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Background: Lumbar spinal stenosis (LSS) is a common pain condition that causes lumbar back pain, radiating leg pain, and possible 
functional impairment. MILD is an emerging minimally invasive treatment for LSS. It is an image-guided percutaneous procedure 
designed to debulk hypertrophied ligamentum flavum. However, the exact short- and long-term efficacy, safety profile, indication 
criteria, and certain procedure details reported in medical literature vary.
Objective: This narrative review was to elucidate efficacy, safety profile, certain procedure details, advantages, and limitations of 
MILD.
Study Design: This is a narrative review.
Setting: All included articles are clinic trials including analytic studies and descriptive studies.
Methods: PubMed, Cochrane Library, and Scopus were searched. Only clinical trials of MILD procedure were included. Information of 
indications, contraindications, VAS scores, ODI scores, effective rate, efficacy durations, and certain procedure details was focused on.
Results: According to the literature, for the MILD procedure, the VAS score could be reduced from a pre-treatment level of 6.3–9.6 to 
a post-treatment level of 2.3–5.8. The ODI score could be reduced from a pre-treatment level of 38.8–55.3 to a post-treatment level of 
27.4–39.8. The effective rate of the MILD procedure was reported to be 57.1%–88%. A 2-year postoperative stability of efficacy was 
also supported. One RCT study testified superior efficacy of MILD over epidural steroid injection.
Limitations: There is few high-quality literature in the review. Moreover, the long-term efficacy of MILD cannot be revealed 
according to the current literature.
Conclusion: Based on the reviewed literature, MILD is an effective and safe procedure. MILD can reduce pain intensity and improve 
functional status significantly. Therefore, it is a preferable option for LSS patients who failed conservative treatments, but not for those 
who require immediate invasive decompression surgery.
Keywords: lumbar spinal stenosis, minimally invasive lumbar decompression, mild ®, low back pain, lumbar radiculopathy, 
neurogenic claudication, ligamentum flavum

Introduction
Lumbar spinal stenosis (LSS) is a common pain disorder. The prevalence of symptomatic LSS in adults was reported to 
be approximately 11% and increased with age.1 As a common pain disorder, the symptom of LSS is frustrating. The 
patients usually experience persistent lumbar back pain, lower extremity pain, and possibly lower leg numbness, tingling, 
and paresthesia. Apart from pain perception or discomfort, the patient’s ability to walk is impaired. Typically, the patients 
cannot walk continuously and require intermittent resting while walking, which is termed neurogenic claudication.2

As a common and frustrating disease, the treatment of LSS is complicated and, in some cases, challenging. In most 
cases, conservative treatments, such as oral medication, physical therapy, and epidural steroid injection, should be chosen 
first.3 However, conservative treatments have been reported to have limitations.4 For example, physical therapy and oral 
medications do not have a long-lasting effect on LSS.5 Epidural steroid injection (ESI) has been reported to be ineffective 
for LSS patients with neurogenic claudication.6 For those refractory to conservative treatments, surgeries are required. 
Although invasive surgery is effective, however, its invasiveness and relatively high rate of complications are 
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disadvantages.7–9 For those patients who have failed conservative treatment but have contraindications for invasive 
surgery, or who are unwilling, or not severe enough to advance to more invasive surgical procedures, both physicians and 
patients are often left with a treatment dilemma. Under these circumstances, minimally invasive procedures are 
a preferable choice.

Minimally invasive lumbar decompression (MILD, Vertos Medical, Aliso Viejo, CA, USA) is an emerging minimal 
invasive procedure for LSS. It is reported to be a treatment modality with considerable minimal invasiveness, safety, and 
a high effective rate 10−13. However, the exact short- and long-term efficacy, safety profile, indication criteria, and certain 
procedure details reported in medical literature vary. Furthermore, there is a concern about the MILD procedure. For 
MILD, as the ligamentum flavum (LF) was not removed wholly, whether the nerve tissue can be decompressed 
adequately? Is long-term efficacy guaranteed? Therefore, in this review, we elucidate the exact effectiveness, safety 
profile, and treatment rationale of the MILD procedure as well as the pathogenesis and diagnosis of LSS.

Pathogenesis of Lumbar Spinal Stenosis
LSS can be classified into primary stenosis and secondary stenosis. For primary stenosis, the main etiology is congenital 
abnormalities, which are relatively rare. The secondary etiology contains numerous origins, among which age-related 
spinal degeneration is the leading origin.10 In this review, we mainly focus on degenerative LSS.

LSS was defined as

A condition in which there is diminished space available for the neural and vascular elements in the lumbar spine secondary to 
degenerative changes in the spinal canal.11 

Under normal physiological conditions, the vertebral canal has enough reserve space for the spine and nerve roots. On 
the epidural spaces, fat tissue and epidural veins serve as cushioning pockets for nerve tissues. Therefore, the nerve tissue 
will not be compressed under physiological conditions. However, along with the aging process, the lumbar spine 
degenerated. The degenerative changes of the spine may lead to a diminished spinal canal and intervertebral foramen. 
The central spinal canal, lateral recess canals, and intervertebral foramina are the three main possible anatomic spots to 
be narrowed.10 With reserve space in the spinal canal, mild spinal deterioration would not exert nerve tissue compression. 
However, when spinal degenerative changes deteriorate to a certain extent, nervous structures tend to be compressed, and 
symptomatic LSS emerges.

Dynamic Components of LSS
Stenosis of the lumbar spine is considered to have both structural background components and dynamic components. In 
addition to background structural stenosis, lumbar extension or walking can cause further narrowing of the spinal canals, 
which were regarded as the dynamic components. The transverse area of the L3/4 level was reported to decrease by 
approximately 40 mm2 or 16% of reduction when the spine position was shifted from a flexion position with axial 
pressure to an ab extension position with axial distraction.12 In vivo study with a spinal myelogram revealed that the 
cross-sectional area and sagittal diameter were dramatically reduced during lumbar extension and increased during 
lumbar forward flexion.13

Regarding the mechanism of the dynamic component of LSS, several articles have reported that posture-induced or 
axial pressure-induced elastic deformation of LF was the main contributor.14–21 Lumbar extension or standing position 
may cause two adjacent laminas to move closer, followed by LF thickening and infolding. By contrast, lumbar flexion or 
lying flat position may cause the two-adjacent lamina to separate, resulting in the stretching and thinning of LF as well as 
the disappearance of LF infolding. There are some quantitative studies. A 12-participant observational study was 
conducted by Marius R Schmid. The average thickness of the LF during lumbar flexion, as measured by MRI, was 
1.8 mm and increased to 4.3 mm during lumbar extension.15

Furthermore, the dynamic change in disc bulging degree contributes to the dynamic components of LSS. Under 
coaxial load, intervertebral disc bulging can be more severe. However, no article has demonstrated that lumbar disc 
elastic deformation plays a significant role in the dynamic components of LSS. Compared with dynamic changes in LF 
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thickness, dynamic changes in the degree of disc bulging are not as evident.14,18 Disc bulging usually acts as 
a background contributor to LSS.

The following may be the reason. The lumbar disc is a load-bearing structure that possesses a high degree of rigidity. 
Furthermore, as with most LSS patients, the disc hardened or even calcified because of disc degeneration. Therefore, the 
disc deformation is minor.

The size and volume of the intervertebral foramina (root canals) increase and decrease dramatically in lumbar flexion 
(lying flat) and lumbar extension (standing).16,17 This constitutes the underground mechanism for intervertebral foraminal 
type LSS.

Nerve Tissue Compression, Blood Ischemia, and Venous Congestion
Because of anatomic spinal canal narrowing, nerve roots, the cauda equina, and epidural vascular tissues can be 
compressed.10 For nerve root compression, the nerve fiber proper and nutrient vessels can be compressed, leading to 
a neuropathic pain condition. In this process, complicated pathologic changes will happen, including ischemia inflam-
mation, disturbance of axoplasmic transport, Wallerian degeneration, and spontaneous action potential bursting.22,23

However, for cauda equina compression, the pathology is more complicated as cauda equina are located in the 
subarachnoid space and suspended in the cerebrospinal fluid. Both cauda equina ischemia, venous congestion, and 
disturbed cerebrospinal fluid induced by upright exercise can be the etiology.24,25 Compared with arterial ischemia, 
venous congestion may be a more significant factor precipitating circulatory disturbance in compressed cauda equina.26 

As a chronic compression, the intra-spinal pressure is usually lower than the arterial pressure, so the arterial blood supply 
is hardly affected. However, intra-spinal pressure fluctuates. Under the lumbar extension position, intra-spinal pressure 
would increase to a level higher than venous pressure, the venous return was blocked, and venous congestion would 
happen. Whereas under the lumbar flexion position, the intra-spinal pressure would decrease to a level below venous 
pressure, the venous return would recover, and venous congestion would relieve gradually.25 This pathological condition 
is more obvious in multiple-level stenosis.25 Increased mechanical compression in the cauda equina also disrupts the CSF 
flow. Venous hypertension and disturbance in the CSF flow are inducing factors for blood-nerve barrier damage. 
Therefore, intra-radicular edema and ischemia of cauda equina would occur, resulting in neurogenic claudication.27

Clinical Manifestations of LSS
The clinical manifestations of LSS are heterogeneous.

Lumbar Back Pain and Radiculopathy
Patients with LSS may experience lumbar back pain and radiating pain to unilateral or bilateral buttocks, and a certain 
part of the legs. The pain usually has an insidious onset and persists for a long time with an intermittent remission period. 
Some patients may experience bilateral or unilateral leg numbness, tingling, weakness, and cooling. The patients may 
also exhibit leg weakness and poor walking balance.

Neurogenic Claudication
The characteristic symptom of LSS is exercise- or position-induced neurogenic claudication, which means that lumbar 
extension or upright walking may cause onset or aggravation of symptoms, whereas lumbar flexion spine or sitting may 
cause symptoms to disappear or relief.10 The patients were unable to walk continuously and must sit for a while before 
continuing to walk.

Cauda Equina Syndrome
In some serious cases, LSS patients may have cauda equina syndrome. Diverse symptoms characterize cauda equina 
syndrome. The patients may have a certain level of lower leg weakness. The weakness may be unilateral or bilateral, 
involving more than one nerve segment. Bowel and bladder dysfunction, involving urinary incontinence or retention, 
may also be accompanied by fecal incontinence. Saddle anesthesia and sexual functional dysfunction are also common 
symptoms of cauda equina syndrome.
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Physical Examination
In LSS patients, motor, sensory and reflex testing may be normal but may be diminished in severe cases. In contrast to 
lumbar disc herniation, the majority of patients fail the straight leg raising test. Multiple tender points in the lumbar 
region may exist. It is possible to detect paresthesia or hypoesthesia in the distribution of the affected nerve root or the 
saddle area.

Image Studies
MRI
MRI is regarded as the standard imaging modality for LSS.28 It shows the spinal cord, dural sac, nerve roots, and 
surrounding areas, such as the lumbar disc, LF, fat tissues, and blood vessels around the nerves. In MRI, the nerves and 
dural sac compression can be clearly outlined.

CT and CT Myelography
CT and CT myelography reveals the bony structures of the spine, such as vertebrae, vertebral arch, the spinal canal, and 
the intervertebral disc. It is possible to clearly illustrate disc bulging, protrusion or hypertrophy, facet joint hypertrophy, 
or calcification. The spinal canal and intervertebral foramen stenosis could also be illustrated. As CT myelography can 
outline the dural sac, CT myelography may be an alternative option for patients who cannot undergo MRI.11,28

MRI or CT with Axial Loading
MRI or CT with axial loading is recommended for participants with typical symptoms that cannot be confirmed with 
a standard MRI or CT.

X-Ray
X-ray reveals the bone structure, lumbar curvature, and joint outline. X-rays can demonstrate the diagnosis of spondy-
lolisthesis. Flexion-extension position film is warranted to rule out lumbar instability.

Lower Extremity Vascular Ultrasonography and Angiography
These are recommended to rule out vasogenic intermittent claudication in certain circumstances.

Diagnostic Criteria of Image Studies
As the diagnosis of LSS should be based on multiple factors, the reported quantitative criteria varied.3,29–31 The 
quantitative criteria of image study are far more from a gold diagnostic standard and can only provide a reference 
value for the diagnosis of LSS.

For Central Canal Stenosis
Median sagittal diameter of osseous spinal canal < 7–13 mm and/or cross-sectional area of dural sac < 100 mm2 was 
regarded as central canal stenosis.

For Lateral Recess Stenosis
Lateral recess height (the anterior point of the superior articular surface to the posterior border of vertebrae) < 2 mm and 
the lateral recess angle < 30° were all indicators for lateral recess stenosis.

For Foraminal Stenosis
Foraminal height < 3 mm was regarded as foraminal stenosis. However, some articles have suggested that the 
disappearance of the fat tissue surrounding the nerve roots is a more accurate indicator.32

Laboratory Test
Laboratory screening tests consisting of a complete blood count, erythrocyte sedimentation rate, antinuclear antibody 
testing, HLA-B27 antigen screening, and automated blood chemistry testing are usually within normal limits. These tests 
can help rule out other potential causes of the patient’s pain.
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Diagnosis
The clinical diagnosis of spinal stenosis is supported by a combination of clinical history, clinical manifestation, physical 
examination, and imaging study results.10 Furthermore, differential diagnosis is essential. For example, detailed acquisi-
tion of medical history and clinical manifestation, as well as additional tests to rule out other confounding conditions 
including vascular claudication, are essential.

Paradigm of Treatment
Lumbar decompression such as laminectomy with or without lumbar fusion is required for patients with cauda 
equina syndrome or severe progressive neurologic function impairment, such as true motor weakness. For LSS 
patients without the aforementioned conditions, the treatment options should be applied ladder-like. Conservative 
measures include activity modification, non-steroidal anti-inflammatory drugs, oral analgesics, braces for instabil-
ity, physical therapy, and epidural steroid injections; these treatments should be applied initially.1 We considered 
these conservative treatments to be the initial ladder treatments. For patients who have failed conservative 
therapies and are not surgical candidates because of co-morbid conditions, minimal invasive treatments are 
advisable options. Minimally invasive treatments include the MILD procedure and the implantation of 
a percutaneous interspinous spacer. We regard minimally invasive treatments to be the second ladder. Invasive 
surgery, such as laminectomy with or without vertebral fusion, is considered to be the third step therapeutic 
option for patients who have failed three to six months of conservative treatment or minimally invasive 
treatments.

Minimally Invasive Lumbar Decompression
History of MILD
The first MILD instrument was invented in 2005 by Dr. David Solsberg and Dr. Donald Schomer. It was first 
designed to treat LSS patients with malignant comorbidities who were unable to tolerate open surgery. It was 
named X-Sten MILD Tool Kit and received FDA approval in December, 2006. Since then, multiple hospitals have 
implemented the MILD procedure and clinical trials about MILD. In 2016, Benyamin et al implemented a level 1 
RCT trial. The trial demonstrated superior efficacy of MILD over ESI at 1-year follow-up. Based on this level 1 
evidence, the MILD procedure was approved coverage nationwide by the US Centers for Medicare and Medicaid 
Services in 2017.33

Indications and Contraindications of MILD
Indications

1. LSS patients with neurogenic claudication.
2. Symptoms (see below) persist for more than 3 months.
3. Failed conservative treatments.
4. Radiologic evidence:

(a) LF thickness > 2.5 mm,
(b) central canal cross-sectional area M 100 mm2

Symptoms of LSS Include
1. Pain is located in the lumbar back, unilateral or bilateral buttocks, and legs.
2. The pain can be aggravated while upright walking or standing, and relieved when bending forward or sitting down.
3. Lean forward during walking.
4. Unable to stand upright and unaided for more than 15 minutes.
5. Unable to walk unaided in an upright position for more than one-quarter mile.
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Contraindication
1. History of prior surgery at the same treatment level.
2. Lumbar spondylolisthesis > Grade 1.
3. Significant symptomatic disc protrusion
4. Excessive facet hypertrophy or osteophyte formation
5. Symptomatic lateral recess stenosis.
6. Inability to walk ≥ 10 feet unaided.
7. Symptomatic epidural lipomatosis
8. Bleeding disorders.
9. Under anticoagulation therapy.

10. Wound healing disorders, such as diabetes and malignant disease
11. Inability to keep a prone position even under anesthesia.
12. Inability to sign informed consents

Disagreement About Lumbar Spondylolisthesis as a contraindication
The MiDAS Encore study suggests that lumbar spondylolisthesis with Grade ≤ 2 was the indication, whereas all of the 
other articles insisted that only Lumbar spondylolisthesis with Grade ≤ 1 was the indication.33

Disagreements About Lateral Recess Stenosis
The MiDAS Encore study clearly outlines that only central stenosis was eligible for MILD; however, this criterion was 
not mentioned in any other article. Therefore, additional research is necessitated to evaluate whether MILD is an eligible 
treatment for LSS of lateral recess stenosis.

Disagreements About the Thickness of LF
In Mekhail’s study, the thickness of LF > 4mm was regarded as an indication.34 However, the thickness of LF > 2.5 mm 
has been commonly cited as an indication in the remaining articles.35–39 Some articles have not regarded the thickness of 
LF as an indication factor.40–42

Surgery Details of MILD
Before the surgery, a CT or MRI is reviewed to identify the responsible level, as well as to observe the inter-laminar 
space windows and the stenosis degree, which is the thickness of the LF. The details of operation please refer to the 
previous literature.41

Is Epidurogram Necessary?
In most reports, epidurogram was recommended. Epidurogram aimed to identify the border between the dural and 
epidural space before and during the procedure. It was supposed to guarantee the procedure’s safety. Furthermore, the 
thicker and straighter contrast flow was regarded as the indicator of successful decompression.35,36,40,43–45 One article 
provided additional information regarding the appropriate quantity of contrast. It was described to be the least quantity of 
contrast necessary to provide sufficient views of the working space.43 Moreover, some authors have reported that the 
number of levels and bilaterality could be determined intra-operatively based on epidurogram.34

However, the Motion study demonstrated that both epidurogram and usage of bony landmarks are acceptable for 
safety profile.46 Furthermore, Pope et al strongly suggested that epidurogram was not necessary, and bony landmarks 
were safe enough for the MILD procedure.38 The author retrospectively reviewed MILD cases with epidurogram (80 
cases) and without epidurogram (67 cases) during the procedure. In both groups, nerve injury, hematoma, and other 
complications were not identified. However, the author did not compare the efficacy of the two groups. There is no article 
evaluating whether the use of epidurogram affects clinical efficacy.

Therefore, future clinical research is required in these respects.
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Quantity of LF Debulked
The amount of removed LF tissue is a key consideration for MILD surgery. The amount of removed LF should be 
adequate to decompress the nerve tissue without compromising the integrity of the inner layer of LF for safety concerns. 
Few articles have described the quantity of debulked LF. According to reports, approximately three sets of three passes 
with different directions were necessitated. The decompression process was defined to be complete when no more LF 
tissue can be debulked and the tissue sculptor “fell in the channel”.37,46

However, several articles have recommended epidurogram as an assessment tool. These articles have considered that 
contrast flow becoming thicker and straighter was an indication of adequate decompression.36,41,45,47

Bilateral Decompression or Ipsilateral Decompression?
For LSS patients with bilateral symptoms, the MILD procedure should be implemented bilaterally. However, for LSS 
patients with ipsilateral symptoms, relevant articles do not specify whether MILD treatment should be performed 
bilaterally or ipsilaterally.

According to reports, between 86.7% and 100% of participants were treated bilaterally.35,40,48 The percentages of 
procedure levels treated bilaterally were 64.7%-97.7%.34,36,43,47,49,50 As the proportion of LSS patients with bilateral 
symptoms was lower than the aforementioned proportion, it could be inferred that substantial cases with unilateral 
symptoms were given bilateral MILD procedures. Therefore, further clinical research is required to determine what 
degree of stenosis necessitates bilateral decompression despite the presence of unilateral symptoms, whether the efficacy 
of bilateral decompression is superior to that of ipsilateral decompression, and whether bilateral decompression should be 
considered a medical recommendation.

Efficacy of MILD
Pain Reduction
There are numerous clinical trials of MILD. All relevant articles have reported obvious pain reduction after MILD 
treatment.

In the MiDAS ENCORE study, the VAS scores were 7.7, 3.1, 3.3, and 3.6 for before-treatment, 6-month, 1-year, and 
2-year follow-up, respectively.51 Another prospective descriptive study is being conducted at 11 US sites. The study 
cohort included 58 MILD patients. The baseline average VAS score was 7.4 (95% CI ± 0.5) and then improved to an 
average of 4.5 (95% CI ± 0.8) at a 1-year follow-up, with an improvement of 2.9 points (95% CI ± 0.8).50

The Motion study is a rigorously designed study to testify to the effectiveness of MILD. The multi-centered RCT set 
MILD combined with conservative treatments (MILD + CMM group) as the experimental group, and conservative treatments 
alone (CMM-alone group) as the control group. Sixty-nine patients were enrolled in each group. The study further subdivided 
LSS pain into leg pain and low back pain.52 The article found that the fluctuation of leg pain was consistent with low back 
pain. In the Motion study, for the MILD + CMM cohort, the NRPS was 7.56 ± 1.4 at baseline, 2.4 ± 2.6 for back pain at 
6-month follow-up, 2.5 ± 3 for leg pain at 6-month follow-up, 2.3 ± 2.7 for back pain at 1-year follow-up, and 3.6 ± 3.1 for leg 
pain at 1-year follow-up.52 Whereas for the CMM-alone group at 1-year follow-up, back pain and leg pain only experienced 
0.46 ± 1.3 and 1.46 ± 2.1 reductions, respectively. The between-group difference was statistically significant.

In conclusion, the reported baseline average VAS scores were 6.3–9.6 and the final post-operative average VAS scores 
were 2.3–5.8.34,36,40–43,45,47–49,51,52

The Duration of Pain Relief
In the MiDAS ENCORE study, the VAS score was reported to be 7.7, 3.1, 3.3, and 3.6 for before-treatment, 6-month, 
1-year, and 2-year follow-up, respectively.51 The longest follow-up period was 5 years. However, for this retrospective 
observational study, only outcomes within 1 year were available.48

In Richard Lingreen’s retrospective review, the reported VAS score after MILD treatment was 5.8 ± 2.5, which was 
a relatively high pain perception. However, there are two considerations. First, the baseline VAS was 9.6 ± 0.42, 
indicating that the recruited participants had a relatively serious condition. Second, the follow-up time was only one 
month.40 This result cannot be deemed ineffective.
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In conclusion, if the appropriate candidates were enrolled, the pain intensity was reduced by roughly half, and to a mild 
pain level with a VAS score of 3 to 4 post-operatively. According to the current literature, the pain-reduction effect lasted for 
1 to 2 years post-operatively. Low back pain and leg pain can be relieved simultaneously and to a similar degree.

In conclusion, the post-surgery pain reduction effect could emerge as early as 6 weeks post-operatively and remain 
stable for 2 years postoperatively.36,49,51

Degree of Functional Improvement from MILD
For LSS, apart from pain perception, functional status impairment is another concern. All available studies have 
demonstrated obvious functional improvements. For the MiDAS ENCORE study, the baseline ODI was 53.0 ±12.9 
and improved to 30.3 at the 2-year follow-up. It was a reduction of approximately 42.8%.51 In a Motion study, for 
the MILD + CMM cohort, the ODI score was reduced from 55.3 ± 14.3 at baseline to 39.2 at 1-year follow-up.52 

Mekhail et al implemented a multi-centered prospective study with 58 participants. The baseline ODI score was 
48.6 (95% CI ± 3.8) and then improved to 36.7 (95% CI ± 5.8) at 1-year follow-up.34 In Nagy Mekhail’s study, 
a more straightforward index was applied. In the study, standing time and walking distance were observed. 
Standing time was improved from 8 minutes at baseline to 56 minutes at the 12-month follow-up, whereas 
walking distance was improved from 246 feet at baseline to 3956 feet at the 1-year follow-up.

In summary, the reported baseline average ODI scores were 38.8–55.3, and the final post-operative average ODI 
scores were 27.4–39.8.36,43,45,47,49–52 In conclusion, after MILD, similar pain conditions, the functional status would 
improve dramatically.

Effective Rate of MILD
Several articles have discussed the effective rate. Most articles defined a VAS score reduction of 2 points or more compared 
with pre-treatment as effective. Lora L. Brown reported an 88% effective rate during a 12-week follow-up.36 In the MiDAS 
ENCORE study, the effective rates were 57.3% at 1-year follow-up and 71.7% at 2-year follow-up.33,51 A multi-center 
prospective clinical study by Bohdan Chopko reported a 66.7% effective rate post-operatively.45 In Bohdan Wolodymyr 
Chopko’s study, if a 2-point or greater VAS reduction was deemed effective, the calculated effective rate was 75%.41

Some studies have focused on patients’ walking ability improvements for effective rate evaluation. Richard Lingreen 
reported a retrospective study. In the study, 1/42 (3%) participants could walk more than 15 min before the procedure, 
and the number increased to 25/42 (60%) after the MILD procedure.40 It can be inferred that 57.1% (24/42) of 
participants experienced dramatic symptom improvement, which could be regarded as effective.

The patient satisfaction rate was also the focus of some articles. The satisfaction rate was 74% in Nagy Mekhail’s 
study and 76% in Sanghamitra Basu’s study.43,50

Some articles have reported the percentage of subsequent surgeries after the MILD procedure. In the Motion study, at 
1-year follow-up, only 5.8% of participants in the MILD + conventional treatment group had undergone additional spine 
surgery subsequently.52 In other words, 94.2% of participants did not require additional spine surgery after the MILD 
procedure. In a retrospective study of 75 patients with a 5-year follow-up, only 9 (12%) patients required lumbar surgical 
decompression, while 59 (78.7%) patients did not receive further surgery treatments. Of the nine participants with 
surgery, two reported pain relief, one reported worsened pain, and three reported no pain relief.48 These articles may shed 
light on the effective rate.

In conclusion, the effective rate of the MILD procedure was between 57.1% and 88%.

Effectiveness of MILD Compared with Other Treatments
There are two level 1 RCT studies, comparing MILD with ESI treatment. In Lora L. Brown’s study, 38 participants were 
randomly assigned to receive either MILD treatment or ESI. At the 6-week follow-up, the percentage of participants with 
pain reduction (equal to or exceeding 2 points) was statistically significant in the MILD group than in the ESI group: 
76.2% vs 35.3%, respectively. The VAS score in the MILD group significantly decreased from 6.3 at baseline to 3.8 at the 
6-week follow-up and 3.4 at the 12-week follow-up. The ODI score decreased from 38.8 at baseline to 27.4 at the 6-week 
follow-up and 18.6 at the 12-week follow-up. The two outcomes of the ESI group improve significantly. However, only 
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within-group differences with statistical significance were observed. The between-group differences were not statistically 
significant.36

In the MiDAS ENCORE study, a total of 274 patients were enrolled and randomly assigned to the MILD and ESI 
groups, with 143 and 129 participants, respectively. In the 1-year follow-up between the MILD and ESI groups: the ODI 
responder was 58% vs 27.1%, the NPRS was 57.3% vs 27.1%, the ZCQ (symptom severity domain) was 51.7% vs 
31.8%, the ZCQ (physical function domain) was 44.1% vs 17.8%, and the ZCQ (patient satisfaction domain) was 61.5% 
vs 33.3%. All between-group differences were statistically significant. Between the MILD and ESI groups, the ODI 
reduction was 16.2 ± 1.6 vs 4.5 ± 1.1, the NPRS reduction was 2.8 ± 0.3 vs 0.7 ± 0.2. The differences were all 
statistically significant.33

In summary, Lora L. Brown’s study revealed that MILD was superior to ESI but without statistical significance. 
However, considering the small sample size of 38 participants, the sample size is insufficient to demonstrate the between- 
group statistical difference. Whereas the MiDAS ENCORE study is a multi-center RCT with a sample size of 274 
patients. It can be concluded that MILD treatment can exert apparent superior efficacy over ESI in terms of both pain 
reduction and functional improvement.

There is currently no head-to-head comparison between MILD and other minimal invasive treatments.

Complications of MILD
Dural tears, massive intraoperative hemorrhage, epidural hematoma, nerve root injury, and surgical infection are 
commonly reported complications of spinal procedures.

For MILD, procedure-related complications were rare. There are reports of soreness at the surgical site40 and minor 
postoperative bleeding.33,45

In conclusion, complications of the MILD procedure are rare and minor.

Discussion
To date, we have searched 17 clinical studies about MILD (Table 1). Among them, three of them are level 1 RCT clinic 
trials. All clinical trials have demonstrated efficacy compared with pretreatment conditions.

The Motion study set MILD combined with conventional conservative therapies as the experimental group and 
conventional therapies alone as the control group.52 As with its rational study design, the Motion trial is regarded to 
provide strong evidence for the efficacy of MILD. The other two studies set ESI as the control group. The studies have 
demonstrated significant superiority of MILD over ESI, although one of them did not demonstrate statistical 
significance.33,36 In conclusion, MILD is an effective treatment modality and the efficacy is superior over ESI. 
Furthermore, only minor complications were reported, and MILD is regarded to be a safe procedure.

Here are some explanations regarding the MILD’s mechanism. LF thickening and infolding are predominant factors 
for spinal stenosis.13,14,53 The compression is more severe during the lumbar extension position because the LF infolding 
was more obvious.17,18 In the MILD procedure, the outer layer of the LF was removed, even though the inner layer of LF 
remained, the LF is thinner, and the inward folding movement of LF during lumbar extension would be minor. This 
finding makes the spinal canal to be enlarged slightly. This theory is testified by the fact that post-procedure epidurogram 
demonstrated thicker and straighter contrast flow than pre-procedure.41,45 Furthermore, a report argues that in LSS 
patients, small increments in LF hypertrophy may cause obvious symptoms, whereas very small amounts of LF resection 
can significantly relieve the symptoms.34 It would be postulated that after the MILD procedure, the inward pressure 
towards the inside nerve tissue would be mitigated after a small amount of LF removal and a small enlargement of the 
spinal canal, even though no current clinical trial can testify to this presumption. By contrast, most conservative 
treatments such as ESI or oral medication, can only mitigate nerve root inflammation or stabilize the nerve tissue. 
However, the space accommodating the nerve tissue cannot be enlarged, nor can the compression pressure exerted over 
the nerve tissue remain unchanged. This mechanism could be the background mechanism underlying the superior 
efficacy of MILD over ESI.

There are some advantages of MILD. First, as only a small part of bone tissue is removed; the bilateral facet joint, the 
lamina, and surrounding ligaments are reserved; therefore, the MILD procedure does not affect spinal stability. This 
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Table 1 Summary of the reviewed articles

Study Year Study design level of 
evidence

Numbar of 
participants 
treated

Outcomes Follow-up period Results Complications Conclusions

Brown LL et 
al36

2011 Single-center 
double-blind 
randomized 
controlled 
trial, MILD vs. 
ESI

Level 1 38 participants, 
21 in the MILD 
Group and 17 in 
the ESI Group

VAS, ODI, ZCQ 12 weeks For MILD patients, average 
VAS fell from 6.3 at baseline 
to 3.4 at 12-week follow-up 
(P < 0.0001). Average ODI 
was reduced from 38.8 at 
baseline to 18.6 at 12-week 
follow-up (P < 0.0018).An 
average ZCQ of 1.8 at 12- 
week follow-up was 
reported. At 12-week 
follow-up, patients treated 
with MILD reported 
significantly greater pain 
decrease (P < 0.0001), and 
significantly greater 
functional mobility 
improvement (P < 0.0018) 
than ESI patients.

No complications were 
reported.

This study demonstrated 
that in LSS patients suffering 
with neurogenic 
claudication, MILD provides 
statistically significantly 
better pain reduction and 
improved functional mobility 
vs. treatment with ESI.

MiDAS 
ENCORE 
study, 1 year 
results33

2016 Multi-center 
randomized 
controlled 
trial, MILD vs. 
ESI

Level 1 302 patients, 
149 in the MILD 
Group and 153 
in the ESI 
Group.

VAS, ODI, ZCQ 1 year Averag ODI improved by 
16.2 ± 1.6 for the MILD 
Group vs. 4.5 ± 1.1 for the 
ESI Group (P < 0.001). 
Average NPRS improved by 
2.8 ± 0.3 for the MILD 
Group vs. 0.7 ± 0.2 for the 
ESI Group (P < 0.001). All 3 
ZCQ domains demonstrated 
statistically significant 
superiority of MILD versus 
ESI. The ODI responder rate 
of 58% in the MILD group 
was higher than the 
responder rate of 27.1% in 
the ESI group (P < 0.001). 
There is no difference in 
safety between MILD and 
ESIs.

For 1 patient, 
intraoperative oozing was 
observed at the 
decompression site. 
Another patient, 
experienced postoperative 
pain possibly related to 
MILD that resolved within 
3 days of the index 
procedure.

MILD is statistically superior 
to ESIs in the treatment of 
LSS patients with neurogenic 
claudication and verified 
central stenosis due to 
ligamentum flavum 
hypertrophy.
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MiDAS 
ENCORE 
study, 2 years 
results51

2017 Multi-center 
randomized 
controlled 
trial, MILD vs. 
ESI

Level 1 302 
participants,143 
in the MILD 
Group and 131 
in the ESI Group 
for statistical 
analysis.

NPRS, ODI, ZCQ 2 years At 2 years, ODI improved by 
22.7 points, NPRS improved 
by 3.6 points,and ZCQ 
symptom severity and 
physical function domains 
improved by 1.0 and 0.8 
points, respectively (P < 
0.001). No between-group 
comparison results at 2-year 
follow-up were mentioned in 
the article.

For 1 patient, 
intraoperative oozing was 
observed at the 
decompression site. 
Another patient, 
experienced postoperative 
pain possibly related to 
MILD that resolved within 3 
days of the index 
procedure.

MILD is an excellent choice 
for first-line therapy for 
selected patients with 
central spinal stenosis 
suffering from neurogenic 
claudication symptoms with 
hypertrophic ligamentum 
flavum.

The MOTION 
Study52

2022 Randomized 
controlled 
trial, MILD + 
CMM Group 
vs. CMM 
Group

Level 1 138 patients 
with 69 patients 
in each group

NPRS, ODI, ZCQ 1 years For MILD + CMM Group, 
ODI improvement was 16.16 
± 19.0. NRPS improvement 
was 2.3 ± 2.7 for back pain 
and 3.6 ± 3.1 for leg pain. 
Results from all primary and 
secondary outcome 
measures showed statistical 
significance in favor of MILD 
+ CMM (P < 0.001).

No complications were 
reported.

MILD is a safe, durable, 
minimally invasive procedure 
that has been shown to be 
effective as an early 
interventional therapy for 
patients suffering from 
symptomatic lumbar spinal 
stenosis.

Pope, JE et al38 2021 Retrospective 
single-center 
cohort study, 
procedures 
utilizing 
epiduragrams 
vs. no 
epiduragrams

level 3 147 participants, 
with 80 in 
Epiduragram 
Group and 67 in 
Non- 
epiduragram 
Group.

procedure- 
relatedcomplications 
including nerve 
injury, hematoma, 
infection, death, or 
allergic reaction to 
contrast use.

3 months No complications were 
reported for both the two 
Groups.

No complications were 
reported.

This study strongly suggests 
the use of an epidurogram is 
not necessary for the safe 
decompression of a patient 
with symptomatic spinal 
stenosis and neurogenic 
claudication utilizing 
percutaneous direct 
decompression.

Pryzbylkowski 
P et al39

2022 Retrospective 
single-center 
cohort study, 
comparing 
MILD after 
receiving ≤1 
ESIs or ≥ 2 
ESIs

level 3 145 patients 
with 75 patients 
receiving ≤1 
ESIs and 70 
patients 
receiving ≥ 2 
ESIs

VAS 3 months Average VAS at baseline was 
7.81 ±1.38 for ≤1 ESI Group 
and 7.48 ±1.27 for ≥2 ESI 
Group. Average VAS at post- 
treatment was 4.83 ±2.59 
for ≤1 ESI Group and 4.56 
±2.53 for ≥2 ESI Group. 
Improvements in VAS at 
follow-ups compared with 
baseline were significant in 
both groups. No statistically 
significant differences were 
found between the two 
groups.

No complications reported. Multiple ESIs prior to MILD 
showed no benefit. A 
modified algorithm to 
perform MILD immediately 
upon diagnosis or after the 
failure of the first ESI is 
recommended.

(Continued)
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Table 1 (Continued). 

MiDAS I 
study45

2010 Multi-Center 
prospective 
descriptive 
study

Level 4 75 participants 
included.

VAS, ODI, ZCQ, SF- 
12v2® Health Survey

6 weeks The average VAS was 
reduced from 7.3 at baseline 
to 3.7 at 6-week follow-up 
(P < 0.0001). The average 
ODI was reduced from 47.4 
to 29.5 at 6-week follow-up 
(P < 0.0001). The ZCQ and 
SF-12v2® Health Survey 
were also improved (P < 
0.001).

No complications reported. The MILD procedure 
demonstrated efficacy in 
improving mobility and 
reducing pain associated 
with lumbar spinal canal 
stenosis.

Lingreen R et 
al40

2010 Retrospective 
Descriptive 
Study

Level 4 44 participants 
included.

VAS, markers of 
global function we

1 month The average VAS was 
reduced from 9.6 ± 0.42 at 
pre-treatment to 5.8 ± 2.5 at 
post-treatment (P < 0.05). 
Pacentage of patients with 
the ability of walking over 15 
min was 60% compared with 
3% at pre-treatment. 
percentage of patients with 
the ability of standing over 
15 min was 73% compared 
with 14% at pre-treatment.

Minor adverse events, 
soreness lasting 3.8 days 
was most frequently 
reported.

The MILD procedure 
appears to be a safe and 
likely effective option for the 
treatment of neruogenic 
claudication in patients who 
have failed conservative 
therapy and have 
ligamentum flavum 
hypertrophy as the primary 
distinguishing component of 
the stenosis.

Chopko BW 
et al41

2011 Prostective 
descriptive 
study

Level 4 14 participants 
included.

VAS, ODI 23.5 weeks The average VAS was reduce 
from 7.61 ± 2.0 to 3.61 ± 2.9 
after the treatment (P = 
0.05). The average ODI was 
reduced from 50 to a 
postoperative average of 
43.9, the difference was with 
no significant significance.

No complications reported. This pilot series points to a 
potential new therapeutic 
option for LSS in high-risk 
surgical patients.

Mekhail N et 
al50

2011 Multi-center 
descriptive 
case series

Level 4 58 participants 
included.

VAS, ODI, ZCQ, SF- 
12v2® Health Survey

1 year The average VAS was 
reduced from 7.4 (95% CI ± 
0.5) at baseline to 4.5 (95% 
CI ± 0.8) at one-year post- 
treatment (P < 0.0001). The 
ODI was reduced from 48.6 
at baseline to 38.7 at one- 
year post-treatment (P < 
0.0001). Patients’ satisfaction 
rate was 74%.

No complications reported. This cohort study 
demonstrated continued 
excellent safety profile of 
the MILD procedure and 
equally important, showed 
long-term pain relief and 
improved functionality.
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Basu S et al43 2011 Prospective 
Descriptive 
Case Series

Level 4 27 participants 
included.

VAS, ODI, ZCQ 6 months The average VAS was reduce 
from 9.1 (95% CI ±0.59) at 
baseline to 3.9 (95% CI 
±2.25) (P < 0.0001). The 
average ODI was reduce 
from 55.1 (95% CI±6.34) at 
baseline to 31.1 (95% CI 
±9.29) at 6-month follow-up 
(P < 0.0004). The average 
ZCQ Patient satisfaction 
score was 1.86 at 6-month 
follow-up.

No complications reported. In this series, mild has been 
shown to be asafe, effective, 
and cost-effective treatment 
for LSS patients with 
neurogenic claudication.

Mekhail N et 
al34

2012 Prospective 
descriptive 
case series

Level 4 40 participants 
included.

PDI and Roland- 
Morris, Walking 
Distance, Standing 
Time, and VAS

1 year At 1-year follow-up, both 
PDI and Roland-Morris 
showed significant 
improvement of 22.6 points 
(P < 0.0001) and 7.7 points 
(P < 0.0001), respectively. 
Walking Distance, Standing 
Time, and VAS 
improvements were also 
statistically significant, 
increasing from 246 to 3,956 
feet (P < 0.0001), 8 to 56 
minutes (P < 0.0001), and 
7.1 to 3.6 points (P < 
0.0001)respectively.

No complications reported. This study demonstrated 
significant functional 
improvement as well as 
decreased disability 
secondary to neurogenic 
claudication after MILD 
procedure.

Wong WH et 
al42

2012 Descriptive 
case series

Level 4 17 participants 
included.

VAS, ODI 1 year The baseline mean VAS of 
7.6 improved at 1 year after 
the procedure to 2.3, with 
an average percentage 
decrease of 70.0%. Average 
baseline ODI of 48.4 
improved to 21.7 at 1 year, 
an improvement of 26.6 
points.

No complications reported. The MILD technique 
provides an attractive early 
option for the treatment of 
symptomatic lumbar spinal 
stenosis after failed injection 
therapy, but before more 
invasive surgical treatment.

(Continued)
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Table 1 (Continued). 

Deer TR et 
al47

2011 Prospective 
descriptive 
case series

Level 4 46 participants 
included.

VAS, ODI, ZCQ 1 year VAS improved significantly 
from a mean of 6.9 (95% CI 
± 0.6) at baseline to an 
average of 4.0 (95% CI ± 1.0) 
at one-year follow-up (P < 
0.0001). ODI improved from 
a mean of 49.4 (95% CI ± 
2.5) at baseline to 32.0 (95% 
CI ± 5.8) at one-year follow- 
up (P < 0.0001).Statistically 
significant improvements 
were achieved in all ZCQ 
domains.Overall Symptom 
Severity improved from a 
mean of 3.5 at baseline to 
2.3 at one-year follow-up.

No complications reported. The MILD procedure was a 
safe and effective procedure 
for symptomatic LSS. the 
efficacay can occurr as early 
as 12 weeks and maintained 
through one year.

Chopko BW 
et al49

2012 Multi-center 
prospective 
descriptive 
study

Level 4 45 participants 
included.

VAS, ODI, ZCQ 2 years VAS from an average of 7.2 
(95% CI ± 0.6) at baseline to 
a mean of 4.8 (95% CI ± 0.8) 
at 2-year follow-up, an 
improvement of 2.4 points 
(P < 0.0001). Seventy-one 
percent of the patients 
(responders) reported an 
improvement in VAS at 2 
years compared with 
baseline. ODI values showed 
statistically significant 
improvement from baseline 
average of 48.4 (95% CI 
±4.4) to an average at year 2 
of 39.8 (95%CI ± 5.6), 
improving 8.6 points (P < 
0.0001).

No complications reported. MILD procedure can exert 
significant pain relief and 
improved functionality for 
certain symptomatic LSS 
patients.

Mekhail N et 
al48

2021 Retrospective 
longitudinal 
observational 
cohort study

Level 4 75 participants 
included.

Opioid medications 
utilization

The follow-up 
period for the 
long-term 
durability was 5 
years. The 
follow-up period 
for pain relief 
and opioid 
medications was 
1 year.

Three patients were lost to 
follow-up, three patients 
were deceased, and one 
patient resides outside of the 
United States. Nine patients 
out of 75 (12%) required 
open surgical decompression 
within the 5-year follow-up. 
Average NPRS was reduced 
from 6.7 ± 2.2 at baseline to 
3.7 ± 2.8 at 1-year follow-up 
(P < 0.0001).The MME was 
reduced from 15.5 ± 35.6 at 
baseline to 7.4 ± 20.9 at 1- 
year follow-up (P = 0.0067).

11 Postprocedural pain, 1 
Ecchymosis and 1 Allergic 
dermatitis were reported.

The mild procedure is 
durable over 5 years and 
may allow elderly patients 
with symptomatic lumbar 
spinal stenosis to avoid 
lumbar decompression 
surgery while providing 
significant symptomatic 
relief.

Abbreviations: MILD, minimally invsive lumbar decompression; ESI, epidural steroid injection; ZCQ, Zurich Claudication Questionnaire; CMM, nonsurgical conventional medical management; PDI, Pain Disability Index, ; RMQ, Roland- 
Morris Disability Questionnaire; CI, conficence interval; MME, Morphine Milligram Equivalent; NPRS, numerical pain rating scale;
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argument is supported by the absence of reports of post-procedure lumbar instability in all clinical trials. Second, to 
expose nerve tissues during open decompression surgery or microscopic decompression surgery, epidural fat tissue and 
vascular tissue should be removed. Possible postoperative epidural hemorrhage, fibrocyte deposition, and inflammatory 
reaction may lead to subsequent epidural adhesion and possible post-operative pain.54–56 For endoscopic decompression 
surgery, even with continuous water irrigation during the surgery, epidural hemorrhage and epidural adhesion may 
happen. However, in MILD surgery, the inner layer of LF remains intact, hence there is no interference with the 
microenvironment of epidural space. Therefore, there is no complication of epidural space hemorrhage and post-surgery 
epidural adhesion. Post-surgery neuropathic pain is supposed to be scarce. Third, no intra-spinal adhesion exists after 
MILD, hence there would be no interference with further possible surgeries.

The treatment for LSS should be ladder-like. Except for LSS participants with severe or progressive nerve functional 
impairment, such as cauda equina syndrome, or true muscle weakness, conservative treatments such as oral medication, 
physical therapy, and epidural space steroid injection, should be initially applied.7,57 They are the first ladder treatment 
modalities. Because of the advantage of minimal invasiveness, non-interference with future surgery, effectiveness, low 
complication rate, and minimal invasive treatments are accepted as a preferable option for patients who failed 
conservative treatment. Minimal invasive treatments can be regarded as the second ladder treatment. We considered 
invasive decompression surgery with or without fusion as the third ladder, which should be for patients who failed first 
and second ladder invasive treatments. There is another rationality for this ladder-like treatment principle. LSS is 
a chronic disease that progresses very slowly. Most LSS patients have been reported to be treated conservatively, 
hence the symptoms would remain stable within two years.58 In other words, there is a safe time window between the 
first and second ladder treatments. Even if the symptoms were not relieved through first and second ladder treatments, we 
argue that it is never too late to upgrade to open surgery. As stated previously, there is significant superiority of MILD 
over ESI. In addition to the MILD procedure’s obvious efficacy, there are no apparent complications and no interference 
with further invasive surgeries. The MILD procedure is assigned to the second ladder treatment group.

There are Some Limitations to the MILD Procedure
As mentioned previously, after the procedure, the VAS score could be reduced by roughly half, and to a post-procedure 
VAS of approximately 3–4. However, a VAS score of around 3–4 indicates a moderate level of pain perception. The 
effective rate of the MILD procedure was reported to be 57.1%-88%. That is to say, a certain proportion of participants 
continue to experience moderate or greater pain after the MILD procedure. For these participants who did not respond to 
MILD, the underline reasons are postulated to be either insufficient decompression or neuropathological components 
already existed before the procedure, or some other unknown reasons. Mekhail et al conducted a retrospective observa-
tional study with 75 participants.48 During the 5-year follow-up, nine (12%) participants who failed the MILD procedure 
underwent decompression surgery. Of the nine surgery participants, only two of them reported symptom improvements, 
three reported no symptom changes, one experienced worsened symptoms, and the remaining three participants lost 
follow-up. Despite the sparsity of these clinic data of this type, we can speculate that insufficient decompression exists in 
MILD; however, the proportion is very low. Neuropathological components could have existed before the procedure as 
the primary reason.

Another limitation is that the indication for MILD is relatively narrow. It is only indicated for LSS caused by LF 
hypertrophy. LSS caused by disc prolapse, facet joint hypertrophy, or intervertebral stenosis is not an indication. Patients 
with previous spine surgery of the same segment are also contraindicated.

Here are some future directions for MILD-related clinic research. Most studies had a follow-up period of 1–2 years. 
The long-term efficacy was unknown. Therefore, clinical trials with a 5-year follow-up period are necessitated. 
Furthermore, numerous minimal invasive treatments currently exist, such as lumbar spinous process spacer and endo-
scopic lumbar decompression. However, there is no research with a head-to-head comparison between these treatments. 
Further clinical trials in this regard are needed.
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Conclusion
MILD can significantly reduce pain intensity and improve functional status. It is a safe procedure with no major 
procedure-related complications and has the advantage of minimal invasiveness and non-interference with future surgery. 
It is accepted as an option for LSS patients who failed conservative treatment, however its long term efficacy is still 
uncertain.
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