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ow back pain (LBP) is one of
I the most common medical com-
plaints in the United States, with
estimates of between 70% and 80% of
Americans reporting at least one epi-
sode of back pain during their lifetime,
and 2% to 5% of patients seeking an-
nual medical attention for the condi-
tion.! LBP is the fifth-most common
reason for physician visits in the U.S.?
National estimates for direct expen-
ditures for LBP, based on the Medicare
Expenditures Panel Survey, range from
$46 billion to $102 billion USD from
1997 to 2005. These figures represent
approximately 1/10th of overall U.S.
medical expenditures, with a gener-
ally increasing trend over that period.?
These estimates do not take into ac-
count indirect costs in the form of lost
productivity at work, time taken off
from work, disability, and decreased
quality of life.*
Medical imaging, in particular
cross-sectional modalities such as MRI
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and CT, offers unparalleled ability to
identify, characterize, and distinguish
the myriad pathologies that can con-
tribute to LBP. Inherent limitations,
however, do exist. In the general popu-
lation, the prevalence of lumbar degen-
erative changes observable on imaging
is high, and there are only limited di-
rect correlates between such findings
and symptoms. The value of diagnostic
imaging is in the identification of pa-
thology to guide management and im-
pact outcome. Because of the mostly
self-limited nature of uncomplicated
LBP, early imaging has not been found
to reliably impact outcome.*
Meanwhile, the frequency of diag-
nostic imaging studies for LBP has

increased in recent decades, with a si-
multaneous shift towards higher-cost
cross-sectional imaging.* In this era
of healthcare reform with stress on pa-
tient outcomes, value-added benefit,
cost-savings, and the move toward bun-
dled reimbursements, it is critical for
radiologists to help guide the appropri-
ate application of diagnostic imaging.
Routine imaging for LBP without any
concomitant risk factors has specifically
been singled out as the most commonly
ordered diagnostic test or treatment
lacking in proven efficacy and a “most
egregious [cause] of waste” by the Na-
tional Physicians Alliance, a group
composed of internal medicine and
family medicine practitioners.’
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FIGURE 1. Resolution of disc extrusion. An 87-year-old man with low back pain and left leg
radiculopathy. T2 sagittal image (A) demonstrates prominent L5-S1 superior disc extrusion,
which resolved on follow-up imaging (B)

The American College of Radiology
(ACR) Appropriateness Criteria for
Low Back Pain serves as a reference
to guide both referring physicians and
radiologists toward best practices for
ordering studies. These guidelines max-
imize the benefit of powerful imaging
studies by applying them to the correct
clinical situation. The ACR criteria are
composed of evidence-based ratings
(scored 1 to 9) of different imaging
modalities in terms of utility, sorted by
indication. Overall, the criteria are de-
rived from the work of more than 300
volunteer physicians with expertise in
the related imaging modalities and/or
clinical settings, including more than 80
from non-radiology experts. The crite-
ria follow defined attributes for medical
practice guidelines as set by the Insti-
tute of Medicine and the Agency for
Healthcare Research and Quality.°

The ACR Practice Parameters are a
complementary set of documents that
describe common indications, findings,
and technical parameters on a modality-
and indication-specific basis. For LBP,
separate Practice Parameter documents
are available for radiography, CT, and
MRI.7 As with the ACR Appropriate-
ness Criteria and Practice Parameter
documents on other topics, the criteria
presented for LBP are guidelines, ex-
plicitly advising that ultimate referrer
decisions on imaging should be made
on the basis of the complexity, severity,
and other circumstances specific to an

individual case. The Appropriateness
Criteria were last reviewed and updated
in2015.7:8

The following is an image-based re-
view of findings, indications, and spe-
cific higher-risk scenarios (so-called
“red flags”) as discussed in the Appro-
priateness Criteria for LBP.

ACR Appropriateness Criteria
for Low Back Pain

The central theme of the current cri-
teria for imaging LBP is the recogni-
tion that acute, uncomplicated LBP is
typically a self-limited phenomenon,
without supporting evidence that early
imaging leads to better outcomes."
4 An often-cited meta-analysis of six
randomized, controlled trials found no
significant difference between immedi-
ate imaging and routine supportive care
without imaging, for all three major im-
aging modalities (radiography, CT, and
MR). Outcome measures included pain
and function in the short and long term,
quality of life, mental health, and over-
all improvement.’

The reported natural history of un-
complicated back pain is that 50% of
patients with acute LBP recover after
2 weeks and 90% after 3 months.! Un-
complicated acute LBP may be treated
conservatively with pain control, reas-
surance, and physical therapy without
initial imaging, according to standard
clinical guidelines.® As a result, for un-
complicated acute LBP lasting less than

™

FIGURE 2. An 80-year-old man who fell.
Sagittal STIR image shows acute compres-
sion fracture and deformity of the T11 verte-
bral body as well as several chronic lumbar
compression deformities. There is also
marrow edema and cortical discontinuity
indicating bilateral sacral insufficiency frac-
tures. Lower back pain in elderly individuals,
osteoporosis, history of trauma, and chronic
steroid use all warrant earlier imaging.

6 weeks, the Appropriateness Criteria
scores for all imaging modalities are ei-
ther 1 or 2, defined as “usually not ap-
propriate™® (Figure 1).

Early imaging is appropriate for
specific indications. In addition to pain
lasting longer than 6 weeks of conser-
vative management, other “red flags”
include: trauma, unexplained weight
loss, minor fall or heavy lift in a poten-
tially osteoporotic or elderly individual,
fever/infection, immunosuppression,
cancer, [V drug use, prolonged corti-
costeroid use, focal neurologic deficit
with progressive or disabling symptoms
(including those of cauda equina syn-
drome), and/or prior surgery.? For these
categories, MRI is generally rated as
7-8, defined as “usually appropriate.”

The red flag indications can be sub-
divided by whether the indication calls
for contrast-enhanced imaging. Indi-
cations including trauma, osteoporo-
sis/age, focal/progressive deficit, and
chronic steroid use call for initial eval-
uation with X-ray of the lumbar spine,
CT for detailed osseous evaluation of
possible vertebral body fracture, and
MRI for ligamenous injury, worsen-
ing neurologic deficit, and for marrow
edema, rating all three modalities as a
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FIGURE 3. Indications for contrast MRI.
A 55-year-old woman with choroid plexus
papilloma drop metastases involving the
lumbosacral canal, cauda equina, and pial
surface of the cord on sagittal T1 post-con-
trast image.

ACR APPROPRIATENESS CRITERIA FOR LOW BACK PAIN

FIGURE 4. Indications for contrast MRI. A 44-year-old man with fever and worsening back
pain, 3 weeks after epidural injection. Sagittal STIR (A) image shows high signal on STIR
images within the L5/S1 disc space as well as along the adjacent endplates. T1 postcontrast
image (B) demonstrates associated heterogeneously enhancing collection in the ventral epi-
dural compartment at this level, consistent with discitis, osteomyelitis and epidural abscess.
Contrast-enhanced MR is indicated in the setting of possible infection.

145 50 mean, 39.2 sd
1.7305 cm2 '

FIGURE 5. Demonstration of in- and out-of-phase imaging for osseous spinal metastases. Sagittal T1 image (A) shows multifocal marrow abnormal-
ities in a patient with lung cancer. Regions of interest placed on in phase (B) and out of phase (C) images demonstrate lack of signal dropout within an
L5 vertebral body metastasis and clear decrease in signal in the adjacent normal L4 vertebra.

7 or “usually appropriate,” (Figure 2).
Indications consisting of suspicion of
cancer, infection, and/or immunosup-
pression correspondingly raise appro-
priateness scores of contrast studies
(Figures 3 and 4).

For evaluating marrow replacement
processes such as metastatic disease, in-
and out-of phase MR imaging can be em-

ployed. The normal marrow undergoes
fatty conversion and results in a diffuse
dispersion of fat. This causes a combina-
tion of fat and water within an imaging
voxel. Fat and water protons precess at
slightly differing frequencies, and the av-
eraged signal intensity within the voxel
will vary according to TE, depending on
whether the protons are in or out of phase.

An invariant voxel implies contents other
than typical marrow (Figure 5).

The Appropriateness Criteria for any
LBP indication outside of the six-week
initial presentation period rates CT as
5-6 (may be appropriate), specifying that
it is useful if MRI is unavailable, contra-
indicated, or indeterminate. CT can also
be useful for problem solving and gives
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FIGURE 6. Differentiating recurrent disc from granulation scar using contrast-enhanced MRI. Axial T1 post-contrast fat saturation (A) image
shows non-enhancing recurrent disc in the right lateral recess, with laminectomy changes in the posterior soft tissues. More inferior image in the
same patient (B), shows enhancement in the ventral epidural space, the right descending S1 nerve root, and adjacent fat, consistent with a com-
bination of post-surgical enhancement and venous enhancement.

FIGURE 7. Utility of CT in evaluation of hardware complications. An
18-year-old post-surgical patient with axial CT image (A) and 3D
VRT reconstruction (B), demonstrating bilateral L1-L2 transpedic-
ular screw fractures, with adjacent lucency surrounding the screws.

complementary information particularly
in preoperative patients.® In particular,
CT adds information on hypertrophic
bone, trabecular pattern, pathologic frac-
ture, and sclerotic metastases.

The Appropriateness Criteria docu-
ment provides a separate table for pa-
tients with LBP and/or radiculopathy
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who are surgical candidates. Under this
rating system, discography is margin-
ally higher but rated as “3” (usually not
appropriate). Potential benefits of injec-
tion discography include localization
of pathology via reproduction of symp-
toms, characterization of disc defects,
and characterization of features associ-

www.appliedradiology.com

ated with progressive versus injury-re-
lated pain.'® Discography may offer
an alternative for patients with MRI
contraindications. Other studies have
demonstrated less consistent findings,'!
and the frequency of performing this
study varies with referring physician
practice patterns.
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FIGURE 8. Flexion (A) and extension (B) radiographs are useful in demonstrating instability.
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There is increased anterolisthesis of L5 on S1 in the flexion position in this patient with bilat-

eral L5 spondylolysis.

For patients with previous lumbar sur-
gery, radiography can help to evaluate
hardware integrity. CT offers a superior
evaluation of osseous fusion (which oc-
curs in 95% of cases by 6 months), and
allows evaluation of surgical hardware.
MRI with and without contrast remains
the highest-rated modality with a score
of “8.” The usefulness of contrast MRI in
this setting includes the ability to evalu-
ate infection, recurrent disc protrusions,
and postsurgical scar (Figures 6 and 7).

Presurgical patients generally do not
benefit from conventional radiography,
as reflected in Appropriateness Criteria
ratings. Exceptions include patients un-
dergoing evaluation of dynamic insta-
bility via flexion and extension views
(Figure 8). For cauda equina and mul-
tifocal/progressive deficit patients, MR
offers a superior evaluation of the cauda
equina in comparison to conventional
CT (Figures 3 and 9). These patients, as
well as presurgical and postsurgical pa-
tients, may benefit from myelography
in certain situations.

Metal artifact in the postsurgical pa-
tient can present a dilemma in imaging
selection between MRI and other mo-
dalities such as post-myelography CT.
Newer MRI techniques such as Slice
Encoding Metal Artifact Correction

(SEMAC) and View Angle Tilting
(VAT), as well as parameter optimiza-
tion (TSE, short echo train length, not
using parallel imaging, increased band-
width and number of excitations, thin-
ner slices, no fat saturation, etc.) can
decrease susceptibility artifact, which
in turn may obviate the invasiveness
and radiation dose associated with my-
elography (Figure 10). Many additional
techniques are described elsewhere in
the literature, including parallel imag-
ing, CSF flow imaging, T1-FLAIR,
perfusion, dynamic imaging and up-
right MRL

Discussion

The ACR Appropriateness Criteria
for LBP affirms that imaging is gener-
ally not indicated for uncomplicated
LBP of less than 6 weeks, in particular
for nonsurgical patients. The goal for
imaging remains to evaluate patients
with red flags, such as prolonged symp-
toms, radiculopathy, history of trauma,
osteoporosis, cancer, infection, immu-
nosuppression, or symptoms related
to the cauda equina. For these patients,
MRI is the preferred modality.

CT and other modalities such as my-
elography can offer complementary in-
formation or act as an alternative if MRI

FIGURE 9. Evaluation of cauda equina
symptoms. Sagittal T2 image hypervascu-
larity along the surface of the cord and T2
hyperintensity in the conus medullaris, con-
sistent with venous congestion in the setting
of dural AV fistula.

is contraindicated. Plain radiography
may benefit the patient in specific situ-
ations, such as a limited evaluation for
alignment or dynamic instability. Op-
timal postsurgical imaging varies. For
instance, MRI with contrast is superior
for evaluating residual disc versus gran-
ulation scar, while CT is superior for
evaluating postsurgical osseous fusion.
Contrast enhancement will typically aid
the patient with a history or suspicion of
neoplasm, infection/inflammation, or
immunosuppression.

Several studies have evaluated the
apparent efficacy of LBP clinical guide-
lines and their adoption by clinicians.
Although practice guidelines have
been established since 2007 obviating
the need for early MRI in cases of un-
complicated LBP, observational stud-
ies from 2010-2014 show that up to
20% of such patients still receive early
MRI. Patients receiving unnecessary
early MRI continue to be associated
with higher overall costs (in one study,
$22,151 vs $6,640) and rates of surgery
(19.9% vs 2.5%).'?

Non-adherence to guidelines may
be due in part to communication and
education. A 2010 Cochrane study re-
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FIGURE 10. Metal reduction in MRI. Sagittal T1 images before (A) and after (B) application of
Slice-Encoding Metal Artifact Reduction (SEMAC) technique show marked improvement of
artifact obscuring the lumbar vertebrae and spinal canal, related to an aortoiliac endovascular
stent graft.

FIGURE 12. Michigan State University nomenclature/grading criteria. Axial T2 image demon-
strating a left paracentral disc protrusion (2-A under MSU classification) with prominent liga-
mentum flavum. Grade is determined by extent reaching 50% of the interfacet line “A”, 100%
as “B”, or beyond as “C”. Zone is determined by dividing the interfacet line into quarters.
(Adapted from Mysliwiec et al).

FIGURE 11. Facet arthropathy findings. A
41-year-old man with 2 weeks of right-sided
lower back pain. Sagittal STIR and axial T2
weighted images demonstrate right L4-L5
facet joint effusion (dashed arrow), adjacent
bone marrow lesion (BML) (solid arrow), and
high periarticular signal intensity (asterisk).

viewed the interventions that have been
employed to increase physician guide-
line adherence. They found that most
involved distribution of educational
material and had no demonstrable im-
pact on overutilization.'* A more effec-
tive method of increasing compliance
with following LBP imaging guidelines
may be through the implementation of
IT-enabled clinical decision support
systems. In one study, implementation
of such a system resulted in a 30.2%
reduction in primary care lumbar spine
MRI orders, and guideline adherence
similarly increased from 78% to 96%.'4
Other factors that may explain early
MRI ordering for LBP include patient
expectations, patient satisfaction, and
medico-legal concerns.?

Current directions in imaging re-
search address evidence-based imaging
contributions towards outcomes. One
shortcoming of lumbar spine imaging
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is that imaging frequently yields find-
ings of unknown clinical significance.*
Many groups have attempted to address
this question by investigating the symp-
tomatic value of individual imaging find-
ings. Recently, Goode et al published a
meta-analysis of 28 studies focusing on
radiographs, encompassing 26,107 pa-
tients. They identified several findings
significantly associated with symptoms,
including disc space narrowing, spondy-
lolisthesis, spondylosis, and osteophytes,
while finding no significant association
for endplate sclerosis and facet osteoar-
throsis.'> Studies such as these can help
inform our reporting.

On the other hand, a smaller study
(on a Framingham Offspring Cohort
subpopulation undergoing CT) found a
positive association between severe facet
osteoarthritis and clinical symptoms,®
suggesting that optimal evaluation of
specific findings is dependent on imag-
ing technique. This study corroborates
prior reports'”!® showing that severity,
rather than mere presence, of findings
provides better correlation to symptoms.
In a separate article, the same group
demonstrated increased odds ratios of
LBP for individual findings of facet bone
marrow lesions, facet effusions, and high
periarticular signal intensity. '

The Framingham Offspring Cohort
CT study additionally detected an asso-
ciation between symptomatic disc space
narrowing and age less than 60 yr. Be-
cause their study population included
both middle-aged and elderly patients,
this provides evidence that symptom-
atic disc space narrowing and facet OA
may have different age distributions,
and supports the concept that LBP-re-
lated findings transition from the disc to
the facet joints with age (Figure 11).!6:20

Lastly, interobserver variability is an
often-cited impediment to the effective
imaging of LBP.?! Numerous grading
scales exist for imaging findings, as
well as for the evaluation of pain and
disability. A recent review of different
imaging grading scales reported that
interobserver kappa scores ranged all
the way from 0.28 to 0.81. However, ef-
forts to achieve greater uniformity have

ACR APPROPRIATENESS CRITERIA FOR LOW BACK PAIN

been successful with the development
of reproducible grading systems such
as The Combined Task Force nomen-
clature for lumbar disc disease (updated
in 2014)?? and the van Rijn criteria for
lumbar nerve root compression. Both
demonstrated higher interobserver
kappa scores compared to alternatives
and were found to be among the most
commonly used. A third, newer no-
menclature system from Michigan State
University,?* based on discriminating
and localizing larger herniations for
surgical optimization, showed 98% in-
terobserver concordance (Figure 12).%!

Conclusion

In this era of high healthcare costs,
the optimal use of appropriate diagnos-
tic imaging is critical. As radiologists,
we have a responsibility to champion
appropriate imaging, as this adds crit-
ical value to our work and profession.
The ACR Appropriateness Criteria as
well as other similar guidelines help
identify higher-risk individuals, and aid
in providing recommendations for the
best imaging modality for LBP in a va-
riety of clinical scenarios. Further goals
for the radiology community should in-
clude improving adherence to standard
reporting nomenclature and continued
high-quality research to correlate indi-
vidual imaging findings to symptoms
and outcomes.
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