WEB APPENDIX:

Detailed ALOD Demographic and Results Table

	Study
	Demographics
	Inclusion/exclusion
	Follow-up
	Outcomes
	Plate
	TDR
	NIF
	Risk factors

	Garrido (2011)

RCT(?)
	n = 46

21 TDR (Bryan disc) and 25 with instrumented arthrodesis (ACDF; plate) 

Male =  NR

Age = NR


	Inclusion: Single-level cervical radiculopathy or myelopathy that failed to respond to at least six weeks of non-operative care

Exclusion: Angular deformity of  >11˚, translation of  >3.5 mm, and/or evidence of advanced spondylosis or previous ALOD on cervical radiographs
	f/u at 2 and 4 years 

f/u %: NC*


	Mann-Whitney Test:

2 year f/u

Oss. score (median rank):

ALOD:

4 year f/u

Oss. score (median rank):

ALOD:


	28.96 

64% (16/25)

26.50

84% (21/25)
	18.36  

24% (5/21)

(p=.003)

16.00 (p=.004)

52% (11/21)
	
	ACDF: Plate to disc distance at 4 year f/u:

<5mm = 50% (3/6)

>5mm = 95% (18/19)

	Park (2005)

Cohort


	n = 118

Male = 54% (64/118)

Age = 51.8 years (range, 32-76 years)
	Inclusion: solid fusion following an anterior cervical arthrodesis with a plate for the management of a degenerative cervical condition, who had no previous cervical spine surgery, who had been followed for a minimum of one year
Exclusion: Patients who had pre-operative anterior osteophytes cranial or caudad to the level subsequently treated with the anterior cervical plate
	Mean f/u: 25.7 months (range, 12-76)

f/u %: NC*


	Ossification developed:

Severity of ossification†:

Grade 0:

Grade 1:

Grade 2:

Grade 3:

Mean plate-to-disc distance (mm):


Ossification in plate-to-disc: 

<5 mm

>5 mm


	PLATE: Cranial:

59% (70/118)

41% (48/118)

45% (53/118)

7% (8/118)

8% (9/118)

2.86 ( 1.78 

67% (65/97)(
24% (5/21)

(p < 0.001)

(all 17 cases of grade-2 and 3 developed in <5 mm group
	PLATE: Caudal:

29% (29/100)

71% (71/100)

18% (18/100)

7% (7/100)

4% (4/100)

4.02 ( 1.89  (p < 0.001)

45% (27/60)(
5% (2/40)

(p < 0.001)

(all 4 cases of grade-3 and 5/7 grade-2 in <5 mm group
	
	If an anterior cervical plate is placed <5 mm from the cranial or caudal adjacent disc space, there is an increased risk of moderate-to-severe cranial or caudal adjacent-level ossification (p < 0.001)

	Park (2007)

Cohort
	n = 62  

(112 levels)

Male = 55% (34/62)

Age = 52.4 (range, 36-76) years
	Inclusion: Any ALOD or adjacent-level degeneration that presented during a 1-year period; all procedures were for degenerative cervical conditions 
Exclusion: Previous cervical surgeries; any patients who had anterior osteophytes above or below the anterior cervical plating level before surgery
	Mean f/u: 48.5 months (range, 36-91)

f/u %: NC*


	PDD: Plate-to-disc distance

Ossification developed:

Severity of ossification†:

Grade 0:

Grade 1:

Grade 2:

Grade 3:

Mean PDD (mm):


Overall ossification in adjacent PDD: 

<5 mm

>5 mm

Timing of ossification:

Likelihood of progression to advanced oss. by 24 mo (after mild oss. development during first 12 mo):

Progression to advanced oss. after no oss. during first 12 mo§: 
	PLATE: Cranial adjacent disc spaces:

77% (48/62)

23%  (14/62)

47%  (29/62)

16%  (10/62)

14%  (9/62)

2.75 ( 1.67

(overall – not cranial/caudal)

72% (49/68)‡

45% (20/44)

(p < 0.001)

3 mo: 87.5% (7/8 levels)

6 mo: 62.5% (10/16 levels)

12 mo: 37.5% (15/40 levels)

3 mo: 23.5%

6 mo: 14.9%

12 mo: 1.8%
	PLATE: Caudal adjacent disc spaces:

42% (21/50)

(p < 0.001)

58%  (29/50)

16%  (8/50)

18%  (9/50)

8%   (4/50)

4.12 ( 1.75

(p < 0.001)

‡78% (24/28) of advanced ossification developed in PDD <5 mm 

§None of the 80 levels with no or grade 1 oss at 24 mo went on to advanced oss by last f/u
	
	Early adjacent-level oss is more likely to develop and progress to advanced oss in patients with a PDD <5 mm than in patients with a PDD ≥5 mm

Any oss within the first 12 postop 12 mo has a substantial likelihood of progression to advanced oss by 24 mo; however, if a patient has no oss at 12 or 24 mo or only mild oss at 24 mo, it is very unlikely for advanced oss to develop

	Park (2010)

Cohort
	n = 97 

(group 1: 52, group 2: 45)

Male = 48% 

(group 1: 30 (58%), group 2: 17 (38%))

Age = 49 

(group 1: 49.4 ( 8.7, group 2: 49.3 ( 9.7)

Group 1: single-level anterior cervical corpectomy and fusion (ACCF)

Group 2: two-level anterior cervical discectomy and fusion (ACDF)
	Inclusion: Treatment of a degenerative cervical spondylosis; all patients had symptoms and signs of neural compression at the two adjacent segments that were refractory to conservative treatment
Exclusion: Prior cervical spine surgery and interbody grafting using a cage, those with a C7 corpectomy and trauma, and infectious and pathologic cases; inadequate radiographs and follow-up
	Mean f/u: 

Group 1: 23.3 months

Group 2: 25.7 months

(range, 12-45 months)

79.5% (97/122) at 12 mo f/u

66.4% (81/122) at 24 mo f/u
	Ossification Grades†

Cranial level

Preoperative vs. 6 week vs. Final follow-up: 

Grade 0

Grade 1

Grade 2

Grade 3

p-value(
Caudal level

Preoperative vs. 6 week vs. Final follow-up: 

Grade 0

Grade 1

Grade 2

Grade 3

p-value

(Ossification grades at the cranial and caudal levels were similar between the groups)
	PLATE: ACCF

# of patients (percent)

26 (50) vs. 24 (46) vs. 11 (21)

19 (37) vs. 19 (37) vs. 23 (44)

6 (12) vs. 8 (15) vs. 13 (25)

1 (2) vs. 1 (2) vs. 5 (10)

0.13

38 (73) vs. 36 (69) vs. 21 (40)

12 (23) vs. 14 (27) vs. 28 (54)

1 (2) vs. 1 (2) vs. 2 (4)

1 (2) vs. 1 (2) vs. 1 (2)

0.11
	PLATE: ACDF

# of patients (percent)

33 (73) vs. 32 (71) vs. 14 (31)

12 (27) vs. 13 (29) vs. 19 (42)

0 vs. 0 vs. 9 (20)

0 vs. 0 vs. 3 (7)

36 (80) vs. 36 (80) vs. 32 (71)

9 (20) vs. 9 (20) vs. 10 (22)

0 vs. 0 vs. 3 (7)

0 vs. 0 vs. 0


	
	Two-level ACDFs and single-level ACCF procedures yield comparable results in terms of adjacent-level ossification

	Yang (2009)

Case-series
	n = 165

(330 adjacent levels)

Male = 44 % (73/165)

Age = 59.9 (range, 32-79) years
	Inclusion: No previous cervical surgery and underwent anterior cervical arthrodesis without plate fixation
Exclusion: Anterior osteophytes above or below the fusion level before surgery
	Mean f/u: 29 months

(range, 2-9 years)

f/u %: NC*


	No ALOD:

ALOD:

Single-level ALOD (either cranial or caudal):

Two-level (cranial and

 caudal) ALOD:

Timing of ALOD:

6 months:

12 months:

Final cranial ALOD grade†

Grade I:

Grade II:

Grade III:

Final caudal ALOD grade†: 

Grade I:

Grade II:

Grade III:

One patient had both cranial and caudal ALOD with grade I cranially and grade II caudally 


	
	
	94.5% (156/165)

5.5% (9/165)

(at 10 levels)

89% (8/9)

(cranial: 7; caudal: 1; both: 1 case)

11% (1/9)

2.4% (4/165)

3.0% (5/165)

2.4% (4/165)

2.4% (4/165)

0%

1/165 (0.6%)

1/165 (0.6%)

0%
	-Incidence of ALOD after cervical arthrodesis without plating was very low; only 5.5% of patients (9/165) comprising 3% of adjacent segments (10/330) had ALOD.

-All ALOD was either grade I or II with no grade III present in any patient.

-All of the ALOD appeared between 6 and 12 months


*NC: Non-calculable – percent follow-up could not be calculated with the provided information; number of patients who were excluded because they did not meet the minimum follow-up period was not reported

†Ossification grading score: Grade 0 – No ossification (none); Grade 1 – Extending across <50% of adjacent disc space (mild); Grade 2 – Extending across >50% of adjacent disc space (moderate); Grade 3 – Complete bridging of adjacent disc space (severe)

Abbreviations: ACCF: anterior cervical corpectomy and fusion; ACDF: anterior cervical discectomy and fusion; ALOD: adjacent level ossification development; Oss: Ossification; PDD: Plate-to-disc distance

Cranial = Cephalad = Proximal; 

Caudal = Distal

Level of Evidence Summary Table for Studies of Risk

	Methodological principle
	Garrido
2011
	Park
2005
	Park
2007
	Park
2010
	Yang
2009

	Study design
	
	
	
	
	

	Prospective cohort study
	(
	
	
	
	

	Retrospective cohort study
	
	(
	(
	(
	

	Case-control study
	
	
	
	
	

	Cross-sectional study
	
	
	
	
	

	Case-series
	
	
	
	
	(

	COHORT STUDIES
	
	
	
	
	

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

	Complete follow-up of  > 80%
	-
	-
	-
	-
	-

	Patients followed long enough for outcomes to occur
	(
	(
	(
	(
	(

	Accounting for other prognostic factors*
	(
	-
	-
	-
	-

	CASE-CONTROL STUDIES
	
	
	
	
	

	Incidence cases from defined population over a specified time period
	
	
	
	
	

	Controls represent the population from which the cases come
	
	
	
	
	

	Exposure precedes an outcome of interest
	
	
	
	
	

	Accounting for other prognostic factors
	
	
	
	
	

	CROSS-SECTIONAL STUDIES
	
	
	
	
	

	A representative sample of the population of interest
	
	
	
	
	

	Exposure that precedes an outcome of interest (e.g., sex, genetic factor) 
	
	
	
	
	

	Accounting for other prognostic factors
	
	
	
	
	

	For surveys, a return rate of  > 80%
	
	
	
	
	

	Evidence class
	II
	III
	III
	III
	IV


*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.  
Strength of evidence summary

	Baseline quality:  HIGH = majority of article Level I/II.  LOW = majority of articles Level III/IV.

UPGRADE:  Large magnitude of effect (1 or 2 levels); dose response gradient (1 level)

DOWNGRADE:  Inconsistency of results (1 or 2 levels); indirectness of evidence (1 or 2 levels); imprecision of effect estimates (1 or 2 levels)

	
	Strength of evidence
	Conclusions/Comments
	Baseline
	UPGRADE (levels)
	DOWN-GRADE

(levels)

	Question 1: What is the risk of ALOD in patients receiving non-instrumented cervical fusion, instrumented cervical fusion with a plate, or cervical total disc arthroplasty?
	
	
	

	· Anterior fusion with plate
	Strong
	· The 24 month risk in one prospective and 2 retrospective studies ranged from 41% to 64%
	Low
	
	

	· Total disc arthroplasty
	Strong
	· The 24 month risk in one prospective study was 24%
	Low
	
	

	· Non-instrumented fusion
	Weak
	· The 24 month risk in one retrospective study was 6%
	Low
	
	Single study (1)

	Question 2: What are the risk factors for ALOD?
	
	
	

	· Plate to disc distance 
	·  Strong
	· The risk of ALOD is from 2 to 5 times higher when the plate to disc distance is <5 mm compared with ≥5 mm 
	Low
	Large effect (1)
	

	· Single level ACCF vs. two-level ACDF
	Weak
	· 1 small study suggests that single level ACCF may have a higher risk of ALOD than two-level ACDF
	Low
	
	Single study (1)

	Question 3: What is the time course for the development of ALOD?
	
	
	

	· Timing of ALOD development 
	Weak
	· The absence of ossification in the early postoperative period is no guarantee of avoiding advanced ossification later.  New cases have been shown to develop among those disease-free 3, 6, and 24 months following fusion. 
	Low
	
	

	Question 4: Does ALOD affect outcomes and rates of re-operation?
	
	
	

	· Outcomes and reoperation
	Weak

	· We found not studies evaluating the effect of ALOD on outcomes or reoperation rates
	no evidence
	
	


