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Cervical spondylotic myelopathy may arise from congenital 
(ossification of the posterior longitudinal ligament) or acquired 
conditions (degenerative spondylosis) [1,2]. Clinical symptoms of 
cervical spondylotic myelopathy or cervical myeloradiculopathies 
result in spinal cord and root dysfunction. CSM is the leadii
ing cause of spinal cord dysfunction in patients older than 55 
years [3]. Treatment is directed at arresting further deterioration 
after the onset of clinical symptoms, and secondarily to improve 
neurologic dysfunction. Plain radiographs with dynamic films are 
critical to assess stability and sagittal alignment. Crossisectional 

imaging with computerized tomography scan and magnetic resoii
nance imaging is invaluable in determining the extent (number of 
levels) and location of compression (anterior or posterior) [2].

Anterior surgery is beneficial for anterior compression less 
than three levels. A kyphotic alignment of the spine is also best 
managed anteriorly (either alone or in conjunction with posterior 
decompression in the case of more than twoilevel disease) [4]. 
Anterior surgery has inherent risks related to the approach and 
dissection. These involve early and delayed complications, which 
include airway obstruction requiring prolonged postoperative 
intubation, injury to the recurrent laryngeal nerve, injury to the 
esophagus, dysphagia, spinal cord injury and hardwareirelated 
complications [4i7],. 

Posterior surgery is beneficial for extensive disease (more 
than three levels). The presence of a lordotic or neutral cervical 
spine will allow decompression by way of laminectomy without 
the need for fusion and instrumentation [8,9]. However, in the 
younger patient the loss of a normal sagittal alignment is a 
concern [10]. For this reason, canal expansive laminoplasty was 
developed to allow for canal expansion without compromising 
the mechanical stability of the spine and thereby reduce the risk 
of late kyphotic deformity [11]. 

CEL was initially described by the Japanese, and a number 
of procedures and vast clinical experience encorporating this 
concept have been described [11i13]. To our knowledge however, 
this has not been previously reported in any large series in 
the Israeli population. We describe our experience using canal 
expansive laminoplasty (the Hirabayashi technique) for cervical 
spondylitic myelopathy involving multiple levels of the cervical 
spine [11].

Patients and Methods
The study cohort consisted of all patients undergoing surgery for 
CSM with canal expansive laminoplasty (Hirabayashi technique). 
Patients were identified from the spine registry at Hadassah 
Hospital between the years 1984 and 2000. Myeloradiculopathy 
was present in all patients and imaging diagnosis was made 
using CT scan and myelography or MRI. (MRI was more prevaii
lent as an imaging modality after 1998.) A retrospective chart 
and radiographic review was performed documenting patients’ 
demographics, preoperative pain and neurologic function (as 
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assessed by the Nurick criteria) [Figure 1] [14]. The primary outii
come measure was a change in postoperative neurologic function 
as measured by the Nurick grading system. Periioperative and 
postoperative complications were also recorded. 

Surgical technique [11] 
Awake fiberioptic intubation is performed. The Mayfield pin 
holder headrest is applied and the patient is turned prone on 
the operating table. The head and neck are maintained in neutral 
to slight flexion which opens the interspinous distances. Via a 
midline posterior approach a bilateral subperiosteal dissection 
of the posterior elements is performed according to the length 
or number of laminas that were planned preoperatively. Level 
identification is performed by palpation and visualization of 
the prominent and bifid C2 spinous process. Care is taken to 
preserve the attachments to C2 of the inferior oblique muscle 
and greater straight muscle of the head as this prevents local 
kyphotic deformity between C2 and C3. Holes are prepared in 
the bases of the spinous processes for each level to be included 
in the “openidoor.” The extent of the decompression is from 
the laminar level of one above to one below the stenotic site 
diagnosed by preoperative imaging.

Using a microdrill or high speed burr, a bony gutter with a 
thin bottom is drilled at the junction of the laminae and facet 
joints on the side that is most symptomatic. Care is taken to 

ensure that the cut is made perpendicular to the lamina without 
entering the facet. Resection of the remaining “eggshell” bone is 
performed with Kerison rongeurs. On the contralateral lamina, 
the outer cortex is cut using a microdrill or burr [Figure 2A]. It 
is important to maintain the integrity of the inner cortex as this 
acts as a hinge. The top and bottom lamina to be included in 
the “door” are separated from their adjacent levels with a Kerison 
rongeur by cutting the lamina and adherent ligamentum flavum. 
This creates three free sides for the “door” and one “hinge.” 
Sutures are passed through the holes that were initially prepared 
at the bases of the spinous processes. The door is opened by 
rotating the “door” on the hinge, which effectively produces canal 
expansion [Figure 2B]. The laminae, via the sutures, are secured 
to the soft tissues including the fascia which maintains the “open 
door” [Figure 2C]. Oxicell™ or Gelfoam™ is placed over the dura, 
and the surgical wound is closed by layers. A postoperative collar 
is applied for pain relief.

Results [Table 1]
Twentyifive patients underwent CEL, of whom 24 were available 
for followiup. The cohort of patients included 18 males and 6 
females. Age ranged from 45 to 72 (mean 60 years). All patients 
presented with cervical myeloradiculopathy. Eight patients had 
cord atrophy, one had rheumatoid arthritis, and one had cerebral 
palsy. The mean preoperative Nurick grade was 3 (range 1–5). 
Patients presented with CSM of three to six levels (average four 
levels). One patient underwent CEL at three levels, 14 at four 
levels, 8 at five levels and 1 patient at six levels. Average followi
up was 18 months after surgery (range 4–48). 

On clinical evaluation, 23 of the 24 patients (96%) experienced 
relief of their symptoms. According to the Nurick classification, 
10 patients demonstrated improvement by one grade, one 
patient improved by two grades, 12 patients were unchanged 
and one had worsening of the Nurick grade. The two patients 

Figure 1: Nurick Classification System for CSM

Grade 0:  Root involvement, no evidence of spinal cord disease

Grade 1:  Signs of spinal cord disease, no difficulty in walking

Grade 2:  Slight difficulty in walking, does not allow fullitime employment

Grade 3:  Difficulty in walking, does not allow fullitime employment, does not require  

 help in walking

Grade 4:  Walks with help

Grade 5:  Chairibound or bedridden

Figure 2. [A] Bilaminar trough is prepared on the more symptomatic side using a high speed burr. On the contralateral side, a trough 
with the inner cortex intact is created. This acts as a hinge. [B] A door with three free sides and a “hinge” is prepared which extends just 
beyond the most caudal and cranial levels of compression. Holes are prepared in the bases of the spinous processes for suture placement. 
[C] The “open-door” is rotated toward the hinge and secured to the soft tissue with sutures. Canal expansion is created. The exposed dura 
is covered with Oxycell or Gelfoam.

A B C
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with rheumatoid arthritis and cerebral palsy had initial Nurick 
grades of 5 (lowest functioning), and their postoperative scores 
were unchanged. The patient with cerebral palsy had lost the 
ability to ambulate and this was due to a combination of CSM, 
as documented on cervical CT scan, and spasticity due to the 
congenital disorder. Only one patient with a Nurick grade higher 
than 4 showed improvement postoperatively. Two patients had 
previously undergone anterior procedures to the CEL, neither of 
whom showed any change in their postoperative Nurick grades. 
Only two of the eight patients with preoperative cord atrophy 
improved in their Nurick grade. Eight of the 10 patients who 
improved a Nurick grade had no cord atrophy.

Surgical time ranged from 1 hour 40 minutes to 6 hours 30 
minutes. The mean operative time was 2 hours 45 minutes. 
Where epidural bleeding occurred the times were prolonged. 
Surgical complications included a dural tear in two patients and 
epidural bleeding in four patients, requiring transfusion. C5 nerve 
root palsy developed in two patients with one resolving comii
pletely by 6 weeks and one with a permanent C5 partial deficit. A 
transient partial C6 palsy occurred in one patient with complete 

recovery by 6 weeks. One patient awoke with 
blindness in one eye and another patient had a 
fracture of the lamina noted periioperatively, with 
dural compression requiring an urgent second 
operation. 

Postoperative complications unrelated to the 
procedure were urinary tract infection in four paii
tients and diabetes insipidus in one. One patient 
died of a myocardial infarction 6 months after 
surgery. In 2 of the 24 patients, loss of sagittal 
alignment occurred with development of a local 
kyphosis. 

Discussion
Management of CSM is often controversial. The 
results of nonioperative treatment in the case 
of progressive myelopathy are dismal. For this 
reason decompression of the canal is advocated 
and has been shown to be successful in improvii
ing spinal cord function [10]. Many approaches 
have been described, both anterior and posterior. 
Principles of management have been established 
to help guide treatment [10,15]. In general, 
maintenance or restoration of cervical lordosis is 
desired. In cases where cervical kyphosis is estabii
lished, the inclusion of an anterior procedure is 
required [4]. For multilevel disease where cervical 
kyphosis is less than 13 degrees posterior, deii
compression is advocated [8,16]. The advantage 
of this is the lower incidence of complications 
that are inherent to the anterior approach. 
These include injury to the recurrent laryngeal 
nerve, the superior laryngeal nerve, esophagus 
and vertebral artery [2,3]. Other considerations 
include pain associated with the donor graft site 

and graft extrusion [17], and pseudoarthrosis [18]. Early and 
late postoperative complications are more significant following 
anterior surgery for multilevel disease [2i7]. Arguments against 
the posterior approach include the potential for destabilization 
and the development of kyphosis over time [19].

Laminoplasty over laminectomy is a technique whereby 
preserving the posterior elements maintains the tension band 
of the spine over the operative segment. This reduces (but does 
not eliminate) the potential for postoperative kyphosis. Neither 
laminectomy nor laminoplasty requires fusion in the lordotic 
spine; however, the loss of lordosis following laminectomy has 
been noted to lead to greater neck pain and poorer clinical 
outcome [20]. At our institution, laminoplasty is preferred for its 
capacity to preserve cervical lordosis. The CEL method of choice 
at our institution is the Hirabayashi technique [1]. We have been 
performing this procedure since 1984. Experience with CEL in 
a large series in the Israeli population has not been previously 
reported. 

The clinical outcome in our cohort was comparable to other 
studies in the literature that report good to excellent results in 

Patient
no.

Age 
(yrs) Gender

Cord 
atrophy

Nurick 
grade

Level no.

Nurick 
grade

Complications
Follow-up 

(m0)Pre-op Post-op

1 49 M No 3 4 2 36

2 71 M No 5 4 5 MI, died 6

3 58 F No 3 4 2 4

4 72 M No 2 5 2 16

5 46 M No 2 5 1 12

6 55 M Yes 3 4 3 Dural tear, C6 palsy 28

7 65 M Yes 4 3 4 32

8 58 M No 3 4 2 Epidural bleeding 40

9 68 M No 2 4 2 Epidural bleeding 12

10 47 M No 3 5 3 C5 palsy 24

11 45 M Yes 3 6 4 24

12 71 M No 5 5 4 Blindness 24

13 63 F No 3 4 3 20

14* 59 F Yes 5 5 5 Late kyphosis 24

15 66 F No 1 5 1 16

16 49 F Yes 2 4 2 16

17 69 M Yes 2 4 2 Epidural bleeding, dural tear 12

18 60 M Yes 3 5 2 48

19 61 M No 3 4 3 Fracture lamina with dural 

compression, 

2nd operation required

14

20 60 M No 3 4 2 14

21 66 F Yes 3 5 2 Epidural bleeding 6

22 65 M No 3 4 2 48

23 69 M No 4 4 2 7

24** 45 M No 5 4 4 Late kyphosis 19

*    Rheumatoid arthritis
** Cerebral palsy

Table 1. Patient demographics and results
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60% of the patients. In these studies, similarly to ours, factors 
that affect outcome are severity of neurologic deficit and presii
ence of cord atrophy [20i22]. Regardless of the approach used 
for treatment, severity of the clinical picture and duration of 
the symptoms have been recognized as important factors that 
influence clinical outcome following surgery. Intervening in CSM 
at an earlier Nurick grade (1–2), as opposed to more advanced 
stages of CSM (grades 3–5) is desirable [21]. The presence of 
myelomalacia and cord atrophy is also a poor prognostic facii
tor for recovery [22]. In our study, only 2 patients with cord 
atrophy showed improvement in their Nurick grade, while 8 
of the 10 patients who improved a Nurick grade had no cord 
atrophy. Prevention of further deterioration in these patients is 
the primary goal of surgery. 

 In our cohort, two patients undergoing the Hirabayashi CEL 
developed late focal kyphosis. These patients had coimorbidities 
of rheumatoid arthritis and cerebral palsy. Both these patients 
had severe myelopathy (both with preoperative grade 5 Nurick 
score). Although development of late focal kyphosis has been 
recognized as a cause of poor outcome [20], in these patients 
with their severe premorbid conditions it is impossible to know 
how this affected their outcomes. Furthermore, in the patient 
with cerebral palsy, the neurologic picture is confounded. 

Complications of surgery did occur in our patient population. 
One patient developed blindness due to positioning of the head 
on the headrest. This illustrates the importance of careful posiii
tioning such that no pressure is placed on the eyes for this or 
for any prone spinal procedure [23]. This complication occurred 
early in our series of patients and since then we have been using 
the Mayfield pins headiholder to stabilize the head throughout 
the procedure. Complications more commonly recognized include 
epidural bleeding requiring transfusion (n=4) and dural tears 
(n=2). These risks can be minimized by ensuring the trough is 
cut precisely perpendicular to the lamina without entrance to 
the facet joint. Deviating out towards the facet joint increases 
the risk of bleeding and nerve root injury. 

Two of our patients had C5 nerve root palsies (one transient 
and one permanent). A transient partial C6 palsy occurred in one 
patient with complete recovery. The C5 nerve root is more comii
monly affected in posterior cervical procedures. The cause of this 
is multifactorial and may be due to the tethering effect of the C5 
nerve root, marked anterior compression at the level of C3 and 
due to an increase in postoperative cervical lordosis [24]. In one 
patient a fracture of the “open door” lamina segment occurred, 
causing cord compression. This required an urgent secondary 
procedure. Fortunately, no permanent neurologic worsening 
resulted. 

Reported disadvantages of laminoplasty are an increased 
incidence of axial neck/shoulder pain and a greater reduction in 
the range of motion compared to anterior approaches [18]. Since 
our study is not a direct comparison with anterior surgery, we 
cannot comment on differences in this regard; however, overall 
improvement in function was recorded in our patient population 
and seems to justify this potential drawback. Furthermore, it has 
been suggested that the resultant limitation in motion may help 

to prevent the progression of spondylosis and the development 
of deformity [2].

In summary, we report our experience using the Hirabayashi 
technique for canal expansive laminoplasty. This is the largest 
series of this approach to cervical spondylitic myelopathy in the 
Israeli population. In our opinion, this technique is a valuable 
treatment modality for multilevel disease. The outcome in our 
facility is comparable to other reported studies, and the comii
plication rate can be minimized by adherence to principles of 
treatment. In this way the learning curve for this procedure can 
be shortened. 
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Simpson et al. from Alberta, Canada tried to evaluate the 
relation between adherence to drug therapy, including 
placebo, and mortality, by metaianalysis of observational 
studies of data sources – such as electronic databases, 
contact with investigators, and textbooks and reviews on 
adherence. Predefined criteria were used to select studies 
reporting mortality among participants with good and 
poor adherence to drug therapy. Data were extracted for 
disease, drug therapy groups, methods for measurement 
of adherence rate, definition for good adherence, and 
mortality. Data were available from 21 studies (46,847 
participants), including eight studies with placebo arms 
(19,633 participants). Compared with poor adherence, good 

adherence was associated with lower mortality (odds ratio 
0.56). Good adherence to placebo was associated with 
lower mortality (0.56), as was good adherence to benefiii
cial drug therapy (0.55). Good adherence to harmful drug 
therapy was associated with increased mortality (2.90). The 
authors conclude that good adherence to drug therapy is 
associated with positive health outcomes. Moreover, the 
observed association between good adherence to placebo 
and mortality supports the existence of the “healthy adii
herer” effect, whereby adherence to drug therapy may be 
a surrogate marker for overall healthy behavior.

Br Med J 2006;333:15
Eitan Israeli

Capsu le

Association between adherence to drug therapy and mortality

Enveloped viruses deliver their genome into the host by 
fusing with its membrane. Two classes of viral glycoproteins 
that drive membrane fusion through conformational changes 
have been identified, but a number of viral fusion proteins 
do not fall into either of these classes. Roche et al. (Sciee
ence 2006;313:187) determined the crystal structure of the 
atypical membrane fusion glycoprotein (G) from vesicular 
stomatitis virus, and Heldwein et al. (p. 217) determined 

the structure of glycoprotein B (gB), a conserved component 
of the complex cell entry machinery of herpes simplex virus 
(HSVi1). Unexpectedly, G and gB are homologous with 
both combining features of fusion proteins from classes I 
and II. This homology identifies gB as the viral fusogen in 
HSVi1 and has interesting implications when considering 
the evolution of viral fusion proteins.

Eitan Israeli

Capsu le

Viral tools to get inside cells

The television, that insidious beast, that Medusa which freezes a billion people to stone every 
night, staring fixedly, that Siren which called and said and promised so much and gave, after 
all, so little.

 Ray Bradbury (1920- ), U.S. science fiction writer
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