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Abstract
Low back pain (LBP) is a leading cause of disability worldwide. In the absence of a classiﬁcation system for pain
syndromes, classiﬁcation of LBP on the basis of the distribution of pain as axial (pain generally localized to the
low back) or radicular neuropathic (pain radiating to the lower extremities) is relevant to clinical practice
because the distribution of pain is often a corollary of frequently occurring disease processes involving the
lumbar spine. Common sources of axial LBP include the intervertebral disc, facet joint, sacroiliac joint, and
paraspinal musculature, whereas common sources of radicular pain include a herniated intervertebral disc and
spinal stenosis. The accuracy of historical and physical examination ﬁndings has been established for sacroiliac
joint pain, radiculopathy, and lumbar spinal stenosis. However, the accuracy of similar data, so-called red ﬂags,
for identifying the underlying medical sources of LBP has been overstated. Diagnostic imaging studies can be
useful, and adherence to established guidelines can protect against overuse. Multiple pharmacological trials
exist for the management of LBP; however, the long-term outcomes of commonly used drugs are mixed. For
carefully selected patients with axial LBP, radiofrequency denervation techniques can provide sustained pain
relief. In patients with radicular pain, transforaminal epidural steroid injections may provide short-term pain
relief, but neurostimulation may confer more enduring beneﬁts of refractory symptoms. Pain-related indications for commonly performed operations include spinal decompression for radicular symptoms as well as
spinal fusion or disc prosthesis for discogenic LBP. Physical modalities and psychological treatments can
improve pain and functioning, but patient preferences may inﬂuence treatment adherence.
ª 2015 Mayo Foundation for Medical Education and Research
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ow back pain (LBP) is a leading cause of
disability worldwide with a lifetime incidence of 51% to 84%.1,2 The taxonomy
of pain syndromes, including LBP, is underdeveloped, and no widely accepted single classiﬁcation
system currently exists.3-5 However, classiﬁcation
of LBP based on the distribution of pain as predominately axial (pain localized to the low back
area) or radicular (pain radiating to the lower extremities in a dermatomal distribution with or
without accompanying LBP) is particularly relevant to primary care specialists because the distribution of pain is often a corollary of frequently
occurring disease processes involving the lumbar
spine.6 This simple classiﬁcation scheme provides
a clinically focused framework for organizing key
historical and physical examination ﬁndings that
drive the diagnostic and therapeutic decisionmaking processes that arise in the routine care
of adults with LBP.6,7 Therefore, the purpose of
this review was to provide a clinically focused
approach for the evaluation and treatment of
chronic LBP for primary care specialists.
METHODS
Similar to previously published search strategies,8
databases of MEDLINE using the PubMed and
Ovid platforms as well as the Cochrane Database
of Systematic Reviews were searched using the
key words low back pain, lumbar spine pain, and
lumbar radiculopathy with no date restrictions.
Key words pertaining to speciﬁc topics (eg, lumbar spinal stenosis, physical examination, therapeutic
spinal injections, and analgesic medication) were
cross-referenced with the initial search terms using the identiﬁed databases. Search terms were
cross-referenced with review articles, and additional articles were identiﬁed by manually searching reference lists.
EPIDEMIOLOGY AND NATURAL COURSE
Epidemiology
The estimated prevalence of LBP varies according
to the surveillance period and speciﬁc type of
pain. For example, in a systematic review,9 the
point prevalence of LBP was 18.3%, the
1-month rate was 30.8%, and the mean annual
prevalence was 38.0%. In a more recent systematic review10 in which chronic LBP was deﬁned
as pain lasting longer than 12 weeks, the prevalence ranged from 5.9% to 18.1%. The 1-year
incidence of an initial episode of LBP ranges
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from 6.3% to 26.2%, and estimates of recurrence
at 1 year range from 24% to 80%.2,9,11
Neuropathic pain, deﬁned as pain resulting
from a lesion or disease affecting the somatosensory system, can be an important characteristic
of LBP especially in individuals with a herniated
disc causing nerve root irritation and lumbar spinal stenosis. In individuals with predominately
chronic axial LBP, questionnaires designed to
detect the distinguishing characteristics of neuropathic pain have found that between 17% and
55% of individuals have pain that is primarily
neuropathic in nature, with a median rate of
41%.12-17 This distinction is important because
neuropathic pain may be associated with greater
levels of physical and psychological dysfunction
as compared with other types of pain.18 The incidence of new-onset radicular pain ranges from
1.5% to 18.5%,19,20 and the incidence of lumbar
spinal stenosis has been estimated to be 5 per
100,000 people.21
Natural Course
Axial LBP. Although most episodes of acute
LBP will resolve, a substantial proportion of patients will develop chronic or recurrent pain. A
large study22 that followed 973 people with
acute axial LBP found that 28% had not fully
recovered 12 months after their initial consultation. Factors associated with persistence included
older age, greater baseline pain and dysfunction,
depression, fear of pain persistence, and ongoing
compensation claims.22 A systematic review23
comprising 11 studies that followed individuals
with axial LBP less than 3 months in duration who
sought evaluation in a primary care setting yielded
less favorable ﬁndings. Itz et al23 found that onethird of individuals recovered within 3 months,
but 65% continued to experience persistent pain
at 1-year follow-up. This suggests that individuals
who do not recover within 3 months are at
increased risk of developing chronic axial LBP.
Radicular Pain. Several studies have sought
to determine the natural course of lumbosacral
radiculopathy. In one of the earliest studies examining the clinical course in individuals with
sciatica, Hakelius24 found that 58% of 38
patients with clinical symptoms and positive
contrast myelography were symptom-free within
30 days and 88% were symptom-free after 6
months. A retrospective study by Saal and Saal25
reported that among 52 patients with signs and
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symptoms of lumbosacral radiculopathy
conﬁrmed by electrodiagnostic testing who
received aggressive conservative care, 96% experienced good (n¼35) or excellent (n¼15) outcomes at a mean follow-up period of 31 months.
In both the treatment (piroxicam) and placebocontrol arms of a randomized study evaluating
208 patients with acute sciatica, Weber et al26
found that 64 patients (30%) continued to
report signiﬁcant pain after 3 months, with
few patients experiencing resolution between
3-month and 1-year follow-up. In another
double-blind study27 evaluating chymopapain
chemonucleolysis, 11 out of 30 patients 37% of
the placebo-controlled group experienced a good
outcome at 6 weeks, which increased to 60% by 6
months. In summary, whereas most episodes of
new-onset radicular pain will resolve without
aggressive treatment, 15% to 40% of individuals
will experience early (<1 year) or frequent recurrences of symptoms.26,28,29 The observation
that most cases of acute radiculopathy improve
within several months is consistent with radiological studies30,31 that found that approximately
two-thirds of herniated lumbar discs undergo
signiﬁcant (>50%) resorption within 1 year.
Several instruments have been developed to
predict which patients may be at risk for developing chronic LBP after a back injury, with one
of the more common being the Acute Low Back
Pain Screening Questionnaire, which was subsequently modiﬁed to include all musculoskeletal
conditions.32 A systematic review33 found that
the pool sensitivity of this questionnaire was
0.59 and the speciﬁcity was 0.77.
Lumbar Spinal Stenosis. Lumbar spinal stenosis occurs when the vertebral canal is narrowed by surrounding bone and soft tissues,
leading to compression of neural structures
including the spinal nerve roots. Spinal stenosis
is not a single disease process; rather, it is multifactorial and generally the result of a combination of
anatomical changes including intervertebral disc
protrusion or herniation, facet joint hypertrophy,
spondylolisthesis (forward displacement of a
vertebra), congenital narrowing of the vertebral
canal, or hypertrophy/buckling of the ligamentum ﬂavum. Consequently, the natural history
of lumbar spinal stenosis is less auspicious,
though only a minority of patients develop progressively worsening symptoms. At a mean
follow-up period of 11.1 years, Minamide et al34
Mayo Clin Proc. n December 2015;90(12):1699-1718
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found that similar proportions of 34 patients
with lumbar spinal stenosis treated conservatively
experienced improvement, no change, or worsening of symptoms. A cohort study35 evaluating
56 patients with symptomatic mild-to-moderate
lumbar spinal stenosis symptoms who were
treated conservatively found that 34 patients
(60.7%) had a stable or improved clinical status at
a median follow-up period of 88 months. These
ﬁndings are consistent with several older
studies36,37 exhibiting that most patients with
conservatively treated spinal stenosis will report
either stable or improved symptoms at least 3
years after the presentation. In a partially randomized study, Amundsen et al38 found that 57%
of a nonrandomized cohort (n¼50) with mild
symptoms obtained a good outcome at 4-year
follow-up whereas 44% of 18 randomized nonsurgically treated patients had a good outcome at
4 years.
In contrast to an acute herniated disc that may
resolve over time, the chronic degenerative and
bony changes that characterize axial LBP and spinal stenosis do not generally regress. Thus, the
anatomical changes that predispose to the development of axial LBP and spinal stenosis may in
part explain the discrepancies observed in the
overall prognosis of these patients.
CLINICALLY ORIENTED ANATOMY OF THE
LUMBAR SPINE
Although the anatomy of the lumbar spine is
complex, several key anatomical structures
contribute to commonly encountered clinical
problems including the vertebral body, intervertebral disc, facet joint, paraspinal muscles,
and ligamentum ﬂavum. The lumbar spine is
composed of 5 vertebrae; however, estimates
of the prevalence of lumbosacral transitional
vertebrae (LSTVs) range from 7% to 30%.39
The transverse processes of the ﬁfth lumbar
(L5) vertebral body may be broad and elongated, which can lead to complete sacral
fusion. The assimilation of the L5 vertebra
into the sacrum is termed sacralization of L5.
Conversely, the ﬁrst sacral (S1) vertebra may
form articulations with the S2 vertebral body
and even have well-formed lumbar-type facet
joints and a lumbar-sized intervertebral disc.
The term lumbarization refers to an S1 vertebra
that has features of a lumbar vertebra. The correct identiﬁcation of LSTVs is important to
avoid surgical and procedural errors attributed
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FIGURE 1. Intervertebral disc structure.

to inaccurate vertebral body enumeration and
to ensure accurate correlation of clinical symptoms. One approach to enumerating the lumbar
vertebrae involves identifying the most caudal
rib (12th rib) that articulates with the 12th
thoracic vertebral body (T12). The vertebral
body immediately caudal to T12 is designated
L1, and the remainder of lumbar vertebrae are
enumerated sequentially in the caudal direction.
Although an LSTV has been associated with radicular pain because of compression of spinal nerve
roots,40,41 studies that have sought to establish an
association between LSTVs and the occurrence of
axial LBP have been mixed, with only certain
types of LSTVs (eg, pseudarthrosis) being linked
to LBP.42,43
The intervertebral disc is an avascular ﬁbrocartilaginous structure that allows movement between adjacent vertebral bodies (Figure 1). Each
lumbar intervertebral disc is approximately 4 cm
in diameter and 7 to 10 mm in thickness,44 and it
is composed of an outer annulus ﬁbrosus and an
inner nucleus pulposus. The annulus is a dense
concentric ring of layered collagen ﬁbers that surrounds the nucleus and resists tensile forces. The
nucleus pulposus contains collagen and elastin
ﬁbers embedded within a hydrated proteoglycan
gel. Disc degeneration is associated with annular
tears and dehydration of the nucleus pulposus,
which can lead to decreased disc height, impaired
mechanical function, rupture, and compression
of spinal nerve roots (Figure 2). In addition,
nerve and vascular ingrowth into the disc and
exposure of these nerves to inﬂammatory mediators have been associated with axial LBP.45,46
Lumbar facet joints, also referred to as the
zygapophysial joints, are true synovial joints
formed by the superior and inferior articulating
processes of 2 adjacent vertebrae (Figure 3). The
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inferior aspect of each lumbar facet joint is
innervated by the medial branch of the posterior
primary rami at the same level of the facet joint,
and the superior aspect is innervated by the
medial branch from 1 level above. This dual
innervation is important when considering targeted diagnostic and interventional therapies
for lumbar facet pain. From a biomechanical
perspective, the 2 facet joints and the intervertebral disc at each spinal level are interdependent
and form what is referred to as a motion
segment, otherwise termed the three-joint complex.47 In this manner, the lumbar spine can
be conceptualized as a stacked series of motion
segments. Whereas the intervertebral disc is the
principal weight- or load-bearing structure of
each motion segment, the role of the facet joints
is to limit torsion and resist forward displacement of the vertebral segment. However, in
the setting of degenerative disc disease and associated disc space narrowing, the total load transmitted to the facet joint increases and can
sometimes exceed 50% of the total load placed
on the vertebral segment.48,49 Pathophysiologically, osteoarthritic changes involving the lumbar facet joints are common and include joint
space narrowing due to degenerative thinning
of the cartilage, presence of inﬂammatory cells
and mediators, increased vascularization, subchondral bone remodeling, and osteophyte
formation, which can contribute to axial LBP
and spinal stenosis.50,51 These osteoarthritic
changes, particularly osteophyte formation,
can contribute to neural foraminal stenosis
and compression of the exiting nerve root,
which can lead to the development of radicular
pain.
The ligamentum ﬂavum extends along the
posterior aspect of the vertebral column and connects the laminae of the adjacent vertebrae
(Figure 4). The ligamentum ﬂavum is 2- to
3-mm thick and is composed of elastin and
collagen ﬁbers in a 2:1 ratio; the elastin ﬁbers
provide elasticity, and the collagen ﬁbers provide
tensile strength and stability. Hypertrophy of the
ligamentum ﬂavum is multifactorial and has
been associated with older age, mechanical
stress, increased body mass index (calculated as
the weight in kilograms divided by the height
in meters squared), and alterations in cytokine
and proteinase inhibitor concentrations.52,53
Ligamentum ﬂavum hypertrophy can be an
important contributor to the development of
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spinal stenosis, especially when it occurs in
conjunction with other disease processes that
narrow the spinal canal, including facet joint
arthropathy and disc protrusions.54
Multiple muscles affect lumbar spine function
and can be categorized into 3 major anatomical
groups relative to the torso: the posterior, anterior, and lateral groups (Figure 5).55 Together,
these 3 muscle groups control movement of the
spine, contribute to the stabilization of the vertebral column, and provide proprioceptive feedback.56 The posterior group, composed of
superﬁcial (ie, erector spinae and serratus posterior inferior), intermediate (ie, longissimus thoracis), and deep (ie, multiﬁdus and quadratus
lumborum) layers, arise from the transverse and
spinous processes of the vertebrae and insert on
the iliac crests and sacrum. The deeper muscles
span fewer vertebrae compared with the more superﬁcial muscles, and the muscles more adjacent
to midline are of greater diameter. The muscles of
the posterior group are responsible for extending,
lateral bending, and torsion of the spine. The anterior group is chieﬂy composed of the abdominal
wall (ie, rectus abdominis, external oblique, and
internal oblique) and is primarily responsible for
ﬂexion of the spine, but these muscles also
contribute to lateral bending and torsional movement. The lateral group includes the psoas and
iliacus muscles. The psoas muscle arises from
the lateral aspects of the lumbar vertebrae, and
the iliacus muscles arise from the anterior ilium
and lateral sacrum. These 2 muscles join as they
move laterally to insert on the lesser trochanter
of the femur and are often referred to as the iliopsoas muscle. The iliopsoas is a powerful ﬂexor of
the thigh and works to maintain an upright and
erect posture. Current evidence suggests that
the cross-sectional area and density of paraspinal
muscles are reduced in patients with LBP,57,58
and alterations in muscle activation and fat inﬁltration of the paraspinal muscles have been
observed in these patients.59,60 In addition,
reduced paraspinal muscle density has been associated with facet joint osteoarthritis, spondylolisthesis, and disc space narrowing.58

FIGURE 2. A, Lateral view of the potential effects of disc bulging and
degenerative changes on spinal nerve roots. B, Axial view of a ruptured
lumbar intervertebral disc.

symptoms. Although the differential diagnosis
of LBP is broad, most nonmusculoskeletal disease states can be categorized as neoplastic, inﬂammatory, visceral (which includes pelvic
and retroperitoneal structures), infectious,
vascular, endocrine, and traumatic (Table 1).61
The risk factors, historical features, and physical
examination ﬁndings associated with nonmusculoskeletal diseases are widely referred to as
red ﬂags, but the accuracy, or risk-beneﬁt ratio,
of many previously recognized red ﬂag signs
and symptoms has been called into question.62,63 In a prospective study64 that involved
1172 consecutive patients receiving primary
care for acute LBP, 11 patients (0.9%) were
identiﬁed as having “serious spinal pathology”
including 8 with vertebral compression fractures, 2 with inﬂammatory arthritides, and 1
with cauda equina syndrome. Although the
prevalence of serious pathology was low, 4 clinical factors were statistically signiﬁcantly associated with vertebral compression fractures,

HISTORY AND PHYSICAL EXAMINATION
Signiﬁcance of “Red Flag” Symptoms
A critical aspect in the evaluation of axial or
radicular pain is to identify nonmusculoskeletal
diseases that may be responsible for the patients’
Mayo Clin Proc. n December 2015;90(12):1699-1718
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FIGURE 3. Anatomy and innervation of the
lumbar facet joint. Also depicted are bilateral
fractures of the pars interarticularis (pars defect)
and an osteoarthritic facet joint.
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FIGURE 4. Cross-sectional view of the lumbar spine, depicting ligamentous
structures.

including female sex, age greater than 70 years,
trauma, and prolonged use of corticosteroids.64
A set of similar red ﬂag indicators were identiﬁed in 2 systematic reviews65,66 that investigated the accuracy of various clinical factors
used to screen for vertebral compression fractures and spinal malignant neoplasm
(Table 1). In clinical practice, the use of red
ﬂag indicators should supplement but not
supplant clinical judgment on the evaluation
of nonmusculoskeletal disease processes.
Axial LBP
The differential diagnosis of axial LBP is broad but
commonly involves lumbar spine structures that
include the intervertebral discs, facet joints, sacroiliac joints, and paraspinal musculature. Although
nonspeciﬁc,67 some historical features and characteristic signs and symptoms associated with
axial LBP may be helpful in determining the
source of pain. The intervertebral disc can be a
source of pain in up to 40% of patients with axial
1704
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LBP. These patients tend to be younger (age <45
years), and though the onset tends to be insidious
in most cases, in some instances an inciting event
may be described (ie, lifting, bending, and
twisting).6,45,68 Discogenic LBP is often worsened
by activities that load the spine, and a history of
sitting intolerance and improvement of pain
with recumbency are often reported. Patients
will often localize pain to the midline of the
spine,69 but pain can be referred to the upper
thigh and up to 20% will experience pain distal
to the knee.46,70 Although no physical examination ﬁndings can accurately discriminate patients
with discogenic pain,68 greater midline tenderness may be an indicator in some patients.69
Axial LBP attributed to the lumbar facet joints
is estimated to affect approximately 15% to 30%
of patients.6,71,72 Although numerous studies
have attempted to identify the historical and physical examination ﬁndings associated with lumbar
facet pain, no discrete set of clinical markers has
been delineated.47 However, the onset of lumbar
facet pain is generally insidious and it occurs more
frequently in older adults (age >65 years).6 Lumbar facet pain is generally worsened by prolonged
standing and relieved with sitting or recumbency,
which decreases the load on the joints.73 In some
patients, pain may be localized to the paraspinal
region with or without radiation to the groin,
thigh, or occasionally distal to the knee.47,69 On
physical examination, no test is considered to be
sensitive for identifying a painful facet joint.
Although small and methodologically ﬂawed
studies suggested that pain with extension and
axial rotation was indicative of facet arthropathy,
diagnostic studies using double local anesthetic
and placebo-controlled facet blocks, cadaveric studies using infrared markers, and
correlative studies evaluating lumbar facet
radiofrequency denervation outcomes have
all refuted this assertion.72,74-76
Sacroiliac joint pain occurs in 15% and
30% of individuals with axial LBP69,77 and is
associated with a speciﬁc inciting event in
40% and 50% of occurrences; motor vehicle
collisions and falls are 2 of the most common
causes.78 Patients will often report pain in the
gluteal or paraspinal (below the ﬁfth lumbar
vertebra) regions with or without radiation to
the thigh, but up to 28% of patients may
have referral of pain distal to the knee.78,79
Although discogenic pain is often characterized by sitting intolerance, sacroiliac joint
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FIGURE 5. Muscle groups that contribute to lumbar spine function.

pain may be worsened during transitional
movements, such as rising from a sitting position.80 On physical examination, previous
studies81-83 suggest that a combination of
physical maneuvers rather than a single test
can accurately identify patients with sacroiliac
joint pain (Table 2). In the differential diagnosis of sacroiliac joint pain, it is important
to rule out piriformis muscle syndrome.84
The piriformis muscle originates from the inner surface of the sacrum and attaches to the
greater trochanter of the femur. Unilateral or
bilateral buttock pain with radiation in an L5 or
S1 dermatomal distribution (when impingement
on the sciatic nerve is present) is characteristic,
and pain intensity typically ﬂuctuates throughout
the day.84 On physical examination, transgluteal
buttock tenderness can often be elicited, pain
can sometimes be provoked by maneuvers
that stretch the muscle (eg, adduction and internal rotation of the hip), and the straight leg
raising test result is typically negative, which
help distinguish piriformis muscle syndrome
from radicular pain. A digital rectal examination, which may be signiﬁcant for tenderness,
can aid in the diagnosis.
Axial LBP related to the paraspinal muscle or
ligament strain is often precipitated by both strenuous and nonstrenuous activities including heavy
lifting, repetitive movements, spinal torsion, or
trauma. The onset of pain is generally delayed
by 1 to 2 days and is often localized to the
lumbosacral region. On physical examination,
Mayo Clin Proc. n December 2015;90(12):1699-1718
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hypomobility due to muscle spasm or guarding
may be evident, and pain may be reproduced
with palpation of the paraspinal musculature.
Although any muscle or ligament can potentially
be affected, frequently involved structures
include the multiﬁdus, quadratus lumborum,
erector spinae, and psoas muscles, as well as
interspinous and supraspinous ligaments.85
Myofascial pain may be an important contributing factor to other sources of LBP or a primary cause by itself and is characterized by
the presence of trigger points that are hyperirritable tense bands of skeletal muscles.86 Patients will typically present with a history of
localized or regional pain, and the range of motion may be reduced in the affected muscles.
On physical examination, palpation of a trigger
point will typically provoke sharp localized
pain that may be referred to a contiguous
body region, although this can be difﬁcult, if
not impossible to discern, in nonsuperﬁcial
muscles.86
A source of axial LBP often seen in children,
adolescents, and young adults is bilateral stress
fractures of the pars interarticularis (Figure 3),
otherwise termed spondylolysis or a pars defect,
which can lead to the development of spondylolisthesis. The incidence of lumbar spondylolysis ranges from 6% to 8%, and 95% of the
occurrences involve the L5 vertebra.87 Patients
will typically present with axial LBP, with or
without a radicular component, that is
worsened by activities involving repetitive
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TABLE 1. Medical (Nonmusculoskeletal) Causes of Low Back Pain and Posttest Probability (PTP) of Red Flag Signs to Detect Fracture and
Malignancy
Medical (nonmusculoskeletal) causes of low back pain
Neoplastic

a

a

Viscerala

Inﬂammatory

Metastatic
carcinoma
Multiple myeloma

Ankylosing spondylitis Endometriosis
Psoriatic spondylitis

Lymphoma
Leukemia

Rheumatoid arthritis
Reiter syndrome

Spinal cord tumors Enteropathic
spondylitis

Infectiousa
Osteomyelitis

Vasculara

Endocrinea

Aortic aneurysm

Osteoporotic
fractures
Paget disease

Prostatitis

Epidural
Aortic dissection
abscess
Nephrolithiasis Discitis
Spinal hemangioma
Aortic
Herpes zoster Inferior vena cava
aneurysm
obstruction
Pancreatitis
Pyelonephritis Sickle cell crisis

Traumatica
Vertebral
fracture
Rib fracture
Pelvic fracture
Hip fracture

PTP of red ﬂag signs to detect vertebral compression fracture
Red ﬂag sign

PTP (95% CI)b

Contusion or abrasion
Prolonged corticosteroid use
Severe trauma
Older age
Multiple signs present
Combination of any 3
Female
Age >70 y
Severe trauma
Prolonged corticosteroid use

62%
33%
11%
9%

(49%-74%)
(10%-67%)
(8%-16%)
(3%-25%)

90% (34%-99%)

PTP of red ﬂag signs to detect spinal malignancy
Red ﬂag sign

PTP (95% CI)b

History of malignancy
a

33% (22%-46%)
61

Data from N Engl J Med.
Data from BMJ65 and Cochrane Database Syst Rev.66

b

ﬂexion-extension movements of the lumbar
spine. Although conservative treatment is generally sufﬁcient, surgery may be required to prevent
the progression of spondylolisthesis.87
Radicular Pain
Herniated Intervertebral Disc. Similar to
axial LBP, the differential diagnosis of radicular
pain is broad, but approximately 90% of cases
in the nonelderly are caused by a herniated intervertebral disc at the L4-L5 or L5-S1 level.55,88
Another important source of radicular pain includes foraminal stenosis, which is common
because of far lateral disc herniation or facet joint
hypertrophy. An inciting event may or may not be
identiﬁed, but some patients report experiencing
a “pop” in the region of the lumbar spine followed
by the gradual onset of pain over the next 1 to 2
days. However, the single most important historical factor is the distribution of pain, which
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should follow a dermatomal pattern,89 though
approximately one-third of people have multiple
affected dermatomes (Table 3).90 In contrast to
nociceptive pain, neuropathic LBP is often
described as a sharp, lancinating, or burning
sensation. Patients may report that pain is
worsened by forward bending, coughing,
sneezing, or prolonged sitting and improved
with recumbency. When localizing the
affected nerve root on the basis of the dermatomal distribution of pain, it is important to
recognize that each nerve root exits the spinal
column beneath the pedicle of the vertebral body
with the same number as the nerve. For instance,
the L4 nerve root exits beneath the pedicle of the
L4 vertebral body, which is situated above the
interspinal disc at this level. Therefore, disruption of the disc situated between the L4 and L5
vertebrae will typically impinge the traversing L5
nerve root (unless it is a far lateral herniation that
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TABLE 2. Accuracy of Physical Examination Tests for Sacroiliac JointeRelated Pain, Lumbar Radiculopathy, and Lumbar Spinal Stenosis
Pain problem
Sacroiliac joint
paina

Lumbar
radiculopathyb

Lumbar spinal
stenosisc

Test

Description

Compression

Compression of the iliac crest in the lateral position

Distraction
Patrick (FABER test)
Gaenslen
Thigh trust
Fortin ﬁnger
Gillet
Straight leg raising

Downward pressure on the anterior superior iliac crest
Flexion abduction external rotation of the thigh and hip
Hyperextension of the leg on the affected side
Adduction of the ﬂexed hip on the affected side
Pain localized 1 ﬁngerbreadth of the posterior iliac crest
Flexion of the leg toward the chest while standing
Patient supine and hip ﬂexed with knee extended

Cross straight leg raising
Muscle weakness
Impaired reﬂexes

Pain with passive extension of the contralateral leg
During ankle dorsiﬂexion or extension of the great toe
Achilles tendon (S1 radiculopathy)
Patellar tendon (L4 radiculopathy)
Reduced tactile sensation, tingling, and numbness
Pain with bending forward in the standing position
Imbalance when standing with feet together and eyes
closed
Wide-based gait
No pain with lumbar ﬂexion
Thigh pain with 30-s lumbar extension
Reduced vibratory sense (128-Hz tuning fork)
Reduced pinprick sense (medial/lateral foot or calf)
Absent Achilles tendon reﬂex

Sensory deﬁcits
Forward ﬂexion
Romberg
Gait abnormality
Spinal ﬂexion
Spinal extension
Vibration deﬁcit
Pinprick deﬁcit
Impaired reﬂex

Sensitivity (95% CI)

Speciﬁcity (95% CI)

If 3 or more tests reproduce pain:
Sensitivity range, 78%-79%
Speciﬁcity range, 85%-94%

64% (56%-71%)

57% (47%-66%)

28%
27%
15%
15%
28%
45%
39%

(22%-35%)
(20%-37%)
(9%-21%)
(9%-21%)
(21%-36%)
(37%-53%)
(24%-54%)

90%
93%
93%
75%
66%
74%
91%

(85%-94%)
(88%-97%)
(88%-97%)
(55%-89%)
(56%-74%)
(65%-81%)
(81%-100%)

43%
79%
51%
53%
47%
46%

(28%-58%)
(67%-91%)
(36%-66%)
(38%-68%)
(32%-62%)
(31%-61%)

97%
44%
69%
81%
81%
78%

(91%-100%)
(27%-61%)
(53%-85%)
(67%-95%)
(67%-95%)
(64%-92%)

a

Data from Man Ther,81 Arch Phys Med Rehabil,82 and J Pain.83
Data from J Neurol90 and Cochrane Database Syst Rev.91
c
Data from Arthritis Rheum.92

b

accounts for <10% of cases), but not the L4
nerve root. On physical examination, the speciﬁcities of various physical tests and neurological
ﬁndings for detecting lumbar radiculopathy are
good, but the sensitivities are generally low
(Table 2).90,91
One potentially devastating source of LBP
is cauda equina syndrome, which is caused
by severe compression of the cauda equina due
to massive midline disk herniation, tumor, or
epidural abscess.92 Cauda equina syndrome is a
surgical emergency characterized by the sudden
onset of axial or radicular pain, leg weakness,
bowel and/or bladder dysfunction, and loss of
perineal sensation, which is also referred to as
saddle anesthesia.
Lumbar Spinal Stenosis. Lumbar spinal stenosis can be associated with both axial and
radicular pain, but the hallmark symptom is
neurogenic claudication, which has a sensitivity
and speciﬁcity of 88% (95% CI, 78%-98%) and
34% (95% CI, 18%-50%), respectively.93
Mayo Clin Proc. n December 2015;90(12):1699-1718
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Patients with neurogenic claudication will typically report the onset or worsening of radicular
pain when standing and walking (sensitivity,
71%; speciﬁcity, 30%), and rapid improvement
in pain with sitting (sensitivity, 52%; speciﬁcity,
83%).93,94 Pain will often radiate into the buttocks, thighs, and/or legs in the distribution of 1
or more dermatomes. Although the mechanism
of neurogenic claudication has not been fully
elucidated, the prevailing evidence suggests that
activities associated with lumbar extension, which
reduces the cross-sectional area of the spinal
canal, leads to mechanical compression and
subsequent impairment of the nerve.95 This
proposed mechanism partly explains the reversibility of symptoms with lumbar ﬂexion, which
increases the cross-sectional area of the spinal
canal and neural foramina.96 Other important
historical factors associated with a diagnosis of
lumbar spinal stenosis include age greater than 65
years (sensitivity, 77%; speciﬁcity, 69%) and the
presence of bilateral buttock or leg pain (sensitivity, 88%; speciﬁcity, 34%).93,94 On physical
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TABLE 3. Sensory, Motor, and Reﬂex Abnormalities Associated With Lumbar Spine Radiculopathy
Root

Dermatomal sensory
distribution

Region of pain

L1
L2

Inguinal
Inguinal
Anterior thigh

Inguinal
Proximal anterior and medial
thigh

L3

Anterior thigh and knee

Anterior and medial thigh

L4

Anterior thigh and
anteromedial leg

Anterior knee and medial leg

L5

Posterolateral thigh
Lateral leg
Medial foot

Anterolateral leg
Dorsal aspect foot
Great toe

S1

Posterior thigh/leg
Heel
Lateral foot

Posterolateral leg
Heel
Lateral Foot

Motor

Reﬂex

None
Hip ﬂexion
Hip adduction
Some knee extension
Knee extension
Hip ﬂexion
Hip adduction
Hip extension
Hip ﬂexion
Hip adduction
Foot dorsiﬂexion
Knee ﬂexion
Hip abduction
Toe extension/ﬂexion
Plantar ﬂexion
Toe ﬂexion
Knee ﬂexion
Hip extension

Cremasteric
Cremasteric
Thigh adductor
Patellar (knee)
Thigh adductor
Patellar

Possibly internal
Hamstring

Achilles (ankle)

Adapted from Bartleson et al55 with permission.

examination, the accuracy of motor or sensory
ﬁndings is generally reliable, and most likely
reﬂect the involvement of the proprioceptive ﬁbers in the posterior columns of the spinal cord
(Table 2).93,96 Other important considerations in
the differential diagnosis of lumbar spinal stenosis
include hip osteoarthritis, trochanteric bursitis,
and vascular claudication. Vascular claudication
can be distinguished from neurogenic claudication by signs of poor perfusion, including
diminished pedal pulses, pallor, and decreased
temperature in the feet. One study97 found
that a positive “shopping cart sign” (relief of
pain when leaning forward as if pushing a
shopping cart) and pain that was triggered by
standing alone and relieved by sitting were the
most reliable means to differentiate neurogenic
from vascular claudication.
DIAGNOSTIC TESTING
Diagnostic Imaging
Despite the availability of practice guidelines
for more than 20 years,98 overuse of imaging
persists. This is important because imaging
has long been recognized as a key contributor
to the overall costs of LBP,99 and early imaging
has not been shown to improve outcomes of
patients with axial or radicular pain.100-102 In
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addition, imaging abnormalities not directly
related to the patients’ symptoms may lead
to extraneous testing, contribute to more
aggressive treatments, and diminish patients’
health perception.103,104 Best practice guidelines for diagnostic imaging for LBP have
been published by the American College of
Physicians (Table 4).105 The timing and indications for obtaining imaging studies in these
guidelines are risk-stratiﬁed and center around
the temporal course of the patients’ symptoms,
which allow these recommendations to be
readily implemented in daily clinical practice.
Electrodiagnostics
Electromyography and nerve conduction studies
are the principal electrodiagnostic tests used in
the evaluation of patients with radicular pain
and lumbar spinal stenosis. In general, the primary objectives of electrodiagnostics for radicular
pain are 2-fold.106 First, if indicated, electrodiagnostic tests are useful to conﬁrm the existence of
radiculopathy and to exclude the presence of
other peripheral nerve disorders (eg, mononeuropathy multiplex and plexopathy).106 Second,
electrodiagnostic testing can help clarify which
nerve root levels are involved, determine the
type of nerve root dysfunction (eg, demyelination,
axonal loss, and presence of conduction block),
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and provide information on the severity and chronicity of nerve root abnormalities.106 Electrodiagnostics can complement the ﬁndings of diagnostic
imaging studies107,108 and are particularly useful
in the following 2 clinical scenarios: (1) physical
examination does not correlate with imaging
studies and (2) to clarify the functional signiﬁcance of an imaging abnormality.106 Previous
studies109,110 have found a sensitivity ranging between 40% and 85% in detecting lumbosacral
radiculopathy, depending on the reference standard. However, electrodiagnostic tests are timesensitive because nerve root abnormalities may
not be reliably detectable until 3 weeks after the
onset of symptoms.106,111
Diagnostic Injections
Diagnostic injections are often used to conﬁrm
a putative diagnosis and to identify patients
who may be candidates for further interventional treatments. For example, blocks targeting nerves innervating the lumbar facet joints
(eg, medial branch blocks) and sacroiliac
joints (eg, both intra- and extra-articular
blocks) help distinguish patients with axial
LBP who may be candidates for percutaneous
radiofrequency denervation procedures.112,113
Provocative discography is often touted as the
only means to establish a relationship between
disc pathology and symptoms but is characterized by a high false-positive rate in some patients (eg, those with psychopathology and
previous surgery).114 Furthermore, the evidence that discography may improve surgical
outcomes is limited to a recent subgroup analysis of a randomized study115 comparing
fusion outcomes in those patients who underwent presurgical discography screening and
those who did not. In patients with radicular
pain, selective nerve root blocks can be
considered when imaging, physical examination, or electrodiagnostic studies are inconsistent or noncorroborative.116 Patients should
be referred to a pain medicine specialist with
expertise in performing and interpreting the
outcomes of diagnostic injections.
TREATMENT OF LBP
Pharmacological Treatment
There are multiple trials evaluating a plethora
of medication classes for LBP, but aside
from studies conducted in patients with
Mayo Clin Proc. n December 2015;90(12):1699-1718
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TABLE 4. American College of Physicians Guideline for Imaging in Patients With
Low Back Paina,b
Clinical action
Immediate imaging

Defer imaging until after
initial treatment

Imaging modality
Radiograph and
ESR
MRI

Indications for initial imaging
Major risk factors for cancer

Suspect spinal infection
Signs of cauda equina syndrome
Severe neurological deﬁcits
Radiograph and/or Weaker risk factors for cancer
ESR
Risk factors for inﬂammatory
arthritides
Risk factors for vertebral
compression fracture
MRI
Signs of radiculopathy
Signs of spinal stenosis
No imaging
Improved/resolved pain 1 mo after
treatment
Previous imaging with no change in
clinical status

ESR ¼ erythrocyte sedimentation rate; MRI ¼ magnetic resonance imaging.
Data from Ann Intern Med.105

a

b

radiculopathy, most have been performed in
patients with axial LBP. There is strong evidence
in support of nonsteroidal anti-inﬂammatory
drugs for chronic LBP compared with placebo
for up to 3 months, but long-term outcome
studies are lacking.117 Muscle relaxants are
more effective than placebo for nonspeciﬁc LBP,
with stronger evidence supporting their use for
acute rather than chronic pain. However, caution
should be exercised when prescribing drugs such
as carisoprodol and benzodiazepines, which carry
greater risks (eg, physical dependence) but no
greater efﬁcacy than do other muscle relaxants.118
For antidepressants, the results of systematic reviews are mixed. One narrative review119 found
that 3 of 5 systematic reviews evaluating 14 randomized trials found some evidence of beneﬁt.
In general, tricyclic antidepressants have been
found to have superior efﬁcacy than serotoninnorepinephrine reuptake inhibitors, which, in
turn, are more efﬁcacious than serotoninspeciﬁc reuptake inhibitors.120 Opioids,
including tramadol and tapentadol, have been
shown to be effective for episodes of acute LBP,
as well as for chronic LBP unresponsive to more
conservative treatment.121,122 However, the
long-term beneﬁts of opioids, or superiority
over nonopioid analgesic medications, remain
unproven. For instance, in a systemic review,
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Chaparro et al123 found low- to moderate-quality
evidence for the short-term beneﬁts of opioids as
compared with placebo. For pain relief and functional improvement, no evidence was found to
suggest that opioids were superior to nonsteroidal
anti-inﬂammatory drugs or antidepressants.123
Few well-designed clinical trials exist for
adjuvant medication treatment of radicular
pain. Gabapentinoids have shown mixed results
in randomized controlled trials as stand-alone
and add-on analgesic medications, with a large,
placebo-controlled, industry-sponsored study124
failing to show efﬁcacy for pregabalin. An unpublished industry-sponsored study125 found
no efﬁcacy for oxcarbazepine in 145 patients
with lumbosacral radiculopathy. However,
2 placebo-controlled crossover studies126,127
found efﬁcacy for topiramate, a medication
not classiﬁed as a ﬁrst- or second-line treatment
of neuropathic pain. In a double-blind, placebocontrolled, crossover study128 comparing
nortriptyline, sustained-release morphine,
and the combination of nortriptyline and
morphine to an active placebo, small reductions
in pain for all treatment groups were observed,
and more than half of patients reported adverse effects. A more recent meta-analysis found that the
efﬁcacy for duloxetine in patients with chronic
LBP was similar to other medications including
nonsteroidal anti-inﬂammatory drugs, opioids,
selective serotonin reuptake inhibitors, and
glucosamine.129
Recently, evidence has emerged in support of
a possible infectious etiology for some cases of
LBP.130 A double-blind placebo-controlled
study131 performed in 162 patients with chronic
LBP and endplate signal changes indicative of
edema (Modic type 1) after a recent (<24
months) disc herniation found signiﬁcant reductions in both back and leg pain in those treated
with oral antibiotics for 100 days. The rationale
behind antibiotic treatment is that tears in the
outer ﬁbers of annulus ﬁbrosus may enable anaerobic bacteria to enter the disc, resulting in a lowgrade inﬂammatory process132; however, these
ﬁndings are yet to be replicated.
Therapeutic Injections and Fluoroscopically
Guided Procedures
The use of injections and other minimally invasive interventions for LBP has risen dramatically
over the past decade, but increased use has not
been accompanied by a concomitant reduction
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in disability rates or surgical procedures.133,134
If therapeutic injections are considered to be a
treatment option, the patient should be referred
to a pain medicine specialist with expertise in
performing image-guided injections. Fluoroscopically guided corticosteroid injections targeting the facet joints have not been shown to
provide signiﬁcant beneﬁts in controlled trials,
whereas intra- and extra-articular sacroiliac
joint injections have been shown to provide
only short-term beneﬁts.47,135 However,
after the appropriate diagnostic blocks,
various radiofrequency denervation (ie,
nerve ablation) procedures have been associated with sustained pain relief in carefully
selected patients with facet and sacroiliac
joint pain.47,78,135
Interventional treatments of discogenic axial
LBP have been largely disappointing. Placebocontrolled studies evaluating intradiscal steroids136,137 and cytokine inhibitors138 have
yielded negative results. Although an initial
placebo-controlled study139 evaluating intradiscal
methylene blue injection found more than a 90%
success rate at 2-year follow-up, the lack of supporting preclinical evidence and the failure to
replicate these results in subsequent uncontrolled
studies140,141 has led to the virtual abandonment
of this treatment. Several techniques have been
developed to treat discogenic LBP by heating
intradiscal elements. Although an early controlled
study142 suggested that some patients may beneﬁt
from intradiscal electrothermal therapy, a treatment that purportedly acts by coagulating pain receptors, altering collagen architecture in the disc,
and sealing annular tears, subsequent studies
either failed to replicate these results143,144 or
found that any beneﬁt tended to be short-lived.145
More recently, a similar procedure known as biacuplasty has emerged that circumvents some of
the technical problems associated with performing intradiscal electrothermal therapy. A single
randomized trial146 found that patients who underwent biacuplasty obtained better pain relief
and functional improvement than did a control
group who underwent sham lesioning, with the
results persisting through 1-year follow-up. However, concerns about long-term effectiveness and
the propensity for disc injury after annulus puncture limit the use of this treatment.
The effects of local anesthetic, steroid, or
botulinum toxin injections for musclerelated axial LBP are mixed, and the ﬁndings
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of 2 systematic reviews suggest that these
treatments provide only limited short-term
pain relief.147,148
Epidural steroid injections (ESIs) are the most
frequently performed pain management procedures for radicular pain. In well-selected patients,
ESIs appear to provide signiﬁcant beneﬁt as
compared with sham injections and conservative
treatment for approximately 6 weeks, though
some patients may obtain longer beneﬁt.17
Similar to other treatments, patients with greater
disease burden, receiving opioid therapy, and
with coexisting psychosocial dysfunction are
less likely to respond to ESIs.149-151 A recent systematic review152 found that ESIs may possibly
reduce the need for surgery in the short-term,
but the evidence for long-term surgery prevention
is mostly anecdotal and based on indirect evidence or small clinical trials.153 Technical factors
that may improve ESI treatment results include
the use of transforaminal rather than interlaminar
injections and the use of depo-steroids.17 However, the administration of transforaminal
depo-steroids may be associated with rare but
catastrophic consequences including spinal cord
infarction.154 This has led researchers to investigate alternatives to ESI. One such alternative
that has garnered intense interest is the use of inﬂammatory cytokine inhibitors such as the tumor
necrosis factor antagonist etanercept. Yet, to date,
clinical trials155-157 evaluating epidural etanercept
have yielded conﬂicting results.
Physical Modalities and Psychological
Treatments
An extensive array of physical modalities and
behavioral treatments are used for axial and radicular pain. Some of the more widely used physical
modalities associated with improvements in pain
and functioning include exercise,158 speciﬁcally
walking,159 yoga,160 and Pilates.161 When exercise is recommended, patients may be more likely
to participate in programs that reﬂect their individual preferences, previous exercise experiences,
and ﬁtness level.162 Other forms of treatment
associated with favorable outcomes include
massage,163 acupuncture,164 therapeutic
ultrasound,165 and manipulative spinal
therapies,166,167 and there is some evidence
that supports the integration of these treatments
into conventional medical therapy for LBP.168
Although these treatments appear to provide
short-term beneﬁt compared with no treatment,
Mayo Clin Proc. n December 2015;90(12):1699-1718
www.mayoclinicproceedings.org

n

the evidence supporting the superiority over
sham therapy, other treatments, or long-term
beneﬁt is at best mixed.169 Transcutaneous electrical nerve stimulation is widely used in clinical
practice, but current evidence does not support
its use for LBP.170,171
Chronic LBP can have devastating effects
on emotional functioning and sense of wellbeing.172 One of the most widely used psychological treatments of chronic LBP is cognitive
behavioral therapy, which focuses on examining the relationships between thoughts, feelings, and behaviors. This form of therapy is
associated with improvements in overall
emotional functioning and can be delivered
in individual or group sessions or as part
of a more comprehensive multidisciplinary
biopsychosocial rehabilitation program.173,174
Mindfulness-based stress reduction is a program that incorporates a combination of
meditation, bodily awareness, and yoga-like
movements. Recent evidence suggests that
this form of treatment may lead to improvements in pain acceptance, but evidence supporting its effectiveness in improving pain
intensity and physical functioning remains
inconclusive.175
Lumbar Spine Surgery, Neurostimulation,
and Intrathecal Drug Delivery
A broad range of operative techniques are used to
treat LBP, including spinal decompression, discectomy, foraminotomies, disc prosthesis (artiﬁcial disc replacement), minimally invasive and
microsurgeries, and various approaches for spinal
fusion with or without instrumentation. The indications for performing the various lumbar spine
operations are complex and depend, in part, on
individual patient factors, but geographic variations in surgical rates suggest that other factors,
including access to health care resources, may
inﬂuence the surgical decision-making process.176,177 The general indications for commonly
performed lumbar spine operations include spinal decompression for radicular symptoms
including lumbar spinal stenosis as well as spinal
fusion or disc prosthesis for discogenic LBP
without nerve root involvement.
In a systematic review178 that investigated
the effects of spinal decompression compared
with nonoperative management of radicular
pain, early surgery within 12 weeks of the onset
of radicular pain was associated with faster pain
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Sacroiliac joint
• Gluteal pain/
• Inciting
off-midline below L5
event
• Worse with transitional
common
movements (rising
from the sitting position)
• EBM physical examination
tests

Facet joint
• Age >65 years
• Pain worse with standing
• Paraspinal distribution
• Insidious onset
• Improves with
recumbency
• Pain referral to
thigh
Intervertebral disc
• Age <45 years
• Sitting intolerance
• Pain worse with spine loading
• Midline distribution

Muscle/ligament
• Delayed onset
• Lumbosacral region
• Muscle spasm
• Hypomobility
• Possible myofascial
component

Axial LBP

Herniated disc
• Gradual onset, 1-2 days
• Pain worse with cough/sneeze
• Sharp/burning pain
• Improved with recumbency
• Single or multiple dermatomes
• EBM physical examination
tests

Radicular pain

Spinal stenosis
• Age >65 years
• Neurogenic claudication
• Improved with forward flexion
• Radicular pain buttocks/leg
• Multiple dermatomes
• EBM physical examination
tests

FIGURE 6. Summary of clinical and anatomical characteristics of axial LBP and radicular pain. EBM ¼ evidence-based medicine; LBP ¼
low back pain.

relief compared with prolonged conservative
treatment. However, there was no signiﬁcant
group difference in pain or functionality at 1and 2-year follow-up.178 In patients with lumbar
spinal stenosis with or without spondylolisthesis, decompressive laminectomy was associated
with improved pain, disability, and quality of
life than was conservative treatment.179,180 The
favorable beneﬁts of surgical decompression
emerged at 3 to 6 months and were still evident
2 to 4 years after surgery.179 However, a recent
systematic review181 found that decompression
with fusion was not superior to decompression
alone for lumbar spinal stenosis and concluded
that the efﬁcacy of various surgical treatments
remains uncertain. For discogenic LBP, disability
scores at 2- to 4-year follow-up were similar
in patients randomized to undergo spinal
fusion or cognitive behavioral-based pain
rehabilitation.182,183 Although disc prosthesis
is associated with more preserved range of
motion than is spinal fusion and, in some
contexts, may be superior to spinal fusion
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for improvements in pain and disability,184
the outcomes compared to pain rehabilitation
are mixed.185 For example, in a randomized
comparative trial,185 patients allocated to undergo disc prosthesis experienced a statistically signiﬁcant but not a clinically meaningful
reduction in disability scores at 2-year followup as compared with patients allocated to
receive pain rehabilitation.
Neurostimulation, which includes spinal
cord, dorsal root ganglion, motor cortex, and
deep brain stimulation, provides pain relief
through modulation of the nervous system. Spinal cord stimulation, the most widely used neurostimulation technique, involves placement of
electrodes in the epidural space. This technique
exerts its analgesic effects by stimulating large,
fast-conducting sensory ﬁbers, thereby inhibiting
the slower-conducting A-delta and C nociceptive
ﬁbers responsible for pain transmission. In
essence, conventional spinal cord stimulation
acts by creating an area of paresthesia within
the anatomical distribution of pain, though
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high-frequency and burst stimulation have been
found to be more effective than traditional stimulation for alleviating pain without the accompanying paresthesias.55,186 One of the most widely
recognized indications for neurostimulation is refractory radicular pain in association with failed
back surgery syndrome.187 Although the evidence supporting neurostimulation for axial
LBP is limited, recent randomized studies187,188
found high-frequency spinal cord stimulation to
be more effective than conventional stimulation.
Referral to a pain medicine specialist for a neurostimulation evaluation is typically reserved for patients who have failed other pain therapies
including medications, injections, and physical
modalities.
Intrathecal drug delivery systems, also
referred to as pain pumps or morphine pumps,
administer medications directly to the intrathecal
space.189 A small caliber catheter is placed percutaneously in the intrathecal space and tunneled
subcutaneously to a programmable reservoir
pump that is typically implanted in the subcutaneous tissues of the lower abdominal region.
Medications that are typically used as solo therapy
or in combination include opioids (eg, morphine,
hydromorphone, and fentanyl), local anesthetic
medications (eg, bupivacaine), clonidine, and
ziconotide, which is a novel N-type voltagegated calcium channel blocker approved only
for intrathecal use.190 Although the primary indication for intrathecal drug delivery is intractable
cancer-related pain, patients with refractory and
possibly inoperable LBP due to failed back surgery
syndrome or, less frequently, spinal stenosis may
occasionally be considered for intrathecal drug
delivery.187,189
CONCLUSION
In the absence of a widely recognized classiﬁcation system for pain syndromes, classifying LBP
as mechanical or neuropathic provides a cohesive
model for organizing the large body of knowledge surrounding the evaluation and treatment
of LBP in daily clinical practice (Figure 6). The
sensitivity and speciﬁcity of some historical and
physical examination ﬁndings have been established for commonly occurring sources of LBP,
including sacroiliac joint pain, radiculopathy,
and lumbar spinal stenosis. However, red ﬂag indicators of serious underlying pathology are accurate only for vertebral compression fracture
and spinal malignancy. Diagnostic testing,
Mayo Clin Proc. n December 2015;90(12):1699-1718
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including electrodiagnostics and injections, can
be useful in identifying the source of LBP, and
adherence to established guidelines governing
diagnostic imaging can potentially diminish the
risk of unnecessary resource utilization. Multiple
pharmacological trials exist for both axial and
radicular pain; however, the long-term outcomes
of commonly used drugs remain mixed. For carefully selected patients with sacroiliac joint and
facet-related LBP, radiofrequency denervation
techniques can provide sustained pain relief.
For patients with radicular pain, transforaminal
ESIs and neurostimulation may provide shortand longer-term pain relief, respectively. The indications for performing the various lumbar
spine operations are complex and depend, in
part, on individual patient factors. However, the
general indications for commonly performed operations include spinal decompression for radicular symptoms and spinal fusion or disc
prosthesis for discogenic LBP. A broad array of
physical modalities and psychological treatments
can improve pain and functioning, but individual
patient preferences may inﬂuence treatment
adherence.
Abbreviations and Acronyms: ESI = epidural steroid
injection; LBP = low back pain; LSTV = lumbosacral transitional vertebra
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