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History of Laminoplasty

Before the development of laminoplasty, laminectomy had
been extensively used for treatment of cervical myelopathy
caused by multisegmental spondylosis, ossification of the
posterior longitudinal ligament (OPLL), and developmental
spinal canal stenosis. The clinical results of laminectomy for
the cervical spine were not satisfactory because of intra-
operative spinal cord injury, postoperative progression of
cervical kyphosis, and worsening of neurological functions
in relation to the formation of scar tissue, so-called “lam-
inectomy membrane,” over the dural sac. Intraoperative
neurological complications could be attributed to the inser-
tion of Kerrison rongeurs or curettes in the severely narrowed
spinal canal without special attention. Progression of local
kyphosis was a major complication following cervical lam-
inectomy, especially in patients younger than 50 years of age.
To improve surgical outcomes of cervical laminectomy, Japa-
nese orthopedic spine surgeons had been trying to refine or
improve surgical procedures of laminectomy.

One of the improvements was brought about in 1968 by
Miyazaki and Kirita, who developed extensive multisegmen-
tal laminectomy for cervical OPLL by resecting the edges of
remaining laminae that hindered the posterior shift of the
spinal cord after decompression procedures. Miyazaki and
Kirita reported the technique in 1986,1 almost 20 years after
the first clinical application of this technique.

Another attempt was made by Oyama and Hattori,2 who
developed the first expansive laminoplasty called an “expan-
sive Z-shaped laminoplasty.” Their surgical technique con-
sisted of preserving the posterior spinal canal with Z-shaped
plasty of the thinned laminae. The purpose of restoring the
spinal canal with the thinned laminae was to prevent the scar
formation over the dural sac and to minimize the destruction
of spinal stability. Their techniquewas published in 1973. The
advent of a high-speed automated surgical burr played a
major role in establishing this procedure.

In 1981, Hirabayashi et al3 introduced a unilateral open-
door laminoplasty in the journal Spine. The benefits of this
procedure were twofold: (1) to allow simultaneous
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Abstract This article reviews cervical laminoplasty. The origin of cervical laminoplasty dates back
to cervical laminectomy performed in Japan �50 years ago. To overcome poor surgical
outcomes of cervical laminectomy, many Japanese orthopedic spine surgeons devoted
their lives to developing better posterior decompression procedures for the cervical
spine. Thanks to the development of a high-speed surgical burr, posterior decompres-
sion procedures for the cervical spine showed vast improvement from the 1970s to the
1980s, and the original form of cervical laminoplasty was determined. Since around
2000, surgeons performing cervical laminoplasty have been adopting less invasive
procedures for the posterior cervical muscle structures so as to minimize postoperative
axial neck pain and obtain better functional outcomes of the cervical spine. This
article covers the history of cervical laminoplasty, surgical procedures, the benefits and
limitation of this procedure, and surgery-related complications.
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decompression for multiple segments, and (2) to preserve the
posterior muscle structures that would prevent postopera-
tive progression of cervical kyphosis and segmental instabil-
ity.4 Building on this procedure,manymodified procedures of
cervical laminoplasty have been developed and reported in
Japan due to urgent clinical needs to treat cervical myelopa-
thy caused by spondylosis and OPLL.

Aims of Laminoplasty

Cervical laminoplasty had been developed in Japan for many
years to overcome the drawbacks of laminectomy. Therewere
several hopes for cervical laminoplasty: (1) to achieve ade-
quate multilevel spinal cord decompression with expansion
of the spinal canal, (2) to prevent formation of postoperative
severe scar formation over the dural sac, (3) to avoid destabi-
lization of the posterior structures of the spine, and (4) to
preserve physiological mobility of the cervical spine.

Other requirements for cervical laminoplasty are: (1)
there is less need of structural bone graft after decompres-
sion procedures, (2) it is easy to add decompression proce-
dures for nerve roots, and (3) simultaneous posterior
instrumentation can be added immediately after multilevel
decompression.

Indications and Contraindications
for Laminoplasty

The best indication of cervical laminoplasty is cervical mye-
lopathy due to developmental canal stenosis, spondylotic
changes at more than three segments, and continuous or
mixed type of OPLL compressing the spinal cord at multiple
levels. The definite spinal canal stenosis at the cervical spine is
defined as the anteroposterior spinal canal diameter of
12 mm or less and that of relative spinal canal stenosis, 12
to 14 mm. There are reports showing that the thickness of
OPLL will increase after posterior decompression procedures
especially in younger patients.5,6 If patients have radiculop-
athy in combination with myelopathy, posterior foraminot-
omy can be performed at the same time with laminoplasty to
decompress both the dural sac and the nerve roots. To
maintain the stability of the cervical spine, the amount of
resection of the facet joint should be limited to less than
25%.7,8

Laminoplasty is not indicated for patients who have
cervical kyphotic deformity, because the spinal cord is unable
to expand posteriorly without the cervical lordosis.9 Suda
et al10 reported that if the patients have local kyphosis in the
cervical spine more than 13 degrees, the recovery of neural
functions is limited after laminoplasty. A beak-shaped OPLL
with a huge bony prominence also should not be treated by
laminoplasty because neural decompression would not be
enough even after posterior shift of the spinal cord could be
achieved to some extent.

The age of the patient does not affect the indication of
laminoplasty. Any type of laminoplasty for four to five spinal
levels can be performed by experienced spine surgeons
within 2 hours with blood loss less than 200 mL. However,

patients treated with anticoagulants before surgery are at
high risk of postoperative hematoma, which significantly
deteriorates neural functions if it occurs. Special attention
to postoperative hematoma should be paid after laminoplasty
with patients who have been receiving anticoagulants for
their comorbid medical problems.

Techniques of Laminoplasty

Unilateral Open-Door Laminoplasty

Hirabayashi's Method
The patient is placed in the prone position with the head
slightly raised (►Fig. 1A, B). The spinous processes are
exposed with special care not to cause any damage to the
supraspinous and interspinous ligaments. A gutter is created
at the junction between the articular process and the laminae
with an automated steel burr followed by a diamond burr. The
gutter should bemade justmedial to the pedicleswithout any
harm to the facet joints. The inner cortex of the laminae
should be thinned by automated high-speed burrs. The range
of laminoplasty is one above and one below the stenotic
segments, considering the posterior shift of the dural sac after
posterior decompression. After making deep gutters of
�2-mm width down to thin the inner cortex of the laminae,
the gutter on the dominant side of the symptoms should be
cut completely with a thin Kerrison rongeur. After cutting
one side of the laminae completely, the spinous processes and
the laminae can be pushed laterally with a hinge of the gutter
on the opposite side so that the spinal canal will be enlarged
by opening the posterior bony elements of the spine. If there
is any fibrous adhesion between the dural sac and the ventral
surface of the laminae, the fibrous tissues should be released
with small dissectors. The pulsation of the dural sac can then
be observed. The laminae should be kept open with three to
four suture threads on the facet capsules on the hinge
side.3,11,12

En Bloc Laminoplasty (Itoh and Tsuji's Method)
After the posterior elements are exposed, each spinous
process is removed in en bloc from the junction between
the lamina and the spinous process (►Fig. 1C, D). These
resected spinous processes can be used for bone grafts at
the gaps between the opened laminae and the opposite facet
joint to maintain the enlarged spinal canal. Tunnels through
the laminae and at the facet joints aremade either with an awl
or a bone perforator for wires, which will maintain the
positions of the lifted laminae. A braided stainless steel
wire (diameter 0.32 mm) is commonly used for this purpose.
The wire should be placed within the opened laminae first
and then through the grafted bone and around the facet
joints. The graft bone is thereby firmly placed within the gap
between the opened laminae and facet joint. If foraminotomy
is required on one side, the laminae on the side of foramin-
otomy should be opened and additional decompression for
the foramen can be added after lifting the laminae.13 There
have been several materials used for spacers between the
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opened laminae, such as ceramic blocks, hydroxyapatite
blocks, and allografts.14–16

Middle Line or French-Door Laminoplasty

Spinous Process Splitting (Kurokawa's Method)
After exposure from the spinous process to themedial border of
the facet joints, the midline of the spinous process is drilled
down with a high-speed automated burr after resecting the
interspinous ligament (►Fig. 2A, B). For this purpose, a small tip
of burr 1.5 to 2.0 mm in diameter is used.When getting close to
the junction between the spinous process and the lamina, the
lamina should be thinned around the midline and then the
inner cortex cut with a diamond burr. Two gutters on both sides
of the laminae aremade with a steel cutting burr just medial to
the facet joint. At both lateral gutters, the inner cortex of the
laminae should be thinned but not cut, thereby allowing both
sides of the laminae to open at the same time with hinges at
both lateral gutters. After completing the enlargement of the
spinal canal, the pulsation of the dural sac can be observed.

The tip of the spinous process can be used for a spacer
between the opened lamina to keep the laminae open. The
spinous process should be trimmed to a suitable shape at the
gap between the spinous processes. Enlargement of the spinal

canal depends on the size of the spacer between the opened
spinous processes. Iliac bone grafts or hydroxyapatite spacers
with appropriate sizes and shapes can be placed between the
spinous processes tomaintain the patency of the spinal canal.
Bone grafts or synthetic spacers are firmly placed by wires.
Another technique to keep the laminae open is using small
metal plates between the gaps.17

Opening Arch Laminoplasty (Tomita's Method)
Tomita and his coworkers developed an opening arch lam-
inoplasty by cutting the laminae using a threaded wire saw
(T-saw, or Tomita saw;►Fig. 2C, D). This wire saw can be used
just like a Gigli saw to cut the bone without any difficulty.
After cutting the spinous processes at their base, the posterior
outer surface of the laminae is exposed. The T-saw is placed
under each lamina and the lamina is sawed at the center over
the dural sac by the wire. The lamina can be cut wherever the
surgeon desires so that the final shape of the enlarged lamina
can bemore anatomic than those created byother techniques.
Two or three laminae can be cut at the same time if the T-saw
can be placed under multiple laminae. Special care must be
taken when the wire is passed through the spinal canal with
severe stenosis. Especially in patients with large cervical
OPLL, when passing the T-saw under the laminae into the

Figure 1 (A) The top view of unilateral open-door laminoplasty
(Hirabayashi's method). Three laminae are lifted bilaterally. (B) The
axial view of unilateral open-door laminoplasty. The lamina is kept
open with a wire. (C) The axial view of en -bloc laminoplasty (Ito and
Tsuji's method). (D) A graft bone and a miniplate are placed at the gap
to maintain the canal patency.

Figure 2 (A) Bilateral open-door laminoplasty. The top view of
Kurokawa's method. The spinous processes and laminae are split at the
midline and opened. (B) A block of bone graft is placed between the
split spinous process. (C) The axial view of Tomita's method. The lamina
can be cut as desired by a T-saw. (D) After cutting the lamina, the spinal
canal is enlarged by opening the lamina bilaterally.
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spinal canal, there are potential risks to the spinal cord, which
has been already damaged by the presence of OPLL.18,19

Comparisons between Posterior
Decompression Procedures for Multilevel
Cervical Myelopathy

There were several reports comparing the clinical results of
different poster decompression procedures for multilevel
cervical myelopathy. Tsuzuki et al20 compared two lamino-
plasty procedures, such as en bloc laminoplasty and spinous
process-splitting laminoplasty, in patients with cervical
spondylotic myelopathy and cervical OPLL and concluded
that there was no statistical difference between the two
procedures in the degree of improvement of long tract signs.
Recovery rate of the en bloc laminoplasty was 51.2% and that
of the spinous process-splitting laminoplasty was 49.0%. The
reported recovery rates of various types of cervical lamino-
plasty ranged from 20 to 80% with an average of 55%.21 There
was no difference in neurological improvement based on
different laminoplasty techniques or when laminoplasty was
compared with laminectomy.21 Approximately 35% of pa-
tients with laminoplasty showed postoperative worsening of
cervical alignment, and 10% of them developed cervical
kyphosis in long-term follow-up studies.21,22 Cervical range
of motion showed substantial decrease after laminoplasty
ranging from 17 to 80%. One of the reasons for the decrease in
cervical range of motion is spontaneous facet joint fusion,
which occurred at least 10 years after Kurokawa-type lam-
inoplasty.23 Another study compared laminoplasty with lam-
inectomy and fusion in patients with multiple cervical
myelopathy. The results indicated that laminoplasty provided
better functional outcomes and fewer complications than
laminectomy with fusion did.24

Minimally Invasive Approach for
Laminoplasty

Cervical laminoplasty is effective in multilevel spinal decom-
pression for patients with spinal canal stenosis causing

myelopathy in the cervical spine (►Fig. 3). Most of the
previous procedures detached muscles from the posterior
elements of the spine, which is considered to have negative
effects on neck pain, loss of cervical motion, and progression
of cervical kyphosis after surgery.1,25,26 There had been
considerable need for preservation of posterior muscle struc-
tures, which would be able to lessen postsurgical persisting
axial neck pain andmaintain physiological cervical lordosis.27

To overcome these problems of expansive laminoplasty,
Shiraishi and coworkers28–31 introduced a new surgical tech-
nique called “skip laminectomy” or a technique for muscle-
preserving double-door laminoplasty (TEMPL).

This surgical technique requires minimum resection of the
muscle attachments to the cervical spine. During posterior
exposure of the muscles, the interspinalis muscles should be
divided bluntly at the middle line with two nerve root
retractors. Then minimal dissection of the multifidus muscle
is done by an electric cautery. Because the insertion of the
multifidusmuscle is not sowide and tight, it is easy to expose
entire posterior aspects of laminae with only gentle retrac-
tion of these muscles. After completion of gentle retraction of
the interspinalis and multifidus muscles, the spinous pro-
cesses should be cut at the midline with a small cutting burr
to the base of the spinous processes and then divided to the
sides.29 After complete exposure of the posterior surface of
the laminae, bilateral open-door laminoplasty should be
performed. After opening the laminae on the both sides,
divided spinous processes are sutured. Among the decom-
pression levels, some of the spinous processes need not be
opened, especially for patients with mild spinal canal steno-
sis. Shiraishi and colleagues named this procedure “skip
laminoplasty.”28–30 The decision how to select the skip levels
calls for clinical experience. In patients with severe canal
compromise such as OPLL, developmental canal stenosis, and
hemodialysis-related canal stenosis, it is safer not to perform
skip laminoplasty because the skipped laminamayhinder the
posterior shift of the dural sac after surgery. However, a
muscle-preserving technique for posterior exposure is appli-
cable and beneficial for any patient with cervical myelopathy
requiring posterior multilevel decompression procedures
(►Fig. 4).

In our series of TEMPL procedures, compared with con-
ventional bilateral open-door laminoplasty, the TEMPL group
showed less axial neck pain, better range of motion of the
cervical spine, and better quality of life with a statistically
significant difference. Regarding deep extensor muscle vol-
ume at postoperative 2 years, the TEMPL group showed 88% of
preoperative muscle volume and the conventional group
showed 56%. There was a statistically significant difference
between the two groups.32

Reduction of Postoperative Persistent Axial
Neck Pain

There have been several attempts to reduce axial neck pain
after laminoplasty. One of these is to start isometric muscle
exercise as soon as possible, just several days after surgery. No
type of cervical orthosis is necessary after cervical

Figure 3 (A) Muscle-preservation approach for cervical laminoplasty
(Shiraishi's method). Divide the interspinalis muscles by a pair of nerve
retractors. (B) Split the spinous processes with a high-speed burr with a
small tip.
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laminoplasty. Because prolonged rest for cervical muscles
may cause muscle atrophy, early accelerated rehabilitation
program is recommended to obtain better functional out-
comes after cervical laminoplasty.

Minimization of muscle damage and focal decompression
for radicular symptomswithminimized destabilization to the
spine are becoming more common in Japan. This type of
motion-preservation technology avoids using artificial inter-
vertebral discs to maintain flexibility of the spine.

Preservation of muscle structures of the posterior cervical
spine is very important to reduce postsurgical persistent axial
neck pain and maintain cervical alignment.33 The C2 spinous
process especially is one of the important structures to
influence postoperative axial neck pain.30 The reasons for
this maybe due to many muscle attachments from the occi-
put. Another important structure is the C7 spinous process

and its attached muscles. Hosono et al27 reported that axial
neck pain after laminoplasty from C3 to C7 is worse than that
from C3 to C6. Sakaura et al34 reported that preservation of
the nuchal ligament at C6 and C7 prevents postoperative
cervical kyphosis. Ono et al35 reported the surgical anatomy
of the nuchal muscles in the posterior cervicothoracic junc-
tion. If C7 spinous process is not resected for laminoplasty, the
rhomboideus minor, the serratus posterior superior, and the
splenius capitis can be left intact. All of the muscles play an
important role in cervical motion andmaintenance of sagittal
alignment and axial neck pain.

Need for Instrumentation Surgery

Cervical laminoplasty is indicated for patientswithmultilevel
spinal cord compression under the presence of cervical

Figure 4 (A) A preoperative sagittal computed tomography (CT) image of the cervical spine of a 62-year-old man shows cervical ossification of the
posterior longitudinal ligament (OPLL) from C3 to C6 and spinal cord compression at multiple levels. (B) A preoperative axial CT image at C3–4
level shows a marked spinal canal stenosis due to OPLL. (C) A preoperative magnetic resonance (MR) sagittal image shows spinal cord compression
from C3–4 to C6–7 level. (D) A postoperative lateral radiograph of the cervical spine. Muscle preserving double-door laminoplasty from C3 to C6
was performed. Split spinous processes from C3 to C6 were seen. (E) A postoperative sagittal MR image showed the expansion of the dural sac at
the site of laminoplasty from C3 to C6.
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lordosis. Preoperative cervical kyphosis is a poor prognostic
factor of cervical laminoplasty. Chiba et al36 reported a
14-year follow-up study of expansive open-door lamino-
plasty for cervical myelopathy. Their results showed that
OPLL patients with cervical kyphosis had lower recovery
rates. Suda et al10 reported that laminoplasty was effective
for patients with cervical local kyphosis less than 13 degrees.
For those with cervical kyphosis exceeding 13 degrees, Suda
et al recommended posterior instrumentation surgery to
correct the kyphotic deformity in combination with cervical
laminoplasty for neural decompression (►Fig. 5).10

There are conflicting reports regarding the postoperative
progression of kyphosis and neurological recovery with
patients who had undergone cervical laminoplasty. Though
therewere several reports showing that therewas no relation
between postoperative progression of cervical kyphosis and
neurological decline,23,26,37 Sakaura et al34 reported that
progression of kyphosis had a negative impact on the func-
tional outcomes of patients with cervical myelopathy who
had undergone laminoplasty.

In our institute, for patients needing cervical posterior
decompression and having cervical kyphosis exceeding
13 degrees, we usually perform both laminoplasty and cor-
rection of kyphosis simultaneously by using posterior instru-
mentation such as pedicle screws and rods or lateral mass
screws and rods.

Complications Related to Laminoplasty

One of the common complications arising from cervical
laminoplasty is postoperative hematoma. Reported incidence
of postoperativehematoma related to cervical laminoplasty is
0.44%.38 Postoperative hematoma commonly occurs within
postoperative 48 hours. Risk factors of this complication are
preoperative administration of anticoagulants, excessive epi-

dural bleeding during surgery, and high blood pressure.39,40

For patients with anticoagulants, postoperative hematoma
may occur even at 1 week after surgery.41 Surgeons should
keep the patients informed about the possibility of postsur-
gical hematoma, which will deteriorate neurological status
and frequently require emergency surgery consisting of
decompression and coagulation.

Another postsurgical complication related to cervical lam-
inoplasty is C5 nerve root palsy. Reported incidence of
postoperative C5 palsy is 4.6%: 5.3% in unilateral open-door
laminoplasty and 4.3% in bilateral French-door open lamino-
plasty.42 The occurrence of C5 nerve palsy is unrelated to
surgical procedures and to disease etiologies. Clinical presen-
tation of C5 nerve root palsy is weakness of deltoid muscle
and sensory disturbance at C5 area. The prognosis of C5 nerve
palsy is generally good, and most patients with this compli-
cationwill recover completely several months later. However,
patients with severe motor deficits with deltoid muscle will
take a longer period for full recovery. The causes of this
complication are still unknown. Many reasons can be pre-
sumed, including nerve root traction due to posterior shift of
the spinal cord, spinal cord ischemia, reperfusion injury to the
spinal cord or segmental spinal cord disorders.
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