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Abstract  We investigated lordotic 
alignment and posterior migration of 
the spinal cord following en bloc 
open-door laminoplasty for cervical 
myelopathy. Fifty-five patients (32 
men and 23 women) were studied, 
with an average follow-up of 2.4 
years. Radiological examination in- 
cluded evaluation of lordosis of the 
cervical spine and spinal cord, de- 
gree of enlargement of bony spinal 
canal, and the magnitude of posterior 
cord migration. We also correlated 
these changes with neurological im- 
provement. Postoperatively, there 
was an average of 5% loss of cervi- 
cal spine lordosis (P > 0.01) on radi- 
ographs and 12% reduction in the 
lordotic alignment of the spinal cord 
(P > 0.05) on magnetic resonance 

imaging. Postoperatively, the size of 
the bony spinal canal increased by 
48%. Posterior cord migration show- 
ed a significant correlation with the 
preoperative cervical spine and spinal 
cord lordosis (P < 0.05). Thirty-seven 
(67%) patients with neurological im- 
provement exceeding 50% showed 
significant posterior cord migration 
following laminoplasty compared 
with those demonstrating less than 
50% improvement (P -- 0.01). Our 
results suggest that a significant neu- 
rological improvement is associated 
with posterior cord migration after 
cervical laminoplasty. 
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Introduction 

En bloc open-door laminoplasty is one of the surgical op- 
tions for cervical myelopathy. The operative procedure is 
safe and time-effective for multiple vertebral involvement 
at three or more levels. The neurological outcome is often 
equally good and sometimes even more favourable than 
that of anterior decompression [5, 10, 12, 13-16]. Postop- 
eratively, it is thought that the cervical spinal cord mi- 
grates posteriorly, simultaneously enlarging the spinal 
canal and preserving the posterior bony and ligamentous 
structures [18, 26, 27]. In addition to the static compres- 
sion of the cord anteriorly, cervical spondylosis with mul- 
tiple-level subluxation and ossification of the posterior 
longitudinal ligament can cause abnormal sagittal align- 
ment, such as lordosis and kyphosis, which may also af- 

fect neurological function. However, a few reports have 
quantitatively examined posterior cord migration follow- 
ing laminoplasty [29], or even extensive laminectomy [1, 
8], in relation to the sagittal alignment of the cervical 
spine and spinal cord as well as the bony spinal canal en- 
largement. Furthermore, the contribution of the posterior 
cord migration, in relation to its sagittal alignment, partic- 
ularly lordosis, to postoperative neurological improve- 
ment remains less well understood, despite a number of 
reports of spinal cord morphometry using different imag- 
ing techniques [9, 20, 21, 23, 29]. 

The present study was designed to investigate lordotic 
alignment and posterior migration of the spinal cord after 
cervical laminoplasty, and their relation to spinal canal en- 
largement as well as their effects on postoperative neuro- 
logical improvement. 
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Table  1 The Japanese Orthopaedic Association scores for assess- 
ment of cervical myelopathy [17]. The neurologically normal con- 
dition is a total of the best scores: (I+II+III+IV) = 17 points. Rate 
of neurological improvement  = (postoperative score - preoperative 
score), divided by (17 -p reopera t ive  score) multiplied by 100 (%) 

Categories Score 

I. Motor function of the upper extremity 
Unable to eat with either chopsticks or a spoon 0 point 
Able to eat with a spoon, but not with chopsticks 1 
Able to eat with chopsticks, but inadequately 2 
Able to eat with chopsticks, but awkwardly 3 
Normal 4 

II. Motor function of the lower extremity 
Unable to walk 0 
Needs a cane or other walking aid on flat ground 1 
Needs walking aid only on stairs 2 
Able to walk unaided, but slowly 3 
Normal 4 

III. Sensory function 
(a) Upper extremity 

Apparent sensory disturbance 0 
Minimal sensory disturbance 1 
Normal 2 

(b) Lower extremity 
Apparent sensory disturbance 0 
Minimal sensory disturbance 1 
Normal 2 

(c) Trunk 
Apparent sensory disturbance 0 
Minimal sensory disturbance 1 
Normal 2 

IV. Bladder function 
Urinary retention or incontinence 0 
Severe dysuria (sense of retention) 1 
Slight dysuria (pollakiuria, retardation) 2 
Normal 3 

Patients and methods 

Patients and neurological assessment 

Included in the present study were 55 consecutive patients (32 men 
and 23 women), who underwent en bloc open-door laminoplasty 
for multisegmental  impingement  of the cervical spinal cord. The 
age of the patients at operation averaged 63.9 years (range, 38-85),  
and the average neurological and radiological follow-up was 2.4 
years (range, 1-4.2). Thirty-eight patients had cervical spondylo- 
sis, while 17 had ossification of the posterior longitudinal liga- 
ment. Patients presented with a wide spectrum of clinical features 
of myelopathy preoperatively. The neurological assessment was 
conducted in accordance with the Japanese Orthopaedic Associa- 
tion (JOA) scoring system (Table 1) [17]. According to this sys- 
tem, the rate of neurological improvement  was calculated as: 

Rate (%) ,- postoperative s c o r e -  preoperative score x 100 
17 - preoperative score 

Basically, the result denotes a favourable outcome when the im- 
provement rate is _> 50%, and unfavourable when it is < 50%. 

En bloc open-door laminoplasty 

Our surgical technique has been described previously [3-7]. The 
patient is fixed with a three-point head rest, and a midline skin in- 
cision is made straight over the spinous process between C2 and 
T1 levels, followed by exposure of the laminae and bilateral facet 
joints from C3 to C7. Two longitudinal lateral troughs are made at 
sites just medial to the facet joints between C3 and C7. The inner 
cortices of the laminae on the neurologically advanced side are 
routinely excised with a high-speed diamond burr and a micro- 
Kerrison rongeur, whereas the contralateral hinged side of the lam- 
inae is thinly shaved. The laminae of C3 to C7 are carefully 
opened on the more affected side followed by spacer bone grafting 
between the facets and corresponding laminae, usually at C4 and 
C6, using the spinous processes harvested from C6 and C7, or T1. 
A spacer bone graft, about 8-10 mm in length, is essential for the 
laminae so as to be maintained in the "kept open" position postop- 
eratively. However, the period for osseous union depends on the 
bone quality of the graft in each individual. Isometric neck exten- 
sion exercises are encouraged from the 2nd week after surgery, 
and a soft neck collar fixation continued for approximately 3 
months postoperatively. No patient in this series developed radicu- 
lopathy as a result of root(s) tethering or stretching following 
laminoplasty during the early postoperative period. Each patient 
was allowed to return to normal activity in due course. 

Radiological examination 

Serial lateral radiographs, including neutral and flexion-extension 
views, were taken every 3 months after surgery. These radiographs 
showed osseous union of the spacer bone graft between 4 and 10 
months postoperatively in all patients. This was also confirmed by 
computed tomography (CT). Radiological examination included 
(1) lordotic alignment of the cervical spine on radiographs taken in 
the neutral position, designated as cervical spine lordosis; (2) in- 
creased size of the bony spinal canal, measured by CT, at each ver- 
tebral level; (3) lordotic alignment of the cervical spinal cord on 
magnetic resonance imaging (MRI; 1.5 T; Signa, General Electric, 
Milwaukee, Wis.) (Fig. la,b), termed spinal cord lordosis; and (4) 
posterior cord migration, expressed as posterior shift score, on MRL 

Cervical spine lordosis represented the percentage of d relative 
to D (points) in radiographs taken in the neutral position (Fig. 2a). 
The value d represented the maximum distance between a vertical 
line extending from the postero-inferior vertebral rim of C2 to the 
postero-superior edge of the T1 vertebra. On the other hand, D rep- 
resented the distance between the above two vertebral corners. An 
increase in the size of the bony spinal canal was calculated by 
X ' - X  (Fig. 2b). The spinal canal expansion ratio was then given by: 

(%) = Y ~ x Ratio 100 

On T2-weighted images taken with the neck in the neutral posi- 
tion, spinal cord lordosis was scored as: 

Sn 
Score (points) = ~ x 100 

S (n = 1-5) 

(Fig. 2c), where S 1 was measured at C3, and S represents the dis- 
tance between the centres of the spinal cord at the postero-inferior 
and postero-superior vertebral corners of C2 and T1, respectively. 
At each spinal level, Sn represents the distance between the centre 
of the cord and the perpendicular line used for measuring the S 
value. In addition, on preoperative and postoperative T2-weighted 
MRI, the posterior shift score of the cord was calculated according 
to the following equation (Fig. 2d), where Pl and Pl '  were mea- 
sured at C3: 

p 'n  - 
Score (points) = Z pn (17--P~5)L- x 100 
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Fig. l a ,  b Magnetic resonance 
imaging of a patient treated 
with a C3-C7  laminoplasty. 
a Before surgery (T2-weighted 
sequence; TR 2609 ms, TE 
100 ms). b At  follow-up (T2- 
weighted sequence; TR 5000 
ms, TE 98 ms) 

Fig. 2a-d Radiological mea- 
surements of the cervical spine 
and spinal cord. a Cervical 
spine lordosis is scored radi- 
ographically as a percentage of 
d relative to D (points). b The 
spinal canal expansion ratio 
(%) is represented by [(X' - X) 
× 100/X]. c Spinal cord lordo- 
sis is scored as Z Sn/S  (n = 1-  
5) × 100 on a T2-weighted 
image, d Posterior shift score 
is expressed as the value ob- 
tained by Z (p'n - Pn) /Pn  (n = 
1-5) x 100 on a T2-weighted 
sequence. Top Preoperative, 
bot tom postoperative C1 

b preoperative 

~ spa~rearfting 

postoperative 
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spinal cord 
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Fig. 3a--e The relationship between posterior cord migration and 
cervical spine as well as spinal cord lordosis. Postoperative spinal 
cord lordosis correlates significantly with cervical spine lordosis 
(a). Posterior cord migration correlates significantly with cervical 
spine lordosis preoperatively (b) and postoperatively (e). Posterior 
cord migration shows a significant correlation with spinal cord lor- 
dosis preoperatively (d). Posterior cord migration significantly 
correlated with the spinal canal expansion ratio (e) 
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All images were stored on a Macintosh Quadra 650 computer (Ap- 
ple, Cupertino, Calif.) using the NIH image software (Ohlandorf 
Research, Ottawa) for detailed morphological measurements. 

Data were expressed as mean, standard deviation. Statistical 
correlations were examined using Pearson's correlation analysis 
and the Student's t test as well as cumulative chi square test using 
the StatView II T M  program (Abacus Concepts, Berkeley, CA). A P 
value of less than 0.05 was considered significant. 

Results 

Cervical spine and spinal cord lordosis 

Cervical spine lordosis was scored as 6.5, SD 3.1 points 
preoperatively and 6.2, SD 2.9 points postoperatively. 
There was a 5% decrement in this value after surgery 
(Student's t-test, P > 0.01). Spinal cord lordosis, on the 
other hand, was scored as 22.8, SD 10.5 points and 20.1, 
SD 12.3 points preoperatively and at follow-up, respec- 
tively. This score showed a 12% decrease after surgery 
(Student's t-test, P > 0.05). Significant correlation was 
found between cervical spine lordosis and spinal cord lor- 
dosis after surgery (Fig. 3a, r 2 = 0.657, P = 0.0001). 

Posterior cord migration 

The mean postoperative posterior shift score was 43.3, SD 
24.5 points. Posterior cord migration correlated signifi- 
cantly with preoperative cervical spine lordosis (Fig. 3b, 
1 "2 = 0.076, P = 0.039) and with postoperative cervical 
spine lordosis (Fig. 3c, r 2 = 0.061, P = 0.048) The corre- 
lation between posterior cord migration and postoperative 
spinal cord lordosis was significant (Fig. 3d, r 2 = 0.093, 
P -- 0.024). However, the degree of posterior cord migra- 
tion did not correlate significantly with spinal cord or cer- 
vical spine lordosis. 

The spinal canal expansion ratio was 49.4, SD 14.8% 
at C3, 54.2, SD 19.7% at C4, 49.1, SD 13.5% at C5, 40.5, 
SD 15.3% at C6, and 47.3, SD 12.8%. The ratio at each 
level was not significantly different from that of other lev- 
els. Posterior cord migration correlated significantly with 
the spinal canal expansion ratio (Fig. 3e, r 2 = 0.086, P = 
0.035). 

Neurological improvement and radiological parameters 

The pre- and postoperative JOA scores were 7.4, SD 3.7 
and 13.2, SD 2.8 points, respectively. The postoperative 
neurological improvement was thus determined to be 
60.4%, and correlated significantly with the postoperative 
posterior cord migration (Fig. 4, r 2 = 0.092, P = 0.033). 

The average posterior shift score was 55.3, SD 22.9 
points (range, 37.4-79.3) in 37 (67%) patients who 
showed > 50% neurological improvement (mean, 59.5, 
SD 13.7%). The other 18 patients with < 50% neurologi- 
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Fig. 4 Correlation between posterior cord migration and neurolog- 
ical improvement 

cal improvement (mean, 27.7, SD 18.3%) had an average 
posterior shift score of 31.9, SD 14.4 points (range, 
11.5-43.5). It was noted that patients with > 50% im- 
provement had a significantly larger posterior shift score 
(cumulative ~2 test, )~2 = 5.733, P = 0.014). 

Discussion 

En bloc open-door laminoplasty is a surgical technique 
recommended for cervical myelopathy with multilevel 
spondylosis or ossification of the posterior longitudinal 
ligament [3-7, 20, 23, 29]. This surgery may allow poste- 
rior cord migration and is associated with a favourable 
neurological recovery. The surgical technique includes 
variable modification and restructuring of the posterior 
osseo-ligamentous complex covering the spinal cord pos- 
teriorly. Maintenance of the strength of neck-extension 
muscles as well as biomechanical stability posteriorly [14, 
22, 24] is a fundamental component of the modification 
procedure. We have used an open-door type of C3-C7 
laminoplasty since 1982 for patients with multiple cervi- 
cal spine involvement of three or more vertebrae. Several 
investigators [16, 20], including our group [3-7], have re- 
ported satisfactory neurological improvement after cervi- 
cal laminoplasty, and postulated that the results are prob- 
ably due to posterior cord migration. The dorsal move- 
ment of the compromised cord is also highly possible fol- 
lowing extensive laminectomy operations [1, 8, 9, 11, 25]. 
Levi et al. [19] observed significant dorsal migration of 
the cord in their patients with the central cord syndrome 
who underwent extensive cervical laminectomy. Regard- 
less of the procedure selected (laminoplasty or laminec- 
tomy), the compromised cervical cord is likely to shift 
and extend posteriorly. We believe it is important to assess 
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posterior cord migration by MRI and to relate these 
changes to neurological recovery. 

Cervical laminoplasty is known to reduce lordosis of 
the spine although it ameliorates spinal cord decompres- 
sion [6, 18]. This reduction may be an inevitable compli- 
cation resulting from surgical trauma of the muscles in- 
volved in neck extension or ligaments and posterior bony 
elements of the cervical spine. Theoretically speaking, it 
is more convenient for the cervical spine to be physiolog- 
ically lordotic and [2, 8, 28], therefore, the spinal cord to 
migrate posteriorly following laminoplasty or laminec- 
tomy. Batzdorf and Batzdorff [8] examined the cervical 
spine curvature in 28 surgical patients who were treated 
with extensive laminectomy, and emphasized the impor- 
tance of normal and lordotic alignment of the cervical 
spine for obtaining good neurological improvement. 
Kyphosis can increase the longitudinal tension of the 
spinal cord and may enhance the effect of a spondylotic 
lesion or ossified posterior longitudinal ligament by al- 
lowing further impingement on the cord. In this regard, 
Kawai [18] described a certain reduction of lordotic align- 
ment in approximately 30% of patients treated with 
laminoplasty, using a method slightly different from the 
one described in the present study. In a previous prelimi- 
nary study we observed a loss of lordotic alignment in 12 
(26%) of 47 patients treated with laminoplasty [6]. The 
present results demonstrated that cervical spine lordosis 
diminished by approximately 5% after surgery, while 
spinal cord lordosis after surgery was only 88% of the 
preoperative value, although both changes were statisti- 
cally insignificant. The postoperative difference may be 
partly due to improved and facilitated neck rehabilitation, 
but more importantly, the results confirm that the opera- 
tive technique influences the cervical spine as well as the 
spinal cord by reducing lordosis. 

Interestingly, we found that patients with favourable 
neurological results (rate of improvement > 50%) had sig- 
nificantly higher posterior shift scores for the spinal cord 
than those with unfavourable recovery (rate of improve- 
ment < 50%). There was also a significant correlation be- 
tween posterior cord migration and postoperative neuro- 
logical improvement. Obviously, recovery of spinal cord 
function is markedly influenced by the severity of neuro- 
logical compromise before treatment. However, more im- 
portantly, based on our results, we suggest that posterior 
cord migration plays a significant role in recovery of 

spinal cord function. Postoperatively, the spinal cord cer- 
tainly shows a trend towards reduced lordosis that is in- 
convenient for neurological recovery. Multivariate analy- 
sis of other factors may provide more definitive evidence 
supporting this suggestion. On the other hand, Yone et al. 
[29] observed anteroposterior enlargement of the cervical 
cord with a significant correlation with spinal canal ex- 
pansion after laminoplasty, and similar ideas have been 
suggested by Matsuyama et al. [20]. These workers con- 
cluded that the surgical techniques used in their studies 
were effective for spinal cord decompression posteriorly, 
and suggested possible dorsal transposition of the cord. 
Since the surgical technique used in our study is similar to 
that described in the above reports, the MRI findings ex- 
tend the findings of these early studies by providing firm 
evidence for the proposed likelihood of dorsal transloca- 
tion of the spinal cord after surgery. 

We have also demonstrated, in a different group of pa- 
tients, an average increase of 40% in the size of antero- 
posterior bony canal after laminoplasty [3, 6]. Reports 
from other groups demonstrated a 30-70% increase in 
canal size, contributing to spinal cord decompression pos- 
teriorly [20, 23, 29]. In the present study, we found a > 
40% (40.5-54.2%) increase in the size of the bony canal 
that significantly correlated with posterior cord migration. 
Thus, these results allow us to speculate that postopera- 
tive enlargement of the anteroposterior diameter of the 
spinal cord, together with bony canal expansion and pos- 
terior cord migration, are markedly responsible for the 
favourable neurological recovery from cervical compres- 
sive myelopathy. The statistical significance of each of 
these factors in contributing to neurological recovery re- 
quires further investigation using more detailed analysis, 
such as multivariate analysis. 

We conclude that posterior cord migration occurs in 
patients treated with en bloc open-door laminoplasty for 
cervical myelopathy. Even when the vertebral column and 
the spinal cord do not show an increase of lordosis, poste- 
rior cord migration develops in patients with a significant 
neurological recovery. The operative technique allows 
posterior migration of the cervical cord, which promotes 
neurological recovery from compressive myelopathy. 
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