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MRI lumbar spine sagittal T1 image.
Since the sequence highlights fat, the
cerebrospinal fluid within the central
spinal canal is dark and the fat within
the vertebral bodies is a light grey




MRI lumbar spine sagittal T2 image.
Since the sequence highlights water,
the cerebrospinal fluid within the
central spinal canal is white and the fat
within the vertebral bodies is a dark

grey.













Normal Lumbar MRI (Axial view) Y
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How to Read an MRI
Lumbar Spine
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1. The Central Canal in the MRI Lumbar Spine
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2. Vertebral body
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5. Disc herniation and degeneration

Annular tear

Disc bulge
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Disc sequestration




6. Nerves
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8. Spinal stenosis
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Spinal Abnormalities

o DISC PATHOLOGY

o DEGENERATIVE CHANGES
o SPINAL STENOSIS

o POSTOPERATIVE CHANGES
o INFLAMMATORY CHANGES
o TRAUMATIC CHANGES

o OSSEOUS SPINE TUMORS

o SPINAL CANAL CONTENTS




DISC PATHOLOGY




Normal Discs

o TIW images: low signal intensity on TTW
images, slightly lower signal than adjacent
normal red marrow and very similar to muscle

o T2W images: show diffuse high signal intensity
throughout the Disc except for the outer fibers >
of the annulus, which are homogeneously low
signal intensity

o Distinction between the nucleus pulposus and B
the inner annulus fibrosus is impossible by MRI




Normal Discs

o Normal Discs typically do not extend
beyond the margins of the adjacent
vertebral bodies; however, diffuse
extension beyond the margins by 1 to 2
mm may occur in some histologically |
normal Discs.

o The posterior margins of Discs tend to be
mildly concave in the upper lumbar spine,
straight at the L4-5 level, and slightly
convex at the lumbosacral junction.
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Abnormal Nucleus

o With aging and degeneration, the intervertebral
Discs lose hydration, lose proteo?lycans, and gain
collagen as they become more fibrous. A
horizontally oriented fibrous intranuclear cleft
develops in the nucleus.

o MRI shows the intranuclear cleft as a horizontal,
low signal intensity line that divides the Disc into
upper and lower halves on T2W sagittal images.
Eventually, there is diffuse decreased signal
intensity on T2W images from the increased
collagen content in the nucleus. The Disc
progressively loses height with increasing degrees
of degeneration.







Abnormal Annulus

o Aging and biochemical changes in the
Discs are associated with the
development of multiple, focal annular
tears. Three types of annular tears have

B been described, but only one type is of ’
practical interest and that is the radial
type of tear.




Typically, there are three
distinct types of annular tears:

o Radial Tear - Caused by the aging l
process and may lead to herniation of the
disc.

o Concentric Tear - Often caused by
sudden trauma or injury to the spine.

o Peripheral Tear - Often caused by injury
and may cause the disc to break down
over time.




Anular Tears

|. Concentnc tears

2. Radal tears

3. Transverse tears




Anulus Fibrosus

Bony Osteophyte (bone spur)
Vertebra

Copyright 2017 Douglas Gillard, DC




o A radial annular tear, often called a full-
thickness annular tear, occurs when the
annulus fibrosus develops a tear which
extends from the nucleus, fowards the
periphery.

Figure #2

Vascular-Granulation
Tissue Plug

Radial Anular Tear

Anulus Fibrosus




Ring End-Plate  concentric Tear
Apophysis I

Concentric Tear

Vertebra

Copyright 2017 Douglas Gillard, DC




Concentric annular tears

o Concentric annular tear, also known as
circumferential annular tears, result from a
separation or splitting apart of the lamellae of the
annulus fibrosus. the lamellae have split apart and
in inflammation has occurred. If this occurs in the
outer one third of the disc, which of course has the
nociceptive fiber (pain sensors) it could result in
significant chronic low back pain.

o Concentric tears are frequently seen in the middle
and typically occur in the outer 1/3 of the anulus;
they are rarely seen in the inner anulus.
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Types of Dise Herniation
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concentric tear

transverse tear

radial tear




Disc AGING AND
DEGENERATION

1 Hydration

L Proteoglycans
T Collagen

T Fibrosis
Annular tears

—

—

Nuclear herniation
through annular

tears
Nitragen-flled
nuclear clefts

(vacuum disk) _

Calcified disk
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Horzontal intranuclear cleft
Diffuse b signal, T2

L Disk height

N
Focal T signal, T2
Diffuse disk bulge I
Focal disk contour abnormalities

Horizontal signal void, T1 and ‘12

May fill with fluid when supine or flexed
(T signal on T2)

T Signal, T1 when small amounts

. Signal, T1 and T2 with more
calcification




Degenerative/traumatic lesion

o Anular tear
o Degeneration
o Herniation

Normal Disc Anular Tear Herniated Disc

20y




Radial Tears of the Annulus

o Also called high intensity zones
o Often painful
o Linear fissures through all or part of thickness of

annulus
i o Run perpendicular to long axis B
’ o Usually in posterior annulus of lower lumbar Discs
o Nerve ingrowth from surface of Disc causes pain

o Globular or horizontal lines of increased signal in
Disc substance, T2 and postcontrast T1 |




Annular Tear







Disc displacement/herniation

o Disc bulge

o Focal displacement/herniation
o Disc protrusion
o Disc extrusion
o Disc sequestration

Fardon, 2001 |




Disc displacement/herniation

o Focal herniation
o Intervertebral
o Protrusion
o Extrusion
o Sequestration
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Intervertebral disc space

Intravertebral Herniations
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Disc herniation
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Broad-based Herniation

Fardon, 2001
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"Symmetrical Bulging Disc" ... ..
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Disc herniation

o Protrusion- displaced disc material smaller
than the base of the herniation and can
not exceed the height of the intervertebral
disc space

o Focal or broad base

Fardon, 2001 |




Disc herniation

o Exirusion- displaced disc material greater
than the base of the herniation and can
exceed the height of the intervertebral
disc space

Fardon, 2001
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Focal herniation

o Focal herniation- < 25% circumference

5%, 5%

25% 25

Figure & demonstrates a protrusion in
which the base of the hemiation (B line) is
larger than the depth of the herniation

(D line). This must hold true in all planes for

herniation to be considered a protrusion.

=1 e

D line "

Figure 7 demonstrates an extrusion in
which the base of the hemiation (B line) is
less than the depth of the hemiation (D line)
This can happen in any of the planes, i.e.,
axial or sagittal.

\







Disc herniation

o Sequestration- displaced/exiruded disc I
material that has no continuity with parent
disc.

Fardon, 2001










Description of a Disc
Herniation

o Morphology I
o Protrusion
o Extrusion
o Intravertebral

o Volume

o Location

Fardon, 2001 |




SUBARTICULAR ZONE

CENTRAL CAMAL ZOMNE (LATERAL RECESS)

FORAMINAL ZONE
{PEDICLE ZONE)

EXTRAFORAMINAL ZONE
f""“_[u.n LAT. ZOME)

Fardon, 2001
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MSU Classification







o Diagnosis Panel
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Vacuum Phenomena

o Vacuum phenomena involving the
intervertebral discs are a result
of accumulation of gas
| (principally nitrogen) with the crevices of
B the intervertebral discs
or adjacentvertebrae.
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o Disc Exirusion

o e« Greater extension of focal Disc material than a protrusion
* Frequently symptomatic
* Anteroposterior 2 mediolateral diameter
 May migrate craniocaudally, but maintains attachment to
parent Disc
 Decreased signal on T1, decreased or increased on T2

o Sequestered Disc

o ¢ Loss of continuity between extruded Disc material and
pqreni Disc

Usually symptomatic

Fragment migrates ¢ Cranial or caudal (equally)

e Anterior or posterior to posterior longitudinal ligament

q e Epidural, intrathecal, paraspinous >

e Contraindication to limited Disc procedures

e Common cause of failed back surgery, if unrecognized

 Decreased signal on T1, decreased or increased on T2 or
contrast T1




Discs at Risk

o Approximately one third of asymptomatic
individuals have focal lumbar Disc contour
abnormalities on MRI

o Only 1% of asymptomatic patients have a
Disc extrusion by MRI

o About 90% of focal Disc contour
abnormalities occur at L4-5 and L5-S1 in the
lumbar region, and at C5-6 and Cé6-7 in the
cervical spine

o >90% of focal Disc contour abnormalities in
the lumbar spine affect the central and
paracentral regions.




Disc related compressive
mylopathy

o High signal intensity areas on T2W images
can be seen within the spinal cord at the
point of spinal stenosis secondary to a
disk bulge or extrusion .

o This high signal intensity may be from 2
focal myelomalacia owing to ischemia to
the cord. These cord lesions may or may
! not disappear after decompressive B

surgery.







DEGENERATIVE CHANGES




Bone

o Vertebral Bodies
o Facet Joints

o Posterior Spinous Processes (Baastrup's Disease)




Vertebral Bodies

e Osteophyites
* Marrow changes (Modic)

Focal or diffuse bands parallel to end plates

Type 1: Decreased signal T1, increased signal T2
(inflammatory tissue)

Type 2: Increased signal T1, follows fat on T2
(focal conversion to fat)

Type 3: Decreased signal T1 and T2 (sclerosis)




Oseophytosis




Oseophytosis
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Diagnostic Panel
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Facet Joints

 Degenerative joint disease I

e Cartilage loss, subchondral sclerosis, or cysts
 Osteophytes with overgrowth of articular

processes
e Synovial cysts
 Buckling of igamentum flavum into canal
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Posterior Spinous Processes
(Baasirup's Disease)

e Associated with lordosis, facet degenerative joint
disease, disk degeneration

 Breakdown of interspinous ligaments

* Bursae form between spinous processes (high
signal on T2)

e Decreased space between spinous processes

e Spinous processes in contact

e Subcortical sclerosis, cysts
 Faceted appearance
e Osteophytes




Baastrup Syndrome or Kissing Spine Syndrome

© 2014 ePainAssist.com
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SPINAL STENOSIS




Spinal Stenosis

o Sites of Involvement

e Central canal i
e Nevural foramina
e Lateral recesses

o Complications

e Pain symptoms
e Cord myelomalacia from ischemia
e Nerve root edema




Causes

 Degenerative

Disc contour abnormalities (bulges, herniations) N
Vertebral body osteophytes
Degenerative spondylolisthesis I

* Facet joint degeneration, osteophytes, synovial
cysts

e Ligamentum flavum buckling

e Congenital short pedicles

e Usually requires superimposed degeneration to be
symptomatic

* Any mass arising from bone, Disc, or within canal

» Ossification of posterior longitudinal ligament







Grade 1

Grade 0

Grade 3

Grade 2










Asymptomatic Symptomatic
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A Practical MRI Grading System for
Lumbar Foraminal Stenosis

Kvalue=0.8-1.0




Grade 1 (mild degree of foraminal stenosis)

Slight foraminal stenosis
and deformity of the
epidural fat, with the
remaining fat still
completely surrounding the
exiting nerve root

N




Grade 1 (mild degree of foraminal stenosis)




GI’CI d e 2 (moderate degree of foraminal stenosis)

Marked foraminal stenosis
with epidural fat only
partially surrounding the
nerve root

/




GrCIde 3 (sever degree of foraminal stenosis)

1

Advanced stenosis
with obliteration of the
epidural fat
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POSTOPERATIVE CHANGES




Postoperative Changes: Uncomplicated
Vertebral Marrow

* Unchanged from befare surgery; no enhancement (unless Modic 1 changes are present)

Nerve Roots

* May enhance for 6 months

Disks

» (Contrast enhancement of posterior annulus, and increased signal on T2 for years
Epidural

. scarringffibrosis commaon
. Contrast enhancement of fibrosis for years

. Fibrosis is often nodular, resembling persistent or recurrent disk extrusion
*  Peripheral enhancement may mimic disk extrusion in first 6 months

+  Diffuse enhancement is typical after 6 months, allowing differentiation from disk (peripheral enhancement

only)
















INFLAMATORY CHANGES




Spondylodiscitis

o Classic MRI Triad

 T1: Low signal vertebral body marrow
 T1, postconirast: Marrow enhancement
(and possibly Disc)
l e T2: High signal in Disc (and possibly
marrow)

I /4

o Associated Abnormalities

e Decreased Disc height
e Destruction of end plate
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Ankylosing Spondylitis

N







Spondyilolisthesis










1. Lytic

2. Degeneraiive







Spondylolisthesis







Degenerative
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Grade IV







Spondylolysis &
Sponylolisthesis

o Direct Evidence
e Defectin pars interarticularis
e Difficult diagnosis by MRI ~
e Sclerotic (low signal) intact pars may mimic lysis
i

’ o Indirect Evidence
 Neural foramen
 Obliquely oriented figure-of-eight configuration
 Widened canal compared with L1 level by >25%
(even when no spondylolisthesis is present)
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OSSEOUS SPINE TOMOURS




Hemangioma

o Spinal hemangiomas are common and
frequently multiple. The vertebral bodies
are more commonly affected than the
posterior elements.

o On T1W images, they are round lesions of
high signal intensity, caused by the large
fat component of typical hemangiomas;
on T2W images, they also are high signal
intensity (higher than fat) because of the
slow-flowing blood in the lesions.




/

Hemangioma













Perineural (Tarlov cysts)

o Dorsal nerve root fibers involved with cyst
o Affect sacral nerve roots usually

« Asymptomatic, or may cause nerve |
| compression symptoms i
B e Signal follows CSF, or higher than CSF #

on T2 (static flow)













Syrinx










Tethered Cord

o Clinical

e Occurs in children or adults
e Pain, dysesthesias, spasticity, loss of bowel and
bladder conirol

I /4

l o MRI Findings

’ e Conus distal to L1-2 Disc
 No sharp transition between conus and filum
(conus appears elongated)
e Pitfall: Layering of cauda equina may mimic
low-lying cord; must depend on axial images for
diagnosis
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Qutcomes of
Non-Surgical
Treatment

Imaging Studies







rate of spontaneous
regression

0 96% for disc sequestration, 70% for disc
extrusion, 41% for disc protrusion, and 13%
for disc bulging

l o rate of complete resolution of disc B
B herniation was 43% for sequesirated discs
and 15% for extruded discs
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Follow-up MRI 3 months after the lumbar injury showed

complete disappearance of the extruded disc m




Takada et al., 2001

o 37 of 42 patients (88%) showed an I
effective reduction in herniated mass on
MRI 3-12 months after the onset of
symptoms




26-year-old female
L5-S1 disc exirusion
with associated left
$1 radiculopathy

?-week FR program




33-year-old woman
with a 7-months
history of low back
and right leg pain







Case

o A 50-year-old male presented with a
chief complaint of severe lower back I
pain and left sided sciatica persisting for
two months

o Intervention: 20 sessions of Traction

Yochum & Maola, 2007 &










Mechanisms of spontaneous
disc regression

o herniated disc is not separated from the
annulus fibrosus

o gradual dehydration and shrinkage

o enzymatic degradation and phagocytosis
of cartilaginous tissue due to inflammatory
reaction and neovascularization




Causes of Reduction

o Resorbtion
o Desiccation
o Phagocytosis
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