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Abstract

Objective. The aim of the present work is to systematically review and present the existing literature on anatomical variations of
the appendix. Methods. Detailed research was conducted in the PubMed medical database, using the terms “Appendix” AND
“Anatomical variations”, and 74 articles were initially revealed. After the application of the inclusion and exclusion criteria, all
the non-related articles were excluded, and thus 40 articles were finally selected. Discussion. The data analysis suggests that the
location and form of the appendix may significantly vary among individuals. Common anatomical variations concerning its
location include retrocecal, pelvic, retro-ileal, pre-ileal, prececal and paracecal appendices. The first two variants are the most
common, although there is a discrepancy regarding their exact incidence. Rarely, the appendix may be intracecal, intramural,
subhepatic or located in the left abdomen; mismatches of the McBurney guide point with the base of the appendix are also re-
corded. Concerning the appendix’s form, several variations in the length, diameter, shape and number of appendages (doubling,
tripling) may be present. Conclusions. As evident from the presentation of the results, the vermiform appendix presents a wide
variety and number of anatomical variations. The latter are of particular clinical importance and should be known to doctors -
especially surgeons - to avoid complications in clinical practice.
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Introduction artery. Inflammation of the appendix (appendici-
tis) is particularly common, 50,000 such cases are
recorded annually in the UK, and is usually treat-
ed with appendectomy (1).

The purpose of this paper is to conduct a sys-
tematic bibliographic review of the anatomical
variations (Position and Form) of the appendix,
as well as to highlight the possible effects of these
variations in clinical practice.

The vermiform appendix appears as a caudal con-
tinuation of the cecum, the first part of the ascend-
ing colon. The term ‘vermiform’ has a Latin origin
and was attributed due to its worm-like shape.
The appendix is located towards the dead end of
the cecum, in the right iliac fossa, approximate-
ly 2-3 cm under the ileocecal valve. It consists of
the base, the body and the apex/tip. Histologically,
the structure of the appendix is composed of four
layers: the mucosa, submucosa, muscularis exter- Materials and Methods

na and serosa. The appendix is completely cov-

ered by peritoneum, and is usually supported by = A systematic search using the terms “Appendix”
a triangular peritoneal fold, the mesoappendix, AND “Anatomical Variations” was conducted in
along the free edge of which runs the appendicular ~ the PubMed database, in March 2024, from which
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Figure 1. Flow chart of the literature search.

74 articles emerged. After the application of the se-
lection and exclusion criteria (English and French
language filter, articles relevant with the topic), 40
articles were deemed appropriate and were finally
included in this work (Figure 1).

Results and Discussion

The articles included in this review (40) include
case studies (26), cohort studies (8), literature re-
views (5) and one meta-analysis.

The case study articles include 2 reports with
a retrocecal appendix, 1 with a prececal, 1 with a
paracecal, 5 with an appendix in a subhepatic lo-
cation, 1 with colic, 1 with a subserosal, 1 with an
intramural, 3 with left inversion of the position
of appendix, 1 with pelvic, 1 in which the appen-
dix was found inside an Amyand’s hernia, 1 with
the appendix in the chest, 1 with the appendix in
the lumbar segment, and 1 with the appendix be-
tween the right psoas major and the right iliacus

muscle. Regarding the form of the appendix, 5
cases of duplicated appendix as well as 1 case of a
23 cm long appendix were reported. The case stud-
ies involved patients aged 6 months to 85 years old.
Among them, there are 3 Asians, 1 African and 3
Caucasians. The race of the remaining patients is
not decisively determined.

Concerning the cohort studies, 2 assess the re-
liability of the McBurney’s point in determining
the location of the appendix, and the remaining
6 describe variations in the appendix’s location.
Regarding the 6 cohort studies focusing on loca-
tion variations, retrocecal appendix is mentioned
in all 6, subcecal in 3, paracecal in 1, pelvic in 5,
retroileal in 5, preileal in 2, colic in 1, prececal
in 1, intramural in 1, subhepatic in 1 and ectopic
in 1. Three of the cohort studies were performed
on cadaveric material from Iran, Bangladesh and
Senegal, while in the remaining studies the extrac-
tion protocol of the data (anatomical, imaging,
clinical or surgical) is not clearly defined.

Of the 5 literature reviews, 2 categorise varia-
tions in the location of the appendix, 1 refers to the
anatomical variations in the form of the appendix,
1 focuses on the horseshoe appendix, 1 addresses
the reliability of the McBurney’s point as a guide
point for determining the position of the appen-
dix, 1 examines cases of duplication and triplica-
tion of the appendix.

The meta-analysis focuses on the location vari-
ants and classifies them as retrocecal, pelvic, sub-
cecal, ileal, paracecal, prececal and subhepatic
appendices. The patients studied were from Asia
(30%), Africa (4%), Europe (18%), North (46%)
and South (2%) America. Anatomical Variations of
the Vermiform Appendix can be sorted into 2 main
categories: Variations in terms of the position and
Variations in terms of the form of the appendix.

Variations in Position. The appendix presents
several variations in terms of its location, of which
the following are frequent in the general popula-
tion: the retrocecal, the prececal, the paracecal and
the subcecal appendix. The retrocecal position
of the appendix is the most common anatomical
variant, as it is estimated to occur in about 25.4-
71% of the general population (1-5). The tip of the




appendix is located posterior to the cecum (1-9).
The prececal position is encountered in approxi-
mately 4% of the population and refers to the ante-
rior (ventral) location of the appendix’s tip relative
to the cecum (1, 9). Additionally, the derivation
of the appendix from the anterior surface of the
cecum has been recorded (10). In the paracecal lo-
cation, which is found in 3.1-7.5% of the gener-
al population, the body of the appendix is located
between the lateral surface of the cecum and the
lateral abdominal wall (1, 5, 11). In the subcecal
location, the tip of the appendix is located caudal-
ly to the cecum, with an incidence of 3.5-20.3% in
the general population (1-5).

Regarding the position of the appendix relative
to the ileum, 2 variations can be distinguished.
The retroileal appendix, with a rate of occurrence
approximately 5.4-12.5%, describes an appendix
whose tip is located posteriorly to the terminal
ileum (2-5, 7). The pre-ileal appendix is found in
9.7-18.7% of cases and its tip is located in front of
the terminal ileum (5, 7). Another frequent variant
found in 16.5-30.35% of the general population
is the pelvic location, in which the tip of the ap-
pendix is located caudally to the pelvic brim. The
pelvic appendix may descend oriented towards the
sacrum (1-5,7, 9, 12).

The subhepatic appendix is another common
anatomic variant. Both the cecum and the appendix
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are located below the liver, as a result of the incom-
plete descent of the intestinal coils during foetal
development. This variant is estimated to occur in
about 2.4% of the general population. This posi-
tion could create significant complications in dif-
ferential diagnosis of appendicitis, as the patient’s
symptoms may resemble those of acute cholecysti-
tis (1, 5,7, 8, 11, 13-17).

McBurney’s point is an important guide point
for determining the position of the base of the ap-
pendix. However, this point is not always accurate,
as the base of the appendix may be displaced along
the longitudinal or transverse axis (18-20). In fact,
one of the studies reviewed found that in only 1 out
of 100 subjects in the sample did the base of the ap-
pendix correspond to McBurney’s point (20).

Rare variations in the position of the appendix
(incidence <1%) have also been described in the
literature (7, 21, 22). Such variants include intrace-
cal, intramural and subserosal appendices, which
can easily be confused (9, 21, 23, 24). In order to
avoid errors in differential diagnosis, Chauhan et
al. (21) and, Abramson et al. (23), proposed cri-
teria for distinction between intracecal, intramu-
ral and subserosal appendices (Table 1). It should
be noted that to date, no formal criteria have been
established.

Additionally, the appendix may appear in a
(para)colic position, in which the body of the

Table 1. Chauhan et al. (21) and Abramson et al. (23) Criteria for the Differential Diagnosis of Intracecal, Intramural and

Subserosal Appendix

Intramural Appendix Intracecal Appendix

Subserosal Appendix

It is located within the wall of
the cecum

It is located within the wall of the cecum and can
penetrate up to the cecal muscle coat.

The appendix and cecum must be distinguished
as distinct and independent organs,
macroscopically and microscopically

Itis covered internally by

Since local inflammation is found, this should

the serous membrane of the
cecum and externally by the
peritoneum

not solely explain the fusion of the appendix
with the cecum. The fusion should also exist in
the absence of inflammation.

The coats of the appendix wall must be
complete and not an extension of the cecal wall.

There is no distinct mesoappendix.

There is no distinct mesoappendix.

The base of the appendix cannot be
distinguished from the cecum.

The base of the appendix must be different from
the cecum’s.

The cecal tissue completely encloses the
appendix.

The appendix must be completely covered by
the serous membrane of the cecum.

The vasculature tends to adapt to anatomical
variations.

Intussusception, intracecal and intramural
appendicitis must be ruled out.
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appendix runs parallel to the ascending colon,
along its lateral border (4, 22).

Other rare variations of the appendix include:
localisation between the right psoas major and
the right iliacus muscle (25), in the left abdomen,
which is typically due to inversion of the viscera
(situs viscerum inversus) or incorrect rotation of
the midgut during foetal development (26-28),
within an Amyand hernia (29), in the thorax, at
the height of the 8th-9th thoracic vertebra (30), or
in the lumbar spine (31). The last 3 extremely rare
cases were associated with the presence of hernias
in the respective areas (15).

Finally, combinations of the anatomical varia-
tions described above have also been recorded. A
number of reports locate the appendix behind and
below the cecum (9), or in retrocecal and retroper-
itoneal (32), retrocecal and intraperitoneal (32),
posterior ileum and cecum (9), prececal and pre-
ileal (9), subcecal and prececal (9) and retrocecal
positions, or attached to the posterior peritoneum
and the wall of the cecum (33).

The statistical distribution of the anatomi-
cal variations of the appendix presents significant
variation depending on the population under con-
sideration. According to an anatomical study on
cadaveric material (200 cadavers) in Iran, the most
common variant is the pelvic position of the ap-
pendix (55.8%), followed by the subcecal (19%),
the retroileal (12.5%), the retrocecal (7%) and
the preileal (1.5%) location (3). According to the
same survey, the retrocecal position is the most
common variant in the US, Europe, Ghana and
India. The retroileal location is more frequent in
the Thai population, while the pelvic location is
prevalent in Zambia and Nigeria (4).

In the meta-analysis included in the present
review (1), 114,080 patients with acute appendi-
citis were studied, and it was found that retroce-
cal location was the most frequent variant in all
races. Specifically, in Africa, the rate of occurrence
of the retrocecal location of the appendix was ap-
proximately 44.8%, of the pelvic position 27.7%,
subcecal 7.7%, ileal (retroileal and preileal) 13.4%,
paracecal 6.2%, prececal 3% and of the subhepat-
ic 2.2%. In Asia, the incidence of the retrocecal

location was found to be 32%, of the pelvic 29.4%,
subcecal 12.9%, ileal (retroileal and preileal) 15.4%,
paracecal 8%, prececal 6.7% and of the subhepatic
2.1%. In Europe, the proportion of the retrocecal
location of the appendix was approximately 27.6%,
of the pelvic 27.1%, subcecal 17.3%, ileal (retroile-
al and preileal) 10%, paracecal 9.2%, prececal 4%
and of the subhepatic 3.2%. In North America, the
retrocecal location of the appendix was found in
24.8% of cases, the pelvic in 19.5%, the subcecal in
23.5%, the ileal (retroileal and preileal) in 18.3%,
the paracecal in 7.2%, the prececal at 0.6% and the
subhepatic at 0.9%. Finally, in South America the
incidence of the retrocecal location was found in
36.4% of cases, the pelvic in 31.5%, the subcecal in
17.8%, the ileal (retroileal and preileal) in 16.6%
and the paracecal in 6.1%, while no cases of prece-
cal or subhepatic appendicitis were identified.

The relationship between sex and appendix lo-
cation has not yet clearly identified. In a study of
80 black African cadavers (62 men, 18 women),
aged 16 to 78 years (mean age 36 years), the ret-
rocecal position of the appendix was found to be
more common in women than in men (P=0.021)
(9). However, both in the study of 200 Iranian ca-
davers (3) and in the meta-analysis mentioned
above (1), no statistically significant relationship
was observed (3). Overall, genetic factors, life-
style, geographic region, race, dietary habits and,
perhaps, sex are likely to influence, to a greater or
lesser extent, the shape and location of the appen-
dix in humans (Figure 2).

Retrocecal |

Pelvic 11
Subcecal Il
Pre-ileal v
Post-ileal V
Paracecal VI
Prececal VII

Subhepatic VIII
Paracolic IX

Figure 2. Variations in Position.
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Table 2. Cave-Wallbridge Classification of Duplicated Appendix

Type A Two appendixes arising from 1 cecum, with a common base and then separate.
Type BN orEirciike Two appendixes arising on either side of the ileocaecal valve, from 1 cecum, but each having a
separate base.
Type B - - — — - -
Tvoe B2 or Taenia-colic One appendix found in the retrocecal position arising from the convergence of the taenia coli
yp and a smaller second appendix along the anterior taenia at a variable distance from the first.
Typac Two appendixes that arise from 2 cecums, which along the way unite and form a common

ascending colon. Each appendix arises from a different cecum.

Variations in Form. These include variations
in the number, size and shape of the appendix, as
well as variations of the mesoappendix. Number
variations include agenesis, and doubling and tri-
pling of the appendix (7). Agenesis refers to the
failure to form an appendix. Duplication refers
to the presence of two appendixes and is one of
the most studied anatomical variations (7, 34-40).
According to the Cave-Wallbridge classification,
duplicated appendages are distinguished into Type
A, B (Bl and B2) and C (35, 36) (Table 2).

g &

Hypoplasia Duplication - Type A

<5

Duplication - Type B2

Duplication - Type C

Figure 3. Variations in Form and Size variations concern the length and diameter of the
appendix, where significant heterogeneity occurs. The length of the appendix ranges
from 0.5 to 23 cm, with the average length between 5.3-11.7 cm. The diameter of the
appendix varies from 3.2 mm to 10 mm (1-4, 8). The variant in which the appendix is less
developed and smaller than normal size is referred to as hypoplasia, and is also found

in the general population.

Type B2 duplication is the most frequent vari-
ant of this category, accounting for approximate-
ly 37% of cases (38). A special case of duplication
of the appendix is the horseshoe appendix. This is
an especially rare variant, in which the appendix
forms a horseshoe-like structure and fuses at its
two ends with the cecum. Only 6 cases have been
described in the international literature to date
(38, 40). Triplication of the appendix is also an ex-
tremely rare variant, as only 2 cases have been de-
scribed to date (38) (Figure 3).

Shape variations include

straight, helical and spiral
appendices (Figure 4).

Variations of the me-

soappendix also belong to

the category of anatomi-

cal variations of the form

of the appendix. Normally,

the appendiceal artery

runs along the free edge

Duplication - Type Bl of the mesoappendix and,

consequently, incomplete

development of the meso-

appendix carries the risk

of inadequate perfusion of

the appendix and may lead

to gangrenous or perforat-
ed appendicitis (2, 3).

Concerning the pos-

sible correlation between

Horseshoe Appendix  the length/diameter of the

appendix and sex/ geo-

graphic region/ race, the

scientific data do not agree.

The anatomical study of

200 random cadavers (153
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Helical Appendix

Straight Appendix

Spiral Appendix
Figure 4. Variations in Shape.

men, 47 women) by the Forensic Service of Zenjan
province in Iran (3), indicates a statistically signif-
icant relationship between sex and the length of
the appendix (males have a longer appendix than
females, P<0.01), as well as between age and the
length of the appendix (maximum length at 11-19
years, P<0.001). In contrast, the meta-analysis ex-
amined (1) did not propose any statistically sig-
nificant relationship between age or sex and the
length of the appendix. It is highly possible that in
different populations the length of the appendix
is affected by different factors. Regarding race, in
a study of 56 cadavers of adult men (18-67 years)
from Bangladesh (13), an average length of 10.21
cm (£2.50 cm) was found, while in the study men-
tioned above with cadaveric material from Iran
(4), an average length of 9.12 cm was found for
men and 8.03 cm for women (3). In Western coun-
tries the length of the appendix tends to be shorter,
with the average length ranging between 5.3 and
6.9 cm. Significant differences are also observed
on the African continent. For example, the aver-
age length of the process in Kenya was found to be
7.65 cm, while in Zambia it was 11.7 cm (3).

Conclusions

In the present review study, an important at-
tempt was made to record and present the various

anatomical variations of the vermiform appen-
dix. The most common position variations are
the retrocecal, pelvic, preileal, retroileal, subce-
cal, paracecal and prececal. Regarding the form
variations, duplication of the appendix is more
frequently recorded, while agenesis, hypoplasia,
and triplication constitute uncommon variations.
Also, significant variation is observed in appen-
dix’s length and diameter. It should be highlight-
ed that the clinical importance of the variants is
evenly great, irrespective of their incidence in the
general population. Overall, genetic factors, life-
style, geographic region, race, dietary habits and
sex are likely to influence the shape and location
of the appendix in humans. Therefore, with ap-
proximately 7% of the general population experi-
encing acute appendicitis during their lifespan (3),
knowledge of the appendix’s anatomical variations
is really crucial for the clinician, and especially for
the surgeon, to avoid complications in surgery and
clinical practice.

What Is Already Known on This Topic:

Existing literature has already underlined the great diversity regarding
the anatomy of the Appendix. In terms of Position, the retrocecal loca-
tion is widely considered as the most common variant, followed by the
pelvic, preileal, retroileal, subcecal, paracecal and prececal locations, all
of which have been extensively studied. Regarding the Form variations,
duplication is the most common variant and the most studied one, while
variations in length and diameter present vast heterogeneity which is
affected by many different factors.

What This Study Adds:

The aim of the present study is to investigate the great variety of ana-
tomical variations of the Vermiform Appendix and, in addition, to sum
up these variations, categorising them in 2 main groups: Variations in
terms of Position and Variations in terms of Form of the Appendix.
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