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Case 1
◼ Mr. Wilson
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◼ Mr. Wilson
◼ Recurrent LBP

◼ Low back pain
◼ Leg pain with walking
◼ “Catch/click” with

lying prone
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◼ Flexion
◼ Recumbent
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◼ Extension
◼ Recumbent
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Intersegmental Instability
◼ No clear and widely accepted definition of

lumbar instability. There are no
unquestionable and currently applicable
clinical or radiologic criteria for this entity.
◼ Despite problems with definition there

continues to be an increasing number of
lumbar spine fusions each year, performed
specifically for this diagnosis.
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◼ We will review the current concepts of lumbar

instability and the imaging modalities used to make
the diagnosis as clear as possible.
◼ Degenerative spondylolisthesis, which may be an

end stage of lumbar instability, is also discussed.
◼ Radiologic analysis of vertebral displacement is

described, due to its relation with pathophysiologic
and therapeutic concerns.
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Instability;
◼ Defined by the American Academy of

Orthopedic Surgeons; An abnormal response
to applied loads, characterized by movement
in the motion segment beyond normal
constraints.
Pope and Panjabi; Defined this response as
damage to the restraints (including ligaments
and muscles) that hold the spine in a stable
position.
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◼ Stokes and Frymoyer;
◼ Defined segmental instability as loss of spinal motion

segmental stiffness, in such a way that force
application to that motion segment produces greater
displacement than is seen in a normal structure. This
state leads to a painful condition with the potential of
progressive deformity and places neurologic
structures at risk.
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Biomechanical Background
◼ Panjabi; spinal stability depends on three

functionally interdependent subsystems;
1.
Passive subsystem
◼

Vertebral bodies, facet joints, spinal ligaments,
and passive tension of the musculotendinous
units.
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◼ 2.

Active subsystem

◼ Muscles and tendons
◼ Different roles have been applied to

unisegmental and plurisegmental muscles.
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◼ 1.

Unisegmental muscles (intertransversarii
and interspinalis) act as transducers to the neural
control subsystem.
◼ 2.
Plurisegmental muscles are the prime
movers, getting information from the neural
control subsystem, via the transducers
(unisegmental) muscles. Plurisegmental “mover”
muscles are the abdominal muscles and erector
spinae.
◼ 3.

Neural control subsystem
Includes the transducers and the neural control
centers
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◼ Several studies have suggested a relationship

between low back pain and persistent deficits in
neuromuscular control.

Panjabi defines clinical instability as “ a significant
decrease in the capacity of the stabilizing system of
the spine to maintain the intervertebral neutral zones
within the physiologic limits, so that there is no
neurologic dysfunction, no major deformity and no
incapacitating pain.” Precise in vivo definitions of
these physiologic limits remain to be determined.
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Quantifying Instability
◼ From in vitro (cadaveric) studies of the spine,

instability was determined to be;
◼ Excessive A-P translation of >3.5 mm (9% of
vert. Body width)
◼ Excessive angular rotation of >9 degrees
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Quantifying Instability
Hayes, From

in vivo studies of the spine
determined instability to be;
Excessive A-P translation of 4-4.5 mm
or of 10 –15% of vertebral body with.
◼ Hayes, also found 42% of asymptomatic
people had a least one motion segment that
had at least 3mm A-P translation.
Hayes MA, Howard TC, Gruel CR, Kopta JA. Roentgenographic evaluation of lumbar spine flexion-extension in
asymptomatic individuals. Spine. 1989;14:327–331.
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CASE 2; Degen. Spondylo.
53 year old
female; weightbearing x-ray
LBP 2 mnth
duration
following Ty Bo
workout.
previous LBP and
lifting work
Left Leg pain to
foot with
“Zingers”

23

Case 2; Degen. Spondylo.

◼ Seated flexion and extension lateral lumbar radiographs
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Case 2; Degen. Spondylo.

◼ L5 pars interarticulares are intact
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Case 2; Degen. Spondylo.

Standing neutral lateral
Recumbent flexed lateral
Flexion shows reduction of ~8mm = instability
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Case 2; Degen. Spondylo.

◼ T1 and T2 midline sagittal images
◼ Supine/nonweight-bearing MRI
◼ Total reduction of grade II spondylolisthesis
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Case 2; Degen. Spondylo

◼ Right and Left parasagittal T2 images
◼ Wide right L4/L5 facet and wide right and left L5/S1 facets. Due to

advanced degenerative facet arthrosis with morphologic remodeling of
facets, allowing for the grade II anterolisthesis of L5 on S1.
◼ Facet joints are “gapped” with reduction of anterolisthesis.
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◼ T2 weighted Axial at L4/L5.

◼ Wide right L4/L5 facet.
◼ Asymmetric facet arthrosis relates to “rotational”

degen. Spondylolisthesis.
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◼ Axial T2 at L5/S1
◼ Gapped Facet joints, related to “reduced”

spondylolisthesis.
◼ Gap measures ~ 5mm A-P dimension.
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◼ T2 weighted, consecutive Axial images.
◼ Small synovial facet cysts at L5/S1 left facet joint.
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Bright Facet Sign: Longmuir and Conley
JMPT; Volume 31, Number 8, October 2008
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Bright Facet Sign: Longmuir and Conley
JMPT; Volume 31, Number 8, October 2008

◼ Grade 0 = a normal facet without a bright facet response.
◼ Grade 1 = bright facet response less than 50% the length of the hyaline

cartilage seen axially.
◼ Grade 2 = bright facet response more than 50% the length of the

hyaline cartilage seen axially.
◼ Grade 3 = bright facet response along the entire axial
◼ length of the hyaline cartilage.
◼ Grade 4 = a grade 3 response with facet gapping.
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Does Lumbar Facet Fluid Detected on Magnetic
Resonance Imaging Correlate With Radiographic
Instability in Patients With Degenerative Lumbar Disease?
Jeffrey A. Rihn, MD,*SPINE Volume 32, Number 14, pp 1555–1560. 2007
◼ Results.
◼ 51 patients,
◼ 28 (55%) had facet fluid noted on MRI.

* 23 of 28 had instability on the flexion lumbar radiograph
and 5 of 28 had no instability.
◼ The mean facet fluid index and percent anterior slip for the 28

patients with MRI facet fluid was 0.12% and 11.1%, respectively.
◼ The positive predictive value of L4–L5 facet fluid on MRI as an

indicator of radiographic instability was 82%.
◼ Conclusions. There is a close linear association between the facet

fluid index and the amount of radiographic instability at L4–L5.
Facet fluid on MRI should raise high suspicion of lumbar
instability.
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Does Lumbar Facet Fluid Detected on Magnetic
Resonance Imaging Correlate With Radiographic
Instability in Patients With Degenerative Lumbar Disease?
Jeffrey A. Rihn, MD,*SPINE Volume 32, Number 14, pp 1555–1560

The percentage of anterior slip of
L4 on L5 was calculated as follows:
(A/B) 100.
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Does Lumbar Facet Fluid Detected on Magnetic
Resonance Imaging Correlate With Radiographic
Instability in Patients With Degenerative Lumbar Disease?
Jeffrey A. Rihn, MD,*SPINE Volume 32, Number 14, pp 1555–1560

The facet fluid index is calculated at the widest cross-sectional facet area
on the axial MRI. Facet fluid index is defined as the sum of facet fluid
width (A arrows) divided by the sum of facet width (B arrows).
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L4/L5

L5/S1

◼ Gould ?

◼ Facet Fluid Index; Question accuracy of measurements with

degenerative morphologic change of facets (“whittled” away
inferior facets). Would increase the index (make it look worse)?
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Increased Fluid Signal on MRI in Lumbar Facets
Chaput et al 1887
◼ Key Points:
◼ Facet joint effusion, more advanced facet degenerative

changes, synovial cysts, and increasing age are
independently associated with degenerative
spondylolisthesis.
◼ If no detectable listhesis is present on supine MRI and there

is no measurable effusion, it is unlikely that abnormal
sagittal plane translation will be visible on flexion-extension
films.
◼ Effusions 1.5 mm are suggestive of degenerative

spondylolisthesis even in the absence of a measurable
anterior translation on supine MRI.
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◼ Posterior shift of supra-adjacent vert. with intact neural arch

results in gapping of facet joints.
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Case 3; Double Spondylolisthesis

◼ Standing lateral lumbar with spondylolytic spondylolisthesis of

L3 on L4 and L4 on L5.
◼ Transitional Segment at L/S junction = sacralization of L5.
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Double Spondylolisthesis with instability

◼ T2 and T1 weighted sagittal MRI, supine
◼ Double spondylolisthesis reduces
◼ Note transitional segment with hypoplastic disc (sacralization of L5)
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◼ Gapping of facet joint space may not be seen

with spondylolytic spondylolisthesis, unless
degenerative facet change contributes to
instability.
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Transition from standing to supine
Schematic of what movement occurs from erect to supine in
the unstable spine. Posterior migration of the anterior
displaced vertebra results in widening of the facet joint
space. The facet joint space was initial “collapsed” or closed
with the patient standing, due to the instability.
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Postoperative Instability
◼ Instability is one of the modes of failure of

lumbar surgery.
◼ Instability may occur following disc excision,

extensive decompression (removal of facet
joint anatomy), or at a level adjacent to spinal
fusion.
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◼ Preoperative risk factors of postoperative

instability have been identified.
Presence of spondylolisthesis.
◼
Level of L4 / L5 as the site of surgery
◼
A sagittal orientation of the facet joints
◼
Radiographic signs of mild disk
degeneration
◼
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◼ Post-surgical; decompression and

arthrodesis of L4/L5.
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◼ Surgical removal of the whole facet joint

increases risk of postoperative instability.
If defined as occurrence or progression of
spondylolisthesis, however, postoperative
instability is not a frequent event.
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◼ Spinal fusion has been shown to produce

abnormal stresses on the adjacent cephalad
or caudal nonfused segments. Especially
with posterior fusions, which puts the center
of rotation more posterior and cephalad.
Rigid fixation is thought to produce additional
stresses on the adjacent segments because
of increased stiffness of the fusion.
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Post-Operative Instability
continued…..
◼ ? Iatrogenic post-operative instability

Next Case; Marjorie:
History:
LBP with Sciatica
Rheumatoid Arthritis
obesity
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Initial series: hypermobility – instability L4/L5
Grade I degenerative spondylolisthesis
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◼ Hypermobility noted on plain films.
◼ Reduction on degen. Spondylo. on supine

MRI study… Not shown.
◼ Neurosurgical consultation for fusion.
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◼ Successful spinal fusion
◼

However……

◼ Patient developed infection at L3, Psoas

Muscle and around hardware.
◼

See MRI study.

◼ Treatment with IV antibiotics.. Not curative.
◼ Hardware removed and infection treated.
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T2 coronal

T1 coronal with contrast
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Consecutive axial T2 weighted images
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Consecutive axial T2 weighted images
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Standing lateral lumbar

recumbent flexion
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Failed Fusion
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Cervical fusion

C5-C6 fusion (attempted) with retrolisthesis C4 on C5
in extension
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Cervical fusion

◼ MRI pre-surgery (sagittal T1)
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Cervical fusion

◼ MRI pre-surgery (sagittal T2)

72

24

Cervical fusion
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Cervical fusion

C5-C6 fusion (attempted) with retrolisthesis C4 on C5
in extension

74

Cervical fusion
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Hambly MR, Wiltse LL, Raghavan N, et. al.
The Transitional Zone Above A Lumbosacral Fusion. Spine 23:1785,
1998
◼ looked at 42 postoperative patients with posterolateral fusions.
◼ Average follow-up was 22.6 years. They were compared to age

and gender matched patients simply evaluated for lower back
pain (non-surgical group).
◼ No statistical difference in the groups in frequency radiographic

degenerative changes at the transitional intervertebral levels
(junction between fused and nonfused levels).
Frequency of dynamic instability
9% at L2/L3
7% at L3/L4
13% at L4/L5
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◼ Dynamic instability was defined as an anterior

or posterior translation of more than 3 mm.
◼ Incidence of instability was not significantly

different in the surgical or non-surgical
groups.
◼ Rates of postoperative spondylolisthesis

11% at L3/L4 after L4-S1 fusion
14% at L4/L5 after L5/S1 fusion
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◼ The rate of spondylolisthesis was not

significantly different between the two groups.
However, given the small number of patients
in the study, the authors conclude that
degenerative spondylolisthesis was more
likely to develop in fusion patients than in the
general population.
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RADIOGRAPHIC
EVALUATION;
◼ No well-established clinical criteria available

for instability.
◼

(?symptoms define instability)

◼ Diagnosis of instability is based on radiologic

findings of an abnormal vertebral motion.
◼

(? Method of measurement or method of
patient positioning or imaging modality)
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RADIOGRAPHIC
EVALUATION;
◼ Differentiation between normal and abnormal

motion however, remains uncertain.
◼

(?hypermobility vs instability)
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Neutral Radiographs
◼ Indirect radiographic signs have been

indicated or associated with spinal instability.
◼ Moderate disc degeneration with mild disc
space narrowing
◼ Osteosclerosis
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Traction osteophyte

Mild disc narrowing

Osteosclerosis
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Congential
Synostosis L2/L3

Degen.
Spondylolisthesis
L4 on L5.
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◼ Decrease in

anterolisthesis
on supine
image?
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Traction Osteophytes
◼ Traction osteophytes; Traction spurs are a

particular type of osteophyte that are located
2 – 3 mm from the end plate and have a
horizontal orientation.
◼ Theorized, they are a result of tensile stress
applied to the outer annular fibers of the disc
and inner fibers of the ALL.
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Vacuum phenomenon
◼ Central type: gas collection that fills a large

neocavity occupying both the nucleus and the
annulus and indicates advanced disc
degeneration. Instability may allow excessive
intervertebral distraction and negative
pressure, letting interstitial nitrogen to
become gaseous. It is assumed that vacuum
disc is associated with instability.

86

87

29

88

Vacuum phenomenon
◼ Peripheral type: Gas collection located at the

outermost part of the annulus fibrosus close
to the vertebral corner. Likely secondary to
rupture of the insertion of Sharpey’s fibers
and may be the result of instability.
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◼ “Lucent Cleft Sign”, annular ligament tear.
◼ May be noted only on Extension (here at C4/C5)
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Transitional vertebra
◼ Transitional vertebrae, with decreased motion

at L5/S1 may cause overloading and
instability at the L4/L5 level.

Indirect signs listed above are not specific or
sensitive for instability and their true
diagnostic or predictive value is not known.
There is no well-defined gold standard to
which to compare.
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Pt: LJG; has LBP of acute nature. Too painful to tolerate
manipulation
Transitional segment at L5 with bilateral accessory joints.
Facet arthrosis partially seen at L4/L5.
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Standing lateral
Transitional segment at L5 with hypoplastic L5/S1 disc
Degenerative Spondylolisthesis of L4 on L5.
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FUNCTIONAL
RADIOGRAPHY
◼ Only imaging technique that can demonstrate

◼
◼
◼
◼
◼

intersegmental instability or evaluate what is
considered abnormal motion.
Problems with Functional Radiography
Patient positioning standards are not set
Patient positioning errors and difficult to reliably
reproduce
Angle/tilt of X-ray beam relative to the patient (patient
or gantry angle)
Measurement errors, methods and magnification
factors
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Functional Radiography
◼ No gold standard for positioning methods

Weightbearing; standing or seated
Nonweightbearing, recumbent with passive
flex/ext.
◼ Hanging (distraction)(Cox)
◼

◼

98

◼ Standing Neutral Lateral Lumbar
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Standing flexion/ extension
positioning does not isolate lumbar
motion.
Seated flexion/ extension also
continues to involve muscular
control, limiting segmental
movement
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◼ Passive extension can

be done with the patient
recumbent, side-lying
and then passively
moved into extension by
the
physician/technologist.
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◼ Passive Flexion can be done with the patient

recumbent, side-lying and then passively moved
into flexion by the physician/technologist.
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Passive flexion/ extension sidelying lateral lumbar projections
◼ Rationale is to decrease muscular activity

and allow intersegmental movement to be
discovered.
◼ Panjabi’s theories on muscular activity
maintaining stability, rather than stability
being maintained by ligaments fits this
model.
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J Spinal Disord Tech Volume 18, Number 1, February 2005
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◼ We report a new method to clearly estimate the spondylolisthesis

of lumbar vertebrae.
◼ During surgery for a standard lumbar disc herniation in the prone

position, we observed a clear slippage of the vertebral segment.
◼ From that observation, we developed our new technique,

evaluating lumbar mobility according to the patient’s position.

◼ Our method is of interest because it represents a simple and

economical procedure for measuring sagittal plane segmental
motion of the lumbar spine by conventional lateral x-rays using two
lateral radiographic views taken in the supine–prone position
instead of extension and flexion.
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J Spinal Disord Tech Volume 18, Number 1, February 2005

◼ The ‘‘prone’’ position
◼ Patient positioned in C-Arm
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Supine / Prone Investigation
◼ Gould ?
◼ Could evaluation with supine and prone lateral

lumbar images reveal more segmental mobility
changes compared to standard standing or seated
evaluations?
◼ Could supine / prone evaluation be used in X-ray

rooms without a dedicated X-ray Table?
◼ Can Supine/ prone investigations be performed in the

“weightbearing” MRI units?
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Case 4
T. Jacobs.

LBP, following
exercise. L/S
junction pain with
bilateral thigh pain.
Clicking and
movement in back
felt with changing
postures and rolling
over in bed.
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Standing Neutral Lateral
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Extension
Recumbent sidelying,
passive
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Flexion Lateral
Recumbent sidelying,
passive
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◼ T.J.
◼

Left to right T2 sag. MRI Left Facet fluid
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◼ T.J.
◼ L5/S1 disc- T2 axial. MRI Facet fluid & Mild gapping
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◼ Vertebral Instability is generally

multidirectional whereas displacement is
commonly evaluated in one plane.
◼ Sagittal and coronal displacements are noted
on radiographs
◼ Axial rotational displacements are noted on
CT or MRI.
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Anterolisthesis of
L4 on L5 is
more than simply
anterior
translation
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Gapping of facet
joint space
indicates
rotational
component of
this
spondylolisthesis
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Radiologic Clinics of North America, Imaging Low Back Pain II, Jan. 2001, pg 60.
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◼ Sagittal displacements;
◼ Rotational abnormalities; excessive or loss of

Sagittal rotation or disc angulation.
◼ Transitional abnormalities; slippage of one

vertebrae on the one below: anterolisthesis
or retrolisthesis.
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Radiologic Clinics of North America, Imaging Low Back Pain II, Jan. 2001, pg 58.
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Radiologic Clinics of North America, Imaging Low Back Pain II, Jan. 2001, pg 60.
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◼ Radiologic criteria of

Posner, et.al for
instability. (figures % of
movement)

Radiologic Clinics of North America, Imaging Low Back Pain II, Jan. 2001, pg 63.
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Radiologic Clinics of North America, Imaging Low Back Pain II, Jan. 2001, pg 65.
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◼ In symptomatic patients, pain may be serve

as a checkrein to restrict movement and may
limit evaluation of intersegmental motion
upon flexion/ extension motions.
◼ Passive positioning methods theoretically

increase the range of intersegmental motion
because responses to pain and
weightbearing stresses are reduced.
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◼ Coronal plane assessment on plain films; one

must assess disruption in spinous process
alignment and the alignment of the lateral
vertebral borders.
◼ Passive flexion and extension has been

shown to show intersegmental instability
more sensitively compared to compression/
traction methods.
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◼ Passive flexion / extension is best performed with the

patient side lying, recumbent on the x-ray table with
the x-ray beam directed downward for a lateral
image. Patient is passively moved to the limits of
flexion and extension positions for each exposure.
◼ Weight bearing (seated or standing) flexion and

extension positioning are better at evaluation of
upper lumbar instability and are less sensitive for
lower lumbar instability, due to the stabilizing
properties of the iliolumbar ligaments.

126

42

◼ Compression has be done with the patient

standing and adding a 20 kg nap sack to their
back and shoulders.
◼ Traction is performed with the patient holding

on to a bar overhead, suspended so that the
toes are barely touching the floor.
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Pitkanen, et. al. studied 306 patients with
clinically suspected instability, based on;
◼ 1. Central lower back pain on prolonged static

weightbearing posture.
◼ 2. A visible or palpable step in the lower lumbar spine
◼ 3. “Instability catch”

Results of the study showed that flexion- extension
demonstrated abnormal motion in 23% of patients.
Traction – compression films showed abnormal
motion in only 2% of the patients.
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◼ Gould’s thoughts;
◼ Compare functional images with Weight-bearing

neutral lateral projection.
MRI and CT place the patient supine and can result
in spontaneous reduction in anterolisthesis, indicating
instability.
Cross- table lateral lumbar projection may be an
alterative but does not show the functional change
from flexion to extension.
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◼ Gould’s thoughts
◼ Upright or weightbearing MRI units are being placed

throughout the nation (Fonar Corp) and can assess
the changes from weightbearing Sagittal images to
supine Sagittal images and even flexion – extension
stressing.
◼ Possible supine/ prone assessment as well?
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Fonar Upright MRI Unit
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◼ C.T. has been used to with the “Twist – Test”, to assess

rotational malpositioning with the pelvis strapped to the table
and the torso twisting or rotating. Gapping of the facet joints
with gas collections can be seen. No gold standard or good
normative data for this assessment to know what is truly normal
or abnormal.
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◼ MRI shows gapping facets, commonly

containing fluid signal.
◼ Any significance whether fluid or gas in the

facet joint spaces is not known.
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Bram, et al.
◼ Bram, et al. compared MRI with flexion – extension

radiographs in 60 patients (300 mobile lumbar motor
units).
◼ Found no relationship in the occurrence of sagittal

translation of at least 3 mm on functional films and
the presence of end plate changes on MRI.
◼ (did not mention % of positional changes on supine

MRI positioning)
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Bram, et al.
Conversely, they found a significant association between
radiographic instability and annular tears
◼ (Annular tears were defined by Aprill and Bogduk as

high signal intensity dot on T2- weighted or
postcontrast T1- weighted images).
There was also an association between traction
spurs and instability.
Study did lack good description of study
population and thus clear conclusions for clinical
relevance of findings could not be made.
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◼ HIZ, Posterior peripheral annular tear/fissure

136

◼ Synovial cysts with degenerative spondylolisthesis
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Lumbar Myelography
◼

Nizard, et al in Radiologic Clinics of North America
describe myelography as the only imaging modality allowing
evaluation of the compression of nerve roots and thecal sac in
the upright position, and functional positions, including end
points of flexion, extension, and lateral bending.
◼ (New weight-bearing MRI may change this opinion, Gould
thought). They go on to say that Myelography is the best
method to determine which intervertebral levels are responsible
for the neurologic compression symptoms and the respective
participation of the intervertebral disc and posterior elements in
the production of the spinal stenosis. Myelography is still
performed in some institutions as a preoperative procedure in
case of neurologic impairment.
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◼ Failure of External Spinal Skeletal Fixation to Improve

Predictability of Lumbar Artrhodesis., Drew Bednar, M.D. ,
The Journal of Bone and Joint Surgery. JBJS.org, Vol. 83-A. No.
11, Nov. 2001. Pg. 1656-1659. Photo from page1657.
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Other diagnostic methods
◼ Several devices have been tested to predict the

outcome of spinal fusion.
◼

◼

Lumbar casting - has not established efficacy
Percutaneous external fixation device was devised to
provide select intervertebral immobilization. A recent
study by Bednar and Raducan, was prospective and
randomized and showed that external fixation
accurately predicted the result of lumbar fusion.
However, due to the aggressiveness of the procedure
and the high rate of complications (9% infections and
9.8% nerve root damage) extensive use of the system
is not likely.

141

47

Clinical and Radiologic Correlation
◼ Clinical criteria for lumbar spine instability are still lacking
◼ Lower back pain has a low specificity
◼ Radiologic demonstration of disc degeneration is the only

criterion significantly associated with low back pain.
◼ Several clinical signs of instability have been identified. (Paris)
◼ Complaints of “giving away”, a sudden catch, shake, or hitch

during forward bending have not been rigorously evaluated.
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◼ Pitkanen et. al. found that clinical signs of lumbar instability

were poorly correlated with abnormalities found on
functional radiographs.
◼ This discrepancy makes either the radiologic evaluation or the
clinical definition of lumbar instability questionable.
Sato and Kikuchi evaluated the natural history of
radiologic lumbar instability (excluding isthmic or
degenerative spondylolisthesis).
◼ 50 patients with radiographic diagnosis of lumbar instability were
re-examined after 10 years.
◼ All patients suffered from incapacitating low back pain.
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◼ Instability was defined as;

5–degree disk space widening or more
(Boxall et al method),
or forward translation in flexion or posterior
slippage on extension of at least 5% (Taillard
method).
◼

Gould thought – flexion sometimes results in
posterior migration.

144

48

Results:
◼ at 10 year follow-up—48% of patients were

still symptomatic with significant
symptoms.
◼ Only 20% had the radiologic criteria for
instability persisting.

145

◼ The association of a posterior disc space widening

with anterior slippage of the upper vertebra at the end
point of flexion on initial radiographs was the only
finding that was correlated with persisting and
incapacitating low back pain.
◼ Lack of clear definition of inclusion criteria limits the
value of the study conclusion.
◼ Determination of the relationship between clinical
symptoms and radiographic abnormalities remains
challenging or even impossible because of the
absence of gold standard for the definition of lumbar
instability.
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Clinical Relevance:
◼ Many different surgical procedures have been

proposed to stabilize the lumbar spine.
A soft tissue stabilization system was
proposed by Graf to provide stabilization
without fusion but has not been studied
extensively.
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◼ Lumbar spine fusion is the most widely used

procedure for stabilization. Success rates (metaanalysis in 1992) range from 16 – 95%. Most of the
studies reviewed in the meta-analysis, and those
performed later have methodologic bias.
Lumbar fusions have been performed for over 80
years, its clinical efficiency in lumbar spine
degenerative diseases, especially in cases with no
neurologic signs, remains to be established.
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Degenerative Spondylolisthesis

◼ Spondylolisthesis is easier to define than spinal

instability.
◼ Usually in the elderly.
◼ Caused by facet joint erosion and loosening of the
muscular, capsular, and ligamentous structures,
which unite two adjacent vertebrae, resulting from
intervertebral degeneration.
◼ True incidence and prevalence of degenerative
spondylolisthesis is not completely known.
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◼ Anterior inclination of

the disc space is
usually present at L3/4
and L4/5 discs,
especially with
increased lordosis.
This induces anterior
slipping.
Posterior disc
inclination is usually
present at L1/2 and
L2/3 levels, inducing
posterior slippage.
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◼ Lateral displacement may

occur at one or two levels
in elderly patients and is
almost always associated
with vertebral rotation and
scoliosis.
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◼ Foraminal disc herniations are commonly seen with

asymmetric, rotational slippage, with the disc
herniation noted on the same side as the more
subluxated facet. The asymmetric or foraminal disc
herniation is attributed to the shear affect from the
rotational changes from the asymmetric facet
degeneration/subluxation.
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◼ With the presence of scoliosis, may observe

retrolisthesis of the lower levels and
anterolisthesis of the upper levels.
Only 10.6% of 123 patients with vertebral
slippage in the study by Kauppila et. al. had a
displacement of over 25%.
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Consequences of Vertebral slippage on the
lumbar spinal canal.

◼ Degen. Spondylolisthesis is associated with

narrowing of the spinal canal and compression of the
neural structures.
Studies of the natural history of degenerative
lumbar spondylolisthesis have suggested that
progression of the slippage occurs in 30% of patients.
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◼ Compression of neural structures results from

different mechanisms.
Symmetric facet joint subluxation with
anterolisthesis, the inferior facets of the upper
vertebra impinge on the spinal canal and lateral
recesses.
Osteophytes increase the impinging effect of the
subluxated facets
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Classic triad of rotatory
spondylolisthesis
◼ Asymmetric facet joint subluxation

◼ Unilateral lateral recess stenosis
◼ Foraminal disc herniation ipsilateral to

maximal facet joint sublux.
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Additional features
◼

CT and MRI can delineate the
involvement of each structure in the
narrowing of the spinal canal and neural
foramen.
Facet joint synovial cyst in the lateral
foramen or central canal may be seen.
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Facet - Synovial Cyst with Compression

◼

The Radiologic Clinics of North America, Imaging of Low Back Pain II ;Jan 2001;
page 51
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◼ Calcified synovial

cysts
◼ Creating “space

occupying lesion”
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Fatty Infiltration of Paraspinal
muscles.
◼ Chicken or the egg phenomenon
◼ Fatty changes of the mutlifidus muscles are

seen in patients with lower back pain.
◼ ? Does the lower back pain lead to

decreased muscle function and then to
degeneration of the muscle or it is the other
way around?
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Are MRI-defined fat infiltrations in the multifidus muscles
associated with low back pain?
Per Kjaer, 1 Tom Bendix,1 Joan Solgaard Sorensen,1 Lars Korsholm,2 and
Charlotte Leboeuf-Yde1
BMC Med. 2007; 5: 2. Published online 2007 January 25.
.

◼ Examples of amounts of fat in the lumbar multifidus muscles as

seen on axial T1- weighted magnetic resonance imaging scans.
These were rated as grade 0 if normal condition; grade 1 for slight
fat infiltration (10–50%), and grade 2 for severe fat infiltration
(>50%).
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◼ Fatty infiltration of multifidus musculature
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Fatty Infiltration of multifidus
◼ Low volt Galvanic electrical stimulation can

contract de-nervated muscle.
◼

Very uncomfortable.
Not known if research on spinal rehab of deep
musculature has been done.

◼

Long term effects of exercise ?

◼

169

Multifidus
◼ Unisegmental muscle
◼ Short lever arm action. Strong “stabilizer”

and poor “mover”.
◼ Innervated by same nerve, segmentally as

the vertebral level and facet joint.
◼ Fatty infiltration of multifidus does not

correlate to BMI, but does correlation with
back pain.
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Lumbar rehab stretches/exercises

Knee-to-chest

1 leg

Knee-to-chest both legs

◼ Strengthen core musculature to influence deep paraspinal muscles.
◼ MacGill; deep paraspinal muscles, abdominal muscles, and

lumbodorsal fascia contribute to the muscular girdle to protect the lower
back. All on the same neurologic circuit.
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Bird dog.
Plank- elbows and toes (more advanced)

Plank – elbows and knees (beginner)
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◼ Thank you.
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