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Morphological Study of Fissures, Lobes
and Bronchial Pattern in the Lungs-A
Cadaveric Study with Emphasis on

Surgical and Radiological Implications

ABSTRACT

Introduction: Lungs are divided into lobes by the oblique
and the transverse (horizontal) fissures. Knowledge about
these fissures is necessary for the appreciation of lobar
anatomy and for locating the bronchopulmonary segments
which is significant both anatomically and clinically. In the
past, 1-12% of patients who underwent bronchography
or bronchoscopy demonstrated some form of congenital
tracheobronchial variations.

Aim: To study the variations regarding the fissures, lobes
of the lungs and segmental bronchi pattern in the lungs

Materials and Methods: In the present study 30 right and
30 left sided lung specimens were utilised. According to the
presence of fissures they were grouped into four groups.
The specimens were dissected to trace the segmental

INTRODUCTION

The oblique and the transverse fissures divide the lungs into
lobes. The oblique fissure at the level of 41 or 5" thoracic
spine cuts the vertebral border and ends above the hilum
of the lung [1]. Horizontal fissure is present only in the right
lung and passes transversely across costal surface to anterior
margin after starting from the oblique fissure and separate
middle lobe from the upper lobe [2]. As the fissures form
the boundaries for the lobes of the lungs, knowledge of their
position is necessary for the appreciation of lobar anatomy
and thus for locating the bronchopulmonary segments which
is significant both anatomically and clinically. The fissures may
be complete, when the lobes remain held together only at
the hilum by the bronchi and pulmonary vessels, or they may
be incomplete when there are areas of parenchymal fusion
between the lobes, or, they may be absent altogether [3].
The knowledge of fissures is important for knowing the lobar
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bronchi and found out the variations.

Results: The upper and middle lobes of the right lung
had the normal bronchial pattern and the most common
pattern was B1, B2, B3. In the normal left lung the most
common bronchial pattern was B1+3, B2, B4, B5. In the
inferior lobe of the right lung the most common pattern
was (B6c, B6a+b) B7, B8, B9+B10. In the Inferior lobe of
left lungs B6a, B6b+c, B7+8, B9+10 is the most common.
Accessory bronchus was 100% in the accessory lobes.

Conclusion: Segmental bronchial pattern variations in
upper lobe of right lungs showed B1+2, B3 and B1, B2,
B3, Bx patterns in 49% of specimens and 56.7% of left
lung specimens inferior lobe showed B6, B7+8, B9+10 and
irregular patterns. The presence of accessory bronchus
was more common in the left sided lungs.

anatomy and bronchopulmonary segments position which
were significant both anatomically and clinically. Knowledge of
variation in patterns of bronchial tree is necessary for diagnosis
and surgery of pulmonary diseases. The segmental bronchial
pattern in the right lung, the right superior lobar bronchus
arises from the right main bronchus [4].

The main bronchus of the right lung divides into superior lobar
bronchus and intermediate bronchus. The superior lobar
bronchus gives three branches namely apical (B1), posterior
(B2) and anterior (B3) to the corresponding bronchopulmonary
segments. The intermediate bronchus divides into the middle
and lower lobar bronchus. The middle lobar bronchus divides
into lateral (B4) and medial (B5) segmental bronchus to the
bronchopulmonary segments. The right inferior lobar bronchus
divides into superior (B6), medial basilar (B7), anterior basilar
(B8), lateral basilar (B9) and posterior basilar (B10) segmental
branches.
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The main bronchus of the left lung divides into the upper and
lower lobar bronchi. The upper lobar bronchus bifurcates
into upper and lingular divisions. Upper division gives three
segmental branches B1, B2 and B3 and the lower division is
the lingular gives superior (B4) and inferior (B5) divisions and
the left inferior lobar bronchus bifurcates into B6, B7, B8, B9
and B10 segmental branches [5-8].

Tracheobronchial structures are developed from the median
bulge on the ventral wall of the pharynx at the age of 24-
26 days of embryonic period and this bulge will give rise
to right and left lung buds at the age of 26-28 days. In the
past, 1-12% of patients who underwent bronchography
or bronchoscopy demonstrated some form of congenital
tracheobronchial variations [9]. Nowadays, anomalies of the
lobes and the bronchial tree are diagnosed with increasing
frequency as a result of their most common variants and
refinements in modern imaging. Hence, the awareness of
their variations is essential in performing lobectomies and in
segmental resection involving individual segments and also in
interpreting radiological images. Thus, this study was done to
study the variations regarding the fissures, lobes of the lung,
segmental bronchial pattern in normal lungs and in lungs
containing variations regarding the fissures and lobes.

MATERIALS AND METHODS

This observational study was conducted in Shri Sathya
Sai Medical College and Research Institute in 2015 for the
duration of 1 year. Total 60 lungs were utilised, out of 60 lungs
30 lungs were of right side and the remaining 30 lungs were of
left side and the specimens were collected from the cadavers
during regular dissection for 1t year MBBS students were
utilised for the study. Specimens of right and left lungs of male
and female were used and lungs which appeared healthy with
normal morphological features were included in the present
study. Lungs which were diseased, adherent to the chest wall
and lost their morphology during removal from the cadaver
were excluded. Institutional Ethical Committee approval was
taken before proceeding to the work.

The 60 lung specimens collected from the cadavers were
categorised into four groups. Group | includes lungs containing
complete normal fissures, Group Il includes lungs containing
incompletefissures, Group lllincludeslungs containingabsence
of fissures, and Group IV includes lungs containing accessory
fissures. Segmental bronchi were traced by removing the lung
parenchyma with careful dissection procedure. Segmental
bronchial pattern of all the lung specimens were studied, the
normal patterns were segregated from abnormal patterns. For
the right lung B1, B2, B3 was from superior lobar bronchus,
B4, B5 from middle lobar bronchus and B6, B7, B8, B9,
B10 from inferior lobar bronchus. For the left lung the normal
pattern was B1+2, B3 from superior lobar bronchus, B4, B5

from ligular division of superior lobar bronchus and B6, B7+8,
B9, B10 from inferior lobar bronchus were taken as normal
bronchial patterns.

RESULTS

In the present study, 30 right lungs 16 lungs were normal
regarding the fissures and lobes and the remaining 14 lungs
showed variations in the fissures and lobes. Out of these 14
right lungs, nine lungs showed the presence of incomplete
horizontal [Table/Fig-1], three lungs showed incomplete
oblique fissure and the remaining two lungs showed the
absence of horizontal fissure [Table/Fig-2]. Out of 30 left lungs
nine showed variations in fissure and lobes. In these nine
lungs, there was absence of oblique fissure in two specimens,
in one lung incomplete oblique fissure [Table/Fig-3] and in
the remaining six lungs accessory fissures and lobes were
observed [Table/Fig-4].

Dissection was done and the segmental bronchii of all the lungs
were compared with normal bronchial pattern. In 16 right lungs
normal B1, B2, B3 pattern was observed in 12 specimens and
in four specimens (B1+2, B3) bronchial pattern was seen. The
lungs which showed variations in the fissures were 14. Out of

these 14 specimens B1+2, B3 segmental bronchial pattern
- T e e

[Table/Fig-1]: Incomplete horizontal fissure in right lung. [Table/
Fig-2]: Absence of horizontal fissure in right lung.

[Table/Fig-3]: Left lung with incomplete oblique fissure. [Table/
Fig-4]: Left lung with accessory oblique fissure.

—
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was observed in 7 specimens, in 4 specimens B1, B2, B3, Bx
(Bx-Accessory segmental bronchus) and in 3 specimens B1,
B2, B3 segmental bronchial pattern was observed.

In 21 left lung specimens which didn’t show any fissure
variations the following segmental bronchial patterns were
observed. In 12 lungs B1+3, B2, B4, B5 pattern, in 8 lungs
B1, B2, B3, B4, B5 pattern and in 1 specimen accessory
bronchus was observed (B1+2, B3 , B4 , B5 , Bx). In the
remaining 9 left lungs the bronchopulmonary segments had
the following pattern. In 3 lungs which had incomplete oblique
fissure showed B1+3, B2, B4, B5. In the remaining 6 lungs
which showed accessory fissure the segmental bronchial
pattern was B1+2, B3, B4, B5 and in 3 lung specimens
accessory bronchus was observed [Table/Fig-5].

Trifurcate pattern of the segmental bronchi was observed
in middle lobe of the right lung, similar pattern of segmental
bronchi was observed in the lingular region of the left lung
[Table/Fig-6, 7],

In the inferior lobe of right and left lungs, different patterns
of segmental bronchi were observed and the findings were
tabulated [Table/Fig-8]. In the inferior lobe of the right lungs
the most common pattern was B6, B7, B8, B9+B10 [Table/
Fig-9] and the second most common pattern was B6, B7, BS,
B9, B10). In the Inferior lobe of left lungs BB, B7+8, B9+10
[Table/Fig-1Q] is the most common pattern and B6, B7, B8,
B9+10 is second most common. The left lungs which were
containing accessory lobes, the most common segmental

[Table/Fig-6]: Accessory ségmental bronchus in the middle lobe
of right lung. [Table/Fig-7]: Trifurcate bronchial pattern in lingular
region of the left lung.
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[Table/Fig-5]: Segmental bronchii patterns in the right and left lungs upper lobes.

pattern was B7+8, B9+10, Bx and the second most common
pattern was B7+8, B9, B10, Bx [Table/Fig-11]. Accessory
bronchus was present in all the left lung specimens which had

accessory fissures with accessory lobes [Table/Fig-12].

Right Lung Left Lung
Fissures
Incomplete | Absent | Incomplete | Absent
Horizontal fissure 2 9 - -
Oblique fissure - 3 1 2
Accessory
) 1 6
fissures

[Table/Fig-9]: B7, B8, B9+10 pattern in the right lung inferior lobe.
[Table/Fig-10]: B(7+8), B(9+10) bronchial pattern in inferior lobe

of left lung.
Right Lung Left Lung
B6, B7, B8, B9+10 53% B6, B7+8, B9+10 | 50%
B6, B7, B8, B9, B10 | 40% B6, B7, B8, B9+10 | 40%
B6, B7+8, B9+10 3.5% B6, B7, B8, B9, 3.3%
B10
B6, B7, B8+9+10 3.5% Irregular 6.7%

Left lung (with accessory lobe)

B7+8, B9+10, Bx

67%

right andleft lungs.

International Journal of Anatomy, Radiology and Surgery. 2018. Jul, Vol-7(3): AO01-AO06

B7+8, B9, B10, Bx

33%

[Table/Fig-11]: Segmental bronchial pattern of inferior lobes of the
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[Table/Fig-12]:
accessory lobe in left lung inferior lobe.

Accessory segmental bronchus (Bx) for the

DISCUSSION

As the lung buds elongate, the trachea is separated from the
oesophagus by lateral in growth of the mesoderm, forming the
tracheo-esophageal septum. At 28-30 days, the lung buds
elongate into primary bronchi; at 30-32 days, the five lobar
bronchi appear as a monopodial outgrowth of the primary
bronchi. The lobar bronchi elongate at 32-34 days and then
rapidly branch to form all the segmental bronchi by 36 days.
The variations in the fissures and lobes of the lungs were due
to the defective pulmonary development [10].

Medlar EM, observed1200 pairs of lungs and reported,
the horizontal fissure was absent in 45.2% and incomplete
in 17.1% of the right lungs [11]. Lukose R et al., observed
incomplete and absence of horizontal fissure was 21%
and 10.5% respectively [12]. Bergman RA et al., reported
incomplete and absence of horizontal fissureas 67% and 21%
respectively in right lungs [13]. Meenakshi S et al., reported
that the horizontal fissure was absent in 16.6% and was
incomplete in 63.3% of right lungs [3]. According to Prakash et
al., the horizontal fissure was absent in 7.1% and incomplete in
50% of the right lung specimens and supernumerary fissures
was most common in right lower lobes and it was detected
in 35% [4]. In the present study it was absent in 6.6% and

incomplete in 30% of the specimens and the supernumerary
fissure was observed only in one specimen.

Medlar EM [11], Lukose R et al., [12] and Bergman RA et al.,
[13]reported 10.6%, 21% and 30% of left lungs had incomplete
oblique fissures and in the present study it was observed
in 3.3% of the cases. Non obliteration of spaces which are
normally obliterated could result in accessory fissures [14].
The bronchopulmonary segments having accessory fissure
in varying depth and in CT-scan the superior fissure which
demarcates the superior segment and the inferior accessory
fissure which demarcates the medial basal segment are
the most common accessory fissures observed [15]. In the
present study, presence of accessory fissures were observed
in six left lung specimens (20%) which demarcated the medial
basal segment. Ariyurek OM et al., observed that in X-ray
the incomplete fissure always give an atypical appearance of
pleural effusion and the accessory fissure fail to be detected
on CT scans because of their incompleteness, thick sections
and orientation in relation to a particular plane [16].

Segmental bronchial pattern of upper lobes of right and left
lungs were compared with the previous studies [Table/Fig-13].

Shields TV, suggested that the most common variation in
left upper lobe is the presence of three bronchi in the lingular
division [17]. In the present study 13.3% of cases showed the
presence of three bronchii in the lingula. Trifurcate pattern of
the bronchus in middle lobe of the right lung was observed
by Boyden EA et al., [18] and Gonlugur Uet al., [19]. In the
present study also the same was observed in 16.6%. Beder
S et al, observed in his findings the common variations
regarding the upper lobes of the lungs, being left upper
lobe with three segments and the right upper lobe with two
segments [20]. In the present study also in 27.7% cases left
upper lobe showed three segmental bronchii and in 36.6%
cases right lungs upper lobe showed two segmental bronchii.
Variations in the ramification of superior segmental bronchii
were compared with the previous studies [Table/Fig-13]
Variations in the ramifications of right basal stem and left basal
stem were compared with the previous studies [Table/Fig-14],

Right Lung Left lung
Previous Studies
B1,B2,B3 | B1,B2,B3,BX | B1+2, B3 | Middle lobe | B1, B2, B3 B1+2, B3 B4, B5, Bx
Gonlugur U et al., [19] 5%
Kilic C et al., [20] 86.6% 13.3% 40% 60%
Ghaye B et al., [21] 30% 83% 17%
Koshino T et al., [22] 45% 2.6%
Boyden EA et al., [23] 46% 14%
Present study 50.1% 13.3% 36.6% 16.6% 27.7% 60% 13.3%
[Table/Fig-13]: Comparison of the upper lobe segmental bronchial patterns of both lungs with the previous authors.
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Segemental Bronchial Pattern
Previqus B6, B7, B6, B6, B7, B6, B7,
Studies B8, B9, B7+8, BS, B8+9+
B10 B9+10 B9+10 10
Naidich DP o _ 9
etal, [7] 15% 60%
Ghaye B et 6% 3% 68% 10%
al., [21]
Kilic C et o o o o
at., [24] 20% 6.66% 53.33% 6.66%
Present 40% 3.5% 53% 3.5%
Study

[Table/Fig-14]: Comparison in the ramifications of right basal stem
of the inferior lobe with the previous authors.

Segmental Bronchial Pattern
Previous
Studies B6, B7, B6, B7+8, | B6, B7+8, Irregular
B8, B9+10 B9+10 B9, B10.
Naidich DP ] o o
etal, [7] 45% 15%
Bergman R | g, 67% 13% 9%
etal., [13]
Ghaye Bet | 4,0, 76% 10%
al., [21]
Kilic C Et o o o o
Al [24] 13.33% 53.33% 26.66% 6.66%
Pitel M et o o o o
al., [25] 42% 32% 2% 6%
g{ﬁgﬁm 40% 50% - 67%

[Table/Fig-15]: Comparison in the ramifications of Left basal stem

inferior lobe with previous studies.

15]. According to Ghaye B et al., [21], Naidich DP et al., [7]
and Kilic C et al., [24] the most common pattern in the inferior
lobe of the right lung was 6a+b, c, 7, 8, 9+10. In the present
study also we observed the same. Various studies reported
the most common pattern in the inferior lobe of the left lungs
was 6a, b+c, 7+8, 9+10 pattern [7,13,21,24,25,23] [Table/
Fig-15]. In the present study also we observed the same.
Beder S et al., suggested that the tracheo-bronchial variations
increase linearly with the number of lobes [20], in the present
study out of 6 lungs 5 lungs (83%) had accessory bronchus
to the accessory lobes.

LIMITATION

Sample size is low and the study was done only in 60 lung
specimens. We did not observe the radiological appearance
of accessory lobe and accessory bronchus to compare with
the normal gross anatomy.

RECOMMENDATIONS

Comparing the gross anatomical appearance of the accessory
lobes and segmental bronchus with radiological images.
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CONCLUSION

In the present study the presence of incomplete horizontal
fissure in right lungs and accessory fissures in the left lungs
were the most common variations. Segmental bronchial
pattern variations were more common in upper lobe of right
sided lungs, and inferior lobes of the left sided lungs. The
presence of accessory bronchus was more common in the
left sided lungs when compared with the right lungs which
had the normal lobular pattern.

The lungs which had the accessory lobes almost all of them
(83%) had accessory bronchus to the accessory lobes. The
awareness of the variations regarding fissures, lobes and
segmental bronchi are essential in performing lobectomies
and in segmental resection. Bronchial pattern variations are
asymptomatic and are more prone for infections. Precise
knowledge of bronchial anatomy and its variations is needed
to distinguish the pathological findings and is important for the
radiologist in reporting CT findings.

ACKNOWLEDGEMENTS
We thank ICMR for funding this project.

REFERENCES

[1] Rosse C, Gaddum-Rosse P. 1997 Hollinshed’s Textbook of
Anatomy. Philadelphia: Lipincott-Raven. Pp: 441-61.

[2] Last RJ, 2000. Anatomy Applied and Regional. 6th Edn.,
Churchill Livingstone. New York. pp: 207.

[3] Meenakshi S, Manjunath KY and Balasubramanyam V.
Morphological variations of the lung fissures and lobes. Indian J
Chest Dis Allied Sci. 2004;46:179-82.

[4] Prakash, Bhardwaj AK, Shashirekha M, Suma HY, Krishna GG,
Singh G. Lung morphology: a cadaver study in Indian population.
Ital J Anat Embryol. 2010;115(3):235-40.

[5] Bannister LH. Respiratory system. In: Wiliams PL, Bannister
LH, Berry MM, Collins P, Dyson M, Dussek JE, Ferguson MW.J,
editors. Gray’s anatomy. 38" ed. New York: Churchill Livingstone;
1993. Pp:1653-62.

[6] Fraser RS, Mdller NL, Colman N, Paré PD, editors. Fraser and
Paré’s diagnosis of diseases of the chest. 4" ed. Philadelphia:
Saunders W.B. Company; 1999. Pp. 3-629.

[7]1 Naidich DP, Webb WR, Muller NL, Krinsky GA, Zerhovni EA,
Siegelma SS, editors. Computed tomography and magnetic
resonance of the thorax. 3" ed. Philadelphia: Lippincott Williams
and Wilkins. 1999. Pp:169-226.

[8] Shields TV. General thoracic surgery. 4" ed. Philadelphia:
Lippincott Williams and Wilkins. 1994. Pp:3-90.

[9] Lemoine JM, Gagnon A. Main modes of division and anatomical
abnormalities of trachea and bronchus. Bronches, 1952;2:409-
21. [Translated from google].

[10] Modgil V, Das S and Suri R. Anomalous lobar pattern of right
lung: A case report. Int J Morphol. 2006;24:5-6.

[11] Medlar EM. Variations in interlobar fissures. AJR Am J
Roentgenol. 1947;57:723-25.

[12] Lukose R, Sunitha PS, Daniel M, Abraham SM and Alex ME.
Morphology of the lungs: Variations in the lobes and fissures.
Biomedicine. 1999;19:227-32.

[13] Bergman RA, Afifi AK and Miyauchi R. Variations in peripheral
segmentation of right lung and the base of the right and left

International Journal of Anatomy, Radiology and Surgery. 2018. Jul, Vol-7(3): AO01-AO06



lungs. lllustrated. Encyclopedia of Human Anatomic Variation.
1999.  [Available  from]  http://www.anatomyatlases.org/
AnatomicVariants/OrganSystem/Text/LungsTrachea.shtml

[14] Larsen WJ. Human Embryolgy. New York, Churchill Livingstone.

1998. Pp:111-130.

[15] Tarver RD. How common are incomplete pulmonary fissures,

and what is their clinical significance? AJR Am J Roentgenal.
1995;164: 761.

[16] Ariyurek OM, Gulsun M, Demirkazik FB. Accessory fissures of

the lung: evaluation by high-resolution computed tomography.
Eur Radiol. 2001;11:2449-53.

[17] Shields TV. General thoracic surgery. 4th ed.Philadelphia:

Lippincott Williams and Wilkins. 1994. Pp: 3-90.

[18] Boyden EA, Hamre CJ. An analysis of variations in the

bronchovascular patterns of the middle lobe in fifty dissected
and twenty injected lungs. J Thorac Surg. 1951;21:172-88.

[19] Gonlugur U, Efeoglu T, Kaptanoglu M, Akkurt I. Major anatomical

variations of the tracheobronchial tree:
observation. Anat Sci Int. 2005;80:111-15.

Bronchoscopic

I. . Heamnth Kommuru et al., Morphological Study of Fissures, Lobes and Bronchial Pattern in the Lungs-A Cadaveric Study

[20]

[21]

[22]

[23]

[24]

[29]

Beder S, Kupeli E, Karnak D, Kayacan O, Tracheobronchial
variations in Turkish population. Cli Anat. 2008;21:531-38.
Ghaye B, Szapiro D, Fanchams JM, Dondelinger RF Congenital
bronchial abnormalities revisited. Radiographics. 2001;21:105-
19.

Koshino T, Murakami G, Sato TJ, Tsugane MH, Fujisawa Y,
Mawatari T, et al. Configurations of the segmental and sub
segmental bronchi and arteries in the right upper lobe of the
human lung with special reference to their concomitant relations
and double sub segmental arterial supply. Anat Sci Int.2002;
77:64-73.

Boyden EA, Scannell JG. An analysis of variations in the
bronchovascular pattern of the right upper lobe of fifty lungs.
Am J Anat.1948;82: 27-72.

Kilig C, Kirici Y, Ozan H. Variations in patterns of bronchial tree.
J Clin Anal Med. 2010;1(3):34-38.

Pitel M, Boyden EA. Variations in the bronchovascularpatterns
of the left lower lobe of fifty lungs. J Thorac Surg. 1953;26:633-
583.

AUTHOR(S):

1. Dr. Heamnth Kommuru

2. Dr. Hema Priya Jeyaraman
3. Dr. Swayam Jothi Dorai Raj
4. Dr. Deeptha Vasudevan

PARTICULARS OF CONTRIBUTORS:

1. Tutor, Department of Anatomy, JIPMER, Karaikal,
Puducherry, India.

2. Junior Resident, Department of Anatomy, ESIC Avadi,
Tamil Nadu, India.

3. Professor and Head, Department of Anatomy, Shri
Sathya Sai Medical College and Research, Institute,
Tiruppur, Tamil Nadu, India.

4. Tutor, Department of Anatomy, Shri Sathya Sai
Medical College and Research Institute, Tiruppur,
Tamil Nadu, India.

NAME, ADDRESS, E-MAIL ID OF THE
CORRESPONDING AUTHOR:

Dr. Heamnth Kommuru,

Tutor, Department of Anatomy,

JIPMER, Abdul Kalam Complex,
Karaikal, Pin-609602, Puducherry, India.
E-mail: hemanth.kommuri@gmail.com

FINANCIAL OR OTHER COMPETING

INTERESTS:

The study was funded by ICMR.

Date of Publishing: Jul 01, 2018

International Journal of Anatomy, Radiology and Surgery. 2018. Jul, Vol-7(3): AO01-AO06

www.ijars.net . . l



