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Degeneration of the intervertebral disc results in initial relative instability, hypermobility, and hypertrophy of the facet joints, particularly 

at the superior articular process. This �nally leads to a reduction of the spinal canal dimensions and compression of the neural ele-

ments, which can result in neurogenic intermittent claudication caused by venous congestion and arterial hypertension around nerve 

roots. Most patients with symptomatic lumbar stenosis had neurogenic intermittent claudication with the risk of a fall. However, al-

though the physical �ndings and clinical symptoms in lumbar stenosis are not acute, the radiographic �ndings are comparatively severe. 

Magnetic resonance imaging is a noninvasive and good method for evaluation of lumbar stenosis. Though there are very few studies 

pertaining to the natural progression of lumbar spinal stenosis, symptoms of spinal stenosis usually respond favorably to non-operative 

management. In patients who fail to respond to non-operative management, surgical treatments such as decompression or decompres-

sion with spinal fusion are required. Restoration of a normal pelvic tilt after lumbar fusion correlates to a good clinical outcome.
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Introduction

Degeneration of the intervertebral disc results in initial 

relative instability and hypermobility of the facet joints 

[1,2]. This can lead to hypertrophy of the facet joint, 

particularly the superior articular process, resulting in 

reduced spinal canal dimensions and compressed neural 

elements (Fig. 1). �e resultant venous congestion and hy-

pertension around nerve roots are likely to be responsible 

for the symptom complex known as neurogenic intermit-

tent claudication (NIC) [3]. 

Pathogenesis

Based on the pathology, spinal stenosis can be categorized 

into the congenital and the acquired forms [4]. Con-

genital spinal stenosis is composed of stenosis caused by 

achondroplasia and idiopathic stenosis. Acquired forms 

of spinal stenosis usually are degenerative, but can also be 

caused by combined congenital and degenerative stenosis, 

spondylolisthetic or spondylolytic stenosis, iatrogenic ste-

nosis (such as post-laminectomy stenosis), post-traumatic 

stenosis, or metabolic stenosis (such as Paget disease) [4]. 

�e most common type of spinal stenosis is caused by 

degenerative arthritis of the spine. �is is most commonly 

localized to the facet joints and ligamentum �avum, with 

the resultant arthritic changes in the facet joints visible on 

radiographic studies [5,6]. Acquired stenosis of the de-

generative type is brought on by changes in the three-joint 

complex, which consists of the disc, associated superior 
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and inferior vertebral bodies, and the facet joints. Degen-

eration can start in any one of the joints (disc or facets), 

but eventually involves all three joints. �e facets, which 

are diarthrodial joints, begin degenerating by developing 

synovitis [5]. As the synovitis progresses, the joint carti-

lage thins and the facet capsule loosens. Since this loosen-

ing allows for greater spinal motion, degeneration of the 

intervertebral disc is accelerated. As motion increases, 

osteophytes enlarge. Although the osteophytes can stabi-

lize the motion segment, they can also narrow the spinal 

canal. Osteophytes on the superior articular facet narrow 

the lateral recess; osteophytes on the inferior articular 

facet narrow the central canal. �e L4–5 level is involved 

most frequently.

Spinal stenosis can be categorized as central and lateral 

forms, according to the anatomical area of the spine af-

fected. Central spinal stenosis denotes the involvement of 

the area between the facet joints, which is occupied by the 

dura mater and its contents. �e most common symptom 

of central spinal stenosis is NIC. Lee et al. [7] classified 

the nerve root canal into three zones to clarify the anato-

my and to describe the pathologic structures responsible 

for nerve root compression within the three zones: lateral 

recess, foraminal, and extraforaminal stenosis. �e lateral 

recess, also known as “Lee’s entrance zone,” begins at the 

lateral border of the dura and extends to the medial bor-

der of the pedicle. �is is where the nerve root exits the 

dura and courses distally and laterally under the superior 

articular facet [8]. Lee’s midzone describes the foraminal 

region, which lies ventral to the pars. �e dorsal root gan-

glion and ventral motor root occupy 30% of this space. 

Causes of stenosis in this area are pars defect with prolif-

erative �brocartilage or a lateral disc herniation. An 8% to 

11% incidence of foraminal stenosis has been reported [9-

12]. �e most common roots involved were the ��h lum-

bar root (75%), followed by the fourth root (15%), and the 

third root (5.3%) [12]. �e L4 and L5 dorsal root ganglion 

are more commonly intraforaminal, and S1 dorsal root 

ganglion are found to be more cephalad or intraspinal 

[13,14]. The normal foraminal height varies from 20 to 

23 mm, whereas the width of the superior foramen varies 

from 8 to 10 mm [15]. �e indicator of potential forami-

nal stenosis is a foraminal height of 15 mm or less [15]. 

�e exit zone is identi�ed as the area lateral to the facet 

joint. The nerve root is present in this location and can 

be compressed by a “far-lateral” disc, spondylolisthesis 

and associated subluxation or facet arthritis [16]. Central 

stenosis results from the hypertrophy of the inferior facet 

articular process of cephalic vertebra. Lateral recess and 

foraminal stenosis are the result of the hypertrophy of the 

Fig. 1. Hypertrophy of the facet joint, particularly at the superior articular process, resulting spinal canal stenosis and compression 

of the neural elements (arrow) (A) compared to normal lumbar spine (B).
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superior facet articular process of caudal vertebra. NIC 

resulted from the mechanical compression to the nerve 

root, the artery and vein surrounding the nerve root, pro-

voking venous congestion or arterial ischemia of nerve 

root due to hypertension [17]. �is vascular compromise 

leads to an ischemic neuritis that contributes to the clini-

cal symptoms of stenosis [3]. Additionally, constriction of 

the cauda equina has experimentally been shown to lead 

to demyelination of the nerve roots [18]. �is can play a 

part in creating unremitting pain.

Clinical Presentation

�e most common form of degenerative stenosis gener-

ally becomes symptomatic during or after the seventh 

decade of life [19]. It is more common in women than in 

men [20]. Associated cervical stenosis is seen in patients 

with lumbar stenosis [21]. Although the physical �ndings 

and clinical symptoms of spinal stenosis are not acute, the 

radiographic findings are comparatively quite severe. In 

a study population of 100 patients, Amundsen et al. [22] 

found the occurrence of back pain and sciatica in 95%, 

and claudication in 91% of the patients. NIC usually had 

bilateral leg complaints. The distribution of pain in the 

lower extremities is dependent on the area of stenosis. It 

improves with trunk flexion, sitting, stooping or lying, 

and aggravates with prolonged standing or lumbar exten-

sion. As the condition becomes more advanced, sitting or 

lying down are less helpful in relieving the pain. In severe 

cases, rest pain or a neurogenic bladder can develop [23]. 

Therefore, the clinician must inquire about changes in 

bowel and bladder function, including the presence of 

urgency, frequency, and loss of control. If any of these 

complaints are present, a full urologic work-up is indi-

cated. In patients with central stenosis, symptoms usually 

involve both the buttocks and both the posterior thighs 

in a non-dermatomal distribution. With lateral recess ste-

nosis, symptoms are usually found dermatomal because 

speci�c nerves are compressed. Patients with lateral recess 

stenosis may have more pain during rest and at night, 

but more walking tolerance than patients with central 

stenosis. However, in general, physical findings with all 

forms of spinal stenosis are inconsistent. Straight leg rais-

ing and femoral nerve stretching test are usually normal 

[24]. �e neurological examination is also usually normal, 

but some abnormality may be detected if the patient is 

allowed to walk to the limit of pain. �e gait and posture 

a�er walking may reveal a positive “stoop test” [25]. �is 

test is done by asking the patient to walk briskly [25]. As 

the pain intensi�es, the patient may complain of sensory 

symptoms followed by motor symptoms [25]. If the pa-

tient is asked to continue to walk, he or she may assume a 

stooped posture and the symptoms may be eased [25]. If 

the patient sits in a chair bent forward, the same resolu-

tion of symptoms occurs [25].

In addition, patients with symptomatic lumbar steno-

sis have a risk of falling [26]. Evaluation of an age- and 

weight-matched case control study was conducted. The 

study consisted of two groups: 40 patients with symptom-

atic lumbar spinal stenosis and 40 patients with advanced 

osteoarthritis in both knees. The two groups were com-

pared based on the results of functional mobility tests, 

such as a six-meter-walk test, sit-to-stand test, alternative-

step test, and timed up and go test [26]. �e patients with 

symptomatic lumbar stenosis had decreased functions of 

six-meter-walk test and sit-to-stand test [26].

Differential Diagnosis

It is important to di�erentiate the symptoms of vascular 

claudication from those of neurogenic claudication (Table 

1). Patients with vascular claudication have a decreased 

or absent peripheral arterial pulse, such as dorsalis pedis. 

Vascular symptoms typically are relieved a�er a short rest 

(5 minutes) or while still standing; sitting or bending is 

not required. Symptoms get aggravated whilst walking 

uphill or riding a stationary bicycle. Neurogenic claudica-

tion improves with sitting and worsens with lumbar ex-

tension [27].

�e common conditions confused with spinal stenosis 

are vascular claudication, hip joint problem [28] and pe-

ripheral neuropathy. Patients with evidence of both vas-

cular claudication and spinal stenosis are more difficult 

to manage [29]. Consultation with a vascular surgeon can 

help to determine whether treatment of the vascular or 

spinal problem should take precedence. Electrodiagnostic 

studies should be used if a diagnosis of neuropathy is sus-

pected, especially in patients with peripheral neuropathy. 

Di�erential diagnosis can also be aided by the use of exer-

cise treadmill testing [30]. 

Spinal stenosis, with its insidious onset, chronicity, 

and bilaterality, is easily distinguished from other spinal 

conditions. Herniated discs generally occur in a younger 

patient population. The pain distribution is usually uni-
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lateral and neurological �ndings are common. Although 

a central disc herniation may mimic the pain of a classic 

spinal stenosis, it is usually more abrupt in onset, with in-

creased pain while sitting, and has associated neurological 

findings and positive sciatic stretch tests. These features 

usually help in distinguishing a central disc herniation 

from spinal stenosis. 

When the differential diagnosis is difficult, specialized 

medical imaging and electrodiagnostic testing can be help-

ful in determining the source of pain. �ese tests are dis-

cussed further in the section on preoperative evaluation.

Imaging Evaluation

Two practical de�nitions to describe stenosis are absolute 

stenosis (when the mid-sagittal diameter of the canal is 

less than 10 mm) or relative stenosis (when the mid-sag-

ittal diameter of the canal is between 10 mm  and 13 mm) 

[31]. In congenital and developmental stenosis, the pri-

mary problem is the inadequate canal size. Normal canal 

size has been de�ned as having a mid-sagittal diameter of 

more than 11.5 mm and an area more than 1.45 cm2 [32]. 

Although these measurements are useful guidelines, the 

actual symptoms do not always correspond to canal size; 

the degree of impingement on the neural elements by the 

bony and so� tissues has more importance [33].

Plain radiographs are useful in identifying fractures due 

to trauma, and helpful in evaluating alignment, loss of 

disc height and osteophyte formation. �ey enable us to 

�nd the defect of pars interarticularis with oblique views, 

and instability with dynamic view. Anteroposterior views 

in standing position, which include the hip joints, should 

also be obtained. Translation of more than 5 mm, or rota-

tion of more than 10 to 15 degrees in the dynamic view, 

indicates instability. A reversal of the normal trapezoidal 

disc geometry with widening posteriorly and narrowing 

anteriorly may also indicate instability (Fig. 2). 

Table 1. Differentiation of symptoms of vascular claudication from those of neurogenic claudication

Evaluation Vascular Neurogenic

Walking distance Fixed Variable 

Palliative factor Standing Sitting/bending 

Provocative factor Walking Walking/standing 

Walking uphill Painful Painless 

Bicycle test Positive (painful) Negative 

Pulse Absent Present 

Skin Loss of hair; shiny      -

Weakness Rarely Occasionally 

Back pain Occasionally Commonly 

Back motion      - Limited 

Pain character Cramping—distal to proximal Numbness, aching—proximal to distal 

Atrophy Uncommon Occasionally

Fig. 2. A reversal of the normal trapezoidal disc geometry with widen-

ing posteriorly and narrowing anteriorly in the dynamic view may indi-

cate instability (arrow) (B) compared to the view with �exed posture 

(A).
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Magnetic resonance imaging (MRI) is a noninvasive 

and suitable method to evaluate lateral recess stenosis. 

Because of its ability to di�erentiate tissues and assess the 

status of the intervertebral disc, it can replace computed 

tomography (CT) scans for many patients [34]. It is as 

accurate as CT and myelography in diagnosing spinal 

stenosis, while being more sensitive at identifying disc 

degeneration [35]. Midline T2-sagittal images may be 

useful in diagnosing central stenosis by noting sagittal 

narrowing of the intervertebral canal (Fig. 3). Sagittal T1-

weighted images are evaluated with particular attention 

focused on the foramen. An absence of normal fat around 

the root indicates foraminal stenosis (Fig. 4). Extraforami-

nal stenosis is identi�ed on axial T1-weighted images by 

obliteration of the normal interval of fat between the disc 

and nerve root (Fig. 5).

Water soluble myelography followed by CT scan is 

also useful [36]. This combined study gives an excellent 

picture of the central and lateral canal and de�nes any ex-

tradural cause of compression. It is best suited for patients 

with dynamic stenosis, postoperative leg pain, severe 

scoliosis or spondylolisthesis, metallic implants, any con-

traindications to MRI, and lower extremity symptoms in 

the absence of suitable �ndings on MRI (Fig. 6). However, 

direct measurement of the bony canal on CT images o�en 

gives an inaccurate assessment of the degree of stenosis 

[37]. 

Boden et al. [38] noted abnormal findings in 67% of 

asymptomatic patients evaluated by MRI. In patients 

older than 60 years, 57% of MRI scans were abnormal, 

including 36% of patients with herniated nucleus pulpo-

sus, and 21% with spinal stenosis [38]. Hence, �ndings of 

MRI should be matched with the symptoms and signs of 

patients having neurogenic claudication or radiculopathy. 

In addition, there is no correlation between the severity 

of clinical stenosis and the severity of symptoms of spinal 

stenosis [39]. In patients with moderate radiographic ste-

nosis obliterating one-third to two-thirds of spinal canal 

on axial images, only 9.9% of patients showed symptoms 

[39]. In patients with severe radiographic stenosis, where 

more than two-thirds of spinal canal was obliterated on 

axial images, only 17.5% of patients had symptoms [39]. 

When compared with 40 patients without NIC, 53 

patients having NIC due to lumbar stenosis had positive 

sagittal balance, loss of lumbar lordosis, and increased 

pelvic tilt [40]. In addition, the patients with degenerative 

Fig. 3. Midline T2-sagittal images may be useful in diag-

nosing central stenosis by noting sagittal narrowing of the 

intervertebral canal (arrows).

Fig. 4. An absence of normal fat around the root indicates foraminal 

stenosis on sagittal T1-weighted images (arrows). 
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Fig. 5. Extraforaminal stenosis is identi�ed on axial T1-weighted images by obliteration of the normal interval of fat be-

tween the disc and nerve root (arrow) at the lumbar 3–4 disc level (box).

Fig. 6. Myelography of lumbar spine in anteroposterior view (A) and lateral view (B).
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disc disease (n=32), lumbar disc herniation (n=25), and 

degenerative spondylolisthesis (n=28) had positive sagit-

tal balance, loss of lumbar lordosis, decreased sacral slope 

and increased pelvic tilt when compared with a control 

population of 154 asymptomatic adults [41]. In another 

study, at 6 months after discectomy, the positive sagittal 

balance, loss of lumbar lordosis and decreased sacral slope 

in 61 patients with lumbar disc herniation, had recovered 

to almost the same level as the control group of 60 asymp-

tomatic adults [42]. 

Literature review to understand the relationship be-

tween sagittal balance and clinical outcomes in surgi-

cal treatment of degenerative spinal diseases (including 

degenerative stenosis, degenerative spondylolisthesis, 

degenerative scoliosis and degenerative kyphosis), re-

vealed an increase in pelvic tilt after lumbar fusion cor-

related with postoperative back pain [43]. Restoration of 

a normal pelvic tilt after surgery correlates with a good 

clinical outcome [43]. Similarly, in a retrospective study 

of 18 patients who underwent decompression with spinal 

fusion a�er a diagnosis of degenerative spondylolisthesis, 

the patients showing an improvement in the pelvic tilt 

a�er lumbar fusion were found to achieve a good clinical 

outcome of visual analogue pain score and Oswestry dis-

ability index [44].

Natural Progression

Studies pertaining to the natural progression of lumbar 

spinal stenosis are few, with a limited number of patients 

per group. Johnsson et al. [45] reported that 19 of 27 pa-

tients (70%) with moderate, untreated spinal stenosis (≥11 

mm anteroposterior canal diameter) remained unchanged 

a�er 4 years of observation; 4 patients (15%) showed an 

improvement, and 4 patients (15%) deteriorated without 

serious sequelae. 

There have been five randomized controlled studies 

comparing the clinical outcomes of surgical and con-

servative treatment for spinal stenosis (Table 2) [22,46-

49]. In the short-term follow-up of 1 to 4 years, patients 

treated surgically had better clinical results with radicular 

and low back pain [46,47]. However, in the long-term 

follow-up of 10 years, there were no significant differ-

ences of clinical results between surgery and conservative 

management for lower back pain, since it occurs due to 

degenerative changes [22,48,49]. In the long-term follow-

up of 10 years, the patients treated surgically had a better 

improvement for radicular pain [22,46-49]. During initial 

follow up of 1–5 years in the long-term follow-up study, 

surgical intervention had better improvement for all mea-

surements of radicular and back pain [49]. 

Treatment

Symptoms of spinal stenosis usually respond favorably 

to non-operative management [50]. Despite symptoms 

of back pain, radiculopathy, or neurogenic claudication, 

conservative management is successful in most patients 

Table 2. Randomized controlled studies compared clinical outcomes of surgical and conservative treatment for spinal stenosis (surgery: decompressive 

surgery only)

Author Numbera) Follow-upb) 

(yr)
Outcome measure Clinical outcome

Atlas et al. [46] 81/67   1 VAS, satisfaction, stenosis index,  

SF-36
c)
, modi�ed Roland scale

Surgery had better improvement for all  

measurements (radicular and back pain).

Atlas et al. [47] 67/52   4 Same as above Same as above.

Atlas et al. [48] 53/38 10 Same as above No difference for back pain, satisfaction.

Surgery had better improvement for radicular pain.

Amundsen et al. 

[22]

22/68 10 VAS, satisfaction, claudication  

distance

No difference for claudication, back pain.

Chang et al. [49] 51/35 10 Symptom index, satisfaction, SF-36, 

modi�ed Roland Scale

No difference for back pain, satisfaction.

Surgery had better improvement for radicular  

pain, functional status.

VAS, visual analogue scale; SF-36, short form 36.
a)
Expressed as the number of patients treated with surgery/with conservative treatment; 

b)
Mean follow-up period with years; 

c)
Medical Outcomes 

Study SF-36 questionnaire.
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and recommended for an initial treatment. Conserva-

tive measures usually include bed rest, nonsteroidal anti-

inflammatory drug, acetaminophen, exercise program, 

aerobic �tness and epidural steroid injections. 

Conservative treatment is appropriate for patients with 

moderate pain, 50% of whom have pain relief in less than 

3 months. Operative treatment is indicated for patients 

with severe pain and constant neurologic symptoms, 

and in patients where conservative treatment has failed 

[51]. Based on the results of a pilot study with 55 patients 

having lumbar stenosis, gabapentin treatment resulted 

in an increase in the walking distance, a decrease in the 

visual analogue scales of back pain and leg pain, and an 

improvement of sensory deficit, when compared to the 

standard treatment [52].  

Surgery for spinal stenosis consists of either decom-

pression alone, or decompression with spinal fusion. De-

compression by laminectomy is the treatment of choice 

for central or lateral recess stenosis. On the other hand, 

fusion is required if foraminal stenosis is present. During 

the decompressive surgery, specific attention should be 

paid not to injure the pars interarticularis [53]. When-

ever possible, the source of pain should be localized with 

selective root blocks preoperatively, to allow a more focal 

decompression. A good approach is to start the decom-

pression at a point of lesser stenosis and work towards the 

area of most severe stenosis. This often frees the neural 

structures enough to make the �nal decompression sim-

pler and decreases the risk of damage to dura or nerve 

roots. It is desirable to attain decompression with mini-

mally invasive techniques, and preserving the paraspinal 

muscle, spinous processes, supraspinous and interspinous 

ligaments [54]. A microscope or magnifying loupes and 

tubular retractor system are helpful [54].

Fusion is required if there is excessive facetectomy, as 

more than 50% compromises stability [55], or if stenosis is 

combined with isthmic or degenerative spondylolisthesis 

[56], scoliosis, kyphosis or synovial facet joint cyst. Other 

indications for fusion include adjacent segment degenera-

tion a�er prior fusion, and recurrent stenosis or herniated 

disc a�er decompressed site [57]. If fusion is likely, the hips 

should remain extended to prevent positional kyphosis. 

In the United States, the rate of patients who underwent 

decompression merely on a diagnosis of lumbar stenosis, 

has decreased from 58% in 2004 to 49% in 2009 [58]. 

However, the rate of patients who underwent decompres-

sion with spinal fusion has increased from 21% in 2004 to 

31% in 2009 [58]. �is means that lack of consensus and 

worldwide variability exists in making a surgical decision 

for patients with lumbar stenosis. 

Usually, 60% to 90% of patients have relief of their 

symptoms after surgical or conservative treatments 

[22,59,60]. However, back pain may persist due to a pre-

existing degenerative arthritis. In patients with neurologic 

abnormality, 90% of patients usually experience relief 

a�er surgery [59]. Prognostic factors for better results are 

stenosis at a single level, weakness of less than 6 weeks 

duration, mono-radiculopathy, and where preoperative 

symptoms were relieved by postural change [22,60]. How-

ever, the severity of narrowing is not a prognostic factor 

for better surgical outcome [22]. In a retrospective study 

for 10-year survival, patients older than 50 years who un-

derwent either spinal decompression or decompression 

with spinal fusion after the diagnosis of spinal stenosis, 

the mortality was reduced as compared to the corre-

sponding portion of the general population [61]. 

Conclusions

Patients with symptomatic stenosis may present with one 

or more of a combination of axial pain, radiculopathy and 

neurogenic claudication. The long-term outcome of pa-

tients with lumbar spinal stenosis treated conservatively 

was equivalent to the patients treated surgically. Decom-

pressive surgery is the gold standard for treatment of cen-

tral or lateral recess lumbar stenosis. Additional fusion is 

required if there is associated instability, resection of more 

than 50% of the facet joints, degenerative spondylolisthe-

sis, scoliosis, kyphosis and previous decompression at the 

same level.
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