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A Morphometric Study of the Obturator Nerve around
the Obturator Foramen
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Objective : Obturator neuropathy is a rare condition. Many neurosurgeons are unfamiliar with the obturator nerve anatomy. The purpose of this study
was to define obturator nerve landmarks around the obturator foramen.

Methods : Fourteen cadavers were studied bilaterally to measure the distances from the nerve root to relevant anatomical landmarks near the obtu-
rator nerve, including the anterior superior iliac spine (ASIS), the pubic tubercle, the inguinal ligament, the femoral artery, and the adductor longus.
Results : The obturator nerve exits the obturator foramen and travels infero-medially between the adductors longus and brevis. The median distances
from the obturator nerve exit zone (ONEZ) to the ASIS and pubic tubercle were 114 mm and 30 mm, respectively. The median horizontal and vertical
distances between the pubic tubercle and the ONEZ were 17 mm and 27 mm, respectively. The shortest median distance from the ONEZ to the ingui-
nal ligament was 19 mm. The median inguinal ligament lengths from the ASIS and the median pubic tubercle to the shortest point were 103 mm and
24 mm, respectively. The median obturator nerve lengths between the ONEZ and the adductor longus and femoral artery were 41 mm and 28 mm,
respectively.

Conclusion : The obturator nerve exits the foramen 17 mm and 27 mm on the horizontal and sagittal planes, respectively, from the pubic tubercle
below the pectineus muscle. The shallowest area is approximately one-fifth medially from the inguinal ligament. This study will help improve the accu-

racy of obturator nerve surgeries to better establish therapeutic plans and decrease complications.
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INTRODUCTION

The obturator nerve arises from the anterior division of the
ventral rami of the second, third, and fourth lumbar nerves in
the lumbar plexus. The branch originating from the third lum-
bar nerve is the largest and is distributed in the skin of the ab-
ductor muscles and thigh. It descends through the psoas major
muscle forming a bundle, and enters the thigh through the up-
per part of the obturator foramen along the inner wall of the
lesser pelvis, accompanied by the obturator artery. The obtura-
tor nerve then divides into anterior and posterior branches. The
anterior branch is responsible for the sensory innervation of the
hip joint and mid-thigh, as well as for the motor innervation of
the superficial adductor muscles. The posterior branch provides
sensory perception to the skin on the posterior side of the knee
joints and motor function to the deep adductor muscles™.

Obturator neuropathy (obturator nerve entrapment syn-
drome) is caused by pressure or injury to the obturator nerve

on the upper part of the obturator foramen, which presents as
pain or loss of sensation over the upper medial thigh with or
without hip adduction weakness”. If untreated, hip adductor
weakness will result in a functional disorder of the hip joint'.
The majority of obturator neuropathy cases result from trauma,
iatrogenic injuries such as orthopedic surgery (hip arthroplasty,
urologic surgery, and spine surgery via the retroperitoneal cavi-
ty), sports hernias, and gynecological problems such as ectopic
pregnancies"'>'"”. Moreover, obturator neuropathy may also be
associated with compressive lesions such as cysts, neurofibro-
ma, and lipoma””.

Diagnosing and treatment of obturator neuropathy is diffi-
cult, as it is a rare condition with which many neurosurgeons
are unfamiliar. Knowledge of the obturator nerve anatomy is
essential for adequate surgical planning and success. With an
aim to improve the accuracy of diagnosis and to prevent com-
plications, we performed a cadaveric morphometric study to
investigate the anatomical features and relationships between
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the obturator nerve and its surrounding anatomical landmarks.

MATERIALS AND METHODS

Twenty-eight lower limbs from fourteen (12 males and 2 fe-
males) adult cadavers with an age range of 25-95 years (mean,
61.6 years) were dissected. The cadavers were fixed with a mix-

A
Fig. 1. Photograph of a cadaver specimen showing an anteroposterior
view of the right thigh soft tissue dissection. The obturator nerve exit
zone of the foramen (white arrow) was exposed after the pectineus
muscle was dissected.

Fig. 2. Photograph of a cadaver specimen showing an anteroposterior
view of the right thigh between the ASIS, the pubic tubercle, and the ob-
turator nerve exit zone of the foramen after soft tissue dissection. A : the
distance from the ASIS to the obturator nerve exit zone of the foramen, B :
the distance from the pubic tubercle to the obturator nerve exit zone of
the foramen. ASIS : anterior superior iliac spine.

ture of formalin, phenol, alcohol, and glycerin.

The skin was removed in the supine position to expose the
pectineus muscle by carefully detaching the soft tissue from the
fascia lata and the femoral artery. After the pectineus muscle
was dissected, the obturator nerve was identified within the fas-
cial layer (Fig. 1). Other adjacent tissues were left intact. Ana-
tomically important structures used in this study include the
anterior superior iliac spine (ASIS), the pubic tubercle, the in-
guinal ligament, the femoral artery, and the adductor longus.
Different variables were measured in 28 specimens of 14 cadav-
ers, as follows :

Point A : the distance from the ASIS to the obturator nerve
exit zone of the foramen, and point B : the distance from the
pubic tubercle to the obturator nerve exit zone of the foramen
(Fig. 2); point C : the horizontal distance from the pubic tuber-
cle to the obturator nerve exit zone of the foramen, and point D :
the vertical distance from the pubic tubercle to the obturator
nerve exit zone of the foramen (Fig. 3); point E : the shortest
distance from the inguinal ligament to the obturator nerve exit
zone of the foramen, point F : the length of the inguinal liga-
ment from the ASIS to point E, point G : the length of the in-
guinal ligament from the pubic tubercle to point E (Fig. 4),
point H : the length of the obturator nerve exposed between the
obturator nerve exit zone of the foramen and the adductor lon-
gus, and point I : the shortest distance from the obturator nerve
exit zone of the foramen to the femoral artery (Fig. 5).

Distances and lengths between the obturator nerve exit zone
of the foramen and anatomical landmarks were measured using
a standard meter and a goniometer. Measurements were made
by one expert to minimize any errors.

All data were analyzed using SPSS analytical software version

Fig. 3. Photograph of a cadaver specimen showing an anteroposterior
view of the right thigh between the pubic tubercle and the obturator
nerve exit zone of the foramen after soft tissue dissection. C : the hori-
zontal distance, D : the vertical distance.
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20.0 (SPSS Inc., Chicago, IL, USA) to examine the significance
of different variables. All numerical parameters were compared
using t-tests and cross tabulation. A level of p<0.05 was consid-
ered statistically significant for all analyses.

RESULTS

Overall anatomical structure near the obturator foramen

After exiting the obturator foramen, the obturator nerve
passes below the inguinal ligament and traverses the medial
side of the femoral artery. To expose the obturator nerve in the
supine position, it is important that the pectineus muscle is

b 4 'S
Fig. 4. Photograph of a cadaver specimen showing an anteroposterior
view of the right thigh between the inguinal ligament and the obturator
nerve exit zone of the foramen after soft tissue dissection. E : the short-
est distance from the obturator nerve exit zone of the foramen to the in-
guinal ligament, F : the inguinal ligament length from the ASIS to point E,
G : the inguinal ligament length from the pubic tubercle to point E. ASIS :
anterior superior iliac spine.

Fig. 5. Photograph of a cadaver specimen showing an anteroposterior
view of the right thigh between the femoral artery and the obturator
nerve exit zone of the foramen after soft tissue dissection. H : the obtu-
rator nerve length was exposed between the obturator nerve exit zone
of the foramen and the adductor longus, | : the shortest distance from
the obturator nerve exit zone of the foramen to the femoral artery.

identified following removal of the fascia lata and soft tissue.
The obturator nerve is located beneath the pectineus muscle
and runs medially and downwards between the adductor lon-
gus and adductor brevis muscles.

Distance and relationship between the ASIS/pubic
tubercle and the obturator nerve

Table 1 shows the distance from the ASIS/pubic tubercle to
the obturator nerve, while Table 2 shows the vertical and hori-
zontal relationships between the obturator nerve and the pubic
tubercle. The mean distance from the ASIS to the obturator
nerve exit zone of the foramen was 113.4+6.5 mm in the right
thigh and 114.2+7.4 mm in the left thigh. The mean distance
from the pubic tubercle to the obturator nerve exit zone was
30.5+4.4 mm in the right thigh and 30.3+5.4 mm in the left
thigh. The mean horizontal and vertical distances from the pu-
bic tubercle to the obturator nerve exit were 18.2+3.2 mm in the
right thigh and 16.5+3.0 mm in the left thigh, and 27.3+2.2 mm
in the right thigh and 26.3+4.2 mm in the left thigh, respective-

Table 1. Variables measured between the obturator nerve exit zone of
the foramen and various anatomical landmarks in 28 specimens from
14 cadavers

Distance (mm) (mean+SD)

Parameter p-value
Rt. Lt.
A 113.4+6.5 114.2+7.4 0.91
B 30.5+4.4 30.3+5.4 0.80
C 18.2+3.2 16.5+3.0 0.39
D 27.3+2.2 26.3+4.2 0.42

A : The distance from the anterior superior iliac spine to the obturator nerve exit
zone of the foramen, B : The distance from the pubic tubercle to the obturator
nerve exit zone of the foramen, C : The horizontal distance between the pubic tu-
bercle and the obturator nerve exit zone of the foramen, D : The vertical distance
between the pubic tubercle and the obturator nerve exit zone of the foramen

Table 2. Variables measured between the obturator nerve exit zone of the
foramen and the inguinal ligament in 28 specimens from 14 cadavers

Distance (mm) (mean+SD)

Parameter p-value
Rt. Lt.
E 18.5+3.2 19.745.2 0.31
F 106.2+4.2 99.6£7.7 0.24
G 24.945.1 23.7+4.1 0.53
F/F+G 0.811 0.808 0.03

E : The shortest distance from the inguinal ligament to the obturator nerve exit
zone of the foramen, F : The length of the inguinal ligament from the anterior su-
perior iliac spine to point E, G : The length of the inguinal ligament from the pubic
tubercle to point E

Table 3. Distance between the obturator nerve and the femoral artery
and the length of the exposed obturator nerve in 28 specimens from 14
cadavers

Parameter Rt. (mean+SD) Lt. (mean+SD) p-value
H 41.2+6.9 41.0£3.8 0.19
1 30.0+£5.4 25.8+3.9 0.27

H : The obturator nerve length exposed between the obturator foramen nerve exit
zone of the foramen and the adductor longus, | : The shortest distance from the
obturator nerve exit zone of the foramen and the femoral artery
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ly. No statistically significant differences between the measure-
ments obtained from the right and left thighs were obtained.

Distance and relationship between the obturator nerve
and the inguinal ligament

The shortest distance (point E) between the obturator nerve
and the inguinal ligament as well as the relationship and dis-
tance between the inguinal ligament and the ASIS/pubic tuber-
cle and point E are shown in Table 3. The shortest mean dis-
tance between the obturator nerve and the inguinal ligament
was 18.5+3.2 mm in the right thigh and 19.7+5.2 mm in the left
thigh. The mean length of the inguinal ligament from the ASIS
to point E was 106+4.2 mm in the right thigh and 99.6+7.7 mm
in the left thigh, while the mean length of the inguinal ligament
from the pubic tubercle to point E was 24.9+5.1 mm in the right
thigh and 23.7+4.1 mm in the left thigh. When the measure-
ments between the ASIS and the pubic tubercle were compared
based on point E from the inguinal ligament to the obturator
nerve exit zone, the shallowest point of the obturator nerve was
distributed approximately one-fifth from the medial inguinal lig-
ament. No statistically significant differences between the mea-
surements obtained from the right and left thighs were obtained.

Distance between the obturator nerve and the femoral
artery, and length of the exposed obturator nerve

Table 3 shows the shortest distance between the obturator ar-
tery and the femoral artery, as well as the length of the obturator
nerve exposed between the obturator foramen and the adduc-
tor longus. The mean length of the obturator nerve exposed be-
tween the obturator foramen and the adductor longus was
41.246.9 mm in the right thigh and 41.0+3.8 mm in the left
thigh. The shortest mean distance between the femoral artery
and the obturator nerve exit zone was 30.0+5.4 mm in the right
thigh and 25.8+3.9 mm in the left thigh. No statistically signifi-
cant differences between the measurements obtained from the
right and left thighs were obtained.

DISCUSSION

Obturator nerve injuries are a direct result of nerve section-
ing, stretching, crushing, electrocoagulating, or ligating. Identi-
fying an isolated obturator nerve lesion can be difficult based
on history and physical examination alone, because other nerve
injuries in the lower abdomen and pelvic region also present
with groin and thigh pain.

Magnetic resonance imaging (MRI) is helpful to detect atro-
phy of the adductor brevis and adductor longus muscles and to
identify the anatomical structures of the inguinal and surround-
ing areas'®. Electromyography is the gold standard used for ob-
turator neuropathy diagnosis. Longer fibrillation potentials,
high amplitude, and complex exercise units in the adductor
brevis and adductor longus muscles are observed in patients
with obturator neuropathy; however, the iliopsoas and quadri-

ceps muscles of the lower limb do not reveal any abnormal
findings. Thus, obturator neuropathy should be differentiated
from lumbar plexopathy, diabetic polyneuropathy, and lumbar
neuropathy.

Treatment for obturator neuropathy or related nerve injuries
include medication, physical therapy, massage therapy, restrict-
ed exercise, and rehabilitation. Surgical procedures may be con-
sidered depending on the severity of the injury, recovery, and
response to conservative therapy. Moreover, obturator nerve
block can be an efficient treatment. Several authors have re-
ported that obturator block is effective for the relief of pelvic
and thigh pain, as well as for the management of adductor
muscle spasticity caused by spinal cord injury, traumatic brain
injury, stroke, cerebral palsy, and multiple sclerosis™'>"?.

Several technical methods of obturator nerve block have
been introduced. The pubic approach involves the insertion of
a needle perpendicular to the skin, 15 mm lateral and 15 mm
inferior to the tubercle, while in the inguinal approach, the nee-
dle is inserted at the midpoint of the inguinal crease between
the femoral arterial pulse and the inner border of the adductor
longus tendon”. In our study, the median distances between the
obturator foramen and the pubic tubercle, the femoral artery,
and the adductor longus muscle were 17 mm, 28 mm, and 41
mm, respectively. Regarding arterial variations and postural al-
terations, injection points are consistent with our results. Ultra-
sound guidance allows for better nerve identification, and re-
cent studies utilizing this technique for obturator nerve block
have reported success rates of greater than 90%. While ultra-
sound guidance can be useful for diagnosis, its usefulness is
limited in cases of surgical exploration.

Previous studies have investigated the anatomical features of
the obturator nerve. According to Locher et al.'”, the median
distances between the projection of the obturator nerve on the
skin to the pubic tubercle and to the symphysis were 23 mm
and 51 mm, respectively, based on anatomical investigation and
MRI analysis of 10 cadavers. A similar value of 27 mm was ob-
tained as the median distance between the obturator nerve and
the pubic tubercle in our study. The pubic tubercle is an objec-
tive landmark and can be useful for understanding anatomical
structures.

Understanding the relationships between various anatomical
structures is essential for surgery. Different critical sites that risk
compressing the obturator nerve include the obturator canal,
the obturator membrane, and the obturator externus muscle'”.
Many options exist for the surgical treatment of obturator neu-
ropathy, including transabdominal, laparoscopic, inguinal, and
extraperitoneal approaches”. During surgical exploration, criti-
cal structures such as the femoral artery can be dissected. Ana-
tomical apprehension of the obturator nerve can be of aid for
the accurate planning and appropriate timing of surgery. The
incision can be made at inguinal crease, point approximately
one-fifth medially from the ASIS to the pubic tubercle and the
medial inguinal ligament can be a good surface landmark of the
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obturator nerve. Then, the nerve is traced proximally by dis-
secting to the obturator foramen. Most of obturator nerves are
located in a triangle bordered by femoral artery, adductor lon-
gus muscle and inguinal ligament. So neurosurgeons should
understand the anatomical relationship and the projection of
the obturator nerve for saving adjacent structure.

CONCLUSION

The results of our morphometric study show that the obtura-
tor nerve is located beneath the pectineus muscle, at a distance
of approximately 1.7 cm and 2.7 cm vertically and horizontally,
respectively, from the pubic tubercle. Moreover, the shallowest
portion of the obturator nerve is distributed approximately one-
fifth from the medial inguinal ligament. The limitations of this
study include its small sample size and the use of only two fe-
male cadavers. Thus, our report cannot be commonly cited to
all subjects of both sexes. In addition, the supine position of ca-
davers may have affected the results of our study. However,
knowledge concerning obturator neuropathy provided by this
study will aid in more accurate diagnoses, active intervention
programs, and for the minimization of complications.
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