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Abstract

Background Femoral neurovascular injury is a serious complication in a direct anterior approach (DAA) total hip
arthroplasty. However, dynamic neurovascular bundle location changes during the approach were not examined.
Thus, this study aimed to analyze the effects of leg position on the femoral neurovascular bundle location using
magnetic resonance imaging (MRI).

Methods This study scanned 30 healthy volunteers (15 males and 15 females) with 3.0T MRl in a supine and
30-degree hip extension position with the left leg in a neutral rotation position and the right leg in a 45-degree
external extension position. The minimum distance from the edge of the anterior acetabulum to the femoral nerve
(dFN), artery, and vein were measured on axial T1-weighted images at the hip center level, as well as the angle to the
horizontal line of the femoral nerve (aFN), artery (aFA), and vein from the anterior acetabulum.

Results The dFN in the supine position with external rotation was significantly larger than supine with neutral and
extension with external rotation position (20.7, 19.5,and 19.0; p=0.031 and 0.012, respectively). The aFA in supine
with external rotation was significantly larger than in other postures (52.4°, 34.2°, and 36.2°, p<0.001, respectively). The
aFVin supine with external rotation was significantly larger than in supine with a neutral position (52.3° versus 47.7°,
p=0.037). The aFN in supine and external rotation was significantly larger than other postures (54.6, 38.2, and 33.0,

p <0.001, respectively).

Conclusions This radiographic study revealed that the leg position affected the neurovascular bundle location. These
movements can be the risk of direct neurovascular injury or traction.

Keywords Total hip arthroplasty, Direct anterior approach, Neurovascular injury, Magnetic resonance neurography

*Correspondence: Department of Radiology, Chiba University Hospital, Chiba University
Shigeo Hagiwara Hospital, 1-8-1 Inohana, Chuo-ku, Chiba 260-8670, Japan
s_hagiwara@chiba-u.jp *Department of Diagnostic Radiology and Radiation Oncology, Graduate
'Department of Orthopaedics Surgery, Graduate School of Medicine, School of Medicine, Chiba University, Chiba University Hospital, 1-8-1
Chiba University, 1-8-1 Inohana, Chuo-ku, Chiba 260-8670, Japan Inohana, Chuo-ku, Chiba 260-8670, Japan

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-023-06947-0&domain=pdf&date_stamp=2023-10-18

Tsurumi et al. BMC Musculoskeletal Disorders (2023) 24:824

Table 1 Participant Demographics

Variables Mean Range
Age at imaging (years) 28.1 (23-41)
Sex (no. [%])

Men 15 50%
Women 15 50%
Height (cm) 165 (146-179)
Weight (kg) 58 (38-75)
Body mass index (kg/m?) 21 (17-25)
Femoral head (mm) 474 (43-53)
Background

Neurovascular injury following total hip arthroplasty
(THA) is not a common complication but can be criti-
cal [1-3]. A femoral nerve injury can cause weakness of
the quadriceps femoris muscle with knee extension defi-
cit, pain, and numbness [2]. Vascular injury can cause
life-threatening conditions and amputation [4]. Increas-
ing evidence revealed that anticoagulation, excessive limb
lengthening, acetabular rim retractor placement, and
dynamic hip motion during exposure lead to neurovas-
cular bundle injury [5]. Therefore, the surgeon should be
familiar with the neurovascular bundle location for each
approach to prevent injuries.

The direct anterior approach (DAA) for hip arthro-
plasty has become popular, despite the relatively higher
rate of complications, including femoral nerve injury [6].
Several anatomical and radiological studies reported the
femoral neurovascular bundle location in the DAA [7-9],
but these studies evaluated the static anatomy. The influ-
ence of leg position during surgery is not considered in
these studies, although extension and external rotation of
the hip are required during the exposure of the acetabu-
lum and femur in the DAA. The dynamic change of nerve
location during the posterior approach was reported [10],
and the sciatic nerve grew closer to the surgical field with
hip flexion. There is limited knowledge regarding the
change of the neurovascular bundle in the DAA.

We hypothesized that the dynamic leg motion during
DAA affects the location of the femoral neurovascular
bundle. Therefore, the present study analyzed the femoral
artery, vein, and nerve location using a novel method of
magnetic resonance (MR) neurography.

Methods

Study population

This prospective radiographic study performed in our
institute enrolled 30 healthy volunteers (15 males and 15
females). Their demographic data was shown in Table 1.
The volunteers had no history of hip pain, trauma, or
stiffness and never underwent hip surgery. The study
protocol complied with the Helsinki Declaration and was
approved by the institutional review board, and all partic-
ipants gave written informed consent before enrollment.
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Fig. 1 Schematic of the subjects during magnetic resonance (MR) imag-
ing (a) (b). MR image showing the right hip in external rotation and the left
hip in neutral position (c)

MR imaging (MRI)

The bilateral hip joints of each participant were imaged
using a 3.0 T MRI system (Ingenia, Philips, Best, Neth-
erlands) with a 16-channel torso coil. Participants were
scanned with MRI in the supine position and 30-degree
hip extension positions. The matless triangle was used
to hold the extension leg position during the examina-
tion. The left leg was held in a neutral rotation position
and the right whole leg in a 45-degree external extension
position (Fig. 1). Examination in the supine position was
performed first, followed by the extension position on
the same day.

MRI examinations consisted of a coronal three-dimen-
sional (3D) T1-weighted and 3D-Nerve VIEW (Fig. 2)
[11] and reconstructed in axial planes to visualize the
femoral nerve. The coronal plane was defined along with
the anterior pelvic plane to avoid body tilt by the influ-
ence of leg position. An advanced MR neurography
sequence, 3D-NerveVIEW, consists of a three-dimen-
sional (3D) T2-weighted image, a fat-saturated pulse,
and an improved motion-sensitized driven equilibrium
(iMSDE) pre-pulse for suppressing blood signals [12, 13].
It can provide neurography with high contrast and resolu-
tion. MR parameter were as follows: coronal T1-weighted
images (acquisition type=3D, fat-saturation=mDIXON,
repetition time=4.2 ms, echo time=1.4/24 ms,
matrix=208x276, field of view=300x392 mm? slice
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Fig. 2 Magnetic resonance (MR) image (a) showing the femoral artery (A), femoral vein (V), and femoral nerve (N) as well as the anterior commissure
(*). MR image showing the distance and angle measurements of the femoral neurovascular bundle from the acetabulum (b). Nerve-enhanced image

showing the location of (N) ()

Table 2 Distances and Angles of the neurovascular bundle from the acetabulum

SP/N SP/ER EX/ER ICC
Distance (mm) dFA 21.5(19.9-23.1) 21.9(20.2-23.6) 22.5(209-24.1) 0.98 (0.96-0.99)
drv 22.3(20.6-24.0) 22.0(20.2-23.8) 227 (21.1-244) 0.93 (0.88-0.96)
dFN 19.5(17.9-21.1) 20.7 (18.9-22.6) 19.0 (17.4-20.6) 0.92 (0.88-0.95)
Angle (°) aFA 34.2(33.4-35.1) 524 (51.2-53.5) 36.2 (32.9-39.5) 0.99 (0.98-0.99)
afFv 47.7 (43.9-51.6) 52.3(47.7-57.0) 489 (43.6-54.3) 0.97 (0.94-0.98)
aFN 38.2(37.3-39.0) 54.6 (53.3-55.9) 33.0(27.6-384) 0.98 (0.97-0.99)

(95% confidence interval)

SP/N: supine/neutral position SP/ER: supine/external rotation EX/ER: extension/external rotation ICC: intraclass correlation coefficients

thickness=1.4 mm, slice gap=0.7 mm, voxel resolu-
tion=1.44x1.44x1.44 mm? slice number=160); and
coronal 3D-NerveVIEW (acquisition type=3D, fat-satu-
ration=Spectral attenuated inversion recovery(SPAIR),
iMSDE duration=50 ms, repetition time=2200 ms, echo
time=128 ms, matrix=288 %353, field of view=300x370
mm?, slice thickness=1 mm, slice gap 0.5 mm, voxel res-
olution=1.0x1.0x1.0 mm?, slice number=210, acquisi-
tion time=8 min 06 s).

Distance and direction measurements

The minimum distance and angle of the femoral neuro-
vascular bundle from the acetabulum were measured at
the level of the hip center in the axial image. The mini-
mum distance from the edge of the anterior acetabulum
to the center point of the femoral nerve (dFN), femoral
artery (dFA), and femoral vein (dFV) were measured
on axial T1-weighted images using a digital caliper tool
Osirix MD (Pixmeo SARL, Geneve, Switzerland) (Fig. 2).
Axial 3D-NerveVIEW images were used to identify the
femoral nerve. The angle from the edge of the anterior
acetabulum to the center point of the femoral nerve
(aFN), femoral artery (aFA), and femoral vein (aFV) were
also measured on axial T1-weighted images. The trans-
verse line is parallel to the bony structure because the
images were obtained according to the anterior pelvic
plane.

Measurement was performed in the supine posi-
tion with the left hip in a neutral rotation position and
the right hip in an external rotation position of the hip.
Measurement was also performed in the leg extension

position with the right hip in an external rotation posi-
tion. The diameter of the femoral head was also measured
as a reference for body size. Each measurement was inde-
pendently conducted by two board-certified radiologists
(TH and HY) and was averaged. Interobserver reliabil-
ity was tested for each measurement using the intraclass
correlation coefficient (ICC).

Statistical analysis

Data are expressed as case numbers or means with a
range. The distance and angle of the femoral neurovascu-
lar bundle from the acetabulum were compared between
each posture using the repeated measures analysis of
variance followed by a Bonferroni correction. The ICC
was calculated for the interobserver reliabilities of each
parameter. An ICC value of 1 was considered perfect reli-
ability; >0.80 was very good; >0.60 was good; and >0.40
was moderate [14]. A two-sided P-value of <0.05 was
considered statistically significant, and all analyses were
performed with SAS Version 9.4 for Windows (SAS Insti-
tute Inc., Cary, NC, USA).

Results

Table 2; Fig. 3 show the distance and angle of the femoral
neurovascular bundle from the acetabulum. No statistical
difference was found in dFA and dFV between each pos-
ture. The dFN was significantly larger in the supine with
external rotation position than in the supine with neutral
and extension with external rotation position (p=0.031,
0.012, respectively).
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Fig.3 Boxplots display the distance (a) and angle (b) of the neudovascular bundle from the acetabulum. Gray box indicates the femoral artery; light gray
box indicates the femoral vein; and white box indicates the femoral nerve. *p <0.05

The aFA in supine with external rotation was signifi-
cantly larger than in other postures (p<0.001, respec-
tively). The aFV in supine with external rotation was
significantly larger than in supine with a neutral posi-
tion (p=0.037). The aFN in supine and external rotation
was significantly larger than other postures (p<0.001,
respectively).

The ICCs for interobserver reliabilities of distance and
angle measurement are shown in Table 2. All these values
indicated perfect reliability.

Discussion
This study investigated the location of the femoral artery,
vein, and nerve using MRI in the dynamic leg motion
during DAA. The radiographic assessments were reliable,
and the neurovascular bundle location was affected by
the leg position. The change of the angle by external rota-
tion and extension was apparent although the change of
the distance in the femoral nerve may be clinically small.
The incidence of femoral nerve injury in primary THA
via an anterior approach ranges from 0.08 to 1.94% [15,
2, 16], whereas that of vascular complication ranges from
0.09 to 0.4% [4, 17, 7]. Anticoagulation, excessive limb
lengthening, and acetabular rim retractor placement are
associated with neurovascular injury [18, 2]. A cadaveric
study reported the inferior retractor placements to the
acetabulum is at risk of neurovascular injury and the safe
zone of anterosuperior acetabular retractor placement for
DAA [9]; however, the measurement was only in a static
position. The retractor is usually placed on the anterior
acetabular rim during the exposure; therefore, we defined
the edge of the anterior acetabulum as a reference point
for radiographic assessment.

The femoral nerve visualization was not easy with
conventional MRI because the signal intensity of the
nerve was comparable to that of the attached iliopsoas
muscle. The femoral nerve is sometimes buried in the
muscle and is difficult to identify with regular sequences.
3D-NerveVIEW suppresses the signals of the background
structures, including blood vessels, muscles, and fat,
resulting in nerve signal enhancement [19]. The interob-
server reliabilities were almost perfect in this study, and
the measurement was consistent with an anatomical
study [20]. Additionally, images were acquired along the
anterior pelvic plane and reconstructed to fix the coordi-
nate system of the pelvis. This may contribute to the reli-
ability of measurement.

Femoral blood vessel branches at the inguinal ligament
level and runs on the iliopsoas muscle along with the fem-
oral nerve. The nerve, artery, and vein are located from
lateral to medial, and the femoral nerve is the closest to
the hip joint [21]. An anatomical study reported that the
femoral nerve was closest to the acetabular rim at a 90°
(3 oclock) position and the distance from the acetabu-
lar rim was positively associated with the iliopsoas mus-
cle thickness [20]. Radiographic evaluation using MRI
revealed that the distance between the femoral nerve and
the hip joint is associated with a cross-sectional area of
the iliopsoas muscle and became smaller in the case of
muscle atrophy [8]. Another MRI study reported the dif-
ference in neurovascular geometry in the supine and lat-
eral positions, and the distance of neurovascular bundle
from the hip joint became closer in supine position [22].
They claimed that the risk of neurovascular injury was
higher in the supine position. These studies suggest that
the neurovascular bundle location is affected by multiple
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factors. To our knowledge, no prior study evaluated the
effect of the leg position on the femoral neurovascular
bundle in the DAA.

The present study revealed a significant change in the
neurovascular bundle location in terms of the distance
and angle according to the leg position, especially in
supine with external rotation. The change in the angle
was apparent in the nerve, artery, and vein although the
change in the distance was clinically small. The neurovas-
cular bundle moved from medial to lateral in the supine
position with external rotation. The iliopsoas muscle
attaches to the lesser trochanter and rotates the hip
joint externally [21]. This motion may affect the change
of neurovascular bundle location. The hip joint rotates
externally at approximately 45° during the acetabular
exposure; thus, the surgeon should pay attention to pre-
venting the lateral movement of the retractor placement.
The artery and nerve moved medially with the external
rotation in the extension position. This may be attributed
to the traction of these structures. Avoiding long-time
exposure of the femur would be better based on the neu-
rovascular protection because of the traction force. The
result also can be applicable for anterolateral approach in
supine position.

This study has several limitations. First, the participants
were young healthy volunteers. THA is performed for
elderly patients with osteoarthritis. Muscle atrophy and
joint contracture may affect the neurovascular bundle
movement. Second, the femoral head was not removed
because it was a radiographic study. The femoral head
was removed during the hip exposure, which allows com-
plete external rotation, and the soft tissue tension can
change. The difference can affect the distance and angle
measurements.

Conclusions

Our study suggests that the external rotation and exten-
sion of the hip affects the femoral artery, vein, and nerve
locations. These movements can be the risk of direct
injury or traction. Therefore, recognizing the move-
ment of the neurovascular bundle during hip exposure in
supine position may be important for protection.
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THA  total hip arthroplasty
DAA  direct anterior approach

MRI magnetic resonance imaging
FA femoral artery

FV femoral vein

FN femoral nerve

ICC intraclass correlation coefficient
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