SUPPLEMENTAL DIGITAL MATERIAL

Supplemental Table 1. Characteristics of included studies
	Author

(Year)
	Study 

Design
	Population
	Condition
	Laminoplasty
	Laminectomy and fusion
	Follow up

(%)
	Class of evidence

	Chen (2011)1


	Retrospective cohort 
	· N = 53*

· Age (mean): 55.5 years

· Male: 65%


	· Multilevel severe OPLL of the cervical spine involving ≥ 3 vertebrae and > 40% of the spinal cord diameter
· Number of vertebrae involved (mean): 3.6

· OPLL occupying rate: 56.4%
· Symptom duration (mean): NR

	· n = 25

· 1997 – 2004

· Approach: unilateral open-door (n = 15); bilateral open-door (n = 10)

· Treated levels: (C2 or C3) – (C6 or C7)

· Postoperative immobilization: Philadelphia-type collar for 3 months


	· n = 28

· 1999 – 2002 
· Approach: posterior

· Instrumentation: screw-rod fixation

· Treated levels: (C2 or C3) – (C7)

· Postoperative immobilization
	≥ 48 months

% NR

	tbd

	Heller (2001)2


	Retrospective cohort 
	· N = 26

· Age (mean): 55.5 years

· Male: 85%
	· Cervical myelopathy as predominant clinical problem with MRI or CT/myelography confirmed cord compression at 3 or more levels
· Number of vertebrae involved (mean): 5
· Symptom duration (mean): 18.5 months

	· n = 13† matched patients
· 1994 – 1999
· Approach: Open-door (n = 3); T-saw (n = 10)
· Treated levels: C3 – C7
· Postoperative immobilization: Rigid cervical collar for 6 weeks

	· n = 13† matched patients
· 1994 – 1999
· Approach: complete laminectomy with bilateral partial facetectomy
· Instrumentation: lateral rod plates and screws, bicortical screw were used when unicortical screw purchase was no satisfactory.
· Treated levels: C3 – T1
· Postoperative immobilization: Semirigid collar for 6 – 12 weeks
	25.9 (9 – 62) months

52%†

	tbd

	Highsmith (2011)

3



	Retrospective cohort 
	· N = 56

· Age (mean): 59.6 years

· Male: NR


	· CSM
· Number of vertebrae involved (mean): 4.6
· Symptom duration (mean): NR

	· n = 30
· Dates NR
· Approach: open-door in all patients
· Treated levels: NR
· Number of treated levels (mean): 4.0 (3-5)
· Postoperative immobilization: NR

	· n = 26
· Dates NR
· Approach: complete laminectomy with bilateral full-thickness drilling of the laminae
· Instrumentation: screw-rod fixation
· Treated levels: NR
· Number of treated levels (mean): 5.3 (3-8) (P < .01)
· Postoperative immobilization: NR
	41.8 

(12 – 85) months
% NR
	tbd

	Woods (2011)4


	Retrospective cohort 
	· N = 121

· Age (mean): 62.7 years

· Male: 61%


	· Progressive myelopathy or myeloradiculopathy unresponsive to nonoperative measures, with radiographic confirmation of cord compression at ≥ 3 cervical levels
· Number of vertebrae involved (mean): NR

· Symptom duration (mean): 15.4 months

	· n = 39‡
· 2002 – 2007
· Approach: Posterior C3 – C7 laminoplasty using Mitek suture anchor fixation
· Treated levels: C3 – C7
· Postoperative immobilization: Rigid cervical spine collar for 6 – 12 weeks.

	· n = 82‡
· 2002 – 2007
· Approach: posterior
· Instrumentation: screw-rod fixation
· Treated levels: C3-C7 laminectomy and fusion (n = 53); C4-C7 laminectomy and C3-C7 fusion (n = 7); C3-C7 laminectomy and C3-T1 fusion (n = 5); variation of different cervical segment decompression and fusion (n = 17)
· Postoperative immobilization: semi-rigid cervical spine collar for 6 – 12 weeks. 

	24 (7 – 32) months

84.6%‡

	tbd


CSM: cervical spondylotic myelopathy; NR = not reported; OPLL: ossification of the posterior longitudinal ligament
* This reflects the subset of patients in this study who received the interventions of interest. 
† A total of 50 patients met inclusion criteria (n = 25 per treatment group); and 26 were reported on.
‡ A total of 143 patients met inclusion criteria, 22 were excluded from analysis due to an incomplete medical record.
Supplemental Table 2. Outcomes reported in included studies
	Investigator (year)

Study design


	Diagnosis
	Intervention
	Severity of myelopathy 

(JOA, mJOA, or Nurick scores)


	Other patient-reported outcomes

(pain, NDI, etc)


	Radiographic alignment 
	Reoperation
	Adverse events

	Chen (2011)1

Retrospective cohort study


	Multilevel severe OPLL of the cervical spine
	Laminoplasty
(n = 25)


	JOA scores

· Preop: 8.5 ± 0.7
· ≥ 48 mos.: 10.9 ± 0.4
· Improvement rate*: 25.1  ± 8.5%

JOA outcome*:

· Excellent: 4% (1/25)

· Good: 20% (5/25)

· Fair: 32% (8/25)

· Poor: 44% (11/25)


	· Axial pain: 5/25 patients (20%)


	Cervical lordosis 
· Preop: 4.9 ± 0.7°
· ≥ 48 mos.: 6.1 ± 0.6°

	NR
	· CSF leakage: 0% (0/25)

· Hematoma: 4% (1/25)
· C5 palsy: 8% (2/25)
· Progressive kyphotic deformity: 16% (4/25)
· Neurologic deterioration: 16% (4/25) (all had progressive kyphotic deformity)

	
	
	Laminectomy and instrumented posterior fusion

(n = 28)
	JOA scores
· Preop: 8.7 ± 1.6
· ≥ 48 mos.: 12.4 ± 1.2 (NS)
· Improvement rate*: 43.5 ± 12.7% (P < .05)
JOA outcome*:

· Excellent: 18% (5/28)

· Good: 36% (10/28)

· Fair: 32% (9/28)

· Poor: 14% (4/28)


	· Axial pain: 3/28 patients (11%)

	Cervical lordosis
· Preop: 6.5 ± 1.8°
· ≥ 48 mos.: 11.7 ± 1.2°

	NR
	· CSF leakage: 0% (0/28)
· Hematoma: 0% (0/28)
· C5 palsy: 14% (4/28)
· Progressive kyphotic deformity: 0% (0/28)
· Neurologic deterioration: 0% (0/28)

	Heller (2001)2

Retrospective cohort study

CoE: tbd
	Cervical myelopathy
	Laminoplasty
(n = 13)
	Nurick grade (mean):
· Preop: 2.3

· 25.9 mos.: 1.1
· Improvement: 1.2
	Pain (Robinson et al scale, 0-3) (mean):
· Pre-op: 1.8

· 25.9 mos.: 0.9
· Improvement: 0.9

Axial pain: 

· Pre-op: NR
· 25.9 mos.: 9/13 patients (69%)
Subjective improvement in pain 
· Preop: NR
· 25.9 mos.: 85% of patients

	Cervical sagittal alignment
· Preop: 14° lordosis
· 25.9 mos.: 4° lordosis

	0/13 patients
	“No complications”


	
	
	Laminectomy with fusion 

(n = 13)
	Nurick grade (mean):
· Preop: 2.2

· 25.9 mos.: 1.5 
· Improvement: 0.7 (NS)
	Pain (Robinson et al scale (0-3)) (mean):
· Pre-op: 1.5

· 25.9 mos.: 0.8
· Improvement: 0.7 (P = NR)
Axial pain: 
· Pre-op: NR
· 25.9 mos.: 9/13 patients (69%)
Subjective improvement in pain 
· Preop: NR
· 25.9 mos.: 50% of patients

	Cervical sagittal alignment

· Preop: 7° kyphosis
· 25.9 mos.: 13° kyphosis
	2/13 patients (15%). Causes: subjacent degeneration in one patients, and deep infection in the other patient. 
	· Progression of myelopathy: 15% (2/13)

· Pseudarthrosis: 38% (5/13) 
· Subjacent degeneration: 15% (2/13)
· Moderate cervical kyphosis: 15% (2/13)
· Deep infection: 8% (1/13)
· Iliac graft harvest site discomfort: 2/13 (15%)

· C3 – C4 nonunion with broken hardware: 15% (2/13)

· Radiographic evidence of union C3 – C7 with neutral sagittal alignment: 15% (2/13)

	Highsmith (2011)

3


Retrospective cohort study

CoE: tbd
	Cervical stenotic myelopathy
	Laminoplasty
(n = 30)
	Nurick (mean):

· Preop: 2.9 ± 1.2
· ≥ 12 mos.: 1.5 ± 1.1
mJOA (mean):

· Preop: 11.6 ± 2.6
· ≥ 12 mos.: 14.4 ± 2.3
	Neck pain VAS (mean):

· Preop: 3.2 ± 2.8
· ≥ 12 mos.: 3.4 ± 2.6

	Cervical sagittal alignment

Both groups became 3˚ - 4˚ more kyphotic but maintained lordotic curve.
	13% patients 


	· CSF leak: 3% (1/30) (closed successfully during procedure)

· Wound infections: 7% (2/30) (required wound revision surgery)
· Seroma: 7% (2/30) (one patient required wound revision surgery)
· Hardware malpositions: 7% (2/30) (one was symptomatic and required implant revision)
· Transient C-5 paresis: 3% (1/30)
· Transient urinary retention: 3% (1/30)

	
	
	Laminectomy and bilateral full thickness drilling of the laminae 

(n = 26)
	Nurick (mean):

· Preop: 2.2 ± 1.3 (P < .05)
· ≥ 12 mos.: 0.8 ± 1.0 (P < .01)
mJOA (mean):

· Preop: 12.4 ± 2.7 (NR)
· ≥ 12 mos.: 15.2 ± 1.9 (NR)
	Neck pain VAS (mean):

· Preop: 5.8 ± 3.2 (P < .01)
· ≥ 12 mos.: 3.0 ± 2.3 (NS)

	Cervical sagittal alignment 

Both groups became 3˚ - 4˚ more kyphotic maintained lordotic curve.
	27% patients (when cervicothoracic fusions were excluded, the reoperation rate was 13%)
	· Wound infection: 15% (4/26) (all required wound revision surgery with debridement of loose bone graft material & closure; all hardware left in place)

· Seroma: 8% (2/26) (both with negative cultures)

· Hematoma: 4% (1/26)  (subcutaneous, observed to resolution)

· Hardware malpositions: 8% (2/26) (both required implant revision)

· Inadequate decompression: 4% (1/26)  (required subsequent anterior discectomy and fusion 6 weeks after index procedure for residual radiculopathy)

· Pseudoarthrosis: 8% (2/26)
· Transient C-5 paresis: 4% (1/26)  
· T-1 radiculitis: 4% (1/26)  

	Woods (2011)4

Retrospective cohort study

CoE: tbd
	Progressive myelopathy or myeloradiculopathy with spinal cord compression at 3 or more cervical levels. 
	Laminoplasty
(n = 39)
	NR
	Subjective improvement in pain 
· Preop: NR
· 24 mos.: 60% of patients
	Cervical sagittal alignment 

Gained 0.57°of lordosis.
Decompressed segments (Cobb)

· Preop: 12.05 L
· 24 mos.: 12.62 L
Junctional segments (Cobb)

· Preop: 2.92 L
· 24 mos.: 3.79 K

	2/39 patients (5%). 
(Causes: Recurrent stenosis: 1 patient; Peristent radiculopathy: 1 patient)
	All complications were considered major (associated with increased morbidity and of clinical relevance).

· Chronic mechanical neck pain: 8% (3/39)

· Recurrent stenosis following revision surgery: (3%) (1/39) (due to large anterior osteophytes)
· Persistent radiculopathy following revision surgery: (3%) (1/39)
· Overall: 5/39 (13%)

	
	
	Laminectomy and instrumented posterior fusion

(n = 82)
	NR
	Subjective improvement in pain 
· Preop: NR
· 24 mos.: 74% (NS versus laminoplasty)
	Cervical sagittal alignment

Became 2.57°more kyphotic
Decompressed segments (Cobb)

· Preop: 10.16 L
· 24 mos.: 7.59 L
Junctional segments (Cobb)

· Preop: 3.98 L
· 24 mos.: 5.08 K (NS compared with laminoplasty group)

	3/82 patients (4%)
(Causes: Junctional stenosis: 1 patient; Progressive kyphosis: 1 patient; posterior wound drainage and dehiscence: 1 patient)
	All complications were considered major (associated with increased morbidity and of clinical relevance).

· Chronic pain: 2% (2/82) (both reporting substantial iliac crest bone graft donor site morbidity)
· Dysphagia: 1% (1/82) (required irrigation and debridement with placement of wound vaccum, and eventually required a trapezius flap for soft tissue coverage)
· Pseudoarthrosis: 1% (1/82)

· Infection: 1% (1/82)
· Junctional stenosis: 1% (1/82) (required revision)
· Progressive kyphosis: 1% (1/82) (required revision)
· Overall: 9% (7/82) (P = .087 vs. lamiaplasty)



NR: not reported; NS: not statistically significant (P ≥ .05)
* JOA improvement/recovery rate = 100% x (postoperative JOA score – preoperative JOA score) / (17 – preoperative JOA score); surgical outcome defined by the improvement/recovery rate as follows: excellent (IR ≥ 75%), good (75% > IR  ≥ 50%), fair (50% > IR ≥ 25%), and poor (IR < 25%).
Class of Evidence (CoE) table for included studies
	Methodological Principle
	Chen 2011
	Heller 

2001
	Highsmith 2011
	Woods 

2011

	Study design
	
	
	
	

	Randomized controlled trial
	
	
	
	

	Prospective cohort study
	
	
	
	 

	Retrospective cohort study
	(
	(
	(
	(

	Case-control
	
	
	
	

	Case-series
	
	 
	 
	 

	Random sequence generation*
	
	 
	 
	 

	Statement of concealed allocation*
	
	
	
	

	Intention to treat*
	
	 
	 
	 

	Independent or blind assessment
	
	
	
	

	Co-interventions applied equally
	
	(
	
	(

	Complete follow-up of >80%
	
	
	
	(

	Adequate sample size
	(
	
	
	

	Controlling for possible confounding†
	
	
	
	

	Evidence Level
	III
	III
	III
	III


*Applies only to randomized controlled trials

†Groups must be comparable on baseline characteristics or evidence of control for confounding presented
Blank cells indicate that the criterion was either not met or that it could not be determined 
Chen (2011)
· Retrospective cohort study

· Independent or blind assessment: no credit
· Primary outcome based on JOA scores, which is a patient-reported outcome, and the patients were not blinded to the treatment received.
· Co-interventions applied equally:  no credit
· Discrepancies in skills of surgeon performing procedures over time as well as patient’s economic condition determined in part what procedure was received: “With the improvement of surgical skill, anterior corpectomy and fusion were performed for the patients with multilevel severe OPLL from 2002, and laminectomy and instrumented fusion were recommended before that. However, the patients have to pay for spinal instruments by themselves when anterior corpectomy and fusion or laminectomy and instrumented fusion were performed in our country. Laminoplasty was alternatively performed if their economic condition was not allowable.”

· Complete f/u of  ≥ 80%: no credit
· % follow-up was not reported.
· Adequate sample size: credit
· Statistically significant differences in primary outcome between treatment groups.
· Controlling for possible confounding: no credit
· Authors did not examine potential confounders that could affect results between groups; there were differences between treatment groups in preoperative cervical lordosis that were not controlled for, preoperative age and duration of symptoms not reported.
Heller (2001)

· Retrospective cohort study

· Independent or blind assessment: 
· Primary outcome measure (Nurick scale) was not blindly scored.
· Co-interventions applied equally:  credit
· No obvious differences between groups. Patients excluded that might have had different outcomes due to learning curve of surgeon. 
· Complete f/u of  ≥ 80%: no credit
· Complete follow-up of 52% (26/50) of patients.
· Adequate sample size: no credit
· Difference in primary outcome (Nurick) between treatment groups not statistically significant. 
· Controlling for possible confounding: no credit
· Inadequate information on baseline characteristics between groups. No examination of potentially confounding variables that could affect outcomes.
Highsmith (2011)

· Retrospective cohort study

· Independent or blind assessment: no credit
· Primary outcome measures (JOA, Nurick) was not blindly or independently scored.
· Co-interventions applied equally:  no credit
· Inadequate information provided (including dates of surgeries) to determine whether this occurred.
· Complete f/u of  ≥ 80%: no credit
· % follow-up not reported.
· Adequate sample size: no credit
· Difference in primary outcome (JOA, Nurick) between treatment groups not statistically significant. 
· Controlling for possible confounding: no credit

· Inadequate information on baseline characteristics between groups. No examination of potentially confounding variables that could affect outcomes.
Woods (2011)

· Retrospective cohort study

· Independent or blind assessment: no credit
· Pain is patient-evaluated, but patients were not blinded to the treatment received.
· Co-interventions applied equally:  credit
· Patients in both groups treated by the same surgeon over the same period of time, the surgeon “tailored each procedure to the patients’ individual pathology and the decompressed segments correlated with radiographic findings. The standard posterior approach was used for both procedures.” Also, “postoperative protocols were standard for both surgical groups…”
· Complete f/u of  ≥ 80%: credit (85% (121/143) follow-up)
· Adequate sample size: no credit
· Primary outcome (for the purposes of this study) was pain, and there was not a statistically significant difference between groups in pain scores.
· Controlling for possible confounding: no credit
· Inadequate information on baseline characteristics between groups. No examination of potentially confounding variables that could affect outcomes.
Definition of class of evidence (CoE) for articles on therapy

	
	
	Studies of Therapy

	Class 
	Bias Risk
	Study design
	Criteria

	I
	Low risk: 

Study adheres to commonly held tenets of high quality design, execution and avoidance of bias
	Good quality RCT
	· Random sequence generation 

· Allocation concealment

· Intent-to-treat analysis

· Blind or independent assessment for important outcomes

· Co-interventions applied equally

· F/U rate of 80%+

· Adequate sample size

	II
	Moderately low risk: 

Study has potential for some bias; study does not meet all criteria for class I, but deficiencies not likely to invalidate results or introduce significant bias
	Moderate or poor quality RCT

	· Violation of one of the criteria for good quality RCT

	
	
	Good quality cohort
	· Blind or independent assessment in a prospective study, or use of reliable data* in a retrospective study

· Co-interventions applied equally

· F/U rate of 80%+

· Adequate sample size

· Controlling for possible confounding†

	III
	Moderately High risk: 

Study has significant flaws in design and/or execution that increase  potential for bias that may invalidate study results 
	Moderate or poor quality cohort
	· Violation of any of the criteria for good quality cohort

	
	
	Case-control
	· Any case-control design

	IV
	High risk:  
Study has significant potential for bias; lack of comparison group precludes direct assessment of important outcomes
	Case series
	· Any case series design


* Outcome assessment is independent of healthcare personnel judgment. Reliable data are data such as mortality or re-operation. 

† Authors must provide a description of robust baseline characteristics, and control for those that are unequally distributed between treatment groups.

Articles excluded after full-text review.
	Article
	Reason

	Kalb S, Martirosyan NL, Perez-Orribo L, et al. Analysis of demographics, risk factors, clinical presentation, and surgical treatment modalities for the ossified posterior longitudinal ligament. Neurosurg Focus 2011;30:E11.
	Only one patient underwent laminoplasty.

	Manzano GR, Casella G, Wang MY, et al. A prospective, randomized trial comparing expansile cervical laminoplasty and cervical laminectomy and fusion for multilevel cervical myelopathy. Neurosurgery 2012;70:264-77.
	Less than ten patients enrolled per treatment group.
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