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Abstract

Purpose: Double-door laminoplasty (DDL) at the cervical spine (Kurokawa’s method) has a feature of
central-splitting of the spinous processes and laminae with preserving their lengths. This procedure is
technically demanding, and even now there remain some issues to be mentioned. The purpose of this
study was to present the recent surgical methods and the results of DDL focusing on the changes of
sagittal alignment of the cervical spine.

Methods: The sagittal alignment was examined using C2-C7 angle on X-ray films in 37 patients (33
males and 4 females, the age from 34 to 87 years old with 64.1 in average) followed up more than 1 year.
Results: Preoperatively, 33 patients had lordotic alignment with an average of 14.0 degrees.
Postoperatively, the alignment changed toward less lordotic or kyphotic of about 10 degrees in 67% of
patients. In 3 patients among 4 with preoperative kyphosis, the change toward more kyphotic was also
about 10 degrees.

Conclusions: There are three essential procedures in DDL: First, to decompress the cervical spinal
cord by central splitting of the spinous processes and laminae while preserving their lengths, resulting
in a symmetrical widening of the spinal canal space. Second, to maintain the widened space stably by
fixing with spacers of hydroxyapatite whose configuration is almost the same as that of the widened
space. Third, to suture the semispinalis muscles to the ipsilateral inferior oblique occipital muscles before
closure to restore their strength to the extent possible. After DDL, the sagittal alignment of the cervical
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spine can be expected to be well maintained postoperatively.

Introduction

In 1973, the idea of cervical laminoplasty was first proposed by
Oyama and co-workers [1] by the name of “Expansive lamina-Z-
plasty”, where decorticated laminae are opened in a zigzag pattern,
resulting in obtaining a widened spinal canal. Thereafter, various
methods of cervical laminoplasty have been developed in Japan and
these have gradually become common around the world.

At present, the surgical methods of cervical laminoplasty are
broadly divided into two types from the viewpoint of the site of
osteotomy: double-door type laminoplasty (DDL) [2-4] and open-
door type laminoplasty (ODL) [5-7]. DDL was first developed by
Kurokawa in the late 1970% and reported in 1982 [2]. Thereafter, it has
been modified gradually by adding various procedures in response
to occurrence of various problems [8,9]. Among them, how to
maintain the cervical alignment has been an important issue because
the posterior muscles are somewhat damaged during procedure via
posterior approach. One of the essential procedures of DDL is to split
the spinous processes and laminae centrally while preserving their
lengths to maintain the strength of posterior muscles as much as
possible with ventral support. However, even now; the procedure of
central splitting of the spinous processes is technically demanding.
There remain some issues to be mentioned and discussed.

The purpose of this paper is to present the recent DDL surgical
methods and results focusing on the changes of sagittal alignment of
the cervical spine.

Surgical Method

In most patients, this surgery is performed at the levels between C3
(the third cervical) and C6, because the spinal cord is most frequently

compressed at these levels except in some patients whose enlarged
ossification of the posterior longitudinal ligament (OPLL) extends
toward the C1 and C2 levels [10-13].

Under general anesthesia, a Mayfield three point fixator is fixed to
the cranium of a patient and connected to the operation table while
maintaining the cervical spine at a slightly flexed position. Care
must be taken not to hyperextend the cervical spine at the time of
connection. Before central longitudinal skin incision, the level of
C2 and C7 spinous processes is identified by palpating the surface
of skin. The nuchal ligament is centrally incised so as not to damage
the posterior branch of the posterior ramus of the cervical nerve,
and the nuchal ligament is detached from the C6 and /or C7 spinous
processes. By exact central advancing deep into the row of the spinous
processes, the volume of bleeding can be minimized. After detaching
the semispinalis muscles from the C2 spinous process, these muscles
are marked by non-soluble threads. By detaching the paravertebral
muscles from each spinous process, the laminae from the caudal
side of C2 to the cranial side of C7 are exposed. The lateral sides are
exposed up to the central portion of each facet joint from the C3 to
C6 levels.
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After resecting the interspinalis muscles from C2 to C7 levels, the
caudal border of the C2 lamina is resected as a dome shape using an
air drill so deep as to expose the yellow ligament at the C2/C3
level. From this procedure on, the spinous processes and laminae are
split centrally in order from the C3 to C6 levels. At first, a
pyramidal- shaped dome osteotomy is made at the cranial base of the
C3 spinous process by using a diamond drill burr of 3mm in
diameter to obtain a good visual field. Next, the remaining part of
the spinous process is split centrally from its surface by using a
diamond drill burr of 2mm in diameter, and the split portion is
connected to the pyramidal- shaped dome (Figure 1).These
procedures enable easy performance of osteotomy of the inner cortex
of the lamina, which is located deeply and hard to visualize.

/- ™

central splitting of the
Spinous process

lamina completed osteotomy

Figure 1: Pyramidal-shaped dome osteotomy at the cranial base of the
spinous process and central splitting of the spinous process and lamina
(partially modified [13], permitted by MIWA-SHOTEN Ltd.)

At first, a pyramidal-shaped dome osteotomy is made at the cranial base
of the spinous process to obtain a good visual field. Next, the remaining
part of the spinous process is split centrally from its surface and the split

| portion is connected to the pyramidal-shaped dome. )
N\ 2

It is recommended that at the time of osteotomy of the inner cortex,
a surgeon with right dexterity stands at the right side of the patient.
To obtain well illuminated surgical field at the inner cortex, lighting
should be set longitudinally from the cranial side. At each vertebra,
osteotomy is initially performed at the caudal side and gradually
proceeds to the cranial side, because the caudal side is slightly further
away from the dura mater and the osteotomy can be made more
safely. The surgeon must pay attention to the changes in color of the
osteotomy site from red of cancellous bone, to white of the inner
cortex, and finally to yellow of the yellow ligament and extradural
fat tissue. And the changes in sound and tactile sensation delivered
from the air-drill at the time of complete osteotomy of the inner cortex
of lamina must also be attended. By moving an air-drill slowly; tactile
sensation can become more acute. The progress of osteotomy must be
checked often by lightly touching the surgical field with a probe.

After central splitting is completed at each vertebra, a longitudinal
groove of 3 mm in width is made bilaterally at the lamina-facet
junction line by resecting the outer cortex and a portion of cancellous
bone (Figure 2). Care must be taken not to resect the inner cortex
too deep to avoid sinking of the lamina causing radiculopathy. It is
recommended that the surgeon stands at the cranial side of the patient
to make the bilateral groove symmetrically. After a longitudinal groove
has been made bilaterally at the C3 level, a scissors is
inserted between the split spinous processes and opened to widen

the space. During the time of widening, a sensation of slight
resistance is adequate. The same procedures are performed up to
the C6 level, and the cranial side of the C7 lamina is resected as a
dome shape.

Figure 2: Formation of longitudinal groove (partially

modified [13], permitted by MIWA-SHOTEN Ltd.)

A longitudinal groove of 3 mm in width is made bilaterally at the

lamina-facet junction line by resecting the outer cortex and a part
\_of cancellous bone.

After completing osteotomy; the constricting fibrous band above
the dura mater and the hypertrophied yellow ligament are resected
using a rongeur in order from the C6 to C3 levels (Figure 3). To
equalize the degree of resistance of bilateral split spinous process, the
depth of the longitudinal groove is adjusted by adding depth to the
resection of the inner cortex. At each level, the shape of the
widened space is trapezoidal, both on the axial and frontal sections,
because the cranial side of the widened space is more widely opened
than the caudal side. A trial spacer is inserted into the widened
space and an appropriate size of actual artificial spacer (STSS spacer:
HOYA CORPORATION, Tokyo, Japan) is selected. A hole of 2mm in
diameter to accommodate a thread for fixing the spacer is made
at about 8 mm or more superficial from the inner plate of the
lamina. The STSS spacer whose shape is the same as that of the
widened space is firmly stabilized by slightly rotating to the
appropriate position[9, 11-15]. Each spacer is fixed using one or
two non-soluble threads (Figure 4). In our standard method, an
STSS spacer of 19 mm in cranial transverse length is fixed at the
C5 and C6 levels (Figure 5). Before closure, the semispinalis
muscles which are once detached from the C2 spinous process are
re-sutured to the ipsilateral inferior oblique occipital muscles to
restore their strength to the extent possible. After one suction
drainage is set, sutures are made in each layer.

Immediately after surgery, muscle exercises of the extremities
begin during bed rest. After a few days, moving around
using a walker or wheelchair is allowed wearing a soft neck
collar. At the end of 1 month, the collar is discarded.

Methods

The postoperative change of sagittal alignment of the cervical spine
was investigated in 37 patients (33 males and 4 females, the age from
34 to 87 years old with 64.1 in average) followed up more than 1
year.
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Figure 3: Widening the split spinous processes using a scissors
(Maechenbaum) and decompression of the spinal cord using a
rongeur (partially modified [13], permitted by MIWA-SHOTEN Ltd.)

A scissors is inserted between the split spinous processes to widen the
space. Decompression of the spinal cord is performed by resecting
the constricting fibrous band above the dura mater and the
\\hypertrophied yellow ligament using a rongeur. )

e thread N
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lateral gutter

vellow ligament

Figure 4: Fixation of the STSS spacer seen from the cranial side
(partially modified [13], permitted by MIWA-SHOTEN Ltd.)

Each spacer is fixed using one or two non-soluble threads. It is noted
. that the cranial side is more widely opened than the caudal side.
o 9%
The operated level was between C3 and C6 or C7. The number
of operated vertebra was 5 in 12 patients and 4 in 25 patients. The
sagittal alignment was measured using C2-C7 angle on X-ray films.

/

Results

In 33 of 37 patients, the preoperative alignment was lordotic with
an average of 14.0 7.0 (range 0.1-29.9) degrees. Postoperatively, in 16
patients, alignment became less lordotic with an average change of
8.3+4.6 (1.1-20.2) degrees. In 6 patients, the alignment changed to
kyphotic with an average change of 11.7+4.5 (6.9-17.5) degrees. In 11
patients, the alignment became more lordotic with an average change
of 5.6£4.0 (0.3-19.5) degrees. In contrast, in the other 4 patients, the
preoperative alignment was kyphotic with an average of 10.7+7.3
(3.0-18.7) degrees. Postoperatively, in 3 of these patients, alignment
became more kyphotic with an average change of 12.8+4.5 (7.9-19.6)
degrees. In the remaining one patient, it changed to less kyphotic by
7.1 degrees (Figure 6).

N\
\

(view from the cranial side)
Figure 5: Photos during surgery seen from the cranial side. Complete
| decompression of the spinal cord (left) and fixation of the spacers (right). |
\ %

In summary, 33 of 37 patients had lordotic alignment with an average
of 14.0 degrees preoperatively. This changed toward less lordotic
or kyphotic postoperatively by about 10 degrees in 67 % of patients.
In 3 of 4 patients with preoperative kyphosis, the change toward more
kyphotic was also by about 10 degrees.

Simple X-ray films (Figure 7), CT (Figure 8) and MRI (Figure 9) are
presented of a 46-year-old male with cervical spondylotic myelopathy
who underwent DDL as a representative case.

Discussion

The essential procedures of DDL are as follows: 1) To decompress
the cervical spinal cord by central splitting of the spinous processes
and laminae while preserving their lengths, resulting in a symmetrical
widening of the spinal canal space [16-19]. 2) To maintain the
widened space stably by fixing with spacers of hydroxyapatite whose
configuration is almost the same as that of the widened space [9, 11-
15]. 3) To suture the semispinalis muscles to the ipsilateral inferior
oblique occipital muscles before closure to restore their strength to
the extent possible [8].

In this study, whether the preoperative alignment was lordotic
or kyphotic, the postoperative change was of about 10 degrees.
The sagittal alignment of the cervical spine was revealed to be well
maintained postoperatively after DDL. It can be thought that the
procedures of preserving the length of spinous processes to maintain
the strength of posterior muscles as much as possible by ventrally
supporting and re-suturing the semispinalis muscles to ipsilateral
inferior oblique occipital muscles were effective.

In our series, the relationship between the kyphosis after
laminoplasty and postoperative muscular atrophy of the paravertebral
muscles of the cervical spine has not been investigated and therefore
unknown. In general, postoperative muscular atrophy of the
paravertebral muscles occurs more or less after cervical surgeries via
posterior approach [20] because the posterior muscles are somewhat
damaged during procedure of detaching from bones, stretching, and
compressing. On MRI in this study, muscular atrophy can certainly
be seento some extent. However, this change is likely caused by
not kyphosis but detaching the muscles from bones because the
postoperative alignment change of the cervical spine was at most 10
degrees.
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Figure 6: The postoperative change of sagittal alignment of the
| cervical spine )

Figure 7: Simple X-ray films of a 46-year-old male with cervical
| spondylotic myelopathy. Before surgery (left)and after surgery (right)
N

[ cT A
C6
Figure 8: CT at C6 level. Before surgery (left)and after surgery (right)
\ A wide spinal canal was obtained after surgery. )

As reported previously [17,18], the expansion ratio of the
spinal canal was about 150% at the C5 level, and about 140% at the
C6 level when a spacer of 19 mm in cranial transverse diameter was
fixed at 8 mm superficial from the inner cortex of the lamina.

Although postoperative C5 palsy has not been encountered in our
series, the incidence in double-door laminoplasty was reported to be
4.3% [21]. At present, concerning the causes of C5 palsy, there are two
main theories: nerve root injury and segmental spinal cord injury. But

Figure 9: Sagittal and axial sections (C6 level) of MRI. Before surgery
and after surgery.

| The spinal cord was completely decompressed after surgery. )
\_ ;

it is unclear yet which of these is correct. As reported previously [19],
based on our anatomical analysis using cadavers, we have concluded
that this palsy is most likely caused by the C5 nerve root compression
and stretch near the exit of the foramen. The essences of our analysis
are as follows: 1) Among the cervical nerve roots composed of the
brachial plexus, the distance between the division from the dura
mater and the exit of the foramen is shortest at the C5 nerve root. This
means that the capacity of moving freely is estimated to be smallest at
the C5 nerve root, 2) Anterior rootlet runs adjacent to the narrowest
part of the foramen, that is, the tip of the superior facet joint, 3) Medial
branch of the posterior ramus runs in the shortest distance in contact
with the lateral side of the facet joint column. If the multifidus muscles
are severely retracted laterally by hooks during posterior surgery, not
only the medial branch of the posterior ramus but also the anterior
and posterior rami and the anterior rootlet are simultaneously
stretched and compressed against adjacent bone structures. In
patients with hypertrophied facet joint due to degenerative changes,
the influence of these stretches and compressions are estimated to
become larger, especially at C4 and C5 levels where the incidence
of anterior prominence of facet joint is highest [22]. To prevent and
decrease the postoperative C5 palsy, it is recommended that too
severe lateral stretch of the multifidus muscles for a long time must
be avoided. During laminoplasty, intermittent relaxation of tension of
the hooks to the muscles may be one method of solution.

DDL is indicated for patients with spinal canal stenosis at multiple
levels or anterior space occupying lesion at two or more levels such
as cervical spondylotic myelopathy, OPLL, cervical disc herniation,
and destructive spondyloarthropathy due to renal disease[11, 23-
26]. However, because central splitting of the spinous process and
lamina is somewhat difficult to perform and technically demanding,
meticulous attention must be paid in patients with tiny spinous
process and/or patients in whom a large OPLL severely elevates the
spinal cord posteriorly to beneath the inner surface of the lamina.
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