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ABSTRACT
Background: Lumbar spinal stenosis (LSS), a disease that mainly affects people over 50 years old, may have a dramatic 
presentation with pain, difficulty in walking, changes in urinary functions in addition to root symptoms, such as numbness, 
burning, and feeling of heaviness in the legs. The treatment is very varied with several non-surgical and surgical possibilities. 
With an aging population, this disease becomes increasingly preoccupant for their uncertain evolution and without a well-
defined correlation with imaging tests, treatment, and outcome may be troublesome. Moreover, LSS frequently affects 
patients who have associated comorbidity that can hinder the treatment.
Objectives: To assess the outcome and short term results of MLL in treatment of patients with degenerative LSS.
Patients and Methods: A prospective study, carried out at the Spine unite, Orthopedic department, Zagazig university 
hospitals from October 2018 to May 2020.  Study was conducted on 12 patients diagnosed with LSS clinically and 
radiologically. Surgical technique involved minimal window resection of both laminae and ligamentumflavum of selected 
level with preservation of ligamentous structures and facet joints. Pain and disability were measured preoperatively and 6 
months postoperatively with a visual analogue scale (VAS) and the Oswestry Disability Index (ODI).
Results: VAS of leg pain improved from 8.16±0.71 to 1.20±0.41 showing 84.5 % improvement, while VAS of the back pain 
improved from 4.33±1.07 to 1.75±0.62 showing 59.5 % improvement. The ODI improved from 79.25±12.16 to be 6.78±2.98 
showing 91.1% improvement. The mean anteroposteriorthecal diameter improved from 6.54±1.2 mm to 12.79±1.6 mm with 
95.6% improvement, while the mean DSCSA improved from 60.34±6.8 mm2 to 110.65±4.82 mm2 showing 83.3% 
improvement at the last follow up (6 months).
Conclusion: We concluded that MLL is a good, safe, effective, minimally invasive approach and easily applied surgical 
option for treating degenerative LSS.
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INTRODUCTION
Lumbar spinal stenosis (LSS) is a common spinal disorder in the older population, and a clinical syndrome consisting of 

pain in the buttock or lower extremity, with or without low back pain and corresponding imaging findings of narrowing of 
spaces around neural and vascular elements in the lumbar spine. The narrowing factors could be the intervertebral disc 
herniation, hypertrophy of ligamentumflavum and/or facet joint, spondylolisthesis, osteophyte and ectopic fat tissue. (1)

LSS was reported to be the most frequent cause of the need for lumbar spinal surgery among the elderly population witha 
study in United States reported that more than 200,000 adults are affected by LSS withexpected rising to 64 million elderly 
adults by the year 2025(2). Another study in Japan found that the LSS incidence was increased by age, about 1.7– 2.2% in 40–
49 years old population, and 10.3%–11.2% in 70–79 years old population and reported that the incidence of symptomatic LSS 
is about 10%. (3)

Many different classifications have been reported, but there is a lack of an accepted classification system. One of the most 
common classification systems was described by Arnoldi et al, which categorized the LSS into congenital and acquired. 
Congenital LSS includes idiopathic and achondroplastic LSS, and acquired LSS including degenerative, combined, 
spondylolisthesis, iatrogenic, post-traumatic and miscellaneous. (4)

There is still a lack of high quality randomized controlled trials to prove the efficacy of non-operative options selected for 
LSS patients, including lifestyle modifications, drugs, physiotherapy, multidisciplinary rehabilitation, epidural injections and 
some complementary medicine. (5)

Although laminectomy is the standard decompressive surgery for severe degree stenosis with neurogenic claudication, 
neural structure compromise, and/or intractable radicular symptoms (6), it can cause instability and result in a less favorable 
outcomes at long-term follow-up with high incidence of pseudoarthrosis instrumented fusion . (7, 8)

Various decompressive technical modifications of the standard laminectomy have been reported in an attempt to 
adequately treat patients with spinal stenosis while maximizing the structural preservation of the spine including conventional 
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laminectomy, bilateral laminotomy, unilateral laminotomy with contralateral recess decompression, partial facetectomy and 
split-spinous process laminotomy / laminoplasty.(9-12)

Our study Purpose was to explain MLL as a minimal invasive technique providing effective decompression of lumbar 
canal while preserving main osteoligamentous elements that keep spinal stability.

The aim of the present study is to assess the outcome and short term results of MLLin treatment of patients with 
degenerative lumbar canal stenosis regarding: symptoms relief, postoperative pain, wound complications and stability.

PATIENTS AND METHODS
The study was conducted on 12 patients after obtaining written informed consent from all participants and taking approval 

from the research ethical committee of Faculty of Medicine, Zagazig University in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for studies involving humans, and it was    carried    out    at Spine unite, 
orthopedic department, Zagazig university hospitals between October 2018 and May 2020.  

Patients were selected according to the following inclusion criteria; 1) Adult patients (>18 years old) with degenerative 
lumbar canal stenosis, not responding to at least six months of non-operative treatment regimen 2) Degenerative lumbar 
pathologies associated with severe leg with/without back pain with sagittal lumbar canal AP diameter less than 11 mm.
Exclusion criteria: Patients with traumatic or spondylotic lumbar spine fractures, patients with history of previous fusion or 
decompression of lumbar spine, or previous spinal instability due to trauma, Patients with pure lateral stenosis, Patient with 
congenital stenosis, Patients who are medically unfit for anesthesia and those who refused to participate were excluded also.

The study cases were diagnosed by complete patient history, clinical examination, with radiological assessment.
Pre-operative radiological assessment was done using standing lumbosacral X-rays (anteroposterior, lateral, flexion and 

extension views), MRI and/or CT, and the following parameters were measured using the Surgimap computer program: AP 
dural sac diameter (mm), dural sac cross-sectional area (mm2), and these measurements were obtained using MRI and/ or 
CT.Pain was evaluated by self-assessment on visual analogue scale (VAS), while functional disability was assessed using the 
Oswestry Disability Index (ODI).

All patients were subjected to MLL. The follow-up evaluation consisted of clinical examination and lumbar spine 
radiographs, MRI and CT scan till 6 months post-operatively.

Statistical Analysis 
Data were collected throughout history, basic clinical examination, laboratory investigations and outcome measures 

coded, entered and analyzed using Microsoft Excel software then imported into Statistical Package for the Social Sciences 
(SPSS version 20.0) software for analysis. Quantitative data were described using range (minimum and maximum), mean, 
standard deviation and median.

Operative Technique:
All patients had been given intravenous 3rd generation Cephalosporin preoperatively.Under general anesthesia, 

patients were catheterized using Foley catheter then placed in prone position with flexion of the hips to reduce normal lumbar 
lordosis and widen the interlaminar space, making it easier to access the spinal canal.The operative level was verified using
C-arm fluoroscopy. A central midline skin incision is made over the involved segment. The length of the incision depends on 
the number of levels to be operated. Dissection of the subcutaneous layers, the thoracolumbar fascia is incised with a cautery 
knife; the paraspinal musculature is subperiosteally detached from the spinous process and the laminaeexposing the 
interlaminar space.Sponges are used to push the paraspinal muscles laterally and control bleeding by densely packing the 
created space between the spinous process and the muscle. Resection of the lower feature of the cephalad lamina and, to a 
small extent, from the superior feature of the inferior lamina is done, then we do the same to the contralateral side (Figure 1).

Resection of the medial feature of the facet joint to expand the lateral recess.Removing the ligamentumflavum and its 
bony attachments to expose the dural sac.Undercutting and trimming of the underlying surface of both laminae and spinous 
process is done using kerrisonrongeur.Finally, the nerve roots on both sides were confirmed to be completely 
decompressed.The spinous process, the supra- and interspinous ligaments, and a considerable percentage of the lamina stayed 
conserved.A suction drain is placed in the deep wound.
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Figure (1): Intraoperative images describing the steps of MLL procedure: A) superficial and deep dissection, B) after 
unilateral laminoplasty, C) showing bilateral laminoplasty, D) showing complete central decompression with foraminotomy.

All patients were allowed to walk on the 2nd Postoperative day and X-rays were done immediately postoperatively, after 
12 weeks and after 6 months postoperatively. CT and MRI were done to all patients 1 month postoperatively and 
postoperative assessment was done using the same preoperative measures.

RESULTS
The study was performed on 12 patients including 10 females and 2 males with average age 53.50±6.59 (range, 46–67 

years).Regarding BMI, it was distributed as 38.34±4.67, the majority of the studied group were female(83.4%)(Table 1).The 
total number of operated levels in our 12 patients was 19 levels, the majority were in L4-L5 & L5&S1. Single level procedure 
was performed in 5 patients (41.7%), double level procedure in 7 patients (58.3%). L4-5 level was operated in 8 patients, L5-
S1 in 3 patients, L3-4 in 4 patients and L2-3 in 4 patients (Table 2).

The mean Incision length was distributed as 8.83±1.33, whilethe mean estimated operative blood loss (EBL) was 
264.16±50.89 ml. The mean operative duration was 93.75±11.7 minutes and fusion is done for 2 cases(Table 3).

The VAS of leg pain improved from 8.16±0.71 to 1.20±0.41 at the last follow up showing 84.5 % improvement, while the 
VAS of the back pain showed 59.5 % improvement as it has changed from 4.33±1.07 to 1.75±0.62 at the last follow up (6 
months).The ODI improved from 79.25±12.16 to be 6.78±2.98 showing 91.1% improvement at the last follow up (P<0.001)
(Table 3).

The mean anteroposterior thecal diameter changed from 6.54±1.2 mm to 12.79±1.6 mm at the last follow up with 95.6% 
percent of improvement (P<0.001), while the mean DSCSA improved from 60.34±6.8 mm2 to 110.65±4.82 mm2 showing 
83.3% improvement at the last follow up (P<0.001).(Table 5, 6).No cases of intra-operative dural tear had occurred among 
our cases. One patient presented with superficial wound infection and received antibiotic injections and the infection subsided 
on repeated dressing.

DISCUSSION
Different surgical techniques have been reported over last decadesfor lumbar spine decompression. The surgical aim of 

treatment for symptomatic lumbar canal stenosis is relief of symptoms by adequate neural decompression while preserving 
much of the anatomy and the biomechanical function of the lumbar spine.(13)

North American Spine Society (NASS) guidelines suggest the use of decompressive surgery as a mean of improving 
outcome not only in patients with severe symptoms of LSS but in those with moderate symptoms as well. (14)

A study of Ramhmdani et al reported that of 105 patients with laminectomies across 1–4 levels, 10 patients (9.5%; 5 men 
and 5 women with average age of 63.0 ± 11.2 years) developed subsequent iatrogenic spondylolisthesis at the same operative 
levels that required reoperation.(15)

Nasca RJ has recommended that an arthrodesis be performed when stenosis is associated with instability or in the setting 
of a spondylotic spine associated with complaints of low back pain. (16)

The mean age was 53.50±6.59 years old comparing to other studies, mean age was 64.4 (range, 46–87) years(12) and 
47.7±10.4 (30-60) years(17).

The mean estimated operative blood loss (EBL) was 264.16±50.89 mlwhich was less than that of Liu et al, study which 
was 291.1 mL for sublaminar-trimming laminoplasty alone, 657.7 mL for sublaminar-trimming laminoplasty with PLF, Also 
it was less than Peddada et al, study(18) which was 600 ml.
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The mean operative time was distributed as 93.75±11.7 with minimum 80 and maximum 115 minutes which was less  
than and less than Liu et al., which was126.6 min for sublaminar trimming laminoplasty alone, Also it was lessSaleh et al, 
study(17) in which the mean operative time was127.5±35.3 (Range, 85-200) minutes.

The VAS of leg pain improved from 8.16±0.71 to 1.20±0.41 at the last follow up showing 84.5 % improvement, while the 
VAS of the back pain showed 59.5 % improvement as it has changed from 4.33±1.07 to 1.75±0.62 at the last follow up (6 
months). 

Comparing to other studies, Kwon et al., 2014(12)study showed that the mean VAS scores of back/buttock pain improved 
post-operatively (from 5.1±2.0 to 1.3±2.6) with improvement 75%, while the VAS for leg pain improved from 5.5±2.1 pre-
operatively to 1.5±2.2 post-operative showing 76.2 % improvement.

Liu et al., 2014(11) study showed decrease of pre-operative VAS for leg pain and back pain  from 6.8 ± 1.3 and 6.1 ± 1.2 
respectively  into 0.6 ± 1.1 and 1.8 ± 1.0 post-operative showing 91.1%  and 70% improvement  respectively at the last follow 
up (3 years).

The ODI improved from 79.25±12.16 to be 6.78±2.98 showing 91.1% improvement at the last follow up (P<0.001), 
comparing to Kwon et al, (12)study that showed decrease of ODI from 42.8±18.1 to 19.0±21.6, (p<0.001) with 55.6 % 
improvement at the last follow up (6 months), and also in comparison to Liu et al, (11) study that showed improvement of ODI 
from 30.8 ± 5.8 to 9.4 ± 5.9 with 69.4% improvement at the last follow up (3 years).

The mean anteroposterior thecal diameter changed from 6.54±1.2 mm to 12.79±1.6 mm at the last follow up with 
95.6% percent of improvement (P<0.001), while the mean DSCSA improved from 60.34±6.8 mm2 to 110.65±4.82 mm2

showing 83.3% improvement at the last follow up (P<0.001) 
Hermansen et al., 2013(19)study showed improvement of the mean DSCSA  from 80 mm2 preoperatively to 161 mm 

Postoperatively with an increase of 81 mm2 (101 %).
A study of Saleh et al., 2018(17)showed improvement of the mean thecal sac AP diameter from 10.4±1.4 (Range, 6-13) 

mm to 14.1±1.1 (Range, 12-16) mm at the last follow up with 35.6% percent of improvement (P<0.001), while The thecal sac 
cross sectional area improved from 134.2±19.6 (Range, 110-170) mm2 to 184±20.4 (Range, 150-220) mm2 showing 37.1% 
improvement at the last follow up (P<0.001).

Table1: Basic demographic and clinical data distribution among studied group (N=12)
Age Mean± SD 53.50±6.59

Median (Range) 51.5 (46-67)
BMI Mean± SD 38.34±4.67

Median (Range) 38.6 (28.3-45)
N %

Sex Female 10 83.3
Male 2 16.7

Occupation Housewife 7 58.3
Teacher 2 16.7
Worker 3 25.0

Co-morbidity Non 3 25.0
DM - Cardiac 2 16.7
DM - HTN 3 25.0
HTN 4 33.3
Total 12 100.0

Table 2: Number and distribution of stenotic levels.
N %

Number stenotic levels One level 5 41.7

Two level 7 58.3

Stenotic levels L2-L3 2 16.7

L2-L3  & L3-L4 2 16.7

L3-4 & L4-L5 2 16.7

L4-L5 3 25.0

L4-L5 & L5-S1 3 25.0
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Total 12 100.0

Table 3: Operative data distribution among studied group.

Incision length/ cm Mean± SD 8.83±1.33
Median (Range) 9.0 (7-11)

Operative time /min Mean± SD 93.75±11.7
Median (Range) 95.0 (80-115)

Intraoperative blood  loss/ CC Mean± SD 264.16±50.89
Median (Range) 250.0 (200-350)

N %
Fusion No 10 83.3

Yes 2 16.7
Total 12 100.0

Table 4: VAS and ODI distribution among studied group at different times of follow up.
Pre Post- 1 month Post- 6 months

VAS (leg pain) 8.16±0.71 2.16±0.38 1.20±0.41

VAS (back pain) 4.33±1.07 2.33±1.231 1.75±0.62

ODI 79.25±12.16 22.80±5.51 6.78±2.98

Table 5: Dural sac cross sectional area distribution among studied group at pre and post at each level.

Pre N Post Paired t P 

Dural sac cross sectional area/ mm2 ( L2/L3) 43.0±11.61 4 105.3±3.81 8.080 0.004*

Dural sac cross sectional area/mm2 (L3_L4) 54.43±3.27 4 106.3±3.36 262.820 0.00**

Dural sac cross sectional area /mm2 (L4_L5) 69.50±8.81 8 115.67±5.81 30.937 0.00**

Dural sac cross sectional area /mm2 (L5_S1) 74.46±3.69 3 115.0±6.40 25.855 0.001**

Table 6: Spinal canal pre- and post-operative mean AP diameters among studied group at pre and post at each level
Pre N Post Paired t P 

Spinal canal AP diameters /mm 
(L2_L3)

4.95±1.44 4 11.25±0.058 8.381 0.004*

Spinal canal AP diameters /mm 
(L3_L4)

7.50±0.46 4 13.93±0.34 67.883 0.00**
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Spinal canal AP diameters/mm 
(L4_L5)

6.91±1.48 8 12.25±2.44 7.052 0.00**

Pre Spinal canal AP diameters/mm 
(L5_S1)

6.83±1.42 3 13.76±3.66 2.360 0.142

CONCLUSION
MLL is a good, safe, effective alternative to laminectomy and easily applied surgical option for treating degenerative 

LSS that allows both excellent field visualization and sufficient central and lateral decompression of the of neural elements 
with minimal resection of critical bony structures.
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