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Abstract Background: Liver is largest gland of body which occupies a substantial portion of upper abdominal cavity. 

Morphological variations of liver are in form of accessory fissures, shape and number of accessory lobes, etc. Knowledge 
of these variations and having awareness is useful to the clinicians to rule out the disease, to the radiologist for diagnostic 
imaging ,for surgeons during segmental resection of liver for favourable surgical outcome. The present study aims to 
analyse and classify the morphological variations of liver observed during the study. Material and Methods: fifty adult 
cadaveric human liver preserved in formalin of unknown sex were observed. Different variations in lobes, fissures and 
accessory lobes, lobar atrophy and any other variations on the surface of the livers were observed. The liver specimens 
were also classified according to Netter’s six types of morphological liver variations. Results: Out of fifty human 
cadaveric livers only 4 specimens (8%) were normal in their external appearance and 46(92%) liver specimens showed 
morphological variations .Out of 46 specimens, accessory fissures were observed in 25 (50%) specimens, pons hepatis 
joining the left lobe with quadrate lobe was seen in 4(8%) of specimens, Absence of fissure for ligamentum teres was 
seen in 1 (2%) specimen, elongated left lobe was present in 4(8%) specimens. Mini accessory lobe were seen in 4(8%) 
specimens. Large papillary process seen in 1 (2%) specimen. According to Netter’s classification, Type 4 (tongue like 
process of right lobe) seen in 1(2%) specimen. Type 5 (very deep renal impressions and corset constriction) seen in 
3(6%) specimen and type 6 (diaphragmatic groove) was seen in 3(6%) specimens. Conclusion: The variations observed 
in our study will be of great importance to anatomist, surgeons and radiologist. 
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INTRODUCTION 
The liver is wedge shaped, largest gland of the body 
situated under the right dome of diaphragm and occupies 
the right hypochondrium and epigastric region. Falciform 
ligament divides the liver into anatomical right lobe and 
left lobe, fissure for ligamentum venosum and fissure for 
ligamentum teres. The additional lobes of liver i.e the 
caudate and quadrate lobes are parts of right lobe 
separated from each other by porta hepatis .Inferior 

surface of liver presents with fossa for gall bladder. 
Fundus of gall bladder is situated beyond the inferior 
border1. Morphological variations of liver are in the form 
of accessory fissures, accessory lobes. Having thorough 
knowledge of such variations of liver is of great 
importance to the radiologist for diagnostic imaging, 
minimal invasive surgical procedures and operating 
surgeons for favourable surgical outcome2.The present 
study aims to study the morphological variations of the 
liver which can be of significance to the anatomist, 
radiologist and especially surgeons operating to avoid 
iatrogenic complications during operative procedure. 
 
MATERIAL AND METHODS 
The study was conducted in the department of Anatomy 
of BIMS, Belgaum after obtaining the ethical approval 
from institutional ethical committee prior to the 
commencement of the study. Fifty adult cadaveric human 
livers preserved in formalin of unknown sex were 
selected for the study. Specimens with pathological 
findings and damaged liver specimens were excluded 
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from the study. The lobes of liver right lobe, left lobe, 
caudate lobe and quadrate lobes were studied in detail for 
their morphological variations and were also classified 
according to Netter’s classification3 (table no-4) .The 
specimens were photographed and the observations were 
noted down. 
 
RESULTS 
In the present study, out of fifty (50) human cadaveric 
livers only 4 specimens (8%) were normal in their 
external appearance(table no—1/fig no-1). 
However,46(92%) liver specimens showed morphological 
variations in form of fissures, lobes, shape and size of 
lobe, variations were also observed according to Netter’s 
classification(table no -2,3 and 4 ). As shown in table no- 
2, accessory fissures were observed in 10(20%) 
specimens (fig no -2) on different parts of right and left 
lobes resulting in accessory lobes. Transverse fissures on 

quadrate lobe dividing into superior and inferior lobe was 
observed in 11(22%) specimens (fig no -3). Accessory 
fissure on caudate lobe dividing it into superior and 
inferior lobe was seen in 4(8%) specimens (fig no-4). As 
shown in table no -3, pons hepatis joining the left lobe 
with quadrate lobe was seen in 4(8%) of specimens( fig 
no 5).Absence of fissure for ligamentum teres was seen in 
1 (2%)specimen ( fig no -6).Elongated left lobe was 
present in 4(8%) specimens( fig no -7). Mini accessory 
lobe were seen in 4(8%) specimen(fig no- 8,9) .Large 
papillary process seen in 1 (2%)specimen( fig no- 10). 
According to Netter’s classification [table no-4],Type 4 
(tongue like process of right lobe ) seen in 
1(2%)specimen( fig no-11) .Type 5 ( very deep renal 
impressions and corset constriction) seen in 3(6%) 
specimen and type 6 (diaphragmatic groove ) was seen in 
3 (6%)specimens ( fig no-12,13). Type 1, 2 and type 3 
were not found in any specimens. 

 
Table 1: showing observations in the present study 

Observations Number of specimens 
Normal specimens 04 (08%) 

Specimens showing morphological variations 46 (92%) 
Total 50 

 
Table 2: showing the occurrence of accessory fissures in liver specimens ( n=25) 

Observations Number of specimens (%) 
Accessory fissures on other lobes 10(20%) 

Accessory fissures on caudate lobe 04(8%) 
Accessory fissure on quadrate lobe 11(22%) 

Liver specimens not showing any fissures 25 
 

Table 3: showing the morphological variations on lobes of liver ( n=14) 
Morphological variation Number of specimen (%) 

Pons hepatis connecting left lobe with quadrate lobe 04 
Elongated left lobe present 04 
Mini accessory lobe present 04 

Large papillary process and long caudate process 01 
Absence of fissure for ligamentum teres 01 

 
Table 4: showing morphological variations according to Netter’s classification(3)(n=7) 

observations Number of specimens(%) 
Netter type 1( very small left lobe , deep costal impression) -- 

Netter type 2 ( complete atrophy of left lobe) -- 
Netter type 3 ( transverse saddle like liver ,relatively large left lobe) -- 

Netter type 4 ( tongue like process of right lobe) 01(2%) 
Netter type 5 ( very deep renal impressions and corset constriction) 03(6%) 

Netter type 6( diaphragmatic grooves) 03(6%) 
Liver not presenting morphological variations according to Netter’s classification 43 

 
Table 5: Comparison of observations with similar studies 

Morphological features Joshi SD et 
al.,[16] 

( n=90) 

Muktyaz H 
and Nema 
U[2] 

(n=41) 

Patil S et al 
.,[14] 

(n=50) 

Nayak 
BS[17] 

(n=55) 

Chaudhari et 
al.,[18] 

(n=80) 

Present 
study 
(n=50) 

Accessory fissures 30% 12.1% 10% 1.81% 12.5% 20% 
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Accessory fissures on caudate lobe ---- ---- ---- ---- 03.7% 04% 
Superior and inferior Quadrate lobe 20% ---- 04% ---- 07.5% 11% 
Pons hepatis connecting left lobe 
with quadrate lobe 

30% ---- 10% ---- 01.25% 08% 

Absence of fissure for ligamentum 
teres 

---- 09.7% 04% 01.81% 11.2% 02% 

Riedel’s lobe present ---- ----- ----- ---- 01.25% ---- 
Elongated left lobe present ---- ---- ---- 01.81% 12.5% 08% 
Mini accessory lobe present ---- ---- 02% ---- 03.7% 08% 
Large papillary process 32% ---- ---- 01.81% 01.25% 02% 
 

  
          Figure 1      Figure 2                 Figure 3 

  
           Figure 4     Figure 5                                Figure 6 

 
           Figure 7              Figure 8                Figure 9 

    
  Figure 10    Figure 11         Figure 12    Figure 13 

Figure 1: showing normal morphological features of liver; Figure 2: showing accessory fissures on left and right lobes of liver; Figure 3: 
showing accessory fissure with superior and inferior quadrate lobe; Figure 4: showing accessory fissure with superior and inferior caudate 
lobe; Figure 5: showing pons hepatis connecting left lobe with quadrate lobe; Figure 6: showing absence of fissure for ligamentum teres; 
Figure.7: showing elongated left lobe of liver; Figure 8: showing mini accessory lobe and accessory fissures on right and left lobes; Figure 9: 
showing mini accessory lobe and elongated left lobe; Figure 10: showing large papillary process and long caudate process; Figure 11: 
Netter’s type -4 showing tongue like process on right lobe; Figure 12: Netter’s type 5 showing very deep renal impression and corset 
constriction; Figure 13: Netter’s type -6 showing deep diaphragmatic grooves. 
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DISCUSSION 
The embryological development of liver begins at fourth 
week of intrauterine life as an ventral out pouch on 
endodermal tube at the junction of foregut and midgut. The 
hepatic bud thus formed grows within the ventral 
mesogastrium, and reaches the septum transversum dividing 
into right and left branches. Each branch gives rise to cluster 
of cells, the hepatic cylinders, which eventually form two 
solid masses. These solid masses are symmetrical and 
represent the rudimentary right and left lobes of liver. Liver 
is the most massive of the viscera, occupying the substantial 
portion of abdominal cavity4. The morphological variations 
can be congenital malformations of the liver which include 
agenesis of the lobes, absence of segments, deformed lobes, 
atrophy of segments and hypoplastic lobes. These anomalies 
can be due to excessive development or defective 
development. Sometimes these anomalies can be associated 
with malformations of other organs like diaphragm and 
suspensory apparatus of liver5. The lobar and segmental 
anomalies are rarest of all malformations. The 
embryological basis of the anomalies of liver morphology 
occurring in the course of organogenesis remains to be 
elucidated6.Some of the morphological changes detected 
during advanced imaging examination may actually be 
pseudo—lesions resulting from perfusion defects, focal fatty 
infiltrations and other causes may not represent true 
parenchymatous lesions7. As shown in table no.1, in the 
present study 4 specimens showed normal external 
morphology and 46 liver specimens presented with 
morphological variations. Comparison of the observations 
reported by various authors with the present study has been 
tabulated in table no-5. Accessory hepatic fissures are 
considered to be the potential source of diagnostic error 
during imaging , as accessory fissure is the most common 
morphological variation. In the present study, accessory 
fissures were observed in 10 specimens on right and left 
lobes of liver (fig no- 2). Transverse fissure was observed on 
quadrate lobe dividing it into superior and inferior lobe in 4 
specimens and on caudate lobe dividing it into superior and 
inferior lobe in 4 specimens (fig no- 3,4). The fissures are 
formed by the invagination of muscular diaphragm into the 
liver on costal surface .Multiple accessory fissures may 
mimic pathologic macronodular liver on CT. Fluid 
collection in these fissures may be mistaken for a liver cyst, 
liver abscess or implantation of disseminated tumor cells. 
Hence screening the presence of accessory fissures becomes 
important during radiological intervention and surgical 
procedures8. An accessory lobe of liver is an anatomical 
abnormality that is rarely seen and is mostly due to 
embryonic heteroplasia. Accessory lobes can be of two types 
,an accessory lobe joined to normal hepatic tissue and lobe 
that is completely separate .It can be classified as 
pedunculated or sessile9,10.Embryologically accessory lobes 
are formed by the displacement of the primitive rudiment of 
the organ or by the persistence of the mesodermal septa 
during proliferation , which occurs due to defective 

formation of the caudal foregut and hepatic bud in the third 
month of the intrauterine life11.Riedel’s lobe is the most 
commonly occurring variation of the reported accessory 
lobes12, however Riedel’s lobe was not observed in the 
present study. Jurkovikj reported small accessory lobe 
connecting the tuber omentale by mesentry containing portal 
and biliary elements13.In the present study accessory lobe 
were present in 4 specimens out of which 3 specimens 
showed accessory lobe between quadrate lobe and porta 
hepatis joined to normal hepatic tissue, in another specimen 
a mass of hepatic tissue projected between the caudate lobe 
and quadrate lobe of liver(fig no- 8,9). Complications of 
accessory liver lobe is torsion, especially in pedunculated 
form which requires emergency surgical intervention14.Mini 
accessory lobes can be mistaken for lymph nodes and can be 
removed accidentally during surgery which would result in 
excessive bleeding in abdomen due to damage to liver lobe 
or vascular pedicle11.Another morphological variation 
observed was the presence of pons hepatis. In case of pons 
hepatis, bridging the fissure for ligamentum teres, normal 
visualization of the fissure would not be possible and 
dimensions of the right and left lobes may be 
mistaken15.Joshi et al, studied 90 liver specimens out of 
which 30% of liver specimens had variable pons hepatis16 . 
In the present study, pons hepatis was observed in 4(8%) of 
specimen( fig no-5), observations are in accordance with 
Patil S et al., who observed similar findings in 10% 
specimens out of 50 liver specimens14.Absence of fissure for 
ligamentum teres was observed in 1(2%) specimen (fig no- 
6),similar finding was reported by Muktyaz H and Nema U2. 
Findings in the present study correlates with BS Nayak17 
who also encountered the similar finding in 1.81% of 
specimen whereas contradicts with the findings of Chaudhari 
et al who reported the absence of fissure for ligamentum 
teres in 11.2% of specimens18.Morphological variations of 
left lobe include hypertrophy of left lobe, hypoplasia of left 
lobe and presence of fissures15.Atrophy or hypoplasia of left 
lobe has been reported19.On the contrary, in the present 
study, Netter’s type 1 and type 2 presentation i.e small or 
complete atrophy of left lobe was not observed .Instead , 
elongated left lobe was observed in 4 specimens( fig no- 
7,9). Similar observations were reported by Arya R S et al 
and Nayak BS in 15% liver specimens with tongue like 
elongation of left lobe and 1.81% livers were reported with 
extremely long left lobe respectively20,17.Defective 
development of left hepatic lobe can lead to gastric volvulus 
,whereas defective development of right lobe of liver either 
remains clinically latent or leads to portal hypertension6.The 
caudate lobe is considered as an independent segment 
according to Couin and classification .Isolated resection of 
caudate lobe and resection of caudate lobe combined with 
major hepatectomy procedures for hepatocellular carcinoma 
or hilar bile duct carcinoma has increased in 
number21.Therefore the knowledge of morphological 
variations of caudate lobe is essential for surgeons. Phad et 
al., reported enlarged caudate process in 10% of specimens 
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and enlarged papillary process in 5% of specimens15. In an 
extensive study by Joshi et al., on variations of liver , 
notching along the inferior border of caudate lobe was found 
in 18% of liver, a vertical fissure in 30% and prominent 
papillary process in 32% of specimens16.In the present study 
, prominent papillary process and long caudate process was 
observed only in one specimen ( fig no- 10) which correlates 
with similar findings reported by Nayak BS and Chaudhari 
et al.,17,18.It was suggested that normal sized or small 
papillary process on computed tomography may be mistaken 
for enlarged porta hepatis nodes and when enlarged papillary 
process extends to left side it can mimic pancreatic body 
mass22.Acquired changes in the liver morphology are 
represented by the following characteristic features:1) 
linguiform lobes 2) costal organ with very small left lobe 3) 
deep renal impression and corset type constriction and local 
infiltration of organ of gall bladder23.In the present study , 
Netter’s type 1,2,3 were not observed among 50 liver 
specimens ,whereas Netter’s type 4,5 and 6 were observed 
i.e tongue like process of right lobe was seen in 1(2%) 
specimen, very deep renal impression and corset type 
constriction seen in 3( 6%) specimen and diaphragmatic 
sulci were observed in 3 (6%) specimens( fig no -11,12,13). 
Diaphragmatic sulci are formed due to irregular growth of 
liver parenchyma which is caused due to the resistance by 
different bundles of diaphragm. Diaphragmatic sulci could 
be a good landmark for projection of the portal fissures and 
of the hepatic veins with their tributaries running through 
them24. 
 

CONCLUSION 
The findings in this study will help anatomist, radiologist, 
surgeons to understand the morphological variations of 
liver which will be helpful for operating surgeons and 
radiologist to prevent complications and misdiagnosis. 
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