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ABSTRACT

INTRODUCTION  Locoregional variation in the human colon is important in surgical practice; the length and mobility of different
colonic regions impacts on laparoscopic and endoscopic colorectal procedures. The aim of this study was to refine anatomical
understanding of the colon in terms of segmental length and mobility.

METHODS The colons of 35 cadavers were examined to determine lengths of caecum as well as ascending, transverse,
descending and rectosigmoid colon, and to characterise colonic mobility at each location in terms of the mesenteric attach-
ments. The presence of Jackson’s membrane (a congenital peritoneal band of the right colon) was also documented.

RESULTS The mean total colonic length was 131.2cm (standard deviation [SD]: 13.4cm). There was no correlation with
height, age or sex; the best predictor of total colonic length was the length of the rectosigmoid segment. The mean height of
the transverse mesocolon was 7.4cm (SD: 3.6cm) and that of the sigmoid mesocolon was 6.3cm (SD: 2.6cm). Two-thirds of
the subjects had a mobile portion of the ascending colon and nearly one-third had a mobile descending colon. A mobile
ascending colon was significantly more common in females. Jackson’s membrane was present in 66% of the subjects.
CONCLUSIONS This cadaveric study suggests that rectosigmoid length accounts for most of the variability in total colonic
length. The significant proportion of colons with mobility of the ascending and descending segments prompts revision of the tra-
ditional anatomical teaching of these segments as fixed and retroperitoneal. Mobility of the ascending colon may account for
the anecdotal finding that colonoscopy is more challenging in female patients. Jackson’s membrane was identified in most

colons.
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Locoregional variation in the human colon is increasingly
important in surgical practice. Adenoma incidence,'?
molecular protein expression® and APC gene inactivation®
have all been found to vary by colonic location. More prac-
tically, the difficulty and duration of clinical procedures,
including laparoscopic resections and colonic endoscopy,
are often affected by the length and mobility of colonic seg-
ments.? Increased length and mobility of the sigmoid colon
and caecum may also predispose a patient to volvulus.

Overall colonic length has been investigated previously in
both live patients®® and non-fixed cadavers'®'? with varying
results. Some of these studies also measured the length of
individual colonic segments (ascending, transverse, descend-
ing and sigmoid).”%'> However, comparison between the
studies is hampered by differing definitions of the colonic seg-
ments. No previous study has analysed how the length of
each segment correlates with total colonic length.

In clinical practice, the mobility and length of individual
colonic segments is arguably as important as overall
colonic length. The traditional anatomical view is that the
ascending and descending colon are fixed and retroperito-
neal. Embryologically, the human midgut (including the

right colon and two-thirds of the proximal transverse colon)
returns to the abdomen in the tenth week. Thereafter, the
dorsal mesenteries of the ascending and descending colon
degenerate while the posterior body wall lengthens. Conse-
quently, the ascending and descending colon become ‘sec-
ondarily’ retroperitoneal while the caecum becomes fixed
by a shortened mesentery, and the transverse and sigmoid
colon remain suspended.'> A congenital peritoneal band,
‘Jackson’s membrane’, has been described as a broad layer
of peritoneum or peritoneum-like membrane arising from
the posterolateral wall of the abdominal cavity on the right
side, emerging above from beneath the liver and at times
extending downward to the outer side of the ascending
colon as far as the caecum.'*'

Gray’s Anatomy notes that ‘the caecum and ascending
colon may possess a mesentery to a variable degree’ while
the descending colon ‘is a retroperitoneal structure cov-
ered anteriorly and on both sides by peritoneum’ although
it also goes on to state that it is ‘more frequently covered
posteriorly by peritoneum, than the ascending colon’.'® In
contrast, significant mobility of the right and left colon is
commonly noted clinically during resection. Variation in
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Measurement

a) Length of ascending colon
(plus caecum)

b) Length of transverse colon
c¢) Length of descending colon
d) Length of rectosigmoid colon
e) Total colonic length

f) Height of transverse mesentery®

g) Height of sigmoid mesentery®
h) Length of mobile® ascending colon
i) Length of mobile descending colon

j) Peritoneal band (if present)

Start point

Base of appendix

Hepatic flexure
Splenic flexure
Genu of descending colon at pelvic brim
=a+b+c+d

Root of transverse mesentery at
posterior abdominal wall

Root of sigmoid mesentery
Base of appendix
Distal end of descending colon (genu)

Base of appendix

via a ‘mesentery’.

two layers that are inseparable under normal conditions

End point

Hepatic flexure

Splenic flexure
End of descending colon

Point of passage through pelvic peritoneum

Mesenteric wall of transverse colon

Mesenteric wall of sigmoid colon
Most proximal point fixed® to abdominal wall
Most proximal point fixed to abdominal wall

Ascending colon parallel to band adhesion to
lateral abdominal wall

“Greatest perpendicular distance between the two points with posteroanterior traction applied to the colon segment
PA ‘mobile’ segment of colon has a visceral layer of peritoneum covering the colonic serosa such that it separates it from the parietal
peritoneum, demonstrable by the presence of a distinct, palpable edge to the colon, which is connected to the parietal peritoneum

“Complete adherence of the visceral peritoneum covering the colonic serosa to the parietal peritoneum of the posterior abdominal wall;

anatomical description and absence in the published litera-
ture of the frequency with which individual colonic seg-
ments are found to be mobile emphasises that clarification
is needed on this subject.

The aim of this cadaveric study was to refine our
present understanding of colonic anatomy, not only in
terms of total length but also in terms of the length of clini-
cally relevant colonic segments, and to identify any factors
predictive of colonic length. We also sought to further
characterise the mobility of these colonic segments with
regard to their mesenteric attachments. Lastly, the inci-
dence of Jackson’s membrane was investigated.

Methods

Forty-eight human cadavers were examined. All cadavers
were fixed using a mixture of formaldehyde, ethanol and
methanol. The medical history for each subject was
reviewed. Exclusion criteria included a previous diagnosis
of bowel malignancy, inflammatory bowel disease, bowel
resection (not including appendicectomy) or intra-abdomi-
nal pathology that could potentially distort the normal
anatomy of the colon. Demographic details of the subjects
were recorded, including age at death, height and sex.

Colonic measurements were performed with a flexible tape
measure by four researchers working in pairs to ensure valid-
ity and consistency of measurement. Colonic length measure-
ments were made along the course of the anterior taenia coli
using predetermined reference points (Table 1, Fig 1).

The transition from the ascending colon to the trans-
verse colon was the point where the most superior point
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Figure 1 Diagram showing measurements for this study. (See
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flexes medially, the transition from the transverse colon to
the descending colon was the point where the most lateral
point flexes inferiorly and the transition from the descend-
ing colon to the sigmoid colon was the genu of the
descending colon at the pelvic brim. Owing to the difficulty
in defining the point at which the caecum meets the
ascending colon, these two sections of the colon were
measured together. Furthermore, because of difficulty in
defining the transition point from sigmoid colon to rectum,
particularly when observing only the gross anatomy of the
external surface of the colon, a portion of the rectum
(intraperitoneal) was included in the section of the colon
referred to in this paper as ‘rectosigmoid’.

Two surrogate measures of ‘bowel mobility’ were
recorded. The first was the height of the mesentery from
the root of the mesentery on the posterior abdominal wall
to the mesenteric border of the transverse and sigmoid
colon (those parts of the bowel considered traditionally to
be suspended on a mesentery). This was measured by gen-
tly elevating the bowel segments and measuring the result-
ing distance. The length of ‘mobile’ ascending and
descending colon was considered to be the segmental
length that was suspended on a mesentery as opposed to
lying in a (secondarily) retroperitoneal position.

The mesentery was considered present in cases where
two layers of visceral peritoneum met, having completely
enveloped the full circumference of the colon, forming a
palpable ridge that is connected subsequently to the parie-
tal peritoneum (Fig 2). The mesentery of the descending
colon was distinct from the mesentery of the sigmoid colon
as where present, it formed a ridge of variable length in
the superior to inferior direction, as opposed to the
inverted-V nature of the sigmoid mesentery.

Statistical analysis

The data were analysed using Prism® (GraphPad Software,
La Jolla, CA, US). Distributions were tested for normality
using the Kolmogorov-Smirnov test and D’Agostino-Pear-
son omnibus test. Group comparison analysis was per-
formed using the paired t-test and Mann-Whitney U test.

Figure 2 Diagram demonstrating colon with mesentery (left)
and retroperitoneal mesentery (right)
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Figure 3 Mean total colonic length and segmental lengths

Linear regression was used to test correlation, with a
p-value of 0.05 considered statistically significant.

Results

Thirteen cadavers were excluded from the study owing to
a history of colonic malignancy and resection or existing
colonic malignancy at time of death. Thirty-five (18 male
and 17 female) cadavers remained in the study. The mean
age was 84 years (standard deviation [SD]: 15.2 years) and
the mean height at time of death was 174.5cm (SD: 9.1cm).

Colonic length
The mean total length of colon and intraperitoneal rectum
was 131.2cm (SD: 13.4cm). The lengths of the colonic seg-
ments are shown in Table 2 and Figure 3. It was identified
that the length of the rectosigmoid segment strongly pre-
dicted total colonic length (R?=0.40, p<0.0001) (Fig 4). This
had not been hypothesised prior to the study. The length of
each of the other segments did not correlate with the total
colonic length.

There was no significant difference in colonic length
between male and female subjects (133.8cm [SD: 3.7cm] vs
128.9cm [SD: 2.7cm]). Similarly, age at death and height

Mean

20.9cm (SD: 4.7cm)
50.2cm (SD: 9.5cm)
21.8cm (SD: 5.4cm)
38.3cm (SD: 10.5¢cm)

Ascending colon (plus caecum)
Transverse colon
Descending colon

Rectosigmoid colon

SD = standard deviation
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Figure 4 Relationship between length of sigmoid colon and
total colonic length

were not predictive of total colonic length (although the
range of ages was narrow in this study).

Colonic mobility

A proximal portion of ascending colon was mobile (defined
by the presence of a distinct, palpable edge to the colon,
which is connected to the parietal peritoneum via a mesen-
tery) in 23 subjects (66%). In these cases, 53.9% (SD: 27.0
percentage points) of the length of the ascending colon
was suspended on a mesentery. There were mobile por-
tions of the descending colon in 11 cases (31%), with
44.4% (SD: 29.0 percentage points) of the length of the
descending colon suspended on a mesentery. The trans-
verse colon and rectosigmoid colon were invariably
mobile. The perpendicular heights of the transverse colon
and rectosigmoid colon mesenteries were 7.4cm (SD:
3.6cm) and 6.3cm (SD: 2.6cm) respectively. The maximal
perpendicular height of the transverse colon mesentery
correlated with the total length of transverse colon
(R?=0.34, p=0.0002). There was a similar relationship for
the rectosigmoid colon (R?=0.40, p=0.0001).
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Figure 5 Percentage of male and female cadavers with mobile
ascending colon
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Female subjects were significantly more likely to have a
mobile portion of the ascending colon (62.7% [95% confi-
dence interval: 38.0-74.9%] vs 0.0% [95% confidence inter-
val: 0.0-13.2%]; Mann-Whitney U test, p=0.0003) (Fig 5).
However, there was no significant sex difference in
descending colonic mobility.

The presence of a mobile ascending colon did not pre-
dict mobility in the descending segment and vice versa.
Similarly, the height of transverse colon mesentery did not
correlate with height of sigmoid colon mesentery.

Jackson’s membrane

The incidence of Jackson’s membrane was 65.7%. In the
cases where Jackson’s membrane was present, the mean
distance from the base of the appendix was 6.6cm (SD:
5.51cm).

Discussion

There is considerable variation in the literature regarding
the total length of the colon. Previous studies have used a
variety of methods, on live patients®® or non-fixed cadav-
ers.'>12 These are summarised in Table 3. The reported
length of the colon ranges from 139.7cm' to 169.0cm'! for
cadaveric studies and from 109.0cm® to 167.0cm® for in
vivo studies.

These varied findings may be partly attributable to the
different methods employed to determine colonic length
(swallowed polyvinyl tube,® barium enema examination,”
laparotomy® and CT colonography).’ In addition, the exact
parts of the colon being measured has varied. The meas-
urement used for the total colonic length in the present
study is most similar to that used by Treves'® and Saunders
et al® as it includes the caecum and the intraperitoneal rec-
tum. Other studies have used slightly different definitions.
Ahrens et al,’ Sadahiro et al” and Underhill'' did not
include the caecum but did measure as far as the anal
canal. Hounnou et al included the caecum but finished at
the colorectal junction.'? Eickhoff et al measured from the
base of the caecum to the anal canal.’

Interestingly, the results in this study are most closely
comparable with those obtained in vivo in a large barium
enema study involving 920 Japanese patients.” Previous
cadaveric studies have shown longer mean lengths.'®!2
The variation may be due to the fixation of cadavers in the
present study. Using cadavers is more practical, and allows
for greater exposure and repeat measurements than in live
patients. On the other hand, Ahrens et al suggested that
intestinal length shortens immediately after death and then
lengthens as autolysis proceeds.® Fixation arrests the proc-
ess of autolysis. However, this is unlikely to have decreased
the accuracy when comparing measurements between the
cadavers in the present study, particularly when recording
and comparing mesentery incidence.

There is also conflicting evidence for the relationship
between colonic length and age, sex and height.”-'-!2

This is the first study to analyse how the length of each
colonic segment correlates with total colonic length. The
finding that the rectosigmoid segment was the single best
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Table 3 Published studies of colonic length

Study Technique

Ahrens® Swallowed polyvinyl tube

Sadahiro’ Barium enema

Saunders® Laparotomy

Eickoff® Computed tomography colonography
Treves!® Cadavers

Underhill*? Cadavers

Hounnou'? Cadavers

Present study Cadavers (fixed)

n Sex Large bowel length
6 Male 107.8cm
4 Female 109.8cm
10 Total 109.0cm
434 Male 125.9cm
486 Female 132.8cm
920 Total 129.5cm
66 Male 113.5cm
52 Female 114.9cm
118 Total 114.1cm
60 Male -
40 Female -
100 Total 167.0cm
100 Male 142.2cm
Female 137.2cm
Total -
65 Male 180.3cm
35 Female 157.5cm
100 Total 169.0cm
100 Male 166.0cm
100 Female 155.0cm
200 Total 160.5cm
18 Male 133.8cm
17 Female 128.9cm
35 Total 131.2cm

predictor of overall colonic length agrees with the results
of Saunders et al.’ In their study, the rectosigmoid and total
colonic lengths (as measured using barium enema) were
greater in patients who had been technically difficult to
intubate on colonoscopy. This suggests that it may be the
length of the rectosigmoid section that has clinical proce-
dural impact with regard to colonoscopy. This highlights
the clinical endoscopic experience that ‘shortening the
scope’ (withdrawal of the endoscope while keeping its tip
fixed) after negotiating the sigmoid colon facilitates further
progress.

Despite the ascending and descending segments gener-
ally being regarded as secondarily retroperitoneal, our
study found that approximately two-thirds of subjects had a
mobile portion of ascending colon and that one-third had a
mobile portion of descending colon although the length of
this portion was highly variable. Saunders et al/ published
the single previous notable study in the literature that exam-
ined large bowel length and mobility, which was performed

Table 4 Comparison of findings for mean height of mesenteries

in vivo at laparotomy.® They described the mean length of
the ascending, transverse, descending and sigmoid mesoco-
lons but not the incidence with which they occur.

In contrast to the study by Saunders et al,® we observed a
shorter colonic length, and longer average heights of the
mesenteries of the transverse and sigmoid colon (Table 4).
The discrepancy in the findings may be due to technique; it
is possible that the fixation process affected measurements
in our study or there may have been technical difficulties
encountered in vivo, including taking measurements
through laparotomy incisions and using traction on the
bowel segments by 23 different observers. It is particularly
interesting that Saunders et al did not treat the ascending
and descending colon differently to the transverse and sig-
moid colon when discussing mesentery, thereby recognising
their tendency to be mobile as opposed to retroperitoneal.®

It should be emphasised that even if the process of fixa-
tion in our study did affect bowel length and/or mesenteric
height, it is likely to have affected all parts equally. The

Ascending colon

mesentery mesentery
Saunders® 4.5¢cm 14.3cm
Present study - 7.4cm

Transverse colon

Descending colon Sigmoid colon

mesentery mesentery
4.8cm 11.4cm
- 6.3cm
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overall findings of the study should therefore remain valid
in terms of the relative lengths and mobility of colonic seg-
ments, and the correlation of mobility with sex.

Finally, despite there being much in the anatomical liter-
ature about the nature of Jackson’s membrane, little has
been said recently about its incidence and length. Oliver
suggested that it occurs in 60-75% of cases although he
did not make it clear how this figure was obtained.!” Car-
slaw reported an incidence of 32%.'® However, this was in
a series of 242 patients who underwent colopexy for ‘right-
sided visceroptosis’; it can therefore be assumed that they
had abnormal colonic anatomy. Carslaw also found exten-
sive variation in the appearance of the membrane. Perhaps
owing to a lack of contemporary literature on Jackson’s
membrane, it may not be noted consciously during colonic
resection. Its high incidence (65.7%) was therefore surpris-
ing. Surgeons wishing to identify the membrane intraoper-
atively may note that the mean extent from the base of the
appendix was 6.6cm.

Conclusions

This study has investigated the relationship between total
colonic length, segmental lengths and mobility. It has dem-
onstrated that overall colonic length is dependent on the
length of the rectosigmoid segment but independent of sex
and height. In contrast to traditional anatomical teaching,
the ascending and descending colon are frequently mobile,
and women are more likely to have a mobile ascending
colon. These findings have applications in colonic surgery
and endoscopy.
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