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ABSTRACT

The colon is a very variable organ morphologically and anatomically depending on genetic, diet, environmental
and developmental factors. The present study is based on cadaveric dissection and radiological correlation of the
morphological variants of colon in eastern Indian population. The aim of the research was to find differences in
the length, diameter, fixation pattern, deviation in position, and congenital anomalies of the colon in adult
specimens which were collected from the Kalinga Institute of Medical Sciences (KIMS). A total of 120 colons in
adult patients (80 cadaveric and 40 radiological) were evaluated. Standardized anatomical protocols were used to
record morphometric measurements. Statistical analysis was used to find regional trends and demographic
associations. The findings indicated that length of sigmoid colon, redundancy of the transverse colon, mobility of
the ascending colon and position of the splenic flexure are significantly different. 28.3% of cases were found to
have redundant sigmoid colon and 18.3% of specimens had mobile ascending colon. Dolichocolon was found in
14.2% of patients, primarily in older patients. A difference in the taeniae coli arrangement as well as a difference
in the distribution of appendices epiploicae was also noticed. The mean colonic length of male subjects was found
to be greater than that of female subjects. The radiological results were supportive of the cadaveric results and
brought into focus the clinically significant differences positionally with regard to volvulus and constipation. The
study found that variability among the colon is not very uncommon in eastern India and plays an important role
in abdominal surgeries, colonoscopy, colorectal oncologic management and radiological interpretations. These
variants are recognized to aid in surgical planning, decrease intra-operative complications and improve the
diagnosis in gastrointestinal diseases. The study provides baseline data for anatomical studies that may be useful
for future clinical and anthropological studies and research concerning the morphology of colon in South Asian
population.
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1. Introduction ethnic and geographic populations (Kurian

The large intestine is the last part of the
gastrointestinal tract and is responsible for
important functions of water absorption,
electrolyte regulation, microbial
metabolism and storage of feces. Colon is a
part of the intestine that is located between
the ileocecal junction and the rectosigmoid.
The colon is divided anatomically into four
parts: ascending colon, transverse colon,
descending colon and sigmoid colon. The
basic structure of the colon is rather
standard in humans and there are many
morphologic variations between different

et al., 2023). These differences involve
length, diameter, mobility, fixation, flexural
configuration and mesenteric attachment of
the colon.

Anatomical diversity of the colon has
significant clinical relevance as abnormal
variation in position and structure often is
the cause of intestinal disease including:
volvulus, chronic constipation, bowel
obstruction, inflammatory bowel disease,
and colorectal carcinoma. Variations in
vascular supply and fixation pattern of the
colon have impact on colectomy,
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laparoscopic  surgery, and colorectal
reconstruction in surgical practice. Normal
and variant colonic anatomy is also
essential to the ability of interpreting
computed tomography and contrast studies
radiologically.

There are also differences in diet and
environment in the Eastern population,
which may be reflected by differences in
the morphology of the gastrointestinal tract.
Differences in bowel physiology and
intestinal development are related to high
carbohydrate intakes, diets high in fibre,
consumption of fermented food and
socioeconomic diversity (Meena et al.,
2024). While this topic may have clinical
significance, a detailed study of colonic
variants in this population group has not
been carried out. Most of the published
sources are from western population and do
not necessarily reflect the pattern of
anatomy of the South Asian population.
Colon is a complicated embryological
structure that rotates and attaches itself to
the fetus. Disturbance of the rotation of the
midgut or fusion of the mesentery may
cause congenital anomalies of the midgut
such as mobile cecum, malrotation,
redundant colon, and atypical flexures
(Kalita et al., 2022). These changes in body
function can go unnoticed, or may develop
later as acute abdominal emergencies.
Knowledge of the colon, therefore, by

morphometric  evaluation not only
contributes to the knowledge of anatomy,
but the knowledge of developmental
pathology as well.

The morphology of the colon in living
populations has been investigated by
improvements of imaging technology,
including multi-detector computed
tomography and virtual colonography.
Although dissection of cadaver is the most
reliable way to get detailed information
about anatomy, yet, it is direct visualization
which can enable accurate measurement of
anatomical parameters and identification of
minor deviation of anatomy.

The present study aimed to explore the
morphological variants of the colon in
eastern Indian population using cadaveric
and radiological study. The objectives were
to assess the dimensions of the colon, to
determine the pattern of fixation, to
establish the presence of positional
anomalies, to compare the sexes and to
assess some morphologically relevant
characteristics of clinical interest (Sukhija
et al., 2025). This study aimed to generate
the region-specific anatomical data which
can be useful for the clinician (anatomists,
radiologists,  gastroenterologists  and
colorectal surgeons) in clinical practice and
research.
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Figure 4. Gross Anatomical Structure of the Human Colon Showing Major Segments of
the Large Intestine

2. Literature Review

Magar (2024) mentioned the morphology
of the root canals of permanent anterior and
posterior teeth of Indian population, and he
concluded that there is a high variation in
the morphology of root canals, so there is a
necessity to have proper diagnosis of the
disease  for  endodontic  treatments.
Knowing the internal anatomy of the tooth
is very important, it is a major factor in
successful root canal therapy, and canals
that are not  diagnosed  and/or
morphological complexities will usually
result in a failure of the therapy, the author
said. The literature reviews of previously
published Indian studies regarding
configuration of root canal, bifurcation,
accessory canals, and ethnic variations in
dental morphology were carried out. The
study revealed that the canal pattern of the
anterior teeth was relatively simple and the
molars in both upper and lower jaw were
more complex. This high variation in root

canal anatomy in Indians could be due to
genetic diversity, environmental factors or
developmental factors, said Magar. The
author also demonstrated the wuse of
advanced imaging tools to detect hidden
canals and advanced imaging patterns such
as cone beam computed tomography
(CBCT). The narrative review also cited the
fact that the traditional methods of
radiographic imaging may not show
accessory canals and may not reveal
atypical root forms, which could increase
the risk of incomplete debridement during
endodontics (Magar et al., 2024). The study
also emphasized the need for the population
specific anatomical databases because there
are significant differences in the anatomy of
various ethnic groups. Magar finally
concluded that “the clinicians should adopt
careful diagnostic and radiographic
protocol to improve the therapeutic success
and minimise the procedure complications
of anatomical variation.”
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Talukdar 2023 stated that red blood cell
indices, morphology of these cells have
significantly changed in elderly people of
Eastern India indicating multifactorial
etiology of hematological disorders in
elderly. The study was a cross sectional
assessment of geriatric patients to assess the
haematological parameters which were
concentration of haemoglobin, mean
corpuscular volume, mean corpuscular
haemoglobin and morphology of peripheral
blood smear. Microcytic hypochromic
anemia was most commonly observed in
elderly patients, normocytic normochromic
and macrocytic anemia were following
(Talukdar et al., 2023), Talukdar reported.
The author mentioned that aging and
nutritional deficiency, as well as chronic
inflammatory diseases, gastrointestinal
bleeding, and physiological changes are all
major contributors to the alteration of the
morphology of red blood cells in elderly
individuals. The study also highlighted the
importance of studying the peripheral
smear, because the automated
hematological indices may not be enough to
describe the abnormalities of the peripheral
smear. Chronic disease-associated anemia
was particularly seen to have an adverse
impact on elderly people with chronic
diseases like diabetes, renal dysfunction
and cardiovascular diseases, said Talukdar.
The study also  suggested that
morphological screening of haematological
parameters may be helpful in patient
management and reduce morbidity due to
undiagnosed anaemia. The author finally
concluded that the detailed investigation of
RBC indices and
microcytosis/macrocytosis on blood smear
is essential in geriatric medicine, despite the
fact of low resource utilization and anemia
being a significant health issue in the
population in the Eastern Indian healthcare
facility.

Comparative assessment of the two-
dimensional and three-dimensional culture
models of colorectal cancer provides
valuable information regarding the
morphology of cells, gene expression and

interaction with tumor microenvironment
in CRC progression, states Abbas (2023).
The study found that the structure and gene
expression of 2-D flat organ -culture
matched that of the 3-D spheroidal cancer
models, which are fast becoming the
standard platform used in colorectal cancer
research. Abbas said two-dimensional
culture systems are not reflective of the
physiological architecture and intercellular
interactions seen in vivo and thus do not
have sufficient translational relevance for
oncology research (Abbas et al., 2023).
However, 3D models revealed increased
cell heterogeneity and metabolic activity
changes, along with more realistic shapes of
the tumor, very similar to morphologic
characteristics of real colorectal neoplasms.
The authors report that the spheroid
cultures exhibited a higher level of
expression of genes associated with
hypoxia, proliferation, angiogenesis and
drug resistance. Morphologically, the 3D
culture displayed an organisation of cells
and interaction with the extracellular
matrix, whereas these were not observed for
the traditional 2D cultures. Abbas also
highlighted the value of advanced culture
models in understanding the processes of
tumour progression, therapeutic response
and metastatic behaviour in CRC. The role
of transcriptomic profiling in highlighting
molecular pathways involved in cellular
adaptation and resistance to therapy was
highlighted. The author proposed that the
3D colorectal cancer model would be better
experimental models for cancer biology
research and therapeutic development as it
mimics more closely the structural and
molecular  characteristics of human
colorectal cancer.

Thoithoisana Devi et al. (2023) has reported
that the hydroalcoholic extracts of the fruits
of Terminalia chebula from different
geographical sources of Manipur are
discovered to possess significant medicinal
values against colorectal cancer with varied
phytochemical properties. Standardized
extracts of plants were subjected to
Chemical and Biological evaluation of the
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plants for anticancer activity and
antioxidant activity. Thoithoisana Devi said
the variations that occurred due to the
geographical origin had impacts on
bioactive compounds like phenolics,
tannins, flavonoids and gallic acid
derivatives. The author described the
significant role of these phytochemicals in
the anticancer activity of Terminalia
chebula through their inhibitory effects on
cellular proliferation, suppression of the
pathways involved with oxidative stress
and induction of apoptosis (Thoithoisana
Devi et al., 2023). Experimental analysis
revealed that the extract possessed
significant cytotoxic effects towards
colorectal cancer cell lines, suggesting its
potential therapeutic application in cancer
management. The study also revealed that
antioxidants activity and antiproliferative
action of extracts from some parts of
Manipur is more than other parts indicating
environmental influence on
phytochemicals composition. Variability in
the phytochemicals is an effect of the
therapeutic efficacy and reproducibility,
hence the need for standardization in the
research of herbal medicine was
emphasised by Thoithoisana Devi. In
addition, the study highlighted the
significance of traditional medicinal plants
for the development of an alternative
treatment  strategy = for  colorectal
malignancy. The author suggests that the
pharmacological properties of Terminalia
chebula are promising for more in-depth
preclinical and clinical studies as a
therapeutic agent and a chemopreventive
agent for colorectal cancer.

Among those who undergo the metabolic
and bariatric surgery, there is a strong
association between total small bowel
length and glycaemic control and metabolic
syndrome parameters, according to Ngo
(2026). The purpose of the study was to
evaluate the association between intestinal
morphology and postoperative metabolic
outcomes in a Taiwanese population in a
cross-sectional study. Ngo reported better
glycaemic response and a better glycaemic

regulation in patients with a longer length
of the small bowel following the bariatric
procedure. The author went on to explain
that the intestine of long length is needed
for the absorption of nutrients and hormone
and glucose pathways that regulate the
homeoseasis of glucose. The study also
revealed that a difference in the shape of the
bowel may be associated with difference in
weight loss and diabetes remission after
surgery (Ngo et al., 2026). For this reason,
the precise measurement of intestinal length
at surgery could aid in optimizing metabolic
outcomes and planning surgery. The study
also reminded researchers of the
importance of considering anatomical
differences when conducting weight loss
surgery because an excessive amount of
bypass could result in a nutritional
imbalance and insufficient bypass could
impact the efficacy of the surgery. The
author noted that those who had shorter
bowel length had relative poorer metabolic
improvement and greater residual insulin
resistance. Based on the results of the
investigators, the intestinal morphometry
component should be added to future
protocols for bariatric surgery and
predictive outcome models because it is an
important factor in metabolic adaptation.

According to Rashid (2022), intestinal
schistosomiasis is one of the significant
parasitic disease of cattle and buffaloes
which has heavily affected the health of the
animals and agricultural productivity with
zoonotic threat in the locality of Rajshahi,
Bangladesh. In endemics in rural settings,
prevalence, infection intensity and
associated risk factors were evaluated in
livestock populations. Inadequate
sanitation, polluted water sources and
inadequate veterinary management were
important factors in the spread of disease
among cattle and buffaloes, Rashid said.
Infected animals had diarrhea, loss of body
condition, anemia and loss of production,
the author reported. When examined
microscopically and parasitologically, the
intestine was involved, and was found to be
very extensive and to be damaged by
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parasites and inflammation. Rashid noted
that the public health and economic
implications of schistosomiasis are that
infection of livestock can contribute to a
reservoir of parasites in endemic
communities (Rashid et al., 2022). The
study also showed that there was variation
in the prevalence of infection throughout
the seasons, with higher infections found
during the humid and monsoon seasons
when there was more survival of the snail
intermediate host. The author suggested a
key role of using integrated disease control
measure like deworming, sanitation
improvement, and veterinary surveillance
in reducing the infection burden. The
research found that intestinal
schistosomiasis is still a significant
veterinary and epidemiological problem in
the agricultural areas of South Asia that
need coordinated public health intervention
and continued epidemiological studies.

The molecular subtyping as well as clinical
course of colorectal epithelial tumor in
CRC is significantly influenced by KRAS
mutation status as reported by Chakraborty
(2024). The aim of the study was to
evaluate the prevalence and pathological
significance of KRAS mutations in
colorectal neoplastic lesions and its
implication in the biology of the tumor and
targeted therapy. As for the advanced stage
of the tumor, aggressive histopathological
characteristics and therapy resistance were
frequently  associated  with  KRAS
mutations (Chakraborty et al., 2024),
Chakraborty said. The author said that
mutations in the KRAS oncogene cause
abnormal growth of cells, resistance to cell
death, and overactivity of signalling
pathways that trigger the transformation of
cells to cancer. The authors also discovered
that a tumor carrying a mutation tended to
have a poor prognosis compared to a tumor
that did not have a mutation, and to be more
invasive. Chakraborty emphasized the
importance of molecular profiling in CRC
management because of the importance of
the KRAS mutation status in targeted anti-
EGFR therapy. An important discovery of

this research was the development of
molecular  diagnostic  techniques in
precision oncology and personalized cancer
care. Histopathological assessment and
molecular analysis provided better insights
into the disease and tumour heterogeneity.
From the study, the author suggested that
the molecular changes play an important
role in the prognosis, response to therapy,
and long-term clinical outcome in CRC and
suggested that the mutation of KRAS
should be a mandatory diagnostic and
therapeutic tool in the field of CRC
diagnosis and treatment.

3. Materials and Methodology

3.1 Study Design

The study was designed as a cross sectional
observation anatomical study in the present
investigation with a combination of cadaver
dissection along with  radiological
assessment to determine the morphological
variants of colon in eastern Indian
population. The combined methodological
approach was used to support anatomical
and radiological evidence of morphological
changes in the colon as well as in the
fixation, mobility and positioning (Mandal
et al., 2023). The study was conducted in
the department of Anatomy and
Radiodiagnosis in the KIMS hospital level
health care units in Eastern India for a
period of 2 years from Jan 2024 to Dec
2025. This study was carried out in
accordance with the guidelines of
biomedical research and institutional
ethical approval had been received prior to
the start of the study.

The cadaveric part of the study enabled
direct observation and detailed
morphometric analysis of the colon and the
associated mesenteric structures. In vivo
large intestinal positional relationships and
luminal characteristics were shown by
computed tomography (CT) colonography,
which was used to perform radiological
evaluation and complemented the
anatomical evaluation. Both methodologies
were combined giving the observations a
greater reliability and applicability.
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The aim of the study was mainly to compare
the morphological features of the ascending
colon, transverse colon, descending colon,
sigmoid colon and flexures between the
various regions. Variations in length, in
mobility, in the attachment of the mesentery
and in mesentery redundancy, were
particularly noted, because of the important
surgical and diagnostic characteristics of
each.

3.2 Sample Selection

Total number of subjects in this study was
120 adult subjects. A total of 80 embalmed
cadaveric specimens, from anatomy
departments, and 40 radiological cases,
assessed by computed tomography

(Bhattacharjee et al., 2023). The cadaver
specimens are from adult bodies donated
for educational and research purposes. The
radiological cases were selected in a post-
hoc fashion from a cohort of patients that
received a CT colonography for non-
obstructive gastrointestinal investigation.

The cadaveric samples were all juveniles to
adults and both females and males. The sex
was determined from the institutional
record and from external sexing. The
radiological cases were from various socio-
economic and demographic groups of
people living in Eastern India. Cadaveric
and radiological specimens were both used
to make a comparative analysis of the

colonography, were collected colon's structure and position.
Table 1. Distribution of Study Samples
Sample Type Male Female Total
Cadaveric 52 80
specimens
CT colonography | 24 40
cases
Total 76 120

This difference between male and female
subjects was because of the availability of
cadaveric subjects and institutional records
during the study period. Each specimen was
numbered and all of the radiological cases
were numbered with a number code to
reduce the possibility of observer bias and
to enhance confidentiality in analyses.

3.3 Inclusion Criteria

To assure uniformity and reliability of the
data collected, specific inclusion criteria
were set. In order to be included in this
study, cadaveric adults over 20 years should
have abdominal viscera preserved and a
good intestinal morphology in large
intestine. In a few selected specimens, the
integrity of the abdominal wall was normal
and their preservation of the mesenteric
structures was sufficient for dissection
(Khan et al., 2026). The cadaver with no
evidence of abdominal trauma and no
previous colorectal surgery and without any
pathological distortion of the bowel and no
perforation were considered suitable for
anatomical evaluation.

The cases were selected for radiological
study depending on the image quality and
fullness of computed tomography
colonography examination. Patients with
good bowel preparation and adequate
distention of the colon during imaging were
selected to allow for good evaluation of the
colonic morphology and positional
changes. Only cases with good
visualization of all colonic segments in the
three planes (axial, coronal and sagittal)
were included in the analysis.

During the imaging, subjects with normal
hemodynamic status and without acute
gastrointestinal obstruction were preferred
to prevent the improper imaging of the
colon and the anatomical representation,
improving the distention of the colon
(Pandey et al., 2023). All the subjects were
divided into age groups to determine if
there was any difference in the colon's
morphology in the different age groups.
3.4 Exclusion Criteria

Several exclusion criteria were applied to
exclude factors which might influence the
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correct anatomical interpretation. We
avoided using cadaveric specimens that
were decomposed, had marked tissue
destruction, or had insufficient quality
embalming since soft tissue decay may
result in abnormal relationships. The
presence of congenital defects of the
abdominal wall, extensive intra-abdominal
adhesions and perforation of the intestine or
traumatic disruption of the colon were also
a contraindication.

There was no evidence of malignant
infiltration of the large intestine or
mesocolon, and this was not included as it
could be a source of distortion of the normal
morphology and measurements (Bulo ez al.,
2024). Also, inflammatory bowel disease,
megacolon or extensive fibrosis were
excluded from the study population.
Patients with inadequate imaging quality,
excessive motion artifacts, with incomplete
visualization of the colon, and radiological
cases with incomplete bowel preparation
were excluded. Patients who had previously
been operated on for colorectal surgery,
those with large obstructing masses and
patients with severe abdominal disease
were also excluded to eliminate any bias on
natural anatomical differences. Exclusion
of such cases increased the validity and
repeatability of morphometric
observations.

3.5 Morphometric Measurements

All measurements were performed and the
colon dissected in a standardized manner
with calibrated measuring instruments. A
midline incision was made on the abdomen
from the xiphoid process to pubic
symphysis. The small intestine was pushed
aside to expose the large intestine from the
ileal complication to the rectosigmoid area.
Colon was opened systematically without
disrupting the mesenteric attachments and
vascular  structures (George  and
Lakshmanan, 2024). Flexible measuring
tape, digital Vernier calipers and anatomical

reference points were used to obtain
measurements. The average measurement
was made to minimize observer variation
with three different observers measuring
each parameter.
The length of the colon was determined
with a ruler between the ileocecal junction
and the rectosigmoid junction along the
bowel's long axis. The parts of the colon
(ascending colon, transverse colon,
descending colon and sigmoid colon) were
measured separately. Diameter of the colon
was taken in the proximal, middle and distal
part of each segment.
Special attention was given to finding
repetitive patterns, "abnormal fixation" and
"loop patterns. Any colon that was
abnormally long or loops outside the
normal anatomic position was considered
redundant (Ramli et al., 2025). Mobility
was assessed by examining the persistence
of the mesenteric  regions  and
retroperitoneal  fixation. The flexural
position of the hepatic and splenic flexures
were investigated and related to the
surrounding structures.
The following parameters were assessed
during morphometric evaluation:
1. Total colonic length
Length of ascending colon
Length of transverse colon
Length of descending colon
Length of sigmoid colon
Diameter of individual colonic
segments
7. Presence of redundancy or
elongation
Fixation and mobility patterns
9. Position of hepatic and splenic
flexures
10. Mesocolon length and attachment
characteristics
11. Distribution of
epiploicae
12. Arrangement of taeniae coli

kW
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Figure 1. Anatomical Representation of the Human Colon Showing Segmental
Regions and Endoscopic Views of Colonic Variants

3.6 Radiological Assessment

This was performed by the wuse of
multidetector ~ computed  tomography
colonography in the radiodiagnosis
departments of all the institutions. Patients
were adequately prepared for the imaging
(Bhat et al., 2023). The air insufflation was
done under a controlled condition to aid
visualization of the bowel lumen and
mucosal contours.Air insufflation was
performed at controlled levels to facilitate
the visualization of the bowel lumen and of
the shape of the mucosa.

The imaging settings and acquisition of
multi detector computed tomography (256-
slice) scanner with thin slice were
reconfigured and performed in supine and
prone positions. Axial images were
reconstructed to assess the detailed
anatomy, in both the coronal and sagittal
planes (Mohakud et al, 2022). The
radiological analysis was directed on the
identification = of colon  segmental
redundancy, flexural positioning
abnormalities, colon mobility patterns and
generalized colon elongation.

The images were then sent to a group of
highly experienced radiologists and
anatomists who independently examined
the wvirtual colonographic images for
consistency of diagnosis. Radiological
variations compared to cadaveric findings
was done to obtain morphological
correlation (Shahin et al.,, 2024). In
addition, CT colonography allowed
analysis of the positions of the colon in the
abdominal cavity and the ability to detect
subtle variations that were not readily
apparent in regular dissection.

3.7 Statistical Analysis

The data obtained were entered into
Microsoft Excel Spread sheets and
analyzed statistically with SPSS version 26.
The descriptive statistical method was used
to calculate the mean value, standard
deviation, frequency and percentage of the
morphometric variables.

Independent sample t Tests were used in the
analysis of differences between male and
female subjects as appropriate for
continuous variables like colonic length and
diameter. Chi-square tests were used to
examine the relationships of sex, age group
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and prevalence of morphological variants
(Alsadhan et al., 2024). A p value < 0.05
was considered as statistically significant.
The observed anatomical variations have
been  represented  graphically  and
summarised in tabular form to demonstrate
the frequency and distribution of variations.
The statistical analysis was helpful in
objective interpretation of the difference in
the morphology and prevalence among the
population of the East Indian population.

4. Results and Analysis

4.1 Total Colonic Length

Morphometric analysis of colon revealed
that there were significant differences
between the study population in Eastern
part of India regarding the total length of
colon. The average colon length was 151.8

Table 2. Average Colonic Segment Lengths

+ 18.6 cm (range 118-196 cm), and was
significantly different between males and
females. Statistically significant difference
(p < 0.05) between the total colonic length
of males and females was found using an
independent sample t test.

The colon (transverse and sigmoid)
contributed the most consistently to the
variability in the colon. In particular large
variations occurred in length, shape and
mesenteric attachment of the sigmoid colon
(Pramardika et al., 2025). A few specimens
have very long sigmoid loops which were
pushed well into the pelvic cavity, and a
smaller number of specimens had extended
upwards into the lower abdominal cavity.
This long loop was often related to
hypermobility and hyperattached bowel.

Colonic Segment Male Mean (cm) Female Mean (cm) | Total Mean (cm)
Ascending colon 18.6 17.2 18.1
Transverse colon 474 44.1 46.2
Descending colon | 24.2 22.7 23.6
Sigmoid colon 42.8 38.5 41.2
Total colon length | 156.1 144.7 151.8
Average Colonic Segment Lengths
160
140 4
1204
£ 100
é‘ 804
60 4
40 4
201
I\scend\\"q colo® ransVe’ se 0" oesce“d"“q a 5'\9‘“6‘6 al 1ot co\on \engt®
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Figure: Distribution of Study Samples

Compared to the other segments of the
colon there was relatively little variation in
ascending colon length (Shakuri et al.,
2025). The average length of the ascending
colon was 18.1 cm, with the range being

from 14 cm to 24 cm. In most specimens,
the ascending colon was retroperitoneal and
fixed normally while in cases in which the
ascending mesocolon persisted there was
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increased segmental mobility and slight
elongation.

In the study population, the portion of the
colon that was transverse was the longest
single section of colon present in the body.
It increased to an average of 46.2 cm and
had some variation in position. In many
specimens the transverse colon was
propped up and sagging down towards the
hypogastric or umbilical area due to
elongation of the transverse mesocolon.
The generalized visceral laxity was
especially noticeable in the elderly patients
who suffered from this type of
displacement.

The average length of the descending colon
was 23.6 cm which had less variation than
the sigmoid or transverse colon (Avhad et
al., 2025). Most of the specimens had
normal retroperitoneal fixation of the
descending colon. However, a limited
number of them were showing some degree
of mobility with the mesocolon.

The  sigmoid colon was  most
morphometrically variable. The average
length of the sigmoid colon was 41.2 cm,
but a few specimens had a length greater
than 60 cm. Long mesocolon and too many
coils of the colon were often seen in
conjunction with redundant sigmoid loops.
These loops frequently occupied the pelvis
and sometimes extended down the midline
to the right side of the pelvis (Benmokhtar
et al., 2024). The greater variability of the
sigmoid colon may be due to
developmental differences in the growth of
mesenteries but also may be affected by
chronic, physiological circumstances like
constipation and bowel mobility.

During the morphometric analysis age-
related differences were also picked up.
Long and redundant colonic segments were
more common in elderly people (60 years

Table 3. Frequency of Colonic Variants

and older) than in younger adults. As the
animal ages, progressive elongation could
be the result of ageing, which weakens the
mesentric connective tissue and continues
to exert an intraluminal pressure.

The correlation between the radiological
findings of the CT colonography and the
cadaveric findings was very good (Tripathy
et al., 2025). Virtual colonographic
reconstruction has been used to depict the
segmental looping pattern and to verify that
patients with a diagnosis of dolichocolon
have excessive elongation. The radiological
method also showed the position of the
elongated bowel loops with reference to the
surrounding abdominal organs.

The dimensions of the colon for this study
were slightly less than those used in the
anatomical literature in the west. Relative
length of sigmoid and transverse colon was
higher in FEastern Indian population
suggesting that there might be ethnic,
nutritional and environmental influence on
the morphology of bowels. Long-term
distention and elongation of the colon can
be influenced by dietary factors, especially
a high carbohydrate and fibre diet.

The results suggest that there is a
considerable regional variability in the
study population and relatively high
frequency of segmental elongation of colon
in Eastern Indians.

4.2 Frequency of Morphological Variants
The re-retial study of the anatomy and
roentgenology showed several
morphological variants, in different parts of
the colon (Ghosh, 2026). Redundancy,
fixation changes, flexural changes and
abnormal arrangement of the taeniae
comprised variations. The variants are
summarized as to prevalence and
distribution.

Variant Number of Cases Percentage
Redundant sigmoid colon | 34 28.3%
Mobile ascending colon 22 18.3%
Dolichocolon 17 14.2%
Redundant transverse colon | 19 15.8%
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High splenic flexure 11 9.2%
Low hepatic flexure 8 6.7%
Abnormal taeniae | 13 10.8%
arrangement

35 4

Number of Cases

Colonic Variants

Figure: Frequency of Colonic Variants

Redundant sigmoid colon was the most
common anatomic derviation seen in the
present study. This was noticed in 34 out of
the total 28.3% of the study. The redundant
sigmoid loop was very deep in the pelvic
cavity in most cases, and was found to be
very mobile in the mesentry. In some
instances the loops were too tight or over-
lapping over the center line. In many
instances this redundancy caused a
narrowing at the base of the mesentery
which may be a predisposing cause for the
development of a volvulus.

Twenty-two mobile ascending colon
(18.3%) cases were found. These people
were found to have incomplete
retroperitoneal fixation, which enabled the
ascending colon and cecum to move
abnormally (Soekoe ef al., 2022). Mobility
was from slight displacement to complete
persistence of the mesenteries. Several
specimens demonstrated the change in
orientation of the vessels and mobility of
ascending mesocolon.

The prevalence of dolichocolon was
reported as 17 samples and 14.2% of the
sample. This was seen to involve elongation

of lengths of colon and was frequently seen
in children with a history of chronic
constipation in the radiological children.
Exaggerated flexures and bowels looping
was seen along the abdomen in specimens
of dolichocolon.

In 19 cases (15.8%) redundant transverse
colon was seen. Long transverse colon
commonly was found as a hanging part
below the umbilicus and occasionally into
the pelvis. Poor displacement of the bowel
was a large part due to excessive elongation
of the transverse mesocolon.

Eleven cases had high splenic flexure and
eight cases had depressed hepatic flexure.
The normal topographical arrangement of
the colon was disturbed by variations in
flexural positioning and sometimes the
position of adjacent abdominal organs was
also affected. There was a correlation
between higher splenic flexure and longer
transverse colon.

In 13 specimens the abnormal arrangement
of the taeniae coli in the gut was observed.
There were some variations, e.g., non-
completion of the taeniae, irregular
distribution and asymmetry of the taenae
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along the colonic wall (Amin et al., 2022).
Variations (less clinically significant) can
occur during dissection of the surgical
specimen or pathological spread of disease
and should be considered.

Morphological  variants were  more
prevalent in the elderly and males. As the
animals grow older the progressive loss of
mesenteric support structures may also
contribute to the progressive bowel
elongation and redundancy.

Radiological correlation confirmed most of
the anatomical findings which were

observed during cadaveric dissection. The
study of segmental looping, bowel
redundancy and abdominal cavity position
was particularly  facilitated by CT
colonography.

4.3 Sigmoid Colon Morphology

The sigmoid colon was the most variable of
all parts of the colon, in terms of its
anatomical form. Variations were found in
the orientation, loop configuration,
mesenteric attachment and position of the
loops in the pelvis and lower abdomen

Table 4. Morphological Classification of Sigmoid Colon

Morphological Pattern Number of Cases Percentage
Normal loop 56 46.7%
Elongated loop 34 28.3%
Double loop configuration | 18 15.0%
Pelvic redundancy 12 10.0%

In 56 cases (46.7%) of the total cases,
normal sigmoid configuration was detected.
In these specimens moderate looping was
limited to the left iliac fossa and the pelvic
region and the mesocolic attachment was
normal.

The second pattern was elongated sigmoid
loops (34 cases). High bowel mobility and
great length of mesentery was observed in
the long loops (Mohakud et al., 2022).
There were a number of loops that reached
upwards to the umbilical area or crossed the
right iliac fossa. This elongation resulted in
increased mesenteric axis torsion potential.
18 specimens (15%) were found with a
double loop configuration. Two kinds of
sigmoid loops were illustrated in these
cases—in the overlapping and in the spiral
configuration (Bulo ef al., 2024). In these
specimens the mesocolon looked elongated
and narrow based and helped increase the
mobility of the bowels.

Twelve cases had redundant pelvises. In
these specimens a large part of the pelvic
cavity was occupied by the sigmoid colon,
which displaced the adjacent pelvic organs.
A significant amount of looping was seen at
the pelvis in some cases, particularly in
Table 5. Mobility Patterns of Ascending Colon

elderly males and more commonly
generalized dolichocolon.

This was confirmed by radiological
analysis as a finding of elongated and
redundant sigmoid loops, which in turn,
often had delayed transit and luminal
distension. In some patients narrowing of
the mesenteric root was also seen on the CT
colonography, possibly suggesting a
susceptibility for sigmoid volvulus.

In the elongated sigmoid specimens the
mesocolic length was significantly longer
than the normal specimens (George and
Lakshmanan, 2024). Excessive bowel
mobility and looping were directly related
to mesenteric elongation. The hypothesis,
that development of the mesocolic type is
one of the crucial factors determining
sigmoid morphology, is confirmed by the
results.

4.4 Ascending Colon Mobility

Fixed ascending colon was evaluated and
varying degrees of retroperitoneal fixation
were found in the study cases. A few
specimens were not completely fused
ascending mesocolon, and the mesocolon
was free to move in the embryo.
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Mobility Pattern Number of Cases Percentage
Completely fixed 98 81.7%
Partially mobile 16 13.3%
Completely mobile 6 5.0%

Of the 112 cases, 98 (81.7%) were found to
be completely retroperitoneal fixed. These
specimens had normal anatomy with
ascending colon attached to the back wall
of abdomen.

In 16 cases, there was some movement
possible (Mohakud et al., 2022). This is the
case in such specimens, where portions of
the ascending colon remain attached to the
mesentery, and are consequently movable
slightly in the right side of the abdomen.
Only the lower ascending colon and the
cecal area was movable.

In 6 cases it was possible to obtain a
completely mobile ascending colon. In
these specimens there was a persistent
ascending mesocolon which passed around
the entire segment. If the mobile colon is
severed medially or inferiorly on
dissection, then it has not developed
normally in the embryo.

The mobile colon had a high frequency of
changes in vascular orientation in the
ascending colon (Shahin et al., 2024). The
trajectories of the vessels (ileocolic and
right colic) were found to be elongated in
Table 6. Flexural Positional Variants

the mesocolon. The vascular variation is of
surgical importance as it can complicate
surgery if a right-sided colectomy is
performed, due to the risk of intra-operative
bleeding.

In mobile cases, the cecum and ascending
colon were found to be abnormally
displaced, as per radiological evaluation. A
few of the radiological subjects had
intermittent right lower abdominal
discomfort with excessive bowel mobility.
The present study showed that the mobile
ascending colon is very common, which is
suggestive of incomplete embryological
fixation among the eastern people of India
(Alsadhan et al., 2024). It is important to be
aware of this variation when considering
appendectomy, laparoscopy and
radiological diagnosis in abdominal pain.
4.5 Flexural Variations

There was a significant variability in
position of hepatic and splenic flexures
among the animals of the study. Variations
included variation in height, angulation and
relationship with adjacent organs of the
abdomen.

Variant Type Number of Cases Percentage
Normal flexural position 101 84.2%
Elevated splenic flexure 11 9.2%
Depressed hepatic flexure | 8 6.7%

In 84.2% (101) of the study population,
normal flexural positioning was observed.
Liver, spleen, stomach and diaphragm were
the organs with which the normal
relationships were observed in these.

Eleven cases were found with elevated
splenic flexure. In these cases, the left colic
flexure was found extended upwards
towards the diaphragm and sometimes even
pushed down the lower margin of the spleen
(Pramardika et al., 2025). FElongated
transverse colon was often associated with

elevated flexures, and an increase in
mesocolic laxity.

In 8 cases, there were signs of depression at
the hepatic flexure. A redundant transverse
colon and too long a mesentery frequently
were associated with poor displacement of
the hepatic flexure. In a few specimens the
hepatic flexure was situated below the
inferior edge of the liver.

In several instances, flexural anatomy was
modified where there was redundant
transverse colon, as determined by
radiological studies. In a differential
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angulation and different spatial relationship
of the colon, CT colonography was detected
(Shakuri et al., 2025). These alterations can
complicate the colonoscopy and can impact
the results of imaging tests of the abdomen.
The findings indicate that colonic flexural
positional variation is one of the factors

which account for the morphological
variability among an Eastern (Indian)
population. These variants can be more
easily spotted at the time of radiological and
endoscopy procedures, which leads to
better diagnosis.

b

Figure 3. Computed Tomography Images Demonstrating Colonic Distension,

Redundancy, and Morphological Variations of the Large Intestine

S. Discussion

The present investigation revealed a great
degree of variation in morphology of the
colon in the population of the Eastern
region of India. The length of the colon
measured in the present study was found to
be greater than the length of the colon
measured by some investigators from
Western countries, suggesting possible
differences in intestinal morphology among
the different ethnic groups and dietary

habits (Benmokhtar et al., 2024). One of the
reasons for the elongation of colonic
segments in this population might be due to
high dietary fibre intakes and/or changes in
bowel motility.

The most variable part of the large intestine
was the sigmoid colon. In 28.3% redundant
sigmoid colon was detected in the patients,
similar to those African and Asian studies.
Long sigmoid and mobile mesentery are
important factors in the formation of
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volvulus. Redundancy is more likely to be
seen in the elderly, perhaps because of the
progressive elongation over time with
chronic constipation and the degeneration
of mesenteric connective tissue.

In 183% of the specimens, the
embryological fixation was incomplete in
the form of mobile ascending colon. The
ascending mesocolon is persistent leading
to a change in the normal positions of the
cecum and ascending colon, and may cause
unusual symptoms of appendicitis and
intestinal obstruction (Avhad et al., 2025).
This means that surgeons conducting
laparoscopically assisted right
hemicolectomy should be aware of their
mobility differences when preparing for
surgery.

There were 14.2% of dolichocolon among
the study population. This is an old term for
colon elongation, which can lead to
constipation and/or may be a risk to
individuals for a volvulus or slow intestinal
transit. By radiological examination, it has
been shown that elongated colons have an
over-exaggerated flexure and a pelvic
redundancy in most instances.
Approximately 16% of cases had variations
in the position of the splenic flexure and
hepatic flexure. Abdominal imaging may be
affected and colonoscopic navigation more
difficult because of the change in flexural
anatomy. There was a positive correlation
between elevated splenic flexure and
redundant transverse colon and a negative
correlation with increased mesocolic
length.

The results of the present study have
clinical implications. When colon is
elongated or redundant, its technical
problems with colonoscopy are related to
the excessive loop of the endoscope
(Oliveira et al., 2025). In turn, surgeons
who perform colorectal resections need to
be aware of mesenteric and vascular
variations to prevent unintended harm
occurring during the procedure.

Cadaveric dissection and CT colonography
were used together, which improved the
reliability. Cadaveric study was used to

provide in detail anatomical assessment,
and radiological imaging was used in living
subjects to obtain functional and positional
information. Both methods were found to
be in good agreement, and validated the
observed patterns of morphology.The
validity of the observed morphologies was
confirmed by the agreement between both
methods, which is expressed by a
correlation.

Regional differences in prevalence of
colonic variants were found when
compared to previous studies. The
prevalence of sigmoid redundancy and
dolichocolon was found to be more in
Eastern Indian group than in Europeans.
These differences may be attributed to the
genetics, diet and environment.

The study further revealed difference in the
arrangement of taeniae coli and distribution
of appendices epiploicac (George and
Lakshmanan, 2024). These results are not
quite as clinical as that of segmental
redundancy, but could be important in the
dissection planes of surgery and the spread
of inflammatory lesions.

The study faced some limitations, such as
small sample size and study was carried out
only in tertiary medical institutions. Further
multicentric studies involving a larger
population may provide better insight into
the anatomical differences by region.
Further studies involving the combination
of histological and molecular studies will
help to elucidate the mechanisms of colonic
variations during development.

6. Conclusion

Among the Eastern Indians there is much
morphological variation in the colon.
Redundant  sigmoid colon, mobile
ascending colon, dolichocolon and flexural
positional alterations are the most
commonly seen variants of the present
study. The differences have important
implications for colorectal surgery,
colonoscopy and radiological interpretation
and management of gastrointestinal
disorders.
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This study demonstrated that, sigmoid
redundancy is the most frequent
morphological variant, particularly in
elderly males. Other abnormalities noted
frequently were altered flexural pattern and
mobile ascending colon. Hands-on cadaver
and radiological examination gave full
anatomical characterization and helped to
confirm the diagnosis.

Understanding local anatomical variation is
critical to reduce operative complications
and increase the diagnostic accuracy. The
results provide useful baseline information
on the colonic morphology of the Eastern
Indians and can hopefully serve as a basis
for further anatomical, clinical and
anthropological studies in the near future.
With larger numbers and better imaging
techniques, future research may further
elucidate the diversity of gastrointestinal
tract and its clinical relevance.
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