
CHRONIC AND INTERVENTIONAL PAIN

ORIGINAL ARTICLE

R
egional A

nesthesia &
 P
Anatomic Study of Innervation of the Anterior Hip Capsule
Implication for Image-Guided Intervention
a
in M
edicine: 
Anthony J. Short, MBBS,* Jessi Jo G. Barnett,†Michael Gofeld, MD,‡ Ehtesham Baig, MD,‡ Karen Lam, MD,‡
Anne M.R. Agur, PhD,† and Philip W.H. Peng, MBBS, FRCPC, Founder (Pain Medicine)‡§
P
rotected by copyright.

first published as 10.1097/A
A

P
.0000000000000701 on 1 F

ebruary 2018. D
Background andObjectives: The purpose of this cadaveric study was
to determine the pattern of anterior hip capsule innervation and the associ-
ated bony landmarks for image-guided radiofrequency denervation.
Methods: Thirteen hemipelviseswere dissected to identify innervation of
the anterior hip capsule. The femoral (FN), obturator (ON), and accessory
obturator (AON) nerves were traced distally, and branches supplying the
anterior capsule documented. The relationships of the branches to bony
landmarks potentially visible with ultrasound were identified.
Results: The anterior hip capsule received innervation from the FNs and
ONs in all specimens and the AON in 7 of 13 specimens. High branches of
the FN (originating above the inguinal ligament) were found exclusively in
12 specimens and passed between the anterior inferior iliac spine and the
iliopubic eminence. The ONs were innervated exclusively by high
branches (proximal to the division), by low branches (from the posterior
branch), and by both in 4, 5, and 4 specimens, respectively. The most con-
sistent landmark was the inferomedial acetabulum (radiographic “tear-
drop”). When present, the AON coursed over the iliopubic eminence
before innervating the anterior hip capsule.
Conclusions: Branches of the FNs and ONs consistently provided inner-
vation to the anterior hip capsule. The AON also contributed innervation in
many specimens. The relationship of the articular branches from these 3
nerves to the inferomedial acetabulum and the space between the anterior
inferior iliac spine and iliopubic eminence may suggest potential sites for
radiofrequency ablation.

(Reg Anesth Pain Med 2018;43: 186–192)

Osteoarthritis is a common condition leading to chronic pain
and loss of function. An estimated 1 in 4 individuals will
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develop painful hip OA by the age of 85 years.1 The management
strategies consist of pharmacologic treatments, physical therapy,
interventional techniques, and surgery.2 Total hip arthroplasty is
considered for patients with advanced OA and moderate to severe
symptoms.3 New, noninvasive treatment options need to be devel-
oped for patients who cannot undergo surgery and for those with
severe postoperative pain. Radiofrequency denervation (RFD),
known to be effective for facet and sacroiliac joint arthritis,4 is
now emerging as a possible treatment for chronic hip pain. In a re-
view article, Gupta et al5 described 8 case reports/case series
assessing RFD of the hip joint. Patients reported a moderate
(30%–80%) reduction in pain at 3 to 6months. However, the num-
ber of subjects was small (total 53 in this review) the denervation
methods were heterogeneous, and the inclusion criteria were in-
consistent.5 The target of denervation was the anterior capsule in
virtually all studies. Ultimately, the success of RFD relies on pre-
cise anatomic knowledge of nerves innervating the hip joint and
their relationships to landmarks visible with imaging.

Previous studies investigating innervation of the anterior as-
pect of the hip joint reported innervation by the obturator (ON),
accessory obturator (AON), and/or femoral (FN) nerves.6–14 Both
ON and AON have been investigated in many studies for their
contribution to hip innervation, with ON being the most com-
monly reported source of innervation (83%–98%). In contrast,
the frequency of FN innervation was examined in only 2 studies
(75% and 95%). In a study investigating the internervous safe
zone of the capsule of the hip joint, ON (0–7 branches), AON
(0–2 branches), and FN (0–3 branches) were found to innervate
the anterior capsule.14 No anatomic studies to date have related in-
nervation of the anterior hip capsule to bony or soft tissue land-
marks visible with ultrasound (US). Clinical studies have used
the radiographic “teardrop” to localize the ON5,15–21 and the ante-
rior inferior iliac spine (AIIS) or superolateral acetabular margin
for FN localization.5,15,16,18,19,21

In summary, although studies have reported the successful
use of RFD for chronic hip pain, there has been a lack of anatomic
investigation relating innervation of the anterior hip capsule with
bony landmarks that could be used to target these nerves.5 The
purposes of this cadaveric study were to determine the trajectory
of nerves innervating the anterior hip capsule and describe the pat-
terns of innervation. Furthermore, this study aimed to determine
the relationship between capsular branches and the bony land-
marks, visible under US, to propose targets for RFD.
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METHODS
Ethics approval was received from the University of Toronto

Health Sciences Research Ethics Board. Thirteen hemipelvises (4
from male and 9 from female cadavers) with a mean age of
79.3 ± 11.9 years were used for this study. Twelve specimens were
formalin embalmed, and one was lightly embalmed. Specimens
with visible signs of pathology or previous surgery were excluded.

The skin, fascia, and superficial musculature were removed
to expose the iliopsoas, pectineus, and adductor longus. Next,
sthesia and Pain Medicine • Volume 43, Number 2, February 2018
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FIGURE 1. Quadrants of the anterior hip capsule: superolateral (SL),
superomedial (SM), inferolateral (IL), and inferomedial (IM). GT
indicates greater trochanter; LT, lesser tubercle. Anterior view.
Reproduced with permission from Philip Peng Educational Series.

TABLE 1. Frequency of Innervation of the Anterior Hip Capsule
by FN, ON, and AON

Nerve
Innervation
(n = 13)

Distribution

High Low High and Low

FN 100% (13/13) 53.8% (7/13) 7.7% (1/13) 38.5% (5/13)
ON 100% (13/13) 30.8% (4/13) 38.4% (5/13) 30.8% (4/13)
AON 53.8% (7/13)
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the FN, ON, and AON were traced distally to their termination,
and if they were found to innervate the anterior hip capsule, the
quadrant(s) of innervation were recorded: superomedial, superolateral,
inferomedial, and/or inferolateral (Fig. 1).

The FN was identified at the lateral border of the psoas and
followed medially to the vertebral column and inferiorly to
midthigh. To expose the branches of the FN, fiber bundles of
the iliacus and psoas were carefully delineated and then excised
without disrupting nerve distribution. The articular branches that
innervated the anterior hip capsule were identified, and each
branch was classified either as a high branch if it was given off
the FN superior to the inguinal ligament or as a low branch if it
was given off inferior to the inguinal ligament.

To expose the ON and its branches, adductor longus was re-
moved, and the pectineus, adductor brevis, and obturator externus
were dissected at the fiber bundle level. Nerves coursing through
these muscles were preserved. As the fiber bundles of these
muscles were removed, the ON and its anterior and posterior
branches were exposed at the distal end of the obturator canal.
Any branches from the ON and its anterior and posterior branches
were followed laterally. The articular branches innervating the an-
terior hip capsule were isolated, and their area of innervation re-
corded. Each branch was classified as a high branch if given off
superior to the bifurcation of the ON (proximal or within the ob-
turator canal) or a low branch if given off from either the anterior
or posterior branch of the ON.

The AON was identified during dissection of the FN and its
branches within the psoas muscle. If present, AON was followed
proximally to the vertebral column and distally to its termination.
Any branches innervating the anterior hip capsule were identified
and documented.

Upon completion of dissection of the FN, ON, and AON, the
relationships of branches innervating the anterior hip capsule to bony
landmarks were determined. All specimens were photographed.
Patterns of innervation were analyzed, and the frequency of each
determined. The innervation patterns were defined by documenting
the origin of nerve branches, as well as their termination in respec-
tive quadrants of the anterior hip capsule. The branches from each
main nerve were counted and compared between specimens.

Ultrasound scanning of other nondissected specimens was
performed. The consistency of bony landmarks visible with US
that could be used to demarcate the position of nerve branches in-
nervating the anterior hip capsule was analyzed. Based on the in-
nervation patterns and bony landmarks, a US-guided protocol for
© 2017 American Society of Regional Anesthesia and Pain Medicine
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RFD that targets nerves innervating the anterior hip capsule
was proposed.

RESULTS
The anterior hip capsule received innervation from the FN

and ON in all specimens and AON in 7 of 13 (Table 1, Fig. 2).
However, the frequency and arrangement of articular branches
varied between specimens. Each nerve is described in the
following sections.

Femoral Nerve
Articular branches from FN were observed in all specimens.

The branches were classified as either high or low femoral, corre-
sponding to their origin superior or inferior to the inguinal liga-
ment. High branches were found exclusively in 7 specimens,
low branches exclusively in 1, and both in 5 specimens (Table 1).

The number of high branches ranged from 1 to 14 per spec-
imen, with a mean of 5. One to 4 branches were found in 5 spec-
imens, 5 to 7 branches in 4, and 8 to 14 branches in 3 specimens
(Fig. 3). The high branches were given off the FN distal to the lat-
eral border of the psoas. The branches then traveled intramuscu-
larly through iliacus, deep to the inguinal ligament, prior to
innervating the anterior hip capsule. High branches all passed on
the periosteal surface of the pubis between the AIIS and the me-
dial aspect of the iliopubic eminence (Table 2). High femoral
branches supplied all 4 quadrants of the anterior hip capsule
(Table 3). Most frequently, the superolateral, inferolateral, and
superomedial quadrants were supplied, although the inferomedial
region was innervated in a smaller number of specimens.

Fewer low femoral branches were present than high femoral.
One low branchwas found in 2 specimens, 2 branches in 2, 5 branches
in 1, and 6 branches in 1 specimen (Fig. 3). Low branches pierced
the iliopsoas to supply the anterior hip capsule directly or coursed
inferiorly before recurring superiorly to innervate the capsule.
Low femoral branches supplied all quadrants, with the inferolateral
quadrant having the greatest frequency (Table 3). Low branches
could not be related to landmarks visible with US.

Obturator Nerve
The ON innervated the anterior hip capsule in all specimens

(Table 1). The ON provided articular branches that were categorized
as high or low according to their point of origin. High branches
originated just proximal to or within the obturator canal and low
branches from the posterior branch of ON (Fig. 4). Four specimens
were innervated exclusively by high branches, 5 specimens
exclusively by low branches, and 4 specimens by both.

Most high branches descended inferiorly from the obturator
canal, just distal to the inferior aspect of the hip joint and then re-
curred to supply only the inferomedial quadrant (Table 3). If a
high branch was present, it usually consisted of a single nerve
branch. The low branches, when present, were more numerous
and traveled either directly to the hip joint or formed a fine
187
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FIGURE 2. Anterior view of the hip shows the innervation of the hip
joint capsule by articular branches of the FN (blue), ON (red), and
AON (green). The location of this anterior view is indicated by the
red square on the right figure. AB indicates anterior branch of ON;
I, inferior; L, lateral; M, medial; OM, obturator membrane; PB,
posterior branch of ON; S, superior; SP, superior ramus of pubis.
Reproduced with permission from Philip Peng Educational Series.

TABLE 2. Innervation of the Anterior Hip Joint Capsule and
Related Landmarks

Nerve Specimens (n = 13) Landmark(s)

Femoral high 92.3% (12/13) Iliopubic eminence
AIIS

Femoral low 33.3 % (4/13) None
Obturator high 61.5% (8/13) Inferomedial acetabulum

(teardrop)
Obturator low 74.0% (9/13) Inferomedial acetabulum

(teardrop)
AON 53.8% (7/13) Iliopubic eminence

Short et al Regional Anesthesia and Pain Medicine • Volume 43, Number 2, February 2018

P
rotected by copy

R
egional A

nesthesia &
 P

ain M
edicine: first published as 10.1097/A

A
P

.0000000000000701 on 1
plexus that innervated the capsule. Low branches supplied both
the inferomedial and the inferolateral aspects of the anterior hip
capsule. The most consistent landmark for both high and low
ON branches was the bone thickening of the inferomedial
acetabulum that correlates to the previously described radiographic
teardrop (Table 2).

Accessory Obturator Nerve
The AON was found in 7 of 13 specimens as a single nerve

formed by branches from the lumbar plexus (L2–L5) (Fig. 5).
FIGURE 3. Innervation of the anterior hip capsule by articular branches
femoral branches. The red rectangle in the pelvis skeleton (lower figure) s
iliac spine; GT, greater trochanter; I, inferior; L, lateral; M, medial; S, supe
Philip Peng Educational Series.
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The nerve coursed deep to the psoas along its medial margin
and in all specimens passed over the iliopubic eminence to termi-
nate on the capsule (Table 2). In 2 specimens, a branch of AON
anastomosed with the ON. The AON innervated the medial
aspect of the capsule, supplying the inferomedial quadrant in all
7 specimens and the superomedial quadrant in 5 (Table 3).
DISCUSSION
The results of this anatomic study suggest that branches of

both the FN and ON provide innervation to the anterior hip cap-
sule. High and low branches of FN provided the majority of inner-
vation to the lateral and superomedial hip capsule. High branches
of the FN were found to play a much greater role than reported in
the literature.6,12 High and low ON branches provided focused in-
nervation to the inferomedial aspect of the capsule. The AON was
found to innervate the medial capsule with higher frequency than
previously reported.10,12,22,23
of the FN, anterior views. A and B, High femoral branches. C, Low
hows the area of interest in A to C. ASIS indicates anterior superior
rior; SR, superior ramus of pubis. Reproduced with permission from

© 2017 American Society of Regional Anesthesia and Pain Medicine
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TABLE 3. Innervation of Quadrants of the Anterior Hip Capsule

Nerve

Innervation of Quadrants of the Anterior Hip Capsule (n = 13 Specimens)

Superolateral Superomedial Inferolateral Inferomedial

FN 10/13 9/13 12/13 7/13
Femoral high 9/13 8/13 8/13 5/13
Femoral low 1/13 1/13 4/13 2/13

ON None None 4/13 11/13
Obturator high None None 1/13 7/13
Obturator low None None 3/13 4/13

AON None 5/13 None 7/13
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Several branches of FN have previously been shown to inner-
vate the anterior hip capsule.6–14,22,24,25 However, the contribution
of high transmuscular branches has received limited attention.13

An important finding of this study was the number and consis-
tency of the high branches of FN, all of which passed between 2
bony landmarks identifiable with US, the AIIS, and the iliopubic
eminence. Low femoral branches were found in a smaller number
of specimens than previously reported.6–10,12–14,24,25 These
branches innervated the capsule exclusively or provided mixed
sensory and muscular innervation.

In line with previous anatomic studies, ON consistently in-
nervated the inferomedial hip capsule.6,8–10,12–14,24–29 Our findings
are similar to those described by Locher et al,26 who detailed the an-
atomic course of articular branches of the ON and their relationship
to bony landmarks. They described articular branches located lat-
eral to the obturator foramen, just below the acetabulum. This cor-
related with the teardrop, which is a radiographic silhouette
formed by a thickening of bone at the inferomedial acetabulum.30

The AON has been described in previous studies.23,31,32 Our
study suggests a much higher incidence (54%) than the estimated
occurrence reported in previous studies (8%–29%).33 Anatomic
FIGURE4. Innervation of the anterior hip capsule by articular branches o
obturator branches. C, Low obturator branches. The red rectangle in the
for A to C. AB indicates anterior branch of ON; I, inferior; L, lateral; M, m
Reproduced with permission from Philip Peng Educational Series.

© 2017 American Society of Regional Anesthesia and Pain Medicine

Copyright © 2018 American Society of Regional Anesthesia and Pain
landmarks for AON denervation have not been well described in
the literature. In this study, the AON presented as a single nerve
coursing over the iliopubic eminence before splitting into capsular
branches. The iliopubic eminence was a consistent landmark.

Knowledge of detailed topographic anatomy of hip joint in-
nervation is a mandatory requirement to achieve clinically effec-
tive denervation. Clinical evidence for RFD is limited to case
reports and series. No prospective studies have been published.
Fourteen articles have reported intervention on branches of the
ON.5,15–21,34–39 In 11 reports, FN branches were ablated in all
patients,5,16–21,36–39 and in 2 studies, only some of the patients
were treated by addressing the femoral contribution.15,34 Other re-
portedly targeted nerves were the lateral femoral cutaneous nerve
of the thigh,20 the superior gluteal, and the articular branches of
the sciatic nerve.34 The teardrop silhouette, identified by fluoros-
copy, was used as the landmark for ON in most reports. The radio-
graphic targets for branches of the FN were either the superolateral
acetabular margin or the AIIS. While the anatomic relationship be-
tween the radiographic target and the neural innervation from ON
has been examined,26 the relationship between FN and AON artic-
ular branches to the bony landmarks remains unconfirmed.
f theON, anterior views. A, High obturator branches. B, High and low
pelvis skeleton in the right lower corner shows the area of interest
edial; OC, obturator canal; PB, posterior branch of ON; S, superior.
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FIGURE 5. Innervation of the anterior hip capsule by articular branches of the AON, anterior views. The red rectangle in the pelvis skeleton in
the right lower corner shows the area of interest for A and B. A, Accessory obturator nerve. B, Accessory obturator nerve with branch
communicating with the ON. C indicates branch communicating with ON; I, inferior; IP, iliopubic eminence; L, lateral; M, medial; OC,
obturator canal; S, superior; SR, superior ramus of pubis. Reproduced with permission from Philip Peng Educational Series.

FIGURE 6. Ultrasound landmarks for image-guided injections of articular branches innervating the anterior hip capsule. A, Skeletal model
showing US probe positions (red rectangles). B, Ultrasound image at the level of anterior superior iliac spine (ASIS). C, Ultrasound image at
the level of AIIS. D, Ultrasound image aligning the AIIS and iliopubic eminence (IPE). The tendon of iliopsoas muscle is shown as hyperechoic
structure at the deep end of the muscle. Femoral artery (FA) is on the medial side of the muscle. E, Ultrasound image aligning the femoral
head (FH) and neck with superomedial acetabulum (SMA). F, Moving the US probe medially reveals the inferomedial acetabulum (IMA).
Reproduced with permission from Philip Peng Educational Series.
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The anatomic course of ON branches in this study was con-
sistent with previously reported findings. Therefore, the radio-
graphic teardrop as a landmark for obturator branch denervation
appears anatomically sound. Furthermore, we found that the FN
provides most innervation to the inferolateral, superolateral, and
superomedial anterior hip capsule. High branches were found to
pass close to the periosteum between the iliopubic eminence and
AIIS, both of which can be seen with US (Fig. 6). These sites
can be potential bony landmarks for RFD. Cadaveric injection
studies would be useful to establish the accuracy of landmarks
we have reported. In addition, the reliability and safety of these
landmarks require further validation in clinical trials. For instance,
the high branches of FN pass beneath the iliopsoas muscle, and
the effect of applying lesion close to this muscle requires further
examination. Because of the variability of the course and number
of branches of the articular nerves, multiple/palisade lesions or a
single large-size lesion delivered using an internally cooled electrode
or a cannulawith expandable tines is likely required to maximal cap-
ture of the articular branches. Further clinical study is required to
examine the optimal type and configuration of the lesion.

A limitation of this study was the small sample size, which
makes inference of findings to the general population more uncer-
tain. However, the sample size is comparable with previous stud-
ies.10,13,14,26 Also, postmortem changes and tissue trauma caused
by dissection may have resulted in some distortion, albeit this is
applicable to any cadaveric experiments. Notwithstanding these
limitations, this is a novel cadaveric study that examined US land-
marks for articular branches from the FN, ON, and AON.We also
did not examine the innervation to the posterior capsule. However,
virtually all the clinical studies discussed previously applied radio-
frequency lesion to the anterior capsule. Posterior hip innervation
needs further investigation to determine the frequency of nerve
branches and their trajectories in relation to bony landmarks.

In conclusion, the FN and ON consistently provided innerva-
tion to the anterior hip capsule, whereas the AON was found to be
a less consistent but still important contributor. For image-guided
intervention of the anterior hip capsule, the key bony landmarks
for articular branches are the teardrop (ON), the AIIS, and the
iliopubic eminence (FN and AON).
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