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ABSTRACT
Despite guidelines from multiple medical organizations including Choosing Wisely Canada, 
routine screening for low back pain symptoms with advanced imaging modalities such as 
Magnetic Resonance Imaging (MRI) persists. While sensitive, the high prevalence of asymp-
tomatic or non-correlative degenerative findings limits their usefulness for routine screening. 
Given the constraints on Canadian healthcare resources this is a cause for significant concern. 
Lumbar MRI examinations should be ordered only with clear clinical indications and never 
for simple triage.  Suitable indications include patients with symptoms of Cauda Equina Syn-
drome, suspected spinal malignancies, vertebral infections, or a progressive neurologic deficit 
correlating to a dermatomal and/or myotomal distribution.
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Usefulness of MRI as a screening tool
Magnetic resonance imaging (MRI) is a powerful tool in the diagnosis and man-
agement of spinal disease, providing high-definition, multi-planar images of spinal 
anatomy. These images are produced by magnetically aligning the nuclei of water 
molecules, disturbing this alignment using a radiofrequency pulse, and recording the 
resultant emitted signals. A lumbar spine MRI provides useful information for confir-
mation of a clinical diagnosis of radiculopathy or neurogenic claudication and is essen-
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tial for pre-operative planning for 
specific spinal interventions. How-
ever, the increasing availability of 
MRI has resulted in a concurrent 
overuse of this imaging modality 
for the perfunctory investigation of 
low back pain without appropriate 
symptoms or signs.  

Routine MRI of the spine as a 
screening tool has been found to be 
ineffective due to the high preva-
lence of clinically irrelevant, normal, 
age-related degenerative changes to 
spinal anatomy. A seminal study in 
1989 which collected lumbar spine 
MRIs of asymptomatic volunteers 
found one third of those MRI scans 
had abnormal findings, such as 
foraminal or central spinal stenosis.1 
Asymptomatic volunteers over 60 
years old had a prevalence of positive 
but clinically insignificant MRI find-
ings of 57%.1 A follow-up study of the 
same cohort seven years later dem-
onstrated that the severity of abnor-
mal imaging findings in the original 
study did not predict the appear-
ance, progression, intensity, or dura-
tion of low back pain.2 Highlighting 
the high number of incidental 
degenerative findings, in a system-
atic review of 33 articles in 2015, the 
frequency of disc degeneration in 
asymptomatic individuals increased 
from 37% in 20-year-olds to 90% in 
asymptomatic 80-year-olds.3 There 
are an abundance of investigations 
supporting this correlation.4 

Advanced imaging to screen 
for back pain does not improve 
patient outcomes and can 

adversely affect patient outcomes 
through a nocebo effect. A meta-
analysis of six randomized trials 
found that back pain management 
was equally successful for those 
who did not receive advanced 
imaging as for those who sub-
jected to an MRI. Attempting to 
radiographically label nonspe-
cific low back pain is has never 
been successful and the exercise 
has not improved patient out-
comes.4 On the contrary, inciden-
tal, age-related findings that are 
not clinically significant can alarm 
patients and may persuade health 
care providers that an interven-
tion is required to normalize the 
spine.5,6 The use of MRI to investi-
gate low back pain was associated 
with threefold increased rates of 
spine surgery, with no difference 
in one-year outcomes.6 Another 
investigation reveals MRI utiliza-
tion accounts for 22% of variability 
in spine surgery rates—more than 
twice that accounted for by patient 
characteristics.7 Given the sig-
nificant post-operative morbidity 
including up to 19% re-operation 
rate within 10 years, routine lum-
bar spine MRI can lead to patient 
harm through increased unneces-
sary intervention.8 Due to the lim-
ited utility of routine imaging for 
low back pain, international guide-
lines, including Choosing Wisely 
Canada, recommend against imag-
ing of the spine to investigate low 
back pain in the absence of suffi-
cient clinical indications.9 
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In this article, we review the 
indications for MRI assessment 
of the lumbar spine, including 
the signs and symptoms that con-
stitute Red Flags. We provide 
a step-by-step tutorial to inter-
pret lumbar MRI scans and offer 
appropriate indications for referral 
to specialist care.

Indications for Obtaining an MRI of 
the Lumbar Spine
History and physical examination 
are essential in evaluating patients 
with low back pain. More than 
85% of back pain patients do not 
have a disease or an unequivocal, 
identifiable mechanical abnor-
mality causing their symptoms.9 
Only a minority of cases present-
ing to primary care with low back 
pain have pathology such as spinal 
tumours (approximately 0.7%), 
spinal infections (0.01%), com-
pression fractures (4%), and Cauda 
Equina Syndrome (0.04%).10 

A properly constructed his-
tory and physical examination can 
divide patients presenting with low 
back pain into mechanical back 
pain, with or without radicular 
symptoms, or back pain caused by 
specific non-mechanical pathology.  
Mechanical low back pain can be 
further classified into one of four 
patterns with two subdivisions 
(Table 1).11 Implementation of 
appropriate, specific conservative 
management modalities accord-
ing to the identified back pain syn-
drome can significantly improve 

patient outcomes without the risks 
associated with inappropriate 
advanced imaging.12 

Back pain associated with 
other specific spinal pathologies 
or particular diseases can be   tri-
aged by urgency, recognizing that 
patients with severe or progres-
sive neurological deficits must be 
investigated immediately.4 Elicit 
appropriate risk factors in the his-
tory and physical examination to 
guide the clinical investigations 
(Table 2). Do not use imaging as a 
surrogate for thorough history and 
physical examination.

Acute neurological deficits, 
suspected spinal infections, spi-
nal tumours, and Cauda Equina 
Syndrome require urgent investi-
gation and early referral.13-15 Key 
clinical features of acute Cauda 
Equina Syndrome include sud-
den urinary retention followed by 
insensible overflow incontinence, 
saddle paresthesia/anesthesia and 
fecal incontinence. In patients pre-
senting with fever and risk factors 
for bacteremia such as immuno-
suppression, acute low back pain 
can be associated with vertebral 
infection. Severe or progressive 
neurologic deficits following a der-
matomal or myotomal distribu-
tion, with or without the presence 
of low back pain, should be investi-
gated with advanced imaging. 

In the absence of sinister 
symptoms, patients with leg-
dominant symptoms diagnosed as 
radiculopathy or neurogenic clau-
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Table 1: Patterns of Pain11

Pattern	 Dominant	 History	 Physical	 Additional	 Sub-classification
number	 site		  examination	 features	

1	 Back	 Pain in flexion	 Pain in flexion	 May have pain	 PEP
		  Constant or	 Neurological	 with extension	 Decrease pain within
		  intermittent	 normal		  10 properly
				    May have	 performed prone
				    unrelated	 passive extensions
				    neurological	 PEN
				    findings	 No change or
					     increase pain within
					     10 properly
					     performed prone
					     passive extensions

2	 Back	 No pain in	 No pain in flexion 	 Pain with
		  flexion	 Neurological	 extension
		  intermittent	 normal					    May have pain
				    relief with flexion

				    May have
				    unrelated
				    neurological
				    findings

3	 Leg	 Constant	 Positive 	 Pain with flexion
			   irritative	 and other
			   and/or	 movements or
			   conduction	 positions
			   findings

4	 Leg	 Intermittent	 May have 		  FA
			   irritative and/or		  Flexion Aggravated
			   conduction	
			   findings

			   Negative	 Pain with activity	 FR
			   irritative findings	 in extension	 Flexion Relieved

			   May have	 Conduction loss
			   conduction loss	 may be transient
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Table 2: Suspected diagnoses based on key features in the history and physical 
examination offer appropriate imaging indications6 

Cause of Back Pain	 Key Feature on History or	 Appropriate Initial Imaging
		  Physical Exam	

Cauda Equina Syndrome	 Urinary Retention	 MRI
		  Saddle anesthesia
		  Fecal incontinence
		  Motor deficits across multiple 
		  levels

Vertebral Infection	 Fever	 MRI
		  History of recent infection
		  IV drug use
		  Chronic immunosuppression

Malignancy	 History of cancer with new on set
		  low back pain

		  Unexplained weight loss,	 Plain radiography (screening)
		  fevers, chills, or malaise	

		  Risk factors for cancer present	 Plain radiography vs. MRI

Vertebral compression	 Osteoporosis	 Plain radiography
Fractures	 Chronic steroid use
		  Older age
		  Recent trauma

Herniated Disc	 Back pain accompanied by	 None
		  radiating leg pain along
		  dermatomal distribution
		  Positive straight leg test

		  Symptoms >1 month or does
		  not improve with
		  conservative management

Spinal Stenosis	 Leg pain radiating to feet/toes	 None
		  Neurogenic claudication
		  Older age

		  Symptoms >1 month or does	 MRI
		  not improve with
		  conservative management
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dication that have not responded to 
appropriate conservative therapy 
should be referred electively to a 
spine specialist. In Canada, due to 
the high volume of referrals, many 
of which are inappropriate or are 
for patients who have not com-
pleted a trial of conservative man-
agement, it is not uncommon for 
patients to wait months for  their 
consultation.13 To make appropri-
ate referrals, correlating history, 
examination, and subsequent 
advanced imaging results is crucial. 
Correct interpretation of the MRI 
examination is important to iden-
tify patients that may benefit from 
surgical management.

Interpretation of Lumbar MRI 
Examination
MRIs are obtained using a combina-
tion of two basic parameters: time 
to repetition (TR), referring to the 
time between radiofrequency pulses 
used to disturb the magnetically 
aligned atomic nuclei; and time to 
echo (TE), referring to time between 
the delivery of radiofrequency pulse 
to receipt of a signal. T1-weighted 
images are produced by using 
short TR and TE times, whereas 
T2-weighted images are produced 
using longer TE and TR times. 

T1 weighted images are typi-
cally used for the evaluation of nor-
mal anatomy. Cerebrospinal fluid 
(CSF) that surrounds the nerve 
roots and spinal cord is shown as 
hypo-intense (i.e., dark ).14,15 In 
T2-weighted images, which are 

typically used to identify pathology 
in the lumbar spine, CSF is hyper-
intense (i.e., bright). Pathological 
findings such as disc herniations, 
lumbar stenosis, and foraminal ste-
nosis are more easily seen with T2 
weighted images because deforma-
tion of the thecal sac can be inter-
preted by displacement or absence 
of the CSF. Fat, while hyper-intense 
in T2-weighted images, is compara-
tively less bright compared to CSF. 
The addition of gadolinium contrast 
is most useful when there is sus-
pected infection or tumor.14 With 
contrast, abscesses present as rim-
enhancing lesions, while tumours 
are hyper-intense throughout. 
Gadolinium contrast is also useful 
in situations where patients have 
had prior surgery since it can differ-
entiate a recurrent disc herniation 
(typically non-enhancing or rim-
enhancing) from epidural fibrosis 
(uniformly enhancing).  

Short Tau Inversion Recovery 
(STIR) is a sequence of fat sup-
pression that allows for easier dif-
ferentiation between hyper-intense 
water, and hypo-intense fat. STIR 
sequencing can be useful for 
detecting bony edema facilitating 
the diagnosis of pathology, such as 
compression fractures, which  may 
not be otherwise detected.14

Lumbar spine MRI images 
are typically acquired through the 
axial, sagittal, and coronal planes. 
Two viewing screens should be 
used to visualize the axial and 
sagittal planes (Figure 1). Set up 
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Figure 1: Review of Normal Spinal Anatomy

A) Paired imaging demonstrating reference lines set up to display the mid-sagittal plane of the lumbar spine. The 1) anterior and 2) 
posterior vertebral, 3) spino-laminar, and 4) posterior spinous lines can assess overall alignment.

B) Paired imaging demonstrating views of right (top) and left (bottom) foramina of the lumbar spine on sagittal image; bony 
foramen highlighted in yellow, exiting nerve root highlighted in red. 
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reference lines using the imaging 
software to localize the image at 
hand to the corresponding orthogo-
nal plane. These reference lines can 
be used to assess pathology at each 
disc level and visualize bilateral 
foramina on the axial and sagittal 
planes. Coronal plane images can 
be helpful in evaluating coronally 
based pathology, such as degenera-
tive scoliosis.

Using both the axial and sag-
ittal images, evaluate the overall 
alignment of the lumbar spine 
and the bony architecture. Most 
spines have five lumbar vertebrae 
with a lordotic curvature.15 In the 
mid-sagittal plane (viewed from 
the side), four lines can evaluate 
overall alignment: 1&2: the ante-
rior and posterior vertebral lines 
are drawn along the front and back 

of the vertebral bodies; 3: a spino-
laminar line is drawn along the 
most posterior aspect of the spinal 
canal; 4: a posterior spinous line 
can be drawn down the back of the 
spinous processes. A step in any 
or all of these lines can indicate 
a fracture or spondylolisthesis.14 
Spondylolisthesis, a shift out of 
alignment of one vertebra relative 
to its neighbor, can be second-
ary to pars defects or degenerative 
changes to the facet joints; typi-
cally, the more proximal vertebral 
body moves anteriorly to the ver-
tebra below. The vertebral bodies, 
pedicles, lamina, and spinous pro-
cesses should be hypo-intense in 
T2 weighted images. The presence 
of hyper-intensity within the ver-
tebral bodies can represent bony 
edema from trauma or malignancy.



Figure 2: Abnormal Degenerative Anatomy

A) An example of severe central stenosis of L3/4 secondary to a central L3/4 disc herniation with resultant obliteration of CSF.
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Next, examine the neural ele-
ments in closer detail. Both the 
spinal cord and nerve roots are 
hypo-intense, surrounded by and 
free-floating within hyper-intense 
CSF in T2-weighted images (Figure 
1). At the T12-L2 levels, the most 
inferior aspect of the spinal cord 
transitions to the conus medulla-
ris. Due to the higher water content 
in a healthy disc, intervertebral 
discs are hyper-intense compared 
to bone. On an axial image, the 
peripheral rim of each interverte-
bral disc is hypo-intense. This cor-
responds to the annulus fibrosus, 
which contains less water com-
pared to the more central nucleus 
pulposus. 

The absence of CSF surround-
ing a nerve root at a disc level is 
indicative of severe spinal stenosis, 
which can be due to a combination 
of degenerative changes including 

endplate osteophytes, herniated 
or degenerated discs, facet hyper-
trophy, and ligamentum flavum 
hypertrophy (Figure 2). In the sag-
ittal plane, the nerve roots with 
surrounding CSF can be followed 
out of the spinal canal through 
the foramen. The absence of CSF 
in a foramen can be indicative of 
a foraminal stenosis secondary to 
pathology such as facet hypertro-
phy or disc herniation. Ensuring 
that the side and level of compres-
sion correspond to the patient’s 
presenting complaints is crucial 
in identifying whether the imaged 
abnormality is relevant to the clini-
cal picture.  

MRI can identify specific 
pathologies such as ankylosing 
spondylitis or diffuse idiopathic 
skeletal hyperostosis (DISH). In 
ankylosing spondylitis, when the 
spine is fusing, the disc spaces 
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narrow and look more hypo-
intense, like bone. On a sagittal 
or coronal image , a spine with 
ankylosing spondylitis can look 

similar to a bamboo stem, where 
the  marginal syndesmophytes (a 
bone growth that bridges the gap 
between two vertebral bodies) do 



C) Severe degenerative changes including a broad-based disc herniation, facet joint overgrowth (hypertrophy) on the axial 
imaging with subtle L3/4 spondylolisthesis seen on sagittal imaging. No CSF can be seen surrounding the nerve roots within the 
spinal canal; the slight hypo-intense signal demonstrated on the dorsal canal reflects epidural lipomatosis (intensity similar to 
subcutaneous and intramuscular fat rather than CSF).

Bii

B) Paired imaging demonstrating i) normal L4 foramina on the axial plane (marked), with normal exiting nerve roots seen (oval-
shaped in this cross-section) within the foramen; note the free-floating nerve roots centrally within the spinal canal surrounded by 
CSF. ii) Compressed left L4 foramen with compressed exiting nerve root.
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not extend beyond the anterior or 
lateral aspects of the vertebral bod-
ies.15 In contrast, with DISH, the 
syndesmophytes form excessive 
bone that extends well beyond the 
vertebral bodies.15

Conclusion
A thorough but focused history and 
physical examination is essential to 
determine whether the cause of low 
back pain warrants further inves-
tigation with advanced imaging. 
Clinicians should be familiar with 
risk factors associated with spinal 
tumours, infections, compression 

fractures, Cauda Equina Syndrome 
and other specific conditions that 
may require intervention. MRI 
findings must be correlated to the 
patient’s clinical presentation to 
determine if they are relevant and 
whether they justify a referral for 
specialist care.
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