retrospectively analyzed, thus resulting in an 
inadequate sample size, which requires us to further expand 
the sample size in the follow-up study.

The depth ratio method was used in each unit of the 
symmetrical 3 sectors to quantitatively determine the depth 
location of lesions in the outer, middle, and inner regions of 
the lung, which showed high consistency in both 2D and 3D 
images and maximally eliminated the effect of the mediastinal 
structures. This quantitative method provided a beneficial 
supplement for depth location determination in various 
guidelines and could also be used to objectively analyze the 
relationship between the lesion location and lymph node 
metastasis, surgical approach, and treatment outcome.
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Supplementary

Table S1 The specific distribution of pulmonary nodules

RUL (n) RML (n) RLL (n) LUL (n) LLL (n)

S1 10 S4 2 S6 21 S1+2 13 S6 21

S1+2a 2 Total =2 S6+S8a 1 S1+2a+b 9 S6+S8a 1

S1a+S2 1 S6b 1 S1+2a+b+S3c 3 S7+S8b 1

S1a+S2a 3 S6b+S8a 1 S1+2b+c 4 S8 4

S1b 1 S6b+S9a 1 S1+2a 1 S8a+S9a 1

S1b+S3 3 S6+S9a+S10a 1 S1+2a+S3c 4 S8b 3

S1b+S3b 1 S7+S8b 1 S1+2b 1 S9 1

S2 14 S8 2 S1+2c 2 Total =32

S2a 1 S8+S9a 2 S1+2c+S3a 2

S2b 3 S8a 3 S3 2

S2b+S3 1 S8a+S9 1 S3a+b 2

S2b+S3a 15 S8a+S9a 1 S3a+b+S4b 1

S3 11 S8b 1 S3b+c 7

S3a 1 S9 2 S3a 1

S3a+b 1 Total =39 S3a+S4a 1

S3b 10 S3b+S4b 2

Total =78 S3c 2

S4a 1

Total =58

RUL, right upper lung; RML, right middle lung; RLL, right lower lung; LUL, left upper lung; LLL, left lower lung.

Table S2 Partition results of the chest group, lobar group, and symmetrical 3 sectors group

Group Inner Middle Outer Total λ P value

The chest group 0 48 161 209 7.234 0.124

The lobar group 1 62 146 209

The symmetrical 3 sectors group 1 69 139 209

P values are reported by the likelihood ratio test.

Table S3 The specific distribution of nodules is disturbed by mediastinum

Group LUL LLL RUL RML RLL Total

The chest group 58 (40%) 27 (19%) 48 (33%) 1 (1%) 11 (7%) 145 (100%)

The lobar group 47 (85%) 4(7%) 1 (2%) 1 (2%) 2 (4%) 55 (100%)

The symmetrical 3 sectors group 3 (30%) 3 (30%) 1 (10%) 1 (10%) 2 (20%) 10 (100%)

RUL, right upper lung; RML, right middle lung; RLL, right lower lung; LUL, left upper lung; LLL, left lower lung.
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