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Study Characteristics
	Author

(Year)

	Study design
	Population
	Purpose
	Inclusion/ Exclusion
	Risk factors
	How ASP defined and classified 

	Brown (2004)
	Retrospective Cohort

Funding: NR
	n = 16

Male = 12%

Age = 49 (range, 24-71) years

Follow-up = 2.7 (range 0.7-6.5) years

% followed = 94% (16/17)
	To predict factors that influence outcome following long posterior fusion to L5 for symptomatic adult scoliosis; 

To determine if fusion to L5 rather than S1 was a viable strategy for treatment of this type of adult scoliosis
	Inclusion: Nonneurogenic deformity, fusion extending above T12

Exclusion: Need for decompression at L5-S1, pre-existing L5-S1 deformity, includig lateral rotatory olisthesis, oblique take-off of >20˚, or spondylolisthesis; fixed lumbar kyphosis or hypolordosis that would not correct on hyperextension into a physiologic range
	Radiographic factors: 

· Thoracic and lumbar curve

· Fractional lumbosacral curve

· L5 obliquity

· L5-S1 lordosis

· Coronal balance

· L5-S1 disc height 

· Sagittal balance

· Lumbar lordosis
	Radiological ASP:  Segmental degeneration was based on the presence and progression of L5-S1 spondylolisthesis by >2 mm and/or progressive loss of L5-S1 disc height by >2 mm based on radiographs

Clinical ASP:  Revision

	Cho (2009)
	Retrospective cohort

Funding: NR
	n = 24

Male = 13%

Age = 64.4 (range, 53-75) years

Follow-up = 3.5 ( 1.7 (range, 2-8) years

% followed = NR
	To determine the optimal indication for the fusion to the sacrum, and to compare the results of distal fusion to L5 versus the sacrum in the long instrumented fusion for degenerative lumbar scoliosis
	Inclusion: Degenerative lumbar scoliosis, minimum 2 year follow-up, Cobb angle >10˚, posterior fusions including at least four vertebral segments, no evidence of adolescent idiopathic scoliosis, and age >50 years at the time of surgery

Exclusion: Patients who underwent sacro-pelvic fixation with additional iliac screws 
	Radiographic Factors: 

Pre-op:
· Disc degeneration
· Sagittal imbalance
· Lumbar hypolordosis
Post-op:
· Sagittal imbalance

	Radiological ASP:  Modified method by Weiner et al.: Grade 0 or 1 was considered healthy, grade 2 or 3 considered advanced degeneration

Grade 0- no degeneration

Grade 1- mild degerneation (<25% disc space narrowing, small spur formation, minimal eburnation, no listhesis, and no gas)

Grade 2- moderate degeneration (25-75% disc space narrowing, moderate spur formation, moderate eburnation, listhesis >3 mm, and no gas)

Grade 3- advanced degeneration (>75% disc space narrowing, large spur formation, marked eburnation, listhesis >5 mm, and the presence of gas)

Clinical ASP:  Clinical symptoms of pain caused by a herniated disc, spinal stenosis, or junctional kyphosis

	Eck (2001)
	Retrospective Cohort

Funding: NR
	n = 58

Male = 5%

Age = 43 (range, 21-60) years

Follow-up = 5 (range, 2-12.8) years

% followed = 91% (58/64)
	To assess the clinical and radiographic outcome and complications of patients having undergone spinal fusion from the thoracic spine to L4, L5, or the sacrum for the treatment of adult lumbar scoliosis. Also interested in attempting to correlate a deeply seated L5 to a decreased rate of spinal degeneration distal to the fusion and to a better clinical outcome
	Inclusion: Treatment of adult idiopathic scoliosis; lumbar or thoracolumbar curves present (primary or revision)

Exclusion: Preoperative, immediate postoperative (less than 2 months), or follow-up radiographs greater than 2 years out from surgery not accessible
	Radiographic Factors: 

Pre- and immediately post-op:

· T12-sacrum measurement
· Sagittal segmental analysis from T12 to the LIV (last instrumented vertebra)
· Sagittal segmental analysis from the LIV to the sacrum
· Sagittal balance: C7 plumb line relative to the L5-S1 disc
· Centralization (relative to the center sacral line) of the LIV
· Horizontalization (tilt relative to the sacrum) of the LIV
· Neutralization (Nash-Moe grade) of the LIV
	Radiological ASP:  Presence of at least two of the following conditions: more than 5˚ loss of lordosis across a disc space, progressive disc space narrowing more than 2 mm, sclerosis of endplates/ facets with osteophyte formation, or subluxation more than 2 mm;

Moderate to severe degenerative disc disease: anterior disc height of 7 mm or less, subluxation of 2 mm or more, presence of osteophytes, or segmental lordosis of 10˚ or less

Clinical ASP:  NR

	Edwards (2003)
	Retrospective Cohort

Funding: Corporate/ Industry funds were received to support this work. Although one or more of the author(s) has/have received or will receive benefits for personal or professional use from a commercial party related directly or indirectly to the subject of this manuscript, benefits will be directed solely to a research fund, foundation, educational institution, or other nonprofit organization 


	n = 34

Male = 9%

Age = 45 (range, 28-61) years

Follow-up = 5.6 (range, 2.1-14.3) years

% followed = 34/40 (85%)
	To evaluate the clinical, radiographic, and functional outcome of long fusions terminating at L5 in adult spine deformity patients, with particular attention to the potential for subsequent advanced L5-sacrum disc degeneration (SAD) and loss of implant fixation
	Inclusion: Adult patients with spinal deformity who underwent spinal fusion procedures from the thoracic spine to L5

Exclusion: Patients with systemic neurologic or connective tissue disorders, previous arthrodesis or decompression procedures involving the L4-L5 or L5-sacrum motion segments, or any radiographic suggestion of L5 sacralization
	Patient Factors:

· Age
· Smoking status
Surgical Factors:

· Number of levels fused
· Procedure type (posterior or circumferential)
· Whether L5 was deep-seated
Radiographic Factors:
Pre-op: 
· Sagittal imbalance (C7 plumb > +20 mm)
· Disc degeneration
Post-op: 
· Sagittal imbalance

	Radiological ASP:  Modified Weiner et al. classification system: 

Degeneration severity is defined by the most severe radiographic component at a particular level.

Grade 0- No degeneration, defined by normal disc height, no spur formation, no eburnation, no listhesis, no gas

Grade 1- Mild degeneration, defined by <25% disc space narrowing, small spur formation, minimal eburnation, no listhesis, and no gas

Grade 2- Moderate degeneration, defined by 25%-75% disc space narrowing, moderate spur formation, moderate eburnation, listhesis ≥3 mm, and no gas

Grade 3- Advanced degeneration, defined by >75% disc space narrowing, large spur formation, marked eburnation, listhesis ≥5 mm, gas present

Clinical ASP:  Significant lumbosacral discomfort

	Edwards (2004)
	Retrospective Cohort

Funding: Corporate / industry funds were received in support of this work. Benefits will be directed solely to a research fund, foundation, education institution, or other nonprofit organization which the authors have been associated
	n = 95

Male = 8%

Age = 44 (range, 28-61) years

Follow-up = 4.8 (range, 2.0-14.3) years

% followed = 95/102 (93%)

(39 patients used – similarly matched cohorts)
	To compare the results of long adult deformity fusions to either L5 or the sacrum in the presence of a “healthy” 5-1 disc using a matched cohort analysis
	Inclusion: All patients had a major coronal, sagittal, or biplane deformity that required arthrodesis from the thoracic spine to either L5 or the sacrum

Exclusion: Patients with systemic neurologic or connective tissue disorders, those with prior arthrodesis or decompression procedures involving the L4-L5 or L5-sacrum motion segments, or any radiographic suggestion of L5 sacralization, or patients who lacked good quality pre-op radiographs required for assessment of the L5-S1 disc; all patients with any pre-op radiographic suggestion of advanced L5-S1 disc degeneration
	Radiographic Factors:

Post-op:

· Sagittal balance
	Radiological ASP: Discs assessed as having no radiographic evidence of degeneration to mild degeneration (Grade 0 or 1) were regarded as “healthy”

Grade 0- No degeneration, defined by normal disc height, no spur formation, no eburnation, no listhesis, no gas

Grade 1- Mild degeneration, defined by <25% disc space narrowing, small spur formation, min eburnation, no listhesis, and no gas

Grade 2- Moderate degeneration, defined by 25%-75% disc space narrowing, moderate spur formation, moderate eburnation, listhesis ≥3 mm, and no gas

Grade 3- Advanced degeneration, defined by >75% disc space narrowing, large spur formation, marked eburnation, listhesis ≥5 mm, gas present

Symptomatic ASD:  Significant lumbosacral discomfort

	Harding (2008)
	Retrospective Cohort

Funding: NR
	n = 85

Male = 76%

Age = 43.2 (range, 21-68) years

Follow-up = 9.3 (range 7-19) years 

% followed = 85/101 (84%)
	To define the presence, progression and risk factors for disc degeneration distal to a long fusion for scoliosis in adults using multi-segmental instrumentation systems
	Inclusion: Age greater than 20 at the time of surgery, a follow up greater than 5 years, fusion to L4 or L5 (leaving 1 or 2 mobile segments) and idiopathic or degenerative curves

Exclusion: Patients with a history of previous surgery at the mobile segment or an incomplete set of radiographs
	Patient Factors:

· Age
Surgical Factors:

· Number of levels fused
Radiographic Factors:
Pre-op: 
· Disc grade

	Radiological ASP:  UCLA disc degeneration score; In the case of asymmetric degeneration the worse score was taken.

Disc narrowing / osteophytes / end plate sclerosis:

Grade 1:   -   /   -    /  -

Grade 2:   +   /  -    / - 

Grade 3:  +/-  /  +   /  -

Grade 4:  +/-  / +/-  /  +

Clinical ASP:  Presence of low back pain

	Kuhns (2007)
	Retrospective Cohort

Funding: No funds were received in support of this work. No benefits in any form have been or will be received from a commercial party related directly or indirectly to the subject of this manuscript
	n = 31

Male = 10%

Age = 45 (range, 20-62) years

Follow-up = 9.4 (range, 5-20.1) years

% followed = 31/38 (82%)

(30/31 patients were patients previously included in the Edwards et al. (2003) study)
	To evaluate the fate of L5-S1 disc analyzing subsequent disc degeneration and associated risk factors for degeneration at minimum 5-year follow-up; 

To provide a longer term analysis of the Edwards et al. study with a minimum 5-year follow-up
	Inclusion: Adult ambulatory patients fused from the thoracic spine down to L5, minimum follow-up of 5 years, routine standing radiographs pre-op, immediately post-op, and at each follow-up, and Scoliosis Research Society Patient Questionnaire (SRS-24) and Oswestry questionnaires completed at each time period

Exclusion: Previous decompression or fusion involving L5 or S1, radiographic evidence of sacralization of L5, or were diagnosed with a systemic neurologic or connective tissue disorder
	Patient Factors:

· Age
Surgical Factors:
· Length of fusion (Long: T1-T7 down to L5 vs. Short: T8-12 down to L5)
· Fusion approach (Circumferential lumbar fusion vs. posterior only fusion)
Radiographic Factors:

Pre-op:
· Sagittal balance
Post-op:
· Sagittal balance
	Radiological ASP:  Modified Weiner et al. classification system:

Degeneration severity is defined by the most severe radiographic component at a particular level.

Grade 0- No degeneration, defined by normal disc height, no spur formation, no eburnation, no listhesis, no gas

Grade 1- Mild degeneration, defined by <25% disc space narrowing, small spur formation, minimal eburnation, no listhesis, and no gas

Grade 2- Moderate degeneration, defined by 25%-75% disc space narrowing, moderate spur formation, moderate eburnation, listhesis ≥3 mm, and no gas

Grade 3- Advanced degeneration, defined by >75% disc space narrowing, large spur formation, marked eburnation, listhesis ≥5 mm, gas present

Clinical ASP:  NR


                                                    Level of Evidence Summary Table for Studies of Long T-L Fusions
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	Evidence class
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                            *Authors must consider other factors that might influence patient outcomes
Level of evidence for Prognostic Studies

	
	Studies of Prognosis

	Level
	Study design
	Criteria

	I
	Good quality cohort*
	· Prospective design

· Patients at similar point in the course of their disease or treatment

· F/U rate of 80%+†

· Patients followed long enough for outcomes to occur 

· Accounting for other prognostic factors‡

	II
	Moderate quality cohort
	· Prospective design, with violation of one of the other criteria for good quality cohort study 

· Retrospective design, meeting all the rest of the criteria in level I

	III
	Poor quality cohort

Good quality case-control or cross-sectional study
	· Prospective design with violation of 2 or more criteria for good quality cohort, or

· Retrospective design with violation of 1 or more criteria for good quality cohort

· A good case-control study§

· A good cross-sectional study**

	IV
	Poor quality case-control or cross-sectional

Case series§
	· Other than a good case-control study

· Other than a good cross-sectional study

· Any case series†† design

	
	
	


*Cohort studies follow individuals with the exposure of interest over time and monitor for occurrence of the outcome of interest.
†Applies to cohort studies only.

‡Authors must consider other factors that might influence patient outcomes.

§A good case-control study must have the all of the following: all incident cases from the defined population over a specified time period, controls that represent the population from which the cases come, exposure that precedes an outcome of interest, and accounting for other prognostic factors.
**A good cross-sectional study must have all of the following: a representative sample of the population of interest, an exposure that precedes an outcome of interest (e.g., sex, genetic factor), an accounting for other prognostic factors, and for surveys, at least a 80% return rate. 

††A case-series design for prognosis is one where all the patients in the study have the exposure of interest.  Since all the patients have the exposure, risks of an outcome can be calculated only for those with the exposure, but cannot be compared with those who do not have the exposure.  For example, a case-series evaluating the effect of smoking on spine fusion that only recruits patients who smoke can simply provide the risk of patients who smoke that result in pseudarthrosis but cannot compare this risk to those that do not smoke.  
EXCLUDED STUDIES AFTER FULL TEXT REVIEW

                          Key Questions 1-3

	Author (Year)
	Reason for exclusion

	Ahn (2010)
	Not all long fusions 

	Cho (2008)
	Not all long fusions 

	Cho (2010)
	Not all long fusions

	Cochran (1983)
	Patients with caudal fusions higher than L4-L5

	Green (2011)
	Not all long fusions to L4 or L5

	Lerner (2007)
	Does not report on ASP (only disc height and A/P displacement)

	Luk (1987)
	Not all long fusions to L4 or L5

	Pellise (2007)
	Short fusions


                        Key Questions 4-6

	Author (Year)
	Reason for exclusion

	Cho (2009)
	Not revision surgeries

	Chou (2002)
	Short fusions 

	Crandall (2009)
	Not revision surgeries

	Eck (2001)
	Not revision surgeries

	Edwards (2004)
	Not revision surgeries


