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Abstract

A newly designed hydroxyapatite (HA) spacer for cervical laminoplasty is provided with a hole through
which the titanium miniplate is passed. A new method of unilateral open-door laminoplasty with titani-
um miniscrew and miniplate through this HA spacer is described. Twenty-two patients with cervical
stenotic disorders were treated by this procedure. Only the predominantly affected side of the laminae is
exposed. The supraspinous and interspinous ligaments and the deep muscle layer in the contralateral
side are left intact. A 4-mm wide gutter near the intervertebral joint is made and contralateral hinges
are made under the deep muscle layer with minimum detachment of these muscles. The opened lamina
is fixed with the titanium miniplate passed through the hole in the newly designed HA spacer. Mean
operative time for the 22 operations was 193.5 minutes. Mean enlargement of the minimum spinal canal
diameter was 50.9%. Neurological outcomes after 3 months were evaluated according to the Japanese
Orthopaedic Association (JOA) scoring. Mean recovery rate of JOA score by Hirabayashi's method was
49.5%. Only 2 patients reported postoperative axial neck pain. Our method for unilateral open-door
laminoplasty provides adequate decompression and tight fixation of laminae, and is less invasive to the
posterior supporting elements of cervical spine.
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Introduction

Laminoplasty is widely used to avoid the disadvan-
tages of cervical laminectomy, including postopera-
tive spinal instability causing kyphotic deformity
and recurrent spinal canal compression by postoper-
ative laminectomy membrane.1,2) Various cervical
laminoplasty procedures are available including
unilateral open-door laminoplasty,4) bilateral open-
door laminoplasty,16) and en bloc laminoplasty12) in-
stead of laminectomy. To avoid complications such
as postoperative C5 palsy due to posterior migration
of the spinal cord and dislocation of instruments,
avoidance of excessive decompression and tight fix-

ation of reconstructed laminae are needed for cervi-
cal laminoplasty.11,14) Preservation of the posterior
cervical supporting elements, including the nuchal,
supraspinous, and interspinous ligaments, has re-
cently been emphasized to avoid postoperative axial
nuchal pain and to maintain lordotic alignment of
the cervical spine.6,10,15) We have developed a newly
designed hydroxyapatite (HA) spacer and a new
technique for less invasive unilateral open-door
laminoplasty which preserves many posterior sup-
porting elements with titanium miniscrews and
miniplates passed through a hole in the spacer.

Materials and Methods

The HA spacer (Apaceram B-4-99-8; HOYA Corp.,
PENTAX New Ceramics Division, Tokyo) is 8 mm
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Fig. 1 Photographs of a hydroxyapatite spacer of 8-cm
length with a hole (upper left) through which a titanium
miniplate (upper right) with 6 miniscrew holes can pass
(lower row).

Table 1 Summary of 22 patients treated by unilateral
open-door laminoplasty with titanium miniplates and
hydroxyapatite spacer

Age (years)
range 40–92
mean±SD 68.4±14.1

Sex
male 13
female 9

Disease
cervical spondylosis 20
OPLL 2

No. of enlarged laminae
2 1
3 5
4 15

Side
right 11
left 11

Operation time (minutes)
range 120–324
mean±SD 193.5±49.2

Preoperative minimum spinal canal diameter (mm)
range 6–12
mean±SD 9.5±1.4

Postoperative minimum spinal canal diameter (mm)
range 9–17
mean±SD 14.3±1.8

Expansion rate (%)
range 30.0–88.9
mean±SD 50.9±16.6

Preoperative JOA score
range 7–15
mean±SD 11.5±2.4

Postoperative JOA score
range 8–17
mean±SD 14.0±2.5

Recovery rate (%)*
range 11.1–100
mean±SD 49.5±28.8

*Recovery rate by Hirabayashi's method.7) JOA: Japa-
nese Orthopaedic Association, OPLL: ossification of the
posterior longitudinal ligament, SD: standard deviation.
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× 8 mm × 5 mm with 40% microporosity, and has a
hole (Fig. 1 upper left) through which the titanium
miniplate with 6 miniscrew holes (W. Lorenz 1.5
Neuro System; Medical U&A Inc., Osaka) can pass
(Fig. 1 upper right).

A total of 22 patients with cervical stenotic my-
elopathy underwent unilateral open-door lamino-
plasty between July 2007 and April 2010. The patient
characteristics and operative procedures are sum-
marized in Table 1.

A posterior midline skin incision 4–5 cm in length
is made according to the required level of
laminoplasty. Only the paravertebral muscles in the
opening side are dissected from the spinous process-
es to preserve the supraspinous and interspinous
ligaments (Fig. 2A). Unilateral exposure of the lami-
nae and the spinous processes is achieved through
subperiosteal detachment of the muscles (Fig. 2B).
After the opening side of the laminae is exposed, the
spinous processes are cut near the base with a surgi-
cal saw and retracted together with the muscular
and ligamentous structures to the closing side,9)

whereas the semispinalis cervicis and multifidus
muscles are not detached from the closing side of the
laminae (Fig. 2C). A high-speed drill with a 3-mm di-
amond burr is used to create a gutter at the junction
of the lamina and the medial aspect of the lateral
mass through the outer cancellous bone (Fig. 2D).
On the closing side, a gutter that acts as a hinge is
also formed under the deep muscle layer with mini-
mum detachment of these muscles at the junction of
the lamina and the lateral mass (Fig. 2E). A small
portion of each lamina is shaved just medial to the
cut edge for reunion with the spinous process (Fig.
2E). The middle and lateral parts of the lamina are
opened with a Cloward type vertebral spreader. The
open position of the posterior elements is stabilized
using a 1.5 mm titanium miniplate passed through
the HA spacer hole (Fig. 1 lower row). Four titanium
miniscrews (5 mm long; W. Lorenz 1.5 Neuro Sys-
tem) are used for each plate (Fig. 3). The detached
spinous process is attached to the shaved portion of
the lamina with one miniscrew (Fig. 2F).

Results

Satisfactory decompression was achieved in all 22
cases of cervical stenotic myelopathy. Intraopera-
tive blood loss was less than 50 ml in all operations.
The narrowed spinal canal was decompressed under
direct visualization. Extensive decompression was
achieved as required by the titanium miniplates with
6 holes passed through the HA spacer. Fixation of
the opened laminae by 4 miniscrews per miniplate
was very rigid. No hardware failure or miniscrew
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Fig. 2 Schematic drawing illustrating the operative approach of unilateral open-door laminoplasty with titanium
miniplates through the hydroxyapatite spacer. A: Route of unilateral open-door laminoplasty. The contralateral
paravertebral muscles were completely preserved and not injured. B: Unilateral exposure of the laminae and the
spinous processes is achieved through subperiosteal detachment of the muscles. C: The spinous processes are cut
near the base with the surgical saw and retracted with muscular and ligamentous structures to the closing side al-
together. D: A high-speed drill with a 3-mm diamond burr is used to create a gutter at the junction of the lamina and
the medial aspect of the lateral mass (arrow) through the outer cancellous bone. E: On the closing side, a gutter that
acts as a hinge is also formed under the deep muscle layer at the junction of the lamina and the lateral mass (arrow). A
small portion of each lamina is shaved just medial to the cut edge for reunion with the spinous process (arrowhead).
F: The open position of the posterior elements is stabilized using 1.5 mm titanium miniplates with 6 miniscrew holes
passed through the hole in the hydroxyapatite spacer. The detached spinous process is attached to the shaved portion
of the lamina with one miniscrew (arrow).

Fig. 3 Intraoperative photograph demonstrating
C3–C6 unilateral right-sided open-door laminoplasty
with 4 titanium miniplates and 16 titanium miniscrews
through 4 hydroxyapatite spacers.
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loosening occurred in any patient during the follow-
up period ranging from 13 to 45 (mean 36.3) months.
No disorder caused by cervical spine alignment
such as kyphosis or lordosis has occurred.

Neurological and neuroradiological outcomes of
our unilateral open-door laminoplasty are summa-
rized in Table 1. The mean recovery rate 3 months
after the operation based on the Japanese Or-
thopaedic Association score by Hirabayashi's
method7) was 49.5 ± 28.8%. Postoperative comput-
ed tomography demonstrated that the reconstructed
laminae and spinous processes were in satisfactory
positions (Fig. 4). Neuroimaging findings obtained
in all 22 patients who underwent unilateral open-
door laminoplasty with titanium miniplates through
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Fig. 4 Early postoperative three-dimensional comput-
ed tomography scan revealing spinal stabilization
achieved using titanium miniplates through hydrox-
yapatite spacers. The replaced spinous processes are
positioned along the midline axis.
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HA spacers are also summarized in Table 1. The
average minimum sagittal canal diameter area in-
creased by 50.9%.

One patient had postoperative newly developed
C5 palsy on the opening side but this neurological
complication had resolved by 3 months after the
operation. Only 2 patients complained at the out-
patient clinic of postoperative axial neck pain and/or
stiffness 3 months after surgery. No patient reported
severe neck pain and/or stiffness that disturbed the
activities of daily living.

Discussion

Numerous modified laminoplasty procedures have
been reported since open-door laminoplasty was de-
scribed.4) Unilateral open-door laminoplasty using a
titanium mini-plate and miniscrews achieves
unilateral exposure of the laminae and spinous
processes sparing the interspinous and
supraspinous ligaments.13) Each lamina is lifted by a
contralateral laminar fracture without hinge forma-
tion. The open position of the posterior elements is
stabilized using titanium miniplates and mini-
screws. Although unilateral exposure of the affected
laminae is less invasive, contralateral laminar frac-
ture is unstable and dangerous in our experience. To
prevent instability of the contralateral lamina frac-
ture, we made a hinge on the contralateral lamina
under the muscles without exposing the contralater-
al lamina.

Bilateral open-door laminoplasty with titanium
miniplates and titanium miniscrews uses autologous
bone graft between the opened laminae.14) However,
this method seems to be invasive because of fibular

or iliac bone removal and bilateral opening. Since
many patients have complained of iliac pain after
spinal surgery, autologous bone graft has not been
widely used in spinal surgery.

HA ceramic is a widely used material in orthoped-
ic and neurosurgical operations.12) The merit of HA
ceramic is the strong ability to bond directly with
bone, especially if the HA has high microporosity.5)

This material is also biostable and biocompatible.
Bone bonding and ingrowth into porous HA spacers
has been verified. However, high microporosity HA
ceramic is more fragile than low microporosity HA.
This disadvantage of the high microporosity HA
spacer was compensated by co-use of the titanium
miniplate in our series.

A HA spacer with small holes for titanium
miniscrews was used in bilateral open-door
laminoplasty.16) The titanium miniscrews were di-
rectly fixed to the laminae through the holes in the
spacers. HA may have been too fragile for use of
titanium miniscrews in this method.3) Tiny cracks in
the spacers sometimes occurred if the miniscrews
were fastened too tightly. Thus, the titanium
miniscrew could not be tightly fixed to the spacer
since miniscrew fastening was stopped immediately
when the miniscrewhead came into contact with the
spacer and the hole in the spacer.

Bilateral laminoplasty with HA laminar spacers
and titanium miniplates reattached the completely
removed lamina with spinous process to the bilater-
al lateral parts of the lamina with miniplates over
two HA spacers.3) Although the lamina and
miniplate were tightly fixed with titanium
miniscrews, HA spacers were tied to the miniplates
using No. 1–0 nylon suture. In this method, the
unsuitability of HA ceramic for fixation with titani-
um miniscrews was a major problem. Serious
postoperative complications have been reported af-
ter laminoplasty with HA spacers affixed with nylon
sutures.8) Four cases of delayed dural lacerations
were caused by HA spacers which led to tetraparesis
following double-door laminoplasty occurred in 130
patients. The spacer must be firmly fixed to the lami-
na or spinous process with stronger suture materials
to avoid injury to the spinal cord.

Recently, a newly designed box-shaped spacer
with two arms for fixation entirely made from titani-
um has been used.17) Hyperostosis around HA
spacers may cause stenosis of the spinal canal and
exacerbation of neurological symptoms. Although
this titanium spacer with two arms has not been
legally approved yet in Japan, this design seems to be
very useful for both unilateral and bilateral open-
door laminoplasty.

Our method of unilateral open-door laminoplasty
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by unilateral exposure of the affected laminae seems
to be less invasive because of preservation of the at-
tachment of the contralateral semispinalis cervicis
and multifidus muscles. A technique for exposure of
the cervical spine laminae has been described in
which the attachments of the semispinalis cervicis
and multifidus muscles to the spinous process were
left untouched.15) Myoarchitectonic spinolamino-
plasty can preserve these bilateral muscles by cut-
ting inside the spinous process.10) Preservation of
posterior cervical supporting elements has recently
been emphasized to avoid postoperative axial
nuchal pain and to maintain lordotic alignment of
the cervical spine.6)
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