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PERSPECTIVE

Degenerative lumbar intervertebral instability:
what is it and how does imaging contribute?
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Introduction

Although low back pain (LBP) is the most common
rheumatologic symptom that leads to consultation with a
general practitioner, the identification of a specific symp-
tomatic cause remains elusive in the majority of patients
with mechanical LBP. Degenerative lumbar intervertebral
instability as a cause of chronic LBP is an important factor
in determining indications for spinal surgery.

The concept of lumbar instability remains a subject of
considerable debate. In spite of many efforts, a widely
accepted definition of the condition has not been clearly
established. The best diagnostic methods and the most
efficacious treatment approaches are controversial, and the
relationship between radiologic evidence of instability and
symptom production is not always clear cut.
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This perspective discusses the role of imaging as a
potential unifier of varied clinical labels and therapeutic
options.

Pathomechanisms

A workable definition of instability is based on a loss of
motion segment stiffness, such that force application to that
segment produces greater displacement than would be seen
in a normal state [1, 2]. In a biomechanical sense, stiffness
is defined as the ratio of the load applied to a structure and
the resulting motion. Stability to the lumbar spine is
provided by the restraining structures working in conjunc-
tion (i.e., disks, joints, ligaments, and muscles) [3].
Degenerative processes, leading to laxity of restraining
structures, result in altered equilibrium and instability [2—
6]. The degenerative processes of the lumbar spine
generally initiate from the intervertebral disk with progres-
sive biochemical and structural changes leading to a
modification in its physical properties of elasticity and
mechanical resistance and eventual collapse of the inter-
vertebral disk.

Three clinically relevant consequences of acquired
collapse of the intervertebral disk are: (a) pathologic
changes in the vertebral bodies, with osteophyte develop-
ment; (b) anterior bulging of the flaval ligaments and
posterior bulging of the posterior longitudinal ligament,
with consequential narrowing of the central spinal canal;
and (c) posterior bulging of redundant posterior disk
surface, with narrowing of the central spinal canal and of
the inferior recesses of the neural foramina. Moreover,
weakening of the disk structure permits the adjacent
vertebrae to slide back and forth over each other, resulting
in laxity of the ligamentous network binding the vertebrae
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together and leading to cranio-caudal partial subluxation of
the facet joints which may be asymmetric from side to side.
Subsequent stresses on the facet joints will give rise to
osteoarthritis with ostheophytosis, cartilage degeneration,
and synovial inflammation. Osteoarthritis of the facet
joints, which may occur independently of the disk, may
allow hypermobility of the facet joint and then may lead to
a degenerative spondylolisthesis [1]. Grobler et al. [7]
demonstrated a significant increase in sagittal orientation of
L4-5 facet joints in patients with degenerative spondylolis-
thesis compared with a normal population. This sagittal
orientation facilitates vertebral slippage when the other
predisposing factors are present. Because of these abnor-
malities and the preponderance of coronal orientation of the
L5-S1 facet joints, the majority of degenerative spondylo-
listhesis occurs at the L4-5 level [8].

The relationship between lumbar instability and degen-
erative spondylolisthesis was suggested by Kirkaldy-Willis
and Farfan [4] who postulated three stages of lumbar spine
degenerative changes with differing conditions of stability
and motion: temporary dysfunction, unstable phase, and
stabilization. The duration of each stage varies greatly, and
there is no clear-cut division between the clinical signs
and symptoms of one stage and the next. The first
(temporary dysfunction) phase is associated with early
degenerative changes and is assumed to transform into the
second (unstable) phase in which the disk height is
diminished, the ligaments and joint capsule are lax, and
the facet joint cartilage degenerates. This then leads to a
condition of segmental spinal instability, creating the basis
for the deformity that is seen as the process transforms into
the third (stabilization) phase. In this last stage, osteophytes
and marked disk space narrowing lead to stabilization of the
motion segment with a reduction (partial or complete) in its
range of motion, sometimes after spondylolisthesis has
already occurred. On the basis of this model, the radiologic
observation of degenerative spondylolisthesis does not
necessarily indicate that intervertebral instability is still
present at the time of imaging because a re-stabilization
may have already occurred.

Although several biomechanical and clinical studies [2,
6] have reported the association of disk degeneration with
segmental instability, confirming Kirkaldy-Willis and Farfan’s
concept [4], this association was not confirmed in other
studies [9, 10].

Imaging evaluation
The diagnosis of vertebral instability is commonly based on
the imaging finding of abnormal vertebral motion. There

may be abnormal translation and/or rotation around the x-,
y-, and z-axes of the three-dimensional coordinates system
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proposed by Panjabi and White [11]. Vertebral instability is
generally multidirectional, whereas the resulting displace-
ment is evaluated in one plane at a time. Sagittal (front to
back, or z-axis) and coronal (side to side, or x-axis)
displacements are evaluated on radiographs, and displace-
ments on the axial plane are evaluated on computed
tomographic (CT) or magnetic resonance (MR) images.
Differentiation between normal and abnormal motion,
however, remains uncertain and challenging.

Neutral radiographs

Several radiographic findings have been proposed as
indicators of vertebral instability. Moderate disk degeneration
with mild disk space narrowing and osteosclerosis of vertebral
end plates have been associated with vertebral instability. In
contrast, a marked disk space narrowing has been considered
to be indicative of the late stabilization phase [4]. The
“traction” spur, which is located 2 or 3 mm from the
endplate and has a horizontal orientation, and the interverte-
bral vacuum phenomenon also have been associated with
vertebral instability [2]. Unfortunately, disk degeneration
with mild disk space narrowing and osteosclerosis, inter-
vertebral vacuum phenomenon, and “traction” spur are very
common radiographic findings, and it seems unwarranted to
recommend functional flexion—extension radiography for all
patients demonstrating these findings. Moreover, the diag-
nostic value of these indirect signs of spinal instability
remains unknown because their sensitivity and specificity
cannot be determined in the absence of a well-defined
reference standard [4].

Functional radiography

Functional radiography in the sagittal plane obtained in
both flexion and extension allows measurement of the
sagittal translation of a vertebra with respect to the
underlying one and the amount of vertebral rotation in
the sagittal plane (defined by the variation of the angle
between two opposite vertebral endplates observed between
the extremes of movement).

Functional flexion—extension radiography is the most
widely used method in the imaging diagnosis of lumbar
intervertebral instability [4, 5, 12, 13]. However, some
investigators [14] have suggested that the use of functional
flexion—extension radiography as the primary determinant
of lumbar intervertebral instability should be questioned
because of the lack of a non-traumatic and routinely
applicable reference standard, inaccurate reproducibility,
and non-standardized techniques.

The choice of patient position, lateral decubitus versus
standing, which best optimizes the flexion—extension radio-
graphs, has been subjective [2, 4, 11, 15]; however, Wood
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et al. [15] recommended that flexion—extension radiographs
should be performed in the lateral decubitus position. In
their study, more abnormal translation was observed with
the patient in this position than while standing. One
possible explanation for their results could be that splinting
of the spine from the paraspinal postural or abdominal
musculature reduces the spine’s range of motion when the
patient is standing [4, 5]. In symptomatic patients,
moreover, pain may act as check rein against bending of
the trunk, resulting in underestimation of the true inter-
vertebral motion [16].

The measurement technique described by Morgan and
King [17] demonstrated the overall best performance and
the least interference due to concomitant motions [18].
Other generally used techniques have been described by
Posner et al. [19] and Dupuis et al. [5]; these techniques
supposedly avoid inaccuracies that result from magnifica-
tion by measuring translation as a percentage of vertebral
body width. The cutoff between normal and abnormal
movement is also difficult to determine. A large range of
normal motion has been reported with a substantial overlap
of symptomatic and asymptomatic motion patterns [16, 20];
sagittal rotation may be as high as 25° in healthy young
volunteers [20]. This hypermobility may or may not be
pathologic, depending on the ability of the vertebral and
soft tissue structures to accommodate the movement.
However, values of 10° for sagittal rotation and 4 mm for
sagittal translation are typically used to infer instability [5,
17, 19]. Pathologic axial rotation can be detected on side-
bending radiographs if the spinous processes move to the
convex side, producing an asynchronous spinous process
line [4, 13]. Pathologic rotation can also manifest as a
lateral translation (laterolisthesis) of one vertebra on
another during lateral bending [1]. However, Pitkanen and
Manninen [13] suggested that side-bending radiographs
should not be routinely combined with flexion—extension
radiographs in the radiologic diagnosis of lumbar instability.
Side-bending radiographs complement flexion—extension
radiographs and should be obtained if side-bending instability
is clinically suspected, especially when flexion—extension
radiographs are normal, but are unlikely to be helpful on a
routine basis.

It can be concluded that the value of functional radio-
graphs remains debatable; however, the majority of surgeons
use them to disclose abnormal vertebral motion before
deciding on surgical fusion.

CT imaging

CT can demonstrate underlying predisposing anatomic
factors, such as facet joint asymmetry, which may lead to
an abnormal axial rotation of a vertebra on the subjacent
one (rotatory spondylolisthesis) [21]. The “twist test” is a

technique of functional CT which may demonstrate in-
creased abnormal motion, such as a gap of the facet joint
space or an abnormal motion during rotation of the trunk,
not clearly evident at functional radiography [4]. In the
“twist test”, the CT scan is obtained through the facet joint
while the patient twists the torso and the pelvis is tightly
strapped to the CT table. However, it is not known whether
this technique allows the differentiation between normal
and unstable spine [14].

MR imaging

MR imaging is established as the most reliable imaging
method for diagnosing degenerative abnormalities of the
lumbar spine and may influence indications for flexion/
extension radiography.

The association of vertebral instability with changes in the
bone marrow adjacent to the endplates has been discussed,
but without consistent results [22—-24]. Degenerative disk
disease and facet joint osteoarthritis affect the stability of
the motion segment. However, the exact relationship
between degenerative disk disease, facet joint osteoarthritis,
and vertebral instability at MR imaging has not been
defined [10].

Advancements in MR imaging technology, particularly
the evolution of open MR imaging scanners, have provided
new opportunities to investigate spinal kinematics, partic-
ularly vertebral instability [25-27]. However, the reported
results are not really convincing, and despite continuous
development of MR imaging equipment, essential problems
still arise during attempts to perform examinations in
upright posture for patients with spinal disorders [27, 28].
The overall examination time created severe pain problems.
Motion artifacts and difficulties in reproducing the posi-
tioning between the sequences occurred regularly. This
impaired the possibilities for analyzing the content of the
spinal canal.

Radiostereometric analysis and distortion-compensated
roentgen analysis

Radiostereometric analysis (RSA) has been proven to be
the best method to evaluate three-dimensional translatory
and rotatory motion between vertebrae [28]; unfortunately,
this method is technically difficult, time-consuming, and
requires specific apparatus. Moreover, because of its invasive
nature, it is unsuitable for studies of large patient series. For
this reason, there has been an interest in alternative noninvasive
methods such as distortion-compensated roentgen analysis
(DCRA) protocol. By using advanced methods of image
analysis, DCRA measures rotation and translation in the
sagittal plane from lateral flexion—extension radiographs of
the lumbar spine. Leivseth et al. [29], measuring sagittal plane
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translatory and rotatory motion with DCRA and RSA in 15
lumbar segments of eight patients, found that measurement
precision of DCRA is inferior to that of RSA but higher than
that of conventional protocols assessing lumbar segmental
motion.

Clinical and radiologic correlations

Diagnosing degenerative lumbar spine instability is difficult
in the clinical setting. Overall, determination of the
relationship between imaging instability and its symptoms
remains challenging if not impossible. Pitkanen et al. [12]
found that clinical signs of lumbar instability were poorly
correlated with abnormalities found on functional radio-
graphs. Dvorak et al. [30] found that the analysis of the
segmental motion of the lumbar spine using functional
radiographs does not aid in differentiating the underlying
pathologic condition of a patient with LBP. Conversely,
Iguchi et al. [31] found that the presence of translation
(23 mm) and angulation (=10°) could be an indicator for
the persistence of the symptoms.

Unsolved issues

Primary vertebral instability as a cause of chronic LBP
emerged as a seemingly distinct clinical entity almost
50 years ago. Since then, the diagnostic label “segmental
instability” has been criticized , as it lacks scientific
evidence of being diagnosable with accuracy in LBP
sufferers. In patients who do have LBP, there are no agreed
signs and symptoms that can be truly attributable to
instability. This inability to properly diagnose instability
despite better imaging techniques and methods of testing
spinal instability has led to some authors requesting that the
term “instability” be abolished, as it is an unproven label. In
addition, this inability to accurately diagnose instability
accounts for a variable response to the various conservative
and surgical therapeutic options.

Surgery for pain in spinal instability has a wide spectrum
of options, and the surgeon’s preference is probably the
most important factor governing the choice that is offered
to the patient. Surgery relies on medicine’s strong tradition
of empiricism and survives because of its perceived
beneficial effects, rather than as a result of any well-
founded rationale. Thus, although a scientific rationale for
the treatment of instability is highly desirable, it is
important to bear in mind that the ultimate goal of this
kind of surgical intervention is to alleviate pain. First,
fusion is the most commonly offered procedure that can be
performed anteriorly, posteriorly, posterolaterally, or in
combination. In addition to these different approaches are
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allied a huge variety of surgical internal fixation devices for
stabilization. The objective here is to fix the unstable
segment which will, if successful and solid, become
painless [32]. The second alternative is to restore stability
but retain mobility of the segment by flexible stabilization
such as the Graf ligament using tension banding and
pedicle screws [33]. Third, a number of disk replacement
prostheses have been promoted to restore the necessary
structural and biomechanical properties of the spine that
need to exist to achieve lumbar lordosis and stability of the
segmental motion segments [34].

In an age when both patient and doctor would like in
principle to follow evidence-based practice, significant
limitations, deficiencies, and difficulties still persist. There is
no sensitivity, specificity, predictive value, or accuracy of the
tests used in establishing instability in the papers that report
the outcome following spinal surgery for instability [32].

Imaging has been harnessed to play an increasing role in
the diagnosis and management of patients with suspected
instability. The pathological changes in the spine in the
three phases postulated by Kirkaldy-Willis and Farfan [4] in
1982 can be accurately identified, but how they relate to the
functional concepts of dysfunction, instability, and stabili-
zation is not always clear. These pathological changes
along with the complications of disk herniation and spinal
stenosis have also all been demonstrated in asymptomatic
individuals. To complicate matters further, it is generally
agreed that the physical disorder of segmental instability is
associated with an emotional and/or psychological reaction
which also needs to be recognized and treated appropriately
to avoid an inferior therapeutic outcome [33]. The validated
pain score forms and psychosocial abnormalities identified
by the Oswestry Low Back Pain Disability Questionnaire
[35], Short-Form 36 health survey questionnaire [36], and
Distress and Risk Assessment Method [37] were far better
than any radiographic, CT, MR imaging, ordinary clinical
examination, or lumbar injection studies, including discog-
raphy, for predicting the outcome of fusion operations [38].

All of this uncertainty and controversy creates an ethical
burden for all doctors from all disciplines involved in the
diagnosis and treatment of patients with LBP who are
thought to be suffering from segmental instability. The
history of spinal imaging is fraught with new findings felt
to establish a clear anatomic cause of LBP illness: from
simple “traction” spur to annular bulging and annular tears.
So far, except for destructive lesions such as tumors,
infections, and gross instability, the same findings are
found much too frequently in subjects without LBP to be
reliable independent diagnostic indicators.

Currently, imaging helps to select those patients who
have supportive evidence of a cause-and-effect relationship in
their spine that shows the degeneration process associated
with segmental instability. It is, however, still far from
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satisfactory, with significant gaps in the knowledge that will
formulate a unified concept of this condition. The quantifica-
tion of normal and abnormal spinal motion is likely to be still
dependent on imaging. It is unlikely that any future agreement
of definition, clinical syndromes, and therapeutic regimes can
be reached if clinically useful measurements are not a
fundamental component of the whole concept of instability.
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