
Background: Newly-introduced minimally invasive interventions have filled a gap between 
conservative care and open surgical procedures in the treatment and management of lumbar 
spinal stenosis (LSS), allowing expanded access to patient care. This spectrum of care involves an 
important interplay between advanced practice providers, interventional pain physicians, and spine 
surgeons.

Objectives: Using an integrated team approach starting with history taking; static and dynamic 
imaging; and conservative care, we developed a simple, understandable clinical algorithm that 
serves as a foundation for physicians to confidently make objective decisions regarding diagnosing 
and treating LSS throughout the entire clinical course of the condition. We believe this could 
potentially lead to more efficient and effective care for patients suffering from LSS with neurogenic 
claudication.

Methods: A decision tree approach was utilized with “either/or” choices at each branch or node 
in the algorithm. Activities are divided into examination procedures and corresponding treatment 
interventions. Symptom and radiographic severity grading as well as assessing clinical status 
employed published validated standards. Commensurate treatment choices were selected based 
on published LSS-specific clinical practice guidelines and/or meta-analyses.

Results: This algorithm recommends a systematic rule set for LSS diagnostic and treatment 
options. Initially, LSS symptom severity is graded based on the patient’s pain relief with spinal 
flexion. This is correlated with radiographic severity assessment graded as mild, moderate, or severe. 
Radiographic severity combined with dynamic imaging prescribes a choice of treatment options 
and a risk/benefit discussion with the patient. These options include conservative management, 
minimally invasive methods such as interspinous process decompression, and more invasive surgical 
procedures such as laminectomy for increasing grades of radiographic severity.

Limitations: Understanding that each patient with LSS is managed on a case-by-case basis, the 
treatment options recommended by this algorithm should be considered “soft guidance.” As such, 
integrated team/patient consultation is recommended to ensure maximum clinical benefit. A risk/
benefit assessment and discussion should be performed with each individual patient.

Conclusions: Our proposed algorithm offers an easy-to-use clinical tool and general foundation 
for identifying, evaluating, and treating patients with intermittent neurogenic claudication 
associated with LSS.
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TThe recent introduction of several minimally 
invasive interventions has substantially 
narrowed the treatment gap in the continuum 

of options for lumbar spinal stenosis (LSS). Previously, 
these were limited to conservative management, 
epidural steroid injections, and open decompressive 
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laminectomy when symptoms became severe and 
intractable (1-3). Patients with more moderate 
disease, both clinically and radiographically, in whom 
conservative care had failed, were left with few options 
(4). The current availability of interventions that provide 
evidence-based clinical benefit earlier in the treatment 
continuum is timely. Indeed, new studies suggest 
that prolonged neurological compression with LSS is 
associated with poor surgical outcomes, underscoring 
the need to intervene earlier in the disease process (5).

The commercial availability of minimally invasive, 
nonfusion treatment options for LSS, such as interspi-
nous process decompression (IPD) which uses a stand-
alone spacer, and percutaneous image-guided lumbar 
decompression (PILD), has broadened the practitioner 
base for these procedures to include interventionalists 
with specialties in pain medicine and neuroradiology. 
Consequently, a valuable recommendation has been 
proposed to establish a fundamental diagnostic and 
treatment algorithm to assist in guiding LSS procedural 
choices and options based on different clinical and ra-
diographic severity stages of LSS (6).

In response to this recommendation, we employed 
an integrated team approach, merging expertise in 
musculoskeletal imaging, interventional pain man-
agement, and spine surgery to develop a simple, 
easy-to-use algorithm, facilitated by advanced practice 
providers, that would serve as a foundation for clini-
cal decision making in managing LSS throughout the 
continuum of care.

Methods

This report’s primary purpose was to develop a 
simple, understandable clinical algorithm to serve as a 
foundation for physicians to confidently make objec-
tive decisions regarding diagnosing and treating LSS 
throughout the entire clinical course of the condition. 
To address the multifactorial clinical and biomechanical 
aspects of LSS, we assembled a team of specialists to 
integrate existing knowledge regarding LSS diagnosis 
and the full spectrum of interventional options with 
the objective of maximizing clinical benefit and effi-
ciency of care. 

Our proposed algorithm recommends a systematic 
rule set for LSS diagnostic and treatment decisions based 
on unambiguous alternatives and clear stopping rules 
(7). A decision tree approach was utilized with “either/
or” choices at each branch or node in the algorithm 
which progresses logically in a temporal fashion (Fig. 
1). Activities are divided into examination procedures 

and corresponding treatment interventions. Diagnostic 
and clinical assessment queries are represented in the 
algorithm as diamonds, with corresponding symptom 
severity grading and treatment options shown as 
rectangles.

Symptom and radiographic severity grading, as 
well as assessing clinical changes, employed published 
validated standards. Commensurate treatment choices 
were selected based on published LSS-specific clinical 
practice guidelines and/or meta-analyses to support 
each option.

Results

Diagnostic Characteristics
The objective of the initial patient encounter and 

team consultation is to undertake a thorough clinical 
assessment and examination to determine the likeli-
hood and duration of possible LSS symptoms (Fig. 1, 
Box 1). The clinical hallmark of LSS is neurogenic clau-
dication, defined as a constellation of symptoms that 
occur intermittently and involve the back, buttocks, 
groin, and anterior thigh, as well as radiating pain 
down the posterior aspect of the leg to the feet (8,9). 
Patient discomfort is often described as a cramping or 
burning feeling with symptoms distributed unilaterally 
or bilaterally. The patient may suffer concomitant back 
pain, although lower extremity pain and discomfort is 
usually the more bothersome clinical feature (10).

A distinguishing clinical attribute of neurogenic 
claudication with LSS is its relationship to the patient’s 
posture, where prolonged lumbar extension increases 
and flexion decreases pain onset and severity. Symp-
toms progressively worsen when standing or walking 
and are relieved by sitting and bending forward (8). 
The “shopping cart sign” or “simian stance,” with 
the patient walking in a flexed or stooped position to 
relieve or reduce symptoms, is a common neurogenic 
claudication indicator in LSS (11).

Patients may also complain of radicular symptoms, 
with sharp lower extremity pain. Leg pain is described 
as severe and radicular in distribution, and almost al-
ways presents with postural aggravation during lumbar 
extension (8,11). This can occur with peripheral spinal 
column stenosis, with impingement of transiting nerves 
in the lateral recess, or exiting nerves in the neural 
foramen.

Patients demonstrating the foregoing constellation 
of signs and symptoms for greater than 6 months can be 
classified diagnostically as exhibiting LSS (Fig. 1, Box 2).
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Fig.1: Diagnostic and treatment algorithm for lumbar spinal stenosis. Box 1: Patient Encounter. A patient encounter is defined as any 
interaction between a health care practitioner (generally a physician, nurse practitioner or physician assistant) that provides the opportunity to 
assess a patient’s history and symptoms, and provide advice, counseling, or treatment (21). Box 2: ≥ 45 Years and LSS symptoms ≥ 6 Months. 
The practitioner seeks to determine that the patient exhibits or reports characteristics associated with acquired degenerative lumbar spinal stenosis 
(LSS). The patient should be ≥ 45 years of age and have experienced symptoms of sufficient duration (≥ 6 months) to consider surgical options 
(8,11). Box 3: Grade neurogenic claudication (NC) symptom severity (mild, moderate, severe); Grade leg pain severity (mild, moderate, 
severe). Neurogenic claudication (NC) symptom severity should be graded based on the top 3 criteria identified by the International Task Force 
on the Diagnosis and Management of LSS as defining the condition (13). Presence of at least one of these NC clinical signs is characteristic of LSS 
diagnosis (14): • Leg symptoms worsened by walking and relieved by sitting • Symptoms worsened by lumbar extension and relieved by flexion • Leg 
pain relieved by leaning forward on a shopping cart while walking. Mild: presence of 1 criterion; Moderate: presence of 2 criteria; Severe: presence 
of 3 criteria; Leg pain severity should be graded using either the Visual Analog Scale or the Numeric Rating Scale (0-10) as follows (15,16): Mild: ≤ 
3; Moderate: > 3 to < 7; Severe: ≥ 7. Box 4: NC or leg pain grade ≥ moderate? Segregate patients that have mild NC and mild leg pain symptom 
severity from those that have at least moderate NC or moderate leg pain symptom severity. Box 5: Advise to maintain conservative measures. 
Patients with mild LSS clinical symptoms should be counseled to pursue a combination of manual therapy/individualized exercise (14). Consider 
local anesthetic injection (19). Box 6: Advise computed tomography scan and/or magnetic resonance imaging with flexion-extension x-rays. 
Patients with moderate LSS clinical symptoms should be referred for lumbar radiography with either MRI and/or CT (21,22,25). Dynamic flexion-
extension radiographs should be undertaken to assess the degree of instability and spondylolisthesis. Box 7: Grade LSS radiographic severity 
(mild, moderate, severe). LSS radiographic severity should be graded using criteria similar to those proposed by the Lumbar Spinal Stenosis 
Outcome Study Working Group Zurich as follows (26): Mild: < 25% reduction in central canal and/or nerve root canal dimensions compared to the 
adjacent levels; Moderate: ≥ 25% to ≤ 50% reduction in central canal and/or nerve root canal dimensions compared to the adjacent levels; Severe: 
> 50% reduction in central canal and/or nerve root canal dimensions compared to the adjacent levels. Box 8: Radiographic grade moderate w/ 
> 3 mm instability or severe? Segregate patients with radiographically severe LSS from those with either mild or moderate LSS severity without 
instability. Box 9: Advise surgical decompressive laminectomy or fusion. Patients with radiographically moderate LSS with > 3 mm instability 
or severe LSS should consider surgical decompressive laminectomy which offers the best chance for symptom amelioration based on results of 
the SPORT randomized controlled trial (2,28) as well as several systematic reviews and evidence-based guidelines (3,22,27). Fusion may also be 
considered. Box 10: Radiographic grade moderate w/ ≤ grade 1 spondylolisthesis? Segregate patients with radiographically moderate LSS from 
those with mild LSS severity. Box 11: Advise interspinous decompression (IPD) or percutaneous image-guided lumbar decompression 
(PILD) Patients with radiographically moderate LSS should consider stand-alone IPD which offers symptom amelioration equivalent to surgical 
decompression based on the results of several systematic reviews (35-37), an evidence- based guideline (1), and a cost-effectiveness analysis (38). 
IPD not indicated: > grade 1 spondylolisthesis, > 3 mm instability, and/or > 2 treated levels. PILD may also be considered (32,33). Box 12: Advise 
additional conservative measures. Patients with radiographically mild LSS should be counseled to continue conservative approaches. If not 
undertaken previously, patients should pursue a combination of manual therapy/individualized exercise (14). Consider local anesthetic injection 
(19). Box 13: Periodic LSS symptom assessment. Patients should receive periodic monitoring (e.g., annually) of their LSS symptoms to assess 
degree of improvement/worsening and/or to identify new onset symptoms. Box 14: Clinical success? During periodic monitoring and following 
surgical interventions, practitioners should evaluate whether a patient has achieved a clinically significant clinical outcome. Success criteria for leg 
pain severity are improvements of either 2 units (0-10 scale) or 30% compared to the baseline value at initial clinical presentation (44,45). Box 15: 
Consider IPD or PILD for failed conservative care; consider surgical decompression for failed IPD or PILD; consider spinal cord 
stimulation and/or fusion for failed laminectomy. If the patient has not achieved a clinically successful outcome and/or exhibits worsening or new 
onset symptoms, additional surgical interventions should be considered. In general, a patient with an unsatisfactory clinical outcome would be offered 
a surgical intervention at the next level of invasiveness. 
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Symptom Severity Assessment
Following an initial diagnosis of LSS, the subse-

quent clinical decision pathway involves evaluating the 
severity of LSS symptoms (Fig. 1, Box 3) as a means of 
guiding and recommending treatment options.

This algorithm recommends a simple 2-part symp-
tom severity determination of neurogenic claudication 
and leg pain (12). Neurogenic claudication severity 
should be based on the top 3 diagnostic consensus cri-
teria validated by the International Taskforce on the 
Diagnosis and Management of LSS (13). These cardinal 
features of LSS-associated neurogenic claudication 
include:
•	 Leg symptoms worsened by walking and relieved 

by sitting
•	 Symptoms worsened by lumbar extension and re-

lieved by flexion
•	 Leg pain relieved by leaning forward on a shop-

ping cart while walking.

The presence of at least one of these clinical signs 
is considered diagnostically characteristic of LSS (14). 
Neurogenic claudication severity should be graded as 
follows:

Mild: presence of 1 criterion
Moderate: presence of 2 criteria
Severe: presence of 3 criteria.

It should be emphasized that if a patient does not 
experience symptom relief upon lumbar flexion, they 
have clinically severe LSS and are not a candidate for 
minimally invasive interventions.

Coincident with the determination of neurogenic 
claudication severity, leg pain severity should be graded 
using either the Visual Analog Scale or the 11-point Nu-
meric Rating Scale and based on current clinical guid-
ance, the severity should be graded as follows (15,16):

Mild: ≤ 3
Moderate: > 3 to < 7
Severe: ≥ 7.

Primary Interventions 
After determining LSS symptom severity, patients 

can be dichotomized as those with mild neurogenic 
claudication and mild leg pain severity from those with 
at least moderate neurogenic claudication or moderate 
leg pain severity (Fig. 1, Box 4).

Patients with overall mild LSS clinical symptoms 
should be counseled to pursue conservative care, 
consisting of medications (e.g., nonsteroidal anti-in-

flammatory drugs), physical therapy, lifestyle modifica-
tions, localized spinal injections, and multidisciplinary 
rehabilitation (11). A systematic Cochrane Review of 
nonoperative management strategies for patients 
with neurogenic claudication and imaging-confirmed 
LSS concluded that there was insufficient evidence to 
recommend any specific type of nonsurgical treatment 
for LSS (17).  However, recent trials suggest a structured 
and supervised conservative management regimen 
consisting of a combination of manual therapy and 
individualized exercises provide effective short-term 
clinical benefit and symptom amelioration (Fig. 1, Box 
5) (14,18). Local anesthetic injection may also be con-
sidered (19,20).

Using advanced imaging modalities, such as mag-
netic resonance imaging (MRI) and/or computed to-
mography, should be reserved for patients with at least 
moderate LSS clinical symptoms (Fig. 1, Box 6) (21,22). In 
these patients, imaging provides definitive diagnostic 
confirmation of LSS as well as indirect visualization of 
the severity, location, and extent of anatomical degen-
eration (23,24). These studies are particularly helpful in 
procedural planning for patients considering invasive 
interventions for LSS (11). MRI, which allows exami-
nation of the size, shape, and anatomic associations 
between spinal and neural elements, is currently the 
recommended method for confirming an LSS diagnosis 
(23,24). Dynamic flexion and extension radiographs 
are also recommended for completely evaluating as-
sociated spondylolisthesis and instability and for pro-
cedural planning purposes, particularly with respect to 
the selection of and preparation for minimally invasive 
interventions (25). It is known that static imaging such 
as MRI may underestimate the degree of spondylolis-
thesis and while facet joint fluid may be an indicator of 
instability, a flexion-extension film provides necessary 
confirmation.

LSS radiographic severity should be graded using 
criteria similar to those proposed by the Lumbar Spinal 
Stenosis Outcome Study Working Group Zurich as fol-
lows (Fig. 1, Box 7) (26):
	 Mild: < 25% reduction in central canal and/or nerve 

root canal dimensions compared to the adjacent 
levels

	 Moderate: ≥ 25% to ≤ 50% reduction in central ca-
nal and/or nerve root canal dimensions compared 
to the adjacent levels

	 Severe: > 50% reduction in central canal and/or 
nerve root canal dimensions compared to the adja-
cent levels.
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Following the determination of LSS radiographic 
severity, patients can be dichotomized as those with ra-
diographically severe LSS from those with radiographi-
cally mild or moderate LSS severity without instability 
(Fig.1, Box 8).

Based on surgical consultation, patients with ra-
diographically moderate LSS with instability or severe 
LSS may consider undergoing surgical decompressive 
laminectomy or fusion (Fig.1, Box 9). Laminectomy has 
long been recognized as the “gold standard” surgical 
treatment for LSS when symptoms become severe and 
intractable and anatomical degeneration is advanced 
(2,3,22,27,28). However, 2 Cochrane systematic reviews 
have challenged the purported effectiveness of this 
procedure (29,30). A recently-published, large obser-
vational study utilizing propensity score matching had 
a contrary finding: surgical treatment is superior to 
nonoperative care for patients with LSS (31). Surgical 
decompression can be achieved using an open proce-
dure alone or with interlaminar stabilization as well as 
with numerous minimally invasive approaches, includ-
ing with indirect imaging guidance (1,3).

Patients can be further dichotomized as those with 
radiographically moderate LSS from those with radio-
graphically mild LSS severity (Fig.1, Box 10).

Patients with radiographically moderate LSS may 
consider undergoing IPD or PILD (Fig.1, Box 11) (32,33). 
IPD (Superion™ device, Boston Scientific) features a 
nonfusion, stand-alone, minimally invasive procedure 
that utilizes an interspinous spacer implanted with 
fluoroscopic guidance under monitored anesthesia 
care (1,6,34). IPD is indicated for use in patients suf-
fering from neurogenic claudication with confirmed 
evidence of either a thickened ligamentum flavum, 
narrowed lateral recess, and central canal and/or fo-
raminal narrowing. It is not indicated in patients where 
plain radiographs indicate > grade 1 spondylolisthesis, 
or where dynamic flexion-extension films show > 3 mm 
instability, and/or > 2 treated levels.

The published compendium of literature shows 
that IPD offers symptom amelioration equivalent to 
surgical decompression based on the results of several 
systematic reviews (35-37), an evidence-based guide-
line (1), and a cost-effectiveness analysis (38). Addition-
ally, 5-year follow-up findings from an investigational 
device exemption randomized controlled trial of IPD 
demonstrated durable clinical benefit and a reduction 
in reoperation rates (39), a consistent decrease in the 
prevalence of opioid use (40), and an improvement in 
quality of life in patients with moderate LSS (41). Real-

world registry data of commercial IPD usage have cor-
roborated the clinical benefits achieved in the clinical 
trial setting (42). Quantitative imaging studies show no 
association of IPD with sagittal alignment that can oc-
cur with other devices such as fusion clamps, which can 
alter the natural biomechanics of the joint complex.

PILD (mild® procedure, Vertos Medical) is a mini-
mally invasive outpatient procedure to treat central 
canal LSS related to a hypertrophied ligamentum fla-
vum with good clinical results (43). However, PILD is not 
indicated for patients with foraminal or lateral recess 
LSS as a contributing factor.

Patients with radiographically mild LSS should 
be counseled to pursue a resumption of conservative 
care (Fig.1, Box 12). If not undertaken previously, these 
patients should be offered a structured and supervised 
conservative management regimen consisting of a 
combination of manual therapy and individualized 
exercises (14).

Clinical Success Criteria
Irrespective of initial LSS symptoms and radio-

graphic severity assessment or primary intervention, a 
concerted effort should be undertaken to periodically 
evaluate all patients to assess the magnitude of symp-
tom changes and whether additional tests or proce-
dures are warranted (Fig.1, Box 13). The treatment goal 
should be to realize clinically significant improvements 
within 12 months of the index intervention.

During periodic monitoring and following surgical 
interventions, practitioners should evaluate whether 
patients have achieved a clinically significant clinical 
outcome (Fig.1, Box 14). At a minimum, patients should 
be queried regarding the current severity of their leg 
pain. Patients who have a clinically significant positive 
response to leg pain severity demonstrate improve-
ments of either 2 units (0-10 scale) or 30% compared to 
the baseline value at initial clinical presentation (44,45).

Secondary Interventions
We recommend additional multidisciplinary team 

consultation for patients that fail to realize a clinically 
significant improvement and/or exhibit worsening or 
new onset symptoms. Additional surgical interventions 
may be recommended, proceeding to the next level 
of invasiveness in most cases (Fig.1, Box 15). Thus, a 
patient with continued unsatisfactory outcomes with 
conservative care would proceed to IPD or PILD, while 
those experiencing a lack of success with IPD or PILD 
would proceed to laminectomy, and so forth. One cave-
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at to this pathway would be the revision of a previous 
laminectomy converted to fusion. Evidence is emerging 
to suggest that adding fusion to decompression alone 
does not offer additional clinical benefit and carries a 
higher risk of surgical complications (46-48).

Discussion

The Pain Management Best Practices Inter-Agency 
Task Force was convened in 2019 by the US Department 
of Health and Human Services to address acute and 
chronic pain in response to the ongoing opioid crisis 
(49). Indeed, it has been demonstrated that opioids 
offer little clinical benefit by way of pain reduction or 
functional improvement in patients with neurogenic 
claudication associated with LSS (50,51). Consequently, 
the task force emphasized an individualized, patient-
centered approach based on establishing a thera-
peutic alliance with a multidisciplinary team using a 
multimodal treatment approach focused on proper 
diagnosis and measurable outcomes in quality of life, 
functionality and activities of daily living.

We employed an integrated team approach to 
merge expertise in musculoskeletal imaging, interven-
tional pain management, and spine surgery to develop 
a pragmatic LSS clinical algorithm to improve diagnos-
tic efficiency and maximize clinical benefit. The LSS 
diagnostic and treatment algorithm presented herein 
provides a basic foundation for making procedural de-
cisions related to the management of patients with LSS. 
We recognize that many decisions regarding the diag-
nosis and treatment of patients with LSS require subtle 
determinations about the appropriate clinical pathway 
that cannot be addressed via “black-and-white” choices 
in an algorithm. Indeed, many LSS patients tend to be 
older with multiple contributory spinal conditions that 
can act as pain generators. That said, the current algo-
rithm specifically focuses on identifying those patients 
where the primary concern is intermittent neurogenic 
claudication, a symptom highly specific to LSS.

The approach taken in developing the current LSS 
algorithm was distinctly different than would be used 
in the formation of clinical practice guidelines, which 
are comprehensive dossiers and offer multiple options 
with graded levels of evidence (7). In comparison, we 
provide unambiguous alternatives and clear stopping 
points. As such, the proposed algorithm should be con-
sidered soft guidance, appreciating that the treatment 
trajectory for some patients may fall outside this defini-
tive rule set. Indeed, while we advocate for objective 
criteria to grade clinical and radiographic LSS severity. 

each clinical decision should be a shared risk/benefit 
discussion between physician and patient. Factors that 
may influence decision making include medical comor-
bidities and patient preference.

A primary goal in developing this algorithm was to 
remain both pragmatic and parsimonious with respect 
to the choice of diagnostic and treatment procedures. 
The aim was to incorporate simple choices that were 
immediately understandable to the practitioner. For 
example, we included only leg pain severity for LSS 
symptom severity and outcome assessment, eschewing 
the use of condition-specific instruments such as the 
Zurich Claudication Questionnaire. We felt the direct 
assessment of leg pain severity on a standard 11-point 
scale was a universally understood metric, used in daily 
practice with well-accepted success criteria and can be 
queried in a phone interview. In contrast, the Zurich 
Claudication Questionnaire is rarely used outside of a 
controlled trial setting, requires a scoring algorithm, 
and provides metrics over 3 separate domains have 
little pertinence for clinicians.

We elected not to include epidural steroid injec-
tions as a treatment option for LSS. While there remains 
a limited group of proponents for this intervention 
(52), there is a growing body of evidence that epidural 
steroids provide no additional benefit over local an-
esthetic injections in the setting of LSS (19,20,53,54). 
Additionally, published findings of a randomized con-
trolled trial comparing epidural steroid injections with 
PILD found almost no clinical benefit associated with 
steroid injections in patients with LSS (55).

The flexion/extension plain film as a foundational 
piece of the LSS workup is noteworthy, especially for 
the nonspine surgeon. Interventional pain manage-
ment physicians participating in a multidisciplinary 
team may not be accustomed to this diagnostic tool 
being routinely utilized in their daily practice. In our 
algorithm, the presence of > 3 mm of motion between 
flexion and extension in spondylolisthesis, indicating 
a hypermobile segment, triages the patient to the 
surgical pathway. Thus, the presence of instability is a 
contraindication to IPD placement. The routine use of 
dynamic plain film imaging and evaluation of stability 
has allowed the interventional pain management phy-
sician to understand biomechanics at a higher level. We 
believe this will ultimately allow for better and earlier 
identification of appropriate surgical candidates.

Conclusion

The operative treatment of spinal pathology in LSS 
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has traditionally been under the management purview 
of orthopedic spine surgeons and neurosurgeons. How-
ever, the recent commercial adoption of several mini-
mally invasive LSS treatment options, such as IPD, that 
can be undertaken in an ambulatory surgical setting, has 
extended these interventions to an expanded group of 
physician subspecialties (6,56). Thus, we believe a team 
approach that integrates the knowledge base of imag-

ing, interventional pain management, and orthopedic 
specialists provides the most comprehensive method 
for managing patients with the full array of available 
treatment and surgical options. This algorithm provides 
a straightforward clinical decision process for identify-
ing, evaluating, and treating patients with intermittent 
neurogenic claudication associated with LSS.

References

1. 	 Deer TR, Grider JS, Pope JE, et al. The 
MIST Guidelines: The Lumbar Spinal 
Stenosis Consensus Group Guidelines 
for minimally invasive spine treatment. 
Pain Pract 2018; 19:250-274.

2. 	 Weinstein JN, Tosteson TD, Lurie JD, et 
al. Surgical versus nonsurgical therapy 
for lumbar spinal stenosis. N Engl J Med 
2008; 358:794-810.

3. 	 Overdevest GM, Jacobs W, Vleggeert-
Lankamp C, Thome C, Gunzburg R, 
Peul W. Effectiveness of posterior 
decompression techniques compared 
with conventional laminectomy for 
lumbar stenosis. Cochrane Database 
Syst Rev 2015; 3:CD010036.

4. 	 Sengupta DK, Herkowitz HN. Lumbar 
spinal stenosis. Treatment strategies 
and indications for surgery. Orthop Clin 
North Am 2003; 34:281-295.

5. 	 Cushnie D, Thomas K, Jacobs WB, et 
al. Effect of preoperative symptom 
duration on outcome in lumbar spinal 
stenosis: A Canadian Spine Outcomes 
and Research Network registry study. 
Spine J 2019; 19:1470-1477.

6. 	 Hartman J, Granville M, Jacobson RE. 
The use of Vertiflex® interspinous 
spacer device in patients with lumbar 
spinal stenosis and concurrent medical 
comorbidities. Cureus 2019; 11:e5374.

7. 	 Keffer JH. Guidelines and algorithms: 
Perceptions of why and when they are 
successful and how to improve them. 
Clin Chem 2001; 47:1563-1572.

8. 	 Genevay S, Atlas SJ. Lumbar spinal 
stenosis. Best Pract Res Clin Rheumatol 
2010; 24:253-265.

9. 	 Binder DK, Schmidt MH, Weinstein PR. 
Lumbar spinal stenosis. Semin Neurol 
2002; 22:157-166.

10. 	 Lee SY, Kim TH, Oh JK, Lee SJ, Park MS. 
Lumbar stenosis: A recent update by 
review of literature. Asian Spine J 2015; 
9:818-828.

11. 	 Lurie J, Tomkins-Lane C. Management 
of lumbar spinal stenosis. BMJ 2016; 
352:h6234.

12. 	 Konno S, Hayashino Y, Fukuhara S, et 
al. Development of a clinical diagnosis 
support tool to identify patients with 
lumbar spinal stenosis. Eur Spine J 2007; 
16:1951-1957.

13. 	 Tomkins-Lane C, Melloh M, Lurie J, et 
al. ISSLS Prize Winner: Consensus on 
the clinical diagnosis of lumbar spinal 
stenosis: Results of an international 
Delphi study. Spine (Phila Pa 1976) 2016; 
41:1239-1246.

14. 	 Schneider MJ, Ammendolia C, 
Murphy DR, et al. Comparative clinical 
effectiveness of nonsurgical treatment 
methods in patients with lumbar spinal 
stenosis: A randomized clinical trial. 
JAMA Netw Open 2019; 2:e186828.

15. 	 Boonstra AM, Stewart RE, Koke AJ, et 
al. Cut-off points for mild, moderate, 
and severe pain on the Numeric Rating 
Scale for pain in patients with chronic 
musculoskeletal pain: Variability and 
influence of sex and catastrophizing. 
Front Psychol 2016; 7:1466.

16. 	 Jensen MP, Tome-Pires C, de la Vega R, 
Galan S, Sole E, Miro J. What determines 
whether a pain is rated as mild, 
moderate, or severe? The importance of 
pain beliefs and pain interference. Clin J 
Pain 2017; 33:414-421.

17. 	 Ammendolia C, Stuber KJ, Rok E, et 
al. Nonoperative treatment for lumbar 
spinal stenosis with neurogenic 
claudication. Cochrane Database Syst 
Rev 2013; 8:CD010712.

18. 	 Minetama M, Kawakami M, Teraguchi 
M, et al. Supervised physical therapy vs. 
home exercise for patients with lumbar 
spinal stenosis: A randomized controlled 
trial. Spine J 2019; 19:1310-1318.

19. 	 Friedly JL, Comstock BA, Turner JA, 
et al. Long-term effects of repeated 
injections of local anesthetic with or 
without corticosteroid for lumbar spinal 
stenosis: A randomized trial. Arch Phys 
Med Rehabil 2017; 98:1499-1507.

20. 	 Perez FA, Quinet S, Jarvik JG, et al. 
Lumbar spinal stenosis severity by CT 
or MRI does not predict response to 

epidural corticosteroid versus lidocaine 
injections. AJNR Am J Neuroradiol 2019; 
40:908-915.

21. 	 Katz JN, Harris MB. Clinical practice. 
Lumbar spinal stenosis. N Engl J Med 
2008; 358:818-825.

22. 	 Kreiner DS, Shaffer WO, Baisden JL, et 
al. An evidence-based clinical guideline 
for the diagnosis and treatment of 
degenerative lumbar spinal stenosis 
(update). Spine J 2013; 13:734-743.

23. 	 de Schepper EI, Overdevest GM, Suri 
P, et al. Diagnosis of lumbar spinal 
stenosis: An updated systematic review 
of the accuracy of diagnostic tests. Spine 
(Phila Pa 1976) 2013; 38:E469-481.

24. 	 Schonstrom N, Willen J. Imaging 
lumbar spinal stenosis. Radiol Clin 
North Am 2001; 39:31-53.

25. 	 Hartman J, Granville M, Jacobson RE. 
Radiologic evaluation of lumbar spinal 
stenosis: The integration of sagittal 
and axial views in decision making for 
minimally invasive surgical procedures. 
Cureus 2019; 11:e4268.

26. 	 Andreisek G, Imhof M, Wertli M, et al. 
A systematic review of semiquantitative 
and qualitative radiologic criteria for the 
diagnosis of lumbar spinal stenosis. AJR 
Am J Roentgenol 2013; 201:W735-746.

27. 	 Machado GC, Ferreira PH, Harris IA, et 
al. Effectiveness of surgery for lumbar 
spinal stenosis: A systematic review 
and meta-analysis. PLoS One 2015; 
10:e0122800.

28. 	 Weinstein JN, Tosteson TD, Lurie JD, 
et al. Surgical versus nonoperative 
treatment for lumbar spinal stenosis 
four-year results of the Spine Patient 
Outcomes Research Trial. Spine (Phila 
Pa 1976) 2010; 35:1329-1338.

29. 	 Machado GC, Ferreira PH, Yoo RI, et 
al. Surgical options for lumbar spinal 
stenosis. Cochrane Database Syst Rev 
2016; 11:CD012421.

30. 	 Zaina F, Tomkins-Lane C, Carragee 
E, Negrini S. Surgical versus non-
surgical treatment for lumbar spinal 
stenosis. Cochrane Database Syst Rev 



Pain Physician: December 2022 25:E1467-E1474

E1474 	 www.painphysicianjournal.com

2016:CD010264.
31. 	 Held U, Steurer J, Pichierri G, et al. 

What is the treatment effect of surgery 
compared with nonoperative treatment 
in patients with lumbar spinal stenosis 
at 1-year follow-up? J Neurosurg Spine 
2019; 31:1-9.

32. 	 Kaye AD, Edinoff AN, Temple SN, et 
al. A comprehensive review of novel 
interventional techniques for chronic 
pain: Spinal stenosis and degenerative 
disc disease-MILD percutaneous image 
guided lumbar decompression, Vertiflex 
interspinous spacer, MinuteMan G3 
interspinous-interlaminar fusion. Adv 
Ther 2021; 38:4628-4645.

33. 	 Merkow J, Varhabhatla N, Manchikanti L, 
Kaye AD, Urman RD, Yong RJ. Minimally 
invasive lumbar decompression and 
interspinous process device for the 
management of symptomatic lumbar 
spinal stenosis: A literature review. Curr 
Pain Headache Rep 2020; 24:13.

34. 	 Loguidice V, Bini W, Shabat S, Miller LE, 
Block JE. Rationale, design and clinical 
performance of the Superion®(R) 
interspinous spacer: A minimally 
invasive implant for treatment of 
lumbar spinal stenosis. Expert Rev Med 
Devices 2011; 8:419-426.

35. 	 Deyo RA, Martin BI, Ching A, et al. 
Interspinous spacers compared with 
decompression or fusion for lumbar 
stenosis: Complications and repeat 
operations in the Medicare population. 
Spine (Phila Pa 1976) 2013; 38:865-872.

36. 	 Lauryssen C, Jackson RJ, Baron JM, et 
al. Stand-alone interspinous spacer 
versus decompressive laminectomy for 
treatment of lumbar spinal stenosis. 
Expert Rev Med Devices 2015; 12:763-769.

37. 	 Wu AM, Zhou Y, Li QL, et al. 
Interspinous spacer versus traditional 
decompressive surgery for lumbar 
spinal stenosis: A systematic review and 
meta-analysis. PLos One 2014; 9:e97142.

38. 	 Tapp SJ, Martin BI, Tosteson TD, et al. 
Understanding the value of minimally 
invasive procedures for the treatment 
of lumbar spinal stenosis: The case of 
interspinous spacer devices. Spine J 
2018; 18:584-592.

39. 	 Nunley PD, Patel VV, Orndorff DG, 

Lavelle WF, Block JE, Geisler FH. 
Five-year durability of stand-alone 
interspinous process decompression 
for lumbar spinal stenosis. Clin Interv 
Aging 2017; 12:1409-1417.

40. 	 Nunley PD, Deer TR, Benyamin RM, 
Staats PS, Block JE. Interspinous 
process decompression is associated 
with a reduction in opioid analgesia in 
patients with lumbar spinal stenosis. J 
pain Res 2018; 11:2943-2948.

41. 	 Nunley PD, Patel VV, Orndorff DG, 
Lavelle WF, Block JE, Geisler FH. 
Interspinous process decompression 
improves quality of life in patients with 
lumbar spinal stenosis. Minim Invasive 
Surg 2018; 2018:1035954.

42. 	 Tekmyster G, Sayed D, Cairns KD, 
Raso LJ, Kim C, Block JE. Interspinous 
process decompression with the 
Superion®spacer for lumbar spinal 
stenosis: Real-world experience from a 
device registry. Med Devices (Auckl) 2019; 
12:423-427.

43. 	 Staats PS, Chafin TB, Golovac S, et 
al.  Long-term safety and efficacy 
of minimally invasive lumbar 
decompression procedure for the 
treatment of  lumbar spinal stenosis 
with neurogenic claudication: 2-year 
results of MiDAS ENCORE. Reg Anesth 
Pain Med 2018; 43:789-794.

44. 	 Austevoll IM, Gjestad R, Grotle M, 
et al. Follow-up score, change score 
or percentage change score for 
determining clinical important outcome 
following surgery? An observational 
study from the Norwegian registry 
for Spine surgery evaluating patient 
reported outcome measures in lumbar 
spinal stenosis and lumbar degenerative 
spondylolisthesis. BMC Musculoskelet 
Disord 2019; 20:31.

45. 	 Ostelo RW, Deyo RA, Stratford P, et 
al. Interpreting change scores for 
pain and functional status in low back 
pain: Towards international consensus 
regarding minimal important change. 
Spine (Phila Pa 1976) 2008; 33:90-94.

46. 	 Forsth P, Olafsson G, Carlsson T, et al. 
A randomized, controlled trial of fusion 
surgery for lumbar spinal stenosis. New 
Engl J Med 2016; 374:1413-1423.

47. 	 Ghogawala Z, Dziura J, Butler WE, 

et al. Laminectomy plus fusion 
versus laminectomy alone for lumbar 
spondylolisthesis. New Engl J Med 2016; 
374:1424-1434.

48. 	 Thomas K, Faris P, McIntosh G, 
et al. Decompression alone vs. 
decompression plus fusion for 
claudication secondary to lumbar spinal 
stenosis. Spine J 2019; 19:1633-1639.

49. 	 Tick H, Nielsen A. Academic Consortium 
for Integrative Medicine & Health 
commentary to Health and Human 
Services (HHS) on inter-agency task 
force pain management best practices 
draft report. Glob Adv Health Med 2019; 
8:2164956119857656.

50. 	 Bernstein IA, Malik Q, Carville S, Ward 
S. Low back pain and sciatica: Summary 
of NICE guidance. BMJ 2017; 356:i6748.

51. 	 Markman JD, Gewandter JS, Frazer 
ME, et al. A randomized, double-
blind, placebo-controlled crossover 
trial of oxymorphone hydrochloride 
and propoxyphene/acetaminophen 
combination for the treatment of 
neurogenic claudication associated with 
lumbar spinal stenosis. Spine (Phila Pa 
1976) 2015; 40:684-691.

52. 	 Manchikanti L, Knezevic NN, Boswell 
MV, Kaye AD, Hirsch JA. Epidural 
injections for lumbar radiculopathy 
and spinal stenosis: A comparative 
systematic review and meta-analysis. 
Pain Physician 2016; 19:E365-E410.

53. 	 Andersson GB. Epidural glucocorticoid 
injections in patients with lumbar spinal 
stenosis. New Engl J Med 2014; 371:75-76.

54. 	 Friedly JL, Comstock BA, Turner JA, 
et al. A randomized trial of epidural 
glucocorticoid injections for spinal 
stenosis. New Engl J Med 2014; 371:11-21.

55. 	 Benyamin RM, Staats PS; Investigators 
MiDASEncore. MILD® is an effective 
treatment for lumbar spinal stenosis 
with neurogenic claudication: MiDAS 
ENCORE randomized controlled trial. 
Pain Physician 2016; 19:229-242.

56. 	 Nunley PD, Shamie AN, Blumenthal 
SL, Orndorff D, Block JE, Geisler FH. 
Interspinous process decompression: 
Expanding treatment options for 
lumbar spinal stenosis. Biomed Res Int 
2016; 2016:3267307.


