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Background: The superior and middle cluneal nerves are sources of low back, buttock, and
leg pain. These nerves are cutaneous branches of the lateral branches of the dorsal rami of
T11- S4. Pain arising from entrapment or dysfunction of one or more of these nerves is called
“cluneal nerve syndrome.” A clear understanding of the anatomy underlying cluneal nerve
syndrome and its treatment has been hampered by the very small size of the cluneal nerves and
their complex, varying anatomy. Because of differing methods and foci of investigation, the
literature regarding cluneal nerves has been confusing and even contradictory.

Objectives: This paper provides a thorough critical literature review of cluneal nerve anatomy
and implications for therapy.

Study Design: A modified scoping review.

Methods: The bibliographic trail of English language papers on the anatomy and treatment
of cluneal nerve syndrome was used to resolve the contradictions that have appeared in some
of the anatomic descriptions and, where applicable, to examine their implications for therapy.

Results: Recent anatomic and surgical investigations confirm a wider than previously realized
range of central nervous system origins of these peripheral nerves, explaining why cluneal nerve
dysfunction can cause a wide array of symptoms, including low back, buttock, and/or leg pain
or “pseudosciatica.”

Conclusions: Cluneal nerve syndrome is characterized by a triad of pain, tender points, and
relief with local anesthetic injections. The pain is a deep, aching, poorly localized low back pain
with variable involvement of the buttocks and/or legs. Tender points are localized at the iliac
crest or caudal to the posterior superior iliac spine. Muscle weakness and dermatomal sensory
changes are absent in cluneal nerve syndrome. If the pain returns after injections, neuroablation,
nerve stimulation, or surgical release may be needed.

Key words: Low back pain, buttock pain, leg pain, superior cluneal nerves, middle cluneal
nerves, entrapment neuropathy, pseudosciatica
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techniques, the cause of low back pain can frequently

ow back pain remains one of the most common
health complaints in the United States and
around the world. Despite advances in imaging
and diagnostic interventional pain management

not be found (1,2). Of those structures which can cause
low back or leg pain, the greatest focus has been on
the intervertebral disc, the lumbar facet joints, and the
sacroiliac joint (3,4).
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The role of peripheral nerve entrapment as a
cause of pain has been overshadowed by spinal causes
of pain and only recently has received increasing at-
tention (5,6). Although peripheral nerves are now
the focus of increasing interest, they were among the
first structures investigated when the field of pain
management developed (7). Cluneal nerve disorders
specifically were first described in 1957 by Strong and
Davila (The word cluneal derives from the Latin clunes,
English buttocks. An acceptable alternative spelling
is clunial [8]) (9). By pressing on the superior or middle
cluneal nerves while operating under local anesthesia,
they were able to generate pain in the back, groin,
leg, or foot.

Unfortunately, the work of Strong and Davila on
the cluneal nerves did not attract much attention. Later
work by Bogduk and others focused more on the medi-
al branches and provided confusing, even contradictory
results regarding the cluneal nerves (10-19). Areas of
discrepancy included both the anatomy of the nerves
and the extent to which they contribute to chronic low
back pain.

This review is written because of the importance
of low back pain, the increasing understanding of the
role of peripheral nerves, specifically cluneal nerves, as
a cause of low back and leg pain, and the new tech-
nologies available for interventional pain physicians to
treat cluneal pain. The goal of the review is to examine
what is known of the anatomy of the cluneal nerves,
focusing on where they are vulnerable to injury, as an
understanding of the anatomic location of dysfunction
can help guide therapy.

There are 3 cluneal nerves, the superior cluneal
nerves, the middle cluneal nerves, and the inferior clu-
neal nerves. Because only the superior cluneal nerves
and middle cluneal nerves are significant in terms of
being sources of low back, groin, leg, or foot pain, this
review will focus on the superior and middle cluneal
nerves only.

The nerves are described in the pleural to empha-
size the wide anatomic variation of these nerves.

METHODS

Study question
The study questions are:

e What is known about the anatomy of the cluneal
nerves; and

e How does that knowledge assist with the diagnosis
and treatment of low back, buttock, and leg pain?

Methodology

This review is done using “scoping” study meth-
odology (20). A scoping study is distinguished from a
systematic review in that a systematic review “typically
focuses on a well-defined question,...while a scoping
tends to address broader topics where many different
study designs might be applicable.” Scoping studies
and systematic reviews also differ in that systematic re-
views draw conclusions regarding very specific research
questions from a narrow range of studies assessed for
their quality, while a scoping study focuses on broader
questions without the need for quality assessment.
Scoping studies differ from literature reviews in that
scoping studies require analytical interpretation of the
literature (21).

There are several reasons why scoping studies
would be used, the current reason being to summa-
rize and disseminate research findings related to the
cluneal nerves. Performing a scoping study involves 5
steps: identifying the research question, searching for
relevant studies, selecting studies, charting the data,
and collating and summarizing the results.

Relevant studies were searched for and selected
from the bibliographies of clinical and anatomic reports
and by reviewing studies that referenced the clinical
and anatomic reports. Data was charted in 4 separate
spreadsheets and organized by clinical and cadaver
studies for the superior cluneal nerves and the middle
cluneal nerves. Data items followed included informa-
tion about the study population (patient or specimens),
methods, and key outcome measures.

Only English language studies were included.

Results of Literature Search

Twelve recent surgical reports (16-18,22-30) and
9 anatomical studies (14,15,19,31-36) were identified
as new contributions to the literature. The majority of
this work is from researchers in Japan. Four potentially
valuable Japanese language studies were excluded (37-
40). Other foundational studies are presented in the
discussion of the anatomy.

Anatomy

To understand the role played by the cluneal
nerves as sources of low back or leg pain, it is neces-
sary to understand the spinal anatomy. Each spinal cord
segment gives rise to a dorsal (sensory) and a ventral
(motor) root. These roots combine in the intervertebral
foramen to form a short, less than 1 cm, spinal nerve.
The spinal nerve, which has both motor and sensory
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fibers, then divides into the dorsal ra-
mus and the ventral ramus (Fig. 1). The
dorsal ramus divides into 3 branches:
the medial branch, the intermediate
branch, and the lateral branch, with
the intermediate and lateral branches
sometimes arising from a common
stem (Fig. 2)(12,19,31,32,41).

The medial branch innervates the

facet joints, the multifidus, and a small sy ()

area of skin medial to the facet joint.
The medial branches have been a ma-
jor area of focus for interventional pain
management because of their role in
the treatment of facet-mediated pain
(42). Having been thoroughly evalu-
ated elsewhere, they are not further
described here.

The intermediate and lateral
branches were first described in detail
in 1908 by Johnston (41). Johnston em-
phasized the long, somewhat curved
course of these branches as they
reached their termination in the skin,
a course necessitated by the exten-
sive movement of the spine and hips.
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Johnston also noted both the frequent
communication of these nerves with
one another and the variation that

existed between individuals and also W. Karl, MD.

Fig. 1. Anatomy of a lower thoracic or lumbar spinal nerve. Image courtesy of
hitps:/letc.usf.edulclipart/55800/55806/55806_spinal_md.gif, modified by Helen

within individuals, with the course of

the nerve on the right varying even
from that on the left in the same cadaver.

This variation of the nerve between and within
patients highlights the need for a careful physical exam
and low volume local anesthetic diagnostic injections
when attempting to diagnosis cluneal nerve pathology.

Both Bogduk and Maigne clarified the relationship
between the paravertebral muscles and the branches
of the dorsal ramus (10-12,43-46). The longissimus tho-
racis and iliocostalis lumborum muscles, along with the
multifidus muscle, are covered by the thoracolumbar
fascia (also known as the erector spinae aponeurosis)
(Fig. 3). A fascial plane, the lumbar intermuscular apo-
neurosis, extends from the thoracolumbar fascia to the
transverse process, separating the longissimus thoracis
from the more lateral iliocostalis lumborum. There is a
fat filled space ventral to the aponeurosis and between
the 2 muscles in which the lateral and intermediate
branches travel (19,31,32).

Between T11 and L4, there is usually an interme-
diate branch in addition to the lateral branch. The
intermediate branch, when present, often communi-
cates with the branches at nearby levels and termi-
nates in the longissimus thoracis. Some investigators
believe the intermediate branch extends to the skin
(19,31).

The lateral branches cross posterior to the trans-
verse process and travel caudally, laterally, and dorsally
through the iliocostalis lumborum, innervating it (47)
(Fig. 2). The lateral branches pierce the thoracolumbar
fascia and become the cluneal nerves. The cluneal
nerves are purely sensory.

There are 3 cluneal nerves, the superior, middle,
and inferior. These nerves are distinguished by their
origin, but all exhibit extensive and variable branching.
Designating them as a single nerve, such as the superior
cluneal nerve, is misleading because of this variability

www.painphysicianjournal.com
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Fig. 2. Dorsal view of dorsal ramus (DR) branches
from T12 to L3. The DR divides into 3 main branches
and heads in a dorsal direction. The lateral ascending
branches (yellow) follow the direction of the transverse
process to the iliocostalis lumborum muscle (1L,

blue; here flipped laterally to demonstrate the lateral
branches). The medial branches (red) innervate the
multifidus muscle (MM, green). The intermediate
branches (green) innervate the longissimus thoracts
muscle (LT, magenta); they also innervate the IL from
the medial direction. The intermediate branches run
toward the skin; here intermediate branches from L2,
L3, and L4 become superior cluneal nerves (SCNN ).
Connecting branches are not shown. 12 = 12th rib;
interrupted line = branch crossing muscle compartments,
straight line = free branch; ° = perforation of the
intermediate branch of the DR through the fascia to

the skin. From Steinke H, Saito T, Miyaki T, Ot Y,
Itoh M, Spanel-Borowski K. Anatomy of the human
thoracolumbar rami dorsales nervi spinalis. Ann Anat.
2009;191(4):408-416. (19 ), with permission.

so that they are best described as the superior, middle,
and inferior cluneal nerves, not nerve.

The inferior cluneal nerves is a branch of the poste-
rior femoral cutaneous nerve and hence arises from the
ventral rami (48). The inferior cluneal nerve may cause

pain with sitting but does not cause back pain, and it
is not at risk from iliac crest bone graft procurement
(34,49). The inferior cluneal nerve will not be further
covered in this report.

Superior Cluneal Nerves

The superior cluneal nerves (SCNN) are the cutane-
ous branches of the dorsal rami of T11 to L5 (14,15,41,45).
They either pierce the thoracolumbar fascia (superior to
the iliac crest) or the gluteal fascia (inferior to the crest)
to become superficial (14,45) (Figs. 4 and 5). In a state-
ment unusually decisive for anatomy papers, Maigne
states “the most medial orifice was invariably located
7-8 cm from the midline. After piercing the fascia, the
nerves innervate the skin over the upper 2/3 of the glu-
teal muscles as far laterally as the greater trochanter.”

The superior cluneal nerves pierce the thoraco-
lumbar fascia roughly equally above or below the iliac
crest (15). When the nerves pierce the fascia caudal to
the iliac crest, they pass through a fibro-osseous tunnel
(14,15) (Fig. 6). The most medial branch of the cluneal
nerves, located 7-8 cm from midline, is the branch most
frequently (approximately 40% of the time) surround-
ed by the fibro-osseous tunnel.

Injury to the superior cluneal nerves is thought to
most commonly involve the medial branch (50,51). Be-
cause of the common involvement of the most medial
branch of the superior cluneal nerves, the term “me-
dial superior cluneal neuralgia” has been suggested.
Given the multiple branching of the dorsal ramus, this
term is confusing and should not be adopted. Further,
Kuniya examined 109 specimens, finding great variabil-
ity (15), with only a quarter of the specimens having
solely the most medial branch of the superior cluneal
nerves running through a fibro-osseous tunnel, with
approximately 1/2 of the dissections showing at least
one branch going through a tunnel (Fig. 7). These find-
ings have been confirmed by other observers, with one
author describing the tunnels as “grooves”(14,52).

The superior cluneal nerves have been grouped
according to their distance from midline as they cross
the iliac crest into medial, intermediate, and lateral
superior cluneal nerves (Fig. 8). This nomenclature cre-
ates confusion with the branches of the dorsal ramus
(12). An alternative approach is to label the branches
of the superior cluneal nerves a1 to a5 as they cross the
dorsal ramus (Fig. 9) (14). To maximize clarity, in this
manuscript, the terms medial, intermediate, and lateral
will be associated specifically with the dorsal ramus or
superior cluneal nerves, as appropriate.
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The branches of the superior cluneal nerves can
arise from any of the nerve roots from T12 to L5 or
from multiple nerve roots (Fig. 9). The nerve roots sup-
plying any one branch of the superior cluneal nerves
do not need to be adjacent so that T12 and L2 can give
rise to one branch.

Different authors have presented markedly differ-
ent findings as to the nerve root of origin of the most
medial branch of the superior cluneal nerves as they
traverse the iliac crest. Maigne found L1 to be the most
common root of origin (45), while Konno, in a more re-
cent study, reports L4 and L5 as the vastly predominate
roots of origin (14). This point has clinical relevance in
that the most medial branch of the superior cluneal
nerves is most likely to be entrapped by the fascia as the
nerve crosses the iliac crest because the fascia is thickest
towards the midline. The thinner fascia more laterally is
less likely to injure the nerve. Given the role of superior
cluneal nerves in causing buttock and leg pain, Konno’s
findings appear to support what is seen clinically, which
is back pain as well as pain radiating down to the foot.
This leg pain is often called “pseudosciatica” (13) be-
cause it mimics the pain from a herniated disc.

These marked differences in reports regarding the
anatomy of the superior cluneal nerves are mirrored by
other authors and appear to reflect differences in focus
and difference of technique. Authors have focused on
low back pain with a trigger (tender) point (11); with-
out a trigger (tender) point (9,46); with leg

Fig. 3. A transverse section in the lower lumbar region
showing the relative positions of the muscles and fascia.
The erector spinae aponeurosis (esa, also known as the
thoracolumbar fascia, TLF') covers the longissimus
thoracis (LT), as well as the multifidus (MF ) and
interspinalis (1) muscles. It is continuous ventrally
with the lumbar intermuscular aponeurosis (lia) which
envelops the lateral surface of the LT, segregating it from
the iliocostalis lumborum (IL). The fat-filled space

(fs) ventral to the lia maintains this segregation as far
as the transverse process and is a conduit for the external
branches of the dorsal ramus (DR). The LT inserts
about the accessory process (ap), while the IL inserts
further laterally on the transverse process. Lateral to the
lia, the esa extends for a limited distance over the dorsal
surface of the IL. The intertransversarii mediales (1M)
are marked.

From Bogduk N. A reappraisal of the anatomy of the hu-

man lumbar erector spinae. Journal of Anatomy. 1980;131(Pt
3):525-540. (63), with permission.

pain (16); or without leg pain (45,46). Some
have focused on anatomical description (41),
while others have focused on surgical concerns
related to iliac crest procedures (34,35). Stud-
ies using the technique of a ventral approach
provide more precision proximally but seem
less detailed as they extend peripherally. Some
earlier researchers studied the dorsal ramus as
a whole (11,12,41), while others focused solely
on the lateral branches (14,15,45). Finally, the
nerves are very small, with a mean diameter of
less than 2 mm where they cross the iliac crest,
making preservation difficult (14,35,53). Early

anatomists complained that, given the absence
of refrigeration, evaluating nerves smaller than
a pencil tip was difficult (54).

The lateral branches of the dorsal ramus
are the primary source of the superior cluneal
nerves (12). There is a possibility, given the
variability, branching, and anastomoses of
the intermediate and lateral branches of the

Fig. 4. Superficial posterior spine dissection. SCNN = superior
cluneal nerves; MCNN = middle cluneal nerves; PSIS = posterior
supertor tliac spine; GMax = Gluteus maximus; SH = sacral hiatus;
SP = spinous process; TLF = thorocolumbar fascia. The most likely
place for the SCNN to be injured or entrapped is where they cross the
tliac crest, about 7 cm lateral to the midline and about 5 cm superior
to the PSIS. (Image courtesy of Andrea Trescot MD, modified from
an image from Bodies, The Exhibition, with permission).

www.painphysicianjournal.com
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depending upon patient size.
Because of the wide variability
of origin and anastomoses of the
lateral and intermediate branches
of the dorsal ramus as they course
to the skin (12,41,53), superior clu-
neal nerve entrapment can present
with a wide variety of symptoms.
This protean presentation empha-
ses the need to consider superior
cluneal nerve entrapment as a part
of the differential diagnosis of low
back pain with or without leg or
groin pain.

Middle Cluneal Nerves

The middle cluneal nerves
(MCNN) are the cutaneous branch-
es of the dorsal rami of L5-54. The
sacral dorsal rami emerge from the
foramina and divide into medial
and lateral branches. The medial
branches innervate the multifidus.
The lateral branches, also called
lateral trunks (55), form loops,
joining each other on the posterior
surface of the sacrum.

The lateral branches then
form secondary loops covered by

permission).

Fig. 5. Dissection of the buttocks. GMe = gluteus medius muscle; GT = greater
trochanter; LPSL = long posterior sacral ligament; MCN = middle cluneal nerve
(circled); PIR = piriformis muscle; SCN = supertior cluneal nerve; SGN = superior
gluteal nerve; SN = sciatic nerve; ST = sacrotuberous ligament. (Image courtesy of
Andrea Trescot, MD, modified from an image from Bodies, The Exhibition, with

the posterior sacroiliac ligament
or long sacral ligament (36,55,56)
(Fig. 6). Radiofrequency procedures
aimed at the lateral trunks seek to
ablate the nerves prior to their be-
ing covered by the ligament. These
loops are referred to as the sacro-

dorsal rami, that the intermediate branches also con-
tribute to the superior cluneal nerves. Given the small
size of the nerves involved and the technical difficulties
in examining this question, the question is probably not
answerable and not of clinical significance.

However, a clinically important question is the
location of the branch of the superior cluneal nerves
most likely to be entrapped, the medial branch. This
entrapment was first reported by Maigne (12) and later
confirmed by direct anatomical evidence of entrap-
ment (15). While Maigne stated that the entrapment
was 7-8 cm from midline, the anatomical evaluation
found variations between 5 and 9 cm from midline,

coccygeal plexus or the posterior
sacral nerve plexus. The nerves of the plexus then pass
through the gluteus maximus muscle and aponeurosis
to become the middle cluneal nerves, innervating
the skin inferior to the posterior superior iliac spine
(9,14,29,34-36,41,55,57) (Fig. 5). A branch ultimately
arising from L5 and S1 will run horizontally across the
posterior sacroiliac ligament and pass through the
gluteus maximus near its origin (29,34,35,41,45) (Figs. 4
and 5). Similar loops from S2, S3, and S4 join to make a
branch with a similar or descending course, resulting in
1 to 2 cutaneous branches.
The middle cluneal nerves can be involved in pain
arising from other structures, confusing the diagnostic
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Fig. 6. Schematic overview of the typical course and
potential entrapment locations of the superior and
middle cluneal nerves. Branches of the superior

cluneal nerves may be entrapped where they pierce the
thoracolumbar fascia (TLF) at the iliac crest. Branches
of the middle cluneal nerves may be entrapped where
they pass under or through the long posterior sacroiliac
ligament. From Aota Y. Entrapment of middle cluneal
nerves as an unknown cause of low back pain. World J
Orthop. 2016:7(3):167-170. (25), with permission.

Fig. 7. Schematic variations in the running patterns

of the branches of the SCNN around the iliac crest
(n=109). Numbers of specimens with each course
are indicated. Dotted lines = SCN branches under the
thoracolumbar fascia (TLF); black semicylindrical
areas = the fibro-osseous tunnel; solid lines = branches
exiting from the TLF into subcutaneous tissues. From
Kuniya H, Aota Y, Saito T, et al. Anatomical study of
superior cluneal nerve entrapment. .J Neurosurg Spine.
2013;19(1):76-80. (18), with permission.

picture. They can send a branch to the SI joint or the
posterior sacroiliac ligament and communicate with ei-

ther the superior cluneal nerves or the superior gluteal

nerve (33,58). The innervation of the posterior sacro-
iliac ligament provides evidence that the ligament is a

potential pain generator (48).

Cox and Fortin, in describing the anatomic con-

siderations for radiofrequency ablation of the sacral
lateral branches, described the wide variability in the
points at which these branches exit the dorsal sacral
foramina (58). They further found that in 75% of the
specimens, L5 contributed to the dorsal sacral plexus.
Subsequently, Kikuta defined the middle cluneal nerves
as starting at the point at which the branches pierce
the gluteus maximus. Proximally, they are labeled the
medial and lateral trunks of the posterior sacrococ-
cygeal plexus (48,55). This nomenclature brings the
middle cluneal nerves in line with the superior cluneal
nerves, which arise upon passing through the dorsal
thoracolumbar fascia and crossing the iliac crest.

Midline

Iliac crest

Lateral branch

Intermediate branch

Posterior superior Medial branch

iliac spine

Fig. 8. Schematic illustration of measurements for linear
distances from the midline (distance a) and the posterior
superior iliac spine (distance b) to a branch of the SCN
coursing over the iliac crest in a specimen in which

the medial branch of the right SCN runs through an
osteofibrous tunnel (black semicylindrical area). From
Kuniya H, Aota Y, Saito T, et al. Anatomical study of
superior cluneal nerve entrapment. J Neurosurg Spine.
2013;19(1):76-80. (18), with permission.
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Fig. 9. A: Five branches of the SCN on the left side of
a cadaver. The most lateral branch (a5) had separate
origins from the T12 and L2 nerve roots. The third
most medial branch (a3) had separate origins from
the L2. and L3 nerve roots. B: Three branches of the
SCN on the right side of a different cadaver. The L5
nerve root had a dorsal branch ramifying into the most
medial SCN branch (al) and the second most medial
branch (a2). The lateral branch of the SCN (a3) had
separate origins from the L2 and L3 roots. Modified
from Konno T, Aota Y, Kuniya H, et al. Anatomical
etiology of “pseudo-sciatica” from superior cluneal
nerve entrapment: a laboratory investigation. J Pain
Res. 2017;10:2539-2545, Published by Dove Medical
Press. (16), with permission.

Cluneal Nerve Induced Low Back and Leg
Pain: Causes and Pathophysiology

latrogenic injury to the superior cluneal nerves
caused by bone graft harvesting from the posterior iliac
crest used to be a common cause of postoperative pain
(59,60). With the increased use of cadaver allografts
or synthetic bone substitutes, the incidence of surgical
iatrogenic injury has lessened (61). Superior cluneal
neuralgia is more likely now to be the result of nerve
entrapment rather than injury (13).

As with estimates of incidence from other causes of
low back pain, studies have found a wide variation in
estimates of the incidence of low back and/or leg pain
caused by superior cluneal nerves dysfunction, ranging
from 1.6% to 14% (16,50,62). Isu cites Japanese lan-
guage studies indicating that the incidence of bilateral
superior cluneal nerve entrapment was between 20%
and 33% (63).

Recent studies have identified the middle cluneal
nerves as an additional potential source of low back or
leg pain (14,29,30,35,63).

Nerve entrapment usually results from the com-
bination of several types of trauma, such as traction,

friction, and repetitive compression. An example is the
case report of superior cluneal nerve entrapment in an
elite cricket player (64). These stresses lead to edema,
inflammatory cell infiltration, and scarring in the tissue
surrounding the nerve, interfering with its normal slid-
ing movement (65).

Contraction of the latissimus dorsi and gluteus
maximus can increase tension in the thoracolumbar
fascia, providing a second site of entrapment (66,67).
Conditions associated with increased muscle tone, such
as Parkinson’s disease or vertebral body fracture, or
increased stretching are associated with an increased
incidence of superior cluneal nerve entrapment (27).

The middle cluneal nerves are often narrowed
where they pass under or through the posterior sac-
roiliac ligament, putting them at risk for entrapment
and pain. The nerves at this point may show marked
narrowing. Further, the gluteus maximus and the skin
stretch over a large range when the hip joint is flexed
and extended, especially during sports activities, pro-
viding a further mechanism for entrapment. When the
middle cluneal nerves pass the aponeurosis of the glu-
teus maximus, this repeated and extensive stretching
places the nerves at risk for entrapment (33,55).

Nerve root irritation from foraminal stenosis or a
herniated disc at T12, L1, or L2 can cause pain radiating
to the iliac crest, thereby setting up the conditions for
a “double crush,” a situation in which a nerve that is
compromised in one region is more vulnerable when
it is injured in another (68,69). If one of the many
intermediate branches of the dorsal ramus has been
injured by a needle during a paramedian approach to
the epidural space, it may also contribute to a double
crush phenomenon (32).

Differential Diagnosis

The differential diagnosis of low back and buttock
pain with or without radiation to the leg is extensive
(70). The described pain can be the result of injury to one
or more of the many structures in that area, including
vertebrae, intervertebral discs, nerve roots, facet or sac-
roiliac joints, muscles, ligaments, and peripheral nerves.

Potential sources of pain that are relatively easy to
image, such as intervertebral disc protrusions, compres-
sion fractures, and spinal stenosis, have received the
most attention. Given that therapy for these diagnoses
often fails, we must consider the role of other struc-
tures as pain generators. It is essential to remember
that about 1/3 of patients with significant pathology
on MRI are asymptomatic (71,72).
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A complete discussion of the evaluation and treat-
ment of all these sources is beyond the scope of this
paper; rather, our purpose is to encourage explicit
inclusion of the superior and middle cluneal nerves in
the differential diagnosis. The contribution of these
nerves to low back and buttocks pain is relatively easy
to diagnose on physical examination if the examiner is
thinking of them.

Table 1 presents a brief compendium of the differen-
tial diagnosis of low back and/or leg pain. Some of these
differential diagnoses, such as facet or sacroiliac arthropa-
thy, piriformis syndrome, and myofascitis, are at the core
of interventional pain management. Others, such as ilio-
lumbar syndrome (73,74), gluteus medius syndrome (75-
79), inferior cluneal nerve entrapment (80), and Maigne’s
syndrome (81-84), are less familiar but are diagnoses with
which the interventionalist should be familiar.

Weakness of the gluteus medius muscle or injury
to its aponeurosis are rare but easily treated causes of
buttocks pain.

Maigne’s syndrome, or thoracolumbar syndrome,
is a heterogeneous term that includes arthropathy of
various facet joints, most specifically T12-L1, and en-
trapment of the medial branch of the superior cluneal
nerve. The T9-L1 facet joints are known as transitional
zone joints because the thoracic facets are in the fron-
tal plane, suitable for rotation, while the lumbar fac-
ets are in the sagittal plane, suitable for flexion (85).
This disharmony of structure is hypothesized to leave
the joints (particularly T12-L1) exposed to arthropathy
and subluxation, with referred pain to the back, hip,
or groin. A recent study documented a high incidence
(40%) of degenerative disc disease and endplate
changes at this level in elite gymnasts (86). Blockade
of the T12-L1 facet joint (although neighboring joints
can be involved) is diagnostic. Maigne also described
relief of pain with injection of the medial branch of the
superior cluneal nerves (87), although it is likely that
thoracolumbar syndrome and medial branch entrap-
ment are distinct entities (83,88).

The iliolumbar ligament, which passes from the ili-
ac crest to the transverse process of L4 and L5, has been
hypothesized as a cause of low back pain. Maigne spe-
cifically differentiated iliolumbar ligament syndrome
from superior cluneal nerve entrapment (87). While the
ligament has recently been shown to not have a nerve
supply (74), the adjacent tissues are richly innervated
so that the concept of iliolumbar ligament syndrome
remains, with local anesthetic injections or regenera-
tive injection therapy as treatment options.

Table 1. Differential Diagnosis of low back and/or leg pain

Etiology of Pain | Potential Distinguishing Factors

Lumbar Spine Disorders

Vertebral Fractures

Local pain in the affected area, aggravated
by palpation with chronicity of fracture,
confirmed by MRI or Bone Scan.

Lumbar Disc
Disease/spinal
stenosis

Physical exam and MRI concordant with
diagnosis. Dermatomal sensory, motor, or
reflex changes.

Facet Joint

Pain relief with diagnostic medial branch

Disorders injections.

Thoracolumbar Pain in the distribution of T12 or L1,
Junction Syndrome relieved by diagnostic facet injection;
(Maigne SY drome) term is also used to describe entrapment
(81 8g4) v of the medial branch of the superior

cluneal nerve.

Sacroiliac Joint

Axial low back pain with confirmatory
signs on physical exam, such as FABERSs,
Gaenslen, pelvic compression, and

Disorders distraction, with relief with diagnostic
testing.
Unilateral low back pain produced by hip
Iliolumbar flexion and FABER. Confirmed by local
syndrome anesthetic injection into the iliolumbar

ligament.

Myofascial Pain Syndromes

Paraspinal
myofascitis

Spasm or trigger points in the muscle,
relieved by trigger point injections.

Gluteus medius
muscle pain or

Trigger point in the gluteus medius
replicating the low back or leg pain,

compartment relieved with either injections or release of
syndrome the gluteus medius aponeurosis.
. . Pain with palpation of the piriformis
Piriformis pap 0 Cie P
muscle, relieved by injection into the
syndrome

muscle.

Nerve entrapments

Inferior cluneal
(posterior femoral
cutaneous) nerve
entrapment

Pain at the ischium with sitting, relieved
by local anesthetic injections.

Physical Examination

The physical examination should begin by exam-
ining the thoracolumbar region, looking for physical
findings suggesting the anatomic basis for the pain.
The most common causes are lumbar facet and sacro-
iliac joint disorder, in addition to the cluneal nerves, but
all of the items in the differential diagnosis should be
considered.

Segmental examination may provide evidence of
the level of thoracolumbar dysfunction even when
the patient is pain free (82). Gentle lateral pressure in
each horizontal direction on the spinous processes may
produce pain in one direction, an indication of facet
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joint dysfunction. Deep palpation of these joints using
firm pressure down a line parallel to and 1 ¢cm lateral
to either side of the spinous processes can also reveal
a tender region at an abnormal joint. These examina-
tion techniques are not usually painful in the absence
of joint pathology.

Rolling a fold of skin between the examiner’s
fingers almost always leads to pain in the area of skin
supplied by a particular injured dorsal ramus branch,
a finding Maigne described as the neurotrophic re-
flex. The response should be compared to that of the
other side and of surrounding areas. A positive skin
test over the lower abdomen/inguinal canal (ingui-
nal nerve) or greater trochanter (lateral perforator
nerve) may indicate a more proximal spinal nerve
injury (82).

Examination of the paraspinal and gluteal muscles
may reveal cords of muscle in spasm with or without
tender trigger points (89). Palpation with enough
pressure to blanch the examiner’s nail may reproduce
the patient’s pain complaint (75). Palpate the gluteus
medius from its insertion on the greater trochanter
toward the posterior superior iliac spine and over its
origin along the ilium just below the iliac crest to look
for gluteus medius weakness or nerve entrapment by
its aponeurosis.

A more focused search for dysfunction of specific
nerves should begin by searching for the maximally
tender point at which the pressure of the examiner’s
finger reproduces the patient’s pain. The descriptive
“tender points” is useful for areas where patients say
“ouch” when you push on them. All trigger points
are tender points, but not all tender points are trig-
ger points: they could be nerves, tendons, bursas, or
other structures. Frequently, the symptoms of entrap-
ment of the medial branch of the superior cluneal
nerves can be reproduced by palpation of the iliac
crest approximately 7 cm lateral to the midline, al-
though there may be variability in the location based
upon patient size (87,90). This tender point may elicit
pain radiating from the low back to the posterior
thigh, consistent with the distribution of the superior
cluneal nerves. Pain may also be elicited with hyper-
extension, lateral bending towards the side opposite
the complaint, and rotation of the lumbar spine. Aly
et al (91) proposed simultaneous full flexion of the
ipsilateral hip and knee joints as a provocative test
that reproduces symptoms, but this test may not be
specific.

Symptoms of entrapment of the middle cluneal

nerves may be reproduced by pressure on the poste-
rior sacroiliac ligament, approximately 3.5 cm caudal
to the posterior superior iliac spine, with numbness
and radiating pain when this site is palpated (29,30).
This site is distinct from that of the Fortin finger test
(pressure 1 ¢cm below the posterior superior iliac
spine) for sacroiliac joint dysfunction (92) in that it
is slightly more caudal. In practical terms, this area
contains many potential pain-generating structures,
and further diagnostic injections may be needed to
refine the diagnosis.

The frequent communication between these
nerves at all levels and the variability between subjects
and between the right and left sides of the same subject
underline the importance of the physical examination
and low volume local anesthetic injections in leading to
an accurate diagnosis.

Confirmation of the Clinical Diagnosis of
Entrapment of the Cluneal Nerves

The suggestion of superior cluneal nerves en-
trapment neuropathy found on clinical exam can be
supported by a diagnostic local anesthetic injection,
although the sensitivity and specificity of single local
anesthetic injections of peripheral nerves have not
been studied. North has suggested that diagnostic
blockade of central structures may lack specificity (93).
High resolution ultrasound of the tender areas may
provide information as to anatomic abnormalities and
is useful in ensuring the accuracy of diagnostic injec-
tions (94-96).

The diagnostic criteria for cluneal neuralgia are
presented in Table 2. These criteria are supported by
multiple authors (15,16,50,97).

Other authors have suggested that the diagnosis of
middle cluneal nerves entrapment neuropathy include
a tender point 3-4 cm caudal to the posterior superior
iliac spine (PSIS) (29,30).

Obtaining plain x-rays to check for vertebral
body compression fractures is prudent since, in Kuni-
ya's analysis, a superior cluneal nerves entrapment
diagnosis was seen more frequently in patients with
vertebral fractures than in patients without compres-
sion fractures (16,27). Ultrasound is being used more
frequently for the diagnosis of entrapment neuropa-
thies as well as for the diagnostic injections (vide
infra) (98,99).

The most important part of the diagnosis of neu-
ropathy of the superior or middle cluneal nerves is
thinking of the possibility!
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Treatment

Non-invasive therapies

Conservative approaches are the mainstay of
the initial treatment of any pain condition, including
nerve entrapments (100,101). Conservative approaches
include non-scheduled medications, physical and chiro-
practic therapy, and acupuncture. A review of conserva-
tive treatments is beyond the scope of this paper.

Injection
Injections can be performed using landmark, fluo-
roscopy, or ultrasound guidance.

Landmark-Guided Technique

With the patient standing flexed at the hips or in
a prone position, palpate and mark the posterior iliac
crest 6-7 cm lateral from the midline to determine the
point of maximum tenderness. Using aseptic technique,
advance a 1.5 to 2 inch 25- to 22-gauge needle perpen-
dicularly to the skin until the bone is contacted. For di-
agnostic purposes, following negative aspiration, inject
1 mL of a local anesthetic/steroid solution. A peripheral
nerve stimulator may also help to identify the proper
site of injection (65). In one report, 4 of 8 patients with
entrapment of the medial branch of the superior clu-
neal nerves and Parkinson’s disease achieved satisfac-
tory pain reduction using landmark-guided injections
of 2 cc of 1% lidocaine (28). Herring et al also described
a landmark-guided superior cluneal nerve block to
provide analgesia for a buttocks abscess drainage (102).

The middle cluneal nerves do not have a landmark-
guided approach described in the literature. However,
consistent with the physical exam locating the middle
cluneal nerves by finding the site of maximal tenderness
with palpation medial and just inferior to the posterior
superior iliac spine, it is likely that “blind SI joint injec-
tions” are actually middle cluneal nerve injections (103).

Fluoroscopy-Guided Technique

Under fluoroscopy, the point of maximum tender-
ness for superior cluneal nerves neuropathy is usually
found at the medial iliac crest, and a traction spur of the
attachment of the iliolumbar ligament can occasionally
be seen (Fig. 10). Palpate the area to confirm the target
and inject 1 mL of a local anesthetic/steroid solution on
the top of the iliac crest. Nerve stimulation localization
devices can help to confirm the proper needle placement.

The middle cluneal nerves can have multiple sacral
contributions. However, since it is primarily centered at

Table 2. Diagnostic Characteristics of Cluneal Neuralgia

Symptoms of entrapment may be reproduced
E e by palpation of te.nder pomt.s, hyperex.tensmn,
or lateral bending to the side opposite the
complaints.
. . May be done with 1 cc of local anesthetics,
Diagnostic . .
L2 using either landmarks, ultrasound, or
injection . .
fluoroscopic guidance.
The nerves appear as small, hypoechoic
Ultrasound structures just inferior to the border of the
iliac crest.
Non-specific. Useful in ruling out other
causes of low back/leg pain. The presence
X-ray of vertebral compression fractures should
increase the level of suspicion for superior
cluneal nerves entrapment (19).
Non-specific. Useful in ruling out other
MRI .
causes of low back/leg pain.
CT scan May show a bony groove at the osteofibrous
tunnel (18).
El i i
ecFrodlagnostlc Not useful.
studies

S2, 1 mL of local anesthetic/steroid at the lateral border
of the S2 foramen is usually sufficient (Fig. 11).

Ultrasound-Guided Technique

The patient is placed in a prone position. Palpate
the posterior wing of the iliac crest approximately 6-7
c¢m lateral to the midline and mark the area. A high-
frequency linear array probe is placed at the marked
site on the iliac crest in a transverse view. The iliac crest
is seen as a bony shadow. Moving the ultrasound (US)
probe superior and posterior from this point will reveal
the superior cluneal nerves as small hypoechoic struc-
tures inferior to the border of the iliac crest (Fig. 12). An
in-plane or out-of-plane needle approach may be used.
Bodner et al performed cadaveric studies confirming
that the medial branch of the superior cluneal nerves
could be identified under ultrasound (104). Nielsen
demonstrated that the superior cluneal nerves could
successfully be blocked using ultrasound (96).

Identification of the middle cluneal nerves can also
be aided by the use of ultrasound (105). The posterior su-
perior iliac spine, an area of variable size and shape, may
be difficult to locate precisely by palpation, particularly
in obese patients. Locate the most posterior and inferior
point of the PSIS on ultrasound, then use this as a refer-
ence point to find the second sacral foramen (Fig. 13)
approximately 2-3 cm medial to the PSIS, 45° below the
horizontal line. The first sacral foramen is 1-1.5 cm above
the second; the third is 1-1.5 cm below it.
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Fig. 10. Fluoroscopic injection of a superior cluneal
nerve. An iliolumbar traction spur is circled. (Image

courtesy of Andrea Trescot MD)

Neurolysis

If pain relief from the diagnostic injection is com-
plete but only temporary, longer lasting modalities
such as cryoneuroablation, radiofrequency lesioning,
and chemical neurolysis may be offered. Other options
include peripheral nerve stimulation or surgery.

Cryoablation

Cryoablation of the medial branch of the supe-
rior cluneal nerves may be performed using landmark,
fluoroscopic, or ultrasound guidance. Cryoablation of
the middle cluneal nerves should be done using either
ultrasound or fluoroscopic imaging.

With the patient in a prone position, utilizing
aseptic technique, infiltrate a small amount of local
anesthetic subcutaneously using a small gauge 1.5-inch
needle. Pass an introducer catheter with a sharp stylet
to the target area. Use either a 12- or 14-gauge catheter,
depending on the probe size. Remove the introducer
stylet and advance the cryoprobe through the catheter
to the target area (Figs. 14 and 15), using appropriate
guidance. If necessary, pull the introducer catheter back
to fully expose the tip of the probe so that the ice ball
will form fully. Confirm proper probe placement on the

Fig. 11. Fluoroscopic injection of a middle cluneal nerve. A: Marker showing the lateral border of S2. B: Needle with nerve
stimulator at the lateral border of S2, the site of the middle cluneal nerve injection. (Image courtesy of Andrea Trescot MD)
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lliac crest

caudad. (Image courtesy of Andrea Trescot, MD )

Fig. 12. Ultrasound image of a superior cluneal nerve. The area to the left of the iliac crest is cephalad and to the right is

sacrum foramen

lateral

medial

Fig. 13. Ultrasound injection of a middle cluneal nerve at S2. (Image courtesy of Agnes Stogicza MD )

nerve by identifying maximal sensory stimulation and
the lack of motor stimulation. Neurolysis results from a
series of 2, 2-minute freezes, with 30 seconds of defrost-
ing between each cycle. There may be burning pain that
replicates the initial pain on initiation of the first freeze
cycle, but this should resolve within approximately 30
seconds (13), though this can be obviated by using a
side-port injection introducer (106).

Radiofrequency Lesioning
A technique very similar to that described above

for cryoablation has been used for radiofrequency
lesioning. The target is identified, and the site ster-
ilely prepped appropriately. After local anesthetic is
infiltrated subcutaneously, the radiofrequency probe is
advanced to the target site at the iliac crest or lateral S2
foramen using fluoroscopy, ultrasound, or, for the me-
dial branch of the superior cluneal nerves, anatomical
landmarks. After the radiofrequency probe is in place,
the presence of sensory stimulation and absence of mo-
tor stimulation is used to confirm that the tip of the
probe is placed adequately. A lesion is made using the
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Fig. 14. Cryoneuroablation of a superior cluneal nerve.
(Image courtesy of Andrea Trescot MD )

Fig. 15. Cryoablation of a middle cluneal nerve. (Image
courtesy of Andrea Trescot MD)

same parameter that the practitioner would use for
medial branch ablation procedures.

Relief of symptoms from middle cluneal neuralgia
has been reported with the use of radiofrequency (58).
Internally cooled probes create larger lesions and have
also been used at the sacral sites.

Neurolysis with Alcohol or Phenol

Alcohol neurolysis has been studied for the treat-
ment of persistent pain caused by the entrapment of
the medial branch of the superior cluneal nerves using
1 mL of 0.5% lidocaine followed by 1 mL of absolute
alcohol (100%) via the same cannula. If after 1 week
the pain was not resolved, the procedure was repeated.
The 4 described patients were observed up to 4 years;
none reported complications or recurrent pain (107).

Peripheral Nerve Stimulation

Until recently, peripheral nerve stimulation was
limited in its use because of the need to use an implant-
able power generator with extensions that had to be
tunneled from the target nerve to an area with enough
tissue to hold the generator. The recent advent of a
variety of wireless peripheral nerve stimulator systems
has dramatically expanded the feasibility of peripheral
nerve stimulation. Since the technology is new, there
is relatively little literature currently available, though
several articles and posters have been published re-
cently (108-110).

For the medial branch of the superior cluneal
nerves, a stimulator is placed across the top of the iliac
crest (Fig. 16). The middle cluneal nerves are stimulated
by placing the stimulator lateral to the foramen and
medial to the sacroiliac joint (Fig. 17). The stimulator
is tunneled to a small subcutaneous pocket, where it
is coiled and sutured to the fascia and then connected
wirelessly to the external power pack and a wearable
antenna assembly (WAA).

Surgery

Surgery is considered when repeated superior clu-
neal nerves procedures fail to control the patient’s symp-
toms (17,22,25,50,51,64,97). An early report of surgical
intervention described extensive dissection under local
anesthesia of the area surrounding and including the
tender point; nerves identified as painful in response to
pressure by the surgeon’s finger were sectioned (9). In
another paper, 34 patients underwent surgical release
under local anesthesia; in all of the patients, the superior
cluneal nerves penetrated the orifice of the thoracolum-
bar fascia and could be released by dissection of the fas-
cia (25). Others reported successful outcomes under gen-
eral anesthesia (GA) (50,64,97). Kuniya et al described
an extensive decompression under GA, tracing several
superior cluneal nerve branches from the lateral margin
of the deep layer of the thoracolumbar fascia to their
exit into the subcutaneous tissue. They also removed
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Fig. 16. Peripheral nerve stimulation of a superior
cluneal nerve (Image courtesy of Andrea Trescot, MD)

a portion of the iliac crest “approximately fingertip in
size” to ensure complete decompression (16).

A particular problem in surgery for cluneal nerve
syndrome is that identification of these very small
nerves within the fatty subcutaneous tissue is difficult.
Surgeons have used patient reports that their symp-
toms are reproduced by pressure of the surgeon’s finger
(9,17,25), nerve stimulators (25), or indocyanine green
video angiography to find these nerves and document
sufficient decompression (22). Operating microscopes
have also been used (16,17,22,25,27,64).

Results of these intraoperative techniques are also
used to help the surgeon choose between neurolysis
and neurectomy (23). “Neurolysis” can be a confusing
term; one must distinguish between lysis of adhesions
in the fascia around a nerve and lysis of the nerve itself
by chemical or physical methods (vide supra). Lysis of
adhesions around an entrapped superior cluneal nerve
is performed by cutting the thoracolumbar fascia from
distal to rostral until the nerve is seen to be free of
kinks, no longer responds to digital pressure, or indo-
cyanine green video angiography shows good blood

Fig. 17. Bilateral peripheral nerve stimulation of the
middle cluneal nerves. Note the lumbar fusion and
the spinal cord stimulator as well as the left sacroiliac
fustion. (Image courtesy of Jocelyn Bush M D, with

permission).

flow in the small vessels, the vasa nervorum, around
the nerves (22). “Neurectomy” involves cutting the
nerve and is often used when the neurolysis has failed
to alleviate the patient’s symptoms (17).

Postoperative recurrence is, at least in part, tech-
nique-dependent; additional unidentified branches
may be present, or an identified branch may be insuf-
ficiently released. Some surgeons recommend wide
release under general anesthesia. Others recommend
neurolysis of as many branches as possible during
the initial procedure (17). Very elderly and/or fragile
patients may especially benefit from a trial of a more
limited procedure under local anesthesia (17,24,25).

Surgery has also been reported to relieve symp-
toms of entrapment of the middle cluneal nerves
(9,18,29,30).

Complications

As with all interventional techniques, precautions
regarding anticoagulant therapy and proximity to vas-
cular structures and other cavities are critical. In general,
complications are based on the location of the needle,
neural trauma, and bleeding. Infectious complications
include abscess. Standard precautions regarding the use
of local anesthetics and steroids should be maintained.
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If using landmarks only for performing a procedure, care
must be taken to keep the needle on the iliac crest.

Depigmentation or hyperpigmentation at a cryole-
sion site has been reported (111).

Reported complications of radiofrequency abla-
tion include a worsening of the usual pain, burning or
dysesthesias, decreased sensation, and allodynia over
the skin (105).

Alcohol and phenol are fluids that can spread to
unintended locations, leading to potentially devastat-
ing consequences. The use of fluoroscopy is strongly
encouraged to minimize the risk of undesired spread.
Since these medications are designed to destroy tissue,
tissue sloughing and infarcts are potential complica-
tions. Clearing the needle prior to withdrawal may
decrease the risk of superficial tissue damage. Al-
though temporary local pain at the injection site is to
be expected, prolonged pain at the injection site may
represent neuritis.

DiscussioN

Many authors have noted the importance of con-
sidering structures other than the intervertebral discs
as potential sources of low back pain. Entrapment or
injury of the lateral branches of the dorsal rami of T11-
S4 can be a cause of severe, debilitating low back and/
or leg pain. Understanding the long and complex path
of these nerves is key to evaluating a given clinical pic-
ture. The clinical triad which defines cluneal nerve neu-
ropathy includes deeply aching and poorly localized
low back pain with a variable pattern of referred pain
in the buttocks and/or legs, the presence of a tender
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