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Abstract

Study Design: Multicenter, prospective, randomized, and double-blinded study.

Objectives: To compare tubular and endoscopic interlaminar approach.

Methods: Patients with lumbar spinal stenosis and neurogenic claudication of were randomized to tubular or endoscopic
technique. Enrollment period was 12 months. Clinical follow up at 1, 3, 6 months after surgery with visual analogue scale (VAS),
Oswestry Disability Index (ODI), and Japanese Orthopedic Association (JOA) score. Radiologic evaluation with magnetic
resonance pre- and postsurgery.

Results: Twenty patients were enrolled: 10 in tubular approach (12 levels) and 10 in endoscopic approach (11 levels). The
percentage of enlargement of the spinal canal was higher in endoscopic approach (202%) compared with tubular approach
(189%) but was not statistically significant (P ¼ .777). The enlargement of the dural sac was higher in endoscopic group (209%)
compared with tubular group (203%) but no difference was found between the 2 groups (P ¼ .628). A modest significant
correlation was found between the percentage of spinal canal decompression and enlargement of the dural sac (r ¼ 0.5,
P ¼ .023). Both groups reported a significant clinical improvement postsurgery. However, no significant association was found
between the percentage of enlargement of the spinal canal or the dural sac and clinical improvement as determined by scales
scores. Endoscopic group had lower intrasurgical bleeding (P < .001) and lower disability at 6 months of follow-up than tubular
group (p¼0.037).

Conclusions: In the treatment of lumbar spinal stenosis, endoscopic technique allows similar decompression of the spinal canal
and the dural sac, lower intrasurgical bleeding, similar symptoms improvement, and lower disability at 6 months of follow-up, as
compared with the tubular technique.
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Introduction

Lumbar spinal stenosis (LSS) was descriped by Verbiest1 in

1954 as a clinical condition occasioned by compression of

nerve roots on walking and standing. Actually, it is a frequent

cause of lumbar and leg pain in elderly adults and is responsible

of 1.2 million consultations every year in the United States. It is

for this reason, the surgery of LSS probably is the most fre-

quent in people older than 65 years.2 The surgery in this
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condition is performed in patients with moderate or severe

symptoms in whom medical treatment fails. Many studies have

shown that surgery is better than conservative treatment.3-7 The

gold standard in the spinal lumbar stenosis has been tradition-

ally the open laminectomy, with good outcome in 56% to 85%
of patients. In this approach, bilateral dissection of paraspinal

muscle and resection of spinous process, ligaments supra, and

interspinous is done to perform laminectomy.

In the past years, the minimally invasive spine surgery

(MISS) has gained in popularity among spine surgeons

because several studies have shown similar results as open

laminectomy. With MISS, the bilateral decompression is

made through an unilateral approach with less muscle dam-

age allowing patients to a fast recovery without risk of

iatrogenic instability because spinous process and ligaments

are preserved. In addition, MISS is superior to traditional

surgery in terms of less tissue trauma, less rate of complica-

tions, less blood loss, short hospital stay, and early patient

recovery.8-12

It has been previously in some studies that compared radi-

ologically the grade of decompression between MISS and

traditional surgery. Fessler et al13 in 2002 compared tradi-

tional versus endoscopic surgery in a cadaveric study and

concluded, after postoperative evaluation with tomography,

that these measurements are similar. Heo et al14 in 2018 com-

pared the pre and postoperative dural sac cross-section area

(DSCSA) and concluded that there is no significant difference

in grade of decompression between traditional and biportal

endoscopic laminectomy.

We propose a comparative study of MISS between tubular

and endoscopic techniques with a unilateral and interlaminar

approach for LSS.

Methods

A multicenter, prospective, randomized, double-blind study

was performed from April 2017 to April 2018. The patients

were treated in 2 hospitals of Madrid, Spain (Hospital Clı́nico

San Carlos and Hospital Puerta de Hierro) with approval of

ethics commit of both institutions. Randomization was made

by 1:1 method.

Enrollment period was 12 months, and patients were clini-

cally followed at least 6 months after surgery. The inclusion

criteria were neurogenic claudication, failure of conservative

treatment in past 3 months, evidence of central lumbar stenosis

in MRI (magnetic resonance imaging), and no previous spinal

surgery. Exclusion criteria were degenerative spondylolisthesis

grade II or higher, degenerative scoliosis greater than 30

grades, significant axial back pain (visual analogue scale

[VAS] >3/10), neurological or osteoarticular disease, sympto-

matic disc herniation on the same or other level, and segmental

instability on dynamic radiographs.

We performed interlaminar approach with bilateral decom-

pression through unilateral approach with tubular retractors and

under microscope view or through a uniportal endoscope. We

describe the surgical techniques step by step.

Tubular Decompression

Equipment. We used an 18-mm diameter tubular approach,

serial dilators, bipolar, dissectors, hooks, spherical bur, Kerri-

son punches (90� and 45�), and disc forceps.

Operative Procedure. The procedures were performed under gen-

eral anesthesia, with the patient in prone position with rolls in

thoracic region and hips for avoid the pressure of the abdominal

organs and venous drainage defect that would favor lumbar epi-

dural bleeding. The distribution of the C-arm and the monitors is

important to allow a comfortable view of the surgeon during the

procedure. The surgical field was prepared with chlorhexidine

solution and a waterproof surgical drape was applied after induc-

tion of anesthesia. Anteroposterior and lateral fluoroscopy were

used to localize the correct position. An 18-mm paramedian inci-

sion is made in the skin making sure that the muscular fascia is

opened to introduce the dilator tubes. The muscle dilated sequen-

tially, after which we placed a working channel of 18 mm in

diameter and with a length of depth that varied depending on the

subcutaneous adipose tissue. The surgical microscope was moved

to the field and the lower edge of the lamina was identified. A

laminotomy was performed, cranially, until the insertion point of

the flavum ligament is found in the upper lamina and caudally to

include a smaller portion of the upper aspect of the inferior

lamina. A careful dissection of the yellow ligament to the dural

surface was performed and with the help of Kerrison punches,

ipsilateral flavectomy was performed. The working channel tilts

medially and the surgical table is angled about 20� in the opposite

direction for the surgeon to allow access to the contralateral side.

This maneuver exposes the spinous process (which is removed

using a drill) and the contralateral side where the residual lamina

and the flavum ligament could be resected using the drill, Kerri-

son punches, and curettes. Successful decompression is achieved

under direct visualization. The incision was closed in layers with

Vicryl and intradermal suture.

Endoscopic Decompression

Equipment. We used a 10-mm diameter endoscope with 6-mm

worker channel, a work tube, a bipolar flexible radiofrequency

probe, serial dilators, and specially designed dissectors, hooks,

spherical bur, bullet bur, olive bur with unilateral protection,

Kerrison punches (90� and 40�), and disc forceps (iLESSYS

interLaminar Endoscopic Surgical System).

Operative Procedure. The procedures were performed under gen-

eral anesthesia, with the patient in prone position with rolls in

thoracic region and hips for avoid the pressure of the abdominal

organs and venous drainage defect that would favor lumbar

epidural bleeding. The distribution of the C-arm and the moni-

tors is important to allow a comfortable view of the surgeon

during the procedure. The surgical field was prepared with

chlorhexidine solution and a waterproof surgical drape was

applied after induction of anesthesia. Anteroposterior and lat-

eral fluoroscopy are used to localize the correct position. Stab

incision of 10 mm is made, at this point we check the fascia
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opening to allow the entrance of dilators tubes. It is very impor-

tant that the incision be of the size of the working tube so that

the muscles hold it and keep it stable, since unlike the tubular

approach, the endoscopic does not have a holding handle. The

guide cannula was introduced under radioscopic guidance and

sequential dilators were then used to aim at the interlaminar

space. The working tube is screwed and confirmed with radio-

scope the correct position and the rigid laminoscope was

inserted through the working tube.

Under endoscopic view, a high-speed endoscopic drill with 4.5-

mm outer diameter head was used for laminotomy and endoscopic

Kerrison punches with 1.5- and 3.0-mm footprints were used to

remove additional bone of lamina, medial facet, and ligament

flavum (Video 1, available in the online version of the article).

With aim of avoid a dural tear, meticulous dissection of the inter-

face between the ligament flavum and dura was performed with

blunt dissector and hook. Also, the pressure of irrigation with

saline solution could be turned up for aid in the retraction of dura

away from ligament flavum in the decompression. Hemostasis was

achieved with bipolar flexible radiofrequency probe. Once the

ipsilateral ligament and medial aspect of facet was removed the

endoscope is turned to the opposite side for central and contral-

ateral decompression. If the maneuver was interrupted by the spi-

nous process, the basal aspect could be drilled.

Adequate decompression is determined by observing the dural

sac pulsation and nerve root mobility (Video 1, available in the

online version of the article), as well as the final fluoroscopic

revision to confirm the magnitude of decompression. At this

point, the working channel and scope were removed, and fascia

and skin were closed with a single suture.

Before surgery, patient symptoms and functional limitation

were evaluated with scales for leg pain (VAS), disability

(Oswestry Disability Index [ODI]), and the Japanese Orthope-

dic Association (JOA) score. All scales were repeated at

30 days, 3 months, and 6 months after surgery in a blinded

manner regarding type of minimally invasive surgical tech-

nique (MIST; Figure 1). Other clinical aspect evaluated was

the Walking Claudication Distance (WCD), which was mea-

sured in the preoperative stage and at 6 months of treatment.

All patients were evaluated with MRI before and after sur-

gical treatment. The spinal canal cross-sectional area (SCCSA)

and dural sac cross-sectional area (DSCSA) were measured

using the area function of the image file communication system

IMPAX (Madrid, Spain). The area of dural sac and spinal canal

could be automatically calculated by drawing a line along the

outer wall of the dura and inner wall of spinal canal respec-

tively (Figure 2a and b). In this sense, an evaluator blinded to

the type of MIST performed the measurements. It is important

to clarify that the surgical access approach is observed in post-

surgical MRI; however, the evaluator cannot differentiate

whether the approach was performed through an 18-mm dilator

tube or with a 10-mm endoscope, so the measurement of the

areas of the dural sac and the spinal canal were performed

without knowledge of the technique used.

The measurement of intraoperative bleeding was performed

in each surgical technique. In the endoscopic approach that is

performed under continuous irrigation we have used nonab-

sorbable surgical fields with drainage bags directly connected

to the aspiration system to perform the calculation of intrao-

perative bleeding. In addition to the irrigation that was not

Figure 1. Schedule.
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possible to collect through this route, we have used the floor

suction device (Puddle Vac). The Puddle Vac is easily moved

wherever it is needed (Figure 3).

Statistical Analysis

All data was analyzed using IBM SPSS Statistics Software

Application 23.0 version for Mac. The continuous variables

are presented as the mean and standard deviation (SD), with

discontinuous variables as percentages. Clinical differences

evaluated by preoperative and postoperative VAS, ODI, and

JOA scales were evaluated by the Wilcoxon rank-sum test, and

its correlation with percentages of decompression with Spear-

man’s rank correlation coefficient. The difference of enlarge-

ment between one technique and other were compared with

Mann-Whitney U test. P < .05 was considered significant.

Results

A total 139 patients were enrolled in this study but just 22 met

the inclusion criteria and 2 of them were excluded; one for

anesthetic problems and other for instrumental failure (the

image on the endoscope screen was not clear). The distribution

of the patients was as follows: of the 139 patients, 81 did not

meet the inclusion criteria (40 required laminectomy and

fusion, 20 required laminectomy and discectomy in the same

level, 6 had scoliosis, 4 patients were operated from a hernia

on another level, 2 had neurological disease, and 7 had

osteoarticular disease in the lower limbs (which affected the

assessment of clinical scales), 1 patient operated upon at

another center and 1 patient presented with congenital canal

stenosis. On the other hand, 36 did not participate in the study

either because the surgeon only performed traditional open

surgery or because the patient preferred traditional surgery;

in 28 an open laminectomy was performed, in 7 interspinous

device was implanted, and 1 refused to undergo a control mag-

netic resonance imaging.

Then 10 patients who underwent tubular decompression and

10 patients who underwent endoscopic decompression were

included in this study. Twenty-three spinal levels were treated

because 2 patients treated with tubular technique (T) and one

treated with endoscopic technique (E) had 2 levels affected

(Figure 4).

All patients were followed up at least 6 months after sur-

gery. There were no significant differences in age, sex, body

mass index (BMI), levels treated, and complications using the

Fisher exact test (Table 1).

The media of preoperative SCCSA were 87.4 mm2 (inter-

quartile range [IQR] ¼ 64.2-104.2 mm2) in T and 65.3 mm2

(IQR ¼ 48.3-97.4 mm2) in E. In postoperative stage, the values

were 161.6 mm2 (IQR¼ 123-210.2 mm2) and 157.3 mm2 (IQR

¼ 101.4-191.1 mm2), respectively. The improvement in

SCCSA was 189% (IQR 163-275, P ¼ .001) in T and 202%
(IQR 144-282, P < .001) in E. Given that the endoscopy group

apparently started from a smaller area of the canal than the

tubular group, a comparison of statistics was made by compar-

ing with the Mann-Whitney U test where no significant differ-

ences were found between the presurgical areas of both groups

(P ¼ .777).

The media of preoperative DSCSA were 48.5 mm2 (IQR ¼
38.9-64.3 mm2) in T and 48 mm2 (IQR¼ 32-60 mm2) in ET. In

postoperative stage, the values were 113.8 mm2 (IQR ¼ 77.1-

139.5 mm2) and 95 mm2 (IQR ¼ 53-123 mm2), respectively.

The improvement in DSCSA was 203% (IQR 143-259,

P < .001) in T and 209% (IQR 114-251, P ¼ .015) in E. With

Mann-Whitney U test we did not find significant differences

between the techniques (P ¼ .628).

The preoperative stenotic SCCSA and DSCSA were signif-

icantly increased in both groups after surgery (P < .05).

There was no difference at 6 months in postoperative scales

VAS (P ¼ .558) and JOA (P ¼ .119) in both techniques, the

only significant difference found was a better improvement in

ODI at 6 months in endoscopic group (P ¼ .037; Table 1).

There is no correlation between the value of SCCSA and

DSCSA and improvement of clinical scales with Spear-

man’s rank correlation coefficient (P > .05). A modest sig-

nificant correlation was found between the percentage of

spinal canal decompression and enlargement of the dural

sac (r ¼ 0.5, P ¼ .023).

The mean preoperative WCD was 121.9 m (SD ¼ 143.9) in

tubular group and 263.3 m (SD ¼ 314) in endoscopic group

whereas the mean of postoperative WCD was 2450 m (SD ¼
2543.5) and 3444.4 m (SD¼ 2242.27), respectively. We found

Figure 2. (a) Dural sac cross-sectional area. (b) Spinal canal cross-
sectional area.

Figure 3. Floor suction device.
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good outcome in both groups but without significant statistical

difference between them (P ¼ .141).

The mean operation times were 125 minutes (IQR 85-145

minutes) in the E group and 117.5 minutes (IQR 90-132.5

minutes) in the T group. There was no significant difference

in the mean operation time between the 2 techniques (P > .05).

The blood loss values were 106 mL (IQR¼ 90-126.25 m L)

in the T group and 18 mL (IQR ¼ 14-21 mL) in the E group.

We found a significant difference with less blood loss in the E

group (P < .001, confidence interval [CI] ¼ 99%).

There was no significant difference in incidence of compli-

cations between the 2 groups, in E there were 2 dural tears and

in T there was 1 wound dehiscence and 1 postoperative epi-

dural hematoma evacuated by the same tubular approach. No

infections or cerebrospinal fistulas was found (Table 1).

Discussion

LSS is a frequent pathology in patients over the sixth decade.

Given that life expectancy has increased in past years, it is

expected that the incidence of this pathology will increase too

and therefore the number of procedures performed as well.15

It is of vital importance to remember that with more age, the

patients have more possibility of multipathology; for that rea-

son, it is essential to handle less invasive surgical techniques

that offer good clinical outcomes with a faster recovery in

these patients.

In the elderly and the obese, there are no contraindications

for surgical treatment. Patients older than 80 years show

a postoperative improvement similar to youngers and

commoncomplications in them were urinary infections like in

our case.16-20

The mean goal of surgery is to decrease pain and disability

of patients to decompress canal spinal stenosis and thus

improve their quality of life. Several studies have tested safety

and effectiveness of minimally invasive surgery for LSS.21-25

The endoscopic11,22,23,26-35 and tubular10,36-42 approach

have yielded good results in comparatives studies with open

traditional approach.24

However, to our knowledge, there are no prospective studies

that compare these 2 techniques both clinically and radiologi-

cally. Recently, McGrath et al25 performed a retrospective

study in 95 patients comparing both techniques and finding

superiority in the endoscopic technique in terms of shorter

hospital stay, lower complication rate, lower blood loss, and

lower ODI and VAS at 1-year follow-up. Our findings are

similar, finding less intraoperative bleeding and less ODI at

the end of follow-up. In our opinion, the statistically significant

result of the disability scale at 6 months is the most important

finding of this study. The pain scale only provides us with a

numerical value; on the contrary, the JOA scale and the ODI

give us much more information about the clinical improvement

of the patients. ODI also gives us information that the JOA

scale does not give us, such as the patient’s ability to travel,

his social and sexual activity, personal care, and nighttime rest.

Although the JOA scale gives us much more information com-

pared with the numerical VAS, it does not include the para-

meters mentioned above.

Our results of percentage of area enlargement were signif-

icant for spinal canal and dural sac and we do not found

Figure 4. Flowchart.
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difference statistical between both techniques as was also

found in the study carried out by Lee et al.24

There are some studies that compared measurement of pre

and postoperative spinal canal and dural sac area. A study made

by Mariconda et al43 in 2002 found a preoperative DSCSA of

70.76 + 28.2 mm2 and postoperative DSCSA of 108.12 +
31.5 mm2 in tubular approach of minimally invasive technique.

Our results are little better than those maybe because our pre-

operative DSCSA was smaller.

A recent retrospective study published by Akbary et al,31 in

September 2018, assessed the endoscopic biportal approach in

30 patients finding an enlargement from SCCSA of 99 mm2 to

186 mm2 with a conclusion that the technique offers a good

decompression. These results are similar to those in our

patients who underwent a decompression with a uniportal

endoscopic technique. Both techniques show good clinical out-

comes in correlation with literature.21-25,28-31,37-39,44-48

We do not find correlation between the grade of decompres-

sion of spinal canal and dural sac with clinical improvement in

patients, a finding that correlates with most published studies.

Many authors conclude that there is no relation between radi-

ologic stenosis grade and symptoms of patients.43,49-56 That is

maybe because the spinal canal stenosis is not just an anatomi-

cal disease and have a physiopathology background. It is

believed that the intermittent hypoxia of cauda equine roots

that results from venous congestion and the lack of arterial

vasodilatation of the congested roots offers a physiopathologi-

cal mechanism to neurogenic claudication.57,58 In addition, the

canal diameter has a dynamic variation with flexion and exten-

sion movements and the routine MRI is a static study. Also, the

difference in sensibility at pain between patients could be a

conditioning factor for these discrepancy like Kim et al59 found

in their study.

Our mean surgical time in the E group was 125 minutes, which

is similar to other studies like Wada et al21 with 144 minutes and

Lee et al35 with 105 minutes. On the other hand, the mean of

surgical time in the T group was 117 minutes that is more than

what is published, perhaps because we are in our learning curve

and because the 2 patients operated with a 2-level tubular

approach, are the patients who recorded the longest surgical time

of all the series. An explanation could be the advanced age they

were (79 and 77 years old) and a severe stenosis of the canal with

areas of the presurgical dural sac of 36.8 and 45.4 mm2 in the first

level, and 71.6 and 25.6 mm2 in the second level, which made the

surgery long and cumbersome. Unfortunately, we have not col-

lected the surgical time by level intervened.

The blood loss was significantly less in the E group (18 mL,

P < .001). This result is similar to that found by Nomura et al.60

Table 1. Demographic Characteristics and Clinical Outcome.

Characteristics Tubular Technique Endoscopic Technique P

Gender, male/female (total) 4/6 (10) 4/6 (10) NS
Age, years 69.7 (SD ¼ 8.62) 73.5 (SD ¼ 10.51) NS
BMI, kg/m2 29.3 (SD ¼ 2.45) 30.1 (SD ¼ 3.41) NS
Total levels treated, n (%) 12 11

L2-L3 2 (17) 0 (0)
L3-L4 4 (33) 2 (18)
L4-L5 5 (42) 9 (82)
L5-S1 1 (8) 0 (0)

Surgery time, minutes 117.5 (IQR 90-132.5) 125 (IQR 85-145) NS
Surgical blood loss, mL 106 (IQR 90-126.2) 18 (IQR 14-21) <.001
Preoperative SCCSA, mm2 87.4 (IQR 64.2-104.2) 65.3 (IQR 48.3-97.4)
Postoperative SCCSA (mm2) 161.6 (IQR 123-210.2) 157.3 (IQR 101.4-191.1)
Preoperative DSCSA, mm2 48.5 (IQR 38.9-64.3) 48 (IQR 32-60)
Postoperative DSCSA (mm2) 113.8 (IQR 77.1-139.5) 95 (IQR 53-123)
Lumbar canal decompression, % 189 (IQR 163-275) 202 (IQR 144-282) NS
Dural sac enlargement, % 203 (IQR 143-259) 209 (IQR 114-251) NS
Preoperative VAS 9 (IQR 7-10) 8 (IQR 7.5-10)
Postoperative VAS at 6 months 0.5 (IQR 0.0-3.25) 0 (IQR 0-1) NS
Preoperative ODI 49.5 (IQR 40.2-65) 72 (IQR 50-77)
Postoperative ODI at 6 months 3 (IQR 0.0-19.5) 6 (IQR 0.0-10.5) .037
Preoperative JOA score 11.5 (IQR 3-14.25) 8 (IQR 1-13.5)
Postoperative JOA score at 6 months 26.5 (IQR 21-29) 28 (IQR 26.5-29) NS
Complications

Durotomy 0 2 NS
Wound dehiscence 1 0 NS
Postoperative hematoma 1 0 NS
Urinary tract infection 1 1 NS
Pulmonary embolism 1 0 NS

Abbreviations: SCCSA, spinal canal cross-sectional area; DSCSA, dural sac cross-sectional area; NS, not significant; VAS, visual analogue scale; ODI, Oswestry
Disability Index; JOA, Japanese Orthopedic Association; IQR, interquartile range.
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The blood loss in the T group was 106 mL, which shows super-

iority of the endoscopic approach against blood loss.

Our main complication in the T group were 1 epidural

hematoma. Our search for an explanation found that Fujita

et al61 in 2018 identified that hypertension, multilevel surgery,

and lordosis less than 25� were considered risk factors. On the

other hand, Fujiwara et al62 found in 2017 that hypertension

and lack of debit in surgical drainage were also risk factors. Our

patient had hypertension, a lordosis of 23�, and was without

drainage, maybe for that reason the patient was at more risk to

develop this complication.

In the E group, the main complication was dural tear

observed in 2 patients. Durotomy is the most frequent compli-

cation in LSS. One study published by Strömqvist et al63 in

August 2018 with 64,431 patients showed an incidence of 5%,

and that is more frequent in older patients and in surgery of LSS

than discectomy. In addition, during the learning curve of

endoscopic surgery, it is frequent to get durotomy as complica-

tion.21 We resolved this with autologous muscle and biological

sealant through working channel of endoscope. The durotomies

had an approximate diameter between 2 and 3 mm. However,

since they are such small defects and make the closure with

materials of the very small size, large areas of hard adhesions to

these materials are not expected. This management was

described by Oertel et al64 in 2017 proving that endoscopic

surgery is a faster, effective, and safe way to resolve a dural

tear. If a lumbar reintervention is required, a transforaminal

approach could be considered to avoid fibrosis caused by pre-

vious durotomy and repair.

Recently, the use of a double layer of TachoSil65 and sutur-

ing of the dura mater through the endoscope for incidental

durotomy was described.66

We did not have cerebrospinal fistulas or pseudomeningocele

(all patients had MRI postoperative), maybe because the small

incision in MISS decreases the death space in tissues with the

consequent pseudomeningocele formation.64 Moreover, a good

closure of the wound makes for a very low probability of fistula.

Conclusion

There is no statistically significant difference in percentage of

decompression between tubular and endoscopic technique in

our study. Both procedures yielded good clinical outcomes at

follow-up with a slightly better grade of disability in endo-

scopic technique at 6 months. The MISS techniques were

shown to be safe and effective in the treatment of LSS. We did

not find correlation between the grade of decompression of

spinal canal and dural sac with clinical improvement in

patients. The blood loss is statistically significantly low in

endoscopic approach but could be clinically irrelevant. How-

ever, because this is a pilot study, we think that full trial would

provide greater confidence in these results.
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