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Abstract 

Background: The liver is the second largest organ in the human body, located 

in the right hypochondrium, the upper part of the epigastrium and part of the 

left hypochondrium. The liver is anatomically divided into a larger right lobe, 

and a smaller left lobe. Anatomical variations are present in the cadaveric liver 

in the accessory lobe, accessory fissure, hypoplastic lobe etc. The knowledge 

of these anatomical variations will help surgeons during liver transplantation 

and other surgical procedures. This study aims to discuss the morphology of 

the adult liver and its common variations according to the Netters 

classification in the South Indian population. Materials and Methods: The 

present study was conducted on apparently normal liver specimens from 50 

cadavers used for routine dissection by undergraduate medical students. The 

specimens were numbered in serial order from 1 to 50, and all the 

measurements were recorded and tabulated. The cadavers with no abdominal 

surgical scars and liver specimens with normal morphology were taken into 

the study. Result: Four of the 50 specimens studied showed accessory fissures 

on the diaphragmatic surface of the right lobe. Ten specimens showed 

accessory fissures on the visceral surface of the right lobe. Three specimens 

showed lingular process, and two specimens showed hypoplastic left lobe. 

Conclusion: The liver's anatomical variations remain asymptomatic but can 

lead to misinterpretations during radiological and surgical procedures. 

Detailed study of liver morphology may help surgeons and radiologists avoid 

misdiagnosing cystic or pathological liver lesions. 

 
 

 

INTRODUCTION 
 

'A good knowledge of anatomy is a prerequisite for 

modern liver surgery'.[1] The liver is a large wedge-

shaped organ in the right hypochondrium, 

epigastrium and left hypochondrium.[2] The liver 

weighs approximately 1500 grams, 5% of the body 

weight in infancy and around 2% in adulthood. It 

receives about 1500 ml of blood per minute.[3] The 

liver is anatomically divided into right and left lobes 

by the line of attachment of the falciform ligament 

on the anterior surface, the fissure for ligamentum 

teres on the inferior surface and the fissure of 

ligamentum venosum on the posterior surface.[4] It is 

convex on all sides and concaves inferiorly, where it 

is moulded to the shape of the adjacent viscera.[5] In 

addition, the liver is also divided into caudate and 

quadrate lobes separated from each other by the 

porta hepatis. 

According to the terminology of Coiunaud, the liver 

is divided into eight segments numbered I to VIII. 

Each segment has an independent artery, bile duct, 

tributary of hepatic vein and portal tributary. 

Segments I to IV comprise the left lobe of the liver, 

and segments V to VIII include the right lobe of the 

liver.[6] The liver plays an important role in 

carbohydrates, fat and protein metabolism. It also 

plays a vital role in excreting body wastes, drugs 

and foreign substances.[7] 

In this modern imaging era, it becomes very 

important for clinicians and radiologists to have a 

thorough knowledge of the anatomy of the liver and 

its variations. The major fissures are important 

landmarks for interpreting the lobar anatomy and 

locating the liver lesions. The liver shows many 

variations, such as agenesis of individual lobes, 

presence of one or more accessory lobes, presence 

of accessory fissures etc. The presence of these 

variations can often mislead into a wrong diagnosis 

or surgical intervention.[7] Such misdiagnosis had 

occurred in the past; therefore, these variations 

should be considered during investigations.[8] 
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Sound knowledge of normal liver anatomy and its 

variations is a prerequisite for diagnosis, 

investigations and surgical procedures. It is also 

essential for a comprehensive understanding of 

various liver diseases. With this background in 

mind, the present study was done on 50 cadaveric 

livers to study the morphological features and 

variations in the South Indian population. 

 

MATERIALS AND METHODS 

 

This study was done on apparently normal liver 

specimens from 50 cadavers used for routine 

dissection by undergraduate medical students after 

getting approval from Institutional Ethical 

Committee. The specimens were numbered in serial 

order from 1 to 50, and all the measurements were 

recorded and tabulated. The cadavers with no 

abdominal surgical scars and liver specimens with 

normal morphology were taken into the study. 

Those with abnormal morphology and disease of the 

liver were excluded from the study. The right and 

left lobes of the liver were studied in detail for size, 

shape, accessory lobes and accessory fissures. The 

following measurements were recorded on the right 

and left lobes of the liver. 

The right lobe's transverse diameter is measured 

from the portal vein's right margin in the porta 

hepatis to the right margin of the liver by the 

Vernier calliper. Vertical diameter of the right lobe- 

measured from the mid-point of the transverse 

diameter of the right lobe of the liver by Vernier 

calliper. Transverse diameter of the left lobe - 

measured from the left side of the porta hepatis to 

the left border of the liver by Vernier calliper. 

Vertical diameter of the left lobe - measured from 

the mid-point of the transverse diameter of the left 

lobe of the liver by Vernier calliper.[9] 

A measuring scale and tape, thread and digital 

Vernier calliper were used for these measurements. 

Variations observed were recorded and 

photographed. Statistical analysis: The mean, 

standard deviation, and range were calculated for 

each parameter. 

The present study also classified the liver specimens 

according to the Netters classification. Six types of 

liver variations were described by Netter [Type 1 to 

Type 6]. The results were recorded and tabulated 

[Table 3]. 

 

RESULTS 

 

The mean transverse diameter of the right lobe was 

13.8 cm and ranged from 11.1 cm to 15.6 cm, with 

the maximum frequency from 13 cm to 14 cm. The 

mean vertical diameter of the right lobe of the liver 

was 8.4 cm in this study, with a range from 7 cm to 

9.5 cm, and most of the measurements fell from 8 

cm to 9 cm.  

This study's mean transverse diameter of the left 

lobe was 12.2 cm. The transverse diameter of the 

left lobe ranged from 10.2 cm to 14.6 cm, with the 

maximum frequency from 12-12.5 cm. The mean 

vertical diameter of the left lobe was 7.6 cm. The 

vertical diameter ranged from 6.0 cm to 8.5 cm, 

with the maximum frequency from 7.6 cm to 8 cm 

[Table 1]. 

In the 50 liver specimens studied, normal surfaces, 

fissures and borders were observed in 35 (70%) 

liver specimens without accessory fissures or lobes. 

Out of the remaining 15 (30%) liver specimens, 

variations were identified in the right and the left 

lobe. These variations were recorded and tabulated 

[Table 2].  

Accessory fissures on the diaphragmatic surface of 

the right lobe were seen in 8% [Figure 1 and 2], 

accessory fissures on the visceral surface of the right 

lobe were seen in 20% and equal sizes of the right 

and left lobe were seen in 2%. In the left lobe, 

accessory fissures on the visceral surface were seen 

in 4%, accessory lobes on the visceral surface were 

seen in 2%, fusion of quadrate lobe with left lobe 

was seen in 14% [Figure 6], and lingular process 

was seen in 6% [Figure 3 and 4]. The hypoplastic 

left lobe was seen in 4% [Figure 5&Table 2]. 

 

Table 1: Measurements of the right and left lobe of the liver. 

Measurements Mean (cm) Standard Deviation Range Maximum Frequency 

Transverse diameter of the right lobe 13.8 1.0 11.1 – 15.6 13 – 14 

Vertical diameter of the right lobe 8.4 0.38 7 – 9.5 8 – 9 

Transverse diameter of the left lobe 12.2 0.9 10.2 – 14.6 12 – 12.5 

Vertical diameter of the left lobe 7.6 0.5 6.0 – 8.5 7.6 – 8.0 

 

Table 2: Morphological Variations of Right and Left Lobe of Liver. 

Variations of the 

right lobe 

Morphological Features No of Specimens Percentage% 

Normal 35 70 

Accessory fissures on the diaphragmatic surface 4 8 

Accessory fissures on the visceral surface 10 20 

Equal size of the right and left lobe 1 2 

Variations of the left 

lobe 

Normal 35 70 

Quadrate lobe fused with left lobe. 7 14 

Lingular process 3 6 

Accessory fissures on the visceral surface 2 4 

Hypoplastic left lobe 2 4 

Accessory lobe on the visceral surface 1 2 
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Table 3: Morphological variations of the liver according to Netter's classification. 

Netter's type No of specimen Percentage 

Type 1 (Very small left lobe, deep coastal impressions) 1 2 

Type 2 (Complete atrophy of left lobe) Nil 0 

Type 3 (Transverse saddle-like liver, relatively large left lobe) Nil 0 

Type 4 (Tongue like process of the right lobe) Nil 0 

Type 5 (Very deep impressions and corset constrictions) 3 6 

Type 6 (Diaphragmatic grooves) 4 8 

 

Table 4: Showing variations of the liver in various studies 

Study Year Accessory 

fissures of 

the right 

lobe[%] 

Fusion of 

Quadrate 

lobe with 

left lobe[%] 

Accessory 

fissures of 

left lobe [%] 

Lingular 

process 

[%] 

Accessory 

lobe [%] 

Hypoplastic left 

lobe[%] 

Aktan ZA et al. 2001 - 14.81 - - - - 

Sangeetha M et al. 2014 0 - 1.81 - 9.09 - 

Wahane A et al. 2013 - - - 4 16 4 

Khedekar DN et al. 2014 - - - - 6 - 

Saritha S et al. 2015 16 - 2 - - - 

Saxena A et al. 2016 - 20  25 - - 

Tallapanenisreekanth 2016 26.66 - 4.44 - - - 

Chaudhari HJ et al. 2017 - - - - 3.7 - 

Khajuria SR et al. 2018 - - - 6 12 - 

Anbumani L et al. 2020 40 - 3.3 6.6 10 - 

Anasuya DG et al. 2020 - - - 14 24 6 

Present study 2022 28 14 4 6 6 4 

 

Table 5: Showing variations of the liver according to Netter's classification in various studies 

 

 
Figure 1: Liver showing accessory fissure in the 

diaphragmatic surface of the right lobe ( ). 

 

 
Figure 2: Liver showing accessory fissures in the 

diaphragmatic surface of the right liver ( ). 

 
Figure 3: Liver showing Lingular Process ( ). 

 

 
Figure 4: Liver showing Lingular Process ( ). 

Study Year Netter's classification (in %) 

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 

Nagato AC et al. 2011 8.19 1.64 6.56 21.31 9.84 6.56 

Sangeetha M et al. 2014 7 4 7 9 6 7 

Saritha S et al. 2015 2 - 4 2 6 4 

Saxena A et al. 2016 10 - - - 10 10 

Chaudhari HJ et al. 2017 17.5 - - 1.25 1.25 7.5 

Anbumani L et al. 2020 - 3.3 - 6.6 - - 

Anasuya DG et al. 2020 36 8 12 14 10 28 

Present study 2022 2 - - - 6 8 
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Figure 5: Liver Showing Hypoplastic Left Lobe ( ) 

 

 
Figure 6: Liver showing Quadrate Lobe fused with 

Left Lobe ( ) 

 

DISCUSSION 
 

Congenital abnormalities or anatomical variations of 

the liver are mostly related to the vascular system 

and biliary tree changes of the liver. Common 

congenital anomalies are deformed lobes, atrophy of 

lobes, smaller lobes, agenesis of the lobes and 

hypoplastic lobes. External morphology of the liver 

is highly varied, which creates a wide range of 

presentations on physical examination, radiologic 

imaging and post-mortem studies. 

Morphological study of the liver 

Various authors did the morphological study of the 

liver, and the results of the present study were 

compared with them.  

The mean transverse diameter of the right lobe of 

the liver was observed to be 13.8cm, which was 

equal to the report of Joshi MM et al.[10] The mean 

vertical diameter of the right lobe of the liver was 

observed to be 8.4 cm, which was closer to the 

report of Joshi MM et al. (2017).[10] 

The mean transverse diameter of the left lobe was 

12.2 cm, and the mean vertical diameter of the left 

lobe was 7.6 cm, equal to the report of Joshi MM et 

al (2017).[10] 

Variations of the liver: 

In 50 liver specimens studied, multiple variations 

like accessory lobes, accessory fissures, lingular 

process of left lobe, and fusion of quadrate lobe with 

left lobe were identified and tabulated. The results 

were compared with studies by various authors. 

In the present study, the accessory lobes were noted 

in 6%, equal to Khedekar DN et al.[11] [Table 4]. 

The accessory lobe commonly arises from the right 

lobe, and these lobes risk torsion.[12] When the 

liver's accessory lobe is small, it may be mistaken 

for a lymph nodule. 

In the present study, accessory fissures were noted 

in lobes. In the right lobe, accessory fissures were 

present in 28%, and in the left lobe, accessory 

fissures were present in 4%, almost equal to the 

report of Tallapaneni Sreekanth [Table 4].[13] 

The multiple accessory fissures may mimic 

pathologic macro nodular liver on CT. These 

fissures may be associated with diaphragmatic 

scalloping or eventration on a chest film. Fluid 

collection in these fissures may be mistaken for liver 

abscess, cyst, intrahepatic hematoma or implantation 

of disseminated tumor cells. The invagination of the 

muscular diaphragm forms the fissures into the liver 

on the coastal surface. These accessory fissures may 

cause errors in diagnosis in imaging modalities. 

These fissures are areas of reduced vascularity and 

play an important role during segmental resection of 

the liver.[14] 

In the present study, a hypoplastic left lobe was 

noted in 4%, equal to the reports of Wahane A et 

al.[15]Lingular process was noted in 6%, which was 

closer to the reports of Abhilasha Wahane A et al.[15] 

The lingular process of the left lobe could be 

mistaken for subcapsular splenic hematoma. Fusion 

of the left lobe and the quadrate lobe was noted in 

14%, which was closer to the reports of Aktan Z A 

et al [Table 4].[16] 

Netter's Classification.[17] 

The lobes of the liver were studied in detail and 

classified according to Netter's classification and 

correlated with other studies.  

In the present study, Netter's type 1 was seen in 2%, 

which was equal to Saritha S et al.[18] Type 2 was 

absent, which was similar to Saritha S et al,[18] 

Saxena A et al,[19] and Chaudhari HJ et al,[20] type 3 

was also absent, which was similar to Saxena A et 

al,[19] and Chaudhari HJ et al,[20]Anbumani L et 

al.[21] Type 4 was absent, similar to Saxena A et 

al.[19] Type 5 was seen in 6%, which was equal to 

Saritha S et al,[18] Sangeetha M et al,[22] and type 6 

was seen in 8%, which was lesser than Saritha S et 

al,[18] Chaudhari HJ et al,[20] and Sangeetha M et al 

[Table 5].[22] 

As most of the diagnosis and treatment of liver 

pathologies like laparoscopic procedures (like 

hepatectomy and ablation) depend primarily on 
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radiological imaging, detailed knowledge of the 

liver's anatomical variation is essential for surgeons 

and radiologists to prevent wrong interpretation in 

the diagnosis. 

 

CONCLUSION 
 

The knowledge of variations of the liver like 

agenesis, atrophy, presence of accessory lobes or 

fissures can prevent diagnostic errors in 

interpretations by radiologists and surgeons. 

Awareness of these variations helps to avoid fatal 

complications. It helps in planning appropriate 

surgical approaches. It also serves as a guide for 

proper interpretations of liver images using various 

imaging modalities. 

These findings assume more importance to an 

anatomist, surgeons during hepatic segmentation 

and radiologists. The knowledge of the liver may be 

of immense use to clinicians in diagnosing and 

managing hepatic diseases and to embryologists for 

early intervention. These variations are also 

important in cases of laparoscopic removal or 

thermal ablation of liver mass. 
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