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Patients commonly present to family physicians with low back pain. Because the majority of
patients fully or partially recover within six weeks, imaging studies are generally not recommended in the first month of acute low back pain. Exceptions include patients with suspected cauda equina syndrome, infection, tumor, fracture, or progressive neurologic deficit.
Patients who do not improve within one month should obtain magnetic resonance imaging
if a herniated disc is suspected. Computed tomographic scanning is useful in demonstrating
osseous structures and their relations to the neural canal, and for assessment of fractures.
Bone scans can be used to determine the extent of metastatic disease throughout the skeletal system. All imaging results should be correlated with the patient’s signs and symptoms
because of the high rate of positive imaging findings in asymptomatic persons. (Am Fam
Physician 2002;65:2299-306. Copyright© 2002 American Academy of Family Physicians.)
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amily physicians frequently encounter patients with low back
pain. In the United States, at least
80 percent of adults have at least
one episode of low back pain during their lifetimes.1,2 Low back pain and
degenerative joint disease account for 4.9 percent of all adult physician visits, and the direct
medical costs related to low back pain exceed
$25 billion annually.3,4 Fortunately, in as many
as 90 percent of patients, acute low back pain
resolves within six weeks regardless of treatment methods.2,5 More than 50 percent of
patients with sciatica or mild neurologic
deficits also recover, with only 5 to 10 percent
of cases requiring surgery.5,6 Despite the frequency with which this condition is presented
to physicians, there is a wide range in the use
of imaging tests. The following discussion
reviews specific imaging modalities as applied
to the diagnosis of low back pain.
‘Red Flags’ Requiring Diagnostic Imaging
In a study7 of the use of imaging tests in the
evaluation of low back pain among internists
and family physicians, the average use rates
were 16 percent for radiography, 5 percent for
computed tomography (CT), and 1 percent
for magnetic resonance imaging (MRI). More
importantly, there were wide ranges among
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physicians: 2 to 48 percent for radiography;
zero to 30 percent for CT, and zero to 9 percent for MRI.7
Because funds for medical testing are limited, physicians must fully understand the
attributes and limitations of the various
imaging modalities used for the evaluation of
low back pain. Figures 18 and 2 are decision
algorithms to guide the physician in the judicious use of imaging as a diagnostic tool for
resolving low back pain.
The majority of patients with low back pain
do not require any imaging studies; however,
there are several exceptions, referred to as “red
flags,” that warrant further diagnostic workup and immediate treatment (Table 1).8
Patients who have experienced recent
trauma should be considered for radiographic evaluation. Imaging studies are used
to evaluate the extent of osseous, ligamentous, neural, and soft tissue injuries. The initial imaging study should be cost-effective
and expeditious, and maintain a minimal
diagnostic error rate. For these reasons, a
radiographic series may be the most appropriate screening examination.
Patients with infection or tumor should be
initially screened with plain radiographs followed by MRI. These patients are generally
on either end of the age spectrum, and physAMERICAN FAMILY PHYSICIAN
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Initial Assessment of Acute Low Back Pain
Adults with < 3 months of activity intolerance because
of low back pain and/or back-related leg symptoms

Obtain focused medical history and physical examination
(including neurologic screening and straight leg raising to search
for “red flags” [see Table 1] indicating possible spinal injury).

Red flags present?

No

Yes

Red flags for
spinal fracture

Obtain plain-film radiograph of
lumbosacral spine.
If, after 10 days, fracture is still
suspected or patient has multiple
sites of pain, consider bone
scanning and consultation before
defining anatomy with CT scanning.

Red flags for
cancer or infection

Obtain CBC, ESR, and UA.
If cancer or infection is still suspected,
consider consultation or seek further
evidence with bone scan, radiography,
or additional laboratory tests.
(Note that a negative radiograph alone
does not rule out disease. If positive,
define the anatomy with MRI.)

In the absence of red flags, diagnostic
testing is not clinically helpful in the
first four weeks of symptoms (see
Figure 2).

Red flags for cauda equina
syndrome or rapidly
progressing neurologic deficit

Obtain immediate
consultation for emergency
studies and definitive care.

Evidence of serious disease?

Yes

No

Arrange appropriate treatment or consultation.

Yes

Evidence of nonspinal medical problem
causing referred back problems?

No

FIGURE 1. Initial assessment of patient with acute low back pain problems. (CT = computed tomography; CBC = complete
blood count; ESR = erythrocyte sedimentation rate; UA = urinalysis; MRI = magnetic resonance imaging)
Adapted with permission from Bigos SJ. Acute low back problems in adults. Rockville, Md.: U.S. Department of Health and Human Services, Public Health Service, Agency for Health Care Policy and Research, 1994; AHCPR publication no. 95-0642.

ical examination may reveal unexplained weight change,
fever, chills, night sweats, or a history of cancer.
Immediate imaging is also necessary if the patient has—
or is suspected of having—cauda equina syndrome. This
condition is most common in persons between 30 and 40
years of age following an acute disc herniation. Physical
examination reveals low back pain with bilateral weakness
2300
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of the lower extremity, saddle anesthesia, and bowel and
bladder incontinence. These patients should undergo
immediate MRI and be sent for surgical consultation.
The initial radiographic series should be followed with
MRI and/or CT if results of the screening examination or
the physical examination are abnormal. In cases of neurologic deficit, CT and/or MRI scans should be obtained to
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Back Pain Imaging
TABLE 1

‘Red Flags’ in the Medical History: Potentially Serious
Conditions That May Present as Low Back Pain
Possible condition

Findings from medical history

Fracture

Major trauma (motor vehicle accident, fall
from height)
Minor trauma or strenuous lifting in an
older or osteoporotic patient

Tumor or infection

Age > 50 years or < 20 years
History of cancer
Constitutional symptoms (fever, chills,
unexplained weight loss)
Recent bacterial infection
Intravenous drug use
Immunosuppression (corticosteroid use,
transplant recipient, HIV infection)
Pain worse at night or in the supine position

Cauda equina
syndrome

Saddle anesthesia
Recent onset of bladder dysfunction
Severe or progressive neurologic deficit in
lower extremity

HIV = human immunodeficiency virus.
Reprinted from Bigos SJ. Acute low back problems in adults.
Rockville, Md.: U.S. Department of Health and Human Services,
Public Health Service, Agency for Health Care Policy and Research,
1994; AHCPR publication no. 95-0642.

Two major drawbacks to radiography are difficulty in interpretation and an unacceptably high
rate of false-positive findings.

Plain Radiography
Traditionally, the plain radiograph has been the first
imaging test performed in the evaluation of low back pain
because it is relatively inexpensive, widely available, reliable, quick, and portable. Two major drawbacks to radiography are difficulty in interpretation and an unacceptably
high rate of false-positive findings.9 Plain radiographs are
not required in the first month of symptoms unless the
physical examination reveals specific signs of trauma or
there is suspicion of tumor or infection.8 It is important to
obtain pictures that are free of motion or grid artifacts and

Assessment of Acute Low Back Pain
Without ‘Red Flags’

depict the spinal cord and surrounding tissue. The superiority of CT in capturing details of osseous structures
allows for thorough assessment of fractures. In cases
where the initial radiographic series detects misalignment
of the spine, the imaging course is determined by the
degree of subluxation. If it can be safely obtained, a flexion-extension film allows for assessment of ligamentous
injury. The majority of patients with low back pain do not
belong to any of these three groups.
Patients who have clinically improved can be managed
conservatively with a program consisting of rest, exercise,
and medication. If the patient continues to be symptomatic after six weeks of conservative care, plain films
should be obtained to identify any mechanical etiology for
their pain. If radiculopathy is present and a herniated disc
is suspected, MRI should be obtained if the patient fails to
improve clinically.
In the evaluation of patients with low back pain, it is
essential to correlate all image findings with the patient’s
signs and symptoms on physical examination. A diagnosis
should not be based solely on diagnostic imaging without
firm correlation to symptoms. A general set of rules cannot be applied to all patients, so physicians must properly
evaluate each patient and use the appropriate diagnostic
imaging tests judiciously.
JUNE 1, 2002 / VOLUME 65, NUMBER 11

Adult with acute low back pain
in the absence of “red flags”

Suspect degenerative changes,
sprain, and/or strain

Four to six weeks of conservative treatment

Reduction
of symptoms

Stop imaging
work-up.
Treat patient.

Plain radiographs*

Neurologic deficit

No neurologic deficit

MRI

Stop imaging work-up.
Treat patient.

FIGURE 2. Initial assessment of patient with acute low
back pain without “red flags.” (MRI = magnetic resonance
imaging)
*—To assess degree of degeneration present and rule out fracture
or tumor.
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FIGURE 3. Sagittal lumbar spine radiograph showing degenerative changes (including decreased disc space
heights and osteophyte formation) that are commonly
found in patients of increased age.

FIGURE 4. Classification of spondylolisthesis. Anterior slippage of the vertebra is measured by dividing the sacral
base into four equal divisions.

that display soft tissue and osseous structures of the entire
lumbar spine.
Having a standard approach to evaluating radiographs
can help prevent a missed diagnosis; it is crucial to develop
and maintain a specific sequence of observation. The traditional sequence includes anteroposterior (AP) and lateral views of the lumbar spine, primarily to detect tumors
or spinal misalignments such as scoliosis. In the AP view,
indicators of a normal spine include vertical alignment of
the spinous processes, smooth undulating borders created
by lateral masses, and uniformity among the disc spaces.
Misalignment of the spinous processes suggests a rotational injury such as unilateral facet dislocation. The AP
view of the lumbar spine should include the whole pelvis;
this allows for evaluation of the acetabulum and femoral
heads and for the detection of possible degenerative
changes to the pelvis.
The lateral view (Figure 3) provides a good image of the
vertebral bodies, facet joints, lordotic curves, disc space
height, and intervertebral foramen. Decreased disc space
height can be indicative of disc degeneration, infection,
and postsurgical condition. Unfortunately, there is poor
correlation between decreased disc height and the etiology
of low back pain.
Anterior slippage (spondylolisthesis) of the fifth lumbar
vertebra on the sacral base can be identified in lateral views.

This slippage is measured by dividing the sacral base into
four equal divisions. The position of the posterior-inferior
corner of the fifth lumbar vertebra is then made relative to
these divisions (Figure 4). The degree of spondylolisthesis is
categorized as grade 1 through grade 4, based on that position (Figure 5). If the lumbar vertebra is completely anterior
to the sacral base, spondylolisthesis has occurred.
Oblique views with the radiograph tube angled at 45
degrees improve visualization of the neural foramina and
pars interarticularis and are used to confirm suspicions
generated from the initial imaging assessment. Oblique
views are used to show tumors, facet hypertrophy, and
spondylosis or spondylolisthesis.
Flexion-extension views are helpful in assessing ligamentous and bony injury in the axial plane. Use of these
views should be limited to patients who do not have other
radiographic abnormalities and patientes who are neurologically intact, cooperative, and capable of describing
pain or early onset of neurologic symptoms. Flexionextension views can be used in trauma patients, especially
those with muscle spasm, which may be the only sign of
spinal instability.
When examining the lumbar spine for possible fracture,
it is important to include the lower portion of the thoracic
spine because of the high occurrence of injury between
levels T12 and L2. This region is more prone to injury
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When examining the lumbar spine for possible
fracture, it is important to include the lower portion of the thoracic spine because of the high
occurrence of injury between levels T12 and L2.

FIGURE 5. Radiograph showing grade 1 spondylolisthesis
in a 57-year-old man. The arrow marks a fracture through
the pars interarticularis.

because of the change in orientation of the facet joints
between the thoracic spine and the lumbar spine and
because it lies directly beneath the more rigid thoracic
spine, which is stabilized by the rib cage.
Degenerative changes are often evident on plain radiographs; however, caution must be used in making a diagnosis based on degenerative radiographic changes because
of the high rate of asymptomatic degenerative changes.
Radiographic evidence of degenerative change is most
common in patients older than 40 years and is present
in more than 70 percent of patients older than 70 years.9
Degenerative changes have been reported to be equally
present in asymptomatic and symptomatic persons.9 The
incidence of intervertebral narrowing and irregular ossification of the vertebral end plates has also been shown to be
associated with increased age.10 Even though plain radiographs usually provide little definitive information, they
should be included in the screening examination for
patients with certain red flags (Table 1).8
Myelography
Myelography uses a contrast solution in conjunction
with plain radiography to improve visualization of the
spinal cord and intrathecal nerve roots. Water-soluble
contrast agents (iohexol and iopamidol) are injected into
the subarachnoid space. After injection, AP, lateral, and
oblique views are obtained.
Myelography can be helpful in detecting a herniated
disc above or below a segment that may be ambiguous or
JUNE 1, 2002 / VOLUME 65, NUMBER 11

distorted on MRI secondary to metal placement. It is also
useful in patients who are claustrophobic or have a pacemaker, or for whom MRI is otherwise contraindicated. A
CT scan performed within two hours of completing myelography enhances the diagnostic quality and reliability of
the imaging study by more accurately depicting osteophytes, disc herniations, and spinal cord contour.11
Myelography is an invasive technique and lacks diagnostic specificity. Recent advancements in technology
have allowed noninvasive procedures such as CT and MRI
to equal the accuracy of myelography in detecting herniated lumbar discs.12,13
The most important limitation of myelography is its
inability to visualize entrapment of the nerve root lateral
to the termination of the nerve root sheath. It is thus
unable to detect any far lateral disc herniations, which
reportedly account for 1 to 12 percent of all lumbar disc
herniations and occur most often at the L4-L5 and L3-L4
levels.14,15
Possible side effects of myelography include dural tear,
which can cause headaches, nausea, vomiting, pain or
tightness in the back or neck, dizziness, diplopia, photophobia, tinnitus, or blurred vision.16,17 It is thought that a
dural tear can result in a loss of cerebrospinal fluid volume,
decreasing the brain’s supporting cushion, so that when
the patient is standing there is tension on the brain’s
anchoring structures.18 A persistent postmyelography
headache can be treated with an epidural blood patch, in
which 10 to 20 mL of autologous blood is injected into the
epidural space under sterile conditions.19
Computed Tomography
CT is used to complement information obtained from
other diagnostic imaging studies such as radiography, myelography, and MRI. The principal value of CT is its ability to
demonstrate the osseous structures of the lumbar spine and
their relationship to the neural canal in an axial plane. A
CT scan is helpful in diagnosing tumors, fractures, and partial or complete dislocations. In showing the relative posi-
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Single-photon emission computed tomography
(SPECT) provides a three-dimensional image that
enables the physician to locate lesions more
precisely than with a bone scan.

tion of one bony structure to another, CT scans are also
helpful in diagnosing spondylolisthesis. They are not as useful as MRI in visualizing conditions of soft tissue structure,
such as disc infection. The data used to generate the axial
images are obtained in contiguous, overlapping slices of the
target area. The axial image data can be reformatted to construct views of the scanned area in any desired plane.
The limitations of CT include less-detailed images and
the possibility of obscuring nondisplaced fractures or simulating false ones. In addition, radiation exposure limits
the amount of lumbar spine that can be scanned, and
results are adversely affected by patient motion; spiral CT
addresses these weaknesses because it is more accurate and
faster, which decreases a patient’s exposure to radiation
exposure.
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FIGURE 6. Lumbar herniated disc. Sagittal view shows disc
material impinging on neighboring neural structures
(arrow).

Magnetic Resonance Imaging
MRI has emerged as the procedure of choice for diagnostic imaging of neurologic structures related to low back
pain (Figure 6). Although a significant variation can exist in
the quality of lumbar spine MRI images as a function of the
imaging center and the image interpreter,20 MRI is better
than CT in showing the relationship of the disc to the nerve,
and at locating soft tissue and nonbony structures. For this
reason, it is better than CT at detecting early osteomyelitis,
discitis, and epidural-type infections or hematomas.
MRI provides high resolution, multiaxial, multiplanar
images of tissue with no known biohazard effects. The only
contraindication to MRI is the presence of ferromagnetic
implants, cardiac pacemakers, intracranial clips, or claustrophobia. Two different types of images are generally obtained
using MRI: T1-weighted images in the sagittal plane and T2weighted images in the axial and sagittal planes.
Spin echo is the standard pulse sequence when using
T1-weighted images, which are commonly used to contrast tissues such as neural foramina and nerve roots. Spin
echo provides good spatial resolution, allowing for confirmation of disc herniation, although the size of the herniation is difficult to determine. It can also detect metastatic
disease by surveying the marrow signal intensity or by
showing loss of fat.
T2-weighted spin echo images enhance the signal of the
cerebrospinal fluid, making this series more sensitive to
spinal pathology (such as tumor, infection, osteomyelitis,
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FIGURE 7. Bone scan showing metastatic disease of the spine.
Areas of increased tracer uptake represent areas of active
bone growth common in persons with osteoblastic cancer.

and discitis), but it is often more time consuming with the
pulse sequence.
As with other imaging techniques, MRI can identify abnormalities in asymptomatic persons. In one study,21 MRIs
of 67 asymptomatic persons 20 to 80 years of age were obtained. At least one herniated disc was identified in 20 percent of persons younger than 60 years and in 36 percent
of persons older than 60 years.21 Another study22 discovered that 63 percent of asymptomatic persons had disc
protrusion, and 13 percent had disc extrusion.
Many imaging centers use contrast-enhanced MRI to
increase the visualization of herniated discs. Recent studies23 have concluded that contrast enhancement in
patients with previous lumbar spine surgery added limited diagnostic value and often resulted in more inaccurate interpretations. Gadolinium is thought to enhance
the appearance of nerve roots in viral or inflammatory
conditions and can help distinguish recurrent disc herniation from scar tissue in the postoperative spine.24
Nuclear Medicine
Plain radiographs, CT scans and MRIs reveal morphologic changes in bone. Bone scintigraphy, the most common form of nuclear medicine, detects biochemical
changes through images that are produced by scanning
and mapping the presence of radiographic compounds
(usually technetium Tc 99m phosphate or gallium 67 citrate). These compounds are incorporated into hydroxyapJUNE 1, 2002 / VOLUME 65, NUMBER 11

atite crystals that are deposited in an osteoid matrix during new bone formation. The image produced indicates
bone turnover, a common occurrence in bone metastases,
primary spine tumors, fracture, infarction, infection, and
other metabolic bone diseases.
Bone metastases normally appear as multiple foci of
increased tracer uptake asymmetrically distributed (Figure 7).
In extreme cases of bone metastases, diffusely increased
uptake of tracer results in every bone being uniformly illustrated and can be falsely interpreted as negative. Aggressive
tumors that do not invoke an osteoblastic response, such as
myeloma, can also yield a negative examination.
Primary spine tumors are usually benign. Osteoid osteoma, osteoblastoma, aneurysmal bone cyst, and osteochondroma produce an active bone scan. These tumors generally
affect the posterior elements of the spine. CT must be used
to differentiate them and isolate their anatomic position.
Recent studies25,26 have evaluated the ability of bone
scans, with the addition of single-photon emission computed tomography (SPECT), to distinguish benign lesions
from malignant lesions. SPECT scan differs from bone
scan because it provides a three-dimensional image that
enables physicians to locate the lesion more precisely.
Lesions that affect the pedicles are a strong indicator of
malignancy, while lesions of the facets are likely to be
benign. Lesions of the vertebral body or spinous process
are just as likely to be benign as malignant and, therefore,
offer little diagnostic evidence.25
Gallium 67 is the most effective radioactive tracer in
assessing infectious spondylitis. One study27 compared
bone scans using gallium 67 and Tc 99m with radiography
and MRI. Gallium 67 had a sensitivity of 92 percent, a
specificity of 100 percent, and an accuracy of 95 percent.27 MRI was the second-best method of evaluation for
infection, with a sensitivity of 96 percent, a specificity of 93
percent, and an accuracy of 94 percent.27
Discography
Discography is used in conjunction with CT or MRI to
localize disc herniation or fissure in the annulus fibrosis. A
volume of contrast media is injected into the disc space to
determine the integrity of the intervertebral disc. In the normal disc, the annulus fibrosis solidly encloses the nucleus
pulposus and is only capable of accepting 1 to 1.5 mL of contrast media. If 2 mL or more of contrast media can be
injected, there is likely to be a degenerative change in the disc.
In addition to determining the available volume of the

www.aafp.org/afp

AMERICAN FAMILY PHYSICIAN

2305

Back Pain Imaging

In addition to determining the available volume
of the disc, discography is used to reproduce
the symptoms associated with a possible herniated disc.

disc, discography is used to reproduce the symptoms associated with a possible herniated disc. The patient’s
response to pain can help confirm the source of the symptoms. When saline or dye is injected, it pressurizes the disc,
and the patient is able to confirm that this pain is the same
as the pain he or she has been having.
Discography should be used cautiously because of the
possibility of false-positive results. In one study,28 lumbar
discography was performed on 26 volunteers who were
pain-free or had chronic cervical pain or primary somatization disorders without low back pain. Significant positive pain responses were reported in 10 percent of the pain
free group, 40 percent of the chronic cervical pain group,
and 83 percent of the primary somatization disorder
group.28 Based on these results,28 the findings from
discography should be interpreted cautiously. Discography is an invasive test that has an inherent risk of infection
and neural injury. It should be used only to confirm an
initial diagnosis, not as the primary diagnostic tool.
The authors indicate that they do not have any conflicts of interest. Sources of funding: none reported.
REFERENCES
1. Kelsey JL, White AA 3d. Epidemiology and impact of low-back pain.
Spine 1980;5:133-42.
2. Koes BW, Assendelft WJ, van der Heijden GJ, Bouter LM. Spinal manipulation for low back pain. An updated systemic review of randomized
clinical trials. Spine 1996;21:2860-73.
3. Carey TS, Garrett J, Jackman A, McLaughlin C, Fryer J, Smucker DR.
The outcomes and costs of care for acute low back pain among
patients seen by primary care practitioners, chiropractors, and orthopedic surgeons. The North Carolina Back Pain Project. N Engl J Med
1995;333:913-7.
4. Hart LG, Deyo RA, Cherkin DC. Physician office visits for low back pain.
Frequency, clinical evaluation, and treatment patterns from a U.S.
national survey. Spine 1995;20:11-9.
5. Von Korff M, Saunders K. The course of back pain in primary care.
Spine 1996;21:2833-7.
6. Andersson GB, Svensson HO, Oden A. The intensity of work recovery
in low back pain. Spine 1983;8:880-4.
7. Freeborn DK, Shye D, Mullooly JP, Eraker S, Romeo J. Primary care
physicians’ use of lumbar spine imaging tests: effects of guidelines and
practice pattern feedback. J Gen Intern Med 1997;12:619-25.

2306

AMERICAN FAMILY PHYSICIAN

8. Bigos SJ. Acute low back problems in adults. Rockville, Md.: U.S.
Department of Health and Human Services, Public Health Service,
Agency for Health Care Policy and Research, 1994; AHCPR publication
no. 95-0642.
9. Bell GR, Ross JS. Diagnosis of nerve root compression. Myelography,
computed tomography, and MRI. Orthop Clin North Am 1992;23:40519.
10. Inaoka M, Yamazaki Y, Hosono N, Tada K, Yonenobu K. Radiographic
analysis of lumbar spine for low-back pain in the general population.
Arch Orthop Trauma Surg 2000;120:380-5.
11. Dublin AB, McGahan, Reid MH. The value of computed tomographic
metrizamide myelography in the neuroradiological evaluation of the
spine. Radiology 1983;146:79-86.
12. Bosacco SJ, Berman AT, Garbarino JL, Teplick JG, Peyster R. A comparison of CT scanning and myelography in the diagnosis of lumbar disc
herniation. Clin Orthop 1984;190:124-8.
13. Haughton VM, Eldevik OP, Magnaes B, Amundsen P. A prospective
comparison of computed tomography and myelography in the diagnosis of herniated lumbar disks. Radiology 1982;142:103-10.
14. Maroon JC, Kopitnik TA, Schulhof LA, Abla A, Wilberger JE. Diagnosis
and microsurgical approach to far-lateral disc herniation in the lumbar
spine. J Neurosurg 1990;72:378-82.
15. Siebner HR, Faulhauer K. Frequency and specific surgical management
of far lateral disc herniations. Acta Neurochir (Wien) 1990;105:124-31.
16. Mokri B, Piepgras DG, Miller GM. Syndrome of orthostatic headaches
and diffuse pachymeningeal gadolinium enhancement. Mayo Clin Proc
1997;72:400-13.
17. Schievink WI, Meyer FB, Atkinson JL, Mokri B. Spontaneous spinal cerebrospinal fluid leaks and intracranial hypotension. J Neurosurg
1996;84:598-605.
18. Raskin NH. Lumbar puncture headache: a review. Headache 1990;
30:197-200.
19. Patel MR, Louie W, Rachlin J. Postoperative cerebrospinal fluid leaks of
the lumbosacral spine: management with percutaneous fibrin glue.
A JNR Am J Neuroradiol 1996;17:495-500.
20. Jarvik JG, Robertson WD, Wessbecher F, Reger K, Solomon C, Whitten
R, et al. Variation in the quality of lumbar spine MR images in Washington State. Radiology 2000;215:483-90.
21. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW. Abnormal magnetic-resonance scans of the lumbar spine in asymptomatic subjects. A
prospective investigation. J Bone Joint Surg Am 1990;72:403-8.
22. Boos N, Reider R, Schade V, Spratt KF, Semmer N, Aebi M. The diagnostic accuracy of magnetic resonance imaging, work perception, and
psychosocial factors in identifying symptomatic disc herniations. Spine
1995;20:2613-25.
23. Mullin WJ, Heithoff KB, Gilbert TJ Jr., Renfrew DL. Magnetic resonance
evaluation of recurrent disc herniation: is gadolinium necessary? Spine
2000;25:1493-9.
24. Bradley WG. Use of contrast in MR imaging of the lumbar spine. Magn
Reson Imaging Clin N Am 1999;7:439-57.
25. Reinartz P, Schaffeldt J, Sabri O, Zimny M, Nowak B, Ostwald E, et al.
Benign versus malignant osseous lesions in the lumbar vertebrae: differentiation by means of bone SPET. Eur J Nucl Med 2000;27:721-6.
26. Savelli G, Chiti A, Grasselli G, Maccauro M, Rodari M, Bombardieri E.
The role of bone SPET study in diagnosis of single vertebral metastases.
Anticancer Res 2000;20:1115-20.
27. Modic MT, Feiglin DH, Piraino DW, Boumphrey F, Weinstein MA, Duchesneau PM, et al. Vertebral osteomyelitis: assessment using MR. Radiology 1985;157:157-66.
28. Carragee EJ, Tanner CM, Khurana S, Hayward C, Welsh J, Date E, et al.
The rates of false-positive lumbar discography in select patients without low back symptoms. Spine 2000;25:1373-81.

www.aafp.org/afp

VOLUME 65, NUMBER 11 / JUNE 1, 2002

