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Abstract
Study Design: Systematic literature review
Objective: To critically analyze the literature and describe the complications associated with the use of allograft in 1- or 2- level
anterior cervical discectomy and fusion (ACDF)
Methods:A systematic search of PubMed/MEDLINE, EMBASE, and ClinicalTrials.gov databases was conducted for literature published
between January 2000 and August 2020 reporting complications associated with the use of allograft in 1- or 2- level ACDF.
Results: From 584 potentially relevant citations, 21 met the inclusion criteria (4 randomized controlled trials (RCT), 4
prospective, and 13 retrospective studies). The patient number varied between 26 and 463 in comparative studies (RCT and
non-RCT) and between 29 and 345 in non-comparative studies. Fusion rate was reported in 14 studies and ranged between
68.5-100%. The most frequently reported complication was post-operative dysphagia or dysphonia, with incidences ranging
between .5% and 14.4%. Revision surgery was the second most reported complication (14 studies) and ranged between 0% and
10.3%. Wound-related complications were reported in 6 studies and ranged between 0% and 22.8%.
Conclusion:The overall reporting of complications was lowwith very few comparative studies. Reported complications with allografts
arewithin the range of other osteobiologics and autografts and inmost casesmay not attributable to the use of osteobiologics andmay be
complications of the procedure itself. Comparative studies with a more robust methodology analyzing complications with allograft and
other osteobiologics are needed to inform current practice with strong recommendations.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is a standard
procedure to address common cervical pathologies such as
disc herniation, spondylosis, degenerative cervical myelopa-
thy, and others. Reported pseudarthrosis rate with this pro-
cedure ranges between 10 and 15%1 and while evidence
suggests that many of the radiologic non-unions are asymp-
tomatic, reoperation rates at the index level are higher in non-
fused than in patients who achieved fusion.2

While the gold standard bone graft material is autologous
iliac crest graft, it is associated with high rates of donor site
morbidity thereby resulting in increased use of alternative
graft materials. Allograft is an alternative to autograft and is
widely used in clinical practice, mostly for its osteoconductive
properties. However, its safety and efficacy remain a concern.
Allograft use as a graft material has been suggested to induce a
human leukocyte antigen-antibody response and it has been
suggested that allograft may delay or reduce fusion rates,
increasing the risk for graft collapse and loss of normal spinal
alignment; furthermore, the main concern with allograft use is
the possible transmission of infections.3,4 To aid in selecting
an appropriate graft source and to produce recommendations
on its safety, it is important to critically analyze the compli-
cations upon their use.

Recently, the AO Spine initiated a project entitled AO Spine
Guidelines for Using Osteobiologics in Spinal Degeneration
(AO-GO) to guide the use of osteobiologics in ACDF.5 The aim
of this study, which was developed under the umbrella of the
AO-GO project was to systematically review the literature to
analyze and identify the complications associated with the use
of allograft in ACDF performed at 1 or 2 levels.

Material and Methods

Eletronic Literature Search

A systematic search of PubMed/MEDLINE, EMBASE, Co-
chrane Library, and ClinicalTrials.gov databases was con-
ducted for literature published between January 2000 and
August 2020. Only studies reporting human clinical data with
abstracts written in English were considered for inclusion. A
search strategy was defined according to PICOS (participants,
interventions, comparators, outcomes, and study design) ap-
proach (Supplementary Table 1). Briefly, studies including
adult patients with degenerative cervical diseases undergoing
1- 2 levels of ACDF using allograft were screened. Com-
parative studies or case series with > 10 patients per group
were included. The search strategy included MeSH terms and
keywords. References of the included studies were also
screened to identify additional studies.

The systematic review was planned following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA).6 In brief, a systematic and eliminatory selection
was performed, starting with the title, then the abstract, and
ending with a full-text review for final eligibility. A full-text

review was performed by 2 independent reviewers and dis-
agreement between authors was solved by a third reviewer.

Data Extraction

All studies were analyzed and characteristics such as study design,
level of evidence, and funder/author’s conflict of interest were
collected. Surgical details such as the number of included patients,
the existence of a comparative group, number of fused levels, use
of plate/fixation method, patient age, gender, body mass index
(BMI), and smoking habits were also collected whenever avail-
able. Data on the following surgical complications were collected:
post-operative dysphagia/dysphonia/hoarseness of voice, post-
operative seroma/hematoma, wound infection/complications,
post-operative radiculopathy, new neurologic deficit (defined as
a 1-point decrease in motor grade), post-operative airway com-
promise requiring surgical intervention, epidural seroma/
hematoma, cerebral spinal fluid leak/meningocele, vertebral ar-
tery injury, esophageal perforation, Horner syndrome, construct
failure, the occurrence of revision surgery, and post-operative
death. Fusion rate and time for fusion were also collected when
reported in the study.

Medical complications such as cardiac arrest/failure/
arrhythmia, deep vein thrombosis, delirium, gastrointestinal
bleeding, myocardial infarction, pneumonia, pressure sores,
pulmonary embolism, systemic infection, and urinary tract
infection were also recorded.

Risk of Bias and Quality Assessment

Included studies were assessed for methodological quality and
risk of bias by 2 reviewers using the guidance provided by the
Cochrane Handbook for Systematic Reviews of Interventions.
The risk of bias in the randomized controlled trials was deter-
mined using the RoB 2 tool of Cochrane Collaboration with 5
domains of risk assessment.7 We used MINORS criteria to assess
the methodological robustness of the non-randomized studies.8 It
has 12 domains of risk assessment based on which studies were
graded for their methodological quality and their eligibility for
inclusion in the study. Each domain was scored 0 if not reported
and 1 if found to be inadequate and 2 if adequate reporting is
noted for the domain concerned. The ideal score for non-
comparative studies is 16 while that for a comparative study is 24.

Overall Strength of Evidence

The overall strength of evidence across all the included studies
was assessed for the main outcomes using the precepts out-
lined by the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) working group9-11 and
recommendations made by the Agency for Healthcare Re-
search and Quality (AHRQ).12 In determining the quality
(strength) of evidence regarding a given outcome, the overall
quality may be downgraded 1 or 2 levels based on the fol-
lowing domains: (1) risk of bias due to study limitations; (2)
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inconsistency (heterogeneity) of results; (3) indirectness of
evidence (eg, hard clinical outcomes); (4) imprecision of effect
size estimates (eg, width of confidence intervals); and (5)
publication or reporting bias. Publication and reporting bias
are difficult to assess, particularly with fewer than 10 RCTs.13

Publication bias was unknown in all studies and thus this
domain was eliminated from the strength of evidence table.
The initial quality of the overall body of evidence begins as
high for RCTs and low for observational studies. The body of
evidence for methodologically strong observational studies
may be upgraded 1 or 2 levels if there are no downgrades in the
primary domains listed above and 1 or more of the following
are met: (1) large magnitude of effect; (2) dose-response
gradient; and (3) all plausible biases would decrease the
magnitude of an apparent effect. The final overall quality
(strength) of the body of literature expresses the validity of the
conclusions derived from them.

Results

A search for studies with patients undergoing 1- or 2- level
ACDF using allograft was performed to identify complications

associated with allograft usage. From 584 potentially relevant
citations, 21 studies met the inclusion criteria and were included
in the final analysis (Figure 1). Of the 21 included studies, 4 were
randomized controlled trials (RCTs), 4 were prospective, and 13
were retrospective studies respectively. These studies included a
total of 2463 patients, of which 1867 were treated with allograft
and 596 were controls. In 6 of the studies, ACDF with allograft
was compared with one or more groups, such as ACDF with
autograft in 4 studies, total disc replacement (TDR) in 4 studies,
ACDF with an empty PEEK cage in 2 studies, and ACDF with
bovine xenograft in 1 study. In 5 of the studies, the allograft was
within a PEEK cage, whereas in the other 16 studies structural
allografts were used. Plate and screws were used for fixation in
18 of the included studies. (Table 1)

Quality Assessment

The methodological quality of the included RCTs was presented
as a traffic-light plot and bar plot as in Supplementary Figure 1.
The included RCTs had a low risk of bias. The methodological
quality of the non-randomized studies assessed with 12 domains
of MINORS criteria is presented in Supplementary Table 2. The

Figure 1. PRISMA flowchart of the included studies.
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range of totalMINORS score achieved by the prospective studies
was from 11 to 21 which is acceptable for analysis. The total
MINORS score of the retrospective studies ranged from 5 to 11
since only 7 domains of MINORS criteria apply to them.

Fusion Rate. Fusion was reported in 14 of the 21 included
studies (Supplementary Table 3). All studies assessed fusion
with neutral anteroposterior and lateral radiographs, while 8 of
the included studies used flexion/extension films. In 2

Table 1. Summary of the Studies Included in the Systematic Review.

Study Study Design
Number of

Levels
Number of
Patients

Female/
Male Age (Mean, Years) Type of Allograft Group

With plate
Anderson et al
200814

RCT 1 level Allograft: 221 — — Structural allograft
TDR: 242 — —

Crawford et al
20202

Prospective 1 level 345 190/155 44.7 ± 9.1 (in 301 fused
pts), 43.4 ± 7.0 (in 44
non-fused pts)

Cortical ring allograft spacers

Balabhadra et al
200415

Retrospective 1–2 levels 98 48/50 52 Dense cancellous allograft

Stieber et al
200516

Retrospective 1–2 levels 30 12/18 43.2 Structured allograft

Park et al
201017

Retrospective 1–2 levels 45 28/17 49.3 Fibular strut allograft

Park et al
200418

Retrospective 1–2 levels Allograft: 25 — 51.7 Fibular strut allograft
Autograft: 1 — 52

Ugokwe et al
200819

Retrospective 1–2 levels 53 25/28 57.7 Allograft

Yang et al
201920

Prospective 1–2 levels Allograft: 58 20/38 50.3 Allograft ring
Empty PEEK
cage + plate:
49

28/19 50.6

Park et al
201921

Retrospective 2 levels Allograft: 35 16/19 55.2 Femur allograft
Autograft: 32 15/17 56.7

Gornet et al
201722

RCT 2 levels Allograft: 188 98/90 47.3 Cortical ring allograft
TDR: 171 117/92 47.1

Woo et al
201923

Retrospective 2 levels 33 6/27 56.2 Allograft cage

Eastkack et al
201424

Prospective 1–2 levels 182 89/93 51 PEEK cage filled with allograft
cellular bone matrix

Chen et al
201625

Retrospective 1–2 levels 78 41/37 49.3 (31 patients); 53.3
(47 patients)

PEEK cage filled with allograft and
autograft

Tomasino et al
200926

Retrospective 1 level 30 14/16 51 Cortical allograft spacer

Lebl et al 201127 Retrospective 1 level 29 16/13 49.7 PEEK cage filled with allograft and
autograft

Bhadra et al
200928

Prospective 1 level Allograft: 15 5/10 35 Cage with allograft mixed with
blood and marrow aspirated
from the iliac crest (15 pts)

Autograft: 15 6/9 37
Cage only: 15 7/8 38
TDR: 15 6/9 34

Sasso et al
200729

RCT 1 level Allograft: 59 27/32 46.1 Fibular strut allograft (59 pts)
TDR: 56 26/30 42.5

Saphier et al
200730

Prospective 1–2 levels 50 22/28 52.5 (25 patients); 50.2
(25 patients)

Freeze-dried cortical allograft

Without plate
Choi et al
201631

Retrospective 1–2 levels 109 38/71 52.2 (64 patients); 54.2
(45 patients)

PEEK cage filled with allograft

Jagannathan
et al 200832

Retrospective 1 level 170 73/97 53 Freeze-dried cortical allograft

Lofgren et al
200033

RCT 1 level Allograft: 14 5/9 47 Femoral head allograft (14 pts)
Autograft: 15 7/8 47
Xenograft: 14 5/9 47
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studies20,24 CT scans were used to assess fusion in all cases,
whereas in 1 study,17 a CTscan was used in cases where fusion
was doubtful after radiographic analysis.

Reported fusion rate at 12 or more months varied between
68.5%21 and 100%.17,20,28 In 3 of the studies, no plate was
used for fixation, while in 11 studies a plate was used for
fixation. Fusion in studies where no plate was used for fixation
ranged between 92% and 96% and in those where a plate was
used varied between 68.5% and 100%.

Fusion was reported in 4 studies with a comparative control
group, although in 1 of these studies the control group had
only one patient.18 Yang et al20 and Bhadra et al28 reported a
12-month fusion rate of 100% in the allograft and the control
group where controls were empty PEEK cages and autograft
and plate, respectively. However, radiographic fusion oc-
curred sooner in the autograft than in the empty PEEK cage
group.20 Park et al21 reported the lowest 12-month fusion rate
(68.5%) compared with the autograft group (93.8%).

Construct Failure With Loss of Correction. Construct failure with
loss of correction (subsidence, screw pull out, plate or cage
dislodgement) was reported in 7 studies (Supplementary
Table 3). Most studies defined subsidence as a > 2 mm de-
crease in the anterior or posterior functional spine unit. The
most frequent construct failure was cage subsidence, followed
by 3 cases of graft extrusion,31 2 cases of screw backout,30 and
1 case of cage migration.27 From these cases, 3 cases required
revision surgery, which is further detailed below.

Revision Surgery. Revision surgery at the index level was re-
ported in 14 studies (Supplementary Table 3) and ranged
between 0%15,33 and 10.3%.27 Most studies did not report the
reason for revision surgery, and the most frequently reported
reason was non-union, in 8 cases.

Post-Operative Dysphagia or Dysphonia. Post-operative dys-
phagia or dysphonia was reported in 12 studies (10 with plate
and 2 without plate fixation; 4 comparative and 8 non-
comparative) and ranged between .5%24 and 14.4%22

(Supplementary Table 4). In studies where a plate was
used, this complication ranged between .5%24 and 14.4%,
while in the 2 studies where no plate was used, the rate of
dysphagia or dysphonia was 6.4%31 and 8.8%.32

Six studies,20,25-27,31,32 which included 42 cases of dys-
phagia or dysphonia from a total of 483 allograft ACDF
patients operated, reported the evolution of dysphagia. There
was a complete resolution within the first 3 months in 33/42
cases and persistence in 9 patients.

Wound Related Complications. Six studies reported wound-
related complications, mainly infections (Supplementary
Table 4). Forty-three of 51 wound complications, how-
ever, were derived from a single study,22 which reported a
22.8% infection rate in 188 patients. Resolution of wound
infection was reported in 4 studies (5 infections in the

allograft group and 2 in the control group) and all were
treated with oral antibiotics except for 1 case of bovine
xenograft infection which required xenograft removal at
6 months.33

Other Reported Complications. Two studies reported on the
occurrence of post-operative radiculopathy, with an incidence
of 1.1%24 and 1.8%14 but none of these studies reported how
the complication was managed. New neurologic deficit (motor
grade > 1) after surgery was reported in 2 studies with in-
cidence of 1.4%14 and 1.9%.19 The post-operative cerebro-
spinal fluid leak was reported in 2 studies with incidence of
1.4%14 and 1.7%.20 Post-operative airway compromise re-
quiring re-intervention was reported in 2 studies and occurred
in 1.4%14 and 3.3%26 of included patients. Post-operative
subcutaneous seroma/hematoma was reported in 3 studies
with the incidence of 1.4%,14 6.7%,26 and 6.9%,27 of which
only 1 patient required re-intervention. One case of epidural
hematoma, which caused spinal cord compression was re-
ported26 and the patient was submitted for revision surgery
3 weeks after the initial procedure. Jagannathan et al32 re-
ported a case of Horner syndrome in a cohort of 170 patients
submitted to ACDF using an allograft (Supplementary
Table 5).

Medical complications were inconsistently reported in
analyzed studies. Only one study reported a death in the
control (TDR) group.22

Discussion

The ideal graft material to use in ACDF is a matter of con-
troversy. Despite knowing the advantages and disadvantages
of mostly commonly used grafts, it is still unclear to rec-
ommend an appropriate choice. In this study the most fre-
quently reported complication was post-operative dysphagia
or dysphonia, followed by revision surgery and wound-related
complications, particularly infection.

Only 14 out of the 21 included studies reported fusion
rate. Concerning the assessment of fusion rate the criteria
largely varied between studies, with 2 studies routinely
used CT scans, one used CT scans in doubtful cases and 8
studies used flexion/extension films but rarely specified
which radiologic factors were analyzed in each case. While
few studies have suggested that non-union can be accu-
rately identified on both plain radiographs and CT
images34,35 a recent systematic review recommended us-
ing < 1 mm of motion between spinous processes on ex-
tension and flexion views to confirm fusion in ACDF.36 The
inconsistency in reporting fusion and the non-uniform way
in which it was reported in the 14 studies may be the reason
for the large variability in the rate of fusion among them
(68.5–100%). Three studies reported a 100% fusion rate.
Interestingly, in all these studies, a plate was used for al-
lograft fixation. The role of plate fixation in reducing al-
lograft subsidence and in increasing fusion rates to values
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similar to those found with autograft has previously been
reported.37,38 However, not all studies where plates were
used for fixation had higher fusion rates and in the study
reporting the lowest fusion rate (68.5%) plates were used.21

Post-operative dysphagia or dysphonia was reported in
twelve out of twenty-one studies. However, their reporting
was not precise, with some studies not distinguishing between
dysphagia and dysphonia. These, however, are completely 2
different complications. Dysphagia is a subjective symptom
related to difficulty in swallowing after surgery. Its causes may
be due to neuronal, mucosal or muscular structures and the
most frequent cause may be swelling of the surrounding soft
tissue structures, alterations in the normal esophageal motility,
and altered sensation resulting from traction during
surgery.39,40 Other nonsurgical factors such as position of the
endotracheal tube cuff have also been implicated in post-
operative dysphagia.39 Dysphonia after anterior cervical
surgery is often attributed to vocal cord paralysis due to la-
ryngeal nerve injury41 and its incidence has been reported
between .06 and 11%, with persistence occurring in 0–3.5%
cases.42 It was not possible to understand if this complication
occurred more frequently with allograft than with other graft
materials, due to the limited comparative data in the included
studies. Dysphagia or dysphonia was reported in studies with
or without plate fixation but its incidence was higher in studies
where plates were used for fixation. Furthermore, of the 3
studies reporting incidence of dysphagia or dysphonia above
10%, all used plated constructs.22,25,30 Of them, there was only
1 comparative study that reported 14.4% dysphagia/dysphonia
in plated ACDF.22 Other studies have suggested that the more
extensive retraction and dissection required to implant a plate
and triangulate the screws may be responsible for the higher
incidence of these complications in the plated.43 In the present
review only 6 of the identified studies reported the evolution of
the dysphagia or dysphonia with time, They reported reso-
lution of the dysphagia or dysphonia mostly in the first
3 months.

Subsidence was the most frequently reported construct
failure. Plate use has been reported to decrease the subsidence
rate37,38 but, in the analyzed studies, subsidence was only
reported in studies where plates were used. Overall, the re-
vision rate was 6.4% with the most frequent reason for re-
vision being non-union. Wound-related complications,
particularly wound infections are particularly rare after ACDF.
In this systematic review, however, a 5.7% wound-related
complication rate was found. This surprisingly high rate of
complications, however, was mostly derived from 1 study
which reported a 22.8% infection rate.15 Resolution of wound
infection was scarcely reported but, required only oral anti-
biotics and no revision surgery was reported for this specific
reason after ACDF using allograft.

Serious complications, such as post-operative new neu-
rologic symptoms, cerebrospinal fluid leak, airway compro-
mise, seroma and hematoma (including epidural), and Horner
syndrome were reported in only one or two studies each. Due

to the impreciseness of the included studies, it is not known if
these complications simply did not occur or were not ana-
lyzed. However, and due to the seriousness of these com-
plications, one may speculate that their incidence was low and
that the cases in which they occurred are mirrored in the
reported cases.

The literature on 1- or 2-level ACDF using allograft
provides a low-quality evidence to generate recommen-
dations and has significant limitations to analyse compli-
cations of this graft type. The results from this study are
limited in their robustness due to the nature of literature
available on the subject. First, there was a lack of ap-
propriate controls in the identified studies, with few studies
comparing allograft against TDR and different graft types
(mostly autograft). Second, the complications were in-
consistently reported among the included studies and their
definition and grading were not precise and uniform. Third,
the authors of most papers fail to report on the resolution of
the complications. Fourth, most of the identified compli-
cations are not specific to allograft use and, therefore, the
lack of comparative studies with autograft or other os-
teobiologics makes it difficult to assess if allograft is, in
itself, responsible for any of these complications. It is most
likely that these complications are related to the surgical
approach, dissection, disc level operated and comorbidities
of the patients included in the studies. This makes it very
difficult to provide sound recommendations on the safety
profile of allograft use in ACDF.

To overcome such difficulties and to aid in providing
recommendations on the use of allograft and other osteo-
biologics, it is imperative that regulators advise healthcare
management to maintain surgerical registries and report the
complications in a uniform manner. Adverse event severity
systems such as the SAVES-V2 system should also be used to
identify and report complications in spinal surgeries.44 Future
studies should include a comparison between different graft
materials for use in ACDF surgery. Ideally, randomized
controlled trials are needed to aid in selecting the ideal graft
type for individual clinical scenarios.

Conclusions

The overall reporting of complications was low with very few
comparative studies. Reported complications with allografts
are within the range of other osteobiologics and autografts and
in most cases may not attributable to the use of osteobiologics
and may be complications of the procedure itself. There was
substantial heterogeneity between studies to allow for a sound
conclusion and recommendation on complications associated
with the use of allograft in 1- or 2-level ACDF. Despite a large
number of osteobiologics currently available in the
market, there is a lack of guidelines on their usage based
on their efficacy and safety outcomes, stressing the need for
well-designed studies with sufficient sample size and ap-
propriate comparator groups.

Rodrigues-Pinto et al. 75S



Acknowledgments

The authors would like to thank Yabin Wu for the management of the
AO Spine Knowledge Forum Degenerative and for all the planning,
support and valuable contribution throughout the research conducting
to this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
supplement was organized and financially supported by AO Spine
through the AO Spine Knowledge Forum Degenerative, a focused
group of international spine experts.

ORCID iDs

Ricardo Rodrigues-Pinto  https://orcid.org/0000-0002-6903-348X
Juan Pablo Cabrera  https://orcid.org/0000-0003-4685-6106
Hans Jörg Meisel  https://orcid.org/0000-0003-3838-1489
Zorica Buser  https://orcid.org/0000-0002-5680-0643

References

1. Mroz TE,Wang JC, Hashimoto R, et al. Complications related to
osteobiologics use in spine surgery: a systematic review. Spine.
2010;35:S86-S104. doi:10.1097/BRS.0b013e3181d81ef2.

2. Crawford CH 3rd, Glassman SD, Carreon LY, et al. Asymp-
tomatic ACDF nonunions underestimate the true prevalence of
radiographic pseudarthrosis. Spine. 2020;45, E776-E780, doi:
10.1097/BRS.0000000000003444.

3. Floyd T, Ohnmeiss D. A meta-analysis of autograft versus al-
lograft in anterior cervical fusion. Eur Spine J, 2000;9:398-403.
doi:10.1007/s005860000160.

4. Shriver MF, Benzel EC, Mroz TE, et al. Pseudoarthrosis rates
in anterior cervical discectomy and fusion: a meta-analysis.
Spine J, 2015;15: 2016-2027 doi:10.1016/j.spinee.2015.05.
010.

5. AOSpine. AO Spine Knowledge ForumDegenerative. In https://
www.aofoundation.org/spine/research/research-programs/
knowledge-forum-degenerative. Accessed on April, 29th 2023

6. Liberati A, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA
statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and
elaboration. PLoS Med, 2009;6, e1000100, doi:10.1371/journal.
pmed.1000100.

7. Sterne JAC, Blencowe NS, Boutron I, et al. RoB 2: a revised tool
for assessing risk of bias in randomised trials. BMJ, 2019;366,
l4898, doi: 10.1136/bmj.l4898.

8. Slim K, Panis Y, Chipponi J, et al. Methodological index for
non-randomized studies (minors): development and validation
of a new instrument. ANZ J Surg, 2003;73, 712-716, doi:10.
1046/j.1445-2197.2003.02748.x.

9. Atkins D, Falck-Ytter Y, Flottorp S, et al. Grading quality of
evidence and strength of recommendations. BMJ, 2004;328,
1490, doi:10.1136/bmj.328.7454.1490.

10. Atkins D, Henry D, Hill S, et al. Systems for grading the
quality of evidence and the strength of recommendations I:
critical appraisal of existing approaches the GRADE working
group. BMC Health Serv Res, 2004;4, 38, doi:10.1186/1472-
6963-4-38.

11. Guyatt GH, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an
emerging consensus on rating quality of evidence and strength
of recommendations. BMJ, 2008;336, 924-926, doi:10.1136/
bmj.39489.470347.AD.

12. Quality AfHRa. Methods guide for effectiveness and compar-
ative effectiveness reviews. In Methods guide for effectiveness
and comparative effectiveness reviews. Rockville; 2014.

13. Ayorinde AA, Skrybant M, Lilford RJ, et al. Assessment of
publication bias and outcome reporting bias in systematic re-
views of health services and delivery research: A meta-
epidemiological study. PLoS One, 2020;15, e0227580, doi:
10.1371/journal.pone.0227580.

14. Anderson PA, Sasso RC, Riew KD. Comparison of adverse
events between the Bryan artificial cervical disc and anterior
cervical arthrodesis. Spine, 2008;33, 1305-1312, doi:10.1097/
BRS.0b013e31817329a1.

15. Balabhadra RS, Kim DH, Zhang HY. Anterior cervical fusion
using dense cancellous allografts and dynamic plating. Neu-
rosurgery, 2004;54, 1405-1411, doi:10.1227/01.neu.
0000125543.38952.87.

16. Stieber JR, Brown K, Donald GD, et al. Anterior cervical de-
compression and fusion with plate fixation as an outpatient
procedure. Spine J, 2005;5, 503-507, doi:10.1016/j.spinee.
2005.01.011.

17. Park Y, Maeda T, Cho W, et al. Comparison of anterior cervical
fusion after two-level discectomy or single-level corpectomy:
sagittal alignment, cervical lordosis, graft collapse, and
adjacent-level ossification. Spine J, 2010;10, 193-199, doi:10.
1016/j.spinee.2009.09.006.

18. Park MS, Taylor WR, Aryan HE, et al. Stabilization of anterior
cervical spine with bioabsorbable polymer in one- and two-level
fusions. Neurosurgery, 2004;54, 631-635, doi:10.1227/01.neu.
0000108942.07872.2a.

19. Ugokwe KT, Kalfas IH, Mroz TE, et al. A review of the utility of
obtaining repeated postoperative radiographs following single-
level anterior cervical decompression, fusion, and plate place-
ment. J Neurosurg Spine, 2008;9, 175-179, doi:10.3171/SPI/
2008/9/8/175.

20. Yang S, Hou T, Xu J, et al. Clinical and radiological results
comparison of allograft and polyetheretherketone cage for one to
two-level anterior cervical discectomy and fusion: a CONSORT-
compliant article. Medicine (Baltim), 2019;98, e17935, doi:10.
1097/MD.0000000000017935.

21. Park JS, Park HJ, Park SJ, et al. Is allograft a more reliable
treatment option than autograft in 2-level anterior cervical
discectomy and fusion with plate fixation? Medicine (Baltim),
2019;98, e16621, doi:10.1097/MD.0000000000016621.

76S Global Spine Journal 14(2S)

https://orcid.org/0000-0002-6903-348X
https://orcid.org/0000-0002-6903-348X
https://orcid.org/0000-0003-4685-6106
https://orcid.org/0000-0003-4685-6106
https://orcid.org/0000-0003-3838-1489
https://orcid.org/0000-0003-3838-1489
https://orcid.org/0000-0002-5680-0643
https://orcid.org/0000-0002-5680-0643
https://doi.org/10.1097/BRS.0b013e3181d81ef2
https://doi.org/10.1097/BRS.0000000000003444
https://doi.org/10.1007/s005860000160
https://doi.org/10.1016/j.spinee.2015.05.010
https://doi.org/10.1016/j.spinee.2015.05.010
https://www.aofoundation.org/spine/research/research-programs/knowledge-forum-degenerative
https://www.aofoundation.org/spine/research/research-programs/knowledge-forum-degenerative
https://www.aofoundation.org/spine/research/research-programs/knowledge-forum-degenerative
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1186/1472-6963-4-38
https://doi.org/10.1186/1472-6963-4-38
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1371/journal.pone.0227580
https://doi.org/10.1097/BRS.0b013e31817329a1
https://doi.org/10.1097/BRS.0b013e31817329a1
https://doi.org/10.1227/01.neu.0000125543.38952.87
https://doi.org/10.1227/01.neu.0000125543.38952.87
https://doi.org/10.1016/j.spinee.2005.01.011
https://doi.org/10.1016/j.spinee.2005.01.011
https://doi.org/10.1016/j.spinee.2009.09.006
https://doi.org/10.1016/j.spinee.2009.09.006
https://doi.org/10.1227/01.neu.0000108942.07872.2a
https://doi.org/10.1227/01.neu.0000108942.07872.2a
https://doi.org/10.3171/SPI/2008/9/8/175
https://doi.org/10.3171/SPI/2008/9/8/175
https://doi.org/10.1097/MD.0000000000017935
https://doi.org/10.1097/MD.0000000000017935
https://doi.org/10.1097/MD.0000000000016621


22. Gornet MF, McConnell JR, Dryer RF, et al. Cervical disc ar-
throplasty with the prestige LP disc versus anterior cervical
discectomy and fusion, at 2 levels: results of a prospective,
multicenter randomized controlled clinical trial at 24 months.
J Neurosurg Spine, 2017;26, 653-667, doi:10.3171/2016.10.
SPINE16264.

23. Woo JB, Lee SW, Song GS, et al. Risk factors of allogenous
bone graft collapse in two-level anterior cervical discectomy and
fusion. J Korean Neurosurg Soc, 2019;62, 450-457, doi:10.
3340/jkns.2019.0008.

24. Eastlack RK, Garfin SR, Brown CR, et al. Osteocel plus cellular
allograft in anterior cervical discectomy and fusion: evaluation
of clinical and radiographic outcomes from a prospective
multicenter study. Spine, 2014;39, E1331-E1337, doi:10.1097/
BRS.0000000000000557.

25. ChenM, Ye S,Wang J, et al. Outcomes observed during a 1-year
clinical and radiographic follow-up of patients treated for 1-or 2-
level cervical degenerative disease using a biodegradable an-
terior cervical plate. J Neurosurg Spine, 2016;25, 205-212, doi:
10.3171/2016.1.SPINE15807.
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