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Abstract

Study Design: Retrospective case control study.

Objectives: Adjacent-level ossification development (ALOD) is a distinct form of adjacent segmental degeneration that has been
recognized to occur after anterior cervical discectomy and fusion (ACDF). It is unclear whether ACDF with plate versus stan-
dalone has an effect on rates of ALOD. This retrospective case-control study aims to assess the rate of ALOD in a large series of
patients undergoing ACDF with and without plate and factors causing ALOD.

Methods: Data was collected for patients undergoing ACDF from January 2009 to July 2016. Data collected was from multiple
centers and included demographic data, surgical data, radiological imaging at time of surgery, and serial follow-up imaging. The
radiology for ALOD was independently reviewed. Cohorts were divided into ACDF with plate (Group P ¼ plate) and ACDF
without plate (Groups S ¼ standalone) and outcomes were compared.

Results: There were 260 patients with 138 (53%) in Group P and 122 (47%) in Group S. ALOD was observed in 15.3% of
patients overall, 29% in group P and 2.8% in group S (P < .001). Following multivariate adjustment, statistically significant
association was found between use of plate and ALOD (odds ratio ¼ 12.8, 95% confidence interval ¼ 3.52-45.45, P < .001).
Plate-to-disc distance <5 mm was significantly associated with ALOD (odds ratio¼ 13.5, 95% confidence interval¼ 3.83-47.62,
P < .001).

Conclusion: The use of anterior plate with ACDF was associated with ALOD. Plate-to-disc distance <5 mm was significantly
associated with ALOD even after adjustment for confounding factors. We conclude utilization of standalone cages or cages with
plate with more than 5 mm distance from adjacent disc to minimize ALOD.
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Introduction

Adjacent segment disease (ASD) is a widely recognized

pathology in anterior cervical spine surgery. Adjacent-level

ossification development (ALOD) is a distinct type of adjacent

segment pathology resulting in adjacent-level marginal bone

osteophyte formation along the anterior longitudinal ligament

(ALL) that has been recognized to occur after anterior cervical

discectomy and fusion (ACDF).1
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ALOD was first described as early as the 1980s by Gore

et al,1 who noted anterior osteophyte formation was more fre-

quent in their series of 90 patients who had undergone anterior

cervical spine fusion surgery, although the modern terminology

was termed by Park et al2 in 2005. The underlying pathophy-

siology of ALOD is not well understood but has been postu-

lated due to the proximity of placement of the plate or an

oversized plate in relation to the adjacent intervertebral disc,3

or due to excessive dissection along the anterior longitudinal

ligament.2,4 Some studies have suggested that ALOD is asso-

ciated with recurrent pain and progression of spondylosis

cephalad and caudal to the ALOD segments requiring addi-

tional surgery.1

The literature has numerous studies assessing the inci-

dence of ALOD in ACDF with a plate and its associated

risk factors, but there are few studies on the incidence of

ALOD in standalone ACDF (ie, without a plate). The popu-

larity of the standalone ACDF has increased over the years.

Plate placement is classically thought to result in higher

fusion rates, better lordosis, greater disc height, and lower

subsidence rates.5 However the use of a plate system is not

innocuous, with screw pullout, loosening of plate, hardware

breakage, irritation of esophagus, and adjacent structures

being reported.6 Therefore, this study aims to identify and

compare the rate of ALOD in patients undergoing ACDF

with and without a plate.

Materials and Methods

The study was a retrospective analysis of prospectively col-

lected data from multiple centers and involved 3 spine sur-

geons. It included all consecutive patients undergoing

primary ACDF with and without plate between January 2009

and July 2016 for cervical radiculopathy and/or myelopathy not

responding to conservative measures. The surgeons were using

plate in the early part of the study and without plate in the

recent years. The technique used by all 3 surgeons was a stan-

dard right-sided Smith-Robinson approach to the prevertebral

space, and identification of the pathological level on X-ray. All

3 surgeons utilized retractors and Caspar pins for distraction.

Two of the surgeons used microscope for magnification, while

one of the surgeons used loupe magnification. Standard thor-

ough discectomy was performed with combination of pituitary

rongeur, curettes, and Kerrison rongeur with meticulous pre-

paration of the endplates with curettes. The posterior longitu-

dinal ligament was divided and dura fully visualized and

placement of the implant.

Ethics approval was obtained and approved through the

Human Research Ethics Committee as well as site-specific

approval for the centers involved.

The exclusion criteria included surgery for trauma, diffuse

idiopathic skeletal hyperostosis, ankylosing spondylitis, spinal

malignancy, spinal infection, posterior fusion construct to sup-

port anterior cervical discectomy and fusion, and pregnancy.

Any adjacent level with ALOD on preoperative imaging was

not included, as this is not considered ALOD.

Data collection was conducted by the primary investigator

and reviewed by 2 independent analysts including a statistician.

Baseline demographics including sex, age, other medical con-

ditions, and surgical data including cervical level ACDF per-

formed, number of levels, plate used or not, type of cage and

plate (if applicable), and bone substitute or graft type used.

With regard to the type of graft, the type of cage, and type of

plate used, there were too many variables to make a statistically

significant analysis and hence was excluded.

It was routine for the surgeons to obtain X-rays preopera-

tively and postoperatively at regular intervals. Radiographic

data thus obtained was analyzed. The diagnosis of ALOD and

grading was done by an independent senior neurosurgical trai-

nee (CH) and an independent spinal fellowship–trained neuro-

surgeon (PR), and in cases where there were differences these

were resolved by the senior spine surgeon (RM). The measure-

ment of plate to the adjacent disc distance (PDD) was per-

formed on lateral radiological imaging using measurements

available on the radiology software.

Primary outcome aims to review the ALOD rates based on

preoperative radiographic data and at follow-up at 3, 6, 12, and

24 months. The grading system for ALOD is as described by

Park et al2 (Figure 1).

Data analysis and statistical evaluation was conducted using

IBM SPSS Statistics 22 (IBM Corporation, Armonk, NY),

including age, cervical level, gender, and numbers of level

fused. Descriptive statistics was performed for all parameters

tested (mean + standard deviation or percentage). Gaussian

normality distribution was verified using the D’Agostino-

Pearson omnibus test. Chi-square test was used for the com-

parison of categorical data. Multivariate logistic regression

analysis identified independent risk factors correlated with

ALOD. Statistical significance was assumed for a P value <.05.

Power Calculation

A power analysis was performed with primary endpoint of

ALOD in ACDF with plate versus ACDF without plate. With

an assumed event rate of 5% in the control group and for an

absolute margin of 15%, 150 patients were required (75 patients

in each group) to provide 80% power, assuming 5% attrition.

Results

There were 260 patients with 371 levels in the study from all

the centers. A total of 51.2% were males and 48.2% were

females. A total of 53.5% patients underwent ACDF with plate

insertion and 46.5% underwent ACDF without plate insertion

(Table 1). Of these, 174 patients were single-level (66.9%), 76

patients were 2-level (29.2%), and 10 patients were 3-level

ACDF (3.8%).

ALOD

Two hundred and seven out of the 260 patients had sufficient

information for univariate and multivariate data analysis. The

Huang et al 293



postoperative radiograph was obtained at a mean of

14.5months (SD ¼ 8.2-25.3).

There was good interrater agreement on ALOD grading

(Cohen’s k interrater agreement was 0.88). This is the pro-

portion of agreement over and above chance agreement.

Based on guidelines from Altman7 and adapted from Landis

and Koch8, this represents almost perfect strength of

agreement.

The total ALOD rate was 15.3% (32/207) with 46.9% Grade

1 ALOD (15/32 patients), 34.4% Grade 2 (11/32 patients), and

18.8% were Grade 3 (6/32 patients). Fifty percent of ALOD (16/

32) present was rostral to the fused segment, 40.6% was caudal

(13/32), while 9.4% was present both rostral and caudal (3/32).

ALOD was observed in 2.8% of patients undergoing ACDF

without plate compared with 29% of ALOD observed in

patients undergoing ACDF with plate, with the difference

being statistically significant on univariate analysis

(P � .001; Table 2). Univariate analysis did not find any signifi-

cant difference with regard to age, gender, or the level of surgery.

In ACDF without plate (total ALOD rate of 2.8%), 1 patient

had ALOD Grade 1 (1/3), 2 patients had Grade 2 (2/3), and

none had Grade 3.

In ACDF with plate (total ALOD rate 29%), 48.3% of

ALOD was Grade 1 ALOD (14/29), 31% was Grade 2 ALOD

(9/29), and 20.7% was Grade 3 ALOD (6/29; Table 4). Major-

ity of the patients in this group with ALOD had PDD <5 mm

(82.8%, 24/29), while only 17.2% (5/29) had PDD >5 mm.

We then divided into 3 groups: ACDF without plate, ACDF

with plate with PDD <5 mm, and ACDF with plate with PDD

>5 mm, and the respective rate of ALOD was 2.8%, 51.1%, and

12.5%, respectively (Figure 2).

On multivariate adjustment for age, sex, and multilevel sur-

gery, we found that use of plate was associated with ALOD (P¼
.001; Table 3). PDD was a significant factor in the development

of ALOD in patients who had ACDF with plate (Table 4).

Although not all patients had radiologic follow-up to

24 months, statistical analysis showed there was no signifi-

cance in ALOD rates in our cohort in patients with <12 months

follow-up versus >12 months follow-up (Table 5).

Table 1. Descriptive Statistics of Studied Population.

Parameter
No ALOD
(n ¼ 175)

ALOD
(n ¼ 32)

P Value for
Difference

Demographics
Age 56.59 + 11.78 58.20 + 12.77 .496
Males 90 (51.8%) 16 (50%) .858

Surgery
Plate 71 (40.6%) 29 (90.6%) <.001
Multi-level 73 (41.5%) 5 (15.6%) 0.005

ALOD
Grade 1 — 15 (56%) —
Grade 2 — 11 (20%)
Grade 3 — 6 (24%)

ALOD position
Caudal — 13 (40.6%) —
Rostral — 16 (50%)
Caudal þ rostral — 3 (9.4%)

Plate
No plate 104 (59.4%) 3 (9.4%) <.001
PDD >5 mm 48 (27.4%) 5 (15.6%)
PDD <5 mm 23 (13.1%) 24 (75%)

C2/3 1 (0.6%) 0 (0%) .288
C3/4 22 (12.6%) 1 (3.1%)
C4/5 26 (14.9%) 4 (12.5%)
C5/6 82 (46.9%) 15 (46.9%)
C6/7 38 (21.7%) 12 (37.5%)
C7/T1 6 (3.4%) 0 (0%)
Cage type

A-Spine 54 (30.9%) 8 (25%) .159
Centinel Spine 2 (1.1%) 0 (0%)
COMBO cage 8 (4.6%) 4 (12.5%)
Delta 0 (0%) 1 (3.1%)
Depuy cage 3 (1.7%) 1 (3.1%)
K2M 4 (2.3%) 0 (0%)
KASIOS cage 63 (36%) 18 (56.3%)
Orthotec 16 (9.1%) 0 (0%)
Spine innovations 2 (1.1%) 0 (0%)
Stalif-C 4 (2.3%) 0 (0%)
Stryker SOLIS 11 (6.3%) 0 (0%)
Zero-P 7 (4%) 0 (0%)
Yellow Steps 1 (0.6%) 0 (0%)

Abbreviations: ALOD, adjacent-level ossification development; PDD, plate to
adjacent disc distance.

Figure 1. Radiographs illustrating ALOD classification as described by Park et al.2 Grades (left to right): 0, 1, 2, and 3.
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Discussion

A systemic literature review was performed by Kim et al4 eval-

uating the risk factors for ALOD development in anterior cer-

vical spine surgery and included 5 studies:

1. Randomized controlled trial comparing ACDF with

total disc replacement (TDR)9

2. Two single-arm studies evaluating only ACDF with

plate2,10

3. One single-arm study assessing ALOD in ACDF with-

out plate11

4. There was also a single case series of ACDF with plate12

These studies have been summarized with other literature on

ALOD including the current authors (Table 6).

The ALOD risk ranged from 41% to 61% in the studies

involving an anterior plate, 24% in the TDR group and 6% in

the ACDF without plate group. The risk of ALOD was ranged

from 41% to 64% at 24 months in the plate group versus a 6% to

24% risk at 24 months in the non-plate (ACDF and TDR) group.

Their analysis observed a 2-fold higher risk of ALOD at the

adjacent cranial segment with a PDD of <5mm being a signif-

icant factor. They did not observe any significance between

surgical procedure type (corpectomy vs discectomy or fusion)

although they do comment that ALOD risk was higher in single-

level anterior cervical, which was not statistically significant.

ALOD Risk in Anterior Cervical Surgery

In the original article by Park et al,2 they retrospectively

reviewed the lateral cervical radiographs of 118 patients

Table 2. Univariate Analysis of ALOD Outcomes.

Parameter
No ALOD
(n ¼ 175)

ALOD
(n ¼ 32)

P Value for
Difference

Age
�50 years 54/63 (85.7%) 9/63 (14.3%) .981
51-70 years 88/104 (84.6%) 16/104 (15.4%)
�71 years 28/32 (84.8%) 5/32 (15.2%)

Plate
No plate 104/107 (97.2%) 3/107 (2.8%) <.001
Plate 71/100 (71%) 29/100 (29%)

Sex
Female 82/98 (84.5%) 16/98 (15.5%) .858
Male 91/107 (85.4%) 16/107 (14.6%)

Level
Single-level 103/130 (79.2%) 27/130 (20.8%) .005
Multilevel 73/78 (93.6%) 5/78 (6.4%)

PDD
Plate disc distance

>5 mm
48/53 (87.5%) 5/53 (12.5%) <.001

Plate disc distance
<5 mm

23/47 (48.9%) 24/47 (51.1%)

Abbreviations: ALOD, adjacent-level ossification development; PDD, plate to
adjacent disc distance.

Figure 2. The rate of ALOD in groups with no plate, plate-to-disc
distance <5 mm, and plate-to-disc distance >5 mm.

Table 4. Comparison of ALOD Grades Between the 3 Groups
(No Plate, PDD <5 mm, and PDD >5 mm)a.

Grade
of ALOD No Plate Plate <5 mm Plate >5 mm

P Value for
Difference

1 1 (33.3%) 12 (50%) 2 (40%) .022
2 2 (66.6%) 6 (25%) 3 (60%)
3 0 (0%) 6 (25%) 0 (0%)

Abbreviations: ALOD, adjacent-level ossification development; PDD, plate to
adjacent disc distance; ACDF, anterior cervical discectomy and fusion.
aThere was statistically significant difference in ALOD rates between ACDF
with plate versus ACDF standalone, as well as in between groups where PDD
was <5 mm versus PDD >5 mm.

Table 3. Multivariate Analysis of ALOD Outcomes.

OR 95% CI P Value

�50 years 1.00 — —
51-70 years 1.56 0.46-5.26 .478
�71 years 1.83 0.49-6.90 .370
No plate 1.00 — —
Plate 12.8 3.52-45.45 <.001
Female 1.00 — —
Male 0.74 0.32-1.74 .494
Single-level 1.00 — —
Multilevel 0.56 0.18-1.70 .306

Abbreviations: ALOD, adjacent-level ossification development; OR, odds ratio;
CI, confidence interval.

Table 5. Rate of ALOD in Patient With Follow-up <12 Months
Compared to >12 Months.

�12-Month
Follow-up

>12-Month
Follow-up

P Value for
Difference

ALOD 15 (14.4%) 17 (16.5%) .973
No ALOD 89 (85.6%) 86 (83.5%)

Abbreviations: ALOD, adjacent-level ossification development; PDD, plate to
adjacent disc distance.
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following anterior cervical arthrodesis with a plate for the treat-

ment of degenerative cervical disease. The follow-up was a

mean of 25.7 months. They observed ALOD in 70/118 (59%)

patients in the cephalad adjacent disc spaces and in 29/100

(29%) patients in the caudal adjacent disc spaces.

Jeong et al13 also assessed ALOD rate in patients under-

going ACDF with plate. The ALOD rate was 44% (33/75) on

follow-up of >2 years, with 40% (13/33) occurring in the sec-

ond year. Garrido et al9 in their randomized controlled trial

found 64% risk of ALOD with plate when followed up for

24 months. But for TDR their rate was 24%. Park et al10 in

their study found 41% ALOD rate when the follow-up was a

mean of 24 months.

In our study, ACDF with plate had ALOD rate of 29% with a

mean follow-up of 15 months. This is similar but less than most

of the studies and this could be because of the shorter follow-

up. Jeong et al13 found most of the ALOD development

occurred during the first year, but also occurred during second

and third years of follow-up; however, the length of follow-up

was not statistically significantly related to ALOD develop-

ment. Their cohort was heterogeneous with both trauma

(25 patients) and degenerative (50 patients) included. In fact,

Park et al12 found that only 1.8% who had no ALOD at

12 months developed ALOD at 24 months. Hence, 12-month

follow-up may capture majority of the ALOD development.

In standalone patients in our study the rate of ALOD was

very low (2.8%), which is the similar to the rate of ACDF

without plate in the study of Yang et al11 but less than that of

the TDR study of Garrido et al.9

ALOD Development Risk Factors

Plate. Although there are studies looking at ACDF without plate

and studies evaluating ACDF with plates, ours is the first study

to compare the ACDF without plate cohort to with plate cohort.

We found the rate of ALOD was reduced significantly without

plate (29% vs 2.8%). In Garrido et al,9 this difference is also

apparent; however, there were 2 different kinds of surgeries,

ACDF versus TDR

PDD. PDD <5 mm has been identified by a few studies as being

a significant factor for ALOD development. In their analysis,

Kim et al4 observed a 2-fold higher risk of ALOD at the adja-

cent cranial segment with a PDD of <5 mm. In their study, Park

et al2 ALOD rate was 67% if PDD was <5 mm and 24% if PDD

>5 mm. Garrido et al9 found an ALOD rate of 95% if PDD was

<5 mm and 50% if PDD >5 mm. In our study, we also found a

statistically significant (P � .001) reduction of ALOD rate if

PDD >5 mm (51.1% vs 12.5%).

Lee et al14 described a plating technique to prevent ALOD.

In their retrospective matched cohort analysis of 100 patients

(matched 1:1 for age, gender, number of levels fused, and

comorbidities to either control or study group), they observed

a reduction in Grade 2 or higher ALOD (6% vs 20%, P � .05)

Table 6. List of Studies on ALOD to Date.

Study Population Purpose Total ALOD Risk

Garrido et al,9 RCT N ¼ 46 ALOD in ACDF with plate versus cervical
arthroplasty

� Risk of ALOD 64% in ACDF with anterior
plate versus 24% in cervical disc replacement
� Higher risk ALOD if PDD <5 mm versus

>5 mm (95% vs 50%)
Park et al,2 cohort N ¼ 118 Assess PDD and ALOD � Risk of ALOD 45% in ACDF with plate

� ALOD more likely if PDD <5 mm versus
>5 mm (RR 5.1; 95% CI 2.5-10.4)

Park et al,10 cohort N ¼ 62 Assess timing of ALOD and also any difference in
ALOD with PDD <5 mm versus >5mm

� ALOD risk was 2-2.7 times more likely if
PDD <5 mm compared to >5 mm

Park et al,12 cohort N ¼ 97 Assess ALOD between 2-level ACDF with plate
versus single-level corpectomy

� Risk of ALOD 41% in ACDF with plate

Yang et al,11 case series N ¼ 165 Assess ALOD in anterior cervical arthrodesis
without plate

� ALOD was observed in 5.5% patients over
24-month follow-up

Jeong et al,13 retrospective N ¼ 75 Assess rate of ALOD in ACDF with plate � ALOD was observed in 44% patients over
3 years with 70% occurring in the first
24 months

Lee et al,14 retrospective N ¼ 100 Assess rate of ALOD with shortest possible plate
and angulated screw placement in ACDF with
plate

� ALOD was lower in group (42% vs 72%)

Huang et al (this study),
retrospective

N ¼ 260 Assess ALOD rates between ACDF with plate and
without plate and factors associated with
ALOD

� Risk of ALOD in ACDF with plate was
increased in ACDF without plate (29% vs
2.8%, P < .001)
� PDD >5 mm was a significant factor for

ALOD

Abbreviations: ALOD, adjacent-level ossification development; RCT, randomized controlled trial; PDD, plate to adjacent disc distance; ACDF, anterior cervical
discectomy and fusion; RR, relative risk; CI, confidence interval.
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with their technique—by using the shortest plate possible and

placing the cranial and caudal screws at the corners immedi-

ately adjacent to their respective operative endplate level and

angling the screws cranially and caudally for maximal pur-

chase. The corner is also the strongest cortical bone and hence

increases the strength of the screws. With their technique they

were able to decrease the rate of ALOD, by increasing the

PDD. One of the other factors was minimizing the dissection

of the anterior longitudinal ligament along the vertebral body

as the screws were placed in close proximity to the disc space.

Number of Levels Operated

There was low evidence data in Lee et al14 to determine

whether single-level or 2-level ACDF affected the rate of

ALOD as well as the rate of ALOD in noninstrumented fusion.

Yang et al11 have identified younger age and increased number

of levels fused as risk factors for ALOD and postulated that

excessive dissection along the anterior longitudinal ligament

may contribute for ALOD. In our study, surprisingly, we found

more ALOD in the single level than in multilevel cases. This is

being investigated further as to the cause for this result.

One of the criticisms raised with regard to ALOD is its

clinical significance. There is conflicting data in the literature

with some studies reporting no increase in pain or reoperation

rates,3,15 while others have reported increased adjacent seg-

ment degeneration disease.1 Min et al,16 in their retrospective

study of patient radiographs, observed significantly reduced

range of motion not only at the ALOD affected segment but

also associated with increased motion at the next segment adja-

cent to the ALOD, thus suggesting it not only affects the imme-

diate adjacent level of the fusion but also 2 levels from the

fused level.16 It is the fundamental belief, however, that if a

surgeon and patient agree to fuse a certain level, any additional

number of levels that are inadvertently fused or affected

because of surgical technique is an undesirable outcome.

The alternative to placing a shorter plate and screws is a

standalone cage, which has been reported to have the same

fusion rate as ACDF with plate,17,18 although this depends on

multiple factors, including but not limited to patient medical

background, number of levels approached, and underlying indi-

cation for ACDF. We observed decreased ALOD rates with

standalone ACDF, which also has the benefit of not requiring

additional anterior longitudinal ligament dissection.

Strengths

Our study is the largest study in the literature to the authors’

knowledge (260 patients). Second, ours is the first case-control

study evaluating ALOD rated in ACDF without plate (standa-

lone) versus ACDF with plate.

Limitations

The present study is constrained by several limitations. First, it

is a retrospective study, which is susceptible to selection bias

and other limitations of a retrospective study. Second, the

follow-up rate was 80% for the patients included in the present

cohort study, which although not perfect is in acceptable range.

Although not all patients had radiologic follow-up to

24 months, there was no statistically significant difference in

ALOD rates in our cohort in patients with <12 months follow-

up versus >12 months follow-up (Table 5). There was also

variation in the timing of follow-up scans to assess for ALOD,

which contributes to heterogeneity of the present results.

Thirty-two percent of patients did not have follow-up to

24 months, which is the detectable timeframe for ALOD. There

is also the difference in cages and types of cages and plates

utilized over time and between centers. The preoperative

status of the adjacent levels that developed ALOD were not

measured, but if ALOD was present preoperatively they were

not considered as ALOD.

Conclusion

This is the first case-control study to evaluate ALOD rates in

patients undergoing ACDF with and without plates. We

observed a significant decrease in ALOD development in

patients with standalone ACDF. However, the plate-to-disc

distance <5 mm contributed also to the development of ALOD.

The authors feel if ALOD prevention is a goal then either a

standalone or a plate that is less than 5 mm from adjacent disc

should be utilized. Further prospective studies are needed to

evaluate if ALOD causes any significant clinical issues. Further

research into ALOD and its role in adjacent segment degenera-

tion and disease may present further insight into the pathogen-

esis underlying these pathologies.

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) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Christopher Huang, MBBS https://orcid.org/0000-0003-4642-4207

Prashanth Rao, FRACS, PhD https://orcid.org/0000-0002-0145-

8967

References

1. Gore DR, Gardner GM, Sepic SB, Murrary MP. Roentgeno-

graphic findings following anterior cervical fusion. Skeletal

Radiol. 1986;15:556-559.

2. Park JB, Cho YS, Riew KD. Development of adjacent level ossi-

fication in patients with an anterior cervical plate. J Bone Joint

Surg. 2005;87A(3):558-563.

3. Goffin J, van Loon J, Van Calenberg F, Plets C. Long-term results

after anterior cervical fusion and osteosynthetic stabilization of

fractures and/or dislocations of the cervical spine. J Spinal

Disord. 1995;8:499-508. Updated July 2016.

Huang et al 297

https://orcid.org/0000-0003-4642-4207
https://orcid.org/0000-0003-4642-4207
https://orcid.org/0000-0003-4642-4207
https://orcid.org/0000-0002-0145-8967
https://orcid.org/0000-0002-0145-8967
https://orcid.org/0000-0002-0145-8967
https://orcid.org/0000-0002-0145-8967


4. Kim HJ, Kelly MP, Ely CG, Dettori JR, Riew KD. The risk of

adjacent level ossification development after surgery in the cer-

vical spine: are there factors that affect risk? A systematic review.

Spine (Phila Pa 1976). 2012;37(22 suppl):S65-S74.

5. Singh P, Kumar A, Shekhawat V. Comparative analysis of

interbody cages versus tricortical graft with an anterior plate

fixation for anterior cervical discectomy and fusion in degen-

erative cervical disc disease. J Clin Diagn Res. 2016;10:

RC05-RC08.

6. Uddanapalli SS. New classification for clinically symptomatic

adjacent segment pathology in cervical disc disease. Asian Spine

J. 2015;9:942-951.

7. Altman DG. Practical Statistics for Medical Research. Boca

Raton, FL: Chapman and Hall/CRC Press; 1999.

8. Landis JR, Koch GG, The measurement of observer agreement for

categorical data. Biometrics 1977;1(33):159-174.

9. Garrido BJ, Nakano M. Adjacent-level ossification after Bryan

cervical disc arthroplasty compared with anterior cervical discect-

omy and fusion. J Bone Joint Surg Am. 2011;93:1185-1189.

10. Park Y, Maeda T, Cho W, Riew KD. Comparison of anterior

cervical fusion after two-level discectomy or single-level corpect-

omy: sagittal alignment, cervical lordosis, graft collapse, and

adjacent-level ossification. Spine J. 2010;10:193-199.

11. Yang JY, Song HS, Lee M. Adjacent level ossification devel-

opment after anterior cervical fusion without plate fixation.

Spine (Phila Pa 1976). 2009;34(1):30-33.

12. Park JB, Watthanaaphisit T, Riew KD, Timing of development of

adjacent-level ossification after anterior cervical arthrodesis with

plates. Spine J. 2007;7:633-636.

13. Jeong ES, Choi BY, Shin CS. Factors affecting adjacent level

ossification development after anterior cervical discectomy and

fusion. J Korean Orthop Assoc. 2012;47(6):425-431.

14. Lee DH, Lee JS, Yi JS, Cho W, Zebala LP, Riew D. Anterior

cervical plating technique to prevent adjacent level ossification

development. Spine J. 2013;13:823-829.

15. Sundseth J, Jacobsen EA, Kolstad F. Heterotropic ossification and

clinical outcome in nonconstrained cervical arthroplasty 2 years

after surgery: the Norwegian Cervical Arthroplasty Trial (NOR-

CAT). Eur Spine J. 2016;25:2271-2778.

16. Min WK, Lee DH, Yi JS, Pahys JM, Kennedy CR, Riew KD.

Adjacent level ossification development following anterior

cervical fusion: how does it affect the next level? International

Society for the Advancement of Spine Surgery; April 2011; Las

Vegas, NV.

17. Kim SY, Yoon SH, Kim D, Oh CH, Oh S. A prospective study

with cage-only or cage-with plate fixation in anterior cervical

discectomy and interbody fusion of one and two levels. J Korean

Neurosurg Soc. 2017;60:691-700.

18. Manoharan SR, Viswanathan VK. To plate or not to plate after a

single- or two-level anterior cervical discectomy: fusion with

cage-plate construct or stand alone cage. Asian Spine J. 2017;

11:1-3.

298 Global Spine Journal 11(3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


