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CLINICAL STUDY

Evaluation of the oblique fi ssure on lateral chest radiographs 
in coal workers pneumoconiosis
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Abstract: Objective: The oblique fi ssure separates the upper lobe from the lower lobe in the left lung and the 
upper lobe from the lower and middle lobes in the right lung. The aim of the present study was to compare the 
projection of the oblique fi ssure observed on lateral chest radiographs of retired coal mine workers who had 
coal worker’s pneumoconiosis (CWP) with that of healthy men.
Materials and methods: The study included 120 men divided into three groups: retired coal miner patients dia-
gnosed with CWP (group 1), men ≥38 years of age with no CWP (group 2, fi rst control group), and men ≤37 
years of age with no CWP (group 3, second control group). The projection of the oblique fi ssure observed on 
lateral chest radiographs (left side) were evaluated using geometric morphometrics. Geometric morphometric 
analysis of each sample was performed using 11 pre-specifi ed landmarks designated on X-ray images, using 
tpsDig2 software. A text fi le containing the landmark coordinates of the 120 samples was created, and the data 
in the text fi le was statistically analyzed using Morpheus software.
Results: The projection of the oblique fi ssure differed signifi cantly between the CWP patients and the control 
groups (p<0.05).
Conclusion: We suggest that the difference in the projection of the oblique fi ssure between men with and with-
out CWP was attributable to a protrusion in the fi ssure caused by nodules that developed in the lungs of coal 
miners after years of dust inhalation (Tab. 4, Fig. 4, Ref. 30). Full Text in PDF www.elis.sk.
Key words: lateral chest radiograph, oblique fi ssure, CWP, geometric morphometrics, landmark.

1Department of Anatomy, School of Medicine, Bulent Ecevit University, 
Zonguldak, Turkey, and 2Department of Anthropology, Faculty of Arts and 
Sciences, Ahi Evran University, Kirsehir, Turkey
Address for correspondence: C. Barut, MD, PhD, Department of Anat-
omy, School of Medicine, Bulent Ecevit University, 67600, Kozlu, Zon-
guldak, Turkey .
Phone: +90.532.4638471, Fax: +90.372.2610264

The International Labor Organization has defi ned pneumo-
coniosis as the accumulation of dust in the lungs and secondary 
tissue reactions to its presence (1). Larger inhaled dust particles 
are retained in the nose, trachea, or large bronchi by respiratory 
mechanisms. However, dust particles with diameters of 1–5 μm 
can reach the pulmonary parenchyma. As the dust load in the pa-
renchyma increases with continued dust inhalation, particles ac-
cumulate in the alveoli (2).

The oblique fi ssure separates the upper lobe from the lower 
lobe in the left lung and the upper lobe from the lower and middle 
lobes in the right lung. Lateral examination of the lungs shows that 
the oblique fi ssure originates at the level of the fourth thoracic ver-
tebra posteriorly and extends forward in an oblique manner in both 
lungs. Because the left lung is longer than the right lung, the fi s-
sure extends more vertically on the left (3). The aim of the present 
study was to compare the projection of the oblique fi ssure on lateral 
chest radiographs of men who retired from coal mining following 
the development of coal worker’s pneumoconiosis (CWP) and 
that of healthy control subjects, using geometric morphometrics. 

Materials and methods

The study analyzed lateral chest radiographs obtained from 120 
men, who were divided into three groups: patients diagnosed with 
CWP while working in coal mines (group 1; n=62); men ≥38 years of 
age without CWP (group 2, fi rst control group; n=31); and men ≤37 
years of age without CWP (group 3, second control group; n=27). 

Lateral chest radiographs (=left side X-rays) were taken at a 
distance of 120 cm and at the deep inspiration phase using the 120 
KVp technique, with the subject’s arms above his head and with 
the left side of his chest cage in complete contact with the X-ray 
cassette (4). The radiographs were magnifi ed to a maximum level 
on a PC screen before the measurements were made. All lateral 
radiographs were screened, small regions were investigated, and 
all structures on each radiograph were assessed. 

The levels of the thoracic vertebrae were determined accord-
ing to anatomical landmarks as follows: the jugular notch lies at 
the level of the second thoracic vertebra in relation to the vertebral 
column; the sternal angle (Angle of Louis) lies at the level of the 
intervertebral disc between the fourth and fi fth thoracic vertebrae; 
and the xiphosternal joint lies at the level of the ninth thoracic 
vertebra relative to the vertebral column (3, 5).

In group 1, the X-rays revealed widespread dense regions, and 
these fi ssures were screened at higher magnifi cation and in smaller 
regions than in the other two groups. Following this assessment, 
the lateral chest X-rays were evaluated using geometric morpho-
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metrics to measure deviations in the fi ssure, as this technique is 
sensitive enough to allow minimal changes to be measured. Geo-
metric morphometrics have been reported to be more effective 
than conventional morphometry (6), and the analysis has been 
used together with linear measurements (7).

Geometric morphometric measurements were taken from fi les 
of the 120 lateral chest X-rays that were created using tpsUtil soft-
ware (8). TpsDig2 software (8) was used to mark 11 landmark 
reference points, nine on bones and two (landmarks 10 and 11) 
related to soft tissue structures (Fig. 1) (Tab. 1), for each X-ray. 
A text fi le containing the reference point coordinates of the 120 
samples was created.

Using the x,y coordinate data obtained from the 11 land-
marks, intergroup variation was evaluated, and intergroup shape 
differences were investigated using deformation grids. Data in 
the text fi le were statistically analyzed using Morpheus software 
(9). The landmark confi gurations were scaled, translated, and ro-

tated against the consensus confi guration, using the generalized 
least-squares (GLS) Procrustes superimposition method (10). In 
this way, differences in landmark coordinates caused by image 
position or size were standardized. Multivariate analysis of vari-

Landmarks Anatomical localization
1 Lower end of the xiphoid process
2 Middle point of the xiphosternal joint
3 The peak of the angle of Louis 
4 Anterior-lower end point of the body of the T4 vertebra 
5 Anterior-lower end point of the body of the T5 vertebra 
6 Anterior-lower end point of the body of the T6 vertebra 
7 Anterior-lower end point of the body of the T7 vertebra 
8 Anterior-lower end point of the body of the T8 vertebra  
9 Anterior-lower end point of the body of the T9 vertebra 

10 The interception of the line joining landmarks no 3 and 8 
with the oblique fi ssure 

11 The interception of the line joining landmarks no 3 and 9 
with the oblique fi ssure

Tab. 1. Anatomical localization of the landmarks.

Fig. 1. Landmarks designated in the fi les created by TpsDig and TpsU-
til software. Anatomical localizations of the landmarks are described 
in Table 1.

Fig. 2. Deformation grid comparison between group 1 (CWP) and 
control group 2. Anatomical localizations of the landmarks are de-
scribed in Table 1.

Fig. 3. Deformation grid comparison between group 1 (CWP) and 
control group 3. Anatomical localizations of the landmarks are de-
scribed in Table 1.

Fig. 4. Deformation grid comparison between control groups 2 and 3. 
Anatomical localizations of the landmarks are described in Table 1.
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ance (MANOVA) was performed to evaluate differences among 
groups, and pairwise comparisons were performed to assess the 
signifi cance of between-group differences.

Results

Evaluation of the deformation grids (Figs 2, 3, and 4) revealed 
that the highest level of deformation occurred between groups 1 
and 2, and most of the variations were observed at landmarks 6, 
7, 8, 9, 10 and 11 (Fig. 2). The deformations at landmarks 6, 7, 8 
and 9 can be explained by the advanced age of patients with CWP 
and bone tissue deformations that occurred over time in the body 
of the vertebra. Deformations at landmarks 10 and 11 indicated 
differences in the oblique fi ssure projection. 

To fulfi ll the primary objective of our study, only the coordinate 
variables of the oblique fi ssure landmarks (Y10, Y11 and X10, X11) 
were assessed. The analysis of the X10 and X11 variables showed 
no statistically signifi cant differences among groups (p>0.05) 
(Tab. 2), whereas the analysis of the Y10 and Y11 variables revealed 
a statistically signifi cant difference (p < 0.001) (Tab. 3). Further 
analysis indicated that both variables contributed to this differ-
ence (p = 0.001 for each variable). In pairwise analyses, the Y10 
and Y11 variables for group 1 differed signifi cantly from those for 
control groups 2 and 3, but there was no difference in the Y10 or 
Y11 variable between groups 2 and 3 (Tab. 4). 

Discussion

At present, computed tomography (CT) and high resolution 
computed tomography (HRCT) provide the most detailed infor-
mation and are considered to be the best techniques for lung as-
sessment (11–16). CT and HRCT are commonly used to evaluate 
pulmonary fi ssures (17–21). HRCT is useful for the noninvasive 
diagnosis of dust-associated lung disease (22). Nevertheless, con-
ventional chest radiography has several advantages over CT and 
HRCT. After a complete medical history, conventional chest radi-
ography is one of the initial steps used for diagnosing dust-associ-
ated lung diseases because of its low cost, low level of exposure 
to radiation, and wide range of uses (22, 23). Several studies have 
used conventional chest X-rays to study fi ssures; for example, 
Gülekon et al (24) and Abiru et al (25) investigated the incidence 
of accessory fi ssures on lung X-rays using posterior-anterior (PA) 
direct X-ray assessment of the fi ssure.

The present study used lateral chest X-rays to detect devia-
tions in projections of the oblique fi ssure that were caused by 
nodules resulting from coal dust inhalation. Lateral chest X-rays 
are thought to detect these changes because dust, which does not 
normally exist in the lungs, occupies space. The lungs of coal 
workers contained 40–60 grams of total dust (approximately 20 
% of the weight of the lungs) (26). Furthermore, most of the dust 
was located in the apicoposterior regions of the upper lobe of the 
lung, (27) reinforcing the idea that the excessive volume can cause 
deviations in the projection of the oblique fi ssure. A review of the 
literature found no similar studies with which we could compare 
our results. Although we found several studies on pneumoconio-
sis, most were related to the detection and classifi cation of lung 
nodules and pleural thickening in the lungs, (28, 29) and some 
had investigated the correlation between respiratory function tests 
and the disease (30).

The coordinates of landmarks 10 and 11 of the oblique fi ssure 
projection in group 1 (CWP cases) were signifi cantly different from 
those in control groups 2 and 3 (p<0.05), while the coordinates 
did not differ signifi cantly between the two control groups. These 
results suggest that the deviations were a function of CWP (Tab. 
4) and that age had no effect on the projection of the oblique fi s-
sure. In summary, our results indicate that lung nodule develop-

Variable GROUP–1
CWP
n=62

GROUP–2  
CONTROL-Y

n=31

GROUP-3 
CONTROL-G

n=27
p

X10 0.046±0.039 0.062±0.028 0.057±0.027 p>0.05X11 0.013±0.036 0.026±0.03 0.018±0.029

Tab. 2. Comparison of the coordinates of landmarks 10 and 11 on 
the x-axis.

Variable
GROUP–1

CWP
n=62

GROUP–2 
CONTROL-Y

n=31

GROUP–3 
CONTROL-G

n=27
p

Y10 0.012±0.024 -0.005±0.023 -0.005±0.022 <0.001Y11 -0.032±0.032 -0.053±0.028 -0.058±0.029

Tab. 3. Comparison of the coordinates of landmarks 10 and 11 on 
the y-axis.

Variable Group  Group Mean Difference Std. Error p
%95 Confi dence interval for Difference

Lower Bound  Upper Bound

Y10

1 2
3

0,017
0,017

0,005
0,005

0,001
0,002

0,007
0,007

0,027
0,028

2 1
3

-0,017
0,000

0,005
0,006

0,001
0,972

-0,027
-0,012

-0,007
0,012

3 1
2

-0,017
0,000

0,005
0,006

0,002
0,972

-0,028
-0,012

-0,007
0,012

Y11

1 2
3

0,021
0,026

0,007
0,007

0,002
0,000

0,008
0,013

0,034
0,040

2 1
3

-0,021
0,005

0,007
0,008

0,002
0,526

-0,034
-0,011

-0,008
0,021

3 1
2

-0,026
-0,005

0,007
0,008

0,000
0,526

-0,040
-0,021

-0,013
0,011

Tab. 4. Pairwise between-group comparisons of landmarks 10 and 11 on the y-axis.
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ment as a result of inhaled dust may in time cause a deviation in 
the projection of the oblique fi ssure. 

Conclusion

Projections of the oblique fi ssure in men with CWP (group 
1) were signifi cantly different from those of healthy controls of 
similar (group 2) and younger age (group 3). We attributed this 
difference to a protrusion in the fi ssure caused by the volume of 
inhaled dust. These fi ndings indicate that although no test is avail-
able for early diagnosis of pneumoconiosis and there is no cure at 
present, it would be benefi cial to regularly monitor environmental 
dust measurements, provide workers with appropriate health-re-
lated information, and schedule examinations at regular intervals.
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