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OBJECTIVE Compared with laminectomy with posterior cervical fusion (PCF), cervical laminoplasty (CL) may result in
different outcomes for those operated on for cervical spondylotic myelopathy (CSM). The aim of this study was to com-
pare 24-month patient-reported outcomes (PROs) for laminoplasty versus PCF by using the Quality Outcomes Database
(QOD) CSM data set.

METHODS This was a retrospective study using an augmented data set from the prospectively collected QOD Reg-
istry Cervical Module. Patients undergoing laminoplasty or PCF for CSM were included. Using the nearest-neighbor
method, the authors performed 1:1 propensity matching based on age, operated levels, and baseline modified Japanese
Orthopaedic Association (mJOA) and visual analog scale (VAS) neck pain scores. The 24-month PROs, i.e., mJOA,
Neck Disability Index (NDI), VAS neck pain, VAS arm pain, EQ-5D, EQ-VAS, and North American Spine Society (NASS)
satisfaction scores, were compared. Only cases in the subaxial cervical region were included; those that crossed the
cervicothoracic junction were excluded.

RESULTS From the 1141 patients included in the QOD CSM data set who underwent anterior or posterior surgery for

cervical myelopathy, 946 (82.9%) had 24 months of follow-up. Of these, 43 patients who underwent laminoplasty and
191 who underwent PCF met the inclusion criteria. After matching, the groups were similar for baseline characteris-

ABBREVIATIONS CL = cervical laminoplasty; CSM = cervical spondylotic myelopathy; mJOA = modified Japanese Orthopaedic Association; NASS = North American
Spine Society; NDI = Neck Disability Index; PCF = posterior cervical fusion; PRO = patient-reported outcome; PSM = propensity score matching; QOD = Quality Outcomes
Database; VAS = visual analog scale.
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tics, including operative levels (CL group: 4.0 + 0.9 vs PCF group: 4.2 + 1.1, p = 0.337) and baseline PROs (p > 0.05),
except for a higher percentage involved in activities outside the home in the CL group (95.3% vs 81.4%, p = 0.044). The
24-month follow-up for the matched cohorts was similar (CL group: 88.4% vs PCF group: 83.7%, p = 0.534). Patients
undergoing laminoplasty had significantly lower estimated blood loss (99.3 + 91.7 mL vs 186.7 £ 142.7 mL, p = 0.003),
decreased length of stay (3.0 £ 1.6 days vs 4.5 + 3.3 days, p = 0.012), and a higher rate of routine discharge (88.4% vs
62.8%, p = 0.006). The CL cohort also demonstrated a higher rate of return to activities (47.2% vs 21.2%, p = 0.023) after
3 months. Laminoplasty was associated with a larger improvement in 24-month NDI score (-19.6 + 18.9 vs -9.1 £ 21.9,

p = 0.031). Otherwise, there were no 3- or 24-month differences in mJOA, mean NDI, VAS neck pain, VAS arm pain,
EQ-5D, EQ-VAS, and distribution of NASS satisfaction scores (p > 0.05) between the cohorts.

CONCLUSIONS Compared with PCF, laminoplasty was associated with decreased blood loss, decreased length of
hospitalization, and higher rates of home discharge. At 3 months, laminoplasty was associated with a higher rate of

return to baseline activities. At 24 months, laminoplasty was associated with greater improvements in neck disability.
Otherwise, laminoplasty and PCF shared similar outcomes for functional status, pain, quality of life, and satisfaction.
Laminoplasty and PCF achieved similar neck pain scores, suggesting that moderate preoperative neck pain may not

necessarily be a contraindication for laminoplasty.

https://thejns.org/doi/abs/10.3171/2023.6.SPINE23345

KEYWORDS cervical spondylotic myelopathy; laminoplasty; posterior cervical laminectomy and fusion;
propensity-matched analysis; patient-reported outcomes; Quality Outcomes Database

spread degenerative condition affecting approxi-

mately 605 million adults in North America.
Already the most common cause of adult spinal cord im-
pairment, CSM continues to increase in prevalence within
the aging global population.? Patients present with a broad
range of clinical features, including gait instability, loss of
manual dexterity, weakness, sensory disturbance, urinary
incontinence, and neck pain and stiffness.? If the symp-
toms are disabling or nonoperative management fails (or is
not preferred by the patient), surgical decompression can
limit disease progression, with many patients noting func-
tional improvement.*?

There are both anterior and posterior approaches for
treatment, with surgeons typically considering factors such
as the location of compression, lordotic curvature, and
number of levels involved.® Approach-related risks are also
considered (e.g., dysphagia or dysphonia during anterior
approaches).”® When there is involvement of three or more
cervical levels, some surgeons may favor posterior ap-
proaches. These include laminectomy alone, laminectomy
with posterior cervical fusion (PCF) (Fig. 1), and cervical
laminoplasty (CL) (Fig. 2). Laminectomy alone is no longer
widely used given the risk of postlaminectomy kyphosis.’

The choice between PCF and laminoplasty presents a
significant area of research, with indications for each ap-

C ERVICAL spondylotic myelopathy (CSM) is a wide-

proach depending on various clinical and radiographic
factors. Because fusion can realign and fuse the spinal
column, it has traditionally been preferred in patients
with cervical kyphosis or those experiencing significant
neck pain.® In comparison, laminoplasty is a nonfusion
approach that is typically less invasive and can better
preserve range of motion.'"'? Reports suggest that lami-
noplasty remains an underutilized procedure in the US.?®
Thus, evaluation of laminoplasty outcomes in a US set-
ting with specific comparison to laminectomy with fusion
may address an important gap in knowledge."* Recently,
a number of studies have suggested that both approaches
may show similar clinical improvement and complication
rates.'>" In a randomized clinical trial subgroup analysis
of an anterior versus posterior approach for CSM, Ghoga-
wala et al. observed an association between laminoplasty
and greater 1- and 2-year quality of life based on SF-36
Physical Component Summary scores, when compared
with laminectomy with fusion.”” However, there is a lack
of additional contemporaneous research comparing lami-
noplasty and laminectomy with fusion and, in particular,
few studies including long-term patient-reported outcomes
(PROs). 1

In this study, we compare the 24-month outcomes of
laminectomy with fusion and laminoplasty for CSM us-
ing the prospective Quality Outcomes Database (QOD)

FIG. 1. Preoperative lateral (A) and anteroposterior (B) radiographs and postoperative lateral (C) and anteroposterior (D) radio-
graphs depicting a C3-7 laminectomy and PCF.

2 J Neurosurg Spine August 11, 2023

Brought to you by Duke University | Unauthenticated | Downloaded 10/11/23 06:12 PM UTC



Yang et al.

FIG. 2. Preoperative lateral (A) and anteroposterior (B) and postoperative lateral (C) and anteroposterior (D) radiographs depicting
a Hirabayashi (single-hinge door) CL including C3 laminectomy and partial laminectomy of C7.

CSM data set in a propensity-matched analysis. Propen-
sity score matching (PSM) is a particularly relevant tool
for spine surgery research to account for imbalances in
observational nonrandomized data.'®

Methods

Patient Population

This was a retrospective study using an augmented data
set from the prospectively collected QOD Registry Cer-
vical Module.. Columbia University Institutional Review
Board approval was obtained, and patient consent was
waived given the study’s design.

This augmented data set represents the coordination of
14 high-enrollment sites that combined their QOD Cervi-
cal Module data and collected additional data points. Data
were audited by both a central team and the individual
sites. Individual operative notes were reviewed by a central
team of spine surgeons to confirm operative procedures.
The inclusion criteria of this augmented data set (the QOD
CSM cohort) have been described previously.” Specifi-
cally, we included adult patients aged = 18 years with 1) a
surgical indication of CSM, 2) a predominant symptom of
myelopathy, and 3) a modified Japanese Orthopaedic As-
sociation (mJOA) score < 17, and 4) who underwent elec-
tive surgery between January 2016 and December 2018.
Patients were excluded if they had spinal infection, tumor,
fracture, traumatic dislocation, deformity, or neurological
paralysis due to preexisting spine disease or injury.

Patients who underwent a CL or laminectomy with
PCF were selected from the QOD CSM cohort. We in-
cluded only subaxial cases in the cervical region, exclud-
ing cases that involved C2 or crossed the cervicothoracic
junction.

Outcome Measures

We compared PROs collected at 3 and 24 months be-
tween fusion and laminoplasty patients. We studied seven
clinical outcomes that serve as the primary outcomes of
interest in this study, all of which were derived from vali-
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dated questionnaires: mJOA, visual analog scale (VAS)
arm pain, VAS neck pain, Neck Disability Index (NDI),
EQ-VAS, EQ-5D, and North American Spine Society
(NASS) Patient Satisfaction Index scores.?*-?> The mJOA
scores ranged from O to 18, where lower scores indicate
greater neurological impairment and disability. The mJOA
scores < 17 warranted inclusion in the QOD CSM module.
Relieved cervical myelopathy is defined as achieving an
mJOA score = 17 at the designated time point. VAS arm
and neck pain scores ranged from O to 10, where higher
scores indicate more pain. Pain-free status is defined as
achieving a VAS score of 0 at the designated time point.
NDI scores ranged from 0% to 100%, where higher per-
centages indicate greater interference from neck pain on a
patient’s activities of daily living. EQ-VAS scores ranged
from O to 100, where lower scores indicate lower patient
assessment of their own health status. EQ-5D scores
ranged from —0.11 to 1.0, where lower scores indicate
more quality-of-life impairment. NASS Patient Satisfac-
tion Index scores ranged from 1 to 4, with lower scores
corresponding to more satisfaction with surgery (1: “The
treatment met my expectations”; 2: “I did not improve
as much as I had hoped, but I would undergo the same
treatment for the same outcome™; 3: “I did not improve as
much as I had hoped, and I would not undergo the same
treatment for the same outcome’; and 4: “I am the same or
worse than before treatment”). Our secondary outcomes
of interest were perioperative outcomes (blood loss, length
of stay, discharge disposition), 30-day and 3-month related
readmissions, 30-day and 24-month related reoperations,
3-month return to work, and 3-month ability to return to
previous levels of physical activity.

Statistical Analysis

Continuous variables were summarized using means
+ SD, and descriptive categorical variables were summa-
rized using frequencies and proportions. For continuous
variables, paired and unpaired t-tests were used as ap-
propriate. For categorical variables, chi-square analyses
were used, and Yates’ correction and Fisher’s exact test
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were implemented as appropriate. We used PSM to create
two equal groups of patients undergoing laminoplasty and
fusion. Patients were matched based on the variables of
age, operated levels, and baseline mJOA and VAS neck
pain scores. The 1:1 nearest-neighbor method without re-
placement was performed using Python’s PsmPy package
(version 0.3.13). Sensitivity analyses were conducted using
multivariable regression on 1) the matched cohorts (n =
86) and 2) the full cohorts of laminoplasty and fusion pa-
tients (n = 234). Covariates reaching p < 0.20 on univariate
analysis were used to compare PROs between the CL and
PCF cohorts, with the PCF group used as the reference
group. Missing data were handled using the MissForest
algorithm through Python’s missingpy package (version
0.2.0), which initially fills in missing values with the col-
umn mean/mode and subsequently fits a random forest
model to impute missing values in an iterative fashion. We
tested the null hypothesis that patients undergoing lami-
noplasty and laminectomy with fusion have similar out-
comes. All p values were two-tailed, and p < 0.05 was the
threshold for statistical significance. Statistical analyses
were performed using Python version 3.9.

Results
Baseline Characteristics

A total of 1141 patients underwent anterior or poste-
rior surgery for cervical myelopathy and were included
in the QOD CSM data set; 946 (82.9%) had 24 months
of follow-up. Of these patients, 282 (24.7%) underwent a
CL or laminectomy with PCF. After excluding surgeries
that involved C2 or the thoracic spine, we identified 43 pa-
tients who underwent CL and 191 patients who underwent
PCF. Both cohorts had similar 24-month follow-up rates
(CL group: 88.4% vs PCF group: 84.3%, p = 0.498). The
proposed PSM covariates—age, operated levels, baseline
mJOA scores, and baseline VAS neck pain scores—did not
differ significantly between the CL and PCF cohorts (p >
0.05) (Table 1). However, the CL cohort reported fewer
subjective complaints of a radicular motor deficit (11.6%
vs 25.7%, p = 0.049), radicular arm pain (9.3% vs 37.7%, p
< 0.001), numbness (25.6% vs 50.8%, p = 0.003), and neck
pain 44.2% vs 63.4%, p = 0.021). The PCF cohort had
fewer patients with subjective complaints of myelopathy
(100% vs 90.1%, p = 0.028). Patients undergoing lamino-
plasty were also more likely to participate in activities out-
side of the home at baseline (95.3% vs 79.1%, p = 0.012).

After matching, there were 86 patients, with 43 in the
PCF group and 43 in the CL group. The 24-month follow-
up rates remained similar between the two groups (CL
group: 88.4% vs PCF group: 83.7%, p = 0.534). All demo-
graphic variables were also similar between the PCF and
CL cohorts (p > 0.05) (Table 1). Patients undergoing lami-
noplasty reported higher participation in activities outside
the home at baseline (95.3% vs 81.4%, p = 0.044). The
percentage of patients presenting with complaints of ra-
dicular arm pain remained lower in laminoplasty patients
(9.3% vs 279%, p = 0.027). However, the presentations
of radicular motor deficit, numbness, myelopathy, and
neck pain were no longer significantly different between
the two cohorts after PSM. All other clinical variables,
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including comorbidities and baseline PROs, were similar
between the matched cohorts.

Perioperative Parameters, Readmission Rates, and
Reoperation Rates

Table 2 shows a comparison of perioperative and sec-
ondary outcomes between patients undergoing PCF ver-
sus laminoplasty. Estimated blood loss was significantly
higher in the PCF cohort (186.7 + 142.7 vs 99.3 + 917,
p = 0.003). Patients undergoing PCF also had a longer
length of stay 4.5 = 3.3 vs 3.0 £ 1.6, p = 0.012) and were
less likely to be discharged to home (62.8% vs 88.4%, p =
0.006). There were no readmissions within 30 days and no
difference in 3-month readmission rates (2.3% vs 2.3%, p
> 0.99). There was only 1 reoperation within 30 days in
the PCF cohort (1 patient who fell and developed central
cord syndrome requiring a decompression and extension
of PCF). Within 24 months, there were 3 reoperations
(7.0%) in the CL group (3 conversions to anterior cervical
discectomy and fusion) and 2 reoperations (4.7%) in the
PCF group (the 30-day reoperation mentioned above and
1 for adjacent-segment disease) (p > 0.99).

Univariate Analysis of Postoperative Outcomes

Figure 3 shows the improvement from baseline at 3, 12,
and 24 months for all PROs between the PCF and CL co-
horts.

Table 3 summarizes clinical outcomes at 3- and
24-month follow-ups for patients in the CL and PCF co-
horts. The rate of return to activities after 3 months was
higher among the CL cohort than the PCF cohort (47.2%
vs 21.2%, p = 0.023). Whereas NDI scores did not differ
between the two cohorts at 24 months (CL group: 18.7 +
204 vs PCF group: 23.6 + 21.8, p = 0.328), the 24-month
change in NDI score from baseline was significantly
greater in magnitude in the CL cohort (-19.6 + 189 vs
—9.1 £219,p=0.031).

There were no other significant differences between the
CL and PCF cohorts for all other PROs at 3 and 24 months,
including NASS satisfaction, mJOA, VAS neck pain, VAS
arm pain, EQ-5D, and EQ-VAS scores (p > 0.05) (Table 3).
Again, baseline VAS neck pain was used as a covariate in
PSM and was similar across both groups (CL group: 4.8 +
3.1 vs PCF group: 4.1 + 3.5, p = 0.343). The CL and PCF
cohorts did not have significantly different mean neck pain
scores at 3 months (CL group: 3.3 +2.9 vs PCF group: 2.8
+2.8,p =0.503) or 24 months (CL group: 2.4 +2.9 vs PCF
group: 2.7 2.6, p =0.731). The change in neck pain scores
was also not significantly different between the groups at
3 months (CL group: —1.7 + 3.1 vs PCF group: —1.5 + 34,
p = 0.831) and 24 months (CL group: —2.4 + 3.6 vs PCF
group: —1.1 + 3.2, p = 0.108). The percentage of patients
reaching pain-free status was also similar between the CL
and PCF cohorts at 3 months (CL group: 27.8% vs PCF
group: 35.3%, p = 0.498) and 24 months (CL group: 43.2%
vs PCF group: 28.6%, p = 0.195).

Sensitivity Analyses: Multivariable Analysis of
Postoperative Outcomes

Table 4 shows the results of our multivariable analysis
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TABLE 1. Demographic and baseline characteristics of patients undergoing PCF or laminoplasty, matched and unmatched cohorts

Unmatched Cohorts Matched Cohorts
PCF (n=191) CL (n=43) p Value PCF (n =43) CL (n=43) p Value

Age, yrs 64.7+9.8 62.9+12.8 0.376 64.0+94 62.9+12.8 0.633
Female sex 86 (45.0) 23 (53.5) 0.315 16 (37.2) 23 (53.5) 0.129
BMI 29.7+6.3 30270 0.702 295+59 30.2+7.0 0.628
24-mo follow-up 161 (84.3) 38 (88.4) 0.498 36 (83.7) 38 (88.4) 0.534
Comorbidities

Diabetes mellitus 43 (22.5) 13(30.2) 0.284 9(20.9) 13 (30.2) 0.323

Coronary artery disease 20 (10.5) 4(9.3) 0.819 5(11.6) 4(9.3) 0.725

Peripheral vascular disease 2 (1.0) 2(4.7) 0.100 0 2(4.7) 0.494

Anxiety 37 (19.4) 13(30.2) 0.116 7 (16.3) 13 (30.2) 0.126

Depression 54 (28.3) 9(20.9) 0.327 13 (30.2) 9(20.9) 0.323

Arthritis 46 (24.1) 9(20.9) 0.659 13 (30.2) 9(20.9) 0.323
Caucasian race 147 (77.0) 35 (81.4) 0.528 31(72.1) 35(81.4) 0.307
>4 yrs of college-level education* 62 (34.1) 17 (40.5) 0.433 17 (40.5) 17 (40.5) >0.999
Participation in activities outside the home 151 (79.1) 41 (95.3) 0.012 35 (81.4) 41 (95.3) 0.044
Employed or employed & on leave* 55(28.9) 13 (30.2) 0.867 16 (37.2) 13 (30.2) 0.494
Insurance 0.676 0.633

Medicare 102 (53.4) 21(48.8) 23 (53.5) 21(48.8)

Medicaid 18 (9.4) 3(7.0) 2(47) 3(7.0)

Private 65 (34.0) 18 (41.9) 15 (34.9) 18 (41.9)

Uninsured 2(1.0) 1(2.3) 1(2.3) 1(2.3)
Patient subjective presentation of symptoms

Radicular deficit 49 (25.7) 5 (11.6) 0.049 8 (18.6) 5(11.6) 0.366

Radicular arm pain 72 (37.7) 4(9.3) <0.001 12 (27.9) 4(9.3) 0.027

Numbness 97 (50.8) 11 (25.6) 0.003 18 (41.9) 11 (25.6) 0.110

Neck pain 121 (63.4) 19 (44.2) 0.021 20 (46.5) 19 (44.2) 0.829

Myelopathy 172 (90.1) 43 (100.0) 0.028 39 (90.7) 43 (100.0) 0.116
Predominant location of pain 0.107 0.076

Neck 75 (39.3) 18 (41.9) 10 (23.3) 18 (41.9)

Arm 25(13.1) 11 (25.6) 7(16.3) 11 (25.6)

Neck & arm 45 (23.6) 5(11.6) 8 (18.6) 5(11.6)

No pain 46 (24.1) 9(20.9) 18 (41.9) 9(20.9)
Symptom duration <12 mos* 85 (50.6) 20 (50.0) 0.946 19 (45.2) 20 (50.0) 0.666
Motor deficit at baseline 130 (68.1) 25(58.1) 0.214 29 (67.4) 25 (58.1) 0.372
Independently ambulatory 33(69.6) 31(72) 0.750 28 (65.1) 31(721) 0.486
ASA grade* 0.994 0.449

lorll 77 (44.3) 19 (44.2) 21(52.5) 19 (44.2)

lllor IV 97 (55.7) 24 (55.8) 19 (47.5) 24 (55.8)
Preop mJOA score 11.6+£3.0 11.5+3.3 0.929 11.7+£3.0 11.5+3.3 0.810
Preop VAS neck pain score 54133 48+31 0.255 41135 48+31 0.343
Preop VAS arm pain score 45136 40+35 0.354 39+35 40+£35 0.870
Preop EQ-5D score 05+0.2 06+0.2 0.644 05+0.2 06+0.2 0.742
Preop EQ-VAS score 58.5+21.5 55.2+24.0 0.431 60.3 £ 171 55.2+24.0 0.280
Preop NDI score 384+214 37.5+19.3 0.770 3274224 375+19.3 0.298
Mean no. of levels treated 42+12 4009 0.299 42+11 4009 0.337

ASA = American Society of Anesthesiologists.

Values are given as mean + SD or number of patients (%) unless otherwise indicated. Boldface type indicates statistical significance.

* Data were missing for some patients.
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TABLE 2. Perioperative outcomes of patients undergoing PCF or
laminoplasty, propensity score matched

conducted on our propensity score—matched CL and PCF
cohorts (n = 86). The variables reaching p < 0.20 in uni-

variate analysis of the matched groups were accounted for
as covariates: sex; anxiety; baseline participation in activi-
ties outside the home; predominant location of pain; and

PCF (n=43) CL(n=43) pValue
186.7 £ 142.7 99.3+91.7  0.003

Estimated blood loss, mL

Length of stay, days 4 5433 30+16  0.012 the subjective presentation of radicular arm pain, numb-
Discharged to home 27(628)  38(884)  0.006 ness. and myeéopathy The C_L,C_Ohorlﬁ was again fss(gliaatseg
o . with increased return to activities atter 3 months .
Readmission wiin 30 days 00 00)  >0.99 [95% CI 1.6-20.6], adjusted p = 0.01). In contrast to the
Readmission w/in 3 mos 1(23) 1(2.3) >0.99 univariate analysis, however, laminoplasty did not reach a
Reop w/in 30 days 1(1.3) 0(0) >0.99 statistically significant association with NDI change after
Central cord syndrome* 1(1.3) 24 months (f = —4.5 [95% CI —-13.8 to 4.7], adjusted p =
Reop w/in 24 mos 2(4.7) 3(70)  >0.99 0.33). Laminoplasty was associated with similar long-term
Central cord syndrome* 1(1.3) 0(0) OujtgjgmifACsompired' WiglAg(:F for .allng}OE,Qir;%u%igg
. . mJOA, neck pain, arm pain, ,EQ-5D, EQ-
AdJa'cent-segmen.t dlsealsle 1(1.3) 000) VAS, and NASS satisfaction scores (adjusted p > 0.05).
Persistent stenosis requiring 0 (0) 3(1.0) Table 5 shows the results of an additional multivariable

ACDF

ACDF = anterior cervical discectomy and fusion.

Values are given as mean + SD or number of patients (%) unless otherwise
indicated. Boldface type indicates statistical significance.

* Central cord syndrome developed in a patient who fell, requiring decompres-
sion and extension of fusion.

analysis conducted on our entire cohort of laminoplasty
and PCF patients, prior to any matching (n = 234). Vari-
ables reaching p < 0.20 in univariate analysis of the entire
patient cohort were accounted for as covariates: peripheral
vascular disease; anxiety; baseline participation in activi-
ties outside the home; predominant location of pain; and
the subjective presentation of radicular arm pain, radicular
deficit, numbness, neck pain, and myelopathy. Again, no
significant differences were observed across any of our 3-
and 24-month outcomes (adjusted p > 0.05).

=

Y
[ws]
@}

10

@
o

o

w

@
=]

o

@

=
EQ-5D Score

EQ-VAS Score
&
o
B
Arm Pain VAS Score

N
=]
o
LSS

0 0.0 — T T T . .
Preop 3 months 12 months 24 months Preop 3 months 12 months

Duration After Surgery Duration After Surgery
D E

24 months Preop 3 months 12 months 24 months

Duration After Surgery

M
=
o

16

NDI Score

Neck Pain VAS Score

I

4
2 | 1
i 0 4 I
]
24 months Preop 3 months 12 months
Duration After Surgery

' 24 m'onths Preop 3 months 12 months 24 months

Duration After Surgery

Pre'op 3 months 12 months
Duration After Surgery

FIG. 3. Comparison of PROs between patients undergoing PCF and those undergoing laminoplasty at 3, 12, and 24 months.

A: For laminoplasty, the EQ-VAS was significantly improved from baseline at all time points (p < 0.05). For PCF, the EQ-VAS was
significantly improved from baseline at 3 months (p = 0.007) but did not reach statistical significance at 12 months (p = 0.073) and
24 months (p = 0.066). B: For the CL and PCF cohorts, EQ-5D improvements were significant at all time points (p < 0.05). C: For
the CL and PCF cohorts, VAS arm pain was significantly improved from baseline at all time points (p < 0.05). D: For laminoplasty,
NDI was significantly improved from baseline at all time points (p < 0.05). For PCF, NDI was significantly improved at 12 months
(p =0.002) and 24 months (p = 0.045) but not at 3 months (p = 0.060). E: For laminoplasty, mJOA was significantly improved
compared with baseline at all time points (p < 0.05). For PCF, mJOA was significantly improved at 3 months (p = 0.015) and 24
months (p = 0.008) but not at 12 months (p = 0.080). F: For laminoplasty, VAS neck pain was significantly improved from baseline
at all time points (p < 0.05). For PCF, VAS neck pain was significantly improved from baseline at 3 months (p = 0.039) but not at 12
months (p = 0.278) and 24 months (p = 0.104).

6 J Neurosurg Spine August 11, 2023

Brought to you by Duke University | Unauthenticated | Downloaded 10/11/23 06:12 PM UTC



Discussion

Our study compared perioperative and postoperative
outcomes from propensity score—matched cohorts of pa-
tients undergoing either laminoplasty or laminectomy with
fusion for CSM. We found laminoplasty to be associated
with decreased estimated blood loss, decreased length of
hospitalization, and increased rates of discharge to home.
Clinically, laminoplasty was associated with superior re-
turn to activities at 3 months and a larger improvement in
24-month NDI scores (but similar 24-month mean NDI
scores). Otherwise, at 24 months, laminoplasty and lami-
nectomy with fusion were associated with similar mean
scores for all other PROs, including mJOA, VAS neck and
arm pain, EQ-5D, and EQ-VAS scores. Both procedures
had similar postoperative NASS satisfaction scores at 3
and 24 months.

Although increasing in prevalence, laminoplasty has
remained notably underutilized in the US. Many existing
studies characterizing laminoplasty outcomes have been
focused on Japanese and Korean populations, where the
procedure is more frequently performed.'*?** Compari-
sons between laminoplasty and laminectomy with PCF in
the unique US healthcare setting are important but lack-
ing. Notably, Ghogawala et al. recently found in a random-
ized clinical trial subgroup analysis that patients undergo-
ing laminoplasty showed a significantly higher estimated
mean change in SF-36 Physical Component Summary out-
comes after 1 year (CL group: 9.6 vs PCF group: 4.6, p =
0.02) and 2 years (CL group: 10.1 vs PCF group: 4.3, p
= 0.01).7 Additionally, the mean change in EQ-5D scores
after 2 years was significantly higher in the CL cohort than
the PCF cohort (0.20 £ 0.17 vs 0.14 £ 0.22, p = 0.01). Our
analysis did not, however, show a similar association be-
tween laminoplasty and long-term superiority in quality
of life, as the change in EQ-5D after 2 years was simi-
lar between both our cohorts. This inconsistency could be
a reflection of the small cohort sizes across both studies
(Ghogawala et al.:'7 n = 28 laminoplasty, n = 69 laminec-
tomy with fusion; present study: n = 43 laminoplasty, n
= 191 laminectomy with fusion). Future studies compar-
ing laminoplasty and fusion outcomes with a larger cohort
may help in this regard.

On the other hand, our study does suggest that lami-
noplasty may hasten recovery, given that the CL cohort
exhibited higher rates of home discharge, reduced length
of hospitalization, and superior 3-month return-to-activity
rates after surgery. Traditionally, fusion has been regarded
by surgeons to be a more invasive procedure—with ad-
ditional lateral exposure, bony resection, and arthrodesis
resulting in greater blood loss and postoperative pain.2>2¢
This was confirmed in our cohort by the significantly
greater estimated blood loss in the PCF cohort, which is
indicative of the increased invasiveness of the fusion pro-
cedure.

Regarding neck pain, 1) both the CL and PCF cohorts
had similar baseline neck pain (moderate neck pain), and
2) the cohorts demonstrated similar changes in neck pain,
mean neck pain scores, and achievement of neck pain free-
dom. Our findings here stand in contrast to prior studies
reporting long-term worsening of neck pain in patients af-
ter laminoplasty, as well as the long-held belief that fusion
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TABLE 3. Postoperative outcomes of patients undergoing PCF or
laminoplasty, propensity score matched

PCF (n=43) CL(n=43) pValue
mJOA
3-mo score 13.5+31 141+26 0407
3-mo change 2042 25+26  0.573
3-mo relieved cervical 4 (12.5) 6(17.1) 0.594
myelopathy
24-mo score 13.8+34 144+25 0398
24-mo change 22+41 3128  0.287
24-mo relieved cervical 8(25.0) 7(18.9) 0.541
myelopathy
VAS neck pain
3-mo score 28+28 33+29 0.503
3-mo change -15+34 -1.7+341 0.831
3-mo pain free 12 (35.3) 10 (27.8) 0.498
24-mo score 27126 24+29 0731
24-mo change -11+£3.2 -24+36 0108
24-mo pain free 10 (28.6) 16 (43.2) 0.195
VAS arm pain
3-mo score 21432 19+29 0.846
3-mo change -19+3.2 -20+£3.2 0.850
3-mo pain free 21(61.8) 20 (55.6) 0.598
24-mo score 22+28 26+3.2 0.635
24-mo change -1.6+£3.3 -16+£3.0 0941
24-mo pain free 18 (51.4) 16 (43.2) 0.487
NDI
3-mo score 245+186 245+210 0.998
3-mo change -9.0+226 -148+194 0.253
24-mo score 236+218 187+204 0.328
24-mo change -91+219 -196+18.9 0.031
EQ-5D
3-mo score 0.6+0.2 07+02 0.233
3-mo change 01+0.2 02+£02 0.275
24-mo score 07£03 07+£0.2 0461
24-mo change 01+0.3 02+£03 0491
EQ-VAS
3-mo score 69.7+£194 683x215 0774
3-mo change 8.8+20.3 12.8+23.3 0.466
24-mo score 701+211  651+269 0.393
24-mo change 101+£265 101+£241 0991
NASS satisfaction score 1 or 2
3 mos 26 (76.5) 32 (86.5) 0.276
24 mos 31(83.8) 34 (87.2) 0.674
Return to work*
3 mos 13 (86.7) 4 (44.4) 0.082
Return to activities
3 mos 7(21.2) 17 (47.2) 0.023

Values are given as mean + SD or number of patients (%) unless otherwise
indicated. Boldface type indicates statistical significance. Data were missing

for some patients.

* Return to work assessed for eligible patients.

J Neurosurg Spine August 11, 2023 7



Yang et al.

TABLE 4. Multivariable comparison of postoperative outcomes
for PCF versus laminoplasty after PSM

95% Adjusted
B Cl p Value
mJOA
3-mo score 0.2 -1t014 0.75
3-mo change 0.6 -09t02.2 0.44
3-mo relieved cervical 0.9* 0.2t04.1 0.93
myelopathy
24-mo score 0.2 -111t01.5 0.80
24-mo change 0.6 -09t0 2.1 0.44
24-mo relieved cervical 1.4* 041048 0.64
myelopathy
VAS neck pain
3-mo score -0.3 -16t01 0.64
3-mo change -0.8 -2.2100.7 0.30
3-mo pain free 0.5* 0.2t01.7 0.30
24-mo score -0.5 -1.7100.7 0.44
24-mo change -1.2 281004 0.15
24-mo pain free 0.5* 0.2t01.5 0.23
VAS arm pain
3-mo score -0.4 -1.8t00.9 0.54
3-mo change -0.4 -19to0 1 0.57
3-mo pain free 0.7* 0.3t01.9 0.47
24-mo score 0.3 -1t01.7 0.64
24-mo change -0.3 -1.7t01.2 0.7
24-mo pain free 1.4* 0.5t03.8 0.54
NDI
3-mo score -1.8 -10.3t06.8 0.68
3-mo change -4.2 -13.7t05.3 0.38
24-mo score -2.0 -10.7t0 6.6 0.64
24-mo change -4.5 -13.8t04.7 0.33
EQ-5D
3-mo score 0.04 0to 0.1 0.36
3-mo change 0.005 -0.1t00.1 0.92
24-mo score 0.03 -011t00.1 0.54
24-mo change 0.01 -0.11t00.1 0.85
EQ-VAS
3-mo score 0.2 -8.51t09 0.96
3-mo change 2.9 -6.81012.6 0.55
24-mo score -2.8 -134t07.7 0.59
24-mo change -2.6 -1410 8.8 0.65
NASS satisfaction score 1 or 2
3-mo 0.3* 01t01.4 0.13
24-mo 5.4* 0.6t047.2 0.12
3-mo return to work 0.8* 0.2t02.4 0.67
3-mo return to activities 5.7* 1.6 t0 20.6 0.01

Boldface type indicates statistical significance.

* Odds ratio.
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may be more appropriate to treat patients with CSM who
have a component of axial neck pain.”-*° A retrospective
study of 56 patients found a slight increase in VAS neck
pain after laminoplasty, but a significant decrease after
PCF (CL group: mean baseline score 3.2 + 2.8 vs mean
postoperative score 3.4 + 2.6, p = 0.50; PCF group: mean
baseline score 5.8 + 3.2 vs mean postoperative score 3.0
+ 2.3, p <0.1), with follow-up of approximately 41.3-42.3
months.** However, the study had a PCF cohort with high-
er preoperative neck pain, suggesting an influence of se-
lection bias on the findings. Our study shows, in an analy-
sis of 14 high-volume spine centers in the US, that patients
operated on with laminoplasty versus PCF had similar
baseline neck pain in an unmatched comparison. Further-
more, after PSM on neck pain—creating two cohorts with
moderate VAS neck pain—we observed similar neck pain
outcomes. This is consistent with a report by Lau et al.
comparing 101 patients undergoing CL to 44 patients un-
dergoing laminectomy with PCF with a mean follow-up
of 17.3 months.*! Our work shows an association between
laminoplasty and reduction in neck pain, implying that the
presence of preoperative neck pain may not necessarily be
an indication for PCF in patients with moderate neck pain.
Moreover, the finding that laminoplasty was associated
with greater improvements in 24-month neck pain—related
disability (i.e., NDI change) supports this notion. These re-
sults are in line with more recent studies that have found
no difference in VAS neck pain scores postoperatively.’!
Overall, the results of our study demonstrate long-term
equivalence of the laminoplasty and PCF approaches
across a range of clinical outcomes. PCF appears to be
well tolerated by patients, although our findings do indi-
cate that laminoplasty may be associated with an acceler-
ated recovery process for patients with CSM across peri-
operative metrics and 3-month initial superiority in return
to activities. This finding may be multifactorial and stem
from the less invasive nature of laminoplasty and differ-
ences in postoperative restrictions, prolonged collar use,
after PCF compared with laminoplasty, wherein the for-
mer may have longer periods of activity restrictions and
longer latencies to initiate postoperative physical therapy.

Limitations

This study is inherently limited by its nature as a ret-
rospective analysis of a prospective registry. First, as a
registry study, patients are lost to follow-up. However, our
follow-up rates at 24 months were 88.4% and 83.7% for
laminoplasty and laminectomy with PCF, respectively.
Prior investigation demonstrates that loss to follow-up
is not considered a significant threat to outcome validity
until the rate exceeds 20%.3? Second, we performed an
observational nonrandomized comparison of two surgi-
cal procedures, which inherently presents selection bias.
Surgeons may have different indications or preferences
for laminoplasty versus fusion procedures (e.g., unilateral
vs bilateral radicular arm pain, absence of neck or arm
pain, and smoking status). Patients with severe neck pain
and loss of cervical lordosis are traditionally regarded as
poor candidates for laminoplasty and tend to be offered
decompression with fusion. Patients themselves may even
influence the decision-making process (i.e., if a patient ex-



presses disinclination for PCF), and not every surgeon per-
forms both procedures. We attempted to control for these
baseline differences and the resulting selection bias by us-
ing PSM. However, while PSM is a powerful technique to
account for confounding, it may not account for all pos-
sible confounders. Our matched CL and PCF cohorts sig-
nificantly differed on two baseline factors: participation in
activities outside the home and subjective presentation of
radicular arm pain. Although we included these variables
as covariates in multivariable analysis, potential effects of
confounding may still remain. For instance, laminoplasty
patients may have been more active preoperatively—driv-
ing the faster return to activity after surgery in the CL co-
hort.

Additionally, our study is constrained by the limited
number of patients who underwent laminoplasty in the
QOD CSM data set, which may reflect the overall unde-
rutilization of laminoplasty in the US. Subsequent stud-
ies may expand on our analysis of PROs between CL and
PCF groups with a larger cohort. A randomized clinical
trial focusing solely on dorsal approaches may be ideal.
Finally, our study was focused primarily on assessing the
PROs already available in the QOD. There are data that
the QOD does not collect, particularly pre- and postop-
erative radiographic imaging. Future analysis may benefit
from the inclusion of key radiographic parameters such as
cervical lordosis (C2-7 Cobb angle), T1 slope, center of
gravity of the head to the C7 sagittal vertical axis, cervical
range of motion including proportion that is flexion and
extension, and modified K-line.

Conclusions

In our CSM cohort, both patients undergoing lami-
noplasty and those undergoing laminectomy with fusion
showed significant improvements across PRO measures.
Compared with PCF, laminoplasty was associated with
lower estimated blood loss, shorter length of hospitaliza-
tion, higher rates of home discharge, and increased re-
turn to activities after 3 months. At 24 months, the NDI
change was greater for the CL cohort (although the mean
24-month NDI scores were similar). Otherwise, there were
no significant differences in all remaining 24-month PRO
scores: functional status, pain, quality of life, and satisfac-
tion with surgery were similar between both laminoplasty
and laminectomy with fusion patients. Both cohorts had
similar VAS neck pain outcomes at 3 and 24 months—
suggesting that the long-held belief that neck pain is a
contraindication for laminoplasty may need to be recon-
sidered. Overall, although 24-month outcomes are largely
comparable, patients undergoing laminoplasty may dem-
onstrate faster return to preoperative activities.
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TABLE 5. Multivariable comparison of postoperative outcomes
for PCF versus laminoplasty in full cohort (n = 234)

95% Adjusted
B Cl p Value
mJOA
3-mo score 0.7 -0.3t01.6 0.16
3-mo change 0.9 -01t02 0.07
3-mo relieved cervical 0.5* 0.2t01.5 0.22
myelopathy
24-mo score 0.7 -0.2t0 1.7 013
24-mo change 1.0 -0.11t021 0.07
24-mo relieved cervical 0.8* 0.3t02.3 0.73
myelopathy
VAS neck pain
3-mo score 0.2 -0.7t0 11 0.74
3-mo change 0.6 -0.5t01.7 0.32
3-mo pain free 1.0* 041023 0.95
24-mo score -0.1 -1.2t00.9 0.77
24-mo change 0.002 -1.2t01.2 >0.99
24-mo pain free 0.9* 04102 0.85
VAS arm pain
3-mo score -0.2 -1.2100.8 0.69
3-mo change -0.2 141011 0.79
3-mo pain free 1.0* 05t02 0.97
24-mo score 0.2 -0.8t01.2 0.7
24-mo change 0.005 -13t01.3 0.99
24-mo pain free 1.7* 0.8t03.6 0.18
NDI
3-mo score -0.3 -6.5t05.9 0.92
3-mo change -1.8 -8.7t05.1 0.60
24-mo score -1.6 -85t05.4 0.66
24-mo change -4.3 -11.91t03.4 0.27
EQ-5D
3-mo score -0.3 -15t07 0.94
3-mo change 25 -5.61010.5 0.55
24-mo score -4.3 -12t034 0.27
24-mo change 2.4 -11.8t07 0.62
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3-mo score 0.01 -01t0 0.1 0.75
3-mo change -0.03 -01t00 0.38
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* Odds ratio.
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