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Abstract: Pain generator-based lumbar spinal decompression surgery is the backbone of modern spine
care. In contrast to traditional image-based medical necessity criteria for spinal surgery, assessing the
severity of neural element encroachment, instability, and deformity, staged management of common
painful degenerative lumbar spine conditions is likely to be more durable and cost-effective. Targeting
validated pain generators can be accomplished with simplified decompression procedures associated
with lower perioperative complications and long-term revision rates. In this perspective article, the
authors summarize the current concepts of successful management of spinal stenosis patients with modern
transforaminal endoscopic and translaminar minimally invasive spinal surgery techniques. They represent
the consensus statements of 14 international surgeon societies, who have worked in collaborative teams
in an open peer-review model based on a systematic review of the existing literature and grading the
strength of its clinical evidence. The authors found that personalized clinical care protocols for lumbar
spinal stenosis rooted in validated pain generators can successfully treat most patients with sciatica-type
back and leg pain including those who fail to meet traditional image-based medical necessity criteria for
surgery since nearly half of the surgically treated pain generators are not shown on the preoperative MRI
scan. Common pain generators in the lumbar spine include (a) an inflamed disc, (b) an inflamed nerve,
(c) a hypervascular scar, (d) a hypertrophied superior articular process (SAP) and ligamentum flavum,
(e) a tender capsule, (f) an impacting facet margin, (g) a superior foraminal facet osteophyte and cyst,
(h) a superior foraminal ligament impingement, (i) a hidden shoulder osteophyte. The position of the
key opinion authors of the perspective article is that further clinical research will continue to validate
pain generator-based treatment protocols for lumbar spinal stenosis. The endoscopic technology platform
enables spine surgeons to directly visualize pain generators, forming the basis for more simplified targeted
surgical pain management therapies. Limitations of this care model are dictated by appropriate patient
selection and mastering the learning curve of modern MIS procedures. Decompensated deformity and
instability will likely continue to be treated with open corrective surgery. Vertically integrated outpatient
spine care programs are the most suitable setting for executing such pain generator-focused programs.

Keywords: lumbar spinal stenosis; herniated disc; pain generators; staged-management; transforaminal
endoscopic surgery; translaminar minimally invasive surgery; guideline
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1. Introduction and Method:

Lumbar spinal stenosis (LSS) is defined as a narrowing of the lumbar spinal canal
caused by age-related degeneration of the spinal motion segment. It causes encroachment
of neural elements and may contribute to back and leg pain. It is a leading cause of
disability from lack of mobility due to neurogenic claudication worldwide [1]. Spinal
stenosis decompression has been shown to reduce claudication-related disability and
improve quality of life [2]. In older people, spinal stenosis decompression has become the
most common surgical indication. Approximately 600,000 lumbar decompression surgeries
are performed annually in the United States alone [3]. Complex spinal fusion surgeries
have also substantially increased. From 2002 to 2007, there has been a 15-fold increase in the
complex fusion rate [4]. The latter study found that the cost associated with these surgeries
in Medicare beneficiaries has risen substantially, totaling an estimated USD 1.65 billion
in 2007 [5]. During the same period, the lumbar spine surgery operation rates increased
from 1.3 to 19.9 per 100,000 Medicare beneficiaries. This trend was also accompanied by a
jump in life-threatening complications from 2.3% to 5.6% due to the proportion of patients
being treated with complex fusions. As a result, unplanned hospital readmissions within
30 days from the index operation have risen from 0.8% in lumbar decompression versus
13.0% in complex fusion patients, with a higher adjusted mean hospital charge of USD
80,888 for the latter compared with USD 23,724 for the former [4]. One study illustrated the
regional variations in lumbar fusion surgery rates and a 500% spending increase from USD
75 million in 1992 to USD 482 million in 2003 [6].

Spondylolisthesis [7] and decompression-induced iatrogenic instability [8] indicate
lumbar spinal fusion. Modern minimally invasive and endoscopic decompression surgery
(MIS) is increasingly being used as a less burdensome and simplified alternative to more
traditional open decompression techniques where reoperations of one in five patients within
three years are commonplace [9]. While a formal prospective cohort study is currently
underway comparing lumbar targeted MIS decompression to open decompression and
fusion [10], existing studies suggest that lumbar endoscopic decompression stenosis in
the central and lateral canal is associated with a low long-term fusion rate of 2.7% [11] in
one study and 8.9% in another [12]. A large body of literature with corroborating results
demonstrating its cost-effectiveness [13–16] reported favorable clinical outcomes with
minimal targeted decompression for lumbar bony and soft tissue stenosis. It has been
published within the last five years [17,18]. More surgeons implement these procedures
into their surgical practice portfolio [19]. One study even reported that the endoscopic
surgery platform is now the preferred MIS performed in the lumbar spine and is more
popular than tubular retractor-based microsurgical decompression surgeries [20].

Method

In this review perspective article, the authors take a fresh, consensus look at the
available evidence including their own professional expertise and experiences on using
minimally invasive and endoscopic lumbar decompression techniques in a more targeted
and personalized care model. 14 professional societies reviewed recent articles on the topic
and through their related committees and subcommittees express their professional position.
This perspective paper is coordinated by the Interamerican Society For Minimally Invasive
Spine Surgery–La Sociedad Interamericana de Cirugía de Columna Mínimamente Invasiva
(SICCMI) and the Spine Subcommittee of the Society For Brain Mapping & Therapeutics
(SBMT), and endorsed by the International Society For Minimal Intervention In Spinal
Surgery (ISMISS), the Korean Minimally Invasive Spine Society (KOMISS), the Minimally
Invasive Surgery Section of the Chinese Orthopaedic Association (COA-MIS SECTION),
The Colombian Spine Society, the Bolivian Spine Association, the Iberolatinoamerican
Spine Society–La Sociedad Iberolatinoamericana de Columna (SILACO), the Mexican Asso-
ciation of Spinal Surgeons–Associacion Mexicana de Cirujanos de Columna (AMCICO),
the Federation of Latinamerican Neurosurgical Societies–Federación Latino-Americana de
Sociedades de Neurocirugía (FLANC), the Latin American Society of Neurosurgeons of
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USA & Canada (SLANC), the Brazilian Spine Society–Sociedade Brasiliiera de Columna
(SBC), the Brazilian Society For Thoracic Surgery—Sociedade Brasileira de Cirurgia Torácica
(SBCT), and the International Intradiscal Therapy Society (IITS).

2. Disease Burden

The annual incidence of adult spine disease is estimated at 266 million people glob-
ally [21]. The highest per capita yearly incidence is in Europe (5668 per 100,000) and North
America (4501 per 100,000) [21]. Based on regional population variations, Southeast Asia
and the Western Pacific have the highest volume of patients suffering from painful degen-
erative spine diseases, with 69 and 65 million people, respectively [21]. The healthcare
systems in low- and mid-income countries encounter nearly four times as many total
patients as in high-income countries. These estimates are likely hampered by inaccurate re-
porting terminology. On an annualized basis, 39 million individuals (0.53%) worldwide are
diagnosed with spondylolisthesis [21]. Europe has the highest estimated incidence (0.83%),
and Africa has the lowest (0.36%). A recent meta-analysis indicated that the incidence of
spondylolisthesis and LBP is about 3.5 times higher in low-income countries, suggesting
that approximately 400 million people are diagnosed with painful disc degeneration world-
wide every year [21]. Globally, the incidence rate is 5.5%. In Europe, it is estimated at
8.6%, whereas in Africa, it is the lowest at 3.7% [21]. Low- and middle-income countries
have nearly 3.5 times the incidence of disc degeneration and LBP than high-income coun-
tries. Spinal stenosis and low back pain are diagnosed yearly in 102 million individuals
worldwide (1.4%). Again, the highest estimated incidence is found in Europe (2.2%) and
the lowest in Africa (0.94%), with a similar ratio of 3.5 times greater incidence in low- and
middle- versus high-income countries [21]. These geographic disparities likely represent
differences in socioeconomic status and access to medical care (Figure 1).
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In the 2010 Global Burden of Disease (GBD) Study [22,23], LBP was associated with
the was ranked highest rate of years lost to disability among the 291 studied conditions.
Eighty-three million disability-adjusted life years (DALYs) were lost to LBP in 2010. A
2019 systematic analysis of the global burden of 369 diseases and injuries in 204 countries
and territories analyzing changes in disease burden from 1990–2019 showed that low back
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pain-related symptoms were the fourth most common cause of disease in the top ten for
the 10–49-year age group [24].

3. Medical Necessity Criteria

Most contemporary medical necessity criteria for spinal decompression are based
on analyzing advanced imaging studies such as MRI or CT. Using these image-based
criteria reserves decompression surgery only for patients with progressive disease [25–40].
By their very definitions, these criteria almost always invite aggressive open surgeries
at the end stage of the disease. The net effect is often that patients have to wait until
they meet these advanced disease criteria, discounting that most spine care is driven by
treating primary pain generators that cause most of the patient’s functional disability.
This functional impairment may vary considerably in older patients who often display
multilevel disease on MRI or CT but suffer from single-level or unilateral radiculopathy or
claudication symptoms. Image-based descriptors of stenosis, deformity, and instability are
the key elements indicating traditional open spine surgery.

Whoever does not fit these medical necessity criteria is often committed to repetitive
cycles of spinal injections, physical therapy, and non-steroidal anti-inflammatory treat-
ments. Those who are so disabled that they cannot even participate in these programs
in a meaningful way or have poorly controlled co-morbidities which preclude medical
management often cannot get much help. An exemplary summary of traditional Review
Clinical Guidelines For Spinal Stenosis affecting coverage decisions is shown in Table 1
substantiating the reliance on image criteria. In the case of discordant reading between
surgeon and radiologist that is unresolvable following review, the reference exemplary
protocol calls for another independent radiologist review of the studies, rather than for a
clinical context care model to identify the responsible pain generator.

Table 1. Exemplary Review Criteria for Lumbar Spinal Stenosis Surgery Affecting Coverage Decisions
cited from Washington State Department of Labor and Industries Surgical Guideline for Lumbar
Spine–September 2021 [41].

A Request May Be
Appropriate for If the Patient Has AND the Diagnosis Is Supported by These Clinical

Findings: And This Has Been Done

Surgical Procedure Condition or
Diagnosis Subjective Objective Imaging Non-Operative Care

Lumbar
Decompression

including: Lumbar
laminectomy,
laminotomy,
discectomy,

microdiscectomy,
foraminotomy, or far

lateral decompression

Nerve Root
Entrapment due to

central/paracentral/
foraminal/extra-

foraminal herniated
nucleus pulposus.

Sensory symptoms in
dermatomal

distribution including:
Radiating pain,

burning, numbness,
tingling, or
paresthesia.

Objective findings must
include two or more of
the following:

• Dermatomal sensory
deficit on exam.

• Motor deficit
(e.g., foot drop or
quadriceps weakness).
Positive dural tension
signs (e.g., straight leg
test, contralateral
straight leg
test/crossover sign).

• Asymmetric reflex
changes.

• Positive EMG
demonstrates acute
denervation
(fibrillation and
sharp waves)
corresponding with
the level of intended
surgery.

-Reproduction of back pain
alone is not a positive finding.

CT-Myelogram or MRI
(within 6 months of
requested surgery) must
corroborate subjective
and objective findings
with substantial disc
herniation, resulting in
one or more of the
following on the
nerve root:
• Effacement
• Abutment
• Displacement
• Compression
• Stenosis

Mild to moderate disc
protrusion not
associated with the
above terms is not
considered a positive
objective imaging sign.
In the case of discordant
reading between
surgeon and radiologist
that is unresolvable
following review,
another independent
radiologist review
is required.

At least six weeks of
non-operative care from
the date of injury, unless
substantial or
progressive motor
weakness is
documented.
Care may include:
• Active

rehabilitation
• Manual medicine
• Pharmacologic

therapy
• Epidural steroid

injection
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Table 1. Cont.

A Request May Be
Appropriate for If the Patient Has AND the Diagnosis Is Supported by These Clinical

Findings: And This Has Been Done

Surgical Procedure Condition or
Diagnosis Subjective Objective Imaging Non-Operative Care

Lumbar
Decompression

including: Lumbar
laminectomy,

laminotomy, or
discectomy

Central spinal stenosis,
moderate or severe

Neurogenic
claudication,
defined as:
• Radiating leg

pain that is
exacerbated
while standing
up and walking.

• Immediate relief
of neurogenic
symptoms when
seated.

• Improvement of
symptoms when
bending forward.

Bilateral lower extremity
pain or weakness with
standing and walking.

-If unilateral pain is present,
hip or vascular pathology

should be ruled out
by exam.

MRI or CT-Myelogram
(within 6 months of
requested surgery)

confirms subjective and
objective findings of
moderate or severe

central spinal stenosis.
In the case of discordant

reading between
surgeon and radiologist

that is unresolvable
following review,

another independent
radiologist review

is required.

At least six weeks of
non-operative care from
the date of injury, unless
substantial or
progressive motor
weakness is
documented.
Care may include:
• Active

rehabilitation
• Manual medicine
• Pharmacologic

therapy
• Epidural steroid

injection

Source: Treatment Guideline for Lumbar Spine Surgery. Washington State Department of Labor and Industries
Surgical Guideline for Lumbar Spine–September 2021. Website: https://www.lni.wa.gov/patient-care/advisory-
committees/_docs/LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf (accessed on 7 July 2021).

In this perspective paper, SICCMI, in collaboration with 12 other international sur-
geons’ societies, is confronting the increased scrutiny on the appropriateness of spine care
spending by payers, government, and patients in an attempt to deliver on simplified, inno-
vative, less costly, more effective, and more durable treatments for common degenerative
and painful spine conditions associated with lower complication and revision rates. Resolu-
tion to these problems is needed to meet the increasing demand by the aging baby-boomer
population for such simplified treatments.

4. Timing of Intervention

The treatment of the painful degenerative disease process of the spinal motion seg-
ment with traditional open spine surgery is dictated by the application of MRI and CT
image criteria of spinal stenosis, instability, and deformity. The clinical decision-making
for surgery focuses on treating the end-stage of the disease, leaving many patients with-
out timely treatment or no treatment at all. With the backdrop of recent clinical studies
describing the limited utility of the lumbar MRI scan and its reporting suffering from
relatively low sensitivity and specificity to diagnose the painful spine condition [42], key
opinion leaders of the sponsoring and endorsing societies took the position that it is time to
rethink traditional clinical management protocols for sciatica-type back and leg pain. The
continued application of outdated image-based medical necessity criteria is not suitable for
the cost-effective spine care needed for the future. This perspective paper highlights the
concepts of pain generators in the lumbar spine that are frequently trivialized as seemingly
minor conditions. Examples include annular tears, inflamed or tethered nerve roots, small
extraforaminal disc herniations under the dorsal root ganglion, which can chronically
in-flame it and cause leg pain, or impaction syndromes of the facet joint complex, which
can form painful, highly inflammatory extradural synovial cysts. These inflammatory and
painful conditions in the aging lumbar spinal motion segment can cause severe symptoms
that may appear out of proportion and unsupported by the definitions of the routine lumbar
MRI scan and its reporting [42]. Treating the structural correlates of lumbar spine disease
early to reduce the long-term disability associated with the disease by healing painful
conditions and altering their natural history if left untreated is the position the authors of
this perspective article are taking on behalf of their respective societies.

5. Standards

Traditional open spine surgery in the lumbar spine includes laminectomy. A translam-
inar decompression is performed by removing the posterior spinal elements, including the
spinous process, the lamina, and part of the bilateral facet joints. The benefit of lumbar

https://www.lni.wa.gov/patient-care/advisory-committees/_docs/LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf
https://www.lni.wa.gov/patient-care/advisory-committees/_docs/LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf


J. Pers. Med. 2023, 13, 710 7 of 18

decompression for symptomatic herniated disc and spinal stenosis has been demonstrated
in several prospective randomized clinical trials, including the original study by We-
ber [43], the Main Lumbar Spine Study [44–46], and the Spine Outcome Research Trial
(SPORT) [7,47–52]. Multiple investigators corroborated these observations and illustrated
the cost-effectiveness of surgical decompression over conservative care consisting of active
therapy-based, interventional, and medical management programs [53–56].

6. Minimally Invasive Spine Surgery

Minimally invasive surgery (MIS) for the treatment of common degenerative condi-
tions of the spine is increasingly practiced. It encompasses a portfolio of surgical techniques
that are aimed to alleviate patients’ pain via reduced surgical access resulting in less blood
loss and reduced peri- and postoperative problems including pain, nausea, and vomiting.
The introduction of tubular retractors and microsurgical dissection techniques simplified
the very nature of spine surgery by transforming it through the implementation of less
burdensome and more simplified protocols. Over the last 40 years, open spine surgery has
established a track record that is interpreted by most patients, employers, and payers as
aggressive and too costly due to high out-of-work complications and reoperation rates.

7. Cost Effectiveness of MIS

Quality of life and cost-effectiveness of minimally invasive surgery (MIS) for spinal
stenosis in patients with degenerative lumbar spondylolisthesis (DLS) has been calculated
relative to failed medical management and compared to the cost-effectiveness of hip and
knee arthroplasty for matched cohorts of patients with osteoarthritis [54]. Incremental cost–
utility ratios (ICUs) were calculated from utilization cost and quality-adjusted life-years
(QALYs) data. Surgical treatment resulted in faster recovery from sciatica, making early
surgery more cost-effective than prolonged conservative care. With a calculated QALY of
EUR 40,000, withholding lumbar decompression surgery was not found to be cost-effective
even when adjusting for missed work hours [54].

8. Pain Generators

Select pain generators in the lumbar spine are not diagnosed on routine lumbar MRI
scan [42]. A recent study showed that nearly half of the surgically treated pain generators
were not shown by the preoperative MRI scan (Table 2) [57].

Table 2. Crosstabulation primary pain generator visualized during minimally invasive endoscopic
operation and their reporting on routine lumbar MRI.

Endoscopically Visualized Pain Generator MRI Negative MRI Positive Total:

Hypertrophied Ligamentum Flavum
7 35 42

7.3% 31.8% 20.4%

Contained Herniated Disc
6 25 31

6.3% 22.7% 15.0%

Hypertrophied Superior Articular Process
3 24 27

3.1% 21.8% 13.1%

Inflamed Disc With Toxic Annular Tear
25 0 25

26.0% 0.0% 12.1%

Extruded Herniated Disc
5 19 24

5.2% 17.3% 11.7%

Delaminated and Fissured Disc Tissue
17 0 17

17.7% 0.0% 8.3%



J. Pers. Med. 2023, 13, 710 8 of 18

Table 2. Cont.

Endoscopically Visualized Pain Generator MRI Negative MRI Positive Total:

Intra-Annular Granulation Tissue
9 0 9

9.4% 0.0% 4.4%

Facet Cyst
1 7 8

1.0% 6.4% 3.9%

Hidden Shoulder Osteophyte
7 0 7

7.3% 0.0% 3.4%

Inflamed Nerve
6 0 6

6.3% 0.0% 2.9%

Tethered and Furcal Nerve Roots
6 0 6

6.3% 0.0% 2.9%

Contracted Foraminal Ligaments
4 0 4

4.2% 0.0% 1.9%

Total ELD Patients
96 110 206

100.0% 100.0% 100.0%

MRI Negative: The radiologist did not describe the endoscopically visualized primary pain generator in the
MRI report. MRI Positive: The radiologist did describe the endoscopically visualized primary pain generator in
the MRI report. Reproduced with permission from Lewandrowski K-U, Abraham I, Ramírez León JF, et al. A
Proposed Personalized Spine Care Protocol (SpineScreen) to Treat Visualized Pain Generators: An Illustrative
Study Comparing Clinical Outcomes and Postoperative Reoperations between Targeted Endoscopic Lumbar
Decompression Surgery, Minimally Invasive TLIF and Open Laminectomy. Journal of Personalized Medicine
2022;12:1065.

Common pain generators in the lumbar spine include (a) an inflamed disc, (b) an in-
flamed nerve, (c) a hypervascular scar, (d) a hypertrophied superior articular process (SAP)
and ligamentum flavum, (e) a tender capsule, (f) an impacting facet margin, (g) a superior
foraminal facet osteophyte, (h) a superior foraminal ligament impingement, (i) a hidden
shoulder osteophyte, and many others examples, as shown in Figure 2 [58]. The position
of the key opinion authors of the perspective article is that further clinical research will
continue to validate pain generator-based treatment protocols for lumbar spinal stenosis.
The endoscopic technology platform enables spine surgeons to directly visualize pain gen-
erators, forming the basis for more simplified targeted surgical pain management therapies.

One example is highlighted by the INTRACEPT prospective, open-label, 1:1 random-
ized controlled trial. This trial tests the efficacy of basivertebral nerve (BVN) ablation
technology compared to a standard care control treatment of vertebrogenic chronic low
back pain [59]. Conceptually, this technology is an example of simplified spine care tar-
geting a validated pain generator. However, the procedure is non-visualized. Instead, the
authors of this perspective article call for targeted treatments of painful conditions of the
lumbar spine based on the direct visualization of validated pain generators. The authors
expect these concepts to ultimately transition into a new hybrid subspecialty—surgical
pain management—where interventional pain management doctors and spine surgeons
compete for patients [60–63]. Similar trends have been observed with the creation of in-
terventional radiology or cardiology, where newer protocols have successfully replaced
open heart surgery. The SpineScreen protocol [57] is summarized in the schematic shown
in Figure 3.
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Lateral fluoroscopic image of the bendable endoscopic grasper removing the caudally extruded disc 
fragment. Endoscopic camera view of the extruded disc fragment visible after removing the cranial 
portion of the L3 pedicle. A radio frequency probe is demonstrated above the L3 pedicle. The teth-
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right: T2 sagittal MR image demonstrating the L5-S1 disc herniation compressing the S1 nerve. T2 
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Figure 2. Common examples of pain generators missed by the routine lumbar MRI scan: (a) Inflamed
nerve. Left to right: T2 axial MR image demonstrating the severe left L4–5 foraminal stenosis and
foraminal disc herniation. Lateral fluoroscopic image of the beveled tubular retractor in the left L4–5
foramen. Endoscopic camera view of the inflamed left L5 traversing nerve root not demonstrated
on MRI scan. Endoscopic camera view of the radiofrequency probe elevating the traversing left L5
never root and revealing the compressing disc fragment below. (b) Nerve tethering. Left to right:
T2 sagittal MR image demonstrating the caudally extruded disc fragment behind the body of L3.
T2 MR axial image of the left L2–3 caudally extruded disc fragment medial to the left L3 pedicle.
Lateral fluoroscopic image of the bendable endoscopic grasper removing the caudally extruded
disc fragment. Endoscopic camera view of the extruded disc fragment visible after removing the
cranial portion of the L3 pedicle. A radio frequency probe is demonstrated above the L3 pedicle. The
tethering of the nerve root by scar tissue was missed by the MRI scan. (c) Hypervascular scar. Left
to right: T2 sagittal MR image demonstrating the L5-S1 disc herniation compressing the S1 nerve.
T2 MR axial image demonstrating the L5-S1 disc herniation and the significant laminectomy defect.
Lateral fluoroscopic images demonstrate the position of the beveled 7 mm tubular retractor in the
right L5-S1 foramen. Endoscopic camera view of the endoscopic ball probe used to dissect the S1
nerve off the disc herniation. The MRI scan failed to show the severe hypervascular scar that had to
be dissected and coagulated to release the S1 nerve and remove the herniated disc.
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Figure 3. Schematic of endorsing Spine Societies’ work-up and treatment protocol of symptomatic
lumbar spinal stenosis due to degenerative spine disease without instability or deformity employing
the SpineScreen methodology [57].

9. Direct Visualization

The authors take the position that direct visualization and treatment of pain generators
is the foundation for surgical pain management of the lumbar spine. Spinal endoscopy
enables the surgeon to diagnose and treat the painful condition during the same opera-
tion [64–68]. The ability to directly and videoendoscopically visualize painful pathology
has gone chiefly unnoticed by traditionally trained spine surgeons. Limiting the surgical
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treatment to one major pain generator in the relevant clinical context at the time of treatment
is the cornerstone of modern endoscopic spine care. The direct visualization of the epidural
space and intervertebral disc opens the door to analysis of the myriad of unrecognized pain
generators that frequently escape diagnosis via the routine lumbar MRI scan and its limited
reporting of neural element compression by noting the presence or absence of stenosis.

Objective measurements of the foraminal or lateral canal dimensions are rarely given.
Surgical stenosis classifications use measurable parameters such as height and width
of the posterior disc, lateral recess, or neuroforamen to stratify patients for the most
appropriate MIS approach and technique [42]. The lack of accurate MRI prognosticators of
favorable clinical outcomes with lumbar decompression surgery illustrates the fundamental
limitations of clinical treatment protocols primarily based on image-based criteria rather
than accurately triaging patients for pain generators to treat them successfully. Modern
spinal endoscopy technology can produce high-resolution videos and images of painful
lumbar pathology. When combined with intraoperative examination of the visualized
pain generators, correlating them with the patient’s symptoms becomes feasible [68]. The
patient’s response to provocative or analgesic testing of structural correlates suspected of
causing the patient’s pain allows the spine surgeon to identify the primary pain generator
correctly and to effectively treat it with a targeted procedure.

10. Staged Management

Treating pain generators involves identifying those structural problems in the lumbar
spine that cause the majority of the patient’s symptoms as implicated in the symptoms
by history and physical examination or by advanced imaging studies such as MRI or CT
scan. Most patients have unilateral or mono-segmental radiculopathy symptoms. When
confirmed with diagnostic selective nerve root blocks, these clinical observations highlight
that many structural changes in a degenerative spine are multilevel but may not be painful,
even if the MRI or CT scan suggests a similar degree of stenosis as within the symptomatic
spinal motion segment. For example, exiting and traversing nerve root pain syndromes
may or may not exist within the same lumbar motion segment simultaneously. However,
when they do, the surgeon can easily be confused with patients whose MRI suggests
multilevel disease. Identifying the correct source level of axial facet joint pain in multilevel
degeneration may even be more difficult without a radicular component. The staged
management concept is the central element of the clinical spine care model. It implies
treating validated symptomatic pain generators and ignoring all degenerative changes or
injuries that do not hurt.

While it is easier to rely on MRI-based criteria of compression, instability, and defor-
mity when deducting a plan of surgical care—certainly within the mainstream of tradition-
ally trained surgeons, and perhaps a coincidence between the radiologist’s confirmation
of compressive pathology and the surgical plan of care invites less scrutiny during the
health insurance preauthorization process for surgery—identifying the predominant pain
generator can be a daunting task. Recommending a targeted surgical treatment plan to
a patient in pain is as much of an art as it is a science and relies heavily on judgment
and clinical experience. Less aggressive treatment recommendations are often sufficient
to substantially reduce pain, all while ignoring traditional decompression and lumbar
fusion criteria.

What to treat and, more importantly, what to ignore requires attention to detail
and utilization of preoperative diagnostic tools of high positive predictive value. For the
endoscopic spine surgeon, the plan of care is derived from identifying those pain generators
that impair the patient the most. Minimizing the risk-taking and maximizing the benefit, all
while managing patients’ expectations about the desired outcome, are the key to achieving
high patient satisfaction [69]. The staged management approach has been developed and
employed by this perspective paper’s principal authors to emphasize a care plan rooted in
identifying pain generators limiting the patients’ functioning when spine care is delivered.
The peer-reviewed and published literature by KOL authors proves that this approach to
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endoscopic spine care results in favorable long-term clinical outcomes up to five [11,12]
and ten years post-operatively [57]. Reoperations at the index location are uncommon, and
additional decompression and ablation surgeries are typically performed within the same
level on the other side or at the adjacent level [70–73]. Traditional open decompression
fusion surgeries are rarely needed [68,74]. Occasionally, undertreatment with unchanged or
reduced persistent symptoms due to failure to cure may arise when employing the staged
management approach to the surgical treatment of lumbar spinal stenosis [75]. However,
these patients can often easily be managed by reanalyzing their pain generators with
the protocol depicted in figure three and performing the additional targeted endoscopic
surgeries if necessary. This management style makes it possible to overcome functional
limitations when they become relevant to the patient. Shared decision-making with the
patient is the authors’ preferred methodology of engaging patients and having them partake
in their spine care. Treating the consequences of surgical overtreatment with persistent
or new pain arising from well-established adjacent segment disease problems or failed
surgeries is much more challenging [76–78]. Sometimes the latter is impossible. Patient
satisfaction and motivation to continue with their surgeon typically remain high even with
incomplete symptom resolution when shared decision-making occurs preoperatively. In
the authors’ experience, inappropriate point-of-care transitions and overutilization are rare.

11. Surgical Pain Management

A new subspecialty is emerging: “Surgical Pain Management.” The term implies a
blend of diagnostic and patient management strategies employed by interventional pain
physicians comprised of physiatrists, anesthesiologists, and spine surgeons consisting of
orthopedic and neurosurgeons. This new emerging subspeciality is a grassroots develop-
ment driven by enthusiast physicians who invested their careers into a more personalized
approach to spine care. Thus, surgical pain management integrates needle-based non-
visualized interventions into MIS and endoscopic surgical procedures by tailoring the
treatment based on the individual patient’s symptoms and the functional context when
the spine care is delivered. Examples of this development include the integration of ra-
diofrequency and laser into endoscopic surgeries. The continued use of rule-based medical
necessity criteria for lumbar spine care seems increasingly inappropriate. It invites the
delivery of costly, ineffective therapies and treatments which ultimately do not lower the
societal burden of spine care. Ignoring individual pain generators stemming from the
underlying disease causing cumulative disability does not address the root cause and
precludes the patient from definitive care or leads to patient entrapment in repetitive yet
ineffective treatment cycles. In the opinion of the KOL authors of this lead perspective
article in the JPM special issue “The Path To Personalized Pain Management,” the staged
approach to surgical pain management is poised to lower disability and the direct and
indirect costs with all of its hidden unintended consequences of repetitive treatments. Its
implementation has the potential for diminishing the burden of failed medical pain manage-
ment and opioid addiction, delayed returned to work, and disrupted social reintegration.
While the authors do not suggest abandoning traditional open spine surgery, we propose
integrating staged surgical pain management of directly visualized pain generators early
in the disease process into existing spine care programs.

12. Discussion

The authors of this perspective paper arrived at the consensus statement on the indi-
cations for surgical treatment for symptomatic lumbar spinal stenosis based on validated
pain generators rather than traditional image-based medical necessity criteria. This ap-
proach to treating patients with claudication and sciatica-type low back and leg symptoms
represents the authors’ views and their respective surgeon societies. The most published
individuals on this team of authors are accomplished and passionate endoscopic spinal
surgeons. In experienced hands, approximately 80% of patients with painful degenerative
spine conditions may be treated successfully with a targeted outpatient MIS or endoscopic
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decompression procedure [66,79–83]. When the staged management protocol is employed
as described in this perspective article, open surgery may only be required in a minority of
patients with severe multilevel lateral stenosis, painful facet disease, high-grade instability,
and deformity. The strength of MIS and endoscopic surgery techniques may also be its
most significant limitation: the focused surgical care through a small incision. An adequate
decompression or reconstruction may not be possible in patients with advanced disease.
Those patients are best treated with a traditional index decompression fusion surgery
where large spine sections can be appropriately decompressed and reconstructed with
attention to instability or sagittal and coronal alignment correction. The discussion on the
most appropriate application of modern MIS and endoscopic spinal surgery techniques
will likely continue and be driven by technological advances.

13. Conclusions

Judiciously and skillfully executed modern targeted MIS surgeries can provide more
cost-effective and less burdensome spine care with shorter treatment cycles as the un-
derlying structural correlate for the patient’s pain is treated causally. Lateral recess and
foraminal stenosis are the most common clinically relevant indications for primary surgery
and revision surgery after decompression in the lumbar spine. The personalized clinical
protocols for treating lumbar spinal stenosis based on validated pain generators are a
break with traditional population management protocols that employ image-based medical
necessity criteria for intervention since nearly half of the surgically treated pain generators
are not shown on the preoperative MRI scan. Common pain generators in the lumbar spine
include (a) an inflamed disc, (b) an inflamed nerve, (c) a hypervascular scar, (d) a hypertro-
phied superior articular process (SAP) and ligamentum flavum, (e) a tender capsule, (f) an
impacting facet margin, (g) a superior foraminal facet osteophyte, (h) a superior foraminal
ligament impingement, (i) a hidden shoulder osteophyte. It is the authors position, that
further clinical research will continue to validate pain generator-based treatment protocols
for lumbar spinal stenosis. The endoscopic technology platform enables spine surgeons to
directly visualize pain generators, forming the basis for more simplified targeted surgical
pain management therapies. Clinical judgment of appropriate patient selection and master-
ing the learning curve of modern MIS procedures will likely lead to a broadening of the
accepted indications for such a pain generator-based approach to patient care. Limitations
of this care model are dictated by decompensated deformity and instability, for which open
corrective surgery will likely continue to be the treatment of choice. Vertically integrated
outpatient spine care programs are probably the most suitable setting for executing such
a pain generator focused program since physicians who have complete custody of their
patients can minimize protocol breaches by other providers who are not invested in the
personalized care model proposed by the authors.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jpm13050710/s1, Supplementary Document S1: Members of organizations.

Author Contributions: Conceptualization, K.-U.L., M.P.L., J.F.R.L., V.Y., B.K. and A.Y.; methodology,
K.-U.L., J.M., J.A.S.S., J.F.R.L. and Á.D.; software, K.-U.L., Á.D., R.K.A.F. and P.S.T.D.C.; validation,
J.F.R.L., J.M., M.P.L. and K.-U.L.; formal analysis, K.-U.L., A.Y., M.P.L., J.F.R.L., R.K.A.F., K.T.L., J.M.
and Á.D.; investigation, K.-U.L., P.S.T.D.C., J.F.R.L., J.M., M.R.G., R.K.A.F. and K.-U.L.; resources,
K.-U.L., A.Y., P.S.T.D.C., J.A.S.S., Á.D., J.M., Á.D., J.M.S.A., J.-Y.P., H.-S.K., J.Z., B.M., F.A.G., C.R.,
P.S.T.D.C., M.R.G., A.G., E.E.M., I.M.G.S., J.E.V.P., L.M.D.R., R.M., C.M.M., L.E.C., A.F.C., R.A.,
G.d.S.C. and H.D.; data curation, K.-U.L., M.P.L., R.K.A.F., A.Y. and J.F.R.L.; writing—original draft
preparation K.-U.L., A.Y., M.P.L., J.F.R.L., R.K.A.F., J.M., Á.D., C.R., P.S.T.D.C., M.R.G., V.Y. and B.K.;
writing—review and editing, K.-U.L., A.Y., M.P.L., H.Y., J.F.R.L., J.A.S.S., R.K.A.F., K.T.L., J.M., Á.D.,
J.M.S.A., J.-Y.P., H.-S.K., J.Z., B.M., F.A.G., C.R., P.S.T.D.C., M.R.G., A.G., E.E.M., I.M.G.S., J.E.V.P.,
L.M.D.R., R.M., C.M.M., L.E.C., A.F.C., R.A., G.d.S.C., H.D., V.Y. and B.K.; visualization, K.-U.L.,
J.F.R.L. and A.Y.; supervision, K.-U.L., M.P.L., A.Y., J.F.R.L., V.Y. and B.K.; project administration,
K.-U.L., M.P.L., J.F.R.L., V.Y., B.K. and A.Y. All authors have read and agreed to the published version
of the manuscript.

https://www.mdpi.com/article/10.3390/jpm13050710/s1
https://www.mdpi.com/article/10.3390/jpm13050710/s1


J. Pers. Med. 2023, 13, 710 14 of 18

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Hence, this perspective article not involving any humans did not require Institutional
Review board approval.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors acknowledge the peer-review and consensus work that was done by
the authors of the respective endorsing surgeon societies who championed the review and approval
process through their respective committees. We also want to thank Nicola Montemurro, Benedikt W.
Burkhardt, Joachim Oertl, Roth A Vargas, and Ricardo Ramina, for aiding in the discussions with the
involved surgeon societies.

Conflicts of Interest: There was no formal funding by private, government or commercial funders.
The participating spine centers (Center For Advanced Spine Care of Southern Arizona–Tucson, Ari-
zona, Desert Institute of Spine Care–Phoenix, Arizona, Department of Orthopaedics, Fundación
Universitaria Sanitas–Bogotá, D.C., Colombia, Department of Neurosurgery and Orthopedics at Hos-
pital Universitário Gaffre e Guinle, Universidade Federal do Estado do Rio de Janeiro–Rio de Janeiro,
Brazil, Department of Orthopedic Surgery, The First Affiliated Hospital of Soochow University, The
American-British Cowdray Medical Center, Good Doctor Teun Teun Spine Hospital, Endoscopic
Spine Clinic, Santiago, Chile, Hospital Obrero N◦1 and Center for Neurological Diseases, La Paz,
Bolivia, Department of Neurosurgery, Nanoori Hospital, Gangnam Hospital, West China Hospital
Sichuan University, The First Affiliated Hospital of Soochow University, Espalda Saludable, Hospi-
tal Angeles Tijuana, Hospital de Ortopedia, UMAE, Hospital Ángeles Universidad, and Palmetto
Steward General Hospital) supported with their internal resources the design and conduction of
this study. They aided in the collection, analyses, or interpretation of data; in the writing of the
manuscript; and in the decision to publish the results. The authors declare no conflict of interest, and
there was no personal circumstance or interest that may be perceived as inappropriately influencing
the representation or interpretation of reported research results. This research was not compiled to
enrich anyone. It was merely intended to advance the use of personalized spine care protocols.

References
1. Otani, K.; Kikuchi, S.; Yabuki, S.; Igarashi, T.; Nikaido, T.; Watanabe, K.; Konno, S. Lumbar Spinal Stenosis Has a Negative Impact

on Quality of Life Compared with other Comorbidities: An Epidemiological Cross-Sectional Study of 1862 Community-Dwelling
Individuals. Sci. World J. 2013, 2013, 590652. [CrossRef] [PubMed]

2. Kuittinen, P.; Sipola, P.; Leinonen, V.; Saari, T.; Sinikallio, S.; Savolainen, S.; Kröger, H.; Turunen, V.; Airaksinen, O.; Aalto,
T. Preoperative MRI Findings Predict Two-Year Postoperative Clinical Outcome in Lumbar Spinal Stenosis. PLoS ONE 2014,
9, e106404. [CrossRef] [PubMed]

3. Katz, J.N.; Zimmerman, Z.E.; Mass, H.; Makhni, M.C. Diagnosis and Management of Lumbar Spinal Stenosis: A Review. JAMA
2022, 327, 1688–1699. [CrossRef] [PubMed]

4. Deyo, R.A.; Mirza, S.K.; Martin, B.I.; Kreuter, W.; Goodman, D.C.; Jarvik, J.G. Trends, major medical complications, and charges
associated with surgery for lumbar spinal stenosis in older adults. JAMA 2010, 303, 1259–1265. [CrossRef]

5. Ziino, C.; Mertz, K.; Hu, S.; Kamal, R. Decompression With or Without Fusion for Lumbar Stenosis: A Cost Minimization Analysis.
Spine 2020, 45, 325–332. [CrossRef]

6. Weinstein, J.N.; Lurie, J.D.; Olson, P.R.; Bronner, K.K.; Fisher, E.S. United States’ trends and regional variations in lumbar spine
surgery: 1992–2003. Spine 2006, 31, 2707–2714. [CrossRef]

7. Weinstein, J.N.; Lurie, J.D.; Tosteson, T.D.; Zhao, W.; Blood, E.A.; Tosteson, A.N.; Birkmeyer, N.; Herkowitz, H.; Longley, M.;
Lenke, L.; et al. Surgical compared with nonoperative treatment for lumbar degenerative spondylolisthesis. four-year results
in the Spine Patient Outcomes Research Trial (SPORT) randomized and observational cohorts. J. Bone Jt. Surg. Am. 2009,
91, 1295–1304. [CrossRef]

8. Fox, M.W.; Onofrio, B.M. Indications for fusion following decompression for lumbar spinal stenosis. Neurosurg. Focus 1997, 3, E4.
[CrossRef]

9. Sigmundsson, F.G.; Joelson, A.; Strömqvist, F. Additional operations after surgery for lumbar disc prolapse : Indications, type of
surgery, and long-term follow-up of primary operations performed from 2007 to 2008. Bone Jt. J. 2022, 104-b, 627–632. [CrossRef]

10. Zhai, S.; Zhao, W.; Bin Zhu, B.; Huang, X.; Liang, C.; Hai, B.; Ding, L.; Zhu, H.; Wang, X.; Wei, F.; et al. The effectiveness of
percutaneous endoscopic decompression compared with open decompression and fusion for lumbar spinal stenosis: Protocol for
a multicenter, prospective, cohort study. BMC Musculoskelet. Disord. 2022, 23, 1–8. [CrossRef]

https://doi.org/10.1155/2013/590652
https://www.ncbi.nlm.nih.gov/pubmed/24453878
https://doi.org/10.1371/journal.pone.0106404
https://www.ncbi.nlm.nih.gov/pubmed/25229343
https://doi.org/10.1001/jama.2022.5921
https://www.ncbi.nlm.nih.gov/pubmed/35503342
https://doi.org/10.1001/jama.2010.338
https://doi.org/10.1097/BRS.0000000000003250
https://doi.org/10.1097/01.brs.0000248132.15231.fe
https://doi.org/10.2106/JBJS.H.00913
https://doi.org/10.3171/foc.1997.3.2.5
https://doi.org/10.1302/0301-620X.104B5.BJJ-2021-1706.R2
https://doi.org/10.1186/s12891-022-05440-4


J. Pers. Med. 2023, 13, 710 15 of 18

11. Yeung, A.; Lewandrowski, K.-U. Five-year clinical outcomes with endoscopic transforaminal foraminoplasty for symptomatic
degenerative conditions of the lumbar spine: A comparative study of inside-out versus outside-in techniques. J. Spine Surg. 2020,
6, S66–S83. [CrossRef]

12. Lewandrowski, K.-U.; Ransom, N.A. Five-year clinical outcomes with endoscopic transforaminal outside-in foraminoplasty
techniques for symptomatic degenerative conditions of the lumbar spine. J. Spine Surg. 2020, 6, S54–S65. [CrossRef] [PubMed]

13. Gadjradj, P.S.; Broulikova, H.M.; van Dongen, J.M.; Rubinstein, S.M.; Depauw, P.R.; Vleggeert, C.; Seiger, A.; Peul, W.C.; van
Susante, J.L.; van Tulder, M.W.; et al. Cost-effectiveness of full endoscopic versus open discectomy for sciatica. Br. J. Sports Med.
2022, 56, 1018–1025. [CrossRef]

14. Hasan, S.; Härtl, R.; Hofstetter, C.P. The benefit zone of full-endoscopic spine surgery. J. Spine Surg. 2019, 5, S41–S56. [CrossRef]
[PubMed]

15. Muthu, S.; Ramakrishnan, E.; Chellamuthu, G. Is Endoscopic Discectomy the Next Gold Standard in the Management of Lumbar
Disc Disease? Systematic Review and Superiority Analysis. Glob. Spine J. 2020, 11, 1104–1120. [CrossRef] [PubMed]

16. Perez-Roman, R.J.; Gaztanaga, W.; Lu, V.M.; Wang, M.Y. Endoscopic decompression for the treatment of lumbar spinal stenosis:
An updated systematic review and meta-analysis. J. Neurosurgery: Spine 2022, 36, 549–557. [CrossRef] [PubMed]

17. Zhao, T.; Shen, J.; Zheng, B.; Huang, Y.; Jin, M.; Morizane, K.; Shao, H.; Chen, X.; Zhang, J. The 100 Most-Cited Publications in
Endoscopic Spine Surgery Research. Glob. Spine J. 2020, 11, 587–596. [CrossRef]

18. Lin, G.-X.; Kotheeranurak, V.; Mahatthanatrakul, A.; Ruetten, S.; Yeung, A.; Lee, S.-H.; Ahn, Y.; Kim, H.-S.; Hofstetter, C.; Lee, J.H.;
et al. Worldwide research productivity in the field of full-endoscopic spine surgery: A bibliometric study. Eur. Spine J. 2020,
29, 153–160. [CrossRef]

19. Lewandrowski, K.-U.; Soriano-Sánchez, J.-A.; Zhang, X.; León, J.F.R.; Solis, S.S.; Ortíz, J.G.R.; Cuéllar, G.O.A.; Silva, M.S.D.L.E.;
Hellinger, S.; Dowling, Á.; et al. Surgeon training and clinical implementation of spinal endoscopy in routine practice: Results of
a global survey. J. Spine Surg. 2020, 6, S237–S248. [CrossRef]

20. Lewandrowski, K.-U.; Soriano-Sánchez, J.-A.; Zhang, X.; León, J.F.R.; Solis, S.S.; Ortíz, J.G.R.; Martínez, C.R.; Cuéllar, G.O.A.;
Liu, K.; Fu, Q.; et al. Regional variations in acceptance, and utilization of minimally invasive spinal surgery techniques among
spine surgeons: Results of a global survey. J. Spine Surg. 2020, 6, S260–S274. [CrossRef]

21. Ravindra, V.M.; Senglaub, S.S.; Rattani, A.; Dewan, M.C.; Härtl, R.; Bisson, E.; Park, K.B.; Shrime, M.G. Degenerative Lumbar
Spine Disease: Estimating Global Incidence and Worldwide Volume. Glob. Spine J. 2018, 8, 784–794. [CrossRef] [PubMed]

22. Driscoll, T.; Jacklyn, G.; Orchard, J.; Passmore, E.; Vos, T.; Freedman, G.; Lim, S.; Punnett, L. The global burden of occupationally
related low back pain: Estimates from the Global Burden of Disease 2010 study. Ann. Rheum. Dis. 2014, 73, 975–981. [CrossRef]
[PubMed]

23. Hoy, D.; March, L.; Brooks, P.; Blyth, F.; Woolf, A.; Bain, C.; Williams, G.; Smith, E.; Vos, T.; Barendregt, J.; et al. The global burden
of low back pain: Estimates from the Global Burden of Disease 2010 study. Ann. Rheum. Dis. 2014, 73, 968–974. [CrossRef]
[PubMed]

24. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: A systematic analysis for the Global Burden
of Disease Study 2019. GBD 2019 Diseases and Injuries Collaborators. Lancet 2020, 396, 1204–1222. [CrossRef]

25. Manchikanti, L.; Abdi, S.; Atluri, S.; Benyamin, R.M.; Boswell, M.V.; Buenaventura, R.M.; A Bryce, D.; A Burks, P.; Caraway, D.L.;
Calodney, A.K.; et al. An update of comprehensive evidence-based guidelines for interventional techniques in chronic spinal
pain. Part II: Guidance and recommendations. Pain Physician 2013, 16.

26. Choudhri, T.F.; Mummaneni, P.V.; Dhall, S.S.; Eck, J.C.; Groff, M.W.; Ghogawala, Z.; Watters, W.C.; Dailey, A.T.; Resnick, D.K.;
Sharan, A.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 4:
Radiographic assessment of fusion status. J. Neurosurgery: Spine 2014, 21, 23–30. [CrossRef]

27. Dailey, A.T.; Ghogawala, Z.; Choudhri, T.F.; Watters, W.C., 3rd; Resnick, D.K.; Sharan, A.; Eck, J.C.; Mummaneni, P.V.; Wang, J.C.;
Groff, M.W.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part
14: Brace therapy as an adjunct to or substitute for lumbar fusion. J. Neurosurg. Spine 2014, 21, 91–101. [CrossRef]

28. Eck, J.C.; Sharan, A.; Ghogawala, Z.; Resnick, D.K.; Watters, W.C., 3rd; Mummaneni, P.V.; Dailey, A.T.; Choudhri, T.F.; Groff, M.W.;
Wang, J.C.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 7:
Lumbar fusion for intractable low-back pain without stenosis or spondylolisthesis. J. Neurosurg. Spine 2014, 21, 42–47. [CrossRef]

29. Ghogawala, Z.; Resnick, D.K.; Watters, W.C., 3rd; Mummaneni, P.V.; Dailey, A.T.; Choudhri, T.F.; Eck, J.C.; Sharan, A.; Groff, M.W.;
Wang, J.C.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 2:
Assessment of functional outcome following lumbar fusion. J. Neurosurg. Spine 2014, 21, 7–13. [CrossRef]

30. Groff, M.W. Introduction: Guideline update for the performance of fusion procedures for degenerative disease of the lumbar
spine. J. Neurosurgery: Spine 2014, 21, 1. [CrossRef]

31. Kaiser, M.G.; Eck, J.C.; Groff, M.W.; Ghogawala, Z.; Watters, W.C., 3rd; Dailey, A.T.; Resnick, D.K.; Choudhri, T.F.; Sharan, A.;
Wang, J.C.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 17:
Bone growth stimulators as an adjunct for lumbar fusion. J. Neurosurg. Spine 2014, 21, 133–139. [CrossRef] [PubMed]

32. Kreiner, D.S.; Baisden, J.; Gilbert, T.; Shaffer, W.O.; Summers, J.T. Re: Diagnostic tests the NASS stenosis guidelines. Spine J. 2014,
14, 201–202. [CrossRef] [PubMed]

https://doi.org/10.21037/jss.2019.06.08
https://doi.org/10.21037/jss.2019.07.03
https://www.ncbi.nlm.nih.gov/pubmed/32195416
https://doi.org/10.1136/bjsports-2021-104808
https://doi.org/10.21037/jss.2019.04.19
https://www.ncbi.nlm.nih.gov/pubmed/31380492
https://doi.org/10.1177/2192568220948814
https://www.ncbi.nlm.nih.gov/pubmed/32935576
https://doi.org/10.3171/2021.8.SPINE21890
https://www.ncbi.nlm.nih.gov/pubmed/34767533
https://doi.org/10.1177/2192568220934740
https://doi.org/10.1007/s00586-019-06171-2
https://doi.org/10.21037/jss.2019.09.32
https://doi.org/10.21037/jss.2019.09.31
https://doi.org/10.1177/2192568218770769
https://www.ncbi.nlm.nih.gov/pubmed/30560029
https://doi.org/10.1136/annrheumdis-2013-204631
https://www.ncbi.nlm.nih.gov/pubmed/24665117
https://doi.org/10.1136/annrheumdis-2013-204428
https://www.ncbi.nlm.nih.gov/pubmed/24665116
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.3171/2014.4.SPINE14267
https://doi.org/10.3171/2014.4.SPINE14282
https://doi.org/10.3171/2014.4.SPINE14270
https://doi.org/10.3171/2014.4.SPINE14258
https://doi.org/10.3171/2014.4.SPINE14190
https://doi.org/10.3171/2014.4.SPINE14326
https://www.ncbi.nlm.nih.gov/pubmed/24980594
https://doi.org/10.1016/j.spinee.2013.09.010
https://www.ncbi.nlm.nih.gov/pubmed/24332323


J. Pers. Med. 2023, 13, 710 16 of 18

33. Kreiner, D.S.; Hwang, S.W.; Easa, J.E.; Resnick, D.K.; Baisden, J.L.; Bess, S.; Cho, C.H.; DePalma, M.J.; Dougherty, P.; Fernand, R.;
et al. An evidence-based clinical guideline for the diagnosis and treatment of lumbar disc herniation with radiculopathy. Spine J.
2014, 14, 180–191. [CrossRef] [PubMed]

34. Mummaneni, P.V.; Dhall, S.S.; Eck, J.C.; Groff, M.W.; Ghogawala, Z.; Watters, W.C., 3rd; Dailey, A.T.; Resnick, D.K.; Choudhri, T.F.;
Sharan, A.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part
11: Interbody techniques for lumbar fusion. J. Neurosurg. Spine 2014, 21, 67–74. [CrossRef] [PubMed]

35. Resnick, D.K.; Watters, W.C.; 3rd Mummaneni, P.V.; Dailey, A.T.; Choudhri, T.F.; Eck, J.C.; Sharan, A.; Groff, M.W.; Wang, J.C.;
Ghogawala, Z.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine.
Part 10: Lumbar fusion for stenosis without spondylolisthesis. J. Neurosurg. Spine 2014, 21, 62–66. [CrossRef]

36. Resnick, D.K.; Watters, W.C., 3rd; Sharan, A.; Mummaneni, P.V.; Dailey, A.T.; Wang, J.C.; Choudhri, T.F.; Eck, J.; Ghogawala, Z.;
Groff, M.W.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part
9: Lumbar fusion for stenosis with spondylolisthesis. J. Neurosurg. Spine 2014, 21, 54–61. [CrossRef]

37. Sharan, A.; Groff, M.W.; Dailey, A.T.; Ghogawala, Z.; Resnick, D.K.; Watters, W.C., 3rd; Mummaneni, P.V.; Choudhri, T.F.; Eck, J.C.;
Wang, J.C.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 15:
Electrophysiological monitoring and lumbar fusion. J. Neurosurg. Spine 2014, 21, 102–105. [CrossRef]

38. Wang, J.C.; Dailey, A.T.; Mummaneni, P.V.; Ghogawala, Z.; Resnick, D.K.; Watters, W.C., 3rd; Groff, M.W.; Choudhri, T.F.; Eck, J.C.;
Sharan, A.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 8:
Lumbar fusion for disc herniation and radiculopathy. J. Neurosurg. Spine 2014, 21, 48–53. [CrossRef]

39. Watters, W.C., 3rd; Resnick, D.K.; Eck, J.C.; Ghogawala, Z.; Mummaneni, P.V.; Dailey, A.T.; Choudhri, T.F.; Sharan, A.; Groff, M.W.;
Wang, J.C.; et al. Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 13:
Injection therapies, low-back pain, and lumbar fusion. J. Neurosurg. Spine 2014, 21, 79–90. [CrossRef]

40. Matz, P.G.; Meagher, R.; Lamer, T.; Tontz, W.L.; Annaswamy, T.M.; Cassidy, R.C.; Cho, C.H.; Dougherty, P.; Easa, J.E.; Enix, D.E.;
et al. Guideline summary review: An evidence-based clinical guideline for the diagnosis and treatment of degenerative lumbar
spondylolisthesis. Spine J. 2015, 16, 439–448. [CrossRef]

41. Treatment Guideline for Lumbar Spine Surgery. Washington State Department of Labor & Industries Surgical Guideline
for Lumbar Spine–September 2021. Available online: https://www.lni.wa.gov/patient-care/advisory-committees/_docs/
LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf (accessed on 7 July 2022).

42. Lewandrowski, K.-U. Retrospective analysis of accuracy and positive predictive value of preoperative lumbar MRI grading after
successful outcome following outpatient endoscopic decompression for lumbar foraminal and lateral recess stenosis. Clin. Neurol.
Neurosurg. 2019, 179, 74–80. [CrossRef] [PubMed]

43. Weber, H. Lumbar disc herniation. A controlled, prospective study with ten years of observation. Spine 1983, 8, 131–140.
[CrossRef] [PubMed]

44. Atlas, S.J.; Keller, R.B.; Wu, Y.A.; Deyo, R.A.; Singer, D.E. Long-Term Outcomes of Surgical and Nonsurgical Management of
Lumbar Spinal Stenosis: 8 to 10 Year Results from the Maine Lumbar Spine Study. Spine 2005, 30, 936–943. [CrossRef]

45. Atlas, S.J.; Keller, R.B.; Chang, Y.; Deyo, R.A.; Singer, D.E. Surgical and nonsurgical management of sciatica secondary to a lumbar
disc herniation: Five-year outcomes from the Maine Lumbar Spine Study. Spine 2001, 26, 1179–1187. [CrossRef] [PubMed]

46. Atlas, S.J.; Keller, R.B.; Robson, D.; Deyo, R.A.; Singer, D.E. Surgical and nonsurgical management of lumbar spinal stenosis:
Four-year outcomes from the maine lumbar spine study. Spine 2000, 25, 556–562. [CrossRef]

47. Weinstein, J.N.; Lurie, J.D.; Tosteson, T.D.; Skinner, J.S.; Hanscom, B.; Tosteson, A.N.; Herkowitz, H.H.; Fischgrund, J.; Cammisa,
F.P.; Albert, T.; et al. Surgical vs nonoperative treatment for lumbar disk herniation: The Spine Patient Outcomes Research Trial
(SPORT) observational cohort. JAMA 2006, 296, 2451–2459. [CrossRef]

48. Weinstein, J.N.; Lurie, J.D.; Tosteson, T.D.; Hanscom, B.; Tosteson, A.N.; Blood, E.A.; Birkmeyer, N.J.; Hilibrand, A.S.;
Herkowitz, H.; Cammisa, F.P.; et al. Surgical versus Nonsurgical Treatment for Lumbar Degenerative Spondylolisthesis. New
Engl. J. Med. 2007, 356, 2257–2270. [CrossRef]

49. Tosteson, A.N.; Lurie, J.D.; Tosteson, T.D.; Skinner, J.S.; Herkowitz, H.; Albert, T.; Boden, S.D.; Bridwell, K.; Longley, M.;
Andersson, G.B.; et al. Surgical treatment of spinal stenosis with and without degenerative spondylolisthesis: Cost-effectiveness
after 2 years. Ann. Intern. Med. 2008, 149, 845–853. [CrossRef]

50. Weinstein, J.N.; Lurie, J.D.; Tosteson, T.D.; Tosteson, A.N.; Blood, E.A.; Abdu, W.A.; Herkowitz, H.H.; Hilibrand, A.; Albert,
T.; Fischgrund, J. Surgical versus nonoperative treatment for lumbar disc herniation: Four-year results for the Spine Patient
Outcomes Research Trial (SPORT). Spine 2008, 33, 2789–2800. [CrossRef]

51. Weinstein, J.N.; Tosteson, T.D.; Lurie, J.D.; Tosteson, A.N.; Blood, E.; Hanscom, B.; Herkowitz, H.; Cammisa, F.; Albert, T.;
Boden, S.D.; et al. Surgical versus Nonsurgical Therapy for Lumbar Spinal Stenosis. New Engl. J. Med. 2008, 358, 794–810.
[CrossRef]

52. Weinstein, J.N.; Tosteson, T.D.; Lurie, J.D.; Tosteson, A.; Blood, E.; Herkowitz, H.; Cammisa, F.; Albert, T.; Boden, S.D.;
Hilibrand, A.; et al. Surgical Versus Nonoperative Treatment for Lumbar Spinal Stenosis Four-Year Results of the Spine Patient
Outcomes Research Trial. Spine 2010, 35, 1329–1338. [CrossRef] [PubMed]

53. Shvartzman, L.; Weingarten, E.; Sherry, H.; Levin, S.; Persaud, A. Cost-Effectiveness Analysis of Extended Conservative Therapy
Versus Surgical Intervention in the Management of Herniated Lumbar Intervertebral Disc. Spine 1992, 17, 176–182. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.spinee.2013.08.003
https://www.ncbi.nlm.nih.gov/pubmed/24239490
https://doi.org/10.3171/2014.4.SPINE14276
https://www.ncbi.nlm.nih.gov/pubmed/24980588
https://doi.org/10.3171/2014.4.SPINE14275
https://doi.org/10.3171/2014.4.SPINE14274
https://doi.org/10.3171/2014.4.SPINE14324
https://doi.org/10.3171/2014.4.SPINE14271
https://doi.org/10.3171/2014.4.SPINE14281
https://doi.org/10.1016/j.spinee.2015.11.055
https://www.lni.wa.gov/patient-care/advisory-committees/_docs/LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf
https://www.lni.wa.gov/patient-care/advisory-committees/_docs/LumbarSpineSurgeryGuidelineSeptember2021FinalUpdate.pdf
https://doi.org/10.1016/j.clineuro.2019.02.019
https://www.ncbi.nlm.nih.gov/pubmed/30870712
https://doi.org/10.1097/00007632-198303000-00003
https://www.ncbi.nlm.nih.gov/pubmed/6857385
https://doi.org/10.1097/01.brs.0000158953.57966.c0
https://doi.org/10.1097/00007632-200105150-00017
https://www.ncbi.nlm.nih.gov/pubmed/11413434
https://doi.org/10.1097/00007632-200003010-00005
https://doi.org/10.1001/jama.296.20.2451
https://doi.org/10.1056/NEJMoa070302
https://doi.org/10.7326/0003-4819-149-12-200812160-00003
https://doi.org/10.1097/BRS.0b013e31818ed8f4
https://doi.org/10.1056/NEJMoa0707136
https://doi.org/10.1097/BRS.0b013e3181e0f04d
https://www.ncbi.nlm.nih.gov/pubmed/20453723
https://doi.org/10.1097/00007632-199202000-00010
https://www.ncbi.nlm.nih.gov/pubmed/1532460


J. Pers. Med. 2023, 13, 710 17 of 18

54. Hout, W.B.V.D.; Peul, W.C.; Koes, B.; Brand, R.; Kievit, J.; Thomeer, R.T.W.M.; for the Leiden-The Hague Spine Intervention
Prognostic Study Group. Prolonged conservative care versus early surgery in patients with sciatica from lumbar disc herniation:
Cost utility analysis alongside a randomised controlled trial. BMJ 2008, 336, 1351–1354. [CrossRef] [PubMed]

55. Aichmair, A.; LSOS Study Group; Burgstaller, J.M.; Schwenkglenks, M.; Steurer, J.; Porchet, F.; Brunner, F.; Farshad, M. Cost-
effectiveness of conservative versus surgical treatment strategies of lumbar spinal stenosis in the Swiss setting: Analysis of the
prospective multicenter Lumbar Stenosis Outcome Study (LSOS). Eur. Spine J. 2016, 26, 501–509. [CrossRef]

56. Selva-Sevilla, C.; Ferrara, P.; Gerónimo-Pardo, M. Cost-utility Analysis for Recurrent Lumbar Disc Herniation: Conservative
Treatment Versus Discectomy Versus Discectomy With Fusion. Clin. Spine Surg. 2019, 32, E228–E234. [CrossRef]

57. Lewandrowski, K.-U.; Abraham, I.; León, J.F.R.; Telfeian, A.E.; Lorio, M.P.; Hellinger, S.; Knight, M.; De Carvalho, P.S.T.;
Ramos, M.R.F.; Dowling, Á.; et al. A Proposed Personalized Spine Care Protocol (SpineScreen) to Treat Visualized Pain Generators:
An Illustrative Study Comparing Clinical Outcomes and Postoperative Reoperations between Targeted Endoscopic Lumbar
Decompression Surgery, Minimally Invasive TLIF and Open Laminectomy. J. Pers. Med. 2022, 12, 1065. [CrossRef]

58. Yeung, A.; Roberts, A.; Zhu, L.; Qi, L.; Zhang, J.; Lewandrowski, K.-U. Treatment of Soft Tissue and Bony Spinal Stenosis by a
Visualized Endoscopic Transforaminal Technique Under Local Anesthesia. Neurospine 2019, 16, 52–62. [CrossRef]

59. Khalil, J.G.; Smuck, M.; Koreckij, T.; Keel, J.; Beall, D.; Goodman, B.; Kalapos, P.; Nguyen, D.; Garfin, S. A prospective,
randomized, multicenter study of intraosseous basivertebral nerve ablation for the treatment of chronic low back pain. Spine J.
2019, 19, 1620–1632. [CrossRef]

60. Määttä, J.H.; Wadge, S.; MacGregor, A.; Karppinen, J.; Williams, F.M. ISSLS Prize Winner: Vertebral Endplate (Modic) Change is
an Independent Risk Factor for Episodes of Severe and Disabling Low Back Pain. Spine 2015, 40, 1187–1193. [CrossRef]

61. Mayer, H.M. Discogenic low back pain and degenerative lumbar spinal stenosis—How appropriate is surgical treatment? Der
Schmerz 2001, 15, 484–491. [CrossRef]

62. Nguyen, C.; Poiraudeau, S.; Rannou, F. From Modic 1 vertebral-endplate subchondral bone signal changes detected by MRI to
the concept of ‘active discopathy’. Ann. Rheum. Dis. 2015, 74, 1488–1494. [CrossRef] [PubMed]

63. Rahme, R.; Moussa, R. The Modic Vertebral Endplate and Marrow Changes: Pathologic Significance and Relation to Low Back
Pain and Segmental Instability of the Lumbar Spine. Am. J. Neuroradiol. 2008, 29, 838–842. [CrossRef] [PubMed]

64. Yeung, A.T.; Gore, S. In-vivo Endoscopic Visualization of Patho-anatomy in Symptomatic Degenerative Conditions of the Lumbar
Spine II: Intradiscal, Foraminal, and Central Canal Decompression. Surg. Technol. Online 2011, 21.

65. Bechara, B.P.; Agarwal, V.; Boardman, J.; Perera, S.; Weiner, D.K.; Vo, N.; Kang, J.; Sowa, G.A. Correlation of Pain With Objective
Quantification of Magnetic Resonance Images in Older Adults With Chronic Low Back Pain. Spine 2014, 39, 469–475. [CrossRef]
[PubMed]

66. Dowling, Á.; Lewandrowski, K.-U.; da Silva, F.H.P.; Parra, J.A.A.; Portillo, D.M.; Giménez, Y.C.P. Patient selection protocols
for endoscopic transforaminal, interlaminar, and translaminar decompression of lumbar spinal stenosis. J. Spine Surg. 2020,
6, S120–S132. [CrossRef] [PubMed]

67. Lewandrowski, K.-U.; Yeung, A. Lumbar Endoscopic Bony and Soft Tissue Decompression With the Hybridized Inside-Out
Approach: A Review And Technical Note. Neurospine 2020, 17, S34–S43. [CrossRef] [PubMed]

68. Yeung, A.; Lewandrowski, K.-U. Early and staged endoscopic management of common pain generators in the spine. J. Spine Surg.
2020, 6, S1–S5. [CrossRef] [PubMed]

69. Menendez, J.Y.; Omar, N.B.; Chagoya, G.; Tabibian, B.E.; Elsayed, G.A.; Walters, B.C.; Guthrie, B.L.; Hadley, M.N. Patient
Satisfaction in Spine Surgery: A Systematic Review of the Literature. Asian Spine J. 2019, 13, 1047–1057. [CrossRef]

70. Li, Z.-Z.; Hou, S.-X.; Shang, W.-L.; Song, K.-R.; Wu, W.-W. Evaluation of endoscopic dorsal ramus rhizotomy in managing
facetogenic chronic low back pain. Clin. Neurol. Neurosurg. 2014, 126, 11–17. [CrossRef]

71. Yeung, A.; Gore, S. Endoscopically Guided Foraminal and Dorsal Rhizotomy for Chronic Axial Back Pain Based on Cadaver and
Endoscopically Visualized Anatomic Study. Int. J. Spine Surg. 2014, 8, 23. [CrossRef]

72. Walter, S.G.; Schildberg, F.A.; Rommelspacher, Y. Endoscopic Sacrolumbar Facet Joint Denervation in Osteoarthritic and Degener-
ated Zygapophyseal Joints. Arthrosc. Tech. 2018, 7, e1275–e1279. [CrossRef] [PubMed]

73. Xue, Y.; Ding, T.; Wang, D.; Zhao, J.; Yang, H.; Gu, X.; Feng, D.; Zhang, Y.; Liu, H.; Tang, F.; et al. Endoscopic rhizotomy for
chronic lumbar zygapophysial joint pain. J. Orthop. Surg. Res. 2020, 15, 1–6. [CrossRef] [PubMed]

74. Tieber, F.; Lewandrowski, K.-U. Technology advancements in spinal endoscopy for staged management of painful spine conditions.
J. Spine Surg. 2020, 6, S19–S28. [CrossRef] [PubMed]

75. Lewandrowski, K.-U. Incidence, Management, and Cost of Complications After Transforaminal Endoscopic Decompression
Surgery for Lumbar Foraminal and Lateral Recess Stenosis: A Value Proposition for Outpatient Ambulatory Surgery. Int. J. Spine
Surg. 2019, 13, 53–67. [CrossRef]

76. Selby, D.K. When to Operate and What to Operate Upon. Orthop. Clin. North Am. 1983, 14, 577–588. [CrossRef]
77. Sengupta, D.K.; Herkowitz, H.N. Lumbar spinal stenosis. Treatment strategies and indications for surgery. Orthop. Clin. N. Am.

2003, 34, 281–295. [CrossRef]
78. Kurra, S.; Lavelle, W.F.; Silverstein, M.P.; Savage, J.W.; Orr, R.D. Long-term outcomes of transforaminal lumbar interbody fusion

in patients with spinal stenosis and degenerative scoliosis. Spine J. 2018, 18, 1014–1021. [CrossRef]

https://doi.org/10.1136/bmj.39583.709074.BE
https://www.ncbi.nlm.nih.gov/pubmed/18502912
https://doi.org/10.1007/s00586-016-4937-y
https://doi.org/10.1097/BSD.0000000000000797
https://doi.org/10.3390/jpm12071065
https://doi.org/10.14245/ns.1938038.019
https://doi.org/10.1016/j.spinee.2019.05.598
https://doi.org/10.1097/BRS.0000000000000937
https://doi.org/10.1007/s004820100036
https://doi.org/10.1136/annrheumdis-2015-207317
https://www.ncbi.nlm.nih.gov/pubmed/25977562
https://doi.org/10.3174/ajnr.A0925
https://www.ncbi.nlm.nih.gov/pubmed/18272564
https://doi.org/10.1097/BRS.0000000000000181
https://www.ncbi.nlm.nih.gov/pubmed/24384652
https://doi.org/10.21037/jss.2019.11.07
https://www.ncbi.nlm.nih.gov/pubmed/32195421
https://doi.org/10.14245/ns.2040160.080
https://www.ncbi.nlm.nih.gov/pubmed/32746516
https://doi.org/10.21037/jss.2019.09.03
https://www.ncbi.nlm.nih.gov/pubmed/32195407
https://doi.org/10.31616/asj.2019.0032
https://doi.org/10.1016/j.clineuro.2014.08.014
https://doi.org/10.14444/1023
https://doi.org/10.1016/j.eats.2018.08.014
https://www.ncbi.nlm.nih.gov/pubmed/30591874
https://doi.org/10.1186/s13018-019-1533-y
https://www.ncbi.nlm.nih.gov/pubmed/31900227
https://doi.org/10.21037/jss.2019.10.02
https://www.ncbi.nlm.nih.gov/pubmed/32195410
https://doi.org/10.14444/6008
https://doi.org/10.1016/S0030-5898(20)31336-5
https://doi.org/10.1016/S0030-5898(02)00069-X
https://doi.org/10.1016/j.spinee.2017.10.063


J. Pers. Med. 2023, 13, 710 18 of 18

79. Lewandrowski, K.-U.; Dowling, Á.; de Carvalho, P.S.T.; Calderaro, A.L.; dos Santos, T.S.; Silva, M.S.D.L.E.; León, J.F.R.; Yeung, A.
Indication and Contraindication of Endoscopic Transforaminal Lumbar Decompression. World Neurosurg. 2020, 145, 631–642.
[CrossRef]

80. Lohre, R.; Wang, J.C.; Lewandrowski, K.-U.; Goel, D.P. Virtual reality in spinal endoscopy: A paradigm shift in education to
support spine surgeons. J. Spine Surg. 2020, 6, S208–S223. [CrossRef]

81. Pan, M.; Li, Q.; Li, S.; Mao, H.; Meng, B.; Zhou, F.; Yang, H. Percutaneous Endoscopic Lumbar Discectomy: Indications and
Complications. Pain Physician 2020, 23, 49–56.

82. Wagner, R.; Haefner, M. Indications and Contraindications of Full-Endoscopic Interlaminar Lumbar Decompression. World
Neurosurg. 2020, 145, 657–662. [CrossRef] [PubMed]

83. Zhou, Y.; Zhang, C.; Wang, J.; Chu, T.-W.; Li, C.-Q.; Zhang, Z.-F.; Zheng, W.-J. Minimally invasive strategies and options for
far-lateral lumbar disc herniation. Chin. J. Traumatol. 2008, 11, 259–266. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.wneu.2020.03.076
https://doi.org/10.21037/jss.2019.11.16
https://doi.org/10.1016/j.wneu.2020.08.042
https://www.ncbi.nlm.nih.gov/pubmed/32810629
https://doi.org/10.1016/S1008-1275(08)60053-X
https://www.ncbi.nlm.nih.gov/pubmed/18822187

	Introduction and Method: 
	Disease Burden 
	Medical Necessity Criteria 
	Timing of Intervention 
	Standards 
	Minimally Invasive Spine Surgery 
	Cost Effectiveness of MIS 
	Pain Generators 
	Direct Visualization 
	Staged Management 
	Surgical Pain Management 
	Discussion 
	Conclusions 
	References

