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U biquitous degeneration associated with aging
may lead to stenoses of the spinal canal, espe-

cially along the lumbar spine. As a result of the chang-
ing societal age structure, the incidence of symptomatic
lumbar spinal stenosis is increasing exponentially. In
patients older than 60, lumbar spinal stenosis is found
on magnetic resonance imaging in more than 20% of
cases (1). Older patients' desires for mobility and func-
tionality, combined with improved perioperative man-
agement, have resulted in a situation where surgical
intervention is being increasingly considered. In 1990,
60 in 100 000 people in this age group were treated sur-
gically (2). In the United States, the incidence of surgery
has increased eight-fold from 1979 to 1992 (2). Lumbar
spinal stenosis is therefore increasingly gaining in
importance generally and for neurosurgeons and ortho-
pedic surgeons. The indication for surgery and the choice
of surgical method are made more difficult by the
simultaneous development of new therapeutic
approaches, especially since evidence-based decision
making aids for the treatment of patients are lacking.
We present an overview of current strategies for the
diagnosis and treatment of degenerative lumbar spinal
stenosis.

Methods 
This review article is based on a comprehensive selec-
tive literature review, taking into consideration the
guidelines of the Association of the Scientific Medical
Societies in Germany (AWMF). 

Pathophysiology
Lumbar spinal stenosis is defined as a circumscribed,
osteoligamentous narrowing of the spinal canal. The
clinical burden includes backaches and symptoms in the
legs that deteriorate upon standing and walking (neuro-
genic claudication) (3). According to the sagittal diameter
of the spinal canal, distinction is made between relative
lumbar spinal stenosis (10 to 14 mm) and absolute lum-
bar spinal stenosis (<10 mm), although this does not do
justice to the complex pathoanatomy of this pathology.
This parameter takes into consideration only central
stenosis and not lateral stenosis in the area of the lateral
recess and neuroforamen. Usually, combinations of both
forms are present. 

Lumbar spinal stenosis is categorized into primary
(congenital) and secondary (degenerative, post-traumatic,
etc) forms. Because of its enormous predominance, this
article will deal with the degenerative variant only.
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SUMMARY
Introduction: Although the aging of the population is
causing a dramatic rise in the incidence of lumbar spinal
stenosis, the indications and options for surgical treatment
are not clearly defined.

Methods: In an attempt to aid clinical decision making,
a selective literature review was conducted, taking into
account the guidelines of the Association of the Scientific
Medical Societies in Germany (AWMF).

Results: In degenerative lumbar spinal stenosis hypertrophy
of the facet joints and yellow ligaments brings about
constriction of the spinal canal, leading to back pain and
activity-dependent lower limb symptoms (neurogenic
claudication). If conservative treatment fails, an imaging
study, usually magnetic resonance imaging, is required. 
In the case of severe symptoms the progressive underlying
degeneration necessitates surgical treatment. Minimally
invasive fenestration techniques are usually employed to
decompress the spinal canal; in the presence of instability,
fusion is indicated.

Discussion: Despite the proven superiority of surgery in the
management of refractory lumbar spinal stenosis, there is
a lack of evidence-based data regarding the different
surgical treatment options. The evaluation of modern,
minimally invasive techniques is thus difficult. 
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Etiologically, three main factors are responsible for the
development of degenerative lumbar spinal stenosis:

� Degeneration of the disk of a motion segment
results in disk protrusion with ventral narrowing of the
canal and a loss in the height of the segment. The height
loss automatically narrows the lateral recess and neuro-
foramen. Biomechanically, it effects ligamentous laxity
with subsequently increased segmental mobility, which
in turn results in additional strain especially on the facet
joints.

� The bone structures react to this subclinical insta-
bility of the segment with osseous hypertrophy, which
presents especially as hypertrophy of the facet joints,
whereas the ligamentum flavum shows fibrotic hypertrophy
in addition to folding inwards subsequent to height loss. 

� If these reactive processes do not succeed in stabi-
lizing the segment, disk degeneration and laxity of cap-
sules and ligaments may result in the manifest instability
of spondylolisthesis (figure 1).

These pathoanatomical changes result in nerve root
compression, which is affected by the position of the
spine. The strain imposed by standing is in itself suffi-
cient to result in hyperlordosis of the affected segment,
with further protrusion of the ligamentum flavum into
the spinal canal. This seems to be due not only to purely
mechanical irritation of the nerve roots but also to vas-
cular compression. Pathophysiologically, arterial ische-
mia as well as venous congestion are under discussion
(4). The strain and weight imposed by walking results in
decompensation of the vascular flow to the spinal nerves,
which is mostly sufficient during rest.

Clinical symptoms
The pathophysiology results in the characteristic overall
clinical picture: the dependence on weight bearing and
bodily position. The patients mostly complain of long-
term, slowly progressing back pain, which radiates into
the legs upon standing or walking, and result in unspe-
cific complaints such as fatigue and a sensation of
heaviness. Further on, neurological deficits such as hyp-
esthesias or pareses, as well as permanent symptoms
during rest are possible, including the very rare cauda
equine syndrome. As a result of the pain occurring main-
ly during walking, the patients' walking distance is typi-
cally limited. By eliminating the described hyperlor-
dosis (see pathophysiology) in a bent position, cycling
or leaning on to a shopping trolley results in alleviation
of the symptoms. In contrast to peripheral arterial occlu-
sive disease, however, stopping walking/standing still is
not sufficient for recovery. The patients have to sit down
having walked a certain distance. The peripheral pulse
should obviously be considered in the differential diag-
nosis between vascular and neurogenic claudication.

Problems in the clinical assessment of the often
elderly patients are posed on the one hand by comorbid-
ities – such as polyneuropathy in diabetes and coxar-
throsis – and on the other hand by the general degener-
ation of the spinal column. Because of the latter, some
patients simultaneously develop symptomatic arthrosis
in the facet joints, instability of the affected segment, or
osteochondrosis. Depending on how pronounced these
degenerative sequelae are, the patients primarily com-
plain of back pain and not the leg pain that is typical of
stenosis. Additionally, a concomitant disk prolapse may
complicate the situation, or unilateral symptoms may
predominate. The table provides an overview of differ-
ential diagnoses (3).

The patients' complaints should not be underestimated
under any circumstances. Although patients may pre-
sent without pain during rest, i.e., during the medical
examination, the limitations on their mobility and quality
of life are often enormous.

Diagnosis
Lumbar spinal stenosis is a diagnosis that is derived
from the patient's medical history. Because the symp-
toms are dependent on activity and body position, a neu-
rological examination will yield findings only at an
advanced stage of disease, in the form of manifest root
compression. Results from electrophysiological tests
are equally uncharacteristic, for the same reason. How-
ever, the value of such tests lies in differential diagnostic
considerations – for example, in polyneuropathy – much
in the same way as laboratory analysis in inflammatory
processes.

If very severe pain prevails or the pain is treatment
resistant, then imaging methods are indicated. The method
of choice is magnetic resonance imaging (MRI). How-
ever, the extent of the radiological findings does not cor-
relate with the intensity of clinical symptoms (1). To
plan surgery or clarify questions about the condition of
the bones, computed tomography (CT) is also used as a

Schematic axial representation of the degenerative changes to the
lumbar spine. Narrowing of the spinal canal (red) develops
subsequent to disk protrusion (blue), hypertrophy of the facet joints
(gray), and hypertrophy or folding in of the ligamentum flavum
(yellow). Depending on the location of the changes, the lateral recess
and/or neuroforamina may also undergo narrowing (orange).
Lumbar olisthesis or instability can also result in a narrowing of the
spinal canal and especially the neuroforamina.

FIGURE 1
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secondary procedure. Both procedures ignore the
dynamic component of the stenosis. Potential instability
in the sense of spinal misalignment or spondylolisthesis
can be made visible using lateral radiography in flexion
and extension. Radiographs in two planes are often pre-
pared as an initial diagnostic test in clinical practice. Its
value lies in the differential diagnosis of fractures,
tumors, spondylodiscitis, and scoliosis. 

In case surgery is indicated and the information
gleaned from the MRI scan is insufficient or MRI is con-
traindicated, lumbar myelography with postmyelo-CT
is applied. Imaging in particular the contrast medium
filled dural sac in functional positions allows exact
assessment of dynamic stenosis, and the correct surgical
procedure can therefore be selected.

Treatment
The decision of whether to use conservative or surgical
treatment depends crucially on the spontaneous disease
course. In lumbar spinal stenosis, this has not been suf-
ficiently investigated. In most patients (60% to 70%),
the pain seems to stagnate in the medium term. In pa-
tients with pronounced symptoms, a high degree of
stenosis, and spondylolisthesis, a progressive disease
course may be assumed (5). A treatment algorithm for
lumbar spinal stenosis is described in figure 2 (3).

Non-randomized comparative studies have sug-
gested that surgical treatment is superior (6), and
recently, two prospective studies showed the advantage
of surgical compared with conservative treatment with
evidence levels I and II. This proves the benefit of sur-
gery in lumbar spinal stenosis (7, 8). A prospective
cohort study with 125 consecutive patients showed
significant improvement in more than 60% of patients
after two years, compared with only 25% after conser-
vative treatment (7). Malmivaara et al. randomized 94
patients to surgical or conservative treatment and showed
a significant advantage for surgery in terms of disabil-
ity, leg pain, and backache. For example, surgery reduced
activity-dependent backache on a 10 point pain scale
from a score of 6.9 to 2.7. After conservative treat-
ment, an intensity of backache of 5.1 has been reported.
This corresponds to a dramatic clinical difference for
patients (8) and is consistent with clinical experience.

A recent publication in the New England  Journal of
Medicine, the Spine Patient Outcomes Research Trial
(SPORT) from the US, supported these results in a larg-
er group of 289 patients in a randomized cohort and 365
patients in an observational cohort. Surgery resulted in
faster and significantly better alleviation of complaints
than conservative treatment. Interestingly, patients who
did not have surgery also experienced a reduction in
symptoms, albeit at a slower rate. However, this study
showed that surgery is superior to conservative treat-
ment in the longer term (9). 

Conservative treatment
Because spinal complaints often present in a wave pat-
tern, conservative treatment is initially indicated, except
for cases of very severe pain and pronounced neurological
deficits. In clinical practice, many measures are deployed;
a combination of drug treatment, physiotherapy, and
physical strategies is ideally recommended as a multi-
modal therapeutic concept. Pain relieving and anti-
inflammatory drugs such as non-steroidal anti-inflam-
matory drugs (NSAIDs), a short course of corticosteroids,
opioids if required, and muscle relaxants are the main
treatments. Physiotherapeutically, delordosing flexion
exercises, medical training therapy to strengthen the sta-
bilizing stomach and back muscles, and treadmill and
ergometer training are used (8). Electrotherapy and
transcutaneous electrical nerve stimulation (TENS),
passive measures, and delordosing ortheses are used.

In principle, any treatment aims to relieve and stabilize
the affected segments and to promote patients' general
physical fitness (10). The efficacy of these measures has
neither been shown nor disproved thus far. Only calcitonin
administration has proved to be ineffective (11). After
diagnostic imaging, therapeutic infiltrations are given
by epidural or periradicular administration, or in the
area of the facet joints, but their effect may be merely
temporary and they may cause complications. Especially
in patients with predisposing conditions, such as diabet-
ic patients, and in repeated infiltrations, infections are
possible, which may have severe consequences (12).
Since most patients have chronic, stagnating, or slowly
progressive symptoms that are controllable but to an
insufficient degree by conservative measures, causal

TABLE 

Most common differential diagnoses of lumbar spinal stenosis (adapted from [3])

Lumbar spine Skeleton Other

Disk prolapse Cervical/thoracic stenosis with myelopathy Peripheral arterial occlusive disease

Spondylolisthesis Ankylosing spondylitis Leriche's syndrome

Facet joint syndrome Arthrosis of the iliosacral joint Abdominal aortic aneurysm

Spinal fractures Coxarthrosis Neuropathies

Spinal tumors Tendopathies

Inflammations (spondylodiscitis,
epidural abscess, borreliosis)
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treatment of spinal canal stenosis is often required.
Especially neurogenic claudication can barely be influ-
enced conservatively. In contrast to disk prolapse, which
tends to regress spontaneously, the causative degenera-
tive changes associated with spinal stenosis can be
expected to progress slowly.  

Surgery
An indication for surgery exists in cases of consistent
clinical and radiological findings after adequate conser-
vative therapeutic measures have failed for a time span
of at least three months. Caution is advised in question-
able findings, mild clinical symptoms, or unrealistic
expectations on the patient's part.

Laminectomy
The traditional standard operation in lumbar spinal ste-
nosis is decompression laminectomy. Spinous proces-
ses, vertebral lamina, ligamenta flava, and parts of the
facet joints are ablated during this removal of the roof of
the spinal canal (figure 3). 

In a meta-analysis, the success rate of this procedure
has been shown to be merely 64% (13); the lack of suc-

cess was partly attributed to the development of post-
operative instabilities. Nerve compression is usually
limited to the height of the intervertebral space in the
area of the hypertrophied joint facets and the ligamen-
tum flavum. Removing long sections is therefore not
necessary, which has – aided by enormously increasing
numbers of surgical procedures – resulted in the devel-
opment of newer, less invasive techniques.

Fenestration
Modified interspinal and partial laminectomy tech-
niques have been developed in the same way as decom-
pression techniques directly through the spinous process.
As an alternative to laminectomy, interlaminar
fenestration techniques have become established that
spare the midline structures and thus the dorsal tension
band. All these procedures aim to decompress the nerve
roots, by resecting the ligamentum flavum and parts of
the medial facet joint. Encouraging results have been
shown for bilateral fenestration on the one hand, and
unilateral fenestration with undercutting contralateral
decompression on the other hand (14, 15). Recently,
unilateral endoscopic interventions have been publicized,

FIGURE 2Algorithm for the
treatment of lumbar

spinal stenosis
(adapted from [3]).

NSAIDs,
non-steroidal anti-

inflammatory drugs 
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but no advantage compared with microscopic tech-
niques has been shown. The authors' own (Thomé et
al.’s) randomized study showed that microsurgical bilat-
eral fenestration was superior to unilateral access and
laminectomy (16). We thus favor this method in typical
bilateral stenosis symptoms, and use a high speed bur
for exact ablation of the bone structures. Depending on
the underlying pathology, e.g., in unilateral symptoms
or lateral stenosis, unilateral access is the method of
choice.

In principle, in a scenario of adequate decompression
with microsurgical techniques, all methods can yield
success rates with regard to the leg pain component.
However, residual backache is common.

Stabilization
Stenosis surgery aims primarily to relieve the nerve roots
by widening the spinal canal. The assumption that lumbar
spinal stenosis develops as a result of segmental instability
often leads physicians to advocate stabilization in addition
to decompression (17). Biomechanically, stenosis-related
hypertrophy constitutes a reaction to segmental hypermo-
bility (see pathophysiology). Resecting these ligamentous
and bone structures in the context of decompression could
potentially cause renewed instability. Considerations
along these lines have resulted in the development of the
minimally invasive decompression techniques mentioned

earlier. Current guidelines reject stabilization by default,
on the basis of an extensive literature search (18). The
reactive degenerative changes obviously prevent manifest
segmental instability in the sense of spondylolisthesis.
However, the possibility of segmental instability should
always be considered. 

In patients in whom factors are present that imply
compromised stability of the segment to be decom-
pressed (figure 2), many authors recommend additional
stabilization (19). Even though the criteria of instability
are still the subject of much controversy, this situation
has to be assumed in serious spondylolisthesis or scolio-
sis. Of particular importance is flexion-extension radio-
graphy to identify pathological hypermobility. Whether
stabilization should be undertaken without instrumenta-
tion – only by deposition of bone – or with instrumenta-
tion – e.g., with pedicle screws – is also under discussion.
While instrumentation increases the fusion rate, studies
thus far have not shown an effect on the clinical result
(19). In recent years, fusion methods using different
interbody cages have increasingly been undertaken
(10). In view of the scanty evidence relating to the kind
of additional stabilization (18), we have set out our own
treatment algorithm for the purpose of orientation (figure
4). We have to repeat at this point that this algorithm
should be used only when signs of instability are pres-
ent. Most patients require merely decompression.

Figure 3: Postmyelographic computed tomography scan before (a) and immediately after decompressing lumbar spinal stenosis by means of laminectomy (b),
bilateral fenestration (c), and unilateral fenestration with undercutting contralateral decompression (d). The decompression techniques are illustrated with correspond-
ing schematic representations of access (green). Laminectomy of the spinal canal decompresses a longer section of the spine, whereas fenestration techniques are
limited to the level of the intervertebral space and the hypertrophied facet joints.

a b c d
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To avoid the sequelae of fusion, dynamic stabiliza-
tion systems have been introduced. The clinical results
are currently assessed as being comparable to those of
fusion, especially as implant failures and degeneration
of adjacent joints were observed no less often (20).

Interspinous spacers
In recent years, interspinous implants have increasingly
been used in the treatment of lumbar spinal stenosis. The
rationale behind this minimally invasive intervention is
that of delordosing the segment and thus a widening of
the spinal canal in the upright position. Opponents of the
technology fear increased degeneration of the lumbar
spine as a result of segmental kyphosis in the long term.
Prospective studies in patients with moderate symptoms
have shown improvements of 45% after spacer implan-
tation after two years, compared with 7% after conser-
vative treatment (21). These encouraging results, how-
ever, have not been replicated without limitations (22).
Further, no comparison has been made between spacer
surgery and decompression surgery. Although no
conclusive assessment is currently possible, we speculate
that interspinous spacers are an intermediate option

between conservative and surgical treatment. This
makes them eligible for patients with mild symptoms or
as a temporary solution. The hope that they offer a clini-
cally relevant stabilizing function has thus far not been
fulfilled (23).

Conclusions
Although only few evidence-based insights into the
treatment options of lumbar spinal stenoses exist, surgi-
cal treatment makes sense, and is indicated, in relevant
and therapy resistant symptoms. The manifold surgical
techniques enable surgeons to address the individual
patient's situation. Long-term results relating to modern
techniques are often lacking. 
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