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Treatment strategies for cervical spondylotic myelopathy—is
laminectomy alone a safe and effective option?
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Background: Cervical laminectomy may be underutilized in the treatment of cervical spondylotic
myelopathy (CSM) due to concerns regarding potential for post-operative instability and/or kyphosis.
The purpose of this retrospective, observational study is to assess the short-term clinical and radiological
outcomes as well as complications associated with a group of carefully selected patients who underwent
laminectomy alone for CSM and compared them to a cohort of patients who underwent laminectomy with
fusion.

Methods: Patents with CSM were identified via review of a single surgeon’s cases. All patients underwent
preoperative clinical evaluation, lateral flexion-extension cervical radiographs, and documentation of
neck and/or extremity pain via Nurick Scale and modified Japanese Orthopedic Association (JOA) scores.
Postoperative follow-up occurred at 1, 3 and 6 months for all patients. Statistical analysis was performed via
Student’s #-test for parametric values and Wilcoxon (Mann-Whitney) rank sum test for ordinal scores. Multi-
variable linear regression was used to correct for co-variance.

Results: Forty-one patients who underwent laminectomy alone and 13 patients who underwent
laminectomy with fusion were identified who met inclusion criteria. Both groups demonstrated significant
improvement on Nurick and JOA scores postoperatively. Two patients in the laminectomy alone group
required a subsequent one-level anterior cervical discectomy and fusion for onset of postoperative neck pain,
without neurological symptoms or new deficits in the follow up period. There was no difference in rates of
post-operative kyphosis between the groups.

Conclusions: In appropriately selected patients without pre-operative kyphosis or abnormal motion on

flexion-extension films, cervical laminectomy remains a safe and effective treatment option.
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Introduction or neurological deficit involving radiculopathy and/or

Cervical spondylosis is an age-related process of deterioration myelopathy. Cervical spondylotic myelopathy (CSM) is a

of the articular surfaces of the cervical spinal joints.
While the majority of patients with cervical spondylosis
are asymptomatic (1), symptomatic patients can present
with loss of range of motion, axial or radicular pain,
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major cause of disability among older persons and the most
common cause of nontraumatic spinal cord dysfunction (2).
Nonoperative treatment options are available for pain and

loss of range of motion for patients with cervical spondylosis
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resulting in mild myelopathic symptoms (3). However,
in the presence of significant or persistent neurological
deficits, surgery is generally the treatment of choice (4).
Surgical options that exist for the treatment of cervical
myelopathy include laminectomy, laminectomy with fusion,
and laminoplasty and anterior approaches the radiographic
criteria utilized included (5). All these options are associated
with unique risk profiles and complications (6). Cervical
laminectomy, except in the presence of severe kyphosis
or severe anterior spinal cord compression, is quite effective
for accomplishing spinal cord decompression without
impairing the range of motion of the cervical spine. With
laminectomy alone, there is a theoretical concern of
destabilizing the spine which could predispose to kyphotic
deformity, recurrent neurological deficits, and/or axial neck
pain (7,8). Correspondingly, the presence of significant
neck pain, preoperative cervical kyphosis, or overt
instability, are all clear indications for fusion (9-11). There
is increased operative risks associated with the addition of
fusion to laminectomy (12,13), including the possibility
of a pseudoarthrosis or adjacent level deterioration (14).
In addition to the risks associated with fusion, patients
are left with an impairment in range of motion of their
cervical spine which can be significant, especially following
a multilevel procedure (15,16). In the absence of a clear
indication for fusion, the clinical outcomes and short-
term complication rate of decompression alone should be
comparable to a decompression with fusion. Nevertheless,
there has been an increasing trend away from the use of
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* In appropriately selected patients, cervical laminectomy alone
remains a safe and effective treatment for cervical spondylitic
myelopathy.

What is known and what is new?

* Cervical spondylitic myelopathy is an increasingly common, major
source of disability.

e Cervical laminectomy with fusion has supplanted laminectomy
alone as the preferred treatment due to concerns for post-operative
instability, kyphosis, and possible subsequent neurological deficits.

What is the implication, and what should change now?

* Cervical laminectomy without fusion provides a cost-effective
treatment option and can be utilized in the treatment of cervical
spondylotic myelopathy (CSM) in patients without preoperative
kyphosis or instability on baseline flexion-extension radiographs.
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laminectomy alone towards the use of fusion procedures for
the treatment of myelopathy in recent years (17).

In this paper, we analyze clinical and radiological
outcomes following laminectomy alone and laminectomy
with fusion for CSM. The purpose of the study is to assess
the short-term results and complications associated with
a group of carefully selected patients who underwent
laminectomy alone for CSM and compared them to a
cohort of patients who underwent laminectomy with fusion.
We present this article in accordance with the STROBE
reporting checklist (available at https://jss.amegroups.com/
article/view/10.21037/jss-22-118/rc).

Methods

"This study is a retrospective, observational study evaluating
outcomes of patients operated upon for CSM. All
patients were operated upon by the senior author. Data
were obtained by review of patient records over a 6-year
interval. Patients included in the analysis presented with
symptomatic spondylotic myelopathy, confirmed stenosis
by MRI, and all had spinal cord compression at 2 or
more levels. All patients underwent preoperative clinical
evaluation, lateral flexion-extension cervical radiographs,
and documentation of neck and extremity pain (on a 1-5
scale with 1 being no pain, 2 mild pain, 3 moderate pain, 4
severe pain, and 5 intolerable pain), and Nurick Scale and
modified Japanese Orthopedic Association (JOA) scores.

The surgical approach was based on clinical and
neuroimaging criteria with cervical arthrodesis reserved
for patients with neck pain, defined as a score of 4 or more,
kyphosis or excessive motion on preoperative flexion and
extension radiographs. Laminectomy alone was performed
in patients in whom neck pain was limited (3 or less), the
degree of motion was not excessive, and the alignment
normal or straightened. The radiographic criteria
included: The absence of radiographic instability based on
trial criteria in the absence of an anterior translation more
than 3 mm on flexion and extension views. Kyphosis was
determined by observation of the sagittal curvature of the
spine in the neutral position. The spine was considered
kyphotic if the curvature of the spine in the neutral
position was forward flexed beyond straight and/or if there
was exaggerated kyphotic configuration upon flexion. It
was not considered necessary to measure Cobb angles to
determine if the spine sagittal configuration was beyond
straight.

We have focused on certain technical details of the
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laminectomy procedure that may contribute to decrease
the likelihood of inducing instability with decompression
alone. The muscle dissection was limited laterally to the
junction of the lamina and facet joints to minimize the
trauma to the muscles, facet joint capsules, and segmental
nerves innervating the paraspinal musculature. In addition,
dissection of tendons and muscles from the posterior
elements of C2 was limited to the greatest extent possible.

Postoperative follow-up occurred at 1, 3 and 6 months
for all patients and some had longer follow-up as needed.
Each follow-up assessment included a clinical examination,
documentation of neck and extremity pain, Nurick scale,
and JOA evaluations in addition to plain radiographs.
Patients were also asked to assess their general clinical
condition on a scale from 1-4 (1 being worse than pre-
op, 2 stable, 3 improved, and 4 dramatically improved).
Flexion and extension views were repeated on patients
who underwent laminectomy without fusion. Surgical
complications were recorded including superficial wound
infection, deep wound infection, cerebral spinal fluid leak,
post-operative neurologic deterioration, reoperation, and
medical complications (including pneumonia, urinary tract
infection, and thrombotic complications).

Statistical analysis

Statistical analysis was performed via Student’s #-test for
parametric values, chi-square test for categorical variables,
and Wilcoxon (Mann-Whitney) rank sum test for ordinal
scores. Multi-variable linear regression was used to correct
for co-variance. All statistical analysis used SPSS v. 28 (IBM).

Ethics

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was deemed
minimal risk and exempt by the University of Pennsylvania
Institutional Review Board (IRB) given its retrospective
nature, lack of patient contact, and anonymization of data.
Accordingly, individual consent for this retrospective
analysis was also waived.

Results

Forty-one patients with CSM underwent cervical
laminectomy alone and 13 had laminectomy with fusion.
Figures 1,2 show representative films of patients with
long-term follow-up following laminectomy alone. The
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mean age was 64.7 and 64.6 years at the time of surgery
for laminectomy alone and laminectomy with fusion,
respectively. The mean duration of preoperative symptoms
was 27.4 months in the laminectomy alone group and
19.5 months for the fusion group. Seventy percent of
patients in both groups had associated co-morbidities.
Spinal cord signal abnormality consistent with the presence
of myelomalacia was seen in 34% and 54% of the patients,
respectively. 75% of the patients in the fusion group had
evidence of kyphosis on the preoperative X-rays. The only
statistically significant preoperative difference between the
2 groups was the incidence of kyphosis or straightening
and excessive neck motion on preoperative films, which
formed the basis of the surgical decision-making regarding
laminectomy with or without fusion (7zble 1). The
significantly greater incidence of postoperative kyphosis
in the fusion patients is a product of the selection criteria.
Its significance disappears (P=0.99) when corrected for the
presence of preoperative kyphosis.

"The mean follow-up was 10.3 months for the laminectomy
group and 7.7 months for the fusion group. Postoperative
findings are compared in 7Table 2. All patients had an arrest
of myelopathy progression as assessed by postoperative
neurologic function with no patients demonstrating a
decline in Nurick or modified JOA scores as shown in
Figure 3. Both groups showed significant improvement in
postoperative Nurick and modified JOA scores with no
significant differences between groups. The general clinical
condition of the patients also showed improvement in both
groups compared to the preoperative baseline.

No patients in the laminectomy group experienced
delayed neurologic deficit during the follow-up period. The
incidence of cervical instability was 3% among the patients
who underwent a laminectomy alone. In this series, only
2 patients in the laminectomy group required a subsequent
intervention in the follow-up period to correct symptomatic
segmental instability, without neurological symptoms or
new deficits, resulting from the index procedure. These
two patients each required a 1 level anterior discectomy
and fusion to stabilize a subluxation presenting with neck
pain, following the laminectomy. The patients did not
require multilevel fusions for the symptoms and imaging
findings. Two patients in the laminectomy group required
re-operation for deep wound infections. There were
2 superficial wound infections treated with wound care and
antibiotics alone, but these did non necessitate re-operation.
No other surgical complications were identified through
the duration of the study period.
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Figure 1 Longitudinal imaging following cervical laminectomy. Preoperative MRI shows multilevel degenerative changes worst from C4 to

C6. Patient underwent repeat MRI 17 years post-op to evaluate upper extremity paresthesias. This showed excellent decompression without

development of adjacent level disease. Subsequent CT 22-year post-operatively was obtained for evaluation after a fall. Flexion extension

films show straightening of the cervical spine but no abnormal motion. CT, computed tomography; MRI, magnetic resonance imaging.

Discussion

One of the aims of our study was to analyze whether
laminectomy alone in patients with a lordosis or straightened
spine, without preoperative abnormal motion, had an
adverse outcome with regard to neurological complications
or clinically significant deformity or instability, when
compared to a group undergoing laminectomy and fusion.
The published literature comparing surgical outcomes of
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laminectomy alone and laminectomy with fusion have been
mixed, but largely have not shown a clinically significant
difference in surgical outcomes (18-20). Comparable
results between laminectomy alone versus fusion with
respect to Nurick scores, modified JOA score and overall
improvement in general clinical condition of patients in our
series correlates with similar findings in the literature. Many
of these studies lack data regarding the selection criteria
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Figure 2 Flexion-extension X-rays and sagittal T2 MRI at pre-operative baseline and 5.5-year follow-up. This patient presented with

cervical radiculopathy and myelopathy. Pre-operative MRI showed multilevel changes with cord deformation and compression at C3—4

and C4-5. Flexion extension films showed preserved cervical lordosis with no evidence of pathologic motion. Repeat imaging was obtained

5.5 years post operatively which shows mild loss of lordosis, but no abnormal motion. MRI shows excellent decompression without

development of stenosis at the adjacent levels. MRI, magnetic resonance imaging.

Table 1 Preoperative patient characteristics

Variable Laminectomy (n=41) Laminectomy and fusion (n=13) P value
Age (years) 64.7+11.7 64.6+14.2 0.98
Female sex (%) 41.5+29.9 23.1x21.9 0.24
Symptom duration (months) 27.4+£32.5 19.5+9.3 0.45
Preop conservative treatment (%) 14.6+35.8 15.4+37.6 0.95
Prior surgery (%) 14.7+47.8 13.0+43.6 0.62
MRI cord signal (%) 34.1+48.0 53.8+51.9 0.24
Comorbidities (%) 70.7+46.1 69.2+48.0 0.92
No. of levels operated (n) 4.15+0.79 3.61+1.19 0.15
Excessive movement on flex-ex (%) 0 63.6+41.0 <0.001
Kyphosis (%) 0 75.0+45.2 <0.001
Straightening (%) 5.7£23.5 41.7+66.9 <0.001

Data are presented as mean + standard deviation. MRI, magnetic resonance imaging.
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Table 2 Postoperative outcomes following laminectomy alone or laminectomy and fusion

Variable Laminectomy (n=41) Laminectomy and fusion (n=13) P value

Parametric measurements

Length of stay (days) 5.4+4.5 4.4+3.2 0.29
Follow-up (months) 10.3x7.4 7.7£21.9 0.25
Complications (%) 17.1£38.1 7.7£55 0.34
Reoperation rate (%) 4.8+21.8 0 0.16
Postoperative kyphosis (%) 0 54.5+52.2 0.006
Excessive movement on flex-ex (%) 2.4+18.6 14.3+37.8 0.49

Ordinal measurements

Nurick score (pre-operative) 2.37+1.30 2.31+1.44 0.89
Nurick score (follow up) 1.95+1.21 2.08+1.44 0.90
JOA score (pre-operative) 18.15+2.20 11.92+3.07 0.11
JOA score (follow up) 14.59+1.76 13.58+3.73 0.38
Neck pain score (pre-operative) 0.85+1.04 1.00£1.22 0.67
Neck pain score (follow up) 0.61+0.86 0.77+1.09 0.59
Extremity pain score (pre-operative) 0.8+1.11 0.77+1.09 0.93
Extremity pain score (follow up) 0.46+0.71 0.31+0.63 0.48
Clinical change score 2.98+0.48 2.85+0.69 0.54

Data are presented as mean + standard deviation. JOA, Japanese Orthopedic Association.

Error bars: 95% CI
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Laminectomy Laminectomy and fusion Laminectomy Laminectomy and fusion
Type of surgery Type of surgery

Figure 3 The top panel shows changes in the Nurick scale between pre-op and last follow-up between patients undergoing laminectomy
alone versus laminectomy with fusion. No statistically significant differences were detected within or between groups. The bottom panel
shows pre-operative and follow-up modified JOA scores between the two groups. Again, no statistically significant differences were detected.
JOA, Japanese Orthopedic Association; CI, confidence interval.

used to determine the type of surgical intervention utilized. patients with mild disease (modified JOA >12 to 13) (21,22).
Most studies comparing the utility of non-operative While non-operative management may be considered for
management to surgical decompression have focused on patients with mild, slowly-progressive disease, CSM is a
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surgical disease unless the patient has significant contra-
indications to surgery, regardless of the severity of the
neurologic deficits, the presence of multilevel disease, or
the failure of conservative therapies. Surgeon preference,
the extent of disease, associated comorbidities, and the
presence of cervical instability/kyphosis are all factors to
consider when determining which procedure to utilize (23).
Historically, laminectomy without instrumentation was
the primarily available surgical option. Over the past 2
decades, however, laminectomy with fusion has become the
treatment of choice for posterior approaches to treat CSM.
The rationale driving this shift in practice is the concern for
development of delayed neurological deficit, instability, and/
or kyphosis following laminectomy alone. Several studies
have been published comparing various aspects of surgical
treatment, including anterior versus posterior fusion (24),
incidence of kyphosis (25), and cost effectiveness of
different types of procedures (26). While such data have
contributed to this change in practice, there is no class I or
IT evidence to support the use of laminectomy and fusion
over laminectomy alone.

Hamanishi and Tanaka published a series of 69 patients
in which 34 underwent laminectomy with fusion for
instability on preoperative X-rays and 35 patients underwent
laminectomy alone (27). Both groups showed comparable
surgical outcomes. JOA scores showed 50.8% improvement
in the laminectomy alone versus 51.2% improvement in the
fusion group with mean follow-up of 3.35 years. Incidence of
progressive kyphosis was 12% in the fusion group and 17%
in the laminectomy alone group. However, the difference in
kyphosis incidence was not correlated with a difference in
clinical outcome. Pérez-Lépez reported similar improvement
in Nurick score between a cohort of 19 patients who
underwent laminectomy alone to 17 patients who underwent
laminectomy and fusion (28). The surgical selection criteria
were not described in the study.

Although not studied in the present work, cervical
laminoplasty is another surgical option for the treatment of
CSM, One recent study utilizing the PearlDiver database
found that laminoplasty procedures accounted for less
than 15% of the 11,860 posterior procedures performed
for CSM (29). In that study, the authors found that there
were no differences in revision rates and a decrease
in complications following laminoplasty compared to
laminectomy and fusion. Sakaura et 4/. also reported on
a cohort of patients who underwent C3-6 open-door
laminoplasty with at least 8-10 years of follow-up (30).
They found no significant declines in postoperative
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neurologic function related to progression of CSM Similar
findings have also been reported in comparative studies
between laminectomy and laminoplasty (31). Ishida ez al.
evaluated the surgical results of 55 patients following
laminectomy or laminoplasty for CSM (32). The extent of
decompression was also analyzed and found to correlate
with surgical outcome. The study showed similar surgical
outcomes in the 2 groups. More recent systematic reviews,
though, have also shown higher complication rates
following laminoplasty relative to laminectomy without
fusion (33). In the senior authors’ view, laminoplasty does
not directly address the theoretical short comings of either
laminectomy or fusion. It’s contribution to stabilizing the
spine is uncertain and likely varies significantly from case
to case.

Kyphosis and cervical instability

The reported incidence of post-laminectomy kyphosis
varies widely in published series from 14% to 47% (34-36).
However, many of these studies were published in the 1970s
and 80s and included patients who underwent laminectomy
for intraspinal lesions, (tumors and cysts), which is a very
different disorder than CSM. Laminectomy for intraspinal
lesions, especially in pediatric patients and young adults, has
a significant associated risk of incurring kyphosis following
the procedure (37). Kaptain et al. analyzed the incidence of
kyphotic deformity following laminectomy in 46 patients
with CSM (38). Kyphosis developed in 6 of 20 patients with
preoperative straight spines and in 3 of 22 patients with
lordotic spines preoperatively. Importantly though, kyphosis
did not show any correlation with functional outcome in
this study. Guigui et a/. reported a series of 58 patients who
underwent multilevel laminectomy for myelopathy (39).
Spinal destabilization was observed in 15 patients (25%),
all of whom showed hypermobility on preoperative X-rays.
Despite the higher rate of instability detected on imaging,
only 3 (5%) of patients required cervical stabilization. In
line with these studies linking the presence of preoperative
instability and/or loss of lordosis with subsequent
kyphosis, our study findings also support the importance of
preoperative dynamic cervical X-rays to define the need to
consider fusion as a component of the surgical procedure.
The incidence of postoperative cervical instability in
our series was 2.4% following laminectomy alone. The one
patient who did develop instability presented with neck
pain within weeks of her index procedure. She was treated
successfully with a 1 level anterior discectomy and fusion.
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Except for 2 patients who underwent a re-exploration for
a deep wound infection, no other patient presented with
pain or neurological symptoms necessitating a subsequent
intervention during the follow-up period.

Late deteriovation

Although outcome measures in the early postoperative
phase showed comparable results, late neurological
deterioration has been reported to be higher in patients
with cervical laminectomy alone(40). As mentioned above,
there is no scientific data to substantiate this claim. Our
study did not directly investigate this consideration, given
the mean follow up duration of 10 months. Such a study
will require lengthy follow-up and careful analysis of pre-
and postoperative symptoms and radiographic data. In
order to attribute a late deterioration or complication to
the laminectomy, the patient would have to have incurred a
complication along the operated segment of the spine and
it would have to be determined that the alteration of the
spinal mechanics by laminectomy directly contributed to
the deterioration rather than progression of the underlying
spondylotic process. These findings would also have to be
compared to the rate of late deterioration and complications
associated with laminectomy and fusion.

Cost

Cost-benefit analyses attempt to limit the cost of care
without compromising the quality of treatment options
and patient outcomes. Several papers have been published
recently analyzing the cost effectiveness and quality adjusted
life years of different spinal surgical techniques. Highsmith
et al. published cost-outcome comparison between cervical
laminoplasty and laminectomy with fusion (41). In this study
instrumentation cost for a 4-level fusion was approximately
$12,000, about 3 times the cost of laminoplasty hardware.
In addition, fusion patients had a higher rate of reoperation,
further reducing the cost effectiveness of the procedure.
Clearly, a laminectomy without fusion is the most cost-
effective procedure for CSM.

Strengths and limitations

One strength of this study is that all treated patients were
evaluated and treated by a single surgeon using a consistent
set of criteria for selection of procedure. Our study is
limited by a small sample volume and no long-term follow
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up data, especially in the laminectomy with fusion group.
The single-surgeon, single institution nature of this study
may limit generalizability.

Conclusions

Cervical spondylosis is a progressive disorder. When it
manifests as CSM, surgery is necessary. A variety of surgical
options are feasible depending on the configuration of
the compression and patient factors. While all of the
commonly performed procedures are highly successful in
stabilizing the patient’s neurological condition, there is
no one procedure that will ensure that the patient will not
require a second procedure, be it to correct a complication
from the index procedure, or to treat progression of
symptomatic spondylosis at adjacent segments. Despite
current trends towards increased utilization of laminectomy
with fusion, in properly selected patients, laminectomy
without fusion remains a safe and effective option. Patients
without a significant component of neck pain and without
evidence of preoperative cervical kyphosis or pathologic
motion on flexion-extension films are good candidates
for laminectomy alone. Based on the present data, such
patients are not at risk of catastrophic complications from
a laminectomy for CSM and short-term complications
can be managed by a limited surgical procedure on an
elective basis. Laminectomy alone has the added benefits
of superior cost effectiveness and motion preservation.
The absence of clear evidence that fusion combined with
laminectomy dramatically improves clinical outcomes in the
short or long-term provides strong rationale for considering
laminectomy alone. By forgoing an instrumented fusion,
laminectomy directly addresses spinal cord compression
while maintaining the patients’ mobility. Long-term follow
up data, in addition to an ongoing randomized clinical
trial comparing these two surgical modalities, may provide
additional data to determine which patients are best treated
with laminectomy alone versus laminectomy and fusion.
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