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Clinical Indications

• After 4 to 6 weeks of leg pain, if the pain is severe enough to 
warrant surgery

• After 3 to 6 months of low back pain, if the pain is severe 
enough to warrant surgery

• If the back pain is accompanied by constitutional symptoms 
(such as loss of appetite, weight loss, fever, chills, shakes, or 
severe pain when at rest) that may indicate that the pain is due 
to a tumor or an infection

• For patients who may have lumbar spinal stenosis and are 
considering an epidural injection to alleviate painful symptoms

• For patients who have not done well after having back surgery, 
specifically if their pain symptoms do not get better after 4 to 
6 weeks.

• ...or other “red flags” symptoms





Contrast – with or without



IV contrast

• Cr or GFR is required:
– 70y = <
– Kidney dis
– One kidney
– DM
– Hx of MM 
– Chemotherapy in the last 30 days
– Hemodialysis patients may received contrast 
but only if the patient signs an informed 
consent and is scheduled for hemodialysis 
with in 2hrs of the injection of contrast and 
again at 24hrs.



Gadolinium Contrast Reactions

• Risk Factors
– 8 times higher risk in patients with a previous 

reaction to gadolinium-based contrast media

– Persons with asthma and various other allergies 
are also at greater risk

– If concern for contrast reaction, recommend 
standard premedication prep with steroid and 
antihistamine.



L-spine search pattern

• Alignment: anterior and posterior portion of vertebral bodies, 

facets, posterior spinal canal line, spinous processes

• Bone: fractures, vertebral body compression, blastic/lytic lesions

• Cord/Canal: Cord/Canal - cord compression, canal hematoma,

terminates at L1 -2

• Discs: Discs - height loss, bulge/protrusion

• Everything else - soft tissues, thyroid, 

aorta, pneumothorax, kidneys, liver, adrenals, etc



Isthmic Spondylolisthesis



Basic pulse sequences for MRI

Postgadolinium T1-weighted image
-Solid from cystic lesions
- Soft-tissue phlegmon from inflammation from abscess
- Surgical scars from disc fragments (failed back )

T1 ➔ marrow replacement process 



Fat-Suppressed T2-Weighted Images
or STIR Images

• STIR: (short inversion-time inversion-
recovery)

– Lipomatosis

– Compress fx 

– Vertebral Pathology (infection)

Bright ➔ Acute, subacute

Dark ➔ chronic



Lipomatosis

Extensive lumbar epidural lipomatosis

T1 T2 STIR



A sagittal STIR image shows a linear 
region of increased signal intensity 
compatible with edema in the L2 
vertebral body which is compatible 
with an acute fracture. 

There is no increase in signal 
intensity in the L4 vertebral body 
which is compatible with a chronic 
fracture



Unlike those in the lumbar region,
cervical nerves exit in the inferior aspect of 
the foramen; therefore, the exiting, not the 
traversing nerve is most likely to be impacted 
by a disc herniation or a disc–osteophyte
complex. 

The cervical nerves exit above the same-
numbered pedicle; for example, a C5-C6 
herniation will affect the exiting C6 nerve. 

The Cervical Spine





Artist’s sketches show four types of disc herniations in the 
cervical spine: (a) central, (b) posterolateral, (c) lateral recess,
and (d) foraminal
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Spinal Stenosis

• The term spinal stenosis describes the compression of the neural 
elements in the spinal canal, lateral recesses, or neural foramina

– The midline sagittal T2- weighted images provide a global view 
of the levels and degree of effacement of the CSF column and 
spinal cord compression, whereas the parasagittal images
enable visualization of lateral recess and foraminal stenosis. 

– The information from these images should be correlated with 
that from the axial images, which show the same pathology in an 
orthogonal plan



Spinal Stenosis



(a) A midline sagittal T2➔thickening of the posterior longitudinal 
ligament  mild

(b) A parasagittal T2  ➔ moderate stenosis
(c) A parasagittal T2-weighted image obtained farther laterally in the 

plane of the neuroforamina severe foraminal stenosis at the C4-C5 



• Relative stenosis is defied as an AP canal 
diameter of <13 mm, and absolute stenosis 
is defied as an AP canal diameter of <10 
mm. 

• The Torg or Pavlov ratio is calculated by 
dividing the AP canal diameter by the AP 
vertebral body diameter, with a ratio ≤ 0.8 
defied as stenotic.

• This ratio is often used to evaluate for 
congenital stenosis in athletes

Spinal Stenosis



Torg or Pavlov ratio



Mild—stenosis

• Occupying less than one third of normal canal 
dimension

• The ventral and dorsal CSF spaces are partially 
effaced by disc bulging, 

• ligamentum flavum hypertrophy, and facet 
Arthropathy; No mass effect on the cord  
(Normal shape)



Moderate—stenosis

• Occupying between one third and two 
thirds of normal canal dimension; 

• Findings similar to those of mild 
stenosis but with compression and 
minimal flattening and deformity of the 
spinal cord



Severe—stenosis

• Occupying more than two thirds of normal 
canal dimension, 

• Very pronounced flattening and deformity of 
the spinal cord that is obvious on both 
sagittal and axial T2-weighted images



• Although such definitions are well 
known, most clinicians and radiologists
tend to grade the degree of spinal 
stenosis using the terms mild, moderate,
and severe, and gradations such as 
moderate–severe



Ossification of the posterior 
longitudinal ligament (OPLL)

On most MR images showing cervical stenosis 
secondary to disc displacement (for example,
the pathology and stenosis is based at the 
level of the disc, and stenosis is seen only 
behind the vertebral body in cases of disc 
ex- trusion and migration.

Conversely, MRI in patients with ossification 
of the posterior longitudinal ligament shows 
stenosis at the level of the disc and also 
along the course of the posterior longitudinal 
ligament, which runs along the posterior 
aspect of the vertebral bodies



midline sagittal 
T2-weighted

parasagittal 
T2-weighted 

image

A parasagittal T2-weighted 
image, obtained farther from 
the midline, shows that the 
posterior longitudinal 
ligament is markedly 
hypertrophied and nearly 
fills the spinal canal 



In patients with suspected 
ossification of the posterior 
longitudinal ligament, CT imaging 
can be obtained to rule in or rule out 
this diagnosis, given that
it provides optimal visualization of 
calcification and osseous detail

Ossification of the posterior 
longitudinal ligament (OPLL)



Infectious Conditions

• Smaller canal diameter relative to the size of
the spinal cord, intervertebral discs, and 
epidural space, and a vast venous plexus) may 
allow cervical spine infections to have a more 
aggressive and rapid progression that requires 
expedited treatment.

• MRI is the imaging modality of choice for the 
diagnosis and evaluation of spinal infections and 
for monitoring the response to treatment



• High sensitivity (96%), specificity (93%), 
and accuracy (94%) have been reported 
for the MRI diagnosis of vertebral 
osteomyelitis. 

• MRI is more sensitive than conventional 
radiographs or CT and more specific than 
nuclear scintigraphy in identifying 
vertebral osteomyelitis. 



Infectious spondylitis

• T1 ➔ low signal

• T2 ➔ high signal 

(more evident on

fat-suppressed T2

-weighted or STIR

images)

T1T2



• Increased T2-weighted signal with in 
intervertebral disc 

• Contrast enhancement in the disc
subchondral marrow, and epidural
space; 

• Erosion of end plates
• Epidural fluid collections
• Paraspinous soft-tissue 

abnormalities
• Posterior element involvement

Infectious spondylitis



• Unfortunately, these imaging characteristics are the same 
as those of many spine pathologies, including neoplastic
disease

• One can differentiate infection from other processes 
affecting the vertebral body bone marrow by noting that
the epicenter of the former pathology tends to be
at the intervertebral disc. 

• Conversely, neoplastic processes tend to have their 
epicenters within the vertebral body, and the edema tends 
not to cross the intervertebral disc.

• In addition, the vertebral end plate may have an irregular 
appearance because of infectious destruction, and disc 
height loss or collapse may occur with progressive 
infection.

Infectious spondylitis



• On gadolinium-enhanced images, disc 
enhancement (Conversely,
neoplastic processes )is an
essential factor for the diagnosis
of discitis, and enhancement
of the vertebral subchondral bone
may indicate a well-established 
and chronic infection

(Fig)  Post gadolinium T1-weighted images show
enhancement at the disc space, in the vertebral body’s 
epidural component, and in the paravertebral space. 

Infectious spondylitis



• Gadolinium-enhanced MRI also is 
essential for monitoring the efficacy of 
treatment of vertebral infection

Infectious spondylitis



Epidural Abscess

• Epidural abscesses are less common in 
the cervical spine than in the thoracic 
or lumbar spine and may be located 
anterior or posterior to the spinal cord.

• Multiple spinal segments are usually 
involved (most commonly, C4-C7).



Epidural Abscess (location and extension)

• As it is for vertebral osteomyelitis, MRI is the
diagnostic study of choice for the evaluation of an
epidural abscess

• Gadolinium-enhanced(T1)

, fat suppressed, T1

-weighted images provide 

anatomic detail of the 

location and extension of

the abscess and any 

associated vertebral 

infections.



A) Sagittal T2 (fast spin echo) image demonstrating increased signal 
anterior to the cervical medullary junction at C1 and C2. (B) Sagittal T1 
image with contrast, showing enhancement of the abscess, extending 
through the foramen magnum up to the clivus (arrow)



• T2-weighted and fat -suppressed 

T2-weighted  images also show the 

boundaries of the epidural abscess

and allow for the assessment of the 

degree of spinal cord compression.

Epidural Abscess (boundaries, degree of spinal cord 
compression)



Multiple Sclerosis

• Approximately 60% to 75% of multiple 
sclerosis plaques outside of the brain 
occur in the cervical spinal cord, 

• 90% of patients with cord plaques also 
have brain plaques

• Most plaques span two or fewer vertebral 
levels,

• occupy less than half the spinal cord 
diameter,

• are located peripherally in the spinal cord.



MRI findings

T2 TSE acquisition shows a high signal oblong 
lesion in the peripheral lateral zone of the 
cervical spine 



• increased signal on T2-weighted 
images, 

T2 T1



• T1 post gadolinium image shows ring-like 
enhancement of the lesion.



• Typical for MS is involvement of corpus 
callosum, U-fibers, temporal lobes, 
brainstem, cerebellum and spinal cord.
This pattern of involvement is 
uncommon in other diseases.
In small vessel disease there may be 
involvement of the brainstem, but it is 
usually central, while in MS it is 
peripheral.





corpus callosum



Isolated U-fiber involvement in MS

T2



white matter tract: 
subcortical U-fibres (u)

located within the cortex or immediately 
deep to it in the very outer parts of the 
subcortical white matter (Juxtracortical 
lesions)







Dawson fingers

• Radiographic feature of demyelination characterized by 
periventricular demyelinating plaques distributed along 
the axis of medullary veins, perpendicular to the body of 
the lateral ventricles.



Here we see typical differences in vascular brainstem lesions compared to MS.

•The image on the left is an axial T2 weighted image illustrating typical vascular 
brainstem involvement, with a central involvement of the transverse 
pontine fibers.

•The image on the right is an axial T2 weighted image of the brainstem of an 
MS- patient, showing typical peripherally located white matter lesions, 
often in or near the trigeminal tract

Pons



First look at the image and look for lesions that are specific 
for MS.
Than continue

Even when a patient is clinically suspected of MS, we still have to 
study the WML s(white matter lesions) carefully to decide 
whether these lesions are indeed suggestive of MS



The lesions in the deep white matter (yellow arrow) are nonspecific and can be 
seen in many diseases.

Typical for MS in this case is:
Involvement of the temporal lobe (red arrow)
Juxtracortical lesions (green arrow) - touching the cortex
Involvement of the corpus callosum (blue arrow) 
Periventricular lesions - touching the ventricles



Typical findings for MS as seen in this case are:
Multiple lesions adjacent to the ventricles (red arrow).
Ovoid lesions perpendicular to the ventricles (yellow arrow).(Dawson 
fingers)
Multiple lesions in brainstem and cerebellum.



The Lumbar and Thoracic Spine

• Vertebral fractures

Differentiating posttraumatic and 
osteoporotic fractures from neoplastic
or pathologic fractures can be 
challenging especially in elderly patients



• Neoplastic processes tend to fracture when
most of the vertebral body is infiltrated with 
tumor

T2 STIR



Key MRI features malignant fracture 

Key MRI features that suggest the presence
of a malignant fracture include the following

• Convex posterior margin of the vertebral 
body (from tumor infiltration)



• Abnormal signal in the posterior 
elements

Key MRI features malignant fracture 



• Epidural mass and neural encasement by 
the same focal paraspinal mass and 
other osseous lesions

Key MRI features malignant fracture 

T1-weighted axial at the L4 pedicle level. 
Signs of malignant fracture include the 
paravertebral soft tissue mass (arrows)





Tumors of the Spine



• Metastatic Disease:

– The most common pattern seen is multifocal lytic lesions, 
which are hypointense on T1-weighted images and hypo-
to hyperintense on T2-weighted images

(dependent on the proportion of fatty and vascular 
elements)

– Sclerotic lesions tend to be hypointense on both T1-
weighted images and T2-weighted images.

Tumors of the Spine



Primary Benign Tumors

• Vertebral Hemangioma:

– Vertebral hemangiomas are one of the very few 
spinal tumors that show increased signal intensity 
on both T1-weighted and T2- weighted images. 
(often)

– Occasionally, such lesions are more vascular and 
may appear isointense or hypointense on T1-
weighted images, making them difficult to 
distinguish from metastases.

– Location in Segment: Vertebral body



Metastatic➔

Hemangioma ➔ T1-weighted image

T1-weighted image

(typically well-circumscribed)
(linear hypointensities)

The hyperintense signal and linear 
hypointensities, which correspond to thickened 
trabeculae, are characteristic of a benign 
hemangioma.



• Internal trabeculae may be subtle on MRI and may be 
better delineated on CT (polka-dot sign )



Hemangioma



Atypical MR of hemangioma
a) Sagittal T1-weighted MR image shows a lesion with low signal intensity due to low 

adipocyte content
b) Sagittal fat-saturated T2-weighted
c) contrast-enhanced fat-saturated T1-weighted MR images show high signal intensity

due to the prevalent vascular components
d)   Axial CT scan reveals the typical polka-dot sign ( arrows ), which supports the correct 

diagnosis



Imaging bone metastases

• Obvious metastases on sagittal T1W spin-echo image. 
Metastases are obvious as low signal lesions, because of the 
normal high signal fat marrow. 

If the problem is not solved, other 
sequences must be added. The usual 
choice is T2-W fat sat or fast STIR 
sequences.

If the problem is not solved, contrast 
medium should be used on T1-W fat sat 
sequences 



A. Pre-contrast sagittal T1wtd. MRI of the lumbar spine 
- bony metastasis (yellow arrow) is seen involving the T12 vertebral body 

B.   Post-contrast (C+) sagittal T1wtd. MRI 
- yellow arrow points to the bony metastasis that enhances with contrast 
- red arrow points to intramedullay location of metastasis within the distal thoracic 

cord and showing contrast enhancement
C.   Sagittal T2 wtd. MRI ➔ green arrow points to edema within the thoracic cord 
D.   Post-contrast (C+) axial T1wtd. MRI  ➔ red arrow points to intramedullary metastasis



Primary Benign Tumors

• Osteoid osteoma: 
– Location in Segment ➔ Neural arch

– Imaging Clue➔Target lesion <2 cm

– is often surrounded by a ring of sclerotic bone

– The nidus is hypo- or isointense on T1-weighted images and varies from 
hypo- to hyperintense on T2-weighted images, often with surrounding 
hyperintensity that likely is related to a local inflammatory response



• Osteoblastoma

– Location in Segment ➔ Neural arch

– Imaging Clue➔ Expansile, lytic >2 cm



Case

• A 49 year-old female with back pain and 
a classic malignant fracture

vertebral body marrow is completely 
replaced with a relatively distinct 
intraosseous mass lesion. 
Bulging or convexity of posterior cortex 
is present

T1



The T1-weighted sagittal image at the 
pedicle level demonstrates an enlarged 
and focally eroded right pedicle (arrow). 
Extraosseous tumor extends slightly into 
the fat of the neural foramen 
(arrowhead).

• Abnormal signal in the posterior elements



A STIR sagittal midline image. 
Signs indicative of malignancy 
include complete replacement 
of marrow, focal erosion of 
posterior cortex and posterior 
bulging of cortex without 
sharp angulation



Osteoporotic vertebral fractures

• MR sequences which are suggestive of a 
benign origin of a spine fracture:

•maintenance of at least some normal marrow signal
•no involvement of the posterior elements
•fluid or gas within the vertebral body
•lack of distinct soft tissue mass within the centrum
•a well defined fracture line (T2 bright)
•limited paravertebral soft tissue thickening, swelling or 
mass



• preservation of the posterior cortex or a non-
convex border

• retropulsed bone fragments with sharply 
marginated or angulated borders

• absence of epidural or foraminal soft tissue 
mass

• normal marrow signal in adjacent vertebral 
bodies or ribs

• anterior wedging
• known osteoporosis or osteopenia
• multiple fractures

Osteoporotic vertebral fractures



Case

• A classic benign fracture. A 51 year-old female fell 

down stairs 2 weeks prior to obtaining this MR

T1-weighted sagittal 
low signal edema or hyperemia
partially filling the marrow, 

substantial preservation of fatty 
marrow signal is seen. 
A band of low signal horizontally 

crosses the superior aspect of the 
centrum (arrow). intact posterior 
cortex, concavity of posterior cortex, 
lack of abnormalities in adjacent 
vertebra, and the lack of anterior 
epidural or prevertebral masses.



The T2-weighted sagittal image with fat 
saturation., an benign feature is the 
presence of a vertically oriented 
fracture line (arrow).

A horizontal > vertical linear 
fracture line on T2-weighted images 
is considered the most reliable sign 
of a nonmalignant fracture



T2
T1

preservation of normal marrow signal(T1)

L1

low intradiscal and possibly intraosseous 
signal suggestive of gas
a lack of substantial prevertebral soft tissue 
mass, a lack of abnormal signal material 
extending through the posterior vertebral 
body cortex, sharp or distinct margins of the 
retropulsed cortex

classic chronic benign fracture

visible fracture line or "cleft" 
(arrow), and anterior wedging. 
Although the posterior cortex of 
the centrum(Body) is convex 
which in some circumstances is a 
worrisome sign, the cortical 
margin is sharp and intact and 
soft tissue does not extend 
dorsally into the epidural space.



T2-weighted sagittal with application 
of fat-saturation

Fluid is found in the fracture cleft 
(arrow). Linear bright signal under the 
superior endplate (arrowhead) is most 
likely hyperemia



1) T2: multiple vertebral fractures (L2, L4,T11, a burst fracture at T12)
2) STIR: linear region of increased signal intensity compatible with edema in 

the L2 vertebral body (arrow) which is compatible with an acute fracture. 
There is no increase in signal intensity in the L4 vertebral body (arrowhead), 
which is compatible with a chronic fracture

3) CT: retropulsed bone fragments with sharply marginated or angulated 
borders, characteristic of a benign osteoporotic fracture is evident at T12

T2 STIR CT



The currently accepted nomenclature 
is as follows:

• “localized” if it involves ≤50% of the disc 
circumference 
– A localized displacement is considered “focal” if <25% 

of the disc circumference is involved (b)

– a broad-based herniation involves between 25% and 
50% (90 to 180 degrees) of the disc circumference(c) 



• “generalized” if it involves >50%
– Symmetrical presence (or apparent presence) of disc tissue 

“circumferentially” (50% to 100%) beyond the edges of 
the ring apophyses may be described as a “bulging disc” or 
“bulging appearance” and is not considered a form of 
herniation. 

➔ Bulging is a descriptive term for 
the shape of the disc contour 
and not a diagnostic category



Nomenclature and Classification of 
Lumbar Disc herniation

the posterior disc has lost its normal 
concavity and is "bulging out" in a smooth 

and general fashion



• A protrusion is present if the greatest distance 
between the edges of the disc material beyond 
the disc space is less than the distance between 
the edges of the base in the same plane. 



• An extrusion is present when any one distance between 
the edges of the disc material beyond the disc space is 
greater than the distance between the edges of the 
base or when there is no continuity between the disc 
space and the disc fragment.



It is often difficult to differentiate protrusion from 
extrusion. Several MRI signs may be used to aid this 
differentiation, including the following:

Protrusion has abase  broader than any other part of the hernia; an 
extrusion has a base that is narrower than the extruded material.

• If the AP diameter of the herniated disc is >50% of the spinal canal
diameter, then an extrusion is present in >90% of cases.

• Protrusions and extrusions can also be distinguished by their outlines. 
Protrusions are limited by the outer annular fibers and tend to have a 
smooth outline; in contrast, extrusions have a poorly defined outer 
margin.









Disc level
• This is the most common area where nerves 
are compressed.
• Mostly by herniated discs and less frequently 
due to spinal stenosis.
Level of lateral recess

• This is the area below the disc where the 
nerve runs more laterally towards the 
foramen.
• Narrowing of the lateral recess is caused by 
facet arthrosis, usually in combination with 
hypertrophy of the flavum ligament and
bulging of the disc.

Foramen
• This is the area between two pedicles, where
the nerve leaves the spinal canal.

• Narrowing of the foramen is seen in facet arthrosis, spondylolisthesis and foraminal disc 
herniation - usually a migrated disc from a lower level.

Four levels of nerve compression

Extra-foraminal
• This is the area lateral to the foramen.
• Nerve compression in this area is uncommon, but is sometimes caused by a laterally herniated 
disc.

L4

L5 L5



Here an example of a lateral disc herniation 
that produces compression of the superiorly 
exiting nerve root and ganglion.

Notice the L4 nerve (red arrow), which is being
displaced posteriorly by a lateral disc 
herniation at the L4-5 level (green arrow).

Extraforaminal nerve compression is seen in 
about 5% of cases.



Posterolateral or paracentral 
(sub articular or lateral 
recess) disc protrusion



Foraminal disc protrusion



Far-lateral disc protrusion



Far-lateral disc 
protrusion



•

– Contained herniations are displacements of 
disc material that are retained by the outer 
annulus. 

– Uncontained herniations are not retained by 
the outer annulus

• Herniations can also be described as 
contained or uncontained.





far-lateral component that contacts the 
extraforaminal course of the right L4 nerve 
root. The patient presented with 
paresthesias in the medial right foot 



At the level of the L4-L5 disc, this axial T2-weighted image shows a left 
central/subarticular disc protrusion (arrow) contacting the traversing left L5 
nerve root in the left lateral recess. L4 is free you should check upper 
foramen 

L4

L5



Anatomy – Lateral Recess

Stenosis of the lateral recess is a common 
problem especially in older patients.

arthrosis a synovial cyst may form, which 
contributes to the narrowing.



Dorsiflextion/
inversion







Non radicular Axial Back Pain

• Discogenic Axial Back Pain
– End-Plate Changes

– High-Intensity Zones and Annular Fissures

– Disc Herniation

• Facet synovitis
– Joint effusion

– Subchondral bone-marrow edema

– Paraspinal m.’s hypervascularity



End-Plate Changes

• Degenerative end-plate changes are classified using 
an MRI characterization originally described by 
Modic et al:

• type I, inflammatory/edema-like signal 
abnormalities; 

• type II, fat-like signal 
abnormalities

• type-III, sclerosis-like 
signal abnormalities 



Modic changes T1 T2

Modic 1 low signal high signal

Modic 2 high signal iso to high signal

Modic 3 low signal low signal



Fluid-sensitive sequences such as fat-suppressed T2- weighted 
or STIR images are ideal for identifying type I changes (very 
high signal); however, a combination of a fluid-sensitive 
sequence with a T1-weighted pulse sequence is necessary to 
differentiate Modic types II and III

Modic changes T1 T2

Modic 1 low signal high signal

Modic 2 high signal iso to high signal

Modic 3 low signal low signal



• Type-I degenerative end-plate changes have 
been shown to have the strongest association 
with pain symptoms because they likely 
represent an active inflammatory state;

• Type-II and type-III changes are less likely 
to serve as pain generators



Modic1

(a) A sagittal STIR image shows bright signal compatible with edema within the 
inferior L3 and superior L4 end plates.

(b) The corresponding sagittal T1-weighted image shows subtle low signal in the same 
areas

Modic changes T1 T2

Modic 1 low signal high signal



Modic 2

T1T2

Modic changes T1 T2

Modic 2 high signal iso to high signal



Modic type-3 (sclerotic) changes

T1
fat-suppressed T2-
weighted



Lumbar degenerative disc disease 
grading

• The degree of disc T2-weighted signal and height loss should be 
evaluated and graded as:

(a) mild, (b) moderate, or (c) severe lumbar degenerative disc disease 



Degenerative disc disease

• Schmorl's nodes

schmorl's nodes represent herniations of the 
intervertebral disc through weak areas in the 
adjacent vertebral end plates and into the 
vertebral body.
They are found most commonly in the thoracic 
and lumbar spine and occur in ~10% of the 
population, with no dependency on age or 
gender.
more commonly associated with back pain 
and may represent an acute or sub acute 
schmorl's nodes.
Patients may be asymptomatic or have
nonspecific pain 



• Discogenic Axial Back Pain
– End-Plate Changes

– High-Intensity Zones and Annular Fissures

– Disc Herniations

• Facet synovitis
– Joint effiusion

– Subchondral bone-marrow edema

– Paraspinal m.’s hypervascularity

Non radicular Axial Back Pain



High-Intensity Zones and Annular 
Fissures

High-intensity zones are hyper intense T2
foci within the disc



Annular Tears

• T2-weighted sequences have been used to show the following 
three types of annular tears



• Concentric annular tear, also known as circumferential annular 
tears, result from a separation or splitting apart of the lamellae 
of the annulus fibrosus.

• Concentric tears are frequently seen in the middle and typically 
occur in the outer 1/3 of the annulus; they are rarely seen in the 
inner annulus.



Radial Annular Tear

• A grade I annular tear means that the tear extends 
from the nucleus into only the inner one third of 
the annulus fibrosus.

• A grade II annular tear means the tear extends 
from the nucleus, all the way through the inner one 
third and into the middle one third of the annulus 
fibrosus.

• A grade III annular tear means the tear extends 
from the nucleus, all the way through the inner one 
third, middle one third and into the outer one third 
of the disc, which we know is highly innervated by 
nociceptors (pain-carrying nerves), which is 
especially true in the posterior and posterolateral 
regions of the disc.



Radial Annular Tear



Transverse annular tear
Rim lesions

• Rim lesion or Transverse annular tear are horizontal tears, in the very outer

fibers of annulus (sharpey’s fibers) at the point near their insertion in to the body “ 
ring apophysis”. These tears are thought to be  traumatically induced and often 
are associated with small osteophyts

(Bone spure).



• Discogenic Axial Back Pain
– End-Plate Changes

– High-Intensity Zones and Annular Fissures

– Disc Herniation

• Facet synovitis
– Joint effusion

– Subchondral bone-marrow edema

– Paraspinal m.’s hypervascularity

Non radicular Axial Back Pain



Facets

• Facet Arthropathy

• Synovial Cyst



Facet synovitis



Facet synovitis



Facet Arthropathy

• One of the earliest MRI findings of facet Arthropathy is seen as fluid like intra 
articular signal intensity on sagittal or axial T2-weighted images

• Observation of such fluid within the facet joints suggests the potential for 
dynamic instability on flexion-extension radiographs and, therefore, may 
affect the selection of surgical options for patients who demonstrate this 
finding.

An axial T2-weighted image at the L4-L5 level 
shows bilateral facet Arthropathy with fluid 
within and distending the L4-L5 facet joints 
(arrows).



A sagittal T2- weighted image (obtained with the patient in a supine position) 
shows evidence of stenosis at this level and also suggests the possibility of a 
subtle L4-L5 spondylolisthesis. Advanced degenerative disc disease is also seen 
at the L5-S1 level.



Point

• This series of images shows that degenerative 
changes and excessive fluid within the facet joints 
may be associated with instability; given that 
MRI is performed with the patient in the supine 
position, the spondylolisthesis may not be seen
on the sagittal MR images.

• Facet joint hypertrophy may cause canal,
subarticular recess, or foraminal stenosis and 
neural compromise.(osteoarthritis, proliferative)



Renfrew and Heithoff described a practical and 
simple way to assess facet Arthropathy

• Mild: mild undulation of the margins with small (1- to 3-mm) 
osteophytes, minimal subchondral sclerosis, mild narrowing of 
articular cartilage, and <25% increase in facet joint transverse 
dimension



• Moderate: more pronounced changes, osteophytes up to 3 to 5 
mm, and 25% to 50% increase in facet transverse dimension

Renfrew and Heithoff described a practical and 
simple way to assess facet Arthropathy



• Severe: additional progression of disease with near-complete loss of 
cartilage, osteophytes >5 mm, and joint width >50% of expected
transverse dimension 

Renfrew and Heithoff described a practical and 
simple way to assess facet Arthropathy





Synovial Cyst

• Sagittal T2-weighted image as a hyper intense cyst with a 
hypointense rim

Synovial cysts may contain air or may 
calcify, in which case they may not have 
the typical bright fluid signal on T2-
weighted images and may appear gray or 
dark on all sequences



post gadolinium fat-suppressed T1-
weighted
images show a large L4-L5 lesion 
compatible with a facet joint cyst

Synovial Cyst



The axial T2-weighted image shows that the cyst (arrowhead) likely 
originates from the right L4-L5 facet joint and that the thecal sac (between 
arrows) is severely compressed and shifted toward the left.





A Systematic Approach to the
Review of Spine MRI Studies

• I. Step 1: Determination of Pulse Sequences Available for Review
A. T1-Weighted and T2-Weighted Images
B. Fat-Suppressed T2-Weighted Images or STIR Images
C. Post gadolinium T1-Weighted Images
D. MR Angiography Images

II. Step 2: Evaluation of T2-Weighted Images
A. Cervical Spine Example
B. Lumbar Spine Example
C. Pattern Recognition

III. Step 3: Evaluation of T1-Weighted Images

IV. Step 4: Evaluation of Specialized Pulse Sequences
A. Fat-Suppressed T2-Weighted or STIR Images
B. Post gadolinium T1-Weighted Images

V. Step 5: Correlation of Imaging Findings with Patient History and 
Examination Findings to Determine the Most Likely Diagnosis







Lumbar Spinal Stenosis

• The term spinal stenosis describes the compression 
of the neural elements in the spinal canal, lateral 
recesses, or neural foramina. 

• The two general types of spinal 
stenosis are foraminal stenosis, also called lateral 
stenosis, which involves compression or inflammation 
of a spinal nerve; and central canal stenosis, which 
involves compression or inflammation of 
the spinal cord



• On MRI, central canal stenosis is characterized by 
compression of the thecal sac, best seen on sagittal 
and axial T2-weighted images. 

• Fat suppressed T2-weighted and STIR images provide 
a “myelographic effect,” in which the CSF is seen as
bright signal anterior and posterior to the neural 
elements on sagittal and axial images. 

• Effacement, discontinuity, or displacement of this 
CSF space is seen in patients with focal and 
concentric spinal stenosis

Lumbar Spinal Stenosis







Lumbar Spinal Stenosis

• Another method for evaluating the degree of lumbar spinal stenosis and 
its potential for contribution to clinical symptoms is the “sedimentation 
sign,” (Barz et al)





• Following the original description by Barz et al, “a 
positive sedimentation sign is defined as the absence 
of nerve root sedimentation in at least 1 transverse 
MR image, at a level above or below, disregarding the 
location of the scan within the level and its proximity 
to the maximal stenosis

• As a result, the sign is defined as overall positive or 
negative for a given patient rather than level by level 
within a patient.



Lumbar Spinal Stenosis

Mild: stenosis in which the canal begins to assume a triangular shape, the 
thecal sac is not compressed, and there is only minimal (<2 mm) thickening 
of the ligamentum flavum. The AP canal diameter is >75% of expected 
normal without nerve root crowding.

Moderate: findings similar to those of mild stenosis but with compression 
and minimal flattening and deformity of the thecal sac. The AP canal 
diameter is between 50% and 75% of expected normal

Severe: advanced stenosis with very pronounced flattening and deformity 
of the thecal sac that is obvious on both sagittal and axial T2-weighted 
images. The ligamentum flavum is often thickened to >4 mm. The AP canal 
diameter is <50% of expected normal.





• Dysplastic spondylolisthesis: Congenital dysplasia of L5/S1 
facet joint

•Management:

• 4-6 monthly plain X-rays until skeletal maturity

• If stable – conservative

• If progression of slip or symptomatic, 
decompression and arthrodesis of involved motion 
segment 

Spondylolisthesis





Spondylolisthesis

2. Isthmic: The presence of the bilateral pars defects indicates 
that this is an isthmic spondylolisthesis, as described by Wiltse
et al; this type is most commonly seen at the L5-S1 level but can 
also be seen at other levels.

Parasagittal images at the level 
of the pedicle may show 
compression of the exiting L5 
nerve root,
presence of a pars intra 
articularis defect or reparative 
granulation tissue in that 
region; CT imaging may help 
confirm the presence of the 
pars defect.



• Management:

– Grade 1: conservative (periodic observation)
– Grade 2: conservative, restriction of activity, bracing 
– Grade 3 and 4 : consider surgery to correct deformity, prevent slip 

progression, symptomatic relief 
Eg Pars defect repair, (laminectomy), posterolateral fusion +/-

decompression 

3. Degenerative:

– Common over the age of 40 
– Occurs mostly at L4/5 level 
– Intact pars interarticularis 
– Associated with degenerative disk disease, facet joint hypertrophy and 

arthritis

Spondylolisthesis



• Management:

– Exclude cauda equina syndrome (rare) 

– Conservative : bed rest, NSAIDS, exercise/physiotherapy

– Interventional : facet joint injections, epidural steroids 

– Surgical : for persistent or recurrent pain/ spinal stenosis 
with progressive neurological deficit ie. fusion or 
posterolateral decompression and fusion +/- reduction 

Spondylolisthesis



4. Traumatic: 

Spondylolisthesis secondary to pure trauma is extremely rare
– Large forces required to cause traumatic fracture/dislocation at facet 

joint or lamina 

– even in the setting of trauma, far more likely to have incidental 
spondylolyisis than traumatic spondylolisthesis 

– if present, associated with other spinal injuries therefore comprehensive 
whole spine imaging necessary

– management as for isthmic

– Fx in the area of bony hook other than pars (pedicle, lamina, facet)

Spondylolisthesis



5. Pathologic: 
– Secondary to bony disease eg osteoporosis, osteomalacia, 

(where microfactures and remodelling result in segmental 
instability) Paget's disease, osteogenesis imperfecta (due to 
elongation of the pedicle) 

– Commonly due to infection eg TB/pyogenic spondylodiscitis 
(severe destruction of bony architecture)

– Primary/secondary neoplasm
– Management is of underlying disease process and 

complications



PATHOLOGIC RETROLISTHESIS at L4/5 secondary to pyogenic 
spondylodiscitis



Degenerative spondylolisthesis



IATROGENIC RETROLISTHESIS -secondary to previous decompression 
without fusion



Infectious Conditions

• Vertebral Osteomyelitis
– MRI:                            STIR 

Post G.T1 
– STIR images are especially useful when

combined with the anatomic detail from 

T1-weighted sequences.

• Decreased signal intensity of the

intervertebral disc and adjacent 

vertebral bodies, with a discernible

margin between the two on T1- weighted

images



• Increased signal intensity of vertebral bodies adjacent to 
the involved disc on T2-weighted images

T1
T2

Infectious Conditions



• An abnormal configuration and increased signal intensity of the 
intervertebral disc with loss of the nuclear cleft on T2-weighted 
images

Infectious Conditions



Discitis

1.  Hyper intensity of the disc and the end plate on T2 (causes 
edema➔ inflammatory changes in the adjacent vertebral marrow)

2.  MR images often show Modic type-1 changes at the level of the 
operated disc (vertebral end plate with decreased signal on T1-
weighted images and increased signal intensity on T2-weighted 
images) 

3. loss of definition of the vertebral end plates

T2 P.G.T1T1



T2 T1
Post gadolinium 

T1

Note the increase in signal at the disc space on the T2-weighted image, the 
decrease in signal on the T1-weighted image, and the post gadolinium 
enhancement of the small epidural component (c, arrow)



Epidural Abscess

• Such collections are usually located anteriorly in the spinal canal 
and originate from the posterior aspect of the vertebral body 
and disc space.

• Isointense or hypointense compared with the spinal cord on T1-
weighted images and which usually have high signal intensity on
T2-weighted
images



Epidural Abscess
• The differentiation of epidural abscess and CSF may be difficult, 

necessitating gadolinium enhancement T1 for better visualization. 

(c) A sagittal postgadolinium T1-weighted image shows peripheral enhancement. 
(d) An axial postgadolinium T1-weighted image shows the ventral epidural 

collection (arrow), again with peripheral enhancement; the abscess is producing 
moderate to severe stenosis



• Contrast enhancement also can aid in differentiating between 
epidural phlegmon and an abscess; dense homogeneous 
enhancement of the mass suggests phlegmon, whereas peripheral 
or ring enhancement of the mass suggests an abscess. 

Epidural Abscess & phlegmon



Postoperative MRI Findings

• Choice for distinguishing recurrent disc herniation from epidural 
fibrosis in the postoperative spine: 

Post contrast T1-weighted image

(Post contrast fat supp T1-weighted image)

post contrast fat-suppressed T1Noncontrast  T1

epidural fibrosis



Postoperative MRI Findings

Noncontrast  T1 post contrast fat-suppressed T1

recurrent disc herniation

(c) axial non contrast and (d) post contrast fat-suppressed T1-weighted 
images show a left paracentral abnormality with thin peripheral 
enhancement (arrow on both) consistent with a recurrent disc herniation.



Recurrent lumbar disc extrusion

T2-weighted T1-weighted post gadolinium T1



Epidural hematoma

• Findings: Signal characteristics will vary on the age of the 
blood.
– In the first 24 hours, T1➔ usually isointense or slightly hyper intense

T2➔ hyper intense

– After 24 hours, the hematoma becomes mostly hyper intense on both T1-
and T2-weighted images

T2 fat-suppressed T1

hyper intense

isointense



Arachnoiditis
• Arachnoiditis is at present best demonstrated by T2-weighted MR

imaging, including MR myelography

• Three morphologic groups can be distinguished:
– Group 1 is characterised by adhesion and ‘clumping’ of 

cauda equina fibers in the central region of the dural sac

(pseudocord)









– Group 2 there is more peripheral adhesion of the roots to the dural 
walls, creating the appearance of an empty dural sac with thickened 
walls.

Arachnoiditis





Arachnoiditis
Normal



Group 3, there is a soft tissue or cystic mass replacing 
the subarachnoid space.



Pseudomeningocele


