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Triple neurectomy of the iliohypogastric (IHN), ilioinguinal (IIN), and genito-
femoral (GFN) nerves is an available treatment option for chronic groin pain
when conservative measures are ineffective. This research study attempted to
define the variability of IHN, IIN, and GFN by categorizing variation and estab-
lishing a relationship to clinically significant landmarks. 22 cadavers (43 speci-
mens) were dissected. Age, gender, ethnicity, BMI, and pertinent medical
history were recorded for each specimen. Nerve emergence, insertion, and split
points were measured in relation to clinically significant landmarks. Retroperi-
toneal trajectories of IHN, IIN, and GFN were analyzed and categorized based
on nerve branching patterns. IIN and IHN had three branching patterns – type
A (47%) in which the IIH and IIN exit as separate branches; type B (26%) in
which the IIH and IIN exit as a single bundle and split; and type C (28%) in
which the IIH and IIN exit and do not split. The GFN had three branching pat-
terns—type 1 (50%) in which the GFN exited from the psoas major and then
split into the genital and femoral branches; type 2 (30%) in which the GFN
exited and did not split; and type 3 (20%) in which the GFN exited the psoas
major already split into the genital and femoral branches. Variations in the
IHN, IIN, and GFN nerves outlined in this study will provide surgeons with clini-
cally useful information aiding in successful and efficient localization of these
nerves during retroperitoneal procedures, including laparoscopic triple neurec-
tomy. Clin. Anat. 28:903–909, 2015. VC 2015 Wiley Periodicals, Inc.

Key words: iliohypogastric; ilioinguinal; genitofemoral; triple neurectomy;
chronic groin pain

Abbreviations used: FB, femoral branch; GB, genital branch;
GFN, genitofemoral; IHN, iliohypogastric; IIN, ilioinguinal;
PDJ, psoas-diaphragm junction; TA, transversus abdominis.

Contract grant sponsor: University of Michigan Medical School’s
SBR Program.

*Correspondence to: John L. Zeller, MD, PhD, 1137 East Cather-
ine St, Room 3767E, Med Sci Building II, Ann Arbor, Michigan
48109. E-mail: jlzeller@umich.edu

Received 17 May 2015; Revised 26 June 2015; Accepted 26
June 2015

Published online 16 July 2015 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/ca.22592

VVC 2015 Wiley Periodicals, Inc.

Clinical Anatomy 28:903–909 (2015)



INTRODUCTION

The incidence of chronic groin pain following hernia
repair has been documented to range from 12% to
43% (Cunningham et al., 1996; Courtney et al.,
2002). Surgical management via neurectomy of the
iliohypogastric (IHN), ilioinguinal (IIN), and genitofem-
oral (GFN) nerves is currently an available treatment
option for chronic groin pain when conservative meas-
ures have failed (Tender and Serban, 2013). Tradition-
ally, this procedure was completed as an open, 2-stage
approach involving an anterior incision of the inguinal
region to reach the IHN and IIN and a flank incision to
reach the GFN (Amid, 2004). Recently, a 1-stage lapa-
roscopic triple neurectomy has been described
(Krahenbuhl et al., 1997; Muto et al., 2005; Giger
et al., 2009; Song et al., 2011). Song and colleagues
documented their initial three experiences with this
procedure. Two patients with chronic groin pain exhib-
ited significant relief at 10 months and 3 years post
operatively, following transection of the three nerves. A
third patient, after undergoing this procedure, experi-
enced recurrent pain along the medial aspect of his
groin two months post operatively. Clinical examination
suggested that only the femoral branch (FB) of the
GFN had been cut. This patient required an open re-
exploration through a flank incision to transect the
genital portion of the GFN. As the utility of laparoscopic
triple neurectomy increases, it is necessary to gain a
better understanding of nerve variation within the ret-
roperitoneum. Inadequate pain relief after triple neu-
rectomy was reported in 26% of patients with
neuropathic groin pain due to GFN entrapment with or
without IIN entrapment (Giger et al., 2009).

Classical descriptions of anatomy identify the GFN
piercing the psoas major and emerging on the anterior
surface of the muscle. It descends distally and divides
anterior to the distal third of the psoas into its femoral
and genital branches (GBs). The IHN courses posterior to
the psoas major and exits through its lateral border ante-
rior to the quadratus lumborum and iliacus muscles.
Near the iliac crest, it pierces the transversus abdominis
(TA). The IIN follows a similar pattern (Arslan, 2005).
While this description and others like it, (Clemente,
1997; Moore and Dalley, 2006; Netter, 2006) may serve
as a rule of thumb, they do not take into account the vari-
ation in these nerves that can forestall the intraoperative
identification of these nerves. The aim of this study is to
provide a more pragmatic understanding of the variation
of IHN, IIN, and GFN in relation to important surgical
landmarks. While other studies have focused on the spi-
nal nerve origins of the lumbar plexus (Klaassen et al.,
2011) and nerve trajectory in the anterior abdominal
wall, (Mandelkov and Loeweneck, 1988; Al-dabbagh,
2002; Whiteside et al., 2003; Ndiaye et al., 2007) this
study focuses on branching patterns as found in the ret-
roperitoneum. It should therefore aid clinicians perform-
ing retroperitoneal procedures, including laparoscopic
triple neurectomies.

MATERIALS AND METHODS

A total of 22 cadavres were examined by dissec-
tion, including 10 formalin fixed cadavers and 12 fresh

specimens, generating 43 sets of data (GFN and IHN/
IIN were determined to be unusable in one specimen
each). Demographic data consisting of age, gender,
ethnicity, height, weight, BMI, and pertinent past
medical and surgical history were recorded for each
dissected body.

Dissections were performed by removing the ante-
rior abdominal wall from the diaphragm superiorly to
the pubic symphysis inferiorly. Abdominal structures
including retroperitoneal organs were next removed
to expose the posterior abdominal wall in the retro-
peritoneal space. The IHN and IIN were identified and
isolated bilaterally using blunt dissection from point of
emergence at the lateral border of the psoas major
muscle to their respective points of entrance into the
TA muscle. The GFN was similarly isolated from the
point of emergence on the psoas major to approxi-
mately the level of the inguinal ligament (Fig. 1).

The following classifications andmeasurements regard-
ing IHN, IIN, and GFN trajectories were documented:

Iliohypogastric and Ilioinguinal Nerves:
The pattern in which the IHN and IIN emerged

from the lateral border of the psoas was categorized.
Instances in which IHN and IIN emerged from the lat-
eral psoas border as distinct branches were identified
as type A. Type B was defined as specimens in which
the IHN and IIN began as a common trunk and

Fig. 1. Illustrates a dissected formalin fixed cadaver.
The IHN-IIN bundle (superior blue bands) follows a type B
branching pattern on the right (arrow) and a type C on
the left (arrowhead). Both GFN bundles (inferior blue
bands) follow the classic type 1 pattern bilaterally. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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proceeded to split before entering the TA. Type C
denoted cases where the IHN and IIN emerged from
the lateral psoas border and entered the TA as a com-
mon trunk. Regardless of the assigned category, it
was then determined if any of these nerves emerged
at the psoas-diaphragm junction (PDJ), defined as the
intersection point of the medial crus of the diaphragm
and the lateral edge of the psoas muscle. In the case
where the nerves emerged distal to the PDJ, a linear
distance along the lateral edge of the psoas muscle
from the PDJ to the emergence point of the nerve was
recorded. Additionally, in type A specimens, a series
of measurements were taken from the emergence
points of the IHN and IIN to their respective entrance
points into the TA. The series of measurements con-
sisted of a point-to-point measurement as well as hor-
izontal ’x’ and vertical ’y’ distances in a coronal plane.
In type B specimens, a 3-component series of meas-
urements, similar to that described for type A speci-
mens, were made between the nerve split point and
the transverse process of the L2 vertebra. This point
was located by palpating along the lateral edge of the
spinal column inferiorly beginning at the T12 rib base
until a major bony prominence was felt. The 3-
component series of measurements were then made
between the nerve split point and the respective
entries of the IHN and IIN into the TA. A 3-component
series of measurements were conducted in type C
specimens from the point of nerve emergence at the
lateral psoas border to the entrance site into the TA.

Genitofemoral Nerve:
GFN specimens were grouped into categories deter-

mined by the nature of nerve emergence on the ante-
rior psoas major surface. Cases where the nerve

emerged as a single trunk and proceeded to split into
genital and FBs were deemed type 1. Type 2 was char-
acterized by a single GFN emerging from the psoas and
coursing distally to the inguinal ligament with no split-
ting. Type 3 described cases in which the GFN emerged
from the psoas as two or more branches. The third of
the psoas muscle (proximal, middle, distal) where the
GFN emerged was documented, for each category.
Nerve emergence was defined as proximal if it occurred
superior to the L2 transverse process; middle when it
emerged between the L2 transverse process and iliac
crest; and distal when it emerged inferior to the iliac
crest. The distance between nerve emergence points
and PDJ as well as the base of T12 rib was recorded for
each specimen using the previously mentioned 3-
component series of measurements. The base of T12
rib was located by palpating the 12th rib and moving
medially along the inferior edge until the T12 vertebra
was reached. Each point of nerve emergence from the
psoas was then measured directly to the great vessel
on the respective side being analyzed (the aorta on the
left, the inferior vena cava on the right). Additionally in
type A specimens, a linear distance from the point of
emergence on the psoas to the point of the nerve split
was recorded.

To ensure uniformity among data sets, all dissec-
tions and measurements were performed by the same
two individuals. The measurements were taken inde-
pendently by the two researchers to the nearest
0.5 cm using a tape measure and the mean of both
measurements were recorded. Photographs of each
specimen were taken.

To determine any statistically significant differences
between measured variables, multiple statistical tests

TABLE 1. Summary of Biometric Data

ID
State of

Preservation Gender Age
Height
(cm) Weight (kg) BMI (kg/m2) DA2A (cm)a DP2X (cm)b

33777 Preserved Male 88 223.5 79.3 25.8 21.0 27.5
34037 Preserved Male 86 218.4 45.3 18.3 23.5 33.0
34098 Preserved Male 62 157.5 63.4 21.9 23.3 39.0
33894 Preserved Female 61 154.9 65.7 27.4 22.0 33.0
5 Fresh Female 23.5 36.8
34222 Fresh Female 31 78.7 75.7 27.8 25.3 37.3
34107 Preserved Male 69 175.3 67.5 22.7 23.0 35.3
34102 Preserved Female 98 248.9 43.9 15.7 24.0 34.0
34100 Preserved Male 85 215.9 62.5 21.6 24.3 31.0
34223 Fresh Female 87 221.0 49.8 18.9 25.8 34.5
34224 Fresh Male 90 228.6 72.5 21.1 23.0 35.0
34234 Fresh Female 81 205.7 56.6 21.5 22.8 39.0
34231 Fresh Male 90 228.6 113.3 32.1 23.3 35.5
34230 Fresh Male 80 203.2 76.6 26.5 23.5 30.0
34233 Fresh Male 90 228.6 77.0 24.4 25.5 31.5
33668 Preserved Female 96 243.8 42.6 15.2 25.5 28.8
34232 Fresh Male 73 185.4 67.5 22.0 24.5
34238 Fresh Female 69 175.3 113.3 38.0 22.0 37.5
34229 Fresh Male 68 172.7 45.3 12.5 24.3
34101 Preserved Female 63 160.0 86.1 30.7 25.5 37.0
33921 Fresh Male 25.5 37.0
33945 Preserved Male 24.0 39.5
Mean (SD) 77616.0 196.1640.6 68.6620.2 23.466.2 23.961.3 34.663.4

aDistance from ASIS to ASIS.
bMidline distance from the pubic symphysis to the diaphragm.
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were run; P-values less than 0.05 were considered
significant. Fisher exact tests or v2d tests were per-
formed to compare the various branching patterns of
both nerve bundles to gender and to the side of body
the nerves originated (left versus right). MANOVAs
were performed to compare gender, side of body, and
state of preservation, in turn, to each of the measure-
ments. To ascertain statistically significant correla-
tions, simple linear regression analyses were carried
out using the various recorded measurements as
dependent variables against the independent variables
- Age, BMI, Height and Weight. SAS 9.4 and SPSS 22
were software programs used for the statistical
analyses.

RESULTS

The independent variables and standardization
measurements for the cadavers are summarized in
Table 1. A statistically significant association was
noted between GFN branching pattern and point of
exit of the GFN bundle on the psoas (P50.032). No

statistically significant differences were noted between
Gender or Side and the branching pattern of the IHN-
IIN bundle (P50.32 and P50.58, respectively); simi-
larly no statistically significant differences were noted
between Gender or Side and the branching pattern of
the GFN bundle (P50.52 and P51.00, respectively).
No statistically significant differences were noted
between Gender or Side and point of exit of the GFN
bundle on the psoas muscle (P50.78 and P50.54,
respectively).

Results from the MANOVA showed significant differ-
ences only between Gender and the following
variables:

Distance from the GFN Bundle to the Base of the
T12 Rib X-component (F54.88, P =0.035)

Distance from the GFN Bundle to the Base of the
T12 Rib Y-component (F55.19, P =0.030)

Distance from the Great Vessels to the GB of the
GFN (F59.08, P =0.024)

Distance from the Great Vessels to FB of the GFN
(F511.94, P =0.014).

Themeans for these values by gender are summarized
in Table 2. No statistically significant correlations were
noted from simple linear regression models of the various
measurements against age, BMI, height and weight.

IHN and IIN Branching

The type A branching pattern was the most common
pattern accounting for 47% of the specimens. Type C
accounted for 28% and this was closely matched by
type B with 26%. Figure 2 illustrates this data.

IHN and IIN and Distances from
Landmarks

Table 3 illustrates the mean vertical distances and
standard deviations of the IHN, IIN, and IHN-IIN

TABLE 2. Mean Distance of the GFN, GB, and FB
From the Base of the T12 Rib and Mean Distance
of the GB and FB From the Great Vessels

Variable (cm) Gender Mean (SD)

Distance from GFN
Bundle to the
base of the T12 Rib [X]

Male 1.761.5
Female 20.362.2

Distance from GFN
Bundle to the
base of the T12 Rib [Y]

Male 7.662.4
Female 9.562.3

Distance from
Great Vessels to FB

Male 0.960.7
Female 3.261.4

Distance from Great
Vessels to GB

Male 0.560.5
Female 2.361.0

Fig. 2. IHN and IIN branching patterns and frequency of occurrence noted in
study. [Color figure can be viewed in the online issue, which is available at wileyonline-
library.com.]

906 Geh et al.

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


bundle from the PDJ. The IHN-IIN bundle which con-
stitutes of both types B and C (54% of the observed
specimens) had a mean distance of 2.761.5 cm from
the PDJ.

The type A branching pattern produced two meas-
urements for the IHN and IIN respectively. The IHN
had a mean distance of 2.561.6 cm from the PDJ.
The IIN was measured to be 4.762.4 cm from the
PDJ.

GFN branching and point of emergence on
psoas major muscle

The type 1 branching pattern was the most com-
mon branching pattern for the GFN accounting for
50% of the specimens. This was followed by the type
2 (30%) and type 3 (8%) branching patterns (Fig. 3).
The GFN exited in 70% of the cases from the middle
third of the psoas muscle, 20% from the distal third
and 10% from the proximal third. Table 4 illustrates a
cross-tabulation of GFN exit point against GFN branch-
ing pattern. Figure 4 shows a clustered bar-chart of
the aforementioned variables.

GFN and Mean Distances from Landmarks

GFN to point of split. The type 1 branching pattern
involved the GFN splitting into the genital and FBs
after exiting the psoas muscle. The split was meas-

ured at a mean vertical of distance of 8.663.5 cm
from the point of emergence.

GFN to great vessels. Given the proximity of the
GFN to the great vessels (aorta on the left side and
inferior vena cava on the right) and the risk of dam-
aging these vessels during a surgical procedure, the
mean horizontal distance of the GFN from the great
vessels was determined to be 1.861.7 cm in the
type 1 and type 2 cases, while in the type 3 branch-
ing pattern the GB was located 1.261.2 cm and the
FB 1.661.5 cm from these vessels, as illustrated in
Table 5.
GFN and the base of the T12 rib. Table 5 illus-
trates the mean vertical and horizontal distances of
the GFN types from the base of the T12 rib. In the
case of the GFN bundle, the mean vertical and hori-
zontal distances were determined to be 8.462.5 cm
and 1.261.9 cm, respectively. The GBs had mean
distances of 11.863.1 cm in the vertical plane and
1.561.8 cm in the horizontal plane. The FBs had
mean distances of 8.962.5 cm and 0.861.8 cm in
the vertical and horizontal planes, respectively.

DISCUSSION

Postherniorrhaphy inguinodynia is a complication of
inguinal hernia repair, a procedure performed approxi-
mately 20 million times annually, with approximately
8,00,000 of those performed in the US alone (Chen
et al., 2013). Laparoscopic triple neurectomy has pro-
ven effective, when conservative measures fail, in the
management of the aforementioned complication, with
80% to 100% of patients reporting statistically signifi-
cant improvement in pain levels post-operatively up
until 3 years of follow-up (Song et al., 2011; Chen
et al., 2013; Fischer, 2013; Mahan et al., 2014). While
prior publications have commented on variations in the
branching pattern of the IHN, IIN, and GFN, (Song
et al., 2011; Chen et al., 2013; Tender and Serban,

TABLE 3. Mean Vertical Distances and Standard
Deviations of the IHN, IIN, and IHN-IIN Bundle
From the PDJ

IHN-IIN bundle type
Mean distance (cm)

from PDJ

IHN-IIN Bundles (type B and C) 2.761.5
IHN (type A) 2.561.6
IIN (type A) 4.762.4

Fig. 3. GFN branching patterns and frequency of occurrence noted in study. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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2013) none so far have provided a characterization of
these variations, especially in the retroperitoneum
where the neurectomies are performed. This study
provides a topographic map of the IHN, IIN, and GFN
in the retroperitoneum with respect to various anatom-
ical landmarks which can be observed during
laparoscopy.

On dissection, the IHN-IIN bundle followed three
distinct patterns. The classic anatomical description
(type A) has the IHN and IIN exiting behind the psoas
major as separate nerves; this was observed in 47%
of the specimens. However, in 53% of the specimens,
the nerves exited as a single bundle and either split
(type B [26%]) or not (type C [28%]). The PDJ was
used as a point of reference to gauge the distance to
the various nerves as illustrated in Table 3. As noted,
there was significant variation in branching pattern,
however, this difference did not correlate in a statisti-
cally significant way with either gender or side of the
body. There were no statistically significant correla-
tions between the various IHN-IIN measurements and
the independent variables.

On dissection, the GFN bundle followed three dis-
tinct patterns. The classical description labeled type 1
where the GFN exits as a single nerve on the psoas
and splits into the genital and FBs was noted in only
44% of the specimens; in 56% of the specimens the
GFN exited and did not split (type 2 [32%]) or exited
as separate branches (type 3 [24%]). Tender et al.
describe a lateral retroperitoneal transpsoas approach
to lumbar fusion (2013). This involves dissection of
the psoas, which necessitates an understanding of the
variation of the GFN bundle and its exit point which is
crucial to procedures involving this muscle. The GFN
was further characterized based upon what third of

the psoas it exited; the vast majority exited on the
middle third (70%), 20% from the distal third, and
10% from the proximal third. On considering the
branch patterns the aforementioned distribution held
for types 1 and 2 but not for type 3 as illustrated in
Table 4. Per the Fisher exact test this difference is
statistically significant.

In order to provide dimensionality to the map, the
mean horizontal distance to the great vessels of the
GFN bundle, the mean vertical and horizontal distance
to the base of the T12 rib were obtained. Per the
results, in the type C branching pattern, the FB and
the GB ran closer to the great vessels in males than
females. The mean distance from the base of the T12
rib to the GFN bundle was noted to be more lateral
and superior compared to females. Though these dif-
ferences in measurements are statistically significant,
they may not necessarily be clinically relevant. There
were no statistically significant correlations between
the various GFN measurements and the independent
variables (age, weight, height, BMI).

There is always the possibility that the measure-
ments could be underestimated (due to rigidity of
fixed specimens) or exaggerations (due to sagging in

Fig. 4. Chart illustrating the frequencies of the point
of emergence of the GFN on the psoas major muscle
delineated by branch patterns. [Color figure can be
viewed in the online issue, which is available at wileyonli-
nelibrary.com.]

TABLE 4. Cross-tabulation of GFN exit point
against GFN branching pattern

GFN branching pattern
Frequency (n)

Percent (%)

GFN Exit Point Type 1 Type 2 Type 3 Total

Proximal 3 0 1 4
7.5 0 2.5 10

Middle 16 9 3 28
40 22.5 7.5 70

Distal 1 3 4 8
2.5 7.5 10 20

Total 20 12 8 40
50 30 20 100

TABLE 5. Mean distances of the GFN bundle, GB and FB from their point of emergence to the Great ves-
sels, Split Point as applicable, and base of the T12 rib (horizontal and vertical components)

Mean distance from
point of emergence
to great vessels

(cm)

Mean distance
from point of

emergence to split
point (cm)

Mean distance from
base of T12 to point of

emergence (cm)
x-component

Mean distance from
base of T12 to point of

emergence (cm)
y-component

GFN bundle (type 1 and 2) 1.861.7 8.663.5 1.261.9 8.462.5
GB (type 3) 1.261.2 N/A 1.561.8 11.863.1
FB (type 3) 1.661.5 N/A 0.861.8 8.962.5
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fresh specimens). However, from the MANOVA find-
ings, no statistically significant differences were noted
between the state of preservation and the various
measurements. The linear regression models showed
no statistically significant correlations. Nevertheless,
the study did achieve the original goal of characteriz-
ing the branching patterns of the nerve bundles in the
retroperitoneal region.
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