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Abstract
Background
Pain syndromes of somatic and neuropathic origin are considered to be the main causes
of chronic pain after open inguinal hernia repair. Nerve-identification during open
hernia repair is suggested to be associated with less postoperative chronic pain. The
aim of this study was to define clinically relevant surgical anatomical zones facilitating
efficient identification of the three inguinal nerves during open herniorrhaphy.
Methods
Through dissection of 18 inguinal areas of embalmed and unembalmed human cadavers,
identification zones were developed for the inguinal nerves (in particular for the genital
branch).
Results
The iliohypogastric nerve was identifiable running approximately horizontally and
ventrally to the internal oblique muscle perforating the external oblique aponeurosis
at a mean of 3.8 cm (range 2.5–5.5 cm) cranially from the external ring. When present,
the ilioinguinal nerve was identifiable running ventrally and parallel to the spermatic
cord, dorsally from the aponeurosis of the external oblique muscle. Identification of the
genital branch of the genitofemoral nerve was more comprehensive. The course of the
genital branch is laterocaudal at the level of the internal inguinal ring.
Conclusion
Based on the newly defined identification zones, peroperative identification of all
inguinal nerves is possible. Further research is warranted to assess clinical feasibility
of these zones and to evaluate the influence of (facultative) division, preservation or
omittance of the identification of inguinal nerves on the incidence of chronic pain.
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Introduction
In the Netherlands approximately 32,000 inguinal hernias were corrected in 2004,
representing the most frequently performed operation in general surgery [1]. In recent
years it has become clear that morbidity associated with this operation mainly consists
of chronic inguinal and scrotal pain, which can be very debilitating and can lead to costly
multidisciplinary medical consultations [2]. Reported causes of chronic pain include
pain syndromes of somatic, neuropathic and visceral origin. Cunningham et al. reported
the most common type of chronic postoperative pain to be of somatic origin, whereas
according to Poobalan et al. chronic postoperative pain is predominantly neuropathic
in character [3,4] Alfieri et al. reported that failure to identify the inguinal nerves is
significantly correlated with the presence of chronic pain, the incidence of chronic
pain increasing with the number of nerves undetected [5]. Causalgia syndromes of all
three inguinal nerves (ilioinguinal and iliohypogastric nerves and the genital branch of
genitofemoral nerve, denoted as the genital branch in the rest of the article) have been
described [6–28].
Views on whether or not to divide, preserve or ignore the nerves are diverse. Lichtenstein et
al. recommend preservation of the inguinal nerves whereas Wantz et al. recommend
intentional severance based on the concept of “no nerve, no pain” [29–31]. Studies on
the influence of division or preservation of one or more inguinal nerves on postoperative
chronic pain have reported variable outcomes [5,17,32–35]. The Dutch inguinal hernia
guideline propagates division of the cutaneous nerves during open hernia repair only in
the case of already existing nerve injuries or interference with the position of the mesh
[36].
Several anatomical studies on inguinal nerves have been performed with emphasis on
the anatomic variability of the course of the nerves instead of clinically relevant surgical
anatomical zones facilitating efficient identification of these nerves [37–48]. In particular
the genital branch has been poorly described in this manner. Therefore, the objective of
this study was the definition of anatomical zones that facilitate efficient identification
of the nerves, in particular the genital branch enabling the surgeon to identify and
subsequently divide or preserve the nerves and to facilitate future randomized studies
into the influence of division, preservation or omittance of the identification of inguinal
nerves on postoperative pain. Zones were defined with regard to the Lichtenstein
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tension-free hernioplasty, which is the gold standard for unilateral inguinal hernia repair
in the Netherlands [31,36]. Likewise, open tension-free hernia repair is thought to be the
principal surgical method of hernia repair in the UK [49].

Material and methods
The anatomy of the three inguinal nerves encountered during open hernia surgery was
determined through dissection of 8 unembalmed and 10 embalmed human cadaveric
inguinal areas. Since the gender of approximately 90% of all inguinal hernia patients
is male, no female anatomic specimens were included [1]. Among others, the following
data were recorded:
1. Presence or absence of each inguinal nerve
2. Course of the iliohypogastric and ilioinguinal nerve with regard to the spermatic cord
and the incision made in accordance with the Lichtenstein tension-free hernioplasty
(5 cm in a lateral direction from the pubic tubercle within the skin lines)
3. Location at which the iliohypogastric nerve perforates the aponeurosis of the external
oblique muscle with regard to the (superficial) external (inguinal) ring and its distance
cranially to the upper edge of the internal ring
4. Number of branches into which the iliohypogastric nerve splits up before perforating
the aponeurosis
5. Location at which the genital branch enters the inguinal canal near the (deep) internal
(inguinal) ring and leaves the canal through the external ring
6. Course of the genital branch with regard to the spermatic cord and the cremasteric
(external spermatic) artery and vein (“blue line”).
To confirm that the tissue identified as nerve tissue macroscopically was in fact nervous
tissue, we continued dissection preperitoneally to the level of the psoas muscle and
laterally to the neurovascular plane. Additionally, microscopic sections were produced
of the presumed nerve structures.
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Finally, on the basis of the anatomical findings we designed efficient anatomical
identification zones, in particular for the genital branch.

Results
The IHN and GB were present in all dissected inguinal areas (Table 1). In 4 of the 18
dissected inguinal areas no IIN could be detected (bilaterally in two bodies).
Table 1. Characteristics of each individual nerve with regard to its presence and its course through
the exposed area.
Presence, mean(%)
Perforation of m. int obl lateral
from L’stein incision, mean (%)

n. ilioinguinalis
14 (78)
8 (57)

n. iliohypogastricus
18 (100)
16 (89)

genital branch
18 (100)
NA

The Iliohypogastric Nerve
In 89% the IHN pierced the internal oblique muscle laterally from the Lichtenstein
incision such that it could be detected through the entire exposed area after opening the
aponeurosis of the external oblique muscle running at a mean of 2.4 cm (range 1.5-4.4
cm) cranially to the internal ring (Fig. 1). However, in 11% (2 different cadavers) the
IHN perforated the internal oblique muscle approximately halfway along and cranially
to the spermatic cord. Subsequently, the IHN coursed approximately horizontally and
ventrally to the internal oblique muscle perforating the external oblique aponeurosis at
a mean of 3.8 cm (range 2.5-5.5 cm) cranially from the external ring (Fig. 2). In 89% the
IHN perforated the external oblique aponeurosis as one single branch; in 17% it split
into 2 or 3 branches just before perforating the external oblique aponeurosis.
The Ilioinguinal Nerve
In 57% the IIN pierced the internal oblique muscle laterally from the incision (Table 1).
In the other 43% the IIN pierced the internal oblique muscle just laterally from the
internal ring. When present, the IIN was easy to identify running ventrally and parallel
to the spermatic cord, dorsally from the aponeurosis of the external oblique muscle,
after which it left the inguinal canal by passing through the external ring ventrally from
the spermatic cord (Fig. 1).
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Figure 1. Ventral view of the right inguinal area. The aponeurosis of the external oblique muscle
is opened, showing the inguinal canal including the three inguinal nerves: ilioinguinal and
iliohypogastric nerve and the genital branch of the genitofemoral nerve parallel to the “blue line”,
the cremasteric artery and vein. To clarify the muscle and nerve structures, a small exemplification
in the upper-right corner is represented including the three nerves and the direction of the muscle
fibers of the internal oblique and cremaster muscles. The laterocaudal part of the internal ring in
the frontal plane is denoted by the color red.

Figure 2. Ventral view of the right inguinal area. The aponeurosis of the external oblique muscle is
perforated by two branches of the iliohypogastric nerve cranially to the external ring.
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The Genital Branch
The vast majority of GB’s (94%) entered the inguinal canal laterocaudally through the
internal ring in the frontal plane (Fig. 1); only one entered a few millimeters caudally from
the internal ring together with the cremasteric artery and vein through the transversalis
fascia.
All but one observed GB joined the cremasteric artery and vein to run within the
cremasteric fascia. Although coursing parallel to the cremasteric artery and vein only
22% of the GB’s were running exactly adjacent to the cremasteric vessels forming a
neurovascular bundle. Seventeen GB’s (94%) were still clearly present at the external
ring. After running through the inguinal canal at the dorsocaudal side of the spermatic
cord, 44% passed dorsally, 28% medially, and 22% laterally to the spermatic cord
through the external ring. Therefore, the course variability of the GB is least, proximally
and laterocaudally to the internal ring (Fig. 3).

Figure 3. Schematic representation of a right inguinal canal and the course of the genital branch
designated by the redshading. The genital branch of the genitofemoral nerve should be identified
proximally and laterocaudally at the level of the internal ring in the frontal plane where its course
variability is least.

Tissue identified as nerve tissue macroscopically was confirmed to be nervous tissue
microscopically in 100% of the cases in which microscopic sections were produced
(Fig. 4).
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Figure 4. Microscopic transversal sections of the nerve branches of the iliohypogastric,
ilioinguinal nerve, and the genital branch of the genitofemoral nerve of the right inguinal area
(respectively A, B, and C) and the left inguinal area (respectively D, E and F) of an embalmed
cadaver (original magnification).

Discussion
Recent anatomical studies reported several variations on the “classical” course of the
inguinal nerves, as represented in standard anatomical textbooks and atlases.
The Iliohypogastric Nerve
An aberrant course of the iliohypogastric nerve is described by Al-dabbagh [45]. In
21.8% the author observed a single stem from which the ilioinguinal and iliohypogastric
nerve originated, and in 83.3% only midway between the internal and external ring,
ventrally to the internal oblique muscle. We did not encounter such a variation.
The Ilioinguinal Nerve
Oelrich and Moosman cited variations with regard to the course of the ilioinguinal nerve
based on an anatomical study [38]. They observed an aberrant course in 35%. In these
variations, the ilioinguinal nerve was running dorsally and within the spermatic cord
and emerged through the external ring posteriorly to the spermatic cord. In this case the
ilioinguinal sensory component was incorporated within the genitofemoral nerve at the
level of the first and second lumbar nerves, from which level both nerves arise. Caudally
to this convergence it entered the inguinal canal together with the genital branch.
Oelrich and Moosman’s data correspond with our finding that the ilioinguinal nerve
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could not be identified in 22% of our dissections. The ilioinguinal sensory component
could already have been incorporated within the genitofemoral nerve at the level of the
lumbar nerves. However, the findings of Al-dabbagh are in disagreement, reporting only
two instances with this aberrant course.
Rab et al. classified the variations and branching patterns of the ilioinguinal and
genitofemoral nerves into four different categories [46]. Only one type (20.3%)
corresponded with the classic pattern of distribution in which the ilioinguinal nerve
and genital branch innervate the skin of the medial part of the thigh and the skin of
the scrotum respectively. In two other patterns (71.8%), either the genital branch or the
ilioinguinal nerve would not reach further than the external ring and one of them would
innervate the skin that is otherwise innervated by both nerves.
With regard to the inguinal canal Rab et al. reported a 56.3% correspondence with the
“classical” course and relationship between the different nerves. In the other 43.7% the
ilioinguinal nerve was incorporated in the genitofemoral nerve entering the inguinal
canal at the internal ring, corresponding to the findings of Oelrich and Moosman [38].
The Genital Branch of the Genitofemoral Nerve
In addition to the variations on the course of the genital branch as stated above, Rab et
al. reported that in 28.1% no genital branch was present in the inguinal canal [46]. Liu et
al. reported that in 97% of cases the genital branches ran within the spermatic cord
corresponding to our study in which all genital branches were detected within the
cremasteric fascia [44].
All anatomical studies of the genital branch report that it enters the inguinal canal
through the internal ring. A specific description of the location where the genital branch
enters the inguinal canal through the internal ring is found only in an editorial by Amid;
the genital branch enters the inguinal canal through the internal ring just deep to the
lateral crus of the internal ring [22]. Our findings confirm the comment made by Lytle
in response to a case report by O’Brien discussing a case of genitofemoral neuralgia and
anatomy of the genital branch [10,50]. According to O’Brien the genital branch enters
the inguinal ring through the internal ring. However, Lytle comments that in inguinal
hernia repair the genital branch is observed to enter the inguinal canal not through the
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internal ring but through the posterior inguinal floor about 1 cm medially to the ring.
In one dissection during our study the genital branch did indeed not enter the inguinal
canal through the internal ring, but caudally to the internal ring after perforating the
transversalis fascia.
According to Amid et al., after passage through the inguinal ring the genital branch is
accompanied by the cremasteric artery and vein to form a neurovascular bundle. The
cremasteric vein is called the “blue line” by Amid because it is clearly visible as such
[31]. This corresponds with our findings with regard to its parallel course to this blue
line, although we only observed 22% of genital branches situated in exactly the same
anatomical plane running just adjacent to the cremasteric vessels and representing a real
neurovascular bundle.
The demonstrated anatomic variability of these three inguinal nerves is the probable
reason for the variable nerve block success rate as a diagnostic or therapeutical means. In
the case of difficulty identifying the iliohypogastric nerve, the upper leaf of the external
oblique aponeurosis should be separated medially and cranially and lifted cautiously
until the iliohypogastric nerve is identified perforating the aponeurose at a zone 2.5–
5.5 cm (3.8 cm) cranial from the external ring (Fig. 2). The mean distance cranially from
the iliohypogastric nerve to the internal ring (2.4 cm) was smaller than its distance to the
external ring (3.8 cm). In two inguinal areas the nerve ran within fibers of the internal
oblique muscle. In this configuration the nerve would be liable to injury during fixation
of the upper edge of the mesh to the internal oblique muscle [51].
Our study indicates the genital branch to be identified during meticulous proximal
dissection of the spermatic cord from the inguinal floor, at a zone laterocaudally at the
level of the internal ring where the variability of its course is least prominent after which
it runs parallel to the cremasteric artery and vein, denoted by the “blue line” by Amid
(Fig. 3).
In conclusion, despite a limited sample size this study shows efficient identification zones
with regard to all three inguinal nerves during open inguinal hernia surgery, including
the genital branch of the genitofemoral nerve, as yet not routinely dissected by the vast
majority of surgeons. It might be expected that as in all other non-inguinal hernia-related
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operation techniques, recognition of the course of nerves and the interference with the
operative field will improve the outcome of operations. To tackle the ongoing problem
of chronic pain after inguinal hernia surgery further research is warranted to assess
the clinical feasibility of the identification zones and to study the influence of division,
preservation or omittance of identification of inguinal nerves on postoperative pain.
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