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ABSTRACT
Background: The natural history of cervical

spondylotic myelopathy is frequently one of slow,
progressive neurological deterioration. The opera-
tive treatment for patients with moderate to se-
vere involvement is decompression of the spinal
cord. Laminectomy has been a traditional ap-
proach and laminoplasty has developed as an at-
tractive alternative. The purpose of this study was
to examine and compare the outcomes of these
two procedures in similar groups of patients at a
five year average follow-up.

Methods: A consecutive series of twenty patients
who underwent open-door laminoplasty for multi-
level cer vical spondylotic myelopathy or
radiculopathy was compared to a similar group of
22 matched patients who underwent multi-level
laminectomies. Patients were similar in age, gen-
der, number of operative levels, and length of fol-
low-up. At the latest examination, each patient
underwent a comprehensive neurological evalua-
tion. A modification of the Nurick classification
was used to assess the degree of myelopathy. Ra-
diographs at latest follow-up were assessed for
instability, and measurements of the space-avail-
able-for-the-cord and Pavlov ratio were made at
involved levels.

Results: Myelopathy, as determined by our
modified Nurick scale, improved from a preop-
erative average of 2.44 to 1.48 in laminoplasty
patients and from an average of 3.09 to 2.50 in
laminectomy patients. Pain improved 57 percent
and 8 percent in laminoplasty and laminectomy
groups, respectively. Subjective neck stiffness was
not significantly different based on the numbers
available, although laminoplasty patients demon-
strated some loss of range of motion on examina-
tion. The only variable that predicted the postop-
erative degree of myelopathy in both groups was
the preoperative degree of myelopathy.

Conclusions: Laminectomy and laminoplasty pa-
tients demonstrated improvements in gait,
strength, sensation, pain, and degree of myelopa-
thy. Laminoplasty was associated with fewer late
complications. Based on this analysis, we believe
that laminoplasty is an effective alternative to lami-
nectomy in patients with multi-level cervical
spondylotic myelopathy or radiculopathy.

INTRODUCTION
Several procedures are available for the operative

management of multi-level cervical spondylotic myel-
opathy or radiculopathy.16 Laminectomy has proven to
be successful,6,22,36 but several inherent risks have been
recognized. Postoperative instability and deformity, in
par ticular kyphosis, is a well-documented prob-
lem.2,4,5,17,23 Development of postoperative hematoma and
peridural scar formation has also been documented.
Expansive open-door laminoplasty, introduced by
Hirabayashi in 1977,18,20 decompresses the spinal cord
with two theoretical advantages: 1) preservation of some
posterior elements minimizes the possibility of postop-
erative instability or deformity while expanding the
room available for the cord; 2) it may limit the forma-
tion of hematoma and postoperative membranes.

The purpose of this study was to examine and com-
pare the outcomes of these two procedures in similar
groups of patients at a five year average follow-up. In
addition, we wished to examine preoperative variables
and determine their association, if any, with postopera-
tive recovery. We are aware of no previously published
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study of this length follow-up that excludes the diagno-
sis of ossification of the posterior longitudinal ligament
(OPLL) and compares laminectomy and laminoplasty.
Our hypothesis is that both of these procedures pro-
vide adequate decompression of the spinal cord, how-
ever, laminoplasty may avoid the postoperative problem
of instability.

MATERIALS AND METHODS
A consecutive series of twenty patients who under-

went open-door laminoplasty by a single surgeon (CRC)
for multi-level cervical spondylotic myelopathy or
radiculopathy was compared to a similar group of 22
patients who underwent multi-level laminectomies. Each
patient had a minimum three-year follow-up with an
average of approximately five years (range 36 to 112
months). Laminectomy patients were matched in terms
of age, length of follow-up, gender, and number of op-
erative levels.

The selection of the procedure was at the discretion
of the individual surgeon. All patients but one from the
laminoplasty group had recent radiographic follow-up.

Indications for the procedures included patients with
cervical spondylotic myelopathy or myeloradiculopathy
who had progressive neurological symptoms, bowel or
bladder alterations, failure of non-operative manage-
ment, and multilevel (greater than two) involvement.

Patients with ossification of the posterior longitudinal
ligament, post-traumatic injuries, tumorous conditions,
and underlying instability were excluded.

The two groups were similar in age, length of fol-
low-up, number of involved levels, and gender (Table
1). The average age of the patients in the laminoplasty
group was 53.5 years (range 41 to 75 years), and the
average age in the laminectomy group was 54.3 years
(range 33 to 73 years). Follow-up averaged 65.4 months
(range 36 to 112 months) in the laminoplasty group,
and 64.8 months (range 53 to 76 months) in the lami-
nectomy group. An average of 4.3 levels (range 3 to 6
levels) were involved in the laminoplasty group and 4.6
levels (range 3 to 5 levels) in the laminectomy group.
Two of twenty patients in the laminoplasty group, and
three of 22 patients in the laminectomy group were
women. Five patients had prior neck operations in the
laminoplasty group, and one patient in the laminectomy
group. Among laminoplasty patients, one had a three-
level procedure, 12 had four-level procedures, and 7 had
five-level procedures. Three laminectomy patients had
three-level procedures, 7 had four-level procedures, 7
had five-level procedures, and 5 had six-level proce-
dures. Cervical 2 was an operative levels in 8 laminec-
tomy patients and in none of the laminoplasty patients.

At latest follow-up, each patient underwent a com-
plete evaluation including neurological examination. The
examination was performed by a surgeon (SBK) not
involved with the operative procedures. One

TABLE 1
Preoperative Comparison of Laminoplasty

and Laminectomy Patients

Laminoplasty Laminectomy

Age (yrs.) 53.5 (41-75) 54.3 (33-73)
Length of Follow-up (mos.) 65.4 (36-112) 64.8 (53-76)
Female/Total 2/20 3/22
Avg. # Operative Levels 4.3 (3-5) 4.6 (3-6)
SAC (mm) 14.1 (10-17) 15.2 (13-18)
Pavlov ratio .64 (.46-.75) .71 (.54-1.09)

SAC= Space Available for the Cord

TABLE 2
Modified Nurick Classification39

Grade 0 No root or cord symptoms
Grade I Root signs or symptoms. No evidence of

cord involvement.
Grade II Signs of cord involvement. Normal gait.
Grade III Mild gait abnormality. Able to be em-

ployed.
Grade IV Gait abnormality prevents employment.
Grade V Able to ambulate only with assistance.
Grade VI Chair bound or bedridden.

TABLE 3
Prolo Anatomic-Economic-Functional

Rating System (1-10)41

Economic status
E1 Complete invalid
E2 No gainful occupation (including ability to do

housework or continue retirement activities)
E3 Able to work but not at previous occupation
E4 Working at previous occupation on part-time or

limited status
E5 Able to work at previous occupation with no restric-

tions of any kind

Functional status
F1 Total incapacity (or worse than before operation)
F2 Mild to moderate level of pain (or pain same as

before operation but able to perform all daily tasks
of living)

F3 Low level of pain and able to perform all activities
except sports

F4 No pain, but patient has had one or more recur-
rences of neck or radicular pain

F5 Complete recovery, no recurrent episodes of pain,
able to perform all previous activities
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laminoplasty patient had his most recent follow-up at
an outside facility. All patients had had preoperative
cervical anteroposterior and lateral flexion and exten-
sion cervical spine radiographs and either magnetic
resonance imaging or computer tomography scans with
myelography, or both. The evaluation included the lo-
cation and degree of preoperative and postoperative pain
using an analog scale, subjective and objective alteration
in sensation and weakness, presence of hyperreflexia,
clonus, Babinski sign, Hoffman sign, walking difficulty,
bowel or bladder changes, neck stiffness, cervical range-
of-motion, use of pain medication postoperatively, occu-
pation, smoking habits, prior neck operations, and per-
tinent medical history. The evaluation also included
assessment of the degree of myelopathy based on a
modification of the Nurick classification38 (Table  2). An
additional category, no cord or root symptoms, was
added. The Prolo anatomic-economic-functional score
was calculated for each patient (Table 3).40

The preoperative space-available-for-the-cord (SAC)
was determined for both laminoplasty and laminectomy
patients. To control for variation in radiograph magnifi-
cation, the Pavlov ratio (comparison of anteroposterior
canal diameter to the anterior-posterior vertebral body
diameter in the sagittal plane) was also calculated.46 The
postoperative space-available-for-the-cord and Pavlov
ratios were determined for laminoplasty patients only
since it was not possible to determine these values in
the laminectomy patients. Evidence of pre- and postop-
erative deformity or instability was evaluated on post-
operative dynamic films. Radiographic analysis was then
repeated to assess intra-observer reliability.

In the laminoplasty group, preoperative pain was
solely in the neck, shoulders, or both in 3 patients, in
the neck and extremities in 10, and in extremities alone
in 7. Five patients had neck or shoulder pain only pre-
operatively in the laminectomy group, 4 in the neck and
extremities, and 5 in extremities alone, and 9 had no or
minimal discomfort. On a visual analog scale of 1 to 10,
from least to most, the average pain level was 7.7 in the
laminoplasty patients and 4.7 in the laminectomy pa-
tients. This difference was significant (p=.018).

Neck stiffness was subjectively graded on a three
point scale as follows: 1—no or occasional neck stiff-
ness, 2—intermittent or frequent neck stiffness, but no
difficulties with activities of daily living, and 3- neck stiff-
ness causing difficulty or interfering with activities of
daily living (ADL’s). The average score preoperatively
was 1.73 and 1.68 in the laminoplasty and laminectomy
groups, respectively.

Preoperatively, 16 of 20 laminoplasty patients de-
scribed subjective sensory changes including numbness
or tingling in the upper extremities, lower extremities,
or both. Seventeen of 22 laminectomy patients described

similar sensory changes. Sixteen laminoplasty patients
believed that weakness in the upper extremities, lower
extremities, or both was a problem, and 17 laminectomy
patients also believed weakness was a problem. Sixteen
laminoplasty patients and 17 laminectomy patients de-
scribed gait changes that affected their ability to walk,
or the distance they walked, or required them to use
some support or walking aide. Two laminoplasty pa-
tients and 6 laminectomy patients described the acute
onset of bowel changes, bladder changes, or both.

Preoperative physical examination revealed 11
laminoplasty patients with sensory changes, and 16 lami-
nectomy patients with alterations in sensation. Objec-
tive motor weakness in any muscle group of the upper
or lower extremities during manual motor testing was
identified in 13 laminoplasty patients and in 14 laminec-
tomy patients. Gait abnormalities were observed in 11
laminoplasty and 16 laminectomy patients. Hyperreflexia
was demonstrated in 13 laminoplasty and 18 laminec-
tomy patients. A Hof fman sign was elicited in 11
laminoplasty patients, clonus in 8, and Babinski in 6.
Nine laminectomy patients had a Hoffman sign, 9 had
clonus of more than 2 beats, and the presence of a
Babinski sign was seen in 8.

Using the modified Nurick classification, the aver-
age preoperative score for laminoplasty patients was
2.44 (range 1 to 5) and 3.09 (range 1 to 6) for laminec-
tomy patients (p<.0001). Eighteen laminoplasty patients
were diagnosed with myelopathy or myeloradiculopa-
thy, and 2 had radiculopathy only. 19 laminectomy pa-
tients were diagnosed with myelopathy or myeloradicu-
lopathy and 3 with radiculopathy alone.

Nine laminectomy patients were working preopera-
tively in jobs requiring moderate to heavy labor (for
example, mechanic, carpet layer, or construction work).
One was unemployed, 3 were retired, and 2 were dis-
abled. Six laminoplasty patients were involved in jobs
requiring moderate to heavy labor. One was unem-
ployed, one retired, and 5 disabled. Smoking pack-years
averaged 51 in laminoplasty patients and 33 in laminec-
tomy patients.

Preoperative radiographs demonstrated an average
space-available-for-the-cord at the most involved level
of 14.1 millimeters (range 10 to 17 millimeters) in the
laminoplasty group. The average space-available-for-the-
cord for all involved levels was 15.2 millimeters (range
11.8 to 17 millimeters) and the Pavlov ratio averaged
.64 (range .46 to .75) preoperatively in the laminoplasty
group. The space available for the cord averaged 15.2
millimeters (range 13 to 18 millimeters) at the narrow-
est level and 16.5 millimeters (range 13.7 to 19.6 milli-
meters) at all operative levels in laminectomy patients.
The Pavlov ratio averaged .71 (range .54 to 1.09) pre-
operatively in laminectomy patients.
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OPERATIVE TECHNIQUE OF LAMINOPLASTY
A standard midline posterior approach is performed,

and the posterior elements are exposed. The inter-
spinous and supraspinous ligaments are left intact. De-
compression begins at the least involved levels and then
proceeds to the more stenotic levels. A cutting burr is
then used to make a gutter through the outer cortex of
the bone at the lamina-facet junction. A diamond burr
then deepens the gutter through the inner cortex. The
opened side is selected according to the most symp-
tomatic side. A channel through the outer table only on
the hinged side is made next with the cutting burr. The
supraspinous and interspinous ligaments and the liga-
mentum flavum are transected at the levels immediately
above and immediately below the laminoplasty. A thin
Kerrison ronguer is used to complete the trough, and
dural adhesions from the undersurface of the lamina

are gently removed. The so-called laminar door is
opened slowly to prevent excessive traction on spinal
nerve roots (Figure 1). Foraminotomies are performed
as needed in patients with radiculopathy. When rib al-
lograft is used, a segment is cut into appropriate sized
wedges and a trough made on either end with the cut-
ting burr. This is then fitted between the articular pro-
cesses and the edges of the lamina, propping the lami-
nar door open (Figure 2). A hard collar is used for the
first eight weeks after the operation, followed by a soft
collar for an additional 4 to 8 weeks.

In the laminoplasty group, the first 10 patients un-
derwent the standard Hirabayashi open-door tech-
nique.20 In the next ten patients rib allograft was used
to secure the opening of the laminoplasty. In the stan-
dard procedure, stay sutures, which are placed to pre-
vent the door from closing, are placed through the deep

Figures 1-A and 1-B. Pre-and postoperative radiographs of a 65 year-old man with progressive myelopathy at the time of laminoplasty. Fig.
1-A: Preoperative lateral radiograph demonstrating notable canal stenosis. Fig. 1-B: Postoperative lateral radiograph showing a 7 millimeter
expansion of the space-available-for-the-cord following laminoplasty using Hirabyashi’s open-door technique.
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muscles and capsules around the facet joints of the
hinged side. The stay sutures are tied to the spinous
processes through the ligamentum flavum to keep the
laminar door open. In the modified technique, a seg-
ment of rib allograft is obtained and a trough burred at
both ends. The grooved allograft is then fitted into the
opening, hinging the open-door. Laminectomies were
performed in standard fashion. The amount of facet
resection, if any, was dictated by the abnormal findings
on preoperative neurodiagnostic studies and at opera-
tion. Intraoperative monitoring of the spinal cord was
used with few exceptions.

STATISTICAL ANALYSIS
The relationship between preoperative variables in-

cluding age, smoking, space-available-for-the-cord,
Pavlov ratio, and degree of myelopathy and outcome
variables of postoperative modified Nurick classification,
residual pain, Prolo score, postoperative weakness, sen-
sation, and gait changes were examined. Postoperative
space-available-for-the-cord and Pavlov ratio in
laminoplasty patients was analyzed to see if they corre-
lated with these postoperative variables. Multiple regres-
sion analysis, Fisher’s exact test, Wilcoxon sign-rank
test, Wilcoxon two-sample test, paired t-test, Pearson,
and Spearman coefficients were among the statistical
tools used.

RESULTS
Operative time averaged 201 minutes for the

laminoplasty procedures and 165 minutes for laminec-
tomy procedures. Blood loss averaged 505 milliliters
(range 100 to 1500 milliliters) in laminoplasty cases and
310 milliliters (range 40 to 1450 milliliters) in laminec-
tomy procedures.

Based on the numbers available, neither the preop-
erative space-available-for-the-cord at the narrowest sag-
ittal dimension, average space-available-for-the-cord of
all involved levels, nor the preoperative Pavlov ratio
predicted or correlated with the outcome variables of
degree of myelopathy using the postoperative modified
Nurick classification, residual pain, Prolo score, or post-
operative weakness, sensation, and gait changes in both
laminoplasty or laminectomy groups. Age had no sta-
tistical correlation with these outcome parameters, and
smoking habits as determined by number of pack-years
had no relationship either.

Overall, the level of pain postoperatively correlated
with the level of pain preoperatively (P<.001, r=.71).
However, when the individual groups were analyzed this
correlation was present only for the laminectomy group
and not the laminoplasty group. Laminectomy patients
with a higher degree of pain preoperatively were more
likely to have a higher degree of pain postoperatively.

The only variable that predicted the degree of myel-
opathy postoperatively in both groups, as measured on
the Nurick scale, was the degree of myelopathy preop-
eratively. Those with a lesser degree of myelopathy or
lower Nurick scores had better outcomes than those
patients with advanced myelopathy and higher Nurick
grade (r=0.74 and 0.84, p<.0001, in laminoplasty and
laminectomy patients, respectively).

Among laminoplasty patients, a higher postoperative
space-available-for-the-cord and Pavlov ratio were asso-
ciated with an improved level of motor strength (20
millimeters versus 16.8 millimeters, p=.04). The post-
operative space-available-for-the-cord was not associated
with postoperative Nurick grade, postoperative pain,
Prolo score, sensory improvements, or objective find-
ings of clonus, Hoffman sign, and Babinski sign.

The postoperative Pavlov ratio was related to muscle
strength, gait, and postoperative Nurick grade. Those
with improvement in motor grades had an average

TABLE 4
Postoperative Improvement in Outcome Variables

Laminoplasty Laminectomy

Objective weakness 12/13 7/14
Objective sensation 7/11 7/16
Subjective weakness 10/17 9/18
Subjective sensation 10/20 7/17
Gait 7/11 7/16
Bowel/bladder 2/2 4/6
Hyperreflexia 7/11 3/18
Hoffman sign 7/11 2/22*
Clonus 3/8 2/9
Babinski 1/6 3/22*

*New clinical findings in two patients identified during the
latest postoperative examination

Figure 2. Postoperative computer tomography scan of laminoplasty
patient using rib allograft supplementation. Note notching of rib
allograft to secure laminar “door” and burred channel on hinged
side through outer table only.
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Pavlov ratio of .90 versus 0.68 for those that did not
improve (p=.009). Those patients with improved or nor-
malized gait had an average Pavlov ratio of .90 versus
0.68 with those with continued gait difficulties (p=.0072).
The postoperative Pavlov ratio was inversely correlated
to Nurick grade ( r=.-49, p=.036). Intraobserver reliabil-
ity demonstrated a high level of agreement and mini-
mal variability in evaluation of space-available-for-the-
cord and Pavlov ratios.

 Postoperative improvement in outcome variables are
detailed in Table 4. Seven laminoplasty patients and 7
laminectomy patients had objective improvements in
sensory deficits. Partial or complete recovery from
motor weakness occurred in 12 laminoplasty patients
and in 9 laminectomy patients. Gait improvement was
seen in 7 laminoplasty patients and in 7 laminectomy
patients. Bowel or bladder symptoms improved in all 6
of the laminoplasty patients with preoperative symptoms
and in 4 laminectomy patients. Hyperreflexia, Hoffman
sign and clonus resolved in 6, 7, and 3 laminoplasty
patients, respectively, and resolution of hyperreflexia
and clonus occurred in 3 and 2 laminectomy patients,
respectively. At the latest postoperative examination, a
Hoffman sign was a new clinical sign in two laminec-
tomy patients. Subjectively, 10 laminoplasty patients and
7 laminectomy patients perceived improvements in sen-
sation. Ten laminoplasty patients and 9 laminectomy
patients had subjective improvement in motor strength.
With the numbers available, these differences did not
reach statistical significance.

Pain scores improved 57 percent to an average of
3.2 in the laminoplasty patients and improved 8 percent
in laminectomy patients to an average of 4.4 (p=0.0036).
At latest follow-up, 10 laminoplasty patients were tak-
ing pain medications, either acetaminophen or an non-
steroidal anti-inflammatory, on a regular basis for pain.
Thirteen laminectomy patients were taking pain medi-
cations. Four of them were taking narcotic medications,
and the remainder taking acetaminophen or nonsteroi-

dal anti-inflammatories. Five laminoplasty patients had
neck pain only, 4 with neck and extremity pain, and 4
with extremity pain only. Four laminectomy patients had
neck pain only, 3 with neck and extremity pain, and 7
with extremity pain only.

Neck stiffness scores increased to an average of 2.0
in the laminoplasty group and 1.9 in the laminectomy
group, from an average of 1.7 preoperatively in both
groups. This difference was not statistically significant.

Myelopathy, as graded with the modified Nurick
scale improved 44 percent among laminoplasty patients
to an average of 1.48 and 18 percent in laminectomy
patients to an average of 2.50. This difference was sig-
nificant (p<.0001) (Table 5).

The Prolo scores averaged 7.2 in each group. Ten
laminoplasty patients had good or excellent results
(Prolo score of 8-10) and 10 laminectomy patients had
good or excellent results. Postoperatively, one patient
was involved in moderate to heavy labor among
laminoplasty patients. Nine were disabled and 4 were
retired. Four laminectomy patients had occupations re-
quiring moderate to heavy labor. Seven patients were
disabled and 5 retired.

Postoperative radiographs revealed an average space-
available-for-the-cord of 19.3 millimeters (14 to 24 milli-
meters) in laminoplasty patients at the narrowest level
in the spinal cord. This sagittal diameter improved an
average 5.2 millimeters or 27 percent (p<.0001). The
Pavlov ratio improved to an average of 0.85 (range .58-
1.21) or 33 percent (p<.0001). Range of motion for
laminoplasty patients averaged 27 degrees in extension
and 42 degrees in flexion. This compares to 43 degrees
in extension for laminectomy patients (p=.0002) and 45
degrees of flexion. Right and left bending averaged 34
degrees and 45 degrees for laminoplasty and laminec-
tomy groups respectively (p=.009). Right and left rota-
tion averaged 48 and 58 degrees in laminoplasty and
laminectomy patients respectively (p=.069).

COMPLICATIONS
Three complications occurred in the laminoplasty

group. One patient had closure of the open door. He
had been treated with the original Hirabayashi tech-
nique of suturing the laminar door open. Two patients
had transient C5 paresis occurring one and five days
after the operation. Both patients had eventual resolu-
tion of this new weakness—one by 11 months and one
by 32 months.

One early and 5 late complications occurred in the
laminectomy group. One patient had a wound dehis-
cence that was treated with an irrigation and debride-
ment and secondary healing. Five patients demon-
strated radiographic signs of instability as defined by

TABLE 5
Changes in Pain, Modified Nurick Grade,

and Neck Stiffness

Laminoplasty Laminectomy p value

Pain level Pre-op (1-10) 7.7 4.7 .018
Pain level Post-op (1-10) 3.2 4.4 .14
Pain % Change -57% -8.0% .0036
Modified Nurick Pre-op 2.44 3.09 <.0001
Modified Nurick Post-op 1.48 2.50 <.0001
Modified Nurick % Change -43.6% -17.8% <.0001
Neck Stiffness Pre-op (1-3) 1.7 1.7 .76
Neck Stiffness Post-op (1-3) 2.0 1.9 .365
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Panjabi and White.48 Two patients had C 4/5 sublux-
ation of 4-5 millimeters. These two also had a kyphosis
measuring 19 and 33 degrees on dynamic films. Three
other patients also demonstrated a kyphosis measur-
ing 28, 31, and 38 degrees. One of these patients even-
tually underwent anterior decompression and arthrod-
esis.

DISCUSSION
Cervical spondylotic myelopathy and radiculopathy

is often a progressively debilitating condition, and op-
erative intervention is frequently warranted to alter the
natural history.6,7,9,12,33,38,44 Anterior and posterior proce-
dures have been developed to halt further deteriora-
tion and ameliorate present symptoms. Anterior decom-
pression, corpectomy and arthrodesis is an excellent
treatment alternative, but not without substantial com-
plications.1,8,10,19,49 The anterior approach may be particu-
larly difficult in patients with multi-level involvement and
underlying congenital or developmental stenosis. How-
ever, the anterior approach is the senior author’s (CRC)
preferred approach for the operative management of the
majority of patients with cervical spondylotic myelopa-
thy and radiculopathy.

The posterior approach offers simplicity, less poten-
tial operative risk, and allows decompression away from
the offending abnormalities including osteophytes, os-
sified or buckling ligaments, and disc protrusions. Lami-
nectomy is the most commonly performed operation,
but laminoplasty is gaining acceptance. Both procedures
allow for dorsal cord migration, decreasing axial ten-
sion and improving vascular perfusion. Late complica-
tions, in particular post-laminectomy kyphosis or insta-
bility in multi-level procedures, are well-known
complications, although the prevalence varies. Open
door laminoplasty, introduced by Hirabayashi, attempts
to avoid these complications. Decompression of the spi-
nal cord and preservation of supporting structures could
minimize the potential for iatrogenic instability and ex-
pand the sagittal dimension of the spinal canal. This
procedure is not without criticism. Axial pain, limita-
tion of range-of-motion, and limited long-term data are
among the areas of concern.

The two groups of patients, laminectomy and
laminoplasty, were similar with respect to age, length
of follow-up, gender ratio, and number of operative lev-
els. With the numbers available, no statistically signifi-
cant difference could be demonstrated between the
groups preoperatively with respect to the number of
patients with subjective or objective alterations in sen-
sation or weakness, gait disturbance, hyperreflexia,
Hoffman sign, clonus and presence of a Babinski sign.
Several differences, however, are with noting. Although

the space-available-for-the-cord on preoperative radio-
graphs was, with the numbers available, not significantly
different (15.2 millimeters versus 16.5 millimeters), the
Pavlov ratio was (.64 versus 0.71). Of importance was
the degree of myelopathy at the time of operation. Us-
ing our modified scale of Nurick grading, the laminec-
tomy group demonstrated significantly worse degree of
myelopathy preoperatively (3.1 vs. 2.4, p<.0001). The
higher Nurick grades among laminectomy patients may
have indicated a fixed component of myelopathy and
led to a poorer outcome.

Although laminectomy patients were worse at pre-
sentation based on myelopathy classification,
laminoplasty patients, who were worse by radiographic
criteria preoperatively had better improvement of their
neurological signs. The average Nurick score improved
almost by a full grade, from 2.44 to 1.48 among
laminoplasty patients, while laminectomy patients im-
proved approximately one-half a Nurick grade from 3.09
to 2.5 (p<.0001).

Although the postoperative Pavlov ratio did demon-
strate a significant correlation with the final Nurick
grade, this association was weak (p=.036, r=-.49). The
only factor that predicted the postoperative degree of
myelopathy in both groups was the preoperative degree
of myelopathy as designated by the Nurick grade
(p<.0001, r=.74 for laminectomy group, p<.0001, r=.84
in laminoplasty group). In addition, a Pavlov ratio of 0.94
and 0.91 or greater correlated with improvements in
gait and muscle strength, respectively. Conversely, pa-
tients with a Pavlov ratio of less than 0.74 and 0.68 did
not demonstrate objective improvements in gait and
motor strength, respectively. A space-available-for-the-
cord of 20 millimeters or more postoperatively was as-
sociated with improvements in motor grades in
laminoplasty patients.

Clinical signs of myelopathy such as gait abnormal-
ity, Hoffman sign, clonus, and presence of a Babinski
sign resolved more often in laminoplasty patients. Sub-
jective and objective symptoms and signs of weakness
and sensory deficits also demonstrated more substan-
tial improvements in laminoplasty patients. With these
small numbers, however, statistical significance could
not be determined.

Initial average pain scores of 7.7 and 4.7 in
laminoplasty and laminectomy groups, respectively,
improved to 3.2 and 4.4 for 57 percent and 8 percent
improvements, respectively. Thus, although
laminoplasty patients had worse pain symptoms preop-
eratively, they demonstrated more substantial improve-
ments and a lower overall level of pain postoperatively.
Additionally, the strongest predictor of pain postopera-
tively among laminectomy patients was the preopera-
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tive level of pain. There was not a similar association in
the laminoplasty group.

Although the Nurick grade, pain symptoms, and
signs of myelopathy such as weakness, sensation, and
gait change improved more among laminoplasty pa-
tients, the Prolo economic-functional outcome scores
demonstrated similar results with 10 of 20 patients and
10 of 22 patients with good or excellent outcome in the
laminoplasty and laminectomy groups, respectively. We
believe these outcomes are due to the high proportion
of individuals either retired or disabled in both groups
(laminoplasty, 13 of 20 and laminectomy, 12 of 22), dra-
matically lowering the Prolo scores. Those disabled
were more likely to be older and in labor-intensive jobs.

Neck stiffness has been frequently cited as a postop-
erative problem in laminoplasty. Hirabayashi and
Yoshida found a limitation of approximately 50 percent
in range-of-motion.19,52 Thus, we were not surprised to
find that neck range-of-motion was limited in
laminoplasty patients in our series. Extension and bend-
ing were affected the most (p=.0002 and p=.009, respec-
tively, compared to laminectomy), although there were
also reductions in flexion and rotation. The degree of
limitation of activities, however, was not found to be
functionally limiting and subjectively neck stiffness was
not a frequently cited problem. Only one patient be-
lieved that neck stiffness interfered with his daily ac-
tivities.

Neck stiffness following laminoplasty may serve a
protective function. The stability of the spine following
laminoplasty has been examined in biomechanical stud-
ies comparing cervical laminoplasty with laminec-
tomy.38,51 Nowinski et al. examined nine cadaveric speci-
mens after multilevel laminoplasty or laminectomy had
been performed.37 Cervical spine levels 2 to 7 were
tested with physiologic loading. Cervical laminectomy
with 25 percent or more facetectomy resulted in highly
significant increase in cervical motion for all motions
compared to the intact controls. With the numbers avail-
able, cervical laminoplasty was not significantly differ-
ent from the intact control, except for a marginal in-
crease in axial torsion. This limitation of mobility can
prevent late instability and neurological deterioration.

Neck and shoulder pain have been reported to oc-
cur at a higher rate postoperatively in laminoplasty pa-
tients. The difference in axial symptoms between our
groups, however, was not significant.

Transient neurological worsening occurred in 2
laminoplasty patients and none of the laminectomy pa-
tients. Cervical 5 and 6 neuropraxia occurred in these
two patients. One patient demonstrated complete recov-
ery within 11 months, and another by 32 months. This
phenomenon of post operative nerve root palsy occur-

ring within several days of the operation is a well-docu-
mented problem. Cervical 5 and 6 appear to be the most
commonly affected, and the injury usually motor-domi-
nant. In Hirabayashi’s series of 90 laminoplasties, seven
patients had transient weakness in cervical 5 and 6
motor elements- four on the open side and three on the
hinged side.20 Transient paresis in the cervical 5 distri-
bution, cervical 6 distribution, or both has also been
noted by Yoshida (3 of 40 cases)52, Yonenobu (3 of 42)51,
and O’Brien’s (1 of 10).39 The cause of this problem has
not been elucidated, although tethering of the nerve
roots with posterior migration of the cord has been sug-
gested.51 We slowly elevate the laminar door during the
laminoplasty in order to avoid excessive traction of the
nerve roots as recommended by Aita et al.1

Post-laminectomy instability or kyphosis occurred
with alarming frequency among laminectomy patients.
One required an operation and two were planning for
operative intervention. The prevalence of post-laminec-
tomy kyphosis, a challenging problem to treat because
of the lack of posterior elements, varies in the litera-
ture.25,27,28,43,53 No instances of instability occurred among
laminoplasty patients. The etiology of post-laminectomy
deformity is primarily mechanical, from loss of poste-
rior support. As little as 25 percent facetectomy signifi-
cantly increases motion in all directions37, and 50 per-
cent facetectomy allows visualization of 3-5 millimeters
of the nerve root.41 The amount of facet resection could
have played a critical determinant in those cases with
instability. Those with instability or deformity tended
to have higher pain scores and Nurick grade, but a sta-
tistical correlation with outcome could not be deter-
mined from these small numbers.

Recurrence of myelopathy may occur with closure
of the laminar door. We have switched to using rib al-
lograft after closure of a laminar door in one patient.
Half of our patients were treated with this method and
this complication has not occurred. A variety of meth-
ods to stabilize the open-door have been described, and
we recommend supplementing the standard open-door
technique with additional modifications.24,32,36,39,45

Currently the senior author (CRC) secures the rib
allograft with a suture which is threaded through a hole
in the lateral mass, the medullary canal of the rib graft,
and through a hole in the lamina and then tied. Addi-
tionally, laminoplasty does have the disadvantage of
making decompression along the facet joint along the
hinged side more difficult. This may be a consideration
in patients with bilateral radiculopathy, although a key-
hole foraminotomy may be performed to decompress a
particular nerve root on the hinged side. We have not
performed this procedure and believe that decompres-
sion alone is usually adequate.
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Of the many reports of laminoplasty outcome, most
have demonstrated substantial neurological recovery.3,13-

15,18-20,29-31,35,42,47 These studies have included or have been
composed entirely of patients with ossification of the
posterior longitudinal ligament. Some studies have in-
dicated a different natural history and operative out-
come in patients with ossification of the posterior lon-
gitudinal ligament,26,36 and thus these patients were
excluded. Additionally, the Japanese Orthopaedic As-
sociation scoring system for myelopathy, often present
in the laminoplasty literature, is difficult to apply to
Western patients. Herkowitz, using his own grading
system, compared anterior cervical arthrodesis, lami-
nectomy, and laminoplasty for multi-level spondylotic
radiculopathy in 45 patients with a minimum 2 year fol-
low-up and concluded that laminoplasty was an effec-
tive alternative to anterior cervical fusion and laminec-
tomy.14 The complications of anterior arthrodesis and
laminectomy could be avoided with laminoplasty. Pa-
tients with laminectomy had the poorest results.

Our series, too, demonstrated superior results with
laminoplasty. We believe that laminoplasty is a safe and
efficacious procedure in the management of selected
patients with multiple level cervical spondylotic myel-
opathy or radiculopathy. Modified Nurick grades of
myelopathy, pain scores, subjective and objective return
of sensation and motor strength, and gait alterations
demonstrated more substantial improvements in
laminoplasty patients, with fewer late complications,
than laminectomy. This must be balanced with the po-
tential loss of cervical range-of-motion, neck stiffness,
and the potential for transient neurologic injury encoun-
tered with laminoplasty. Additionally, several variables
including preoperative Nurick grade, level of pain, post-
operative Pavlov ratio, and space-available-for-the-cord
can potentially indicate postoperative outcome and neu-
rological recovery.
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