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Abstract 

Background  Thoracoscopic segmentectomy is the main surgical method for the treatment of earlylung cancer. With 
the promotion of technology and increasingly accurate criteria for lung subsegments, lung nodules with complex 
positions involving intersegmental and multisegments have become technical bottlenecks. This study aimed to verify 
whether seeking anatomical conditions for creating a fissure by tunneling techniques with precise resection of lung 
segments could solve this bottleneck problem.

Methods  The clinical data of patients with lung nodules ≤ 2 cm located in the complex position in the Department 
of Thoracic Surgery of Jiangsu Provincial People’s Hospital from January 2019 to August 2023 were collected. Date 
analyzed the characteristics of patients who underwent seeking anatomical conditions for creating a fissure by tun-
neling techniques with precise resection of lung segments (segment group) at complex setting and compared 
the surgical outcomes and complications between these lobectomy patients (lobectomy group) at similar locations.

Results  A total of 22 patients were included segment group and 47 patients were included lobectomy group. Except 
for the depth ratio or tumor size or consolidation tumor ratio (CTR), there were no significant differences in the other 
baseline data between the two groups. All patients in segment group received a satisfactory surgical margin. Com-
pared to the lobectomy group, surgical outcomes were better in segment group (p < 0.05 for postoperative hospital 
stay and the counts of resected subsegments).

Conclusion  Seeking anatomical conditions for creating a fissure by tunneling techniques is a promising technique 
for performing precise resection of lung segments with a safe resection margin for patients with lung nodules at com-
plex positions involving multiple segments. It can be used as a precise resection of lung segments technique.

Keywords  Lobar split cone-shaped subsegmentectomy, Lobectomy, Intersegmental lung nodules, Multisegment 
lung nodules, Video-assisted thoracoscopic surgery
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Introduction
Designed by the American Lung Cancer Study Group 
(LCSG) in 1982, the world’s first multicenter randomized 
controlled prospective trial, LCSG821, on sublobectomy 
for the treatment of early lung cancer established lobec-
tomy as the standard surgical treatment for early lung 
cancer [1]. With the spread of computerized tomography 
(CT) imaging of the lungs and advances in staging meth-
ods, smaller and earlier tumors are being detected, which 
has led to renewed interest in sublobectomy in patients 
with early lung cancer [2, 3]. After more than 40  years 
of comparative studies on the effects of different surgi-
cal methods for early lung cancer, it was found that for 
peripheral lung nodules ≤ 2  cm and pure ground glass 
opacity, it is feasible to perform thoracoscopic lung seg-
mentectomy, which can achieve the same effect as radi-
cal lobectomy [4, 5]. The latest and influential research 
results of CALGB140503, JCOG0802 and JCOG0804 
suggest that lung sublobectomy can replace lobectomy 
for the treatment of pure solid peripheral early lung can-
cer with a diameter less than 2 cm [6–10] and that sub-
lobectomy can be used to lengthen the tumor height to a 
new height.

However, precise lung segment resection [5] in com-
plex anatomical settings is very challenging. These lung 
nodules in complex positions involving intersegmental 

and multisegmental regions, such as lung nodules are 
located in the middle third lung field LS3, LS2, and LS1; 
or RS1 and S3a; or RS1b, S2b and S3a; or RS1b and S3a; 
or RS8a and S9; or RS6 and S9. If the lung nodule at these 
locations were operated on precise lung segment resec-
tion, it was difficult to dissect the correct lung hilar struc-
ture. Also, the anatomic approach to performing precise 
lung segment resection was difficult. In addition, it was 
difficult to identify the boundary of the adjacent lung 
segment anatomically, and it was difficult to receive a 
satisfactory surgical margin in precise lung segment 
resection.

Therefore, this study aimed to verify whether seeking 
anatomical conditions for creating a fissure by tunneling 
techniques with precise resection of lung segments could 
solve this bottleneck problem.

Methods
Study design and participants
We retrospectively screened patients with lung nodules 
in complex positions involving intersegmental and mul-
tisegmental regions (Fig.  1) who underwent creating a 
fissure by tunneling techniques with precise resection of 
lung segments and lobectomy at our center between Jan-
uary 2019 and August 2023. The patients were named the 
segment group and lobectomy group, respectively.

Fig. 1  Lung nodule location map
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Inclusion criteria: (1) the operation was performed by 
the surgeons with more than five years related experience 
in performing segmentectomy independently; (2) the 
number of segmentectomy operations performed by the 
surgeon in the past five years was more than 1000; (3) the 
lung segmentectomy operation was performed by precise 
resection of lung segments as our defined; (4) the col-
lected data should have intact surgical videos.

Exclusion criteria: (1) Poor lung function, unable to 
tolerate lobectomy; (2) Pure solid lung nodules; (3) Pleu-
ral retraction and/or pleural depression; (4) Handling 
unplanned events for more than 30  min during opera-
tion; (5) More than two lung nodules requiring surgical 
intervention; (6) Incomplete clinical data.

The included patients were divided into two groups 
according to the surgical way, segment group and lobec-
tomy group. The specific case screening process is shown 
in Fig. 2.

Surgical procedures
Before the operation, three-dimensional (3D) recon-
struction was performed for patients seeking anatomical 
conditions for creating a fissure by tunneling techniques 
with precise resection of lung segments at complex set-
ting. 3D reconstruction accurately simulated lung seg-
mentation and lesions and was planned according to 
the tracheal branches, arteries, and veins. The positions 
and adjacent tissue (blood vessels, bronchus) lung nod-
ules were labeled to guide the lung segmentation, and 
resection margin spheres were generated 2 cm from the 
lesion edge. The reconstruction results were reviewed by 

comparison with the preoperative CT images, and the 
resection schemes were planned jointly by experienced 
surgeons with three associate director titles or above.

The positions in the segment group included 
LS1 + 2c + S3a, LS3, LS3a + b, LS1 + 2c + S3, RS1 + S3a, 
RS1b + S2b + S3a, RS1b + S3a, S9, RS8a + S9, and 
RS6 + S9. The method of establishing the tunneling tech-
nique for LS1 + 2c + S3a, LS3, LS3a + b, and LS1 + 2c + S3 
involved dissecting A4 + 5 at the oblique fissure and 
opening the posterior mediastinal pleura to dissect 
A1 + 2c (Fig. 3). In this way, the spacings between A4 + 5 
and A1 + 2c are used to establish splitting hatchway 1. 
Then, opening the anterior mediastinal pleura for dis-
secting V3b exposes the space between B4 + 5 and B3, 
which splits Hatchway 2. Lobar splitting between hatch-
way 1 and hatchway 2 was performed using a stapler. For 
RS1S + 3a, RS1b + S2b + S3a, and RS1b + S3a (Fig. 4), dis-
section of the target vein, target artery and target bron-
chus were performed first. Then, the spacings between 
B1b and B3b were exposed, which was splitting hatchway 
1. The spacings between B3a and B3b were determined 
by splitting hatchway 2. Additionally, for S9 and S8a + S9 
(left lung for Fig. 5, right lung for Fig. 6), dissection of the 
target vein, target artery and target bronchus were per-
formed. Then, the spacings between B8a and B8b were 
exposed, which was tunneling hatchway 1. The spacings 
between B9 and B8 were split into hatchway 2. Tunneling 
technique between Hatchway 1 and Hatchway 2 was also 
performed using a stapler.

The structures of hatchway 1 and hatchway 2 to be 
severed in both directions were determined during the 

Fig. 2  Flowchart of patients. A total of 117 patients met the inclusion and exclusion criteria, and 69 patients were included in this study
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preoperative simulation according to 3D reconstruction. 
During establishing the tunneling, it is necessary to check 
whether there are still vessels or bronchi. If these abnor-
malities are found, there may be errors in the surgical 
anatomy. Before tunneling technique, the inflation‒defla-
tion method for distinguishing the intersegmental plane 
is also necessary. The combination of sharp-blunt dissec-
tion, "work-plane extension", and the "gate" opening tech-
nique contributes to the accuracy of tunneling technique 
[11–13]. The lung lobe was subsequently divided into 
normal lung tissue and contained the lesion target lung 
tissue after tunneling technique. The target arteries and 
bronchus of the target segment and the adjacent segment 
were exposed, and the internal veins of the target seg-
mentectomy were removed to preserve the intersegmen-
tal veins so that the resection of multiple subsegments 
could be combined into one resection unit [5, 13].

For the tissue with lesions surgically resected, we meas-
ured the surgical margins in all patients. The surgical 

margins were calculated based on the shortest distance 
between the tumor boundary and the line connecting 
the clip on the pleura with the staples on the bronchial 
stump [14]. Our minimum requirement is that the sur-
gical margin distance be ≥ the maximum diameter of the 
tumor or 2  cm; otherwise, lung lobectomy will be per-
formed. The rest of the surgical procedures is as usual 
lung segmentectomy.

Data collection and analysis
The eligible medical records were compared and ana-
lyzed in terms of age, sex, nodule size (cm), nodule loca-
tion, nodule type, nodule depth ratio, consolidation 
tumor ratio (CTR), surgical margin distance, operation 
time (min), intraoperative blood loss (ml), postoperative 
hospital stay (days), and postoperative lung air leakage.

According to the depth ratio method, the bronchial 
cross-section center of each unit was set as the start-
ing point, and the center of the lesion extended to the 

Fig. 3  Radiological images and surgical procedure images of a left superior lobe lung nodule (A) Lung window from computed tomography; (B) 
Three-dimensional images of bronchography and vasculature computed tomography; (C) Tunneling hatchway 1; (D) Tunneling hatchway 2; (E) 
Surgical field after creating a fissure by tunneling techniques with precise resection of lung segments
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endpoint on the pleura. Trisection of the lung field was 
conducted into the outer third lung field (0–33.3%), mid-
dle third lung field (33.4–66.6%), and inner third lung 
field (66.7–100%) [15].

The data are presented as the mean ± standard devia-
tion for continuous variables and as absolute numbers 
and percentages for categorical variables. Categorical 
variables were assessed using χ2 tests or Fisher’s exact 
tests as appropriate, while t tests were conducted for 
continuous variables with independent samples. The 
nonnormally distributed data were compared between 
groups by the U test. A p value ≤ 0.05 indicated statistical 
significance. All the statistical analyses were performed 
using SPSS version 26.0 software.

Results
Patient characteristics
Our study included 69 patients (Table  1), of whom the 
mean age was 56.19 ± 10.71  years, 46 (66.7%) patients 
were female, and 22 (31.9%) patients were smokers. The 
mean tumor size was 1.32 ± 0.40 cm. Twenty-two patients 

were included in the segment group, and 47 were 
included in the lobectomy group. In total, four lobes and 
three pathological types of lung nodules from patients 
who underwent segmentectomy were evaluated. Except 
for the depth ratio (0.43 ± 0.13 vs 0.56 ± 0.13, p < 0.001) or 
tumor size (0.98 ± 0.31 vs 1.49 ± 0.34, p < 0.001) or CTR 
(0.27 ± 0.19 vs 0.47 ± 0.33, p = 0.003), there were no signif-
icant differences in the other baseline data between the 
two groups.

Surgical outcomes between the segment group 
and lobectomy group
Compared with those of the lobectomy group, the 
main surgical evaluation indices of the segment 
group, including operation time (146.91 ± 47.04  min vs 
124.36 ± 31.83  min, p = 0.0501), intraoperative bleed-
ing (44.55 ± 26.68 mL vs 48.30 ± 33.90 mL, p = 0.649) and 
the occurrence of air leakage (9.09% vs 4.26%, p = 0.956), 
were not disadvantageous. The postoperative hospital 
stay decreased in the segment group (3.36 ± 0.66 days vs 
4.74 ± 2.19 days, p < 0.001). Seeking anatomical conditions 

Fig. 4  Radiological images and surgical procedure images of right superior lobe lung nodules (A) Lung window from computed tomography; (B) 
Three-dimensional image of the bronchography and vasculature from computed tomography; (C) Tunneling hatchway 1; (D) Tunneling hatchway 
2; (E) Lung tissue required for creating a fissure by tunneling techniques with precise resection of lung segments
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for creating a fissure by tunneling techniques with precise 
resection of lung segments for patients with interseg-
mental and multisegment lung nodules received a sat-
isfactory surgical margin. The detailed data are given in 
Table 1. The mean counts of resected subsegments in the 
segment group was less than that in the lobectomy group 
(2.45 vs 8.64, p < 0.001). The mean counts of resected sub-
segments with the left upper lung in the segment group 
was less than that in the lobectomy group (2.75 vs 10), 
and the mean counts of resected subsegments with the 
right upper lung in the splitting group was less than that 
in the lobectomy group (2.33 vs 6). Similarly, the mean 
counts of resected subsegments with the lower lung in 
the segment group was less than that in the lobectomy 
group (2.38 vs 9.67).

The specific details of patients with seeking anatomical 
conditions for creating a fissure by tunneling techniques 
with precise resection of lung segments at complex setting
The operation was successfully completed in all patients. 
The area of resection included LS1 + 2c + S3a, LS3, 
LS3a + b, LS1 + 2c + S3, RS1 + S3a, RS1b + S2b + S3a, 
RS1b + S3a, S9, RS8a + S9, and RS6 + S9. The specific 

details are shown in Table  2. The patients were all dis-
charged smoothly, and no deaths or pulmonary compli-
cations, including pulmonary infection, lung torsion, or 
bronchopleural fistulas, were observed. Three months 
after surgical treatment, there was no evidence of pleu-
ral effusion, secondary admission, or secondary surgery. 
During the three-month follow‐up period, postoperative 
lung CT scan revealed well-inflated preserved lung tis-
sues without obvious atelectasis.

Discussion
With the popularity of thin-slice CT scans and the exten-
sive application of artificial intelligence and three-dimen-
sional reconstruction techniques, an increasing number 
of small lung nodules have been detected [16, 17]. The 
main treatment for small lung nodules is surgery, which 
includes lobectomy, segmentectomy and wedge resection 
[18, 19]. Recently, segmentectomy has been regarded as a 
common type of surgery [20, 21]. In this study, we dem-
onstrated the seeking anatomical conditions for creating 
a fissure by tunneling techniques with precise resection 
of lung segments at complex setting.

Fig. 5  Radiological images and surgical procedure images of a left lower lobe lung nodule. (A) Lung window obtained via computed tomography; 
(B) Three-dimensional images of bronchography and vasculature obtained via computed tomography; (C) Tunneling Hatchway 1; (D) Tunneling 
Hatchway 2; (E) Surgical field after creating a fissure by tunneling techniques with precise resection of lung segments
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These lung nodules in complex positions involving 
intersegmental and multisegmental regions, such as lung 
nodules are located in the inner-middle third lung field 
LS3, LS2, and LS1; RS1 and S3a; RS1b, S2b and S3a; RS1b 
and S3a; RS8a and S9; RS6 and S9. Seeking anatomical 
conditions for creating a fissure by tunneling techniques 
with precise resection of lung segments cannot be eas-
ily understood but can be explained by this approach. 
To explain this technique, we must mention the thora-
coscopic tunnel technique. It was originally developed 
by Katsuyuki Endo in the 1990s and is called the “tun-
neling stapler technique” [22]. Consequently, how to 
comprehend the tunneling technique and create a tunnel 
during surgical thoracic operation actually correspond 
to three stages. First, when performing lobectomy on a 
patient with an incomplete interlobar fissure, the tunnel 
technique is utilized if the interlobar fissure approach 
is still preferred [5, 23, 24]. Second, distinct gaps can be 
observed between the superior segment and the basal 
segment, as well as between the lingular segment and the 
intrinsic segment, even in the absence of a fissure. Addi-
tionally, the spaces between RS3 and RS1 + RS2, LS3 and 

LS1 + 2, and S9 + S10 and S7 + S8/S7 + 8 may also be ana-
tomically separated by tunneling techniques [25]. These 
potential spaces also be anatomically separated in some 
cases though creating a fissure by tunneling techniques 
[24, 25], such as cases at this study.

This expands the scope of lung segmentectomy for 
patients with lung nodules in complex positions involving 
multiple segments. Avoiding the removal of additional 
lung tissue to protect lung function (only a small part of 
the lung lobe is removed) is conducive to postoperative 
rehabilitation. Moreover, we have noted the implemen-
tation of this type of segmentectomy had a threshold for 
the location, size and CTR of the nodule. Of course, not 
all lung nodules need to be removed. Only those lung 
nodules that are highly suspected of being cancerous 
should be considered for treatment.

Seeking anatomical conditions for creating a fissure by 
tunneling techniques highlights its anatomy. After all, the 
spaces between RS3 and RS1 + RS2, LS3 and LS1 + 2, and 
S9 + S10 and S7 + S8/S7 + 8 is minimal. So, accurate 3D 
reconstruction results and a skilled anatomical basis for 
the surgeon are needed. In the tunneling approach, it is 

Fig. 6  Radiological images and surgical procedure images of a right lower lobe lung nodule. (A) Lung window obtained via computed 
tomography; (B) Three-dimensional image of the bronchography and vasculature obtained via computed tomography; (C) Tunneling hatchway 1; 
(D) Tunneling hatchway 2; (E) Surgical field after creating a fissure by tunneling techniques with precise resection of lung segments
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crucial to accurately identify hatchway 1 and hatchway 2. 
Once the two hatchways are identified correctly, the tun-
neling technique allows the surgeon to perform a deep 
dissection of the arteries to precisely identify the subseg-
mental branches and thus avoid misidentification. Then, 
the target arteries and bronchus of the target segment 
and the adjacent segment were exposed. An additional 
advantage of the tunneling technique is that early divi-
sion of the intersegmental plane significantly facilitates 
completion of the division of the intersegmental plane 
of the adjacent lung subsegment [25]. After obtaining 
such an anatomical plane extension, precise anatomical 
details such as lung subsegments, surgical margins, and 
intrapulmonary lymph nodes are exposed to the visual 
field. Here, this tunneling technique presented the new 
concept of atypical segmentectomy, which centers on the 
lesion to obtain adequate surgical margins. The location 
of the tumor determines the surgical type. Sufficient sur-
gical margins were obtained in all patients in this study.

In our experience, our data analysis revealed that 
there are prerequisites for implementing the tunneling 
technique at these complex setting. The patients were 
selected if they had an early pathological stage, a small 
tumor diameter, or a depth ratio that was not deep. 
Firstly, our indications for segmentectomy were strictly 
controlled, and we did not select patients who were 
considered to have no benefit in the JCOG0802 study. 
Secondly, in the early period of this technique, we were 
slightly conservative in our selection of patients. Due to 
a poor medical environment, lobectomy was not guar-
anteed. Now, that attitude has gradually changed, the 
technology has matured, and confidence has increased. 
At the technical maturity stage, in patients with a tumor 
diameter of 1.7 cm, a CTR of 60% and a pathological type 
of invasive adenocarcinoma, we also performed satisfac-
torily this tunneling technique with a surgical margin of 
2 cm. Thirdly, tunneling technique at these complex set-
ting also has certain requirements for the position of lung 

Table 1  The baseline characteristics and surgical outcomes of segment group versus lobectomy group

Ctr consolidation tumor ratio, rul right upper lung, rll right lower lung, lul left upper lung, lll left lower lung, ais adenocarcinoma in situ, mia minimally invasive 
adenocarcinoma, iac invasive adenocarcinoma cancer,
* had been hospitalized for the disease or had been treated by uninterrupted treatment more than 2 weeks
† prolonged air leak > 12 h

Variable Total
N = 69

Segment group
N = 22

Lobectomy group
N = 47

P

Age (year) 56.19 ± 10.71 52.59 ± 11.27 57.87 ± 10.13 0.056

Sex (m/f ) 23/46 7/15 16/31 0.855

Smoking (no/yes) 47/22 15/7 32/15 0.9936

Comorbidity* (no/yes)
Heart disease
Copd
Diabetes
Hypertension
Cerebrovascular

57/12
52/17
58/11
49/20
59/10

17/5
17/5
18/4
16/6
18/4

40/7
35/12
40/7
33/14
41/6

0.5010
0.8011
0.7345
0.8301
0.7152

Tumor size (cm) 1.32 ± 0.40 0.98 ± 0.31 1.49 ± 0.34  < 0.001

Ctr 0.41 ± 0.31 0.27 ± 0.19 0.47 ± 0.33 0.003

Position
rul
rll
lul
lll

21
12
27
9

6
4
8
4

15
8
19
5

0.841

Nodule type
pggo
mggo

25
44

10
12

15
32

0.276

Depth ratio 0.52 ± 0.14 0.43 ± 0.13 0.56 ± 0.13  < 0.001

Pathology results
ais or others noncancerous nodule
mia
iac

10
12
47

10
8
4

0
4
43

 < 0.001

Surgical margin (cm) 2.15 ± 0.31

Operative time (min) 131.55 ± 38.48 146.91 ± 47.04 124.36 ± 31.83 0.050

Intraoperative drainage (ml) 47.10 ± 31.63 44.55 ± 26.68 48.30 ± 33.90 0.649

Postoperative hospital stays (day) 4.30 ± 1.95 3.36 ± 0.66 4.74 ± 2.19  < 0.001

Air leakage (no/yes) 65/4 20/2 45/2 0.956
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nodules. When the nodule is located in the inner third 
lung field, satisfying the surgical margin may damage 
the arteriovenous space of the hilar. However, when the 
nodules are located in the outer third lung field, wedge 
resection of the lung may be used to achieve good surgi-
cal results.

Considering the complexity of the procedure and 
the presence of more than one intricate intersegmental 
plane, creating a fissure by tunneling techniques with 
precise resection of lung segments is considered com-
plex. Special anatomical marks, V6, A8, A1 + 2c, A2b, 
A3b, the lingual vein and the bronchus has a good guide 
to the hatchways [26–29].

Limitations
This was not a prospective randomized controlled study 
because of the necessity of reviewing the specifics of 
surgical video replays. To mitigate confounding factors, 
the study exclusively enrolled patients who underwent 
surgeries at a single center and who underwent a single 
operation. What’s more, the patients were selected if they 
had an early pathological stage, a small tumor diameter, 
or a depth ratio that was not deep. In fact, this study was 

based on empirical descriptive research. Consequently, 
the generalizability and applicability of the study’s find-
ings may be subject to some deviation.

Conclusions
In conclusion, seeking anatomical conditions for creat-
ing a fissure by tunneling techniques is a promising tech-
nique for performing precise resection of lung segments 
with a safe resection margin for patients with lung nod-
ules at complex positions involving multiple segments, 
and it can reduce the count of resected subsegments. 
Furthermore, patients experienced expedited postopera-
tive recuperation. In addition, the tunneling technique 
facilitates clearer visualization of the hilus structure, 
which includes the lung vessels and bronchus.

Abbreviations
LCSG	� Lung Cancer Study Group
CT	� Computerized tomography
3D	� Three-dimensional
CTR​	� Consolidation tumor ratio
RUL	� Right upper lung
RLL	� Right lower lung
LUL	� Left upper lung
LLL	� Left lower lung
AIS	� Adenocarcinoma in situ

Table 2  Baseline Characteristics of Patients with seeking anatomical conditions for creating a fissure by tunneling techniques with 
precise resection of lung segments at complex setting

1 = adenocarcinoma in situ or others noncancerous nodule; 2 = minimally invasive adenocarcinoma; 3 = invasive adenocarcinoma cancer

Patient Age
(years)

Sex Area
of resection

Tumor size 
(cm)

Depth ratio CTR​ Pathology Surgical 
margin 
(cm)

1 43 male LS1 + 2c + S3a 0.6 0.46 0.30 1 2.0

2 41 male RS9 0.6 0.46 0.40 1 2.0

3 56 female LS9 1.2 0.59 0.40 1 1.8

4 55 female LS9 1.0 0.30 0.36 3 2.0

5 65 female LS1 + 2c + S3a 0.9 0.53 0.20 2 2.0

6 48 male RS1 + S3a 1.0 0.32 0.14 1 2.2

7 61 male RS9 1.5 0.50 0.10 3 2.0

8 34 male LS1 + 2c + S3a 0.7 0.28 0.60 1 3.0

9 55 female LS1 + 2c + S3 1.3 0.43 0.10 1 3.0

10 41 female RS1 + S3a 0.6 0.67 0.10 2 2.0

11 73 male LS3a + b 1.1 0.32 0.10 1 2.5

12 46 female RS8a + S9 1.1 0.45 0.30 2 2.3

13 58 male RS1b + S3a 1.3 0.31 0.60 3 2.0

14 58 female LS1 + 2c + S3 0.7 0.46 0.30 2 2.0

15 50 female LS3 1.0 0.50 0.10 1 2.0

16 44 female RS6 + S9 1.0 0.38 0.10 2 2.2

17 71 female LS9 1.7 0.75 0.60 3 2.0

18 33 female RS1 + S3a 0.8 0.17 0.10 2 2.0

19 51 female RS1 + S3a 0.7 0.37 0.60 2 2.3

20 48 female LS9 0.9 0.40 0.10 1 2.0

21 55 female RS1b + S2b + S3a 0.6 0.43 0.20 1 2.0

22 71 female LS1 + 2c + S3a 1.2 0.38 0.20 2 2.0
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