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[Introd uction j

We describe the surgical technique and the pitfalls of
French-door laminoplasty.

Cervical laminoplasty was developed in the
1970s as an alternative to laminectomy for treating mul-
tilevel cervical compressive myelopathy'. The proposed
advantages of laminoplasty are that it achieves expan-
sion of the spinal canal and preserves spinal stability?.
Posterior laminectomy with fusion with use of instru-
mentation is also an effective alternative, especially for
patients with kyphosis or instability. However, it is less
cost-effective and a variety of complications have been
reported®. Anterior discectomy and fusion could provide
better surgical outcomes than posterior decompression,
but the complications at an early stage after the surgery
are more common in patients with multilevel cervical
myelopathy*.

Various modified methods of laminoplasty
have been developed and the procedures are pri-
marily classified as either open-door®® or French-
door (double-door)” laminoplasty. The spinal canal
is opened on one side of the lamina and is hinged
on the contralateral side in open-door laminoplasty,
whereas the door is opened from the midline of the
lamina and is hinged in the transitional area between
the facet joints and the laminae in French-door
laminoplasty.

A laminoplasty can reportedly provide satisfac-
tory long-term results with an acceptable complication
rate in patients with cervical spondylotic myelopathy
and ossification of the posterior longitudinal ligament®'".
However, only a few studies have compared the French-
door and open-door techniques. We conducted a pro-
spective randomized study and found that postoperative
cervical alignment and range of motion were better with
French-door laminoplasty than with open-door lamino-
plasty'. In this surgical techniques article, we note some
tips for intraoperative exposure and how to open the
lamina by creating grooves to obtain a satisfactory surgi-
cal outcome.
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We perform this surgery with modifications of
the method reported by Kurokawa et al.”'3. We describe
a C3-C6 laminoplasty technique. After exposure of the
lamina, we resect the spinous processes at their bases.
The center of each lamina is cut and bilateral grooves
are created with a high-speed burr. The gap between the
laminae is then bridged by bone struts from the spinous
processes.

[Step 1: Patient Positioning ]

Position the patient to keep the cervical spine “parallel to
the floor” or in the “reverse Trendelenburg position” with
only a slight incline and place intraoperative neurological
monitors to prevent intraoperative neurological deteriora-
tion (Video 1).
e Apply a Mayfield or Sugita head clamp' (Fig. 1)
with the patient in the supine position.
* Place the patient in the prone position on rolls or
a positioning frame with the arms parallel to the
body.
* Fix the clamp to the holder with the head and
cervical spine in the neutral position.
e Support the patient’s feet and fix the thighs to
the table using a strap.
e Tilt the table such that the cervical spine is in the
horizontal position.
e Place intraoperative neurological monitors to
record motor evoked potentials and sensory
evoked potentials.

[Step 2: Surgical Approach ]

Use the common cervical posterior approach to expose
the lamina and ligamentum flavum.

e Make a longitudinal midline incision from the spi-
nous process of C2 to the C7 spinous process.

* Incise the nuchal ligament and the fascia.
e |dentify the spinous processes of C2 and C7.
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e Perform subperiosteal dissection of the muscles
along the C3-C6 laminae from medial to lateral
to reach the medial border of the facet joints.

*  When the upper end of the laminoplasty is C3,
the semispinalis cervicis should be minimally de-
tached from the C2 spinal lamina. Excising too
much muscle from C2 may cause postoperative
cervical kyphotic changes or axial pain.

¢ Resect the C3-C6 spinous processes at their
bases for later use as strut bone grafts to hold
the elevated lamina in position.

* Remove soft tissues from the bone with punches
and rongeurs until the yellow ligaments are
clearly seen in between the laminae.

[Step 3: Create Grooves ]

Cut the center of each lamina and create bilateral
grooves using a high-speed burr (Fig. 2 and Video 2).

e Ensure the functioning of the high-speed burr
before use. We generally use a 4 or 5-mm steel
high-speed burr.

e Make the center of the lamina very thin using the
high-speed burr.

e  Stop bleeding from the bone using bone wax.

e Do not cut the lamina completely with the high-
speed burr. Instead split the last thin cortex
carefully by scoring with a mucosal elevator.

e Carefully create bilateral grooves for the hinges
using the high-speed burr at the transitional area
between the facet joints and the laminae. En-
sure the flexibility of the lamina with a mucosal
elevator while creating the grooves.

[Step 4: Open the Lamina ]

Open the lamina bilaterally and create a small hole in
each one using a high-speed burr (Video 3).

e The spinal canal is enlarged by opening the split
lamina bilaterally.

e We generally use a mucosal elevator for sepa-
rating the lamina and Metzenbaum scissors for
cutting the ligamentum flavum.

e Provide hemostasis with a bipolar cauterizer.

e Grasp the separated lamina using forceps and
create a small hole in each one using a 2-mm
high-speed burr. These holes are used to suture
the spacers to the lamina, as described in
Step 5.

[Step 5: Create Bone Struts ]

Create bone struts from the spinous processes and tie
them to each lamina (Figs. 3 and 4 and Video 4).

) ESSENTIAL
Surgical Techniques

e Create bone graft struts from the spinous pro-
cesses of C6 and/or C7. The length of these
struts should be 16 to 18 mm.

e If the spinous process is not sufficiently large to
create the necessary number of bone struts, use
hydroxyapatite spacers (Apacerum; Asahi Opti-
cal, Tokyo, Japan)'.

e Suture the bilateral edges of the lamina to the
corresponding edges of the struts, and tie the
remaining suture at the center of the strut (Figs.
5-A and 5-B).

e Ensure the stability of the grafted struts.

[Step 6: Wound Closure ]

Perform meticulous closure of the wound to avoid
wound-healing complications.

e Thoroughly irrigate the wound.

e We generally insert a suction drain, but this is
optional.

¢ Close the muscle to decrease dead space.

e Close the fascia with single stitches, which
should be tight.

* Close the subcutaneous layer by firmly apposing
the edges.

e Close the skin with single stitches; we generally
use a stapler.

[Results ]

In our original study'?, we treated forty-six patients with
French-door laminoplasty and compared the surgical
results of this procedure with those of open-door lamino-
plasty in a prospective, randomized controlled manner.
There were no differences in perioperative complications
or neurological outcomes (Japanese Orthopaedic Asso-
ciation [JOA] scores) between the two groups. However,
the postoperative cervical sagittal alignment and range
of motion one year after surgery were better with French-
door laminoplasty than with open-door laminoplasty.
Compared with open-door laminoplasty, French-door
laminoplasty resulted in a significantly smaller mean
reduction in the cervical lordotic angle (3.0° compared
with 5.6°), a significantly greater cervical range of motion
(26.0° compared with 19.3°), and a significantly greater
cervical lordotic angle in extension (14.1° compared with
7.9°).

In general, surgical decompression for the treat-
ment of cervical compressive myelopathy is effective
and improves functional, disability-related, and quality-
of-life outcomes for all disease-severity categories'®. The
long-term results of laminoplasty have been satisfactory,
and the rate of additional cervical surgery is low (2%),
even in patients with ossification of the posterior longitu-
dinal ligament®. Postoperative neurological deterioration
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occurs in 14% of patients from five to fifteen years after
surgery, but the most common causes are lumbar or
thoracic disease?®®.

[What to Watch For

Indications

Patients with multilevel cervical compressive
myelopathy (cervical spondylotic myelopathy or
ossification of the posterior longitudinal ligament)
are good candidates for cervical laminoplasty.
Patients with (1) single-level or two-level canal
stenosis without developmental cervical canal
stenosis or (2) ossification of the posterior longi-
tudinal ligament with the ossification occupying
>60% of the spinal canal could be better candi-
dates for anterior surgery than for laminoplasty”.
In patients with multilevel cervical myelopathy,
spine surgeons should select anterior surgery

in accordance with their surgical skills because
surgical complications might be high'®.

Developmental canal stenosis.

Contraindications

Substantial kyphosis of the cervical spine.

Preoperative local cervical kyphosis (>13°) re-
sults in a poor neurological outcome™®.

Preoperative cervical lordosis of <10° or kypho-
sis and preoperative ossification of the posterior
longitudinal ligament with a thickness of >7 mm
could be a risk factor for a poor surgical
outcome?.

The K-line, a straight line that connects the mid-
points of the spinal canal at C2 and C7 on a lat-
eral cervical radiograph, could be a practical tool
for determining the cervical approach in patients
with cervical ossification of the posterior longitu-
dinal ligament?'. Patients with cervical ossifica-
tion of the posterior longitudinal ligament are
divided into two groups according to the K-line.
Ossification of the posterior longitudinal liga-
ment does not exceed the K-line in the K-line (+)
group and does exceed it in the K-line (=) group.
Patients with ossification of the posterior longitu-
dinal ligament in the K-line (-) group should not
be treated with the posterior approach because
sufficient decompression cannot be achieved
with the posterior approach.

Substantial instability of the cervical spine
(>20% slip or >4 mm of spondylolisthesis)?.

Severe cervical canal compression due to ossifi-
cation of the posterior longitudinal ligament with
the ossification occupying =60% of the spinal
canal®.
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Pitfalls & Challenges

Complications include segmental motor palsy
(C5 palsy)?*?5, postoperative kyphosis?28, a
reduced range of motion?-28, progression of os-
sification of the posterior longitudinal ligament,
and axial pain®.

The average prevalence of C5 palsy is 4.6%
(range, 0% to 30%)2+25, Various etiologies of
segmental motor palsy, including tethering of the
C5 roots and/or damage to the spinal cord, have
been reported®+?°, Some investigators have
advocated prophylactic decompression of the
C5 roots at the time of laminoplasty®°. If the cre-
ated lateral grooves are extremely wide (at the
inner margin of the lateral mass), there might be
a higher risk of C5 palsy because of excessive
posterior spinal cord shift®'.

The postoperative reduction in the range of
motion has been reported to range from 30%

to 70% of the preoperative range of motion?6-2;
however, we previously reported a reduction

in the range of motion of 26%?%. Damage to the
posterior muscles and facet joints, and sponta-
neous laminar fusion, can be the causes of a re-
duced postoperative range of motion®23, Atten-
tion should be paid to the intraoperative muscle
dissection area and the placement of the lateral
grooves (to avoid damaging the facet joint).
Postoperative cervical collars are not necessar-
ily required. Early removal of the cervical collar
prevents contraction of the facet joints, postop-
erative atrophy, and dysfunction of the extensor
muscles of the cervical spine®.

[Clinical Comments ]

We believe that, among the available techniques
(posterior, anterior, and combined anterior-pos-
terior fusions), laminoplasty has the fewest com-
plications, especially for patients with multilevel
cervical compressive myelopathy. There were
no significant differences in the rate of complica-
tions between posterior and anterior surgery in a
large-scale study?*. However, perioperative com-
plications occurred more frequently in patients
with longer (four or five-level) anterior fusions*®.
Even if the anterior fusion area was short,
adjacent-segment disease frequently occurred
and there was an increased risk that additional
surgery would be required®®.

Anterior and posterior surgical procedures are
equally effective for the treatment of cervical
spondylotic myelopathy®¢. Anterior surgery has a
better clinical outcome in the early stages after
surgery; however, posterior surgery has a simi-
lar clinical outcome in the later stages*. Anterior
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surgery was found to have a better neurologi-
cal outcome in patients with severe ossification
of the posterior longitudinal ligament (=60%),

although the complication rate remained high?®.

Is French-door laminoplasty more beneficial

Are autologous bone struts or hydroxyapa-

tite spacers better? Hydroxyapatite is report-
edly costlier and associated with postoperative
complications'. The average nonunion rates of
hydroxyapatite spacers were 21% in patients

with cervical spondylotic myelopathy and 17% in
those with ossification of the posterior longitudinal
ligament's. Autologous bone struts are better;
however, if we do not cut the C7 spinous process,
i ) ) it can be difficult to create sufficient bone struts.
rioration might occur more frequently, due to We use hydroxyapatite spacers as an alternative
laminar closure, than it does after French-door material only when there is not sufficient bone

laminoplasty®”. available to create the bone struts.

than open-door laminoplasty? Neurological

recovery is almost the same after both proce-
dures. However, after conventional open-door
laminoplasty, postoperative neurological dete-
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Fig. 1 Fig. 2
Lateral grooves should be created in the transitional area between the

Sugita head clamp'4.
g P facet joints and the laminae.

cut the bone obliquely

bone strut

Fig. 3
Application of the bone strut, the edges of which should be cut
obliquely.
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Fig. 4
Cervical French-door laminoplasty.

Fig. 5-A Fig. 5-B
Preoperative CT (computed tomography) axial image (C4-C5). Postoperative CT axial image (C4-C5).
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