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ABSTRACT

Background: Cervical laminoplasty and laminectomy and fusion (LF) are posterior-based surgical techniques for

the surgical treatment of cervical spondylotic myelopathy (CSM). Interestingly, the comparative amount of spinal cord
drift obtained from these procedures has not been extensively described. The purpose of this study is to compare spinal
cord drift between cervical laminoplasty and LF in patients with CSM.

Methods: The laminoplasty group consisted of 22 patients, and the LF group consisted of 44 patients.
Preoperative and postoperative alignment was measured using the Cobb angle (C2–C7). Spinal cord position was
measured on axial T2-magnetic resonance imaging of the cervical spine preoperatively and postoperatively. Spinal cord

drift was quantified by subtracting preoperative values from postoperative values. Functional improvement was
assessed using the modified Japanese Orthopaedic Association (mJOA) score.

Results: Mean spinal cord drift was higher following LF compared to laminoplasty (2.70 vs 1.71 mm, P , .01).
Using logistic regression analysis, there was no correlation between sagittal alignment and spinal cord drift. Both groups

showed an improvement in mJOA scores postoperatively compared to their preoperative values (laminoplasty,þ2.0, P¼
.012; LF,þ2.4, P , .01). However, there was no difference in mJOA score improvement postoperatively between both
groups (P ¼ .482).

Conclusions: This study demonstrates that patients who had LF for CSM achieved more spinal cord drift
postoperatively compared to those who had laminoplasty. However, the increased drift did not translate into superior
functional outcome as measured by the mJOA score.

Level of Evidence: 3.
Clinical Relevance: Spinal cord drift following LF may differ from laminoplasty in patients undergoing surgery

for CSM. This finding should be considered when assessing CSM patients for surgical intervention.

Cervical Spine
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INTRODUCTION

Cervical spondylotic myelopathy (CSM) is com-
monly a debilitating disorder, often resulting in
significant neurological deterioration over time.
CSM remains the leading cause of spinal cord
dysfunction worldwide.1 Historically, surgical treat-
ment has been the mainstay for progressive CSM.
However, the optimal surgical technique for treating
CSM remains controversial. Determining the most
appropriate surgical approach is often dictated by
patient age, source and location of compressive
pathology, number of levels involved, spinal align-
ment, presence of instability, and patient and
surgeon preference. Both laminoplasty and lami-

nectomy and fusion (LF) are posterior-based

surgical techniques most commonly used in the

treatment of CSM.2,3 Posterior approaches are

particularly attractive in the setting of multilevel

disease because of a lower risk of approach-related

complications.4

The primary decompressive effect from these

procedures is presumed to occur from dorsal drift of

the spinal cord in an expanded canal following

surgery.5 Therefore, the presence of lordotic cervical

alignment is frequently desired to potentiate dorsal

drift of the cord. While the literature has consis-

tently shown this to be true following laminoplasty,
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drift has been obtained following LF even in the
presence of preoperative kyphosis.5–14

This suggests possible mechanistic differences
between laminoplasty and LF. Interestingly, the
comparative amount of dorsal spinal cord drift
obtained from these procedures has not been
extensively described. Furthermore, there are com-
paratively limited data on the relationship of
preoperative alignment to drift following LF. The
goal of this study is to (1) compare spinal cord drift
between cervical laminoplasty and LF and (2)
determine if preoperative cervical alignment affected
drift in patients who underwent LF. As a secondary
measure, the amount of drift obtained will be
correlated to functional outcome using the modified
Japanese Orthopedic Association (mJOA) score.

MATERIALS AND METHODS

Study Population

The study was reviewed and approved by the
institutional review board at our institution. The
medical records, preoperative and postoperative
radiographs, and magnetic resonance imaging
(MRI) of the cervical spine were reviewed on all
patients undergoing laminoplasty or laminectomy
with posterior instrumented fusion by the senior
author (L.T.H.) at more than 1 consecutive level for
CSM over an 8-year period. Significant kyphosis
and instability were contraindications to lamino-
plasty, while fixed severe kyphosis was a contrain-
dication for LF. Postoperative MRI was routinely
obtained in these patients as part of another NIH
funded clinical study.

Exclusion criteria for this study included patients
with a history of previous cervical spine surgery;
concomitant anterior cervical spine surgery; a
diagnosis of infection, tumor, central cord syn-
drome, or other acute traumatic event; the simulta-
neous presence of other diagnosed neurological
disorder (such as normal pressure hydrocephalus,

Parkinson’s disease, polio, or multiple sclerosis); or
postoperative MRIs less than 3 months from
surgery and patients whose MRIs were significantly
degraded secondary to metallic artifact or patient
movement. Based on the above inclusion and
exclusion criteria, 66 patients were enrolled in the
study and divided into 2 groups. The laminoplasty
group (A) consisted of 22 patients (17 men and 5
women). The LF group (B) consisted of 44 patients
(29 men and 15 women; Table 1).

Surgical Management

All patients in group A underwent laminoplasty
using the modified open-door laminoplasty tech-
nique with titanium miniplates with or without
allograft bone, as previously described.15 A 10-mm
plate/and or bone graft was used uniformly. All
patients in group B underwent a posterior instru-
mented fusion in addition to decompressive lami-
nectomy. The fusion procedures were performed
using bilateral lateral mass screws and rods with
local autograft bone.

Radiographic Analysis

Radiographic analysis of preoperative and post-
operative MRIs were performed using a single
picture archiving and communication system viewer
and imaging software (Centricity, GE Medical
Systems, Milwaukee, Wisconsin). The presence of
preoperative spinal cord T2-MRI signal hyperinten-
sity was assessed. Anatomical measurements were
performed using digital calipers at uniform magni-
fication (200%). Preoperative and postoperative
cervical alignment was measured by the Cobb angle
(C2–C7). Lordotic spine was defined as Cobb angle
.108, straight as 0–108, and kyphotic as ,08.

The spinal cord position was measured on axial
T2-MRI of the cervical spine preoperatively and
postoperatively. The midpoint of the spinal cord
was determined by adding the anterior spinal cord

Table 1. Baseline patient demographics and characteristics.

Laminoplasty Laminectomy P Value

Patients 22 44
Gender 29 males (65.9%) 12 males (77.2%) .36
Age, mean 6 SD, y 54.5 6 9.6 65.1 6 10.1 ,.01
Time between preoperative and postoperative MRI, mean 6 SD, mo 16.2 6 19.07 15.62 6 21.29 0.91
Time between surgery and postoperative MRI, mean 6 SD, mo 10.08 6 12.87 10.67 6 13.4 .86
Baseline mJOA, mean 6 SD 13.6 6 1.6 13.3 6 2.6 .59
Levels affected, mean 6 SD 2.9 6 1.0 3.5 6 0.8 .03
Cord signal, mean 6 SD 0.7 6 0.5 0.7 6 0.5 .66

Abbreviations: mJOA, modified Japanese Orthopaedic Association; MRI, magnetic resonance imaging; SD, standard deviation.
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space to the half value of the AP spinal cord
diameter (B/2). This value (A þ (B/2)) was
determined at each decompressed level and aver-
aged to give a global representation of spinal cord
position (Figure 1). Spinal cord drift was quantified
by subtracting the preoperative values from the
postoperative values.

Functional Outcome Measure

The mJOA disability scale was calculated preop-
eratively and postoperatively to standardize each
patient’s neurological disability.16

Statistical Methods

The laminoplasty and laminectomy groups were
analyzed on the basis of age, gender, number of
levels affected, cord signal, time to postoperative
MRI, spinal cord drift, and mJOA scores. Differ-
ences between the laminoplasty and laminectomy
groups were assessed via the Welch t test, while
differences between the preoperative and postoper-
ative period within each group were assessed via the
2-tailed paired-sample t test (Table 1). Categorical
variables, such as gender, were analyzed via v2

analysis with the null hypothesis assuming no
difference between groups. A 2-tailed paired-sample
t test was then used to compare within and between
groups with respect to Cobb angles and drift, both

preoperatively and postoperatively. Analysis of
variance was used to compare differences in drift
with respect to operative alignment within groups.
Multivariate regression analysis was performed to
compare spinal cord drift between groups with
respect to the type of procedure, age, gender, time
between preoperative and postoperative MRI, time
between surgery and postoperative MRI, number of
levels involved in the procedure, Cobb angles, and
spinal alignment. The variables that were chosen for
each model were determined based on availability of
the data as well as on the authors’ initial hypotheses
about the effects of each variable on spinal cord
drift. An a value of �0.05 was used as the threshold
for statistical significance. An a value of 0.05 � x �
0.1 was used as the threshold for statistical
suggestiveness. Stata statistical software version
14.0 (StataCorp, College Station, Texas) was used
to perform the analyses.

RESULTS

Demographic and Clinical Data

Group A (n ¼ 22) had a mean age of 54.5 6 9.6
years (range ¼ 42–77) with a mean number of
surgical levels of 2.9 6 1 (range¼ 1–4), while group
B (n ¼ 44) had a mean age of 65.1 6 10.1 years
(range ¼ 38–89) with a mean number of surgical
levels of 3.5 6 0.8 (range ¼ 1–5) (age, P , .01;
levels, P ¼ .03; Table 1).

Radiographic Analysis

The mean interval times from surgery to postop-
erative MRI in group A (laminoplasty group) and
group B (LF group) were 10.08 and 10.67 months,
respectively. Fifteen patients in group A, compared
to 29 patients in group B, had preoperative spinal
cord T2-MRI signal hyperintensity, with no signif-
icant difference between groups. The laminoplasty
group consisted of patients with either straight or
lordotic spines, while almost a third of the LF
patients demonstrated cervical kyphosis preopera-
tively. The mean preoperative Cobb angle (sagittal)
was significantly greater for laminoplasty patients
compared to patients who underwent LF.

The mean overall SC drift was significantly higher
in the LF compared to the laminoplasty group (2.70
vs 1.71 mm, P¼,.01) (Figure 2). The same pattern
was observed when comparing only the level with
maximal drift in each patient between the 2 groups
(Figure 1). In comparing individual cervical levels,

Figure 1. The midpoint of the spinal cord was determined by adding the

anterior spinal cord space (A) to the half value of the AP spinal cord diameter (B/

2). This value (A þ (B/2)) was determined at each decompressed level and

averaged to give a global representation of spinal cord position.
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more drift was generally observed in group B

compared to group A, although statistical signifi-

cance was reached only at C6 and C7 (C3: 1.30 vs

2.04 mm, P ¼ .056; C4: 2.10 vs 2.67 mm, P ¼ .143;

C5: 2.24 vs 3.08 mm, P¼ .095; C6: 1.88 vs 3.06 mm,

P¼ .022; C7: 1.25 vs 2.75 mm, P¼ .031) (Figure 3).

See Figure 4 for representative images of preoper-

ative and postoperative MRIs following lamino-

plasty and LF.

Preoperatively, the mean Cobb angle was signif-

icantly greater for patients who underwent lamino-

plasty compared to patents who underwent LF

(11.58 vs 4.98, P ¼ .01). There was no statistically

significant difference in mean drift within the LF

Figure 2. Mean and maximal cervical drift measured via postoperative magnetic resonance imaging.

Figure 3. Mean cervical drift per level measured via postoperative magnetic resonance imaging.
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group when comparing patients with different

preoperative alignment (lordotic vs straight vs

kyphotic patients, P ¼ .10). Postoperatively, the

mean Cobb angle decreased for both groups (�8.238

and �3.88 postoperatively in groups A and B,

respectively). However, the decrease was significant-

ly greater following LF (�8.78 vs �3.278, P , .01).

Subgroup analyses yielded no significant difference

in drift observed within each group based on

postoperative alignment (laminoplasty, P ¼ .10;

LF, P ¼ .60).

Using multivariate logistic regression analysis,

surgical treatment of CSM with LF was statistically

suggestive of an increase in SC drift that was on

average 0.94 mm greater than the drift seen with

laminoplasty (95% confidence interval: 0.15–2.04

mm, P¼ .091). None of the other analyzed variables

(including age, gender, number of affected levels,

Figure 4. Preoperative (A) and postoperative (B) T2-sagittal magnetic resonance imaging (MRI) in a 57-y-old female who underwent a C3–C7 LF. Preoperative (C)

and postoperative (D) T2-sagittal MRI in a 49-y-old male who underwent a C3–C7 laminoplasty.
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time between preoperative and postoperative MRI,
time between surgery and postoperative MRI,
preoperative and postoperative Cobb angles, and
preoperative and postoperative spinal alignment)
had statistically significant associations with spinal
cord drift.

Functional Outcomes

The mean preoperative mJOA scores in groups A
and B were 13.3 and 13.6 compared to mean
postoperative mJOA scores of 15.3 and 15.9,
respectively. Both groups showed an improvement
in mJOA scores postoperatively compared to their
preoperative values (group A,þ2.0, P¼ .012; group
B;þ2.4, P , .01). However, there was no difference
in mJOA score improvement postoperatively be-
tween both groups (P ¼ .482).

DISCUSSION

LF and laminoplasty are the most common
posterior procedures used in treating patients with
CSM.2,3,11 The decompressive effect of these proce-
dures is believed to occur primarily from dorsal drift
of the spinal cord in an expanded canal.14,17 The
plurality of studies investigating the association
between preoperative alignment and drift following
posterior procedures has been performed in patients
who underwent laminoplasty.5–12 In many of these
studies, the presence of preoperative cervical lordo-
sis was deemed necessary to obtaining satisfactory
outcome. Poor outcomes have been reported in
those with preoperative kyphosis.10

Conversely, extensive review of the literature
identified comparatively few studies directly ad-
dressing the relationship of preoperative sagittal
alignment to drift following LF. The majority of the
previously mentioned studies demonstrated no
correlation between preoperative alignment and
drift.13,14,18–22 These observations suggest that
laminoplasty and LF may differ in the comparative
amount of dorsal cord migration and in the
mechanism through which drift is ascertained.
Understanding these differences may help refine
current indications and provide additional informa-
tion on when one procedure may be preferable to
the other.

This study was performed to directly compare the
amount of spinal cord drift achieved in a cohort of
CSM patients treated with LF or laminoplasty. As a
secondary measure, the amount of drift obtained

with either group was correlated with functional
outcome using the mJOA score. In accordance with
existing literature, laminoplasty was not offered to
patients with kyphosis. However, the presence of
mild kyphosis was not deemed a contraindication to
LF. Consequently, the LF group contained a
roughly equal number of patients with neutral,
lordotic, or kyphotic alignment. Comparison of
drift in this subgroup allowed investigation of the
relationship between drift and preoperative align-
ment following LF if one existed.

We hypothesized that increased posterior drift of
the cord would be observed following LF. The
position of the spinal cord was noted preoperatively
and postoperatively in patients undergoing LF and
directly compared to preoperative and postopera-
tive drift of those undergoing laminoplasty. In
addition to radiographic comparisons, functional
outcome was assessed by comparing preoperative
and postoperative mJOA scores between and within
the 2 groups. The 2 groups were comparable and
statistically similar in many of the variables with the
exception of age, which was noted to be lower in the
laminoplasty group.

Mean observed drift was significantly higher
following the LF group compared to following the
laminoplasty group, although a third of patients in
the former group had preoperative cervical kypho-
sis. This represented an average 57% relative
increase in posterior translation of the cord relative
to the laminoplasty group. When comparing only
the level with maximum drift in each patient, the LF
group drifted an average of 46% more than the
laminoplasty group. In comparing individual cervi-
cal levels, more drift was again observed following
LF, though significance was reached only at C6 and
C7. This finding is in accordance with previous
studies demonstrating a pattern of increased poste-
rior cord translation in the lower cervical segments
compared to the upper segments.17,23

Furthermore, the observed differences suggest
that drift following LF may be not be dependent on
preoperative alignment to the same extent that it is
following laminoplasty. This is supported by sub-
analysis of the LF group demonstrating no signif-
icant difference in drift when patients with
preoperative neutral, straight, or kyphotic align-
ment were compared.

The mechanism responsible for the observed
findings is unknown, although we believe that the
dynamic of posterior cord drift may be different in
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patients undergoing laminectomy because the pos-
terior elements are completely removed. On the
contrary, the retained posterior elements after a
laminoplasty may provide more resistance against
posterior cord drift under certain circumstances.13,24

Postoperatively, loss of lordosis was observed in
both groups. This was more pronounced following
LF compared to laminoplasty. On average, postop-
erative alignment became kyphotic (mean cobb
angle of �3.80 postoperatively vs þ4.70 preopera-
tively) following LF. Despite this, increased drift
was noted following LF. We speculate that the
copious space available posteriorly and the elimina-
tion of potential cord tethers following LF lead to a
broader range of dynamic cord movement not
predicated on the effects of alignment. Conversely,
limited posterior space and retained posterior
elements following laminoplasty theoretically re-
strict the upper limit of dynamic cord motion in that
setting. Under such conditions, obtaining adequate
drift may be dependent on optimizing all favorable
variables, including alignment.

Limitations of this study include the sample size
and challenges inherent to a retrospective analysis.
Furthermore, this study reviews the work of a single
surgeon; therefore, process-based biases cannot be
completely controlled for. In addition, the influence
laminectomy or laminoplasty width on the role
spinal cord drift was not assessed. A larger,
randomized, multicenter study may be better
equipped to definitively address this subject.

Although functional outcome (mJOA) was equiv-
alent between the 2 groups, this study demonstrates
that LF was associated with increased posterior
drift of the cord compared to laminoplasty.
Additionally, these results indicate that drift follow-
ing LF may be independent of cervical alignment. If
validated, these findings suggest that LF may
provide satisfactory outcomes in the treatment of
patients with CSM under certain circumstances
where preoperative alignment precludes a lamino-
plasty.
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