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Abstract

Background The lateral femoral cutaneous nerve (LFCN)
can be at risk during, for example, the insertion of pins in
the anterior superior iliac spine (ASIS) during external
fixation of the pelvis, total hip arthroplasty through a direct
anterior approach, open surgery for impingement in the hip
through an anterior approach, and periacetabular osteotomy.
During surgery, the surgeon usually assumes the location
of the LFCN by using the ASIS as a landmark.
Questions/purposes We investigated (1) whether there is
any relationship between the LFCN and the ASIS and
(2) the anatomy of the LFCN at the lateral border of the
psoas major.

Methods Using 25 formalin-fixed cadavers, we deter-
mined the location of the LFCN emergence point as above,
same level with, or below the iliac crest (IC). We measured
the distances between the LFCN emergence point and the
crossing of the IC and psoas major, ASIS, and pubic
tubercle. We measured the distances between the ASIS and
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pubic tubercle (AB) and the ASIS and the point where the
LFCN crossed the inguinal ligament (AC) and then cal-
culated AC/AB.

Results The LFCN was below the IC on 19 sides, at the
same level on 13 sides, and above on 12 sides. The dis-
tances were —(0.98 &+ 5.57 cm to the IC, 12.39 £+ 2.67 cm
to the ASIS, and 17.76 + 3.33 cm to the pubic tubercle.
AB was 13.11 £ 1.08 cm, AC 2.95 £ 2.01 cm, and
AC/AB 0.22 +£ 0.16.

Conclusions/Clinical Relevance The LFCN may emerge
from the lateral border of the psoas major above or below
the IC. The AC/AB ratio can help surgeons to find the
LFCN in patients with different body types.

Introduction

The LFCN has received much attention owing to its
importance during harvesting of IC bone graft, fixation of
acetabular fractures [6], insertion of pins in the ASIS
during external fixation of the pelvis, anterior surgical
approaches to the hip and pelvis, and ilioinguinal approach
to the acetabulum [8]. It also can be affected by tight
clothing, obesity, IC disorders [7], limb-length discrepancy
[2], pelvic inflammatory disease, toxic neuropathies [16],
and surgical interventions such as cardiac catheterization
[2], inguinal herniorrhaphy, laparoscopic cholecystectomy
[16], and appendectomy [10]. Its best-known clinical dis-
order is meralgia paresthetica, which is characterized by
numbness, burning, or pain over the anterior and lateral
aspects of the thigh [15].

The LFCN arises from the dorsal branches of the second
and third lumbar ventral rami and emerges from the lateral
border of the psoas major (PM), crossing the iliac muscle
obliquely toward the ASIS. The LFCN passes behind or
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through the inguinal ligament (IL), medial to the ASIS and
anterior to the sartorius muscle [12].

The LFCN can be damaged along its entire course and
cause symptoms. The incidence of meralgia paresthetica
has been reported to be between 6.7% and 35% [16].
Because of this relatively high incidence, there are numer-
ous studies regarding the anatomy of the LFCN [1-6, 8, 9,
13-16]. When these studies are examined, it can be seen
that most are about the relationship between the LFCN and
the structures in the inguinal region. These studies have
investigated the distance between the LFCN and the ASIS
[5,6,8,9, 15, 16], between the LFCN and the femoral artery
[6], the position of the nerve according to ASIS (ie, medial
or superolateral) [14], the relationship of the LFCN to the IL
(behind, through, or in front of) [15], and the relationship of
the LFCN to some fascial planes [3]. One study appeared
different by measuring distances between the branches of
the lumbar plexus and bony landmarks and imaginary lines
at the posterior abdominal wall [17].

In the literature and textbooks, the LFCN is defined as
emerging from the lateral side of the PM, but there is
limited information about the level of this emergence
regarding the IC (ie, above or below the IC). Furthermore,
all studies in the literature regarding the relationship
between the LFCN and the ASIS measured only the dis-
tance between them without considering the individual
variations (ie, height, body type) in people. Therefore, we
attempted to determine the ratio of the ASIS-LFCN dis-
tance to the length of the IL.

In this study, we (1) determined the location of the
emergence point of the LFCN at the lateral border of
the PM relative to the IC; (2) determined distances of the
emergence point of the LFCN to certain bony landmarks,
ie, the ASIS and the pubic tubercle (PT); (3) determined
the position of the LFCN relative to the IL; and (4) cal-
culated the ratio of the ASIS-LFCN distance to the ASIS-
PT distance (ie, length of the IL) to determine whether this
ratio is a reliable guide to estimate the position of the
LFCN behind the IL.

Materials and Methods

This study was conducted in 25 formalin-fixed cadavers
(12 males, 13 females; age range, 36-80 years) at the
Istanbul University (10 cadavers) and the University of
Cologne (15 cadavers). The course of the LFCN, starting
from the point where it left the lateral border of the PM
until it passed behind the IL, was examined. The distal
course and branching pattern of the LFCN distally to the IL
were not studied.

We examined formation of the LFCN at the lateral side of
the PM, the existence of an accessory LFCN(s), the course in
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the greater pelvis, and the relationships with the ASIS and
the IL. The measurements were taken in two aspects:
intraabdominal and inguinal. The intraabdominal measure-
ments were taken between the point where the LFCN left the
lateral border of the PM and the visible medial end (back
margin) of the IC (a), the ASIS (b), and the PT (c) (Fig. 1).
When the LFCN emerged from the PM above the IC,
positive values were given to the LFCN-IC distance; when
the LFCN emerged below the IC, negative values were
given. In four sides, two branches (possibly the dorsal
branches of the ventral rami of spinal nerves) emerged from
the lateral border of the PM and united to form the LFCN. In
each of those four sides, both branches were measured
separately. The intraabdominal (a, b, and c) distances were
measurable in 40 sides. In four of those sides, the LFCN
emerged as two branches, so 44 measurements were taken in
total (Table 1). There were no accessory LFCNs.

The AB and AC distances were detectable in 42 sides
(Table 2). The inguinal measurements were the length of
the IL (AB) and the distance between the ASIS and the
point where the LFCN crossed the IL (AC) (Fig. 2); by
using these two measurements, the AC/AB ratio was cal-
culated. In some cadavers, some measurements of the
LFCN could not be performed owing to accidental traumas
during the dissections for educational purposes; those

Fig. 1 The intraabdominal measurements of the LFCN are shown: the
distance between the emergence point of the LFCN and the IC (a); the
distance between the emergence point of the LFCN and ASIS (b); and
the distance between the emergence point of the LFCN and the PT (c).
(Reproduced with permission of The Journal of Bone and Joint
Surgery-American Volume from Murata Y, Takahashi K, Yamagata
M, Shimada Y, Moriya H. The anatomy of the lateral femoral
cutaneous nerve, with special reference to the harvesting of iliac bone
graft. J Bone Joint Surg Am. 2000;82:746-747.)
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Table 1. Intraabdominal distances of the LFCN to certain bony landmarks

Institution Cadaver Gender Intraabdominal distances (cm)
Right Left
a b c a b c

Istanbul University 1 Male 3.7 10.3 17 —1.5 9.6 17
2 Male —17 11.6 15.1 7.8 19.6 24.8
3 Male NA NA NA NA NA NA
4 Male 1.9 14 22 4.9 17 24
5 Male —24 16 14 9 14.2 17.5
6 Male —-2.6 9.5 13.6 —4 9.1 124
7 Female 0 13 18 6.6 17.1 23.8
8 Female 7.5 16.8 23.5 —5.8 8.5 10.3
9 Female —3.8 9.24 16 NA NA NA
10 Female 2 13.5 19 0.8 12.5 16.5

University of Cologne 1 Male —2.88 10.89 22.1 NA NA NA
2 Male 0 10.27 17 NA NA NA
3 Male 0,-34 13.5, 10.5 19.8, 14.5 NA NA NA
4 Male 0 12.7 18 0 9.95 18.5
5 Male 3.88 17.8 23.16 0 14.2 20
6 Male -2 11.17 154 NA NA NA
7 Female —-1.17 11.21 15.7 0, 1.73 11.89, 12.92 17.5, 18
8 Female 0 12.81 14.43 0 13.17 18.3
9 Female 0, —2.3 12.69, 11.9 17.28, 16.12 2.52 14.1 20.5
10 Female —5.67 10.5 19.3 NA NA NA
11 Female 0 12.38 17.4 NA NA NA
12 Female —1.85 11.92 18.6 34 16 224
13 Female —4.75 8.47 14.43 —-3.77 9.84 154
14 Female NA NA NA 0 12.5 18.2
15 Female 0, —3.02 11.01, 9.06 16.3, 13.83 —2.09 10.12 14.61

Intraabdominal measurements were taken between the point where the LFCN leaves the lateral border of the psoas major and the visible medial
end (back margin) of the iliac crest (a), the anterior superior iliac spine (b), and the pubic tubercle (c) (Fig. 1); LFCN = lateral femoral

cutaneous nerve; NA = not available.

nerves were indicated as “NA” in the tables.

In the

cadavers where the a, b, ¢ and AC and AB distances could
be measured on both sides, these distances were compared
using the Wilcoxon test. Because of the limited number of
specimens, differences between the genders could not be
examined.

Results

The emergence point of the LFCN was above the IC
(Fig. 3) in 12 (27%) sides, at the same level with the IC
(Fig. 4) in 13 sides (30%), and below the IC (Fig. 5) in 19
sides (43%) (Table 1).

The mean £ SD distances were —0.98 £ 5.57 cm
between the LFCN emergence point and the IC, 12.39 £+
2.67 cm between the LFCN emergence point and the ASIS,

and 17.76 + 3.33 cm between the LFCN emergence point
and the PT (Table 1). In the cases where the LFCN
emerged above the IC (n = 12), the mean distance between
the LFCN emergence point and the IC was 4.34 &+ 2.77 cm
and, in the cases below (n = 19), 5.02 & 5.72 cm. For the
cadavers in which both sides could be measured, no dif-
ference was found between sides for any of the
intraabdominal measurements (p = 0.31 for a; p = 0.42
for b; and p = 0.09 for c¢) (Table 3).

All LFCNs in our specimens passed medial to the ASIS
and behind the IL (neither through a slit on the IL nor
through the iliac bone) as a single trunk. The mean AC was
295 £2.01 cm (3.09 &£ 2.32 cm for the left sides,
2.71 £ 1.73 cm for the right sides). The mean AB was
13.11 £ 1.08 cm (12.98 & 1.04 cm for the left sides,
13.23 + 1.13 cm for the right sides). The mean AC/AB
was 0.22 £0.16 (0.24 £ 0.20 for the left sides,
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Table 2. Inguinal measurements of the LFCN

Institution Cadaver Gender Inguinal distances (cm)
Right Left
AB AC AC/AB AB AC AC/AB
Istanbul University 1 Male 15 6.3 0.42 14.5 5.7 0.39
2 Male 13.5 6.3 0.47 13.9 33 0.24
3 Male NA NA NA 12.5 3 0.24
4 Male 14 3.8 0.27 13.1 2.6 0.20
5 Male 16.2 2.7 0.17 14.8 1 0.07
6 Male 13.5 2.3 0.17 12 1.5 0.13
7 Female 13.2 4.9 0.37 12.4 5.6 0.45
8 Female 13.5 2.8 0.21 12 9.2 0.77
9 Female 11.8 14 0.12 10.7 6.7 0.63
10 Female 11.5 2.8 0.24 12.9 2 0.16
University of Cologne 1 Male 14.18 3.21 0.23 NA NA NA
2 Male 13.9 5.13 0.37 13.3 0.9 0.07
3 Male NA NA NA 14.12 3 0.21
4 Male 13.7 2.07 0.15 13.24 5 0.38
5 Male 13.09 0.63 0.05 NA NA NA
6 Male 12.88 1.49 0.12 NA NA NA
7 Female 13.02 1.44 0.11 13.41 1.53 0.11
8 Female 11.66 1.32 0.11 12.92 0.74 0.06
9 Female 13.12 1.11 0.08 12.79 0.6 0.05
10 Female 14.07 3.63 0.26 NA NA NA
11 Female 12.66 0.8 0.06 NA NA NA
12 Female 12.71 1.41 0.11 13.04 1.43 0.11
13 Female 11.79 3.36 0.28 11.09 3.08 0.28
14 Female NA NA NA 14.08 3.98 0.28
15 Female 12.07 0.74 0.06 12.8 1.01 0.08

Inguinal measurements were the length of the inguinal ligament (AB) and the distance between the anterior superior iliac spine and the point
where the LFCN crosses the inguinal ligament (AC) (Fig. 2); by using these two measurements, the AC/AB ratio was calculated; LFCN =

lateral femoral cutaneous nerve; NA = not available.

0.20 £ 0.12 for the right sides). For the cadavers in which
both sides could be measured, no difference was found
between sides for any of the inguinal measurements
(p = 0.61 for AC and p = 0.49 for AC/AB) (Table 4).

We found most (84%) of the LFCNs were 5 cm or less
from the ASIS (Table 5). In one side (Table 2, cadaver 8 of
Istanbul University series), the AC distance was 9.2 cm. In
89% of the 42 sides, the AC/AB ratio was less than 0.40
(Table 6).

Discussion
During the relevant surgical procedures, the surgeon usu-
ally assumes the location of the LFCN by using the ASIS

as a landmark. In this study, we investigated the exact
location of the emergence point of the LECN relative to IC,
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ASIS, PT, and the relative position of the nerve behind
the IL.

There are two limitations to this study. One is the
insufficient number of cadavers; this small number was
increased by some missing nerves attributable to accidental
trauma during the educational dissections. In addition, this
limitation further prohibited us from calculating the dif-
ferences between genders, and we could calculate only the
differences between sides. The other limitation is that only
embalmed cadavers were used in the study. The standard
embalming procedures could change tissue properties, and
measurements from the cadavers might not fully correlate
with measurements from living subjects.

In some anatomy texts, the LFCN is described as
“emerging from the lateral side of the PM, just above the
IC” [1, 11]. During our dissections, we observed the situ-
ation was actually different. Little information is available
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Fig. 2 The inguinal measurements of the LFCN are shown: the
distance between the ASIS and the LFCN (AC) and the distance
between the ASIS and the PT (AB). (Reproduced with permission of
The Journal of Bone and Joint Surgery-American Volume from
Murata Y, Takahashi K, Yamagata M, Shimada Y, Moriya H. The
anatomy of the lateral femoral cutaneous nerve, with special reference
to the harvesting of iliac bone graft. J Bone Joint Surg Am.
2000;82:746-747.)

Fig. 3 An example of the LENC emerging above the IC (left side) is
shown. In this case, the LFCN emerges through the PM instead of
behind the muscle. * = LFNC; QL = quadratus lumborum muscle;
PM = psoas major muscle; I = iliacus muscle.

regarding the exact level of this emergence relative to the
IC. In our series, the emergence point of LFCN was above
the IC in 12 (27%) sides. In such cases where the LFCN

Fig. 4 An example of the LFNC emerging at the same level with the
IC (right side) is shown. * = LFNC; QL = quadratus lumborum
muscle; PM = psoas major muscle; I = iliacus muscle.

Fig. 5 An example of the LEFNC emerging below the IC (left side) is
shown. * = LFNC; QL = quadratus lumborum muscle; PM = psoas
major muscle; I = iliacus muscle.

travels unexpectedly high in the retroperitoneum, the nerve
can be injured during operations such as laparoscopic
cholecystectomy [18]. The mean distance between the
LFCN and the IC (including above and below cases) was
—0.98 £ 5.57 cm in this study. In the literature, we found
only one study [17] in which the distance between the
LFCN and the IC was measured. In their study, Tubbs et al.
[17] found all LFCNs left the lateral border of the PM
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Table 3. Comparison of intraabdominal measurements between
sides

Parameter a a b b ¢ ¢
(right)  (left)  (right) (left) (right) (left)

Number 19 19 19 19 19 19
Mean (cm) —1.60 1.05 1239 12.84 17.14 18.24
SD (cm) 7.98 4.02 249 3.11  3.03 391
Minimum (cm) —24.00 —-5.80 8.00 8.50 14.00 10.30
Maximum (cm) 13.82 9.00 18.00 19.60 24.00 24.80
Range (cm) 37.82 1480 9.00 11.10 10.00 14.50
Median (cm) 0.00 0.00 11.92 1292 1630 18.00
z Value* —1.02 0.81 —-1.72

p Value 0.31 0.42 0.09

Intraabdominal measurements were taken between the point where
the lateral femoral cutaneous nerve leaves the lateral border of the
psoas major and the visible medial end (back margin) of the iliac crest
(a), the anterior superior iliac spine (b), and the pubic tubercle (c)
(Fig. 1); *Wilcoxon signed-rank test.

Table 4. Comparison of inguinal measurements between sides

Parameter AC (right) AC (left) AC/AB (right) AC/AB (left)
Number 17 17 17 17

Mean 2.93 cm 319cm  0.22 0.24

SD 1.79 cm 254cm  0.13 0.21
Minimum  0.70 cm 0.60 cm  0.06 0.05
Maximum  6.30 cm 920 cm  0.47 0.77

Range 5.60 cm 8.60cm 041 0.72

Median 2.70 cm 230 cm  0.17 0.16

z Value*  —0.52 —0.69

p Value 0.61 0.49

Inguinal measurements were the length of the inguinal ligament (AB)
and the distance between the anterior superior iliac spine and the point
where lateral femoral cutaneous nerve crosses the inguinal ligament
(AC) (Fig. 2); by using these two measurements, the AC/AB ratio
was calculated; *Wilcoxon signed-rank test.

Table 5. ASIS-LFCN distances, numbers, and percentages

ASIS-LFCN distances Number
0-10 mm 7 (17%)
> 10-20 mm 11 (26%)
> 20-30 mm 8 (19%)
> 30-40 mm 7 (17%)
> 40-50 mm 2 (5%)
> 50-60 mm 3 (7%)
> 60-70 mm 3 (7%)
> 90-100 mm 1 2%)
Total 42 (100%)

below the IC and the mean distance was 5 £ 1.2 cm
(range, 4-7 cm). In our series, the mean value of below
cases (n = 19) was 5.02 £ 5.72 cm, indicating our find-
ings are parallel to those of Tubbs et al. [17]. We could not
find any published study regarding the distances between
the LFCN emergence point and the ASIS and the PT. In our
study, the mean distances were 12.39 + 2.67 cm and
17.76 &+ 3.33 cm, respectively. We believe these distances
may be helpful for laparoscopic and open procedures of the
abdomen.

Owing to the relatively high incidence (range, 6.7%-—
35%) [16] of meralgia paresthetica, the inguinal anatomy
of the LFCN has been the subject of numerous studies
[1-6, 8, 9, 13-16]. In most of the studies, researchers
measured the distance between the ASIS and LFCN to
define safe zones for operations in this region [5, 6, 8, 9,
13, 15, 16]. In our study, the mean ASIS-LFCN distance
was 2.95 £+ 2.01 cm (range, 0.6-9.3 cm) (3.09 £ 2.32 cm
for the left sides, 2.71 £ 1.73 cm for the right sides), and

Table 6. AC/AB ratios, numbers, and percentages

AC/AB ratio Number
0-0.09 9 (21%)
0.10-0.19 12 (29%)
0.20-0.29 12 (29%)
0.30-0.39 4 (10%)
0.40-0.49 3 (7%)
0.60-0.69 1 2%)
0.70-0.79 1 2%)
Total 42 (100%)

AB = length of the inguinal ligament; AC = distance between the
anterior superior iliac spine and the point where the lateral femoral
cutaneous nerve crosses the inguinal ligament.

Table 7. Comparison of the ASIS-LFCN distance between studies

Study ASIS-LFCN distance (cm)
Mean SD Range
Dias Filho et al. [5] (2003) 0.7 1 04
Doklamyai et al. [6] (2008) 1.6 0.3 0-6.2
Grothaus et al. [8] (2005) 3.6 2 0.6-7.3
Hospodar et al. [9] (1999) 2.04 NA 0.3-4.6
Mischkowski et al. [13] (2006) 1.46 NA NA
Ropars et al. [15] (2009) 2.11 NA 0.5-5.6
Siiriicii et al. [16] (1997) 1.52 0.84 0-3.21
Tubbs et al. [17] (2005) 1.5 0.8 0.5-3.5
Current study (total) 2.95 2.01 0.6-9.2
Current study (left sides) 3.09 2.32 0.6-9.2
Current study (right sides) 2.71 1.73 0.6-6.3

ASIS = anterior superior iliac spine; LFCN = lateral femoral cuta-
neous nerve.
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ASIS = anterior superior iliac spine; LFCN = lateral femoral cuta-
neous nerve; NA = not available.
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we did not find any LFCNs passing lateral to the ASIS.
This finding is consistent with some previous studies [5, 6,
9, 15-17] (Table 7). However, other studies [1, 4, 13, 14]
have reported the LFCN passing lateral to the ASIS in
different percentages (range, 2.9%—13%). Carai et al. [3]
reported the LFCN passed through a canal in the iliac bone
in 4.4% of their cases. In our study, the ASIS-LFCN dis-
tance was 4 cm or less in 79% of the cases, whereas
Mischkowski et al. [13] reported 94.2%.

There have been attempts to define different landmarks
to localize the position of the LFCN behind the IL [6]. We
believe ratios, not distances, should be considered. People
have different body types and dimensions. Measuring the
ASIS-LFCN distance does not take into account the rela-
tive position of the LFCN behind the IL. We calculated the
AC/AB ratio to determine whether this ratio can define a
certain relationship between the LFCN and the ASIS. Our
mean AC/AB ratio was 0.22 4+ 0.16 (0.24 £ 0.20 for the
left sides, and 0.20 = 0.12 for the right sides), and the
AC/AB ratio for most (89%) of the LFCNs was less than
0.40. Our results suggest this ratio could be helpful in
defining the position of the LFCN behind the IL.

Our findings indicate the LFCN may emerge from the
lateral border of the PM not only below the IC but also
above it in 27% of the cases. However, in 89% of the cases,
the LFCN was found behind the lateral 40% of the IL. We
suggest this finding may be helpful to surgeons in local-
izing the LFCN behind the IL in different patients whose
bodies and body measurements may be different. We
believe our results enrich the anatomic knowledge of the
exact location of the LFCN relative to some bony land-
marks and the IL. These findings may have potential
relevance to everyday clinical surgical practice.
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