
2022, Vol. 12(6)  1109 –1118

Original Article

A Comparison of Various Surgical Treatments
for Degenerative Cervical Myelopathy:
A Propensity Score Matched Analysis

Nathan J. Lee, MD1 , Jun S. Kim, MD1, Paul Park, MD1,
and K. Daniel Riew, MD1

Abstract

Study Design: Retrospective Cohort.

Objective: To compare the short-term outcomes for Laminoplasty, Laminectomy/fusion, and ACDF.

Methods: We utilized a prospectively-collected, multi-center national database with a propensity score matching algorithm to
compare the short-term outcomes for laminoplasty, laminectomy/fusion, and multi-level (>3) ACDF (with and without cor-
pectomy). Bivariate analyses involved both chi-square/fisher exact test and t-test/ANOVA on perioperative factors. Multivariate
analyses were performed to determined independent risk factors for short term outcomes.

Results: 546 patients remained after propensity score matching, with 182 patients in each cohort. ACDF required the longest
operative time 188 + 79 versus laminectomy/fusion (169 + 75, p ¼ 0.017), and laminoplasty (167 + 66, p ¼ 0.004). ACDF
required the shortest hospital stay (LOS � 2: ACDF 56.6%, laminoplasty 89.6%, laminectomy/fusion 93.4%, p < 0.05). ACDF had
lower overall complications (ACDF 3.9%, laminoplasty 7.7%, laminectomy/fusion 11.5%, p < 0.05), mortality (ACDF 0%, lami-
noplasty 0.55%, laminectomy/fusion 2.2%, p < 0.05), and unplanned readmissions (ACDF 4.4%, laminoplasty 4.4%, laminectomy/
fusion 9.9%, p < 0.05). No significant differences were seen in the other outcomes including DVT/PT, acute renal failure, UTI,
stroke, cardiac complications, or sepsis. In the multivariate analysis, laminectomy/fusion (OR 17, reference: ACDF) and lami-
noplasty (OR10, reference: ACDF) were strong independent risk factors for LOS � 2 days. Laminectomy/fusion (OR 3.2, ref-
erence: ACDF) was an independent predictor for any adverse events 30-days after surgery.

Conclusions: Laminectomy/fusion carries the highest risk for morbidity, mortality, and unplanned readmissions in the short-
term postoperative period. Laminoplasty and ACDF cases carry similar short-term complications risks. ACDF is significantly
associated with the longest operative duration and shortest LOS without an increase in individual or overall complications,
readmissions, or reoperations
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Introduction

With the growing and aging population in the United States,

there has been an increasing prevalence of degenerative cervi-

cal spine disease.1-4 Among these include degenerative cervical

myelopathy (DCM), which often requires early surgical inter-

vention to prevent disease progression.5-10 In recent decades,

this has resulted in a dramatic increase in cervical fusions to

treat cervical spondylotic myelopathy.11 Various surgical

options exist and continue to evolve; however, a direct

comparative analysis on the outcomes of these surgeries is

limited in current literature.
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Comorbidities included diabetes, current smoker within 1

year prior to surgery, dyspnea, functional health status prior

to surgery (independent vs. partially/totally dependent),

chronic obstructive pulmonary disease (COPD), congestive

heart failure (CHF) in 30 days prior to surgery, hypertension

requiring medication, renal disease (dialysis, or acute renal

failure preoperatively), chronic steroid use, recent weight loss

>10% in last 6 months, bleeding disorder, and American Soci-

ety of Anesthesiologists (ASA).

Outcome and Complication Variables

Per NSQIP, dependent variables were collected up to 30 days

after surgery. The “Any Adverse Events” variable does not

include readmissions or reoperations. Instead, these included

death, wound complication (superficial surgical site infection

[SSI], deep SSI, wound dehiscence, organ space SSI), pulmon-

ary complications (pneumonia, unplanned intubation, ventila-

tor use >48 hours), deep venous thrombosis/pulmonary

embolism (DVT/PE), acute renal failure, urinary tract infection

(UTI), stroke/cerebrovascular accident, cardiac complications

(cardiac arrest requiring CPR, myocardial infection), perio-

perative transfusion (intraoperative and up to 72 hours post-

operative), and sepsis. Other clinical factors included operative

time (minutes), length of hospital stay (days), discharge dispo-

sition (home, skilled nursing facility), unplanned readmission,

and return to the operating room (OR).

Statistical Analysis

To account for the potential selection bias stemming from the

risk that certain patients are more likely to undergo ACDF

versus laminectomy and fusion versus laminoplasty, this study

employed a propensity score match algorithm. Propensity score

matching assigns each patient case a conditional probability of

undergoing a procedure based on a given set of covariates (e.g.

demographics and comorbidities). For example, each lamino-

plasty case is matched to an ACDF or LF case with the most

similar propensity score. Therefore, the distribution of preo-

perative factors become similar between the 3 cohorts.

For descriptive and comparative purposes, the bivariate

analyses were performed for both with and without propensity

score matching. Chi-square or Fisher’s exact test (where appro-

priate) and t-tests/ANOVA were used for categorical and con-

tinuous variables, respectively. Statistical significance was

defined as P-value <0.05. The outcomes that were statistically

significant in the bivariate analyses were subsequently further

reviewed in multivariate logistic regressions. SAS software

(Version 9.3; SAS Institute Inc, Cary, NC) was used for all

statistical analyses.

Results

Before Propensity Score Matching

After inclusion/exclusion criteria, a total of 925 adult patients

had a primary diagnosis of DCM and belonged to 1 of the 3

cohorts (laminoplasty 182 cases, ACDF 203 cases, laminect-

omy/fusion 540 cases). Laminoplasty patients were more often

male (69.8%) than the ACDF (60.1%) and Laminectomy/

Fusion (58.5%) cohorts. No significant differences were

observed with BMI between groups. Laminectomy/Fusion

patients were typically older (age years + standard deviation:

laminectomy/fusion 63.3 + 10.2, ACDF 60.4 + 10.3, lami-

noplasty 62.8 + 11.1, p ¼ 0.003) and carried a higher comor-

bidity burden (ASA > 2: laminectomy/fusion 69.8%, ACDF

56.7%, laminoplasty 62.1%, p ¼ 0.002). ACDF patients were

more often prior/current smokers (ACDF 31.5%, laminectomy/

fusion 24.4%, laminoplasty 19.8%, p ¼ 0.028). No significant

differences were observed in other comorbidities (Table 1).

The mean operative time was longest for ACDF patients

(189 + 77) compared to laminoplasty (167 + 66) and lami-

nectomy/fusion (164 + 68), p < 0.001. In the ACDF cohort,

the majority (72.4%) underwent a 3-level surgery (versus 4-

level 24.1%, and 5-level 3.4%). About 6.7% underwent a con-

comitant corpectomy. Most ACDF patients were discharged

home (88.7%) vs. laminoplasty (75.3%) and laminectomy/

fusion (67%). ACDF patients had shorter hospital stays (LOS

� 2 days: laminectomy/fusion 94.3%, ACDF 57.6%, lamino-

plasty 89.6%, p < 0.001) (Table 2).

The any complication rate was highest for the laminectomy/

fusion cohort (laminectomy/fusion 11.1%, laminoplasty 7.7%,

ACDF 3.9%, p ¼ 0.005). No difference was observed in mor-

tality between groups. With few exceptions, individual com-

plications were highest in the laminectomy/fusion group and

lowest in the ACDF group. Statistical differences were seen in

wound complication rates (laminectomy/fusion 0.93%, lamino-

plasty 0.55%, ACDF 0%, p ¼ 0.05). No differences were

observed for reoperation or unplanned readmission rates

(Table 2).

After Propensity Score Matching

A total of 546 patients remained after propensity score match-

ing, with 182 patients in each cohort. As seen in Table 3, the

demographics and risk factors were appropriately similar

between groups. In the ACDF group, 65% were 3-level,

21.7% were 4-level, and 3.0% were 5-level. About 6% of

ACDF cases had concomitant corpectomy. Furthermore,

ACDF cases (with or without corpectomy) required the longest

operative time 188 + 79 versus laminectomy/fusion (169 +
75, p ¼ 0.017), and laminoplasty (167 + 66, p ¼ 0.004). In

contrast, ACDF required the shortest hospital stay (LOS � 2:

ACDF 56.6%) versus laminectomy/fusion (93.4%, <0.001),

and versus laminoplasty (89.6%, p < 0.001). ACDF patients

were more frequently discharged home (87.4%) versus lami-

nectomy/fusion (73.6%, p ¼ 0.002) and versus laminoplasty

(75.3%, p ¼ 0.005).

In regard to postoperative complications, most statistically

significant comparisons were observed between ACDF and

laminectomy/fusion. These included overall complications

(ACDF 3.9%, laminectomy/fusion 11.5%, p ¼ 0.006), mortal-

ity (ACDF 0%, laminectomy/fusion 2.2%, p ¼ 0.044), wound
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Surgical treatment for DCM includes both anterior (Anterior

Cervical Discectomy and Fusion, ACDF) and posterior

approaches (laminectomy and fusion, and laminoplasty). In a

recent national database study on DCM surgery, the 10-year

trends for mortality and morbidity significantly decreased and

increased, respectively.12 Unfortunately, this study did not pro-

vide direct comparisons between the individual surgical tech-

niques. A number of studies suggest that laminectomy/fusion is

associated with higher rates of readmissions and adverse events

than other approaches. However, these studies are limited due

to factors such as selection bias (e.g. did not isolate their pop-

ulation to a DCM diagnosis), a lack of an anterior approach for

comparisons, inclusions of only inpatient outcomes, or limited

to single-institutional analyses.13-19

The current study utilizes a prospectively-collected, multi-

centered national database in conjunction with a propensity

score matching algorithm to compare the short-term outcomes

for DCM patients who require multi-level laminoplasty, lami-

nectomy/fusion, and ACDF (with or without corpectomy). In

comparison to prior literature, this study provides more recent

data from a national sample, a more accurate procedural com-

parison than other public databases, and an assessment of

unplanned readmissions.

Materials and Methods

The American College of Surgeons National Surgical Quality

Improvement Program (ACS NSQIP) collects nearly 300 clin-

ical variables, including preoperative demographics, intrao-

perative factors, and 30-day postoperative morbidity and

mortality outcomes for patients in both the inpatient and out-

patient setting. These are Health Insurance Portability and

Accountability Act (HIPAA) compliant, de-identified data

from over 700 sites participating in NSQIP. Current 2017

NSQIP contains more than 1 million patient encounters.

To ensure data of the highest quality, the NSQIP data is

collected by highly trained surgical clinical reviewers (SCR),

undergoes a systematic sampling process to control any selec-

tion bias, and is thoroughly audited, with exclusion of any

participating site with an inter-rater reliability disagreement

rate >5% (file:///D:/Research/NSQIP_PUF_UserGui-

de_2017.pdf). This study was qualified as exempt by the Center

Institutional Review Board.

Data Collection

In this study, the NSQIP was queried from 2016 to 2017 to

remain consistent with the 10th revision of the International

Statistical Classification of Disease and Related Health Prob-

lems (ICD-10) coding. Initial inclusion criteria were adult (�18

years) patients with a primary diagnosis of DCM (ICD10-

M47.12). In our preliminary analysis, nearly 90% of patients

who underwent a single-level ACDF were discharged on the

same day of surgery. To ensure our study focuses on multilevel

disease and to remain consistent between procedures, outpati-

ent cases were excluded from the analyses. These patients were

then further queried into the following 3 cohorts for compara-

tive purposes.

1. Laminoplasty: either 63050 (Laminoplasty, cervical,

with decompression of the spinal cord, 2 or more ver-

tebral segments) or 63051 (Laminoplasty, cervical, with

decompression of the spinal cord, 2 or more vertebral

segments; with reconstruction of the posterior bony ele-

ments [including the application of bridging bone graft

and non-segmental fixation devices]).

2. Laminectomy and Fusion: either 63015 (Laminectomy

with exploration and/or decompression of spinal cord

and/or cauda equina, without facetectomy, foraminot-

omy or discectomy [eg, spinal stenosis], more than 2

vertebral segments; cervical) or 63045 (Laminectomy,

facetectomy, and foraminotomy [unilateral or bilateral

with decompression of spinal cord, cauda equina and/or

nerve root(s)), (eg, spinal or lateral recess stenosis)],

single vertebral segment; cervical). Both codes had a

concomitant CPT code of 22842 (Posterior segmental

instrumentation [eg, pedicle fixation, dual rods with

multiple hooks and sublaminar wires]; 3 to 6 vertebral

segments) to ensure multi-level fusion was performed

in addition to the decompression.

3. ACDF: 22551 (arthrodesis anterior interbody decom-

pression cervical below C2) with a concomitant code

of 22552 (for each additional interspace, cervical below

C2). Corpectomy was coded by 63081 and/or 63082.

These codes were used to ensure at least a 3-level

ACDF with or without corpectomy was included in the

study.

Unrelated concomitant procedures were excluded from each

cohort. For instance, any thoracic fusion, lumbar fusion and/or

anterior approach surgery was excluded from the laminoplasty

group. Similarly, posterior decompression, posterior fusion,

lower spine surgery was excluded from the ACDF cohort. For

the laminectomy/fusion cohort, any anterior approach, lamino-

plasty, and/or lower spine surgery was excluded. Patients were

excluded from the analysis if they were non-elective or emer-

gent surgeries or prior evidence of infection (preop sepsis,

wound infection, pneumonia, cancer, emergency cases and

trauma, and surgery within the last 30 days). The identification

of these cohorts is similar to what has been done in prior

literature.14,15,20

Independent Variables

Demographic variables included sex, race, age, and body mass

index (BMI). “Other_Race” included American Indian or Alas-

kan Native, Native Hawaiian or Pacific Islander, or Unknown/

Not Reported. BMI was organized based on the World Health

Organization (WHO) classification: Underweight< 18.5kg/m^2,

Normal 18.5-24.9 kg/m^2, Overweight 25.0-29.9 kg/m^2, Obese

Class I 30.0-34.9 kg/m^2, Obese Class II 35.0-39.9 kg/m^2,

Obese Class III � 40 kg/m^2.
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Comorbidities included diabetes, current smoker within 1

year prior to surgery, dyspnea, functional health status prior

to surgery (independent vs. partially/totally dependent),

chronic obstructive pulmonary disease (COPD), congestive

heart failure (CHF) in 30 days prior to surgery, hypertension

requiring medication, renal disease (dialysis, or acute renal

failure preoperatively), chronic steroid use, recent weight loss

>10% in last 6 months, bleeding disorder, and American Soci-

ety of Anesthesiologists (ASA).

Outcome and Complication Variables

Per NSQIP, dependent variables were collected up to 30 days

after surgery. The “Any Adverse Events” variable does not

include readmissions or reoperations. Instead, these included

death, wound complication (superficial surgical site infection

[SSI], deep SSI, wound dehiscence, organ space SSI), pulmon-

ary complications (pneumonia, unplanned intubation, ventila-

tor use >48 hours), deep venous thrombosis/pulmonary

embolism (DVT/PE), acute renal failure, urinary tract infection

(UTI), stroke/cerebrovascular accident, cardiac complications

(cardiac arrest requiring CPR, myocardial infection), perio-

perative transfusion (intraoperative and up to 72 hours post-

operative), and sepsis. Other clinical factors included operative

time (minutes), length of hospital stay (days), discharge dispo-

sition (home, skilled nursing facility), unplanned readmission,

and return to the operating room (OR).

Statistical Analysis

To account for the potential selection bias stemming from the

risk that certain patients are more likely to undergo ACDF

versus laminectomy and fusion versus laminoplasty, this study

employed a propensity score match algorithm. Propensity score

matching assigns each patient case a conditional probability of

undergoing a procedure based on a given set of covariates (e.g.

demographics and comorbidities). For example, each lamino-

plasty case is matched to an ACDF or LF case with the most

similar propensity score. Therefore, the distribution of preo-

perative factors become similar between the 3 cohorts.

For descriptive and comparative purposes, the bivariate

analyses were performed for both with and without propensity

score matching. Chi-square or Fisher’s exact test (where appro-

priate) and t-tests/ANOVA were used for categorical and con-

tinuous variables, respectively. Statistical significance was

defined as P-value <0.05. The outcomes that were statistically

significant in the bivariate analyses were subsequently further

reviewed in multivariate logistic regressions. SAS software

(Version 9.3; SAS Institute Inc, Cary, NC) was used for all

statistical analyses.

Results

Before Propensity Score Matching

After inclusion/exclusion criteria, a total of 925 adult patients

had a primary diagnosis of DCM and belonged to 1 of the 3

cohorts (laminoplasty 182 cases, ACDF 203 cases, laminect-

omy/fusion 540 cases). Laminoplasty patients were more often

male (69.8%) than the ACDF (60.1%) and Laminectomy/

Fusion (58.5%) cohorts. No significant differences were

observed with BMI between groups. Laminectomy/Fusion

patients were typically older (age years + standard deviation:

laminectomy/fusion 63.3 + 10.2, ACDF 60.4 + 10.3, lami-

noplasty 62.8 + 11.1, p ¼ 0.003) and carried a higher comor-

bidity burden (ASA > 2: laminectomy/fusion 69.8%, ACDF

56.7%, laminoplasty 62.1%, p ¼ 0.002). ACDF patients were

more often prior/current smokers (ACDF 31.5%, laminectomy/

fusion 24.4%, laminoplasty 19.8%, p ¼ 0.028). No significant

differences were observed in other comorbidities (Table 1).

The mean operative time was longest for ACDF patients

(189 + 77) compared to laminoplasty (167 + 66) and lami-

nectomy/fusion (164 + 68), p < 0.001. In the ACDF cohort,

the majority (72.4%) underwent a 3-level surgery (versus 4-

level 24.1%, and 5-level 3.4%). About 6.7% underwent a con-

comitant corpectomy. Most ACDF patients were discharged

home (88.7%) vs. laminoplasty (75.3%) and laminectomy/

fusion (67%). ACDF patients had shorter hospital stays (LOS

� 2 days: laminectomy/fusion 94.3%, ACDF 57.6%, lamino-

plasty 89.6%, p < 0.001) (Table 2).

The any complication rate was highest for the laminectomy/

fusion cohort (laminectomy/fusion 11.1%, laminoplasty 7.7%,

ACDF 3.9%, p ¼ 0.005). No difference was observed in mor-

tality between groups. With few exceptions, individual com-

plications were highest in the laminectomy/fusion group and

lowest in the ACDF group. Statistical differences were seen in

wound complication rates (laminectomy/fusion 0.93%, lamino-

plasty 0.55%, ACDF 0%, p ¼ 0.05). No differences were

observed for reoperation or unplanned readmission rates

(Table 2).

After Propensity Score Matching

A total of 546 patients remained after propensity score match-

ing, with 182 patients in each cohort. As seen in Table 3, the

demographics and risk factors were appropriately similar

between groups. In the ACDF group, 65% were 3-level,

21.7% were 4-level, and 3.0% were 5-level. About 6% of

ACDF cases had concomitant corpectomy. Furthermore,

ACDF cases (with or without corpectomy) required the longest

operative time 188 + 79 versus laminectomy/fusion (169 +
75, p ¼ 0.017), and laminoplasty (167 + 66, p ¼ 0.004). In

contrast, ACDF required the shortest hospital stay (LOS � 2:

ACDF 56.6%) versus laminectomy/fusion (93.4%, <0.001),

and versus laminoplasty (89.6%, p < 0.001). ACDF patients

were more frequently discharged home (87.4%) versus lami-

nectomy/fusion (73.6%, p ¼ 0.002) and versus laminoplasty

(75.3%, p ¼ 0.005).

In regard to postoperative complications, most statistically

significant comparisons were observed between ACDF and

laminectomy/fusion. These included overall complications

(ACDF 3.9%, laminectomy/fusion 11.5%, p ¼ 0.006), mortal-

ity (ACDF 0%, laminectomy/fusion 2.2%, p ¼ 0.044), wound
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complications (ACDF 0%, laminectomy/fusion 2.2%, p ¼
0.044), perioperative transfusion (ACDF 0.55%, laminect-

omy/fusion 3.9%, p ¼ 0.032), and unplanned readmissions

(ACDF 4.4%, laminectomy/fusion 9.9%, p ¼ 0.042). No sig-

nificant differences were seen in the other outcomes including

DVT/PT, acute renal failure, UTI, stroke, cardiac complica-

tions, or sepsis (Table 3). The complication rates for lamino-

plasty were not significantly different to most of those seen

after ACDF and laminectomy/fusion, with the exception to

pulmonary complications (laminoplasty 0%, ACDF 2.2%, p

¼ 0.044), unplanned readmissions (laminoplasty 4.4%, lami-

nectomy/fusion 9.9%), and length of stay >2 days (lamino-

plasty 89.6%, ACDF 56.6%, p ¼ 0.005) (Table 4).

In the multivariate analysis, laminectomy/fusion (OR 17, p

< 0.001, reference: ACDF) and laminoplasty (OR 10, p <
0.001, reference: ACDF) were independent risk factors for

LOS � 2 day. In addition, laminectomy/fusion was an

independent predictor (OR 3.2, p ¼ 0.029, reference: ACDF)

for any adverse event 30-days after surgery. Other multivariate

regressions did not yield statistically significant predictors,

such as those for unplanned readmissions (Table 5).

Reasons for Unplanned Readmission

Wound complication is the most common (33.3%) reason for

unplanned readmission after laminectomy/fusion. Surgery-

related reasons for readmissions after ACDF included

dysphagia, localized neck swelling, and neck pain. Wound

complication (25%) was also a common reason for unplanned

readmission for laminoplasty (Table 6).

Discussion

Several established options for the treatment of DCM exist, but

the ideal surgical technique remains elusive due to the lack of

Table 1. Patient Demographics and Comorbidities *Without Propensity Matching.

All patients Laminoplasty ACDF Laminectomy/fusion P-valuea

Overall [n (%)] 925 182 (19.7%) 203 (21.9%) 540 (58.4%)
Female (%) 38.9 30.2 39.9 41.5 0.024
Race
Caucasian 62.8 64.8 71.9 58.7 <0.001
African American 18.8 22.0 10.3 20.9
Asian 2.5 3.3 2.5 2.2
Hispanic 4.1 3.3 6.4 3.5
Other 11.8 6.6 8.9 14.6

Age (%)
�50 12.9 13.7 16.3 11.3 <0.001
51to60 26.5 24.2 30.5 25.7
61to70 37.5 37.9 37.4 37.4
71 to 80 20.1 22.0 13.8 21.9
>80 3.0 2.2 2.0 3.7

BMI (%)
Underweight 12.9 1.1 0.5 1.7 0.944
Normal 20.4 20.9 19.2 20.7
Overweight 32.1 34.6 33.5 30.7
Obese Class I 25.8 24.7 25.6 26.3
Obese Class II 13.1 11 14.8 13.2
Obese Class III 7.2 7.7 6.4 7.4

Comorbidities (%)
Diabetes
Insulin Dependent 8.5 8.2 7.4 9.1 0.785
Non-Insulin Dependent 16.3 14.8 14.8 17.4
Normal 75.2 76.9 77.8 73.5

Smoker 25.1 19.8 31.5 24.4 0.028
Dyspnea 5.1 3.3 7.4 5.0 0.191
Dependent Functional Status 3.2 4.4 2.0 3.3 0.409
Chronic Obstructive Pulmonary Disease 5.7 4.4 4.4 6.7 0.391
Congestive Heart Failure 0.2 0 0 0.4 1.000
Hypertension 61.4 63.2 55.2 63.2 0.123
Renal 0.3 0 0 0.6 0.199
Chronic Steroid Use 5.1 4.4 3.9 5.7 0.612
Recent Weight Loss >10% in last 6 months 0.5 1.1 0 0.6 0.305
Bleeding Disorder 2.2 1.1 3.5 2 0.276
American Society of Anesthesiologists >2 65.4 62.1 56.7 69.8 0.002

aBoldface indicates statistically significant values (P value < .05).
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comprehensive comparative analyses on clinical outcomes and

the disparate evidence supporting each approach. Furthermore,

indications for each technique may vary based on a number of

factors including cervical alignment, the presence of ossifica-

tion of posterior longitudinal ligament (OPLL), surgeon pre-

ference, the number of levels involved, etc. With regard to the

anterior approach, ACDF can achieve direct decompression of

the affected cord and establish solid cervical stability, but at the

cost of possible dysphagia, dysphonia, pseudoarthrosis, and

adjacent segment disease, especially for multilevel DCM.21-24

As for the posterior approach, laminectomy/fusion can effec-

tively decompress the cord but result in a significant loss of

cervical range of motion.16 In contrast, laminoplasty serves as a

motion-preserving procedure that may obviate the risk of pseu-

doarthrosis, provide the option for future anterior procedures,

and allow for effective indirect decompression, which may be

safer than direct decompression. Nevertheless, there is a pau-

city of data confirming the superiority of one approach with

respect to short-term outcomes and complications.25

In a prior national database study, Varthi et al reviewed 779

patients who underwent cervical laminoplasty versus posterior

decompression and fusion.14,15 Similar to our study, they found

that laminectomy/fusion patients were more comorbid at base-

line than laminoplasty patients. They found that laminectomy/

fusion increased LOS, any adverse events (19.7% vs. 11.1%),

and readmission risk (7.9% vs. 3.3%). Similar results were

observed in a more recent, larger NSQIP review. However,

these studies did not further specify the underlying diagnoses

for these procedures.14,15 Heterogeneity in the indications for

surgery may bias the type of surgical technique employed.

Kaye et al. reviewed 54,348 patients who underwent surgi-

cal intervention for cervical spondylotic myelopathy and found

an overall morbidity and mortality rate of 9.8% and 0.43%,

respectively.26 They found that posterior-only and combined

approaches were significantly associated with higher compli-

cations when compared with ACDF (OR 1.66, p< 0.001). Due

to limitations inherent to database design, laminoplasty could

not be directly compared to laminectomy/fusion.

In a meta-analysis of 10 studies comparing anterior versus

posterior approach for the treatment of multilevel cervical

spondylotic myelopathy, Luo et al found that anterior surgery

group had a higher postoperative complication risk (OR 1.65,

p ¼ 0.009), reoperation rate (OR8.67, p < 0.001), intraopera-

tive blood loss and operative time, but lower LOS.23 It is

important to note that the anterior approach was defined as

ACDF with or without corpectomy in 8 of those studies. Cor-

pectomy is known to be more technically difficult with higher

rates of perioperative complications including, dural tear, graft/

instrumentation-related issues, extended operative time, and

blood loss.27,28 In our study, ACDF cases with corpectomy had

longer operative times (243 + 156) than those without cor-

pectomy (185 + 70.4, p ¼ 0.016). However, corpectomy was

not a significant risk factor for complications after ACDF sur-

gery and no ACDF case with corpectomy required a reopera-

tion or readmission within 30 days of surgery in this study.

In a single-surgeon retrospective matched cohort analysis,

Woods et al. compared laminoplasty to laminectomy/fusion in

121 patients over a 5-year period with a minimum 6.7month

follow up period.29 They found that subjective clinical

improvements occurred in both cohorts in regards to gait and

pain. Laminoplasty patients trended toward a higher overall

complication rate (13% vs. 9%) and revision rate (5% vs.

2%); however, there was no statistical significance associated

with these differences.

Recently, Kato et al compared the 30-day perioperative

complications as well as the 2-year patient-reported outcomes

Table 2. Adverse Events *Without Propensity Matching.

All patients Laminoplasty ACDF Laminectomy/Fusion P-valuea

Any Adverse Events (%) 8.9 7.7 3.9 11.1 0.005
Mortality (%) 0.7 0.6 0 0.9 0.460
Wound Complication (%) 1.7 1.7 0 2.4 0.050
Pulmonary Complications (%) 1.6 0.0 2.0 2.0 0.140
DVTPE (%) 1.1 1.1 0.5 1.3 0.827
Acute Renal Failure (%) 0.5 0.6 0.5 0.6 1.00
Urinary Tract Infection (%) 2.1 3.3 1.0 2.0 0.323
Stroke/Cerebrovascular accident (%) 0 0 0 0
Cardiac Complications (%) 0.9 0 0 1.5 0.078
Perioperative Transfusion (%) 1.8 1.7 0.5 2.4 0.223
Sepsis (%) 1.4 1.7 1.5 1.3 0.928

Return to OR (%) 2.5 1.1 2.5 3.0 0.423
Unplanned Readmission (%) 6.1 4.4 4.4 7.2 0.244
Other clinical factors
Operative Time (minutes), mean (standard deviation) 170 (70) 167 (66) 189 (77) 164 (68) <0.001
Length of Stay �2 days (%) 85.3 89.6 57.6 94.3 <0.001
Discharge Disposition (%)
Home 73.4 75.3 88.7 67.0 <0.001
Skilled Nursing Facility 26.4 24.7 11.3 32.6

aBoldface indicates statistically significant values (P value < .05).
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(e.g. modified Japanese Orthopaedic Association, Neck Dis-

ability Index, Short Form-36, and Physical Component Sum-

mary) between those who received an anterior versus posterior

surgical treatment for degenerative cervical myelopathy.30

Similar to our study, they used a propensity-score matching

algorithm; however, they were able to include preoperative

mJOA scores and MRI findings (e.g. extent of disc disease,

OPLL, number of diseased levels) in their matched analysis.

These authors found that the 2-year postoperative patient-

reported outcomes and the overall complication rates were not

significantly different between groups. In the sub-analysis, they

found that certain individual complications were statistically

more common based on the approach (e.g. anterior—dyspha-

gia/dysphonia; posterior—surgical site infection, C5

radiculopathy). Given the relatively small sample size in each

cohort after propensity score matching, these authors report

that they were not able to compare outcomes between specific

surgical techniques.

To build upon prior literature, we used a large national

sample to compare the outcomes between common surgical

techniques to treat cervical spondylotic myelopathy. In com-

parison to the prior literature, our study showed that the overall

complication and mortality rate was highest for laminectomy/

fusion (any adverse event 11.5%, mortality 2.2%) versus

ACDF (any adverse event 3.9%, mortality 0%, p ¼ 0.006) and

versus laminoplasty (any adverse event 7.7%, mortality 0.55%,

p ¼ 0.286). As a result, laminectomy/fusion patients were at

highest risk for requiring an unplanned readmission (9.9%)

Table 3. Patient Demographics and Comorbidities *With Propensity Matching.

Rates P-Value

Laminoplasty ACDF
Laminectomy/

Fusion
ACDF vs.

Laminoplasty
Laminectomy/Fusion vs.

Laminoplasty
ACDF vs.

Laminectomy/Fusion

Female (%) 30.2 33.0 30.2 0.573 1.000 0.573
Race
Caucasian 64.8 72.5 59.3 0.051 0.200 0.065
African American 21.9 10.5 18.7
Asian 3.3 2.8 3.3
Hispanic 3.3 6.0 5.5
Other 6.6 8.2 13.0

Age (%)
�50 13.7 16.5 8.2 0.562 0.397 0.586
51 to 60 24.2 28.0 24.2
61 to 70 37.9 37.9 38.5
71 to 80 22.0 15.4 24.7
>80 2.2 2.2 4.4

BMI (%)
Underweight 1.1 0 1.1 0.651 0.688 0.459
Normal 20.9 19.2 20.3
Overweight 34.6 34.6 31.9
Obese Class I 24.7 24.7 30.8
Obese Class II 11.0 14.8 11.5
Obese Class III 7.7 6.6 4.4

Comorbidities (%)
Diabetes
Insulin Dependent 8.2 6.6 7.1 0.782 0.898 0.972
Non-Insulin Dependent 14.8 16.5 15.9
Normal 76.9 76.9 76.9

Smoker 19.8 24.2 19.8 0.311 1.00 0.311
Dyspnea 3.3 8.2 4.4 0.07 0.586 0.132
Dependent Functional Status 4.4 1.1 5.0 0.105 0.804 0.062
Chronic Obstructive
Pulmonary Disease

4.4 4.4 6.6 1.00 0.358 0.358

Congestive Heart Failure 0 0 0.55 1.00 0.317 1.00
Hypertension 63.2 56.0 66.5 0.165 0.510 0.053
Renal 0 0 0
Chronic Steroid Use 4.4 4.4 7.1 1.00 0.261 0.261
Recent Weight Loss >10% in
last 6 months

1.1 0 0 0.499 0.156

Bleeding Disorder 1.1 3.3 1.7 0.284 0.653 0.311
American Society of
Anesthesiologists >2

62.1 56.0 62.1 0.286 1.00 0.241
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Table 4. Adverse Events *With Propensity Matching.

Rates P-value

Laminoplasty
(n ¼ 182)

ACDF
(n ¼ 182)

Laminectomy/fusion
(n ¼ 182)

ACDF vs.
laminoplasty

Laminectomy/
fusion vs. laminoplasty

ACDF vs.
laminectomy/

fusiona

Any Adverse Events (%) 7.7 3.9 11.5 0.176 0.286 0.006
Mortality (%) 0.55 0 2.2 1.00 0.177 0.044
Wound Complication (%) 1.7 0 2.2 0.082 0.703 0.044
Pulmonary Complications (%) 0 2.2 1.7 0.044 0.248 0.703
DVTPE (%) 1.1 0.55 1.1 1.00 1.00 0.562
Acute Renal Failure (%) 0.55 0.55 0.55 1.00 1.00 1.00
Urinary Tract Infection (%) 3.3 1.1 1.7 0.284 0.502 0.653
Stroke/Cerebrovascular accident (%) 0 0 0
Cardiac Complications (%) 0 0 1.7 0.082 0.082
Perioperative Transfusion (%) 1.7 0.55 3.9 0.623 0.116 0.032
Sepsis (%) 1.7 1.1 1.1 0.653 0.653 1.00

Return to OR (%) 1.1 2.2 3.3 0.685 0.153 0.751
Unplanned Readmission (%) 4.4 4.4 9.9 1.00 0.042 0.042
Other Clinical Factors
Operative Time, mean minutes

(standard deviation)
167 (66) 188 (79) 169 (75) 0.004 0.779 0.017

Length of Stay, mean days
(standard deviation)

3.3 (2.9) 2.9 (4.5) 4.0 (2.8) 0.264 0.017 0.004

Length of Stay �2 days (%) 89.6 56.6 93.4 <0.001 0.189 <0.001
Discharge Disposition (%)
Home 75.3 87.4 73.6 0.005 0.400 0.002
Skilled Nursing Facility 24.2 12.6 24.2

aBoldface indicates statistically significant values (P value < .05).

Table 5. Multivariate Analyses.

Independent risk factors for LOS �2 Odds ratio 95% Confidence interval P-valuea

Laminectomy AND fusion vs. ACDF 17.1 7.7 37.8 <0.001
Laminoplasty vs. ACDF 10 5.1 19.6 <0.001
Operative Time 1.01 1.01 1.01 <0.001
Female 2.0 1.0 4.0 0.051
Dependent Functional Status 2.0 0.1 28.2 0.378
Corpectomy 1.8 0.3 9.9 0.517
Obesity 1.4 0.7 2.6 0.362
Diabetes 1.3 0.6 2.9 0.535
ASA >2 1.0 0.5 2.0 0.999
Smoker 0.9 0.4 1.8 0.673
Disposition to SAR vs. Home >999 <0.001 >999 0.973

Independent risk factors for adverse events Odds ratio 95% Confidence interval P-valuea

Laminectomy AND Fusion vs. ACDF 3.2 1.1 8.9 0.029
Operative Time 1.01 1.0 1.01 0.007
Disposition to SAR vs. Home 2.8 0.9 8.3 0.995
ASA >2 2.8 0.8 9.6 0.095
Bleeding Disorder 2.0 0.2 28.5 0.596
Female 1.6 0.6 4.5 0.343
Obesity 1.6 0.6 4.2 0.382
Corpectomy 1.4 0.1 21.6 0.800
Diabetes 1.3 0.4 3.7 0.658
Smoker 1.1 0.3 3.4 0.927
Dependent Functional Status 0.9 0.1 8.8 0.891
Steroid Use 0.5 0.04 5.2 0.533

aBoldface indicates statistically significant values (P value < .05).
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versus laminoplasty (4.4%, p ¼ 0.042) and versus ACDF

(4.4%, p¼ 0.042). The most common reasons for an unplanned

readmission after laminectomy/fusion was wound complica-

tion (33.3%). This was similar for the laminoplasty cohort.

Interestingly, wound complications were not common for the

ACDF cohort. Instead neck swelling and dysphagia were com-

mon reasons for readmission. It is possible that wound compli-

cations are inherently more common with a posterior approach

given that well-known risk factors such as diabetes, obesity,

and steroid use, were controlled for in the propensity score

matched analysis. The higher tensile forces that pull at the

midline fascia along the backside of the neck may contribute

to the higher risk for wound issues. The fact that laminoplasty

did not have a significantly higher risk for this compared to

ACDF may be due to the relatively less soft tissue dissection

required in comparison to laminectomy and fusion. ACDF

patients required the longest mean operative time likely due

to concomitant corpectomy, but this did not translate into worse

short-term complications and readmissions for the patient.

Furthermore, ACDF patients had the lowest mean length of

stay (2.9+ 4.5 days) with nearly half of ACDF patients requir-

ing less than 3 days in the hospital. In comparison, lamino-

plasty (LOS � 2: 89.6%, p < 0.001; mean LOS 3.3 + 2.9)

and laminectomy/fusion (LOS � 2: 93.4%, p < 0.001; mean

LOS 4 + 2.8) groups required much longer hospital stays.

When controlling for perioperative factors, both laminoplasty

and laminectomy/fusion were significant independent risk fac-

tors for LOS � 2 days. The longer LOS for these 2 cohorts is

likely related to the significantly greater proportion of patients

being discharged to a skilled nursing facility than home.

There are a number of limitations to consider for this study.

First, patients older than 90 years were coded as 90þ to prevent

patients from being identified due to unique data per the NSQIP

data; therefore, the age distribution is somewhat truncated.

Second, the data is limited to 30 days after surgery and limited

to readmissions to hospitals within NSQIP only. It is possible

that complications occur beyond this follow-up period. Third,

an in-depth analysis of surgery-specific variables is limited due

to the general nature of this database. For instance, there are a

number of different techniques for laminoplasty (e.g. “French-

door laminoplasty,” “open-door laminoplasty) that we were not

able to control for in our analyses. Fourth, the specific indica-

tions for the chosen procedure is not known. For example, if a

patient had kyphosis, a laminoplasty might not have been

appropriate. Fifth, we were not able to fully control for the

number of levels of pathology between the different proce-

dures. Unfortunately, this is limited by CPT definitions. For

example, CPT 22842 was used to include concomitant cervical

fusion after decompression. However, CPT 22842 only pro-

vides the range of 3 to 6 vertebral segments. Although it is

possible to count the number of times the CPT 22614 is used

concomitantly for each patient undergoing a posterior cervical

fusion, we found that there was significant coding error as

many of these patients did not have this CPT code or was

under-reported. Therefore, we cannot further elucidate the

exact number of levels. We acknowledge that this can lead to

selection bias as it is possible that a laminectomy/fusion may

involve a higher number of levels and that a 6-level posterior

cervical fusion may be at risk for a worse complication rate

than a 3-level ACDF. We attempted to narrow the range of

levels by including at least a 3-level ACDF and excluding

unrelated procedures as explained in the methods. Finally,

while short-term complications are relevant, what may be more

important are long-term outcomes and complications, such as

pseudarthrosis, adjacent segment disease, implant failure, and

Table 6. Reasons for Unplanned Readmissions Within 30 Days After
Surgery.

Laminoplasty # %
Days after
surgery

Surgical
Wound Disruption 2 25.0% 5, 26

Medical
Pulmonary Embolism 1 12.5% 12
Vein Thrombosis Requiring Therapy 1 12.5% 10
Syncope 1 12.5% 24
CHF Exacerbation 2 25.0% 19, 21
Altered Mental Status 1 12.5% 4

ACDF # %
Days after
surgery

Surgical
Dysphagia 1 12.5% 11
Localized Neck Swelling 1 12.5% 3
Neck Pain 1 12.5% 3

Medical
Syncope 1 12.5% 15
Pneumonia 1 12.5% 9
Acute Bronchitis 1 12.5% 4
UTI 1 12.5% 12
Other 1 12.5% 4

Laminectomy/Fusion # %
Days After
surgery

Surgical
Wound Complication 6 33.3%
Postprocedural Seroma 1 5.6% 11
Superficial SSI 1 5.6% 29
Wound Disruption 1 5.6% 21
Organ/Space SSI 1 5.6% 15
Postprocedural Hemorrhage 2 11.1% 7, 28

Neck Pain 1 5.6% 19
Medical
Sepsis 1 5.6% 11
Acute Renal Failure 2 11.1% 11, 21
GI Hemorrhage 1 5.6% 13
Pulmonary Embolism 1 5.6% 9

Other
Spondylolisthesis 1 5.6% 25
Lumbar Stenosis 1 5.6% 5
Weakness 1 5.6% 6
Leg Pain 1 5.6% 5
Other 2 11.1% 8, 12
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patient-reported outcomes. These questions may be better

answered in future large, prospective studies.

Conclusion

Although we found that laminectomy/fusion carries the highest

risk for early postoperative morbidity, mortality, and

unplanned readmissions, there are instances when disease spe-

cific factors including cervical alignment, presence or absence

of OPLL, number of levels involved, body habitus, short neck,

may favor a posterior approach over an anterior one. In some

instances, a laminectomy/fusion may be more appropriate than

laminoplasty (e.g. significant axial neck pain, cervical kyphosis

>10-15 degrees, negative k-line, hill-shaped OPLL).31-35

Therefore, the ideal surgical technique for treating DCM

hinges on multiple factors, which should include both short-

and long-term outcomes. Our study’s findings should be

included in the preoperative discussion with the patient when

determining the ideal surgical approach.

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

Nathan J. Lee, MD https://orcid.org/0000-0001-9572-5968

References

1. Marquez-Lara A, Nandyala SV, Fineberg SJ, Singh K. Current

trends in demographics, practice, and in-hospital outcomes in

cervical spine surgery: a national database analysis between

2002 and 2011. Spine (Phila Pa 1976). 2014;39(6):476-481.

2. Lad SP, Patil CG, Berta S, Santarelli JG, Ho C, Boakye M.

National trends in spinal fusion for cervical spondylotic myelo-

pathy. Surg Neuro. 2009;71(1):66-69; discussion 69.

3. Oglesby M, Fineberg SJ, Patel AA, Pelton MA, Singh K. Epide-

miological trends in cervical spine surgery for degenerative dis-

eases between 2002 and 2009. Spine (Phila Pa 1976). 2013;

38(14):1226-1232.

4. Chen YC, Kuo CH, Cheng CM, Wu JC. Recent advances in the

management of cervical spondylotic myelopathy: bibliometric

analysis and surgical perspectives. J Neurosurg Spine. 2019;

31(3):299-309.

5. Badhiwala JH, Ahuja CS, Akbar MA, et al. Degenerative cervical

myelopathy—update and future directions. Nat Rev Neurol. 2020;

16(2):108-124.

6. Fehlings MG, Tetreault LA, Riew KD, et al. A clinical practice

guideline for the management of patients with degenerative cer-

vical myelopathy: recommendations for patients with mild, mod-

erate, and severe disease and nonmyelopathic patients with

evidence of cord compression. Global Spine J. 2017;7(3 Suppl):

70s-83s.

7. Tanaka J, Seki N, Tokimura F, Doi K, Inoue S. Operative results

of canal-expansive laminoplasty for cervical spondylotic myelo-

pathy in elderly patients. Spine (Phila Pa 1976). 1999;24(22):

2308-2312.

8. Clarke E, Robinson PK. Cervical myelopathy: a complication of

cervical spondylosis. Brain. 1956;79(3):483-510.

9. Wada E, Suzuki S, Kanazawa A, Matsuoka T, Miyamoto S, Yone-

nobu K. Subtotal corpectomy versus laminoplasty for multilevel

cervical spondylotic myelopathy: a long-term follow-up study

over 10 years. Spine (Phila Pa 1976). 2001;26(13):1443-1447;

discussion 1448.

10. Veidlinger OF, Colwell JC, Smyth S, et al. Cervical myelopathy

and its relationship to cervical stenosis. Spine (Phila Pa 1976).

1981;6(6):550-552.

11. Vonck CE, Tanenbaum JE, Smith GA, Benzel EC, Mroz TE,

Steinmetz MP. National trends in demographics and outcomes

following cervical fusion for cervical spondylotic myelopathy.

Global Spine J. 2018;8(3):244-253.

12. Passias PG, Marascalchi BJ, Boniello AJ, et al. Cervical spondy-

lotic myelopathy: national trends in the treatment and peri-

operative outcomes over 10 years. J Clin Neurosci. 2017;42:

75-80.

13. Highsmith JM, Dhall SS, Haid RW Jr, Rodts GE Jr, Mummaneni

PV. Treatment of cervical stenotic myelopathy: a cost and out-

come comparison of laminoplasty versus laminectomy and lateral

mass fusion. J Neurosurg Spine. 2011;14(5):619-625.

14. Varthi AG, Basques BA, Bohl DD, Golinvaux NS, Grauer JN.

Perioperative outcomes after cervical laminoplasty versus poster-

ior decompression and fusion: analysis of 779 patients in the

ACS-NSQIP database. Clin Spine Surg. 2016;29(5):E226-E232.

15. Boniello A, Petrucelli P, Kerbel Y, et al. Short-term outcomes

following cervical laminoplasty and decompression and fusion

with instrumentation. Spine (Phila Pa 1976). 2019;44(17):

E1018-E1023.

16. Manzano GR, Casella G, Wang MY, Vanni S, Levi AD. A pro-

spective, randomized trial comparing expansile cervical lamino-

plasty and cervical laminectomy and fusion for multilevel

cervical myelopathy. Neurosurgery. 2012;70(2):264-277.

17. Lin X, Cai J, Qin C, Yang Q, Xiao Z. Comparison of clinical

outcomes and safety between laminectomy with instrumented

fusion versus laminoplasty for the treatment of multilevel cervical

spondylotic myelopathy. Medicine. 2019;98(8):e14651.

18. Lee CH, Lee J, Kang JD, et al. Laminoplasty versus laminectomy

and fusion for multilevel cervical myelopathy: a meta-analysis of

clinical and radiological outcomes. J Neurosurg Spine. 2015;

22(6):589-595.

19. Boakye M, Patil CG, Santarelli J, Ho C, Tian W, Lad SP. Cervical

spondylotic myelopathy: complications and outcomes after spinal

fusion. Neurosurgery. 2008;62(2):455-461; discussion 461-2.

20. Yue JK, Upadhyayula PS, Deng H, Sing DC, Ciacci JD. Risk

factors for 30-day outcomes in elective anterior versus posterior

cervical fusion: a matched cohort analysis. J Craniovertebr Junc-

tion Spine. 2017;8(3):222-230.

21. Hirai T, Yoshitaka T, Sakai K, et al. Long-term results of a pro-

spective study of anterior decompression with fusion and

Lee et al 9



1118 Global Spine Journal 12(6)

posterior decompression with laminoplasty for treatment of cer-

vical spondylotic myelopathy. J Orthop Sci. 2018;23(1):32-38.

22. Li J, Li Y, Kong F, Zhang D, Zhang Y, Shen Y. Adjacent segment

degeneration after single-level anterior cervical decompression

and fusion: disc space distraction and its impact on clinical out-

comes. J Clin Neurosci. 2015;22(3):566-569.

23. Luo J, Cao K, Huang S, et al. Comparison of anterior approach

versus posterior approach for the treatment of multilevel

cervical spondylotic myelopathy. Eur Spine J. 2015;24(8):

1621-1630.

24. Bartolomei JC, Theodore N, Sonntag VK. Adjacent level degen-

eration after anterior cervical fusion: a clinical review. Neurosurg

Clin N Am. 2005;16(4):575-587.

25. Bakhsheshian J, Mehta VA, Liu JC. Current diagnosis and man-

agement of cervical spondylotic myelopathy. Global Spine J.

2017;7(6):572-586.

26. Kaye ID, Marascalchi BJ, Macagno AE, Lafage VA, Bendo JA,

Passias PG. Predictors of morbidity and mortality among patients

with cervical spondylotic myelopathy treated surgically. Eur

Spine J. 2015;24(12):2910-2917.

27. Zhu B, Xu Y, Liu X, Liu Z, Dang G. Anterior approach versus

posterior approach for the treatment of multilevel cervical spon-

dylotic myelopathy: a systemic review and meta-analysis. Eur

Spine J. 2013;22(7):1583-1593.

28. Liu X, Min S, Zhang H, Zhou Z, Wang H, Jin A. Anterior cor-

pectomy versus posterior laminoplasty for multilevel cervical

myelopathy: a systematic review and meta-analysis. Eur Spine

J. 2014;23(2):362-372.

29. Woods BI, Hohl J, Lee J, Donaldson W III, Kang J. Laminoplasty

versus laminectomy and fusion for multilevel cervical spondylo-

tic myelopathy. Clin Orthop Relat Res. 2011;469(3):688-695.

30. Kato S, Nouri A, Wu D, Nori S, Tetreault L, Fehlings MG. Compar-

ison of anterior and posterior surgery for degenerative cervical mye-

lopathy: anMRI-based propensity-score-matched analysis using data

from the prospective multicenter AO spine CSMNorth America and

international studies. J Bone Joint Surg Am. 2017;99(12):1013-1021.

31. Kim DH, Lee CH, Ko YS, et al. The clinical implications and

complications of anterior versus posterior surgery for multilevel

cervical ossification of the posterior longitudinal ligament; an

updated systematic review and meta-analysis. Neurospine.

2019;16(3):530-541.

32. Cho SK, Kim JS, Overley SC, Merrill RK. Cervical laminoplasty:

indications, surgical considerations, and clinical outcomes. J Am

Acad Orthop Surg. 2018;26(7):e142-e152.

33. Koda M, Mochizuki M, Konishi H, et al. Comparison of clinical

outcomes between laminoplasty, posterior decompression with

instrumented fusion, and anterior decompression with fusion for

K-line (-) cervical ossification of the posterior longitudinal liga-

ment. Eur Spine J. 2016;25(7):2294-2301.

34. Yoon ST, Raich A, Hashimoto RE, et al. Predictive factors affect-

ing outcome after cervical laminoplasty. Spine (Phila Pa 1976).

2013;38(22 Suppl 1):S232-S252.

35. Fujiyoshi T, Yamazaki M, Kawabe J, et al. A new concept for

making decisions regarding the surgical approach for cervical

ossification of the posterior longitudinal ligament: the K-line.

Spine (Phila Pa 1976). 2008;33(26):E990-E993.

10 Global Spine Journal


