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INTRODUCTION

In 4th week of  intrauterine life, the respiratory diverticulum 
(lung bud) appears in the form of  an outgrowth from the 
ventral wall of  the foregut, grows caudally, and bifurcates 
into right and left bronchial buds. The right bronchial bud 
divides into three secondary bronchi and the left bronchial 
bud divides into two secondary bronchi then development 
of  each lung occurs by a process of  repeated dichotomous 
branching of  the secondary bronchi. Bronchopulmonary 
segments are formed after several generations of  branching. 
These bronchopulmonary segments are separated by spaces 
in the fetal period which get obliterated later, except along 
the line of  division of  principal bronchi, and produce 
fissures (oblique and horizontal) in completely developed 

lung. During the embryonic period up to the 7th weeks of  
gestation, the development of  the lung starts and continues 
into early childhood.1,2

The two lungs are organs of  respiration, situated on either 
side of  the mediastinum surrounded by the right and 
left pleural cavities. Each lung has a base that sits on the 
diaphragm, apex which is project above the first rib, two 
surfaces are the costal surface and mediastinal surface. 
Mediastinal surface contains the comma-shaped hilum of  
the lung, structures enter and leave via this hilum. Generally, 
the pulmonary artery is superior, pulmonary veins are 
inferior at the hilum and bronchi are slightly posterior in 
position.3
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The right lung has three lobes namely upper lobe, middle 
lobe, and inferior lobe and two fissures are oblique fissure 
and horizontal fissure. The oblique fissure separates the 
lower lobe from the upper lobe and middle lobe of  the right 
lung. The horizontal fissure separates the upper lobe from 
the middle lobe. The left lung is smaller than the right lung 
and two lobes of  the left lung are separated by an oblique 
fissure. The oblique fissure of  the left lung is slightly more 
oblique than the oblique fissure of  the right lung.4,5

The prior knowledge of  the anatomy of  the fissures, lobes 
of  the lungs helps the surgeon to correlate the radiological 
imaging and surgical procedures, thus ensuring that the 
excellent medical treatment is attain. Cardiothoracic 
surgeries and procedures such as lobectomy, segmental 
resection, and bronchoscopy. requires detail knowledge of  
anatomy of  lung and their variations. The study of  length, 
fissures and lobes of  the lung can help the surgeons for 
these procedures. The fissure helps in uniform expansion of  
the entire lung during respiration for more air intake. As the 
fissures form boundaries for lobes of  the lungs, knowledge 
of  the position of  fissure is essential to understand lobar 
anatomy and locating the broncho-pulmonary segments 
which is important both anatomically and clinically. The 
radiologists should have an idea about variations of  fissures 
of  both lungs. More variations are noted by researchers 
till date in both right and left lung in respect to length, 
breadth, fissures, and lobes. Knowledge of  variations 
of  lung is required by clinicians for interpretation on 
different imaging techniques.1-6 Thorough knowledge 
of  the anatomical variations in fissures and radiological 
identification of  these variations is essential for locating the 
intrathoracic and lung parenchymal lesions, to determine 
the the disease.7

Aims and objectives
The aim of  the study is to observe the morphology and 
morphometry of  both right and left lungs.
1.	 To study the normal length, breadth, and depth of  

both right and left lungs
2.	 To study the normal fissures, lobes and their variations, 

of  both right and left lung
3.	 To study the number of  bronchi, pulmonary artery, 

and pulmonary vein.

MATERIALS AND METHODS

One hundred (50 left and 50 right lungs) adult formalin-
fixed cadaveric lungs were observed in the dissection hall 
of  King George’s Medical University, Lucknow, Uttar 
Pradesh. Only those lungs that were covered all over by 
pleura except at the hilum were included in the study. In 
this study, no gender difference of  the lungs was made. 

Diseased lung and any part of  the lung was cutoff  during 
its removal, was excluded from this study.

Each lung was washed with water and carefully measured 
length, breadth, and depth using a measuring tape and 
measuring scale. Length and depth of  fissures (both 
horizontal and oblique fissures in case of  the right lung and 
oblique fissure in case of  the left lung) were measured and 
recorded. Uncommon variations were photographed using 
a DSLR camera. The ethical clearance was obtained by the 
Institutional Ethical Committee at KGMU UP, Lucknow 
(Order No. 1513/Ethics/2023).

Inclusion criteria
Inclusion criteria were as follow: lungs which were covered 
all over by pleura except at the hilum.

Exclusion criteria
Exclusion criteria were as follows: no gender difference 
of  the lungs was made, diseased lung and any part of  the 
lung was cutoff  during its removal, were excluded from 
this study.

RESULTS

Right lungs
Among the 50 right lungs, 2 lungs (4%) showed absence 
of  horizontal fissure. Two (4%) lungs had 2 pulmonary 
arteries, two lungs (4%) had 2 pulmonary veins, two of  
them (4%) showed 3 bronchi in the hilum.

Left lungs
Among the 50 left lungs, 6 (12%) showed the absence of  
oblique fissure, 2 (4%) lungs showed 2 pulmonary arteries, 
2 (4%) of  the lungs had 2 pulmonary veins, one of  them 
(2%) had 2 bronchi in the hilum. Photographs of  the 
specimens with some of  the major variations are shown 
in Figures 1-8. Percentage statistics is given in Table 1 and 
the incidence of  variation is shown in Table 2.

DISCUSSION

The fissures separate individual broncho-pulmonary 
segments during development, and become obliterated 
except along two planes, which is evident in the fully 
developed lungs as oblique or horizontal fissures. Absence 
or incomplete oblique or horizontal fissures could be 
due to obliterated fissures that can occur complete or 
incomplete.8,9

Cadavers are the best means to understand the variant 
anatomy of  any organ. Many researchers have recorded 
the anomalous anatomy of  the lungs in human cadavers. 
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Figure 2: Measurement of depth of right lung using a measuring scale

Figure 1: Measurement of the length of the lung using a measuring tape Figure 4: Lung hilum showing absence of horizontal fissure

Figure 3: Left lung hilum showing absence of oblique fissure
Figure 6: Right lung hilum showing three bronchi

Figure 5: Right lung hilum showing two superior pulmonary vein 

During the development of  the lungs, numerous 
bronchopulmonary buds are formed and later they fuse 
completely except at the sites of  fissure formation. This 
results in the formation of  lobes and fissures. If  there is 

any factor affecting the fusion in the developmental stage, 
there will be variations in the formation of  lobes and 
fissures of  the lung.
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Table 2: The variations seen in the right and left 
lungs
Right lung (n=50) Left lung (n=50)
Feature No. (%) Feature No (%)
Absence of horizontal  
fissure 2 (4)

Absence of oblique  
fissure 6 (12)

Two arteries in the  
hilum 2 (4)

Two arteries in the hilum 2 (4)

Two veins in the hilum 2 (4) Two veins in the hilum 2 (4)
Three bronchi in hilum 2 (4) Two bronchi in hilum 1 (2)

Table 1: Paired sample statistics
Pair Parameters Mean n SD P‑value
Pair 1 Right side length (cm) 19.06 50 2.99 <0.001

Left side length (cm) 21.10 50 2.02
Pair 2 Right side breadth (cm) 19.39 50 2.45 0.838

Left side breadth (cm) 19.28 50 2.52
Pair 3 Right side fissure length (cm) oblique 15.73 47 4.44 0.014

Left side fissure length (cm) oblique 18.15 47 4.07
Pair 4 Right side fissure number 1.89 44 0.32 <0.001

Left side fissure number 1.00 44 0.00
Pair 5 Right side fissure depth (cm) oblique 3.58 47 1.63 0.243

Left side fissure depth (cm) oblique 3.26 47 1.17

Figure 8: Left lung hilum showing two pulmonary arteries and two 
bronchi

Figure  7: Left lung hilum showing two pulmonary vein and two 
bronchi

Knowledge of  the development of  minor lung segments 
and pulmonary veins is also clinically important. 
When we compared to the previous studies then we 
got higher case of  absence of  oblique fissures in the left lung.4

The mean length of  the right lung and left lung was 19.06 
and 21.10, respectively. The mean breadth of  the right lung 
and left lung was 19.39 and 19.28 respectively. The mean 
length of  the oblique fissure of  the right lung and left lung 
was 15.73 and 18.15, respectively. The mean depth of  the 
oblique fissure of  the right lung and left lung was 3.58 and 
3.26, respectively (Table 1).

The mean of  number of  fissure of  the right lung and the 
left lung was 3.58 and 3.26 respectively. We applied paired 
t-test and the length and fissure number were statically 
significant, length of  oblique fissure was statistically just 
significant in the current study (Table 1).

Measurements of  fissures of  both left and right lungs are 
given in Table 1 and incidence of  variations in Table 2.

We did not find even a single case of  incomplete fissure which 
was reported by previous researchers as 31.25% for the right 
and 21% for left lung, respectively and We did not find a single 
case of  absence of  oblique fissure in the right lung which 
was reported by previous researchers as 2% for right lung.4-6

Prakash et al., found one accessory lobe on the inferior 
aspect in 27.2% of  lungs but in the present study, there 
was no accessory lobe.10

Twelve percent of  left lungs in the current study showed the 
absence of  oblique fissure, whereas the earlier researcher 
found the incidence of  this variation as 10.5–47%.

In our study horizontal fissure was absent in 2  cases 
(horizontal fissure divides the lung into 2 lobes. The 
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Table 3: Summary of discussion
Author Year Sample 

size
Study place Type of study Findings

George et al. 2014 138
Right‑65
Left‑73

Manipal Cadaveric Study Right lung‑2 (3.07%)‑absence of horizontal fissure
3 (4.61)‑3 fissures
2 (3.07%)‑3 arteries
14 (19.17%)‑3 vein

Sharma and 
Kattimuthu

2014 27 Lungs
Right ‑ 13
Left ‑ 14

Rajasthan Cadaveric Study Right lungs‑1 (7.69%)‑absence of transverse fissure
Left lungs‑2 (14.28%)‑absence of oblique fissure

Thapa et al. 2016 40
Right‑20
Left ‑ 20

North Karnataka Cadaveric Study Right lung‑4 (20%)‑absence of horizontal fissure
Left lung‑3 (15%)‑absence of oblique fissure

Joshi et al. 2022 70
Right‑ 32
Left‑ 38

Greater Noida
(Uttar Pradesh)

Cadaveric Study Right lung‑ 4 (12.5%)‑ absence of oblique fissure
8 (25%)‑ absence of horizontal fissure
Left lung‑ 4 (10.7%)‑ absence of oblique fissure

Present 
Study

2023 100
Right ‑ 50
Left ‑ 50

Lucknow
(Uttar Pradesh)

Cadaveric Study Right lung‑ 2 (4%)‑absence of horizontal fissure
2 (4%)‑2 Pulmonary Vein
2 (4%)‑2 pulmonary arteries
2 (4%)‑3 bronchi
Left lung‑ 6 (12%)‑absence of oblique fissure
2 (4%)‑2 arteries
2 (4%)‑2 veins
1 (2%)‑2 bronchi

oblique fissures were absent in 6 lungs (12%), out of  50 
left lungs. Whereas a previous study has shown only 3.6%. 
Yet another researcher found only 10.7%. We have seen 
that the left lung shows maximum variations of  fissures. 
This anatomical knowledge and variations may be helpful 
for clinicians, surgeons, and radiologists.4

In this study, we have measured the length and breadth of  
both right and left lungs, their variations, and the length 
and depth of  horizontal and oblique fissures of  both right 
and left lungs (Table  1). Previously such measurements 
were done by only Sharma and Kattimuthu Knowledge 
of  normal measurements of  lungs, their fissures, and 
their variations helps cardiothoracic surgeons avoid 
postoperative complications and also helps in guiding the 
lung surgery without any confusion regarding lung anatomy. 
Furthermore, it helps radiologists to interpret MRI and CT 
in case of  lung pathologies. Being aware of  these variations 
before the pulmonary lobectomy and thoracoscopic 
segmentectomy may alter the preoperative strategy.11,12 A 
summary of  the discussion is shown in Table 3.

Limitations of the study
The study should be conducted in more than 100 sample 
size to get more effective result. In present study cadaveric 
lung could be dissected deep in hilum region.

CONCLUSION

Knowledge and their variations help cardiothoracic 
surgeons and radiologists. Knowledge of  the normal 
measurements of  fissures and lobes of  the lungs and their 

variations is necessary to plan various surgical procedures 
to avoid post-operative complications such as air leakage, 
pneumothorax, and bronchopleural fistula.

Thus this study may help cardiothoracic surgeons and 
radiologists. Results of  the present study and their comparison 
with the previous studies show that many variations can occur 
at the hilar structures, fissures, and lobes of  the lungs in 
humans. Thus this study adds a database for the same.
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