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Abstract

Background context Laminoplasty and laminectomy with
fusion are two common procedures for the treatment of
cervical spondylotic myelopathy. Controversy remains
regarding the superior surgical treatment.

Purpose To compare short-term follow-up of laminoplasty
to laminectomy with fusion for the treatment of cervical
spondylotic myelopathy.

Study design/setting Retrospective review comparing all
patients undergoing surgical treatment for cervical
spondylotic myelopathy by a single surgeon.

Patient sample All patients undergoing laminoplasty or
laminectomy with fusion by a single surgeon over a 5-year
period (2007-2011).

Outcome measures Cervical alignment and range of
motion on pre- and post-operative radiographs and clinical
outcome measures including Japanese Orthopaedic Asso-
ciation (JOA) scores, neck disability index (NDI), short
form-12 mental (SF-12M) and physical (SF-12P) com-
posite scores and visual analog pain scores for neck (VAS-
N) and arm (VAS-A).

Methods Patients undergoing laminoplasty or laminectomy
with fusion by a single surgeon were reviewed. Cohorts of 41
laminoplasty patients and 31 laminectomy with fusion
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patients were selected based on strict criteria. The cohorts
were well matched based on pre-operative clinical scores,
radiographic measurements, and demographics. The average
follow-up was 19.2 months for laminoplasty and 18.2 months
for laminectomy with fusion. Evaluated outcomes included
Japanese Orthopaedic Association (JOA) score, neck dis-
ability index (NDI), short form-12 (SF-12), visual analog pain
scores (VAS), cervical sagittal alignment, cervical range of
motion, length of stay, cost and complications.

Results The improvement in JOA, SF-12 and VAS scores
was similar in the two cohorts after surgery. There was no
significant change in cervical sagittal alignment in either
cohort. Range-of-motion decreased in both cohorts, but to a
greater degree after laminectomy with fusion. C5 nerve
root palsy and infection were the most common compli-
cations in both cohorts. Laminectomy with fusion was
associated with a higher rate of C5 nerve root palsy and
overall complications. The average hospital length of stay
and cost were significantly less with laminoplasty.
Conclusions This study provides evidence that laminoplasty
may be superior to laminectomy with fusion in preserving
cervical range of motion, reducing hospital stay and mini-
mizing cost. However, the significance of these differences
remains unclear, as laminoplasty clinical outcome scores were
generally comparable to laminectomy with fusion.

Keywords Laminectomy - Laminectomy and fusion -
Laminoplasty - Fusion - Cervical myelopathy
Introduction

Cervical myelopathy results from compression of the spinal

cord secondary to osseous or soft tissue encroachment of the
spinal canal. Myelopathy can result in progressive gait
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disturbance, fine motor disability, weakness, and sensory
dysfunction. The most common cause of myelopathy in the
elderly population is spondylosis [1]. In cervical spondylotic
myelopathy, the onset is often insidious and progressive [2].
Early surgical intervention has been demonstrated to halt the
progression of neurological deterioration [3, 4].

Multiple surgical techniques have been described to
treat cervical myelopathy [5]. Historically, laminectomy
was the treatment of choice. Laminectomy affords
straightforward decompression and reliable improvement
in symptoms. However, a substantial percentage of patients
develop complications secondary to the destabilization
caused by removal of the posterior elements. Complica-
tions include post-laminectomy kyphosis, segmental
instability, and neurological deterioration [6-9]. For this
reason, fusions are frequently added to provide a stronger
biomechanical construct. Augmentation with posterior
fusion has been demonstrated to reduce post-laminectomy
instability in multiple studies [10-12]. However, due to the
alteration of normal cervical spine biomechanics, there is
increasing concern that fusion may result in adjacent seg-
ment disease and the need for additional surgery [13, 14].

Laminoplasty was developed as an alternative to
laminectomy, permitting adequate decompression while
maintaining mechanical stability and motion in the cervical
spine. Laminoplasty involves unilateral cuts to hinge open the
lamina and increase the space available for the spinal cord.
Additionally, this procedure theoretically allows for mainte-
nance of normal cervical biomechanics and reduced risk of
adjacent segment disease. However, laminoplasty has been
associated with neck and shoulder pain and its use is generally
restricted to patients with cervical lordosis [15-17].

There is currently no consensus in the literature concerning
the superiority of laminoplasty or laminectomy with fusion in
the treatment of cervical myelopathy [17-22]. A recent sys-
tematic review of the literature comparing the techniques
found the majority of studies were low quality and lacking
sufficient detail in the methods and results to permit pooling of
the data [23]. Though several studies have demonstrated
favorable outcomes using each technique [12, 14, 24-27],
there is a paucity of the literature comparing the two tech-
niques in the hands of a single surgeon. The purpose of the
following study is to compare these techniques using a rig-
orous panel of clinical and radiographic variables in an
attempt to elucidate differences treatment outcomes.

Materials and methods
Subjects

The study herein is an institutional review board-approved,
retrospective review of patients treated by a single surgeon
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at major academic institution during a 5-year period
(2007-2011). Patients with a primary diagnosis of cervical
spondylotic myelopathy treated with laminoplasty or
laminectomy with fusion were identified by International
Classification of Diseases (ICD) and Current Procedural
Terminology (CPT) codes. For study inclusion, physical
exam documentation was reviewed for each patient iden-
tified in the search to confirm a diagnosis of myelopathy
(gait disturbance, fine motor disability, abnormal reflexes,
gross motor weakness or sensory deficits) and failure of a
non-operative treatment regimen. The non-operative regi-
mens were not standardized and varied from observation to
focused neck physical therapy, injections for concurrent
radiculopathy, anti-inflammatories and bracing. There was
no minimum time established for duration of non-operative
treatment prior to assessment of treatment failure. As this
study was conducted at a large referral center, patients
underwent non-standardized types and duration of non-
operative management prior to referral for surgical man-
agement. Furthermore, included patients were required to
have magnetic resonance imaging confirmation of cord
compression involving at least three levels. Patients with
any prior cervical surgery, loss of cervical lordosis, insta-
bility (>3 mm) or history of trauma were excluded from
the study as these are frequently contraindications to
laminoplasty. Given that laminoplasty was always com-
pleted from C3-7, only laminectomy with fusion patients
undergoing surgery at those exact levels were included to
control for cofounders related the magnitude of the surgery
(incision length, violation of soft tissue structures, etc.).
Patients undergoing supplementary procedures such as
decompression of additional levels, instrumentation of
additional levels or anterior procedures were excluded. Of
the initial 341 patients identified during the study period
from the CPT code search, 54 laminoplasty patients and 37
laminectomy with fusion patients were found to fulfill the
aforementioned inclusion criteria. Removal of those with
incomplete medical records or less than 12 months follow-
up left a final study population of 41 laminoplasty and 31
laminectomy with fusion patients.

Surgical technique

All patients were positioned prone in a three-pronged
Mayfield skull clamp with the arms adducted and held
tucked to their sides.

Patients in the laminoplasty cohort underwent a C3-C7
laminoplasty using a standard midline posterior approach.
At each level, an osteotomy was created at the junction of
lateral mass and the lamina on the opening side. On the
contralateral side, a bur was used to create a hinge. After the
lamina was opened, it was fixed in a decompressed position
using Medtronic  Centerpiece™  laminoplasty plates
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(Medtronic Sofamor Danek, Memphis, TN) or NuVasive
Leverage Laminoplasty System ™ plates (NuVasive, Inc.,
San Diego, CA) (Fig. 1). The decision to open on the left or
right was determined on an individual basis by the surgeon
based on the laterality of each patient’s symptoms.

The NuVasive Vuepoint (NuVasive, Inc., San Diego,
CA) system was used exclusively in the laminectomy and
fusion cohort. Polyaxial lateral mass screws were exclu-
sively at all instrumented levels in combination with 3.5-
mm titanium rods. A standard midline posterior approach
was used, similar to the laminoplasty cohort. Lateral mass
screws and rods were used for instrumentation (Fig. 1).
The instrumentation was extended distally to either C7 or
T1 depending upon bone quality and sagittal alignment at
the cervicothoracic junction. The facet joints were decor-
ticated and morselized local bone graft was packed into the
facet joints and along the lateral masses.

The procedure selection for the patients in this study was
determined principally by the date of surgery. From 2006

Fig. 1 Pre-operative (la) and post-operative (1b) lateral cervical
plain films of a patient treated with laminoplasty from C3 to C7. Pre-
operative (2a) and postoperative (2b) films of a patient treated with
laminectomy and fusion at the same levels

through August 2008, the surgeon in this study treated
nearly all cervical myelopathy with C3-7 laminoplasty.
However, in August 2008, the surgeon transitioned to a new
cervical laminectomy and fusion system, and treated nearly
all cervical myelopathy from that point forward with
laminectomy and fusion. The period during which the sur-
geon used both techniques encompassed six total cases.
These six patients were offered both options and decided
which procedure they preferred resulting in three undergoing
laminoplasty and three undergoing laminectomy and fusion.

All patients were given the same post-operative pre-
cautions and instructions for advancement of activities and
strengthening. Cervical collars were offered for comfort
only.

Outcome evaluation

Flexion, extension and neutral cervical spine plain radio-
graphs were obtained pre-operatively and at the 6-week
(£1 week) follow-up. Cervical sagittal alignment and
cervical range of motion were measured using the cervical
spine angle as originally described by Gore [28]. Post-op-
erative CT studies were obtained at 1-year follow-up fol-
lowing laminectomy and fusion to assess fusion status. CT
fusion was defined by clear interbody bony bridging on two
or more consecutive sagittal CT images.

In addition to radiographic measurements, clinical out-
come scores were obtained pre-operatively and at follow-
up. Patient self-reported outcomes included Japanese
Orthopaedic Association (JOA) scores, neck disability
index (NDI), short form-12 mental (SF-12M) and physical
(SF-12P) composite scores and visual analog pain scores
for neck (VAS-N) and arm (VAS-A).

The JOA is a quantitative scale measuring the severity
of myelopathy. The scale includes four components: (1)
motor function in the arms, (2) motor function in the legs,
(3) sensation and (4) bladder function. Scores range from 0
to 17, with lower scores correlating with higher disability
[29]. An improvement of two points has been described as
clinically important [30, 31].

The NDI is a clinical measurement of disability related
specifically to the cervical spine. It has been demonstrated
to have a high degree of reliability and internal consistency
[32]. Scores range from 0 to 50, with a higher score cor-
relating with higher disability. A minimal -clinically
important difference (MCID) of 7.5 has been established
for the NDI in patients undergoing cervical fusion [33].

The SF-12 is a well-known assessment of overall health.
It is composed of mental (SF-12M) and physical (SF-12P)
composite scores ranging from 0 to 100, with standardized
mean patient scores of 50, and higher scores indicating a
better state of health. An MCID of 4.1 has been established
for the SF-12P [33].
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The VAS pain scale measures patient pain based on a
score of 0—10. The score is measured on across a contin-
uum, with higher scores representing a higher level of
discomfort. For the purposes of this study, VAS scores for
neck pain (VAS-N) and individual arms (VAS-RA and
VAS-LA) were distinguished. An MCID of 2.5 has been
established for neck and arm pain individually [33].

Length of stay and cost data were obtained from the
hospital record and billing departments. Cost data were
obtained from the medical center financial department and
included all surgical, instrumentation and hospitalization
fees associated with a patient’s primary hospital stay.

Complications were defined as any significant deviation
from a normal post-operative course including, but not
limited to, infection, new sensory or motor deficits, and
reoperation. For the purposes of this study, any strength
deficits relative to the pre-operative exam were considered
palsies, even if present for less than 24 h.

Statistical analysis

Patient characteristics and complications were examined
using Fisher’s exact tests. Within-group differences for
radiographs and patient-reported outcomes were analyzed
using paired ¢ tests. Differences in change between groups

were assessed using both unadjusted pre- and post-test
scores as well as with adjustment for baseline outcome
score and number of comorbidities. Nonparametric data
(baseline comorbidities, length of stay, and cost) were
assessed with the Mann—Whitney test. Odds ratios were
calculated to determine the relative odds of post-operative
complications between the two cohorts. Statistical anal-
ysis was carried out using R statistical software, version
3.0.2 [34], with the additional “psych [35]” and “epitools
[36]” packages. Statistical significance was defined as
p < 0.05; post-test results of parametric statistics are
reported using the mean and 95 % confidence interval of
the difference.

Results
Pre-operative comparison of cohorts

No statistically significant difference between groups was
noted in any baseline demographic, radiographic or out-
comes data with the exception of number of comorbidities.
The median comorbidity values were 3 (IQR 1,4) in the
laminoplasty group, and 4 (IQR 3,6) in the laminectomy
and fusion (Table 1).

Table 1 Baseline

demographic, radiographic, and Laminoplasty Fusion p value

functional measures Age 57.88 (10.73) 58.97 (9.79) 0.66
BMI 28.87 (4.54) 30.47 (7.09) 0.28
Gender 14/41 (34 %) female 9/32 (21 %) female 0.84%*
Duration of pre-operative symptoms (in months) 13.89 13.74 0.49
Tobacco use (yes) 20 % 19 % 0.78%*
Diabetes mellitus (yes) 20 % 39 % 0.12*
No. of comorbidities 31,4 4 (3,6) <0.001*
Neutral —12.14 (8.91) —11.64 (10.35) 0.84
Flexion 12.99 (10.29) 14.12 (10.61) 0.67
Extension —26.35 (13.78) —24.02 (13.09) 0.49
ROM 39.35 (13.64) 38.14 (11.66) 0.70
NDI 20.29 (10.15) 19.84 (11.29) 0.89
SF-12M 57.53 (9.17) 56.32 (10.65) 0.67
SF-12P 32.72 (11.14) 32.03 (9.49) 0.82
VAS-N 4.25 (3.51) 471 2.91) 0.69
VAS-RA 3.0 (3.41) 3.06 (2.56) 0.96
VAS-LA 2.44 (3.27) 2.83 (3.2) 0.72
JOA 14.37 (0.83) 14 (1.35) 0.23
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Values in parentheses indicate standard deviation unless otherwise noted

Values in italics indicate statistically significant effects or differences

* Fisher exact test
A Inter-quartile range
# Mann-Whitney test
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Post-operative comparison

The average follow-up was 19.2 months for the lamino-
plasty cohort and 18.2 months for the laminectomy with
fusion cohort.

Cervical sagittal alignment

The average pre-operative cervical lordosis in the
laminoplasty cohort was 12.1° and the average lordosis in
the laminectomy with fusion cohort was 11.6°. All patients
had a lordotic cervical sagittal alignment. There were no
significant changes in sagittal alignment at follow-up and
there was no significant difference between the cohorts
after surgery (Table 2).

Cervical range of motion

Pre-operatively, the average cervical range of motion of the
laminoplasty and laminectomy with fusion cohorts were
39.4° and 38.1°, respectively. At follow-up, both cohorts
experienced a significant loss of range of motion (Table 2).
However, the magnitude of loss was much larger in the
laminectomy with fusion cohort (adjusted mean difference
18.04, 95 % CI 13.77-22.31). Furthermore, the laminec-
tomy with fusion cohort experienced a significant reduction
in both flexion and extension motion, while the laminoplasty
cohort only experienced a reduction in flexion motion.

Fusion status

Post-operative CT studies were obtained between 6 months
and l-year to evaluate fusion. Bony fusion was docu-
mented in our review and by radiology report in 18 of 19
patients (94.7 %). The average time to post-operative CT
was 10.5 months.

Patient-reported outcomes

Patient-reported outcomes are presented in Table 3. No
significant differences were seen for change scores between
groups on any measure for adjusted or non-adjusted data.
Both groups showed statistically and clinically significant
within-groups change on the JOA from pre- to post-oper-
atively, but there was no difference in change scores
between the groups post-operatively. Both groups excee-
ded the MCID for the physical subscale of the SF-12P. The
95 % confidence interval of the difference in neck scores
between groups exceeded the MCID, indicating a potential
clinical benefit of fusion over laminoplasty for neck pain.
This was not seen in pain scores for either arm.

Hospital length of stay

The median length of stay for laminoplasty cohort was
3 days (IQR 2,3) while the median length of stay for the
laminectomy with fusion cohort was 4 days (IQR 3,5.5). This
represented a statistically significant difference (p < 0.001).

Cost

Cost data were obtained from the medical center financial
department and included all surgical, instrumentation and
hospitalization fees associated with a patient’s primary
hospital stay. The median cost for the laminoplasty
and laminectomy with fusion cohorts was 105,431
(54,718-105,184) and 128,664 (120,984-141,776), a sta-
tistically significant difference (p < 0.001).

Complications

C5 nerve root palsy was the most common peri-operative
complication in both cohorts (Table 4). For the purposes of

Table 2 Comparison of treatment effect on radiographic measures: difference in change scores between laminoplasty and laminectomy with

fusion groups

Measure Group Baseline Discharge Within-group Unadjusted Adjusted
difference treatment effect treatment effect

Neutral Laminoplasty —12.14 (8.91) —13.19 (14.36)  1.05 (—4.39, 6.50) —0.89 (—5.44, 3.66) —0.54 (—5.54, 4.24)
Fusion —11.64 (10.35) —9.77 (9.64) —1.87 (=7.04, 3.30)

Flexion Laminoplasty  12.99 (10.29) 5.25 (13.24) 7.74 (2.27, 13.21) 9.14 (3.3, 14.9) 7.71 (2.12, 12.29)
Fusion 14.12 (10.61) —2.46 (9.94) 16.58 (11.078, 22.09)

Extension Laminoplasty —26.35 (13.78) —25.28 (13.02) —1.07 (—7.31, 5.16) —8.3 (—13, —3.6) —9.46 (—13.71, —5.22)
Fusion —24.02 (13.09) —12.8 (8.7) —11.22 (—17.15, —5.28)

ROM Laminoplasty  39.35 (13.64) 30.53 (10.59) 8.82 (3.10, 14.53) 17.43 (11.06, 23.81) 18.04 (13.77, 22.31)
Fusion 38.14 (11.66) 10.34 (5.03) 27.8 (23.00, 32.60)

Standard deviations are reported for measures in parentheses. 95 % confidence intervals are reported for treatment effect in parentheses

Values in italics indicate statistically significant effects or differences
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Table 3 Comparison of treatment effect on patient-reported outcome measures: difference in change scores between laminoplasty and

laminectomy with fusion groups

Measure Group Baseline Discharge Within group Unadjusted Adjusted
difference treatment effect treatment effect

JOA Laminoplasty  14.37 (0.83) 16.46 (0.84) —2.09 (=2.46, —1.73)  —0.26 (—0.79, 0.27)  —0.06 (—0.44, 0.32)
Fusion 14 (1.35) 16.36 (0.91) —2.36 (=3.02, —1.70)

NDI Laminoplasty ~ 20.29 (10.15)  14.76 (11.13) 5.53 (—1.12, 12.17) —1.77 (—=7.84,429) —0.63 (—6.15, 4.90)
Fusion 19.84 (11.29)  16.67 (10.59) 3.17 (—3.11, 9.46)

SF-12M Laminoplasty ~ 57.53 (9.17) 60.98 (7.13) 3.45 (—1.44, 8.34) —1.26 (—6.71, 4.19)  —0.55 (—3.98, 2.88)
Fusion 56.32 (10.65)  61.34 (5.01) 5.02 (0.33, 9.73)

SF-12P Laminoplasty ~ 32.72 (11.14)  38.01 (12.84) 5.29 (—1.86, 12.43) 0.36 (—5.92, 6.64) 0.48 (—5.60, 6.57)
Fusion 32.03 (9.49) 36.42 (10.84) 4.39 (—1.36, 10.14)

VAS neck Laminoplasty 4.25 (3.51) 3.56 (3.1) 0.69 (—1.70, 3.08) 0.84 (—1.47, 3.16) 1.22 (-0.79, 3.22)
Fusion 4.71 (2.91) 3.18 (3.13) 1.53 (—0.58, 3.64)

VAS right arm  Laminoplasty 3.0 (3.41) 1.25 (2.74) 1.75 (—4.9, 3.99) —1.22 (=391, 1.47) —1.49 (—3.48, 0.49)
Fusion 3.06 (2.56) 2.53 (2.43) 0.53 (—1.21, 2.27)

VAS left arm Laminoplasty 2.44 (3.27) 1.44 (2.39) 1.0 (—1.07, 3.07) —0.28 (—2.49, 1.93) —0.40 (—2.15, 1.34)
Fusion 2.83 (3.2) 2.11 (2.81) 0.72 (—1.32, 2.76)

Standard deviations are reported for measures in parentheses. 95 % confidence intervals are reported for treatment effect in parentheses

Values in italics indicate statistically significant effects or differences

Table 4 Comparison of

objective clinical outcome Laminoplasty Fusion p value

measures Length of stay 3(2,3) 4(3,5.5) <0.001
Cost $105,431 ($54,718-105,184) $128,664 ($120,984-141,776) <0.001
Nerve root palsy 3/41 (7 %) 10/31 (32 %) 0.02
Infection 1/41 (2 %) 4/31 (13 %) 0.21
Reoperation 3/41 (7 %) 5/31 (16 %) 0.42

Values in italics indicate statistically significant effects or differences

this study, any strength deficits greater than two motor
grades relative to the pre-operative exam were considered
palsies, even if present for less than 24 h. Laminoplasty
resulted in a significantly lower rate of C5 nerve root palsy
than laminectomy with fusion [32.3 versus 7.3 %, odds
ratio 0.19 (95 % CI 0.03-0.66)].

The two other primary post-operative complications
were infection and reoperation rate. While there was no
significant difference between the two groups, the odds of
occurrence were lower for the laminoplasty group for both
reoperation (0.42, 95 % CI 0.08-1.95) and infection (0.19,
95 % CI 0.01-1.46). The reasons for reoperation in the
laminoplasty group were infection requiring irrigation and
debridement (1 patient), persistent radiculopathy treated by
four-level anterior cervical discectomy and fusion (1
patient), and epidural hematoma requiring emergent evac-
uation (1 patient). The reasons for reoperation in the
laminectomy and fusion included infection requiring irri-
gation and debridement (4 patients) and junctional
kyphosis requiring caudal extension of the fusion construct
(1 patient). Taken as a whole, laminectomy with fusion was
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associated with a significantly higher risk of complications
than laminoplasty.

Discussion

Laminoplasty and laminectomy with fusion are the two
most common surgical techniques in the treatment of cer-
vical spondylotic myelopathy [37]. Previous studies have
demonstrated success with both procedures in improving
symptoms and preventing further neurological deteriora-
tion [12, 14, 21, 24-26]. However, controversy remains
regarding which procedure portends superior outcomes for
various surgical indications. This controversy is perpetu-
ated by the paucity of studies directly comparing lamino-
plasty and laminectomy with fusion by a single surgeon
[19, 20, 28, 37, 38]. The study herein addresses this void,
comparing outcome measures between laminoplasty and
laminectomy with fusion in two well-matched cohorts.
Multiple validated clinical outcomes scores were com-
pared between the cohorts, including JOA, NDI, SF-12M,
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SF-12P, VAS-N and VAS-A. In most measured outcomes,
the cohorts demonstrated improvement of similar magni-
tude which is consistent with a recent meta-analysis com-
paring the techniques [22]. Given the specific inclusion
criteria, the final sample size limited the power to detect a
clinically significant difference between groups. Observa-
tion of the confidence intervals in Tables 3 and 4 may
assist in developing hypotheses about potential clinically
meaningful differences that were not identified as statisti-
cally significant in our study, and could be examined in a
larger prospective trial.

The improvement in myelopathic symptoms found in
this study were similar to previous reports by Highsmith
et al. [19] and Heller et al. [20]. In the present study, both
groups exceeded a commonly accepted MCID, indicating
important clinical benefit on a scale specifically developed
for this population. There was, however, no significant
difference in the improvement in JOA scores between the
two cohorts. Highsmith et al. [19] reported no significant
difference in JOA scores while Heller et al. [20] reported
no difference in Nurick scores.

Although the principal goal of laminoplasty and
laminectomy with fusion is to alleviate myelopathic
symptoms, improvement in neck pain is a secondary
objective. In the past, laminoplasty has been associated
with shoulder and neck pain [15] while laminectomy with
fusion has been associated with an improvement in neck
pain [19]. In their study directly comparing VAS neck pain
in laminoplasty and laminectomy with fusion, Highsmith
et al. showed that laminectomy with fusion significantly
improves neck pain while laminoplasty did not [19]. While
no significant difference was found between groups in this
study, the 95 % confidence interval of the difference in
neck scores between groups exceeded the established
MCID of 2.5 points for neck pain, indicating a potential
clinical indication for fusion.

The authors are unaware of any other studies in the
literature directly comparing NDI, SF-12M, SF-12P or
VAS-A pain between laminoplasty and laminectomy with
fusion. The results of the present study demonstrate that
laminoplasty and laminectomy with fusion result in similar
improvements in these outcome scores. The fact that the
SF-12 scores were comparable between the two cohorts is
of particular interest, as the SF-12 is a validated assessment
of overall health. This study demonstrates that even though
there may be differences in focused outcome scores (e.g.,
neck pain, cervical range of motion), such differences do
not necessarily translate into on overall better state of
physical or mental well-being.

In addition to clinical outcome scores, radiographic
measurements were made. At follow-up, there was no
significant change in the sagittal alignment of either cohort.
The fact that sagittal alignment is maintained is specifically

relevant to the laminoplasty cohort. With laminoplasty,
there is concern that the posterior elements may be com-
promised, leading to destabilization and progressive
kyphosis. The data from this study do not suggest that
laminoplasty results in significant destabilization. How-
ever, it is important to note that the inclusion criteria of this
study required a lordotic cervical alignment before surgery.
In patients with loss of cervical lordosis, it is indeed pos-
sible that laminoplasty may result in progressive kyphosis.

Radiographs were also used to assess cervical range of
motion. At follow-up, both cohorts experienced a signifi-
cant loss of motion. However, the magnitude of loss was
much larger in the laminectomy with fusion cohort. This
result is intuitive and laminoplasty obviously provides the
benefit of preserving maximum cervical motion. However,
the clinical significance of this retained motion remains
unclear. As noted before, laminectomy with fusion trended
towards a larger improvement in neck pain (VAS-N), so it
is possible that the retained motion with laminoplasty also
results in increased neck pain.

The complications reported in this study were consistent
with those previously reported in the literature [20, 37].
The most common complication in both cohorts was C5
nerve root palsy, followed by infection. Laminectomy with
fusion resulted in a markedly elevated risk of transient C5
nerve root palsy and overall complication rate. Again, all
palsies were temporary and resolved completely during
follow-up. The findings of this study are consistent with
prior studies which report a higher rate of nerve palsy after
laminectomy with fusion than laminoplasty [39]. Recent
literature has increasingly implicated foraminal stenosis in
the development of post-operative C5 palsy in both anterior
and posterior cervical fusion surgery [40—42]. It is impor-
tant to note that the laminectomy and fusion cohort had
significantly more comorbidities and a higher rate of dia-
betes mellitus. In a 2015 study surveying members of
AOSpine, Tetreault et al. found that comorbidities were the
most important clinical predictor of complications in cer-
vical surgery for myelopathy [43].

The hospital length of stay and overall cost were less
with laminoplasty than laminectomy with fusion. These
differences have been attributed to shorter operative time,
less soft tissue disruption and post-operative pain, and less
instrumentation during the laminoplasty procedure [19]. As
pain control is a primary determinant of hospital length of
stay, we believe the 1-day difference between the
laminoplasty and laminectomy groups represents a clini-
cally significant difference in peri-operative pain control.
Although length of stay may not influence long-term pain
or functional outcome scores, it undoubtedly influences
total treatment cost.

The strengths of this study are the relatively large
sample sizes and the well-matched cohorts. There was no
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significant difference between the cohorts in any demo-
graphic, clinical or radiographic variable before surgery
with the exception of number of comorbidities. Adjusting
for this difference had no effect on any outcomes assessed.
It is noteworthy that the cohorts were matched based on the
levels treated (exclusively C3—C7). This matching of levels
resulted in the exclusion of the majority of patients initially
identified in the CPT code search. To date, there is no other
study in the literature that compares laminoplasty and
laminectomy with fusion patients treated at identical levels.
Variance in the number of treated levels would likely
significantly affect tissue dissection, range of motion,
outcome scores and complications.

This study has several important limitations. Though
the cohorts were well matched, inequalities inevitably
existed. There is a historical bias in the data whereby all
patients treated in the beginning of the study period were
treated with laminoplasty and a switch was made in the
middle of the study to laminectomy and fusion. Con-
versely, the fact only one operative technique was used at
any given time leads to unbiased selection of patients. It
is possible that the increased experience attained by the
surgeon over time positively biased results with
laminectomy and fusion and negatively biased results
with laminoplasty. Additionally, although cross-sectional
imaging was available for many in the laminectomy and
fusion cohort in this study, cross-sectional or oblique
plain film imaging was not routinely obtained in the
laminoplasty cohort and, thus, the role of foraminal
stenosis in differential rate of C5 palsy between the
cohorts could not be assessed.

A prospective, randomized study would likely result in
higher quality comparisons. The sample sizes are modest.
Furthermore, this study is limited to patients without cer-
vical sagittal deformity. In patients with significant loss of
cervical lordosis or instability, laminectomy with fusion
may be superior to laminoplasty. The length of follow-up
in this study is insufficient to make any comments
regarding the development of adjacent segment disease or
other long-term outcomes. Finally, the selection of proce-
dure in this study was determined by surgeon preference.
During the study period, the surgeon transitioned from
strictly laminoplasty to laminectomy and fusion. Although
fewer than ten patients were operated on during a period
when the surgeon was using both treatments, this overlap
does introduce selection bias for the procedures chosen for
those patients.

Overall, this study provides evidence that, when mat-
ched for patient status and operative levels, laminoplasty
may be superior to laminectomy with fusion in preserving
cervical range of motion, reducing hospital stay and min-
imizing cost. While the difference in improvement did not
reach  statistical significance, there was greater

@ Springer

improvement in neck pain in the laminectomy and fusion
group. However, the clinical significance of these differ-
ences remains unclear as there was no significant differ-
ence in any patient-reported outcome measure and nearly
identical improvement in SF-12, JOA, and NDI scores.
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