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ABSTRACT

Aim: To study the clinical anatomy of the pulmonary ligaments of young people.

Materials and Methods: The study was carried out when performing 28 autopsies of young people aged 25 to 44 years. Methods of dissection of chest or-
ganocomplexes, macro-microscopy, morphometry and planimetry, and statistical processing were used. The shape and topography of the pulmonary ligaments
was assessed, their area, the localization of lymph nodes was examined.

Results: The pulmonary ligament is an anatomical formation, which is formed as a result of a combination of leaves of the mediastinal pleura, which, covering
the surfaces of the roots of the lungs, descend towards the diaphragm and are located between the mediastinal organs and the lungs. Pulmonary connections
on both sides have a few edges: the inner, outer and lower free. The pulmonary ligaments with lower free edges do not pass to the diaphragmatic surface of
the pleura, but only with inner ones, which are located on the right along the esophagus, and on the left along the aorta. Pulmonary ligaments on both sides
pass into the mediastinal part of the pleura, covering the pericardium.

Condusions: There are individual differences between the shape and size of the right and left pulmonary ligaments in males and females. There s no significant
difference between the sizes of the right and left pulmonary ligaments, but such dimensions as: the width, the angle of inclination and the ratio of their lower

free edge to the lower edge of the lungs are not found in all cases.
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INTRODUCTION

Respiratory diseases remain a very common pathol-
ogy in the morbidity structure of the population of
Ukraine and an important health problem due to their
frequency among the working population and children,
a combination of various lung pathologies and a neg-
ative impact on concomitant diseases, and the devel-
opment of disability [1-3]. Thus, the average duration
of treatment of a patient in the thoracic department is
15.2 days, and the mortality rate from chronic diseases
of the lower respiratory tract reaches 12.6 (per 100,000
populations).

In recent years, more and more attention has been
paid to improving the methods of surgical treatment of
pathology of the lungs and mediastinal organs. At the
same time, they also mention the pulmonary ligament,
the expediency of its intersection and ligation during
both open and video-assisted thoracoscopic surgical in-
terventions [4]. However, in modern scientific literature
there is practically no data on the size, shape, structure
and anatomy of the pulmonary ligaments in people, the
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differences between them on the left and right, their
age and gender characteristics. Definitions, which are
mainly found in scientific works devoted to surgical
interventions on the lungs, indicate that the pulmonary
ligament is a two-layer pleural structure connecting
the visceral pleura in the lower medial part of the lung
with the parietal pleura, which extends sheet-like down
from the level of the inferior pulmonary vein to the
diaphragmatic pleura, where it is either fixed or ends
with a free crescent-shaped edge [5]. Some authors call
it the inferior pulmonary ligament [6, 7]. However, its
size, content and features of placement both on the left
and on the rightin people of all ages are not discussed
in scientific works of anatomical or surgical directions.

In the literature, much more attention is paid to
studying its role during surgical interventions, espe-
cially when performing upper lobectomy using vid-
eo-assisted thoracoscopic surgery in the early stage of
lung cancer [6]. Some thoracic surgeons believe that
incision of the inferior pulmonary ligament during
an upper lobectomy leads to positive postoperative
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results of lung expansion, reduction of pleural effu-
sion, and prevention of atelectasis [7]. However, there
are reports that excessive lung expansion can lead to
serious changes in the angle of the bronchi, which ul-
timately causes their deformation [8]. Other surgeons
believe that the preservation of the lower pulmonary
ligaments during surgery may be beneficial in terms
of postoperative pleural fluid drainage by ensuring
normal lymphatic drainage [5] and to expand the left
lower lobe and reduce movement and repositioning of
the left main bronchus [6].

With the development of lung cancer and the oc-
currence of metastases, it is proposed to perform an
approach through the inferior pulmonary ligament
to perform resection of the posterior or lateral basal
segments. With such approaches, surgical trauma and
postoperative complications are reduced [2]. However,
it requires surgeons to know a clear definition of ana-
tomical structures and the best surgical skills [9, 10].

So, given that in the available modern scientific liter-
ature there is no data on the size and clinical anatomy
of the pulmonary ligaments in people, we set out to
conduct a study aimed at determining the size, shape,
area, content and syntopy of the left and right pulmo-
nary ligaments in people. young ageis normal, contrib-
uting to the improvement of surgical interventions on
the lungs and mediastinal organs. Their study began
with people aged 25 to 44 years, which, according to
the latest WHO classification, is considered young. We
also hope that these studies will to some extent fill the
gap in the clinical anatomy of the pulmonary ligaments
of young people.

AIM

The aim of this research was to study the size, shape,
area, content and clinical anatomy of the left and right
pulmonary ligaments in young people.

MATERIALS AND METHODS

When writing the article, the following methods were
used: bibliosemantic, content analysis, statistical, mac-
roscopic analysis. Macroscopic studies were carried out
on preparations of the chest organs during 28 autopsies
of young people aged 25 to 44 years who died from
various causes at the Poltava Regional Pathological
Anatomical Bureau (inclusion criterion - young age of
the person (25-44 years according to the WHO classifi-
cation) Among persons of this age period, there were
15 male and 13 female specimens, their average age
was 39.3+2.4 years.In this study, methods were used
for dissecting organ complexes of the breast in order
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to access macroscopic preparations of the pulmonary
ligaments, macroscopy, and macro-microscopy accord-
ing to V.P. Vorobyov, syntopy of pulmonary ligaments,
morphometry and planimetry of pulmonary ligaments,
statistical processing of quantitative data.

Before opening the chest, the trachea was clamped
with a clamp to prevent the decrease of the lungs. For
a better study, the preparation of organocomplexes on
both sides was performed, followed by the study of the
right and left pulmonary ligaments. When conducting
a study using a caliper, the height was measured from
the apex at the lower semicircle of the inferior pulmo-
nary vein to the middle of its base, the width at the
upper edge, in the middle and along the lower edge.
An anthropometric conveyor was used to determine
the angles of deviation of the pulmonary ligaments
from the frontal plane. The distance from the lower
edge of the pulmonary ligaments in the lung to the
lower edge of the lower particles was also measured,
and when they passed to the diaphragmatic surface,
this distance was determined. The distance from the
lower edge of the pulmonary ligaments in the lung to
the lower edge of the lower particles was measured.
Attention was paid to in which cases the pulmonary
ligaments with their pulmonary edge reached the lower
edge of the lower part of the lungs, and in which cases
they did not reach or passed to their diaphragmatic
surface and measured this distance. The shape of the
pulmonary ligaments was assessed, after their excision
they were stretched on millimeter paper, outlined and
the area was determined, after which their content was
examined. The number and location of lymph nodes in
them were determined.

We studied the topography of the left and right pul-
monary ligaments in relation to the inferior pulmonary
veins, the lower edge and diaphragmatic surface of the
lower lobes of the lungs, the esophagus with the vagus
nerves, the descending part of the thoracic aorta, the
pericardium, and the diaphragm.

The obtained digital material of the research results
was subjected to statistical processing using the Statis-
tica 9.0 program and a comparison of average indica-
tors between the right and left pulmonary ligaments
of men and women was carried out. The results were
considered statistically significant at p<0.05.

RESULTS

Upon receipt of the results of the study, it was estab-
lished that in young people, pulmonary ligaments are a
doubling of the mediastinal part of the parietal pleura,
which passes into the pulmonary pleura and covers the
roots of the left and right lungs along the anterior and
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posterior surfaces. Below the roots of the lungs, these
two sheets do notimmediately converge and are placed
between the organs of the mediastinum and the lower
lobe of the lungs, forming the pulmonary ligament. The
tops of these ligaments are below the inferior pulmonary
vein, although the latter is sometimes placed between
its leaves. This must be taken into account by surgeons
when accessing the root of the lungs, when performing
surgical interventions on the lungs, such as lower lobe
lobectomy or pulmonectomy, and mediastinal organs.
When studying topographic anatomy, it was found
that the inner edges of the pulmonary ligaments, both
on the right and on the left, are located at the nearby
sections of the esophagus and aorta, and then they
go to the mediastinal surface of the lower particles,
where they pass into its pulmonary pleura. Pulmonary
ligaments on both sides, except for the apex, have two
edges: the inner or mediastinal and outer, or pulmonary
and lower free edge, hanging over the diaphragm.
Between the lower edge of the pulmonary ligaments
and the diaphragm there is a certain gap, the height of
which depends on the distance at which the ligaments
with their outer edge pass into the pulmonary pleura of
the lower lobe of the lungs. So, the higher the diaphrag-
matic surface of the lung, the lower edge of the liga-
ments passes into the pulmonary pleura, the greater the
height of this gap, and the lower, the smaller its height.
Pulmonary ligaments with their lower free edges from
the outside do not pass to the diaphragmatic surface
of the pleura, but only with theirinner edge, located on
the right along the esophagus, and on the left — along
the aorta, can continue into the diaphragmatic part of
the pleura. Pulmonary ligaments with the inner edge of
the anterior leaf on both sides pass into the mediastinal
part of the pleura, covering the pericardium. However,
in one (3.6%) female person, the anterior and posteri-
or sheets of the pulmonary ligament passed into the
mediastinal part of the parietal pleura that covered the
pericardium. The right pulmonary ligaments in people
from the inner edge also passed into the mediastinal
part of the parietal pleura, which covered the pericar-
dium, and the back leaf - in the mediastinal part of
the parietal pleura that covered the esophagus. In two
(7.1%) preparations (male and female), both sheets from
the inner edge passed into the mediastinal part of the
parietal pleura, which covered the thoracic part of the
esophagus. In 11 (73.3%) men, the leftand in 8 (53.3%)
men, the right pulmonary ligaments from the side of
the mediastinum with their lower edge passed into the
pleura, which covered the diaphragm. Such a transition
of the pulmonary ligaments into the diaphragmatic
part of the parietal pleura in females was observed in
7 (53.8%) cases on the leftand in 9 (69.2%) cases on the

right. In one (7.7%) female preparation, a transition of
the posterior leaf of the pulmonary ligament on one
side to the posterior leaf of the pulmonary ligament of
the opposite side was detected.

When studying the question of what shape of the
pulmonary ligaments young people have, it was found
that 10 (66.7%) of the left pulmonary ligaments of the
male subjects had a triangular, 4 (26.7%) - trapezoid
and 1 (6.7%) — quadrangular forms. On the right side, 8
(53.4%) pulmonary ligaments were triangular, 5 (33.3%)
were quadrangular, and 2 (13.3%) were trapezoidal.
Among women, 9 (69.2%) had a triangular shape, 3
(23.1%) trapezoidal, and 1 (7.7%) quadrangular left
pulmonary ligaments.

The right pulmonary ligaments were distributed in
shape as follows: 6 (46.1%) were triangular, 4 (30.8%)
were quadrangular and 3 (23.1%) were trapezoidal.
That s, 19 (67.9%) left and 14 (50.0%) right ones had a
triangular shape, 7 (25.0%) left and 5 (17.9%) right ones
had a trapezoidal shape, and 2 (7. 1%) left and 9 (32.1%)
right pulmonary ligaments.

Research continued by measuring the height of the
pulmonary ligaments. Thus, the average height of the
left pulmonary ligaments in young people was 58.4 +
3.2 mm, and the right ones - 54.5 = 2.8 mm (p> 0.05).

The width of the pulmonary ligaments was also mea-
sured at three levels: along the upper and lower edges
and in the middle of the height. Only trapezoidal and
quadrangular pulmonary ligaments had width at the
upper edge. The average width at the center of the
height of the left pulmonary ligaments was 27.7+3.4
mm, and that of the right ones - 30.9+3.2 mm (p> 0.05).
The width at the lower edge of the left pulmonary lig-
aments in young people averaged 48.9+3.7 mm, and
the average value of the same indicator for the right
pulmonary ligaments was 51.3+3.2 mm (p> 0.05).

The areas of the pulmonary ligaments were determined
using the planimetric method. Thus, the average area of
theleft pulmonary ligaments was 1008.9+110.5 mm2,and
that of the right ones was 1138.6+115.3 mm?2 (p>0.05).

Data on the average height, width of the left and right
pulmonary ligaments at different levels and their areas
in young men and women are shown in Table 1.

In young males, 4 (14.3%) left and 6 (21.4%) right
pulmonary ligaments did not reach the lower edge
of the lower lobe of the lungs, and 2 (7.1%) left and 3
(10.7%) of the right pulmonary ligaments passed to
the diaphragmatic surface of the lower particles of
the lungs. In women, on the left, 5 (17.9%) pulmonary
ligaments did not reach and 7 (25.0%) — passed to the
diaphragmatic surface of the lower lobes, and on the
right, 5 (17.9%) pulmonary ligaments passed and 8
(28.6%) did not reach the diaphragmatic surface of
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Table 1. Average sizes of pulmonary ligaments in young male and female people

Pulmonary ligaments in young people

Confidence level

No. Average indicator sizes men women ®)
left right left right
. . p,> 0,05
1. height of pulmonary ligaments (mm) 60,7+3,4 57,6%3,3 56,2+2,9 51,8+3,1 p1> 0.05
2 I
2 width of pulmonary ligaments at the upper 121432 15,543,2 113427 13,742,6 p,< 0,05
edge (mm) p,< 0,05
3 width of pulmo'nary ligaments at mid- 28,6429 30,1428 26,7+3,1 202427 p,> 0,05
height (mm) p,> 0,05
4 width of pulmonary ligaments at the lower 49,6432 521433 47.4+2,9 483+2,8 p,> 0,05
edge (mm) p,> 0,05
. 1184,3+ 887,5+ 975,4+ p,< 0,05
+ 1
5. area of pulmonary ligaments (mm2) 1124,6 + 109,8 1164 1036 998 p.> 0,05

Note: p, - level of reliability of average indicators of the sizes of the left pulmonary ligaments between men and women; p, — level of reliability of average
indicators of the sizes of the right pulmonary ligaments between men and women.

the lower particles of the lungs. The average distance
from the lower edge of the left pulmonary ligaments
to the lower edge of the lower particles of the lungs in
males was 4.7+1.8 mm, and in females — 8.9+2.8 mm
(p<0.05), which among all left ligaments, the average
was 6.8+2.5 mm. The average distance from the lower
edge of the right pulmonary ligaments to the lower
edge of the lower particles of the lungs was 4.4+1.3
mm, in men it averaged 2.8+1.1 mm, and in women it
was 5.7£1.9 mm (p<0.05).

Upon further study, it was revealed that some pul-
monary ligaments passed from top to bottom with a
backward deviation from the frontal plane. This feature
of the passage of the left pulmonary ligaments was ob-
servedin 11 (39.3%) cases, of which 5 (33.3%) menand 6
(46.2%) women. The angle of deviation of the ligaments
from the frontal plane was also measured. It averaged
20.3+4.5 in males and 29.843.9 in females (p<0.05). In
6 (21.4%) men and 8 (28.6%) women, the pulmonary
ligaments deviated backward from the frontal plane,
while the average angles of deviation were 18.9+3.6
in men and 27.7+4.1 — in women (p<0.05).

However, such dimensions as: width at the upper
edge, the angle of inclination of the pulmonary liga-
ments back from the frontal plane and the ratio of their
lower free edge to the lower edge of the lower particles
of the lungs are not found in all pulmonary ligaments
of young people.

According to the data obtained in men, the inferi-
or pulmonary vein was located in the thickness of 4
(14.3%) of the left and 2 (7.1%) of the right pulmonary
ligaments. In females, such placement of the inferior
pulmonary vein was observed in 2 (7.1%) cases on the
left and in one (3.6%) on the right. In such preparations,
the distance from the upper edge of the pulmonary
ligaments to the upper semicircle of the inferior pul-
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monary veins was measured. The average value of this
distance in men is 2.1 £ 0.5 mm on the left and 1.8 +
0.7 mm on the right (p>0.05). And the average distance
between the top of the pulmonary ligaments and the
upper semicircle of the lower pulmonary veins in young
women is 2.0 £ 0.2 mm on the left and 1.5 £ 0.4 mm
on the right.

During dissection, lymph nodes of various sizes were
found in the thickness of the pulmonary ligaments. So,
in the thickness of 12 (42.9%) of the left pulmonary liga-
ments, 23 lymph nodes were found, of which 11 lymph
nodes were found in men on the leftin the thickness of
5(33.3%) ligaments: 4 at the apex, 3 in the middle of the
height and 5 at the lower edge pulmonary ligaments. In
females, in the thickness of 7 (53.8%) of the left pulmo-
nary ligaments, 5 lymph nodes were located at the up-
per and lower edges and 2 in the middle of the height.
Examination of 13 (46.4%) right pulmonary ligaments
revealed 22 lymph nodes between their sheets. In 8
(53.3%) males, in the thickness of the right pulmonary
ligaments at the upper edge and in the middle of the
height there were 3 lymph nodes and at the lower edge
-6 lymph nodes. And in women, 5 (38.5%) of the right
pulmonary ligaments in their thickness had 10 lymph
nodes, which were located: at the upper edge - 2 and
in the middle of the height and at the lower edge - 4
each. When conducting a macro-microscopic study, it
was found that between the leaves of the pulmonary
ligaments in the loose connective tissue, in addition
to the lymph nodes, are blood vessels and bundles of
nerve fibers, limited by the perineurium.

DISCUSSION

According to the data obtained, the pulmonary lig-
ament of young people is a doubling of the pleura,
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which forms below the root of the lungs and stretches
to the diaphragmatic pleura and connects the visceral
pleura to the mediastinal pleurain the lower part of the
lung. These results of the study coincide with the data
of other authors [12]. However, we do not agree with
the data of scientists who call the pulmonary ligament
inferior [6, 7], since a person does not have other pul-
monary ligaments, including the upper ones, and they
exist only on the right and left.

The pulmonary ligaments with their lower free edg-
es from the outside do not pass to the diaphragmatic
surface of the pleura, but with their inner edges, which
are located on the right along the esophagus, and
on the left along the aorta, they can continue into
the diaphragmatic part of the pleura. The pulmonary
ligaments, with the inner edge of the anterior leaf on
both sides, pass into the mediastinal part of the pleura,
covering the pericardium.

Lymph nodes of different sizes were found in the
thickness of the pulmonary ligaments at different levels,
which indicates the existence of sufficient lymphatic
drainage, which plays a significant role in the outflow of
pleural fluid after surgical interventions on the lungs and
mediastinal organs. This confirms the opinion of other
scientists about the advisability of preserving the lower
pulmonary ligaments when performing surgical inter-
ventions for postoperative outflow of pleural fluid [5].

In this scientific study, the forms and average sizes of
the pulmonary ligaments in young males and females
were established. The features of the transition of the
inner, outer and lower edges of these ligaments to the
mediastinal, visceral and diaphragmatic parts of the
pleura areindicated. So, the pulmonary ligaments, with
theirinner edges of the back sheet, pass into the medi-
astinal pleura, covering the esophagus on theright,and
the thoracic aorta on the left. With the inner edge of the
anterior sheet, the pulmonary ligaments on both sides
pass into the mediastinal part of the pleura covering the
pericardium, and the lower edge can continue into the

diaphragmatic part of the pleura. Also, during the study,
aninteresting feature of the placement in the thickness
of the left and right pulmonary ligaments of the lower
pulmonary vein in some young males and females was
revealed. All these data must be taken into account
when performing accesses through the pulmonary
ligaments to the root of the lungs, when performing
open and video-assisted thoracoscopic operations, as
some authors point out in their scientific articles [4,
7, 8], as well as when performing upper lobectomy at
an early stage of lung cancer [6] and resection of the
posterior or lateral basal segments [11].

Thus, to improve the results of performing surgical
interventions on the lung root, lower lobe, lungs and
mediastinal organs, it is necessary to have a clear know!-
edge of the clinical anatomy of the chest organs and
pulmonary ligaments.

CONCLUSIONS

Thus, the size, shape, area, content and clinical anatomy
of the left and right pulmonary ligaments in young
people were studied. It has been established that in
young people there are individual differences between
the shape and size of the right and left pulmonary liga-
ments in males and females. In most cases, there was no
significant difference (p> 0.05) between the values of
different sizes of the right and left pulmonary ligaments.
It was revealed that the upper edge of these ligaments
is located below the inferior pulmonary vein, although
the latter one in 4 (14.3%) cases on the left and in 2
(7.1%) on the right is located between its leaves. In the
thickness of 12 (42.9%) left pulmonary ligaments there
were 23 lymph nodes at different levels, and between
the layers of 13 (46.4%) right pulmonary ligaments there
were 22 lymph nodes. In addition to the lymph nodes,
between the leaves of the pulmonary ligaments in the
loose connective tissue there are blood vessels and
bundles of nerve fibers.
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