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Introduction 
Degenerative stenosis of lumbar spine is a significant cause of 
functional disability, and one of the most common acquired 
diseases of the spinal canal, more among aged population.1,2

Elderly population are the most prone class of community 
at risk of developing significant lumbar canal stenosis and 
undergoing surgical decompression.3–5

Spinal stenosis may be classified by either its etiology or 
location, etiologically the lumbar spinal stenosis (LSS) is clas-
sified as acquired (degenerative) or congenital (develop-
mental), In general, lumbar canal stenosis mostly is an 
acquired degenerative disease leading to a narrow spinal canal, 
lateral recess, and intervertebral foraminal stenosis.6–8 

Stenosis of the lumbar spinal canal and pressure on the 
neurovascular elements can be due to buckled or hypertro-
phied ligamentum flavum, with or without hypertrophied 
facet joints.9–11

The most common symptoms in cases of lumbar canal 
stenosis are pain and paresthesia of the lower limbs and back 
ache, followed by neurogenic claudication, these complains 
are generally depend on the position and posture of the 
patients, for example the symptoms worsen by bending 
backwards (lumbar extension) or weight-bearing, and they 
relief by bending forwards and non-weight bearing body 
positions.12–15

Neurogenic claudication, is a common presentation of 
patients with LSS, it is defined as barely localized neurologic 
origin of a noxious sensation, paresthesia, and cramping of 
lower limbs, which may be unilateral or bilateral, it occurs 
with ambulation and gets better by sitting, walking distance 
could be significantly decreased and limited due to neurogenic 
claudication.16–19

The exact cause of neurogenic claudication is not clear, 
but vascular cause has been hypothesized (related to pressure 
on the venules surrounding the nerve roots, leading to 
engorgement and ischemic nerve impairment).6,19,20

While others claimed that mechanical compression as  
the pathoanatomic process underlying the neurogenic 
claudication.21,22 

Findings of reduced epidural pressure measurements 
and improved walking tolerance in patients with LSS while 
walking with a flexed lumbar spine support a mechanical 
mechanism.22–24

Neurogenic claudication must be distinguished from vas-
cular claudication, by its being continuous while the patient 
stopped walking but still standing erectly, and neurogenic 
claudication can be triggered by prolonged standing alone, 
and gets better with flexion and siting positions.25,26

Neurogenic claudication usually is not triggered by 
walking uphill and bicycling, while vascular claudication may 
occur in those situations.27

Plain lumbosacral spine X-ray (anterior-posterior and 
Lateral views) may help little, in suspecting LSS.28,29

Computed tomographic (CT) scans may show narrowing 
of the lumbosacral spinal canal, trefoil shape of the canal, par-
tial or total loss of epidural fat, marked reduction of bony 
canal dimensions may be showed on CT-scan, more over the 
degenerative, and destructive changes of the facet joints.30,31 

Myelography can help to diagnose LSS by showing 
obstruction to the flow of the contrast in the lumbar spinal 
canal.28,29

Magnetic Resonance Imaging is the most promising 
imaging modality to confirm anatomic narrowing of the spinal 
canal and identifying pressure on the neurovascular struc-
tures, and there by diagnose the LSS.31,32
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Patients with severe symptoms usually fail to respond for 
non-surgical managements, and the progressive degenerative 
stenosis will cause more compression by time causing intoler-
able symptoms and failure of conservative therapy up to 60% 
of the cases.12,18,33,34 

Surgical decompression is the gold standard for patients 
with disabling symptoms and signs of lumbar canal stenosis, 
with correlated radiologically detected “severely compromised 
lumbar canal”, and whom failed to respond to optimal con-
servative treatment.5,6 

Different decompression procedures and techniques 
used, including complete laminectomy, interlaminar decom-
pression, Laminartherectomy, Bilateral decompression 
through bilateral or unilateral laminotomy, and endoscopic 
decompression.5,35–38

Patients and Methods 
This is a retrospective single center study of 57 patients, 13 
males and 44 females with lumbar spinal canal stenosis, 
with age ranging from 34 to 85 years, conducted in Sulay-
maniyah university teaching hospital/Shar hospital, Depart-
ment of neurosurgery, between March. 2018 to March. 2020, 
after obtaining clearance from the institutional ethical 
committee. 

Patients who were diagnosed as LSS and were surgical 
candidates, involved in our study, for all patients, preopera-
tively patient’s ID recorded; Age, Gender, occupation, and res-
idency, then patients asked for history of smoking, their Body 
mass index before operation, their chief complain (Back ache, 
lower limbs pain or paresthesia, and limited walking distance) 
and the duration of their symptoms, and any other patients’ 
comorbidities; like Diabetes mellitus, Hypertension, or any 
other chronic illness, were asked and recorded. 

After that Oswestry disability index form filled for all 
patients, and ranking their disability form 0–20 which is min-
imal disability to 81–100 which is bed bound and severely 
disabled. 

Neurological examination performed for all patients, with 
(Motor function of the limbs, Sensory examination, tone of 
the lower extremities, lower limbs’ reflexes and Sphincters’ 
function) all taken into consideration, and the diagnosis were 
made by plain lumbosacral spine x-ray, CT scan in selected 
cases (if a boney pathology, like fracture, suspected) and mag-
netic resonance imaging (MRI).

MRI axial images used to categorize the severity of ste-
nosis according to Schizas classification.

Patient were asked if they tried prior trail of conservative 
(non-surgical) mode of treatment, like medications, physio-
therapy, ESI and tradition non-scientific manipulations (tried 
by some of the patients as alternative medicine).

The decision for surgical treatment was taken according 
to one or more of following criteria:

 Patients with intractable low back pain and lower limbs 
radiculopathy.
 Neurogenic claudication significantly reducing the 
patients’ quality of life. 
 Neurological deficits. Failure of different non-surgical 
therapies.

Interlaminar decompression done for all patients by 
senior neurosurgeon, after the informed Consent taken from 

every patient, and any intra-operative event, like incidental 
iatrogenic dural tear, or nerve root injury were recorded if 
happened, and whether they repaired intra-operatively or not, 
to correlate those events with adverse outcomes, CSF leak, 
infection and not relieving or worsening of pre-operative 
symptoms and signs. 

 All patients received perioperative one dose intravenous 
3rd generation cephalosporin antibiotic prophylaxis and 
repeated as required postoperatively, and they discharged the 
day after surgery, after instructing them for post-operative 
rehabilitation. 

Post operatively, lately after 12–24 months, patients con-
tacted via phone calls, and been asked for their walking per-
formance in terms of (walking period) and their level of 
satisfaction regarding pre operative neurogenic claudication.

Patients included in our study were those cases with only 
the diagnoses of acquired lumbar spinal stenosis (due to thick-
ened ligamentum) with or without hypertrophied facet joints, 
regardless of the number of levels been stenosed, and those 
who subsequently underwent surgical decompression between 
2018 and 2019 in our hospital. 

 Excluded cases were: Patients with other concomitant 
lumbar canal pathologies (Herniated lumbar disc HLD), 
patients who underwent simultaneous lumbar discectomies at 
the same level or in a deferent level of spine, patients with frac-
tured pars inter-articularis, and spondylolisthesis, patients 
with significant kyphosis and/or scoliosis (who required sur-
gical intervention for correction), patients with congenital ste-
nosis, and stenosis due to neoplastic or inflammatory diseases, 
and patients with missed or insufficient surgical data, were all 
excluded in our study.

The collected data analyzed to answer three main ques-
tions, the first question was (Surgical outcome of lower limbs 
radiculopathy due to degenerative lumbar canal stenosis, 
12–24 months after decompression) and published as a sepa-
rate paper in Iraq Medical Journal IMJ. 

This paper formed from the second main question (Sur-
gical outcome of “Neurogenic claudication and walking limi-
tation” due to degenerative Lumbar spinal canal stenosis. 

The third main question is (quality of life in patients with 
degenerative lumbar canal stenosis 12–24 months after sur-
gical decompression) that will constitute a different paper. 

Results
In this retrospective cohort study, totally 57 patients with 
degenerative lumbar canal stenosis (due to ligamentum flavum 
hypertrophy) were included, male (26%) and female (74%), 
Figure 1, age of the cases were between 34–85 years, mean 
57.39 and median 57 and standard deviation 10.96, chief com-
plain of patients were back pain and both lower limbs radicu-
lopathy in (71.9%, n = 41) of cases, back pain with only right 
side lower limb radiculopathy (12.3%, n = 7), back pain with 
only left lower limb radiculopathy (12.3%, n = 7), and in (3.5%, 
n = 2) patients the chief complain was only lower limbs radic-
ulopathy without back pain, Most of our cases were non-
smokers (82.5%, n = 47), chronic smokers (8.5%, n = 5 cases), 
ex-Smokers (8.5%, n = 5) cases.

Patients’ level of satisfaction and functional outcome in 
terms of Neurogenic claudication and Walking period were 
very high after interlaminar decompression, pre-operatively 
(96.5%, n = 55) cases were having neurogenic claudication, 
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they were able to walk <5 minutes, (29.8%, n = 7) patients 
were able to continue walking between 6–30 minutes and 
only (5.3%, n = 3) cases were having no limited walking 
period, Table 3.

But a dramatic improvement seen in walking period of 
patients after lumbar canal decompression, to become 
unlimited in (78.9%, n = 45) cases, and (19.3%, n = 11) 
cases became able to walk between (5–30 minutes), while 
only (1.8%, n = 1) case was still unable to walk more than  
5 minutes, 12–24 months after the inter-laminar decom-
pression, Table 4.

Predictors of Outcome
Patients who were included in our study were asked pre- 
operatively for their: Body mass index, smoking history, Dura-
tion of their symptoms, trial of conservative treatment before 
operation, and whether they had Systemic co-morbidities (like 
Diabetes mellitus, Hypertension, Hyperlipidemia and 
Ischemic heart disease), they were also assessed radiologically 
for the number of levels been stenosed (single level or mul-
tiple?) and then qualitative MRI classification of the stenosed 
level/levels (Schizas classification) taken into consideration, all 
of the above parameters measured and documented pre- 
operatively to evaluate their influence on the functional out-
come of the patients. 

Pre-operatively prolonged symptoms adversely affected 
the outcome in terms of remaining neurogenic claudication 
and post operatively low performance of walking, those with 
shorter history of symptoms pre-operatively had better results, 
Tables 5 and 6.

On the other hand; systemic comorbidities, number of 
stenosed levels (single versus multiple level), Type of stenosis 
according Schizas’ classification (Type C versus Type D), His-
tory of smoking and Body mass index, none of the found to 
have significant influence on the outcome, since the results of 
normal body weight index and over weighted patients statisti-
cally revealed no significant difference. 

Fig. 1 Showing male to female ratio of our cases.

Table 2. Post op neurogenic claudication

Frequency Percent Valid 
percent

Cumulative 
percent

Valid No post 
operative 
neurogenic 
claudication

40 70.2 70.2 70.2

Still there is 
remaining 
NC but 
better than 
pre-op

1 1.8 1.8 71.9

Yes, there is 
NC same as 
pre-op

16 28.1 28.1 100.0

Total 57 100.0 100.0

and only (3.5%, n = 2) cases had no neurogenic claudication, 
Table 1. 

But 12–24 months after surgical after surgical decompres-
sion, (70.2%, n = 40) cases had absolutely no neurogenic clau-
dication, while (28.1%, n = 16) cases were still complaining of 
neurogenic claudication even after successful neurovascular 
decompression but to a lesser intensity than pre-operatively, 
Table 2.

On the other side, for walking period, (64.9%, n = 37 
cases) were having sever limitation of walking ability, and 

Table 1. Neurogenic claudication

Frequency Percent Valid 
percent

Cumulative
percent

Valid No 2 3.5 3.5 3.5

Yes 55 96.5 96.5 100.0

Total 57 100.0 100.0

Table 3. Walking period before the operation

Frequency Percent Valid 
percent

Cumulative
percent

Valid Less than  
5 min

37 64.9 64.9 64.9

6–30 min 17 29.8 29.8 94.7

Unlimited 3 5.3 5.3 100.0

Total 57 100.0 100.0

Table 4. Post op walking period

Frequency Percent Valid 
percent

Cumulative
percent

Valid Less than 
5 min

1 1.8 1.8 1.8

5–30 min 11 19.3 19.3 21.1

Unlimited 45 78.9 78.9 100.0

Total 57 100.0 100.0
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Table 5. Influence of pre-operative symptom duration on post-operative neurogenic claudication

Post op neurogenic claudication

No post operative 
neurogenic 

claudication

Still there is 
remaining NC but 

better than pre-op

Yes, there is 
NC same as 

pre-op
Total

Duration of symptoms Less than 3 months 6 0 2 8

3 months–12 months 1 0 3 4

More than 1 year 33 1 11 45

Total 40 1 16 57

Table 6. Relationship between pre-operative symptom duration and post-operative walking performance

Post op walking period

Less than 5 min 5–30 min Unlimited Total

Duration of symptoms Less than 3 months 0 2 6 8

3 months–12 months 0 1 3 4

More than 1 year 1 8 36 45

Total 1 11 45 57

Discussion
The study revealed a clear female predominance among cases 
underwent surgical intervention over male gender, but there 
was no difference between the two genders in the functional 
outcome and level of satisfaction in terms of post operative 
walking distance, OD score, neurogenic claudication, lower 
limbs radiculopathy, numbness and paresthesia, Elisabeth 
Thornes et al., in their prospective Cohort Study revealed the 
same outcomes and claimed no gender influences on the out-
come.39 and Shay Shabat et al., also stated in their study that 
gender differences had no influence on patients’ satisfaction 
rates in lumbar spinal stenosis surgery.40 

Most of our cases were nonsmokers 82.5%, and 8.5% 
were chronic smokers, while 8.5% were Ex-Smokers, how-
ever our study didn’t reveal any significant correlation 
between smoking and post operative functional outcome, 
there was no different between smokers, non-smokers, and 
ex-smokers in terms post-operative radiculopathy and pares-
thesia of the lower limbs, neurogenic claudication, post oper-
ative walking period and post operative quality of life 
(measured by OD Score), and this result was almost the same 
as the outcomes of the two studies conducted by Shaun 
Previn Appaduray et al., and the other by Martin N. Stienen 
et al., they found that no relation between smoking and good 
or unfavorable outcomes.41,42

In general, we detected a high level of satisfaction post- 
operatively in terms of neurogenic claudication and Walking 
period among our cases, those two symptoms achieved the 
most significant improvement after interlaminar decompres-
sion, walking period to become unlimited in 78.9%, and 

neurogenic claudication resolved totally post operatively in 
70.2% of cases, these results were almost the same as the find-
ings of the two studies: of them by C. M. Prasad et al., and the 
other by: Yukawa et al., who found a high level of satisfaction 
for neurogenic claudication and walking period post opera-
tively in lumbar spinal canal decompression.43,44

Shorter duration of symptoms pre-operatively, associated 
with better outcomes post-operatively in our study, this was 
also noted by Leslie C. L. Ng et al., who found prolonged dura-
tion of symptoms is associated with a less favourable outcome 
in their study.45 

Conclusion 
Interlaminar decompression is a relatively safe and effective 
surgical technique for release of stenosed lumbar spinal canal, 
and to liberate the neurovascular contents of the canal, patient 
with significant impingement of lumbar canal due to thick-
ened ligamentum flavum can be offered surgical intervention 
with expected good results, which can significantly improve 
patients’ quality of life by boosting post operative walking 
period, resolving neurogenic claudication, reducing ODI and 
satisfying a great proportion of cases in terms of eliminating or 
reducing lower limbs radiculopathy, numbness and pares-
thesia post operatively.

 The functional outcome; in terms of post operative 
walking distance and elimination of neurogenic claudication 
are influenced by: duration of symptoms before operation, 
while the results are not affected by age, gender, history of 
smoking, trial of conservative treatment prior to surgery, and 
body mass index before operation. 
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