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Abstract:
Objective: To compare the short term surgical outcome by post-operative walking distance in 
patient with neurogenic claudication aft er laminoforaminotomy and laminectomy.
Study Design: Randomized controlled trial
Place and duration of study: Department of Neurosurgery, Dow University of Health Sci-
ences at Civil Hospital, Karachi from 15th April 2011 to 19th June 2012.
Methodology: Patients having neurogenic claudication, due to a single level lumbar spinal 
stenosis and meeting the inclusion criteria were randomly placed into either group A or group 
B. Patients in group A were surgically managed by laminectomy while those in group B under-
went laminoforaminotomy. Short term surgical outcome of the two groups was evaluated at 
one month by comparing postoperative walking ability and comparing this with their pre-
operative walking ability. Statistical analysis was performed by using SPSS 16.0.
Results: Out of total 69 patients with neurogenic claudication, 33 were in laminectomy group 
whereas in 36 in laminoforaminotomy group. For both laminectomy & laminoforaminotomy 
groups, good walking tolerance (501 – 1000 m) was observed in 76% and 83% patients re-
spectively, and excellent walking tolerance (> 1000 m) was observed in 9% and 11% patients 
respectively. Major improvement (good or excellent) was seen in 30 (94%) cases in Lamino-
foraminotomy group, as compared to 25 (85%) cases in Laminectomy group. However this 
improvement is statistically insignifi cant (p-value = 0.7, 95% CI =-9.11 to 21.36). Males had 
bett er outcomes in the Laminoforaminotomy group while females had bett er outcomes in the 
Laminectomy group. 
Conclusion: Adequate decompression of single level spinal stenosis with preservation of pos-
terior elements can be performed by laminoforaminotomy and the outcome can be assessed 
satisfactorily by walking tolerance. Laminoforaminotomy can be the standard procedure for 
surgical treatment of degenerative spinal stenosis.

Keywords: Lumbar spinal stenosis, decompression, minimally invasive technique, laminofo-
raminotomy, walking distance

Introduction:
Lumbar spinal stenosis is a term used to de-
scribe any narrowing of spinal canal, nerve root 
canal or intervertebral foramen.1  Lumbar spinal 
stenosis is the commonest indication for lumbar 
spinal surgery in persons older than 65 years in 
the United States2 and has a high prevalence in 
Pakistan. 

Th e degenerative changes leading to spinal ste-
nosis are characterized by ligamentum fl avum 
hypertrophy, disc bulging and facet joint ar-
thritis. Additional contribution from thicken-
ing and ossifi cation of posterior longitudinal 
ligament (OPLL), vertebral osteophytes, and 
epidural fat, eventually leads to compression of 
neural elements.3  Lumbar stenosis classically 

Comparison of short term surgical outcome of 
laminectomy and laminoforaminotomy by postoperative 
walking distance, in patients with neurogenic claudication 
due to single level lumbar stenosis
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presents with back pain, neurogenic or pseudo 
claudication and radiculopathy.4 Symptoms of 
neurogenic claudication include pain, paraes-
thesia in leg, cramping of one or both legs due to 
stenotic changes leading to posture-related com-
pression of both neural and microvascular com-
ponents of lumbo-sacral nerve roots and cauda 
equina and are aggravated on extension of spine 
(during standing and walking) and relieved on 
fl exion (sitt ing).5 Clinically this is manifested 
by progressive shortening of distance at which 
symptoms appear in the lower limbs, the claudi-
cation distance.  

Rest pain and neurogenic bladder may develop; 
however patients rarely present as cauda equina 
syndrome.6 Th e condition is initially managed 
conservatively with analgesics and physiother-
apy. Surgery is performed when conservative 
treatments have failed. Th e outcomes of con-
trolled clinical studies comparing surgical and 
conservative treatment are more in favor of the 
former.7 In a randomized study in which non-
operative treatment was compared  with surgery 
(decompressive laminectomy) over a period 
of four years, those that were treated surgically 
showed more improvement in pain, function, 
satisfaction and self-rated progress.8

Literature regarding functional outcome of vari-
ous surgical procedures shows wide variation in 
the success rates of diff erent surgical interven-
tions, ranging from 26-100%. 8

Although symptoms unrelieved by conservative 
treatment are common reason for surgery, valid 
indications for surgical decompression are not 
clearly defi ned and the only absolute indication 
is cauda equina syndrome and focal neurologi-
cal defi cit.9

Laminectomy, a relatively invasive technique, is 
the gold standard and most popular method of 
surgical decompression. It involves removal of 
the lamina, ligamentum fl avum, spinous process 
and interspinous ligaments. 10  Facet joints are 
usually preserved. 

 Immediate symptomatic improvements can be 

expected in about 35-75% of patients, long term 
outcomes are unsatisfactory, with 23% patients 
undergoing re-operation and 33% having severe 
backache seven to ten years aft er surgery.11

On the other hand decompression of  spinal 
stenosis can be adequately performed  with 
minimal removal of the posterior elements by 
laminoforaminotomy, consisting of removal of 
ligamentum fl avum, under cutt ing of facet joints 
and minimal resection of lower margin of supe-
rior lamina. Th is procedure achieves satisfactory 
long term outcome with litt le post-operative 
instability.12 It is less invasive and cost eff ective 
and associated with decreased patient morbid-
ity .3

Neurogenic claudication along with back pain 
is the most common symptom of spinal steno-
sis which improves aft er surgery and can be as-
sessed as walking ability.13 In the treatment of 
spinal disorders treadmill test and shutt le test 
are considered the gold standard clinical tools 
used in research for measurement of walking ca-
pacity. 14     However treadmill and shutt le tests 
are not conducive to  some cultural sett ings 
where walking distance is a more appropriate 
assessment method.  Neurogenic claudication 
distance has been used as a tool for clinical as-
sessment and as an outcome measure for treat-
ment of lumbar spinal stenosis .Sang-Won et al 
assessed functional outcome of patients who 
underwent decompressive surgery for lumbar 
spinal stenosis using walking distance15.  

In the group of population, which is the  subject 
of this study, use of treadmill and shutt le test do 
not appear appropriate methods of  outcome 
assessment as people as a whole, especially the 
elderly population is not familiar with the use of  
treadmill. Walking distance, on the other hand, 
can be  easily explained to patients , is easily  as-
sessable and is more closely related to the func-
tional outcome.       Th e objective of this  study 
was to assess and compare the short term func-
tional outcome of laminoforaminotomy and 
laminectomy, in terms of post operative walking 
ability without induction of neurogenic claudi-
cation.

Surgical outcome of laminectomy and laminoforaminotomy
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Methodology:
Th is study was conductive at the Department 
of Neurosurgery, Dow University of Health Sci-
ences ,Civil Hospital, Karachi. All 69 patients 
who underwent surgical decompression of sin-
gle level  lumbar stenosis over a period of one 
year from 15th April 2011 to 19th June 2012.

Only those patients who underwent surgical 
intervention for neurogenic claudication due to 
single level stenosis and had at least three month 
of conservative treatment by analgesics and /or 
physiotherapy were included. An M.R.I (mag-
netic resonance imaging scan) of lumbosacral 
region was obtained in each case to confi rm the 
presence of central stenosis, manifested as re-
duction in the canal dimensions at the stenotic 
level compared with adjacent unaff ected levels, 
impingement on neural structures and loss of 
CSF signal on T2 weighted images.3 Th ose who 
needed more than two-level decompression, 
had associated pathologies such as degenerative 
scoliosis, cauda equina syndrome (CES), previ-
ous lumbar spine fracture, previous spinal sur-
gery at the same level ,coexisting  bone and joint 
degenerative diseases or could not walk because 
of shortness of breath were excluded. Also ex-
cluded were those who developed surgical com-
plications like wound infection, dural tear, and 
discitis  as these patients present with postop-
erative pain and can infl uence fi nal evaluation.

An informed consent was obtained from all pa-
tients. All procedures were performed under 
general anesthesia in prone position with C-arm 

identifi cation of the involved level. Aft er anti-
biotic prophylaxis at the time of induction of 
anesthesia, senior surgeon ( JA)  performed the 
surgery. 

In laminoforaminotomy through  a midline ap-
proach  the spine was exposed. At the level of 
compression, ligamentum fl avum was removed 
completely, with resection of inferior 1/3 of the 
superior lamina and undercutt ing of the facets to 
decompress the lateral recess.  Care was taken  to 
preserve the facet capsules. Where hard disc/os-
teophyte were components of the compressive 
elements, these were also removed. Th e base of 
spinous process were removed to enlarge the 
central spinal canal (Figure 1). Satisfactory de-
compression was confi rmed by easy passage of  
a probe underneath the interspinous ligament 
which was preserved alongwith the spinous pro-
cess and the supraspinous ligament   (Figure 2). 

Laminectomy involved extensive removal of the 
posterior elements including the lamina, liga-
ment fl ava, spinous processes supra- and inter-
spinous ligaments. Hard disc/osteophyte com-
ponents of  compression  were also removed 
(Figure 3).

In both procedures, no extraneous material was 
placed on the dural sac and the wounds were 
closed with vicryl. Patients were ambulated on 
the day aft er  surgery. 

Aft er informed consent of all those who met in-
clusion criteria of the study, a predesigned ques-

Figure 1: Endoscopic view of duodenum show-
ing blunting oShowing laminoforaminotomy 
(Sp: Spine, SSL: supraspinous Ligament, ISL: 
Inter-spinous ligament, Lfm: Laminoforami-
notomy)

Figure 3: Showing decompression with laminec-
tomy. Spinous process, inter-spinous and supra-
spinous ligament have been removed

Figure 2: Showing easy passage of probe under-
neath the inter-spinous ligament. Spinous process 
and inter and supra-spinous ligaments have been 
preserved
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tionnaire was used to record general bio-data, 
clinical and radiological fi ndings. A thorough 
neurological examination was also performed 
including sensory and motor examination along 
with straight leg raising test.

Neurogenic claudication was described as low 
back pain radiating to lower limbs or butt ocks 
associated with fatigue and loss of sensation in 
the lower limbs aggravated by walking and eased 
by sitt ing or lying down.13 

A simple walking test was used for the measure-
ment of walking ability as use of  tread-mill for 
provocation of symptoms is not conducive to 
the cultural sett ing of the study. Th e test was per-
formed in the ward on a previously measured  25 
meters stretch. Th e patient was allowed to   walk 
at a comfortable speed. Th e distance at which 
the patient had to stop  because of claudication 
was recorded as walking ability. Walking dis-
tance was assessed both pre operatively and post 
operatively.  Post-operative walking distance 
was measured one month aft er the surgery. Post-
operative walking distance was used to com-
pare the outcome of two groups. Th e outcome 
was considered excellent, good, fair and poor 
for walking distance more than 1000m, 500-
1000m, 100-500m and less than 100m respec-
tively. Excellent and good result was considered 
improvement while fair and poor results were 
considered   as no improvement. 

Data was entered and analyzed using statistical 
soft ware SPSS version 18. Mean ± standard de-
viation was computed for numerical variables 
like age and duration of symptoms. Frequencies 
and percentages were computed for categorical 
variables like gender, age distribution and walk-
ing ability improved or not.  Th e statistical sig-
nifi cance was set on P-value <0.05.

Ethically patients were explained the random as-
signment into the two treatment groups as well 
as the risks and possible benefi ts of the two pro-
cedures.

Results: 
A total of 80 patients were entered in the study 

out of which 11 were dropped as they either had 
complications like CSF leakage, disc space infec-
tion or were lost to follow-up, Of the total 69 pa-
tients, available for comparison,  there were 46 
males, male: female ratio of 2:1 with median age 
40 years and Inter Quartile Range was 10. Th ere 
were 33 patients in the Laminectomy group and 
36 patients in the Laminoforaminotomy group. 

Gender distribution shows male predominance 
in both groups with male: female ratio of 2.:1. 
in Laminectomy group, 22 (67%) patients were 
male and 11 (33%) were females whereas in lam-
inoforaminotomy group, 24 (67%) were male 
and 12 (33%) were female. Mean (±SD) age of 
patients was 42.55 ±12.8 years and 37.69± 11 
years in laminectomy and laminoforaminotomy 
group respectively and t-test for comparison of 
means was not signifi cant.  

L5-S1 was the most common stenotic level in 
the laminectomy group (51.5%) while L4-L5 
was the most common level of stenosis in the 
laminoforaminotomy Outcome was determined 
by calculating the post and pre-op walking tol-
erance for all participants. Values below 500m 
were taken as poor outcome; values between 
500-1000 were taken as good outcome and 
above 1000 were taken as excellent outcome 
group (47.2%). (Table 1)

Table 2 shows the pre-operative and post-oper-
ative walking distance of the participants in the 
two groups. Chi square test between the post op 
walking distances was not signifi cant (p-value= 
0.709). Th e preoperative walking distance was 
less then 300 meters  in 91% of laminectomy 
and all of laminoforaminotomy group. In  63.6% 
of laminectomy and 83.3% of laminoforami-
notomy group this distance was less than 100 
meters. In both groups there was signifi cant 
improvement following surgery with 69.7% of 
laminectomy and 80.5 % of laminoforaminot-
omy patients having a postop walking distance 
greater than 750 meters and 9.1% of the fi rst 
group  amd 11.1% of the second group having 
a walking distance of more than 1000 meters.  
Figure 4 shows the comparison   of the  post-op 
walking distances.
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Table 3 shows group-wise distribution of the 
improvement (good + excellent outcome)  
judged by pre and post-op walking distance cov-
ered. Th e laminoforaminotomy group showed 
greater number of participants with improve-
ment (n=29, 94.4%) as compared to those who 
had undergone Laminectomy (n=28, 84.8%)

Table 4 shows the distribution of improvement 
(good + excellent outcome) in the two genders.

Th e highest outcome of 1260 meters was ob-
tained by a 46 year old male from the lamino-
foraminotomy group. All the four participants 
from the laminoforaminotomy group with ex-
cellent outcomes had a pre-op walking distance 
of less than 100 meters showing bett er outcomes 
than their counterparts. 

Discussion: 
Degenerative lumbar spinal stenosis is fre-
quently diagnosed spinal disease in the elderly 
population.16 In our study however the median 
age of the population was 40 years with a male 
predominance of 2:1. Th e lower age group of 
the population makes it even more necessary 
to improve the quality of life by the most suit-
able management. Th e treatment is hence aimed 
at relief of symptoms and return of the patient 
to routine daily activities. Surgical decompres-
sion is undertaken when symptoms become 
severe despite medical management.10 Despite 
advancements in surgical approaches the chal-
lenge lies in deciding the surgical approach that 
is associated with good to excellent outcome, re-
duction of patient morbidity and decrease in so-
cial and fi nancial cost for the patient and society. 
Since the main purpose of treatment is improve-
ment in symptoms and function the att ention in 
this study was focused on functional assessment 
of patients preoperatively and postoperatively in 
terms of walking ability. We considered a post-
operative walking improvement of greater than 
500 meters as an “improvement” or “good out-
come”. Distances greater than 1000 meters were 
considered excellent. 

Th e reason for assessing short term outcome is 
that with decompressive procedures, symptom-

Table 1:  Anatomical Levels of stenosis. 

Frequency Percent
Laminectomy L3-L4 2 6.1

L4-L5 14 42.4

L5-S1 17 51.5

Laminoforaminotomy L4-L5 17 47.2

L5-S1 16 44.5

L3-L4, 3 8.3

Table 2:   Preoperative and Postoperative walking distance. 

 Walking distance
Laminectomy (N=33) Laminoforaminotomy (N=36)
n % n %

Pre-op <100 m 21 63.6 30 83.3

100-199 m 5 15.2 2 5.6

200-300m 4 12.1 4 11.1

>300 3 9.1 - -

Post-op <500 3 9.1 2 5.6

500- 749 m 7 21.2 5 13.9

750- 1000 m 20 60.6 25 69.4

>1000 3 9.1 4 11.1

Table 3:  Group-wise distribution of the improvement.

Outcome
Laminectomy Laminoforaminotomy
n % n %

Poor 5 15.2 2 5.6 %

Good 25 75.8 30 83.3%

Excellent 3 9.1 4 11.1

Total 33 100 36 100

Table 4:   Shows the distribution of improvement (good + excellent outcome) in the two genders.

Outcome Laminectomy Laminoforaminotomy
Males (N=22) Females (N=11) Males (N=24) Females (N=12)
n % n % n % n %

Poor 4 18.2 1 9.1 1 4.2 1 8.3

Good 17 77.3 8 72.7 19 79.2 11 91.7

Excellent 1 4.5 2 18.2 4 16.7 - -

Figure 4: Comparison of Postoperative walking distance
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atic improvement is almost immediate if the de-
compression has been adequate. Hence clinical 
adequacy of decompression does not require a 
long term assessment and those patients who do 
not have expected improvement should be rein-
vestigated. Longer term studies are required and 
several have been conducted to assess the long 
term eff ects of decompressive procedures 18,19 . 
In the sett ing, where  this study was conducted, 
most patients who come from far fl ung areas do 
not return for a long term followup unless there 
is no signifi cant clinical improvement. Hence 
short term out come was assessed at one month 
once the symptoms related to surgery had set-
tled, and did not confound assessment. 

Single level stenosis causing neurogenic clau-
dication was selected for this study in order to 
avoid the confounding factors of multiple levels 
stenosis, such as a diff erent clinical presentation, 
longer operative time, and more prolonged  post 
operative period. 

Various factors have been studied which eff ect 
the surgical outcome. Katz et al reported that 
bett er preoperative walking capacity, low cardio-
vascular morbidity and bett er self-rated health 
were associated with favorable outcome and 
bett er post-operative walking capacity, while 
age and gender had no eff ect on the outcome.17 

Zheng et al reported that unfavorable outcome 
was associated with previous back surgery and 
co-existence of bone and joint degenerative dis-
order.18 Zheng et al, 18 and Turner’s meta-analy-
sis had similar fi ndings. 12

In our study, we compared the post-operative 
walking distance of the two groups. Th ose who 
had undergone Laminoforaminotomy showed 
bett er walking distances with higher values as 
compared to laminectomy group (Figure. 4).We 
also compared the pre- and postoperative walk-
ing distances of each group for improvements 
with laminoforaminotomy group showing a 
higher percentage of patients with improve-
ments (94% vs 85%) and a greater number of 
those showing excellent outcomes (greater than 
1000m) compared to the Laminectomy group. 
Yi-Shan FU4 and co-authors have reported simi-

lar clinical outcome of surgical decompression 
of lumbar spinal stenosis by laminoforaminot-
omy and laminectomy. Our study also showed 
that males had bett er outcomes in the lamino-
foraminotomy group while females had bett er 
outcomes in the laminectomy group but the dif-
ference was not statistically signifi cant. 

Although a number of  tools such as shutt le walk-
ing test, the Swiss spinal stenosis questionnaire, 
the Oxford spinal stenosis score, and the Oswes-
try disability index in the assessment of patients 
with lumbar spinal stenosis, most of these tools 
are not helpful in some groups of population 
where a clear understanding of the procedure is 
required. On the other hand, a simple walking 
test, performed at a comfortable speed, is easier 
to explain to the patient, can be repeated and is 
closer to the functional outcome which is the 
ultimate objective of surgery. Th is appears to be 
the logical choice of assessment.   

Ioannis et al reported the outcome of 50 patients, 
with degenerative lumbar spinal stenosis who 
were treated surgically by total laminectomy 
in a retrospective study and prospective follow 
up. 72% of patients showed the outcome were 
excellent to good. At the follow up, 82% of all 
patients could walk more than 500m.19 Turner 
et al in meta-analysis mentioned that total lami-
nectomy is associated with improvement in 64% 
of patients at 3 to 6 years aft er surgery for lumber 
spinal stenosis.12 

Laminoforaminotomy is a minimally destruc-
tive procedure which preserves spinous process-
es, interspinous ligaments, facet capsules, and 
part of laminae and hence the stability of spine. 
Yi –Shaun Fu and co-authors reported 89% ex-
cellent to good results for laminoforaminotomy 
group in comparison with 63% excellent to good 
result for laminectomy group.3

Recently more att ention has been concentrated 
on minimizing the invasiveness of decompres-
sion techniques to reduce soft  tissue injury, in-
traoperative complications and blood loss, thus 
producing shorter hospitalization, fast recovery 
and essentially bett er surgical outcome. Cost ef-

Surgical outcome of laminectomy and laminoforaminotomy
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fectiveness of the procedure is also an important 
consideration especially in view of our setup. 
Laminoforaminotomy, a minimally destructive 
procedure, has been used for posterior lumbar 
discectomy for lumbar disc herniation for many 
years. Similarly degenerative spinal stenosis re-
sulting from ligamentum fl avum hypertrophy, 
disc bulging or facet joint hypertrophy have 
been surgically treated with laminoforaminoto-
my with removal of partial facet process to en-
large lateral recess and foraminal, for protection 
of nerve root, and removal of  the ventral cortex 
and cancellous of the vestigial laminae and the 
base of spinous process to enlarge the central 
spinal canal. 

In our study we have found that the comparison, 
between the outcome i.e. improved walking abil-
ity in both surgical procedures, to be statistically 
insignifi cant P=0.7. We therefore recommend 
laminoforaminotomy which is a promising 
treatment alternative in terms of reduced patient 
morbidity and decreased social and fi nancial 
cost for the patient and society. Preoperative fac-
tors predicting good surgical outcome in lumbar 
prolapsed intervertebral disc have been studied 
in the local population. 20 We did not fi nd any 
study regarding the relationship of preopera-
tive factors and surgical outcome in lumbar spi-
nal stenosis in local literature.  Lumbar stenosis 
is quite common in our older population and 
there is a need of large-scale study and analysis 
of many other factors, which may play their role 
in surgical outcome. Our current study is small 
and especially there are only four patients in 
poor surgical outcome group, so it is diffi  cult to 
make any meaningful recommendation about 
poor outcome. However our analysis does show 
that, aft er evaluating and comparing neurogenic 
claudication in terms of improvement in walk-
ing ability, surgical results are similar in patients 
with lumbar spinal stenosis, undergoing decom-
pressive surgery with laminoforaminotomy and 
laminectomy.

Conclusion:
It can be concluded from this study that degen-
erative spinal stenosis can be decompressed 
adequately while preserving the posterior ele-

ments and minimal operative invasiveness by 
laminoforaminotomy as compared to laminec-
tomy, obtaining good surgical outcome in terms 
of improved post-operative walking ability. Pre 
and postoperative walking ability can be used as 
a practical easy tool for assessment of surgical 
outcome. 

Disclosure:
Th e authors report no confl ict of interest con-
cerning the materials and methods used in this 
study or the fi ndings specifi ed in this paper.
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