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ABSTRACT:

Background: Ultrasound-guided femoral nerve block is a commonly used technique for regional anesthesia. However,
variations in the anatomical relationship between the femoral nerve and artery can complicate accurate nerve
identification during the procedure. This study aimed to explore whether age, sex, or BMI influence the anatomical
variation of the femoral nerve concerning the femoral artery. Methods: Conducted at a tertiary care emergency and
trauma center from, this study enrolled 200 consecutive patients scheduled for femoral fracture fixation. After excluding
five patients due to poor image quality, the final cohort comprised 195 individuals, with 128 males and 68 females.
Ultrasound imaging was employed to measure the femoral nerve-artery (FN-FA) distance at the inguinal crease level with
patients in the supine position. Subsequent data analysis examined correlations with age, sex, and BMI. Results: The
findings revealed that age and sex significantly influenced the femoral nerve's position relative to the artery. Older
patients tended to exhibit a greater distance between the nerve and artery, while males showed a closer proximity between
the nerve and artery compared to females. Interestingly, BMI did not demonstrate a noticeable impact on this relationship.
Conclusion: This study suggests that age-related changes in muscle and fascia, such as sarcopenia and variations in
fascial thickness and elasticity, might contribute to the observed variations in nerve location. Understanding these factors
holds promise for refining the accuracy and safety of ultrasound-guided femoral nerve blocks. The significance of
tailoring approaches based on individual patient characteristics is underscored, potentially enhancing the procedure's
precision and safety.

Keywords: Ultrasound guided regional block; Femoral nerve block; Regional anesthesia; Femoral nerve; Femoral
artery; Sarcopenia.

INTRODUCTION:

Ultrasound-guided Femoral nerve block is considered a
level one block and is one of the most accomplished
superficial blocks [1,2]. Bomberg et al. described a
primary failure rate of femoral nerve block at
approximately 2.3% [2] and one of the contributing
factor being the poor identification of the nerve and
related structures [3]. The classic description of the
ultrasound anatomy of the femoral nerve is that it lies in
the groove between the psoas major and iliacus muscle
immediately lateral/adjacent to the femoral artery deep
to fascia iliaca [4]. However, studies have shown that the
location of the femoral nerve in relation to the femoral

artery is not as consistent as expected. It can be in direct
contact with, beneath, or lateral to the artery at a varying
distance [1,5-10].

This observational study aimed to analyze whether age,
sex, or BMI had any influence on the change in
anatomical variation of the femoral nerve with respect to
the femoral artery.

METHODOLOGY:

This observational study was conducted at Rashid
Hospital, Dubai, after obtaining approval from the
Institutional Review Board and was retrospectively
registered on clinicaltrials.gov (NCT06026150). Two
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hundred consecutive patients above the age of 18 years
scheduled for femoral fracture fixation were enrolled in
the study after explaining the details and obtaining a
written informed consent. Patients who refused to
provide consent, those with any neurological illness that
prevented them from providing valid consent, and those
with local pathology in the inguinal region were
excluded from the study. All scanning procedures were
performed in a wunified manner by the same
anaesthesiologist for all patients. A high-frequency
linear probe of 5-16 Hz (Sonosite X-Porte; Fujifilm
Sonosite, Inc., Bothell, Wa98021, USA) was used for
scanning and image capture.

Upon ensuring patient privacy, the probe was placed on
the inguinal crease with the pointer facing laterally, and
the femoral artery was identified by its pulsation. A clear
image of the artery and nerve was obtained by rocking
and tilting the probe. The nerve was identified as a
hyperechoic triangular/oval shadow lateral to the femoral
artery. Images were saved according to the patient
enrolment number. If the femoral artery branched at the
level of the inguinal crease, scanning was performed
more proximally to identify the point where the artery
was single, and the measurements were taken at this
point.

Figure 1: Femoral nerve scan with measurement details.
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Patients in whom a clear image could not be obtained
and in whom a single artery (a higher division of the
femoral artery) could not be tracked, even at the level of
the inguinal ligament, were excluded from the study. A
second anaesthesiologist who was not involved in the
scanning process performed further measurements.

Measurement: A vertical line is drawn from the
medial end of the femoral nerve. Another horizontal line
was drawn from the 9 o’clock position of the femoral
artery perpendicular to the first line. The distance
between the points where the two lines meet and the 9
o’clock position of the femoral artery was measured
[Figure 1] and taken as the femoral nerve femoral artery
[FN-FA] distance. In those patients in whom the femoral
nerve lay beneath the artery, the distance was recorded
as zero.

The data were analyzed with respect to age, sex, and
BMI of the patients to determine whether these variables
influenced the position of the femoral nerve in relation to
the femoral artery. For further analysis of the influence
of age, the enroled patients were divided into two
groups: those aged less than or equal to 60 years and
those older than 60 years.

FN- Femoral nerve, FA- Femoral artery, FV- Femoral vein

Statistical Analysis:

Statistical analyses were performed using IBM SPSS
Statistics 20 for Windows (SPSS Inc., Chicago, IL,
USA). Pearson’s correlation was used to determine the
correlation between age and BMI with the distance
between the femoral artery and the nerve. Additionally,
independent t-test is used to compare age and gender.

RESULTS:

Patient allocation and demographics:

A total of 200 patients were initially included in this
study. However, after enrolment, five patients were
excluded due to poor image quality, resulting in a final
cohort of 195 patients. Among these, 114 were < 60
years of age, while the remaining 81 were older than 60
years. When considering gender distribution, 128
patients were identified as male, while 67 were female.
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Age and femoral nerve location:

The correlation between age and FN-FA distance is
depicted in figure 2. A positive correlation was observed
between age and the distance between the femoral artery
and nerve [correlation coefficient 0.696, p <0.001].

Figure 2: Relationship between age and Femoral nerve artery distance.
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When the data were compared with respect to age [ >60 years and <60 years], the nerve was closer to the artery in patients
aged less than or equal to 60 years when compared to people above 60 years [Table 1].

Table 1: Comparison with respect to age

<60 yrs > 60 yrs
p-value
(n114) (n 81)
Distance between femoral nerve and
0.289 + 0.229 0.922 + 0.454 <0.001
artery

(Data is expressed as mean + SD)

Sex and femoral nerve location:
A comparison between the distance of the femoral nerve to the artery in male and female population is shown in table 2.
The nerve was significantly closer to the artery in males than in females [p value <0.001]

Table 2: Comparison between Femoral nerve-artery distance and gender.
Female (n 67) Male (n 128) P value

Distance between femoral artery &
0.755+0.434 0.446 £ 0.442 <0.001
nerve

(Data is expressed as mean + SD)

BMI and femoral nerve location:
When the distance between the femoral nerve and the artery was correlated with BMI [Figure 3], no statistically
significant correlation was found. [Correlation coefficient 0.058, p<0.420].
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Figure 3: BMI and Femoral Nerve — Artery correlation.
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DISCUSSION:

Ultrasound-guided femoral nerve block is considered a
basic block because of its superficial anatomy and low
complication rate [1,2]. Despite this, identifying femoral
nerve is challenging, particularly for beginners, and must
rely on the identification of the surrounding structures
[3]. Cadaveric and ultrasound studies have revealed that
variations in the anatomical relationship between the
femoral nerve to the femoral artery are not uncommon
[1,5-10], making nerve identification even more
difficult. In this study, we analysed the impact of age,
sex, and BMI on this variation in the anatomical
relationship between artery and nerve.

From our study, it was concluded that age and sex, but
not BMI had an impact on the location of the nerve to
the artery. A positive correlation was observed between
the age and location of the nerve to the artery. In the
male population, the nerve lay closer to the artery,
irrespective of age, while BMI had no impact on this
relationship.

Although the classical description of the infra inguinal
anatomy of the femoral nerve states that the nerve lies
immediately lateral to the artery in the groove formed by
the iliacus and psoas muscles [1,5,6,7,10,11], this may
not hold true in most cases. According to Vloka et al., a
consistent relationship between the artery and nerve
occurs more at the inguinal crease than at the inguinal
ligament, and in 70.6% of cases at the crease level, the
nerve was found to be partially covered by the artery [6].
The findings of a cadaveric study conducted by
Orebaugh were consistent with the findings of Vloka
[11]. On the other hand, Gruber et al. reported that only
in 15% of cases, the nerve was in direct contact or
underneath the artery, while in 62.5%, the nerve was

T T
50.00 60.00

BMI

within 0.5cm proximity and in the remaining 17.5%, it
was more than 0.5cm lateral to the artery [7]. These
varying  observations confirm the inconsistent
relationship between the nerve and the artery, although
other factors influencing this variability were not
considered in these studies.

Yoshimura et al [12] demonstrated a positive correlation
between age and the relationship between femoral nerve
and artery but could not establish any correlation with
sex. However, they excluded patients with BMI >30,
citing the reason that the inguinal crease in an obese
patient is at a distance from that of a normal patient
which may affect the measurement. Additionally, none
of their patients had lower extremity injury or received a
femoral nerve block. In our study, we did not exclude
patients based on BMI and all of our patients had
femoral fractures. Mehmood et al. [13] showed that the
distance between the femoral nerve and artery is altered
at the mid-inguinal ligament but not at the level of the
inguinal crease in patients with femoral fractures,
irrespective of the type of fracture. In our study,
scanning was performed where the artery was single and
most of the time it was found at the level of inguinal
crease.

Age-related changes in the muscles and fascia may
account for this alteration in the anatomy of the femoral
nerve and artery. Since Rosenberg's description of the
term "sarcopenia” in 1989, referring to an age-related
decrease in muscle mass and strength [14], extensive
research has been conducted in this field. There is no
consensus on the age at which this change initiates.
According to Lexell et al. [15], the process commences
in the fourth decade of life, and by the age of 80, there is
an estimated reduction in 30-50% in muscle mass and
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strength.  Additionally, Takahashi et al. [16]
demonstrated that the decline in muscle mass varies
among different muscle groups. For instance, in the
psoas, it commences in the twenties and reaches its
maximum decline between 60 and 70, while in the
quadriceps, the decline starts much later, in the 50s.
Alongside sarcopenia, fascial elasticity diminishes with
age, and the thickness varies in different areas. The
fascia covering the back muscles thickens with ageing,
while it decreases in the lower limb [17]. Furthermore,
Myosteatosis (skeletal muscle fat infiltration) of the
thigh occurs with ageing [18]. As age advances,
atrophied muscle tissues are partially replaced by
adipose tissue, and the remaining muscle tissue also
contains increased fat [19].

Sarcopenia, decreased thickness, and elasticity of the
fascia, and increased inter- and intramuscular adipose
tissue may be the reasons for this age-related change in
the position of the femoral nerve. The femoral artery is
considered to be a fixed structure because of its deep
fascial attachment [20], while the femoral nerve is
attached to the surrounding fascia, especially in the
posteromedial part where it is densely attached to the
iliopectineal arch [21]. In young patients, owing to the
muscle mass, the femoral nerve is pushed against the
relatively fixed femoral artery. As age advances, due to
the decrease in muscle volume and myosteatosis
combined with less elastic fascia, there may be less
tension in the anterior compartment of the thigh, leading
the nerve, which is attached to the fascia, to move away
from the relatively stationary femoral artery.

Kirchengast et al., in the study investigating the effect of
age and sex differences on lean body mass and
sarcopenia, observed a higher rate in women aged less
than 70 years than in males (31% to 18.2%) [22].
Furthermore, men had relatively higher muscle mass
than women. [23], explaining why the nerve is closer to
the artery in men than in females.

Compared to the studies by Schafhalter-Zoppoth and
Hsu, a correlation between BMI and the femoral artery-
nerve relationship could not be established in this study
either [24,25]. Furthermore, recent studies have
questioned the usefulness of BMI in assessing the health
status of the elderly, as ageing affects the ratio of muscle
to fat, in comparison to the younger population [26,27].
A lower BMI is observed in the elderly because of their
reduced lean body mass. We believe that the use of BMI
as a metric in this study was erroneous.

CONCLUSION:

This study investigated the impact of age, sex, and BMI
on the anatomical relationship between the femoral
nerve and the artery during ultrasound-guided femoral
nerve blocks. Age and sex were found to significantly
influence the nerve's location relative to the artery, with

older patients having a greater distance between them. In
males, the nerve was closer to the artery than in females.
These complex variations in the femoral nerve anatomy
make identification challenging, especially for
beginners. Age-related changes in the muscle and fascia,
such as sarcopenia, decreased fascial thickness and
elasticity, and increased intramuscular adipose tissue,
likely contribute to these alterations . This study
provides valuable insights to enhance the accuracy and
safety of these blocks, emphasizing the need to tailor
approaches based on patient characteristics.
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