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ABSTRACT

Objective: Laminoplasty is an effective procedure for treating cervical spondylotic myelopathy. We conduct
myovascular preserving open-door laminoplasty (MPLP) in combination with a laminoplasty plate to improve the stability
of the enlarged lamina. We compare the details of the MPLP technique with conventional open-door laminoplasty.

Methods: We compared 25 cases of MPLP (mean age = 70.5, mean follow-up period = 19 months) with 15 controls
who received conventional open-door laminoplasty using hydroxyapatite spacers (mean age = 74, mean follow-up period =
53 months). Regarding surgical outcomes, blood loss, operative time, Japanese Orthopaedic Association score, and
postoperative visual analog score for neck pain were measured. Regarding image analysis, preoperative and postoperative
range of motion (ROM), C2-7 angle, implant back out, hinge bone fusion time, presence or absence of hinge bone union
failure, and posterior neck fat infiltration rate were evaluated.

Results: Operative time was significantly shorter for MPLP, and postoperative neck pain was significantly decreased.
In image evaluation, %ROM was significantly increased in MPLP, but no difference in C2-7 angle existed between the 2
groups. Implant back out was not recognized in either group. In MPLP, the hinge union period was significantly shortened,
and the postoperative fat infiltration rate was significantly decreased.

Conclusions: We were able to reduce neck pain after surgery by an approach entailing longitudinal splitting of the
spinous processes. We were able to ensure shorter operation times due to cervical plates and better hinge bone fusion times
due to initial stability.

Level of Evidence: 4.

Cervical Spine

Keywords: cervical spondylotic myelopathy, open-door laminoplasty, myovascular preservation

apatite (HA) spacers. This open-door en bloc
laminoplasty procedure requires the creation of a
hole that allows a thread to be placed through the
lateral mass for HA spacer fixation. The lateral mass

INTRODUCTION

Cervical spondylotic myelopathy (CSM) is a
disorder resulting from chronic spinal cord com-

pression due to cervical spondylosis. After the
introduction of the laminoplasty by Hirabayashi et
al' in 1977, open-door laminoplasty has become a
widely adopted surgical procedure for treating
multilevel CSM. Since then, various modifications
and procedures have been devised for further
improvement of the safety and efficacy of decom-
pression and for stability of the cervical spine.**
We have been using open-door en bloc lamino-
plasty developed by Itoh and Tsuji’® with hydroxy-

is occasionally damaged when creating the hole.

Plating is becoming increasingly popular due to
the immediate rigid fixation offered. Plates can be
used in conjunction with bone struts connected to
the plate by screws.*>

Recently, spinous process-splitting procedures
such as skip laminectomy®® and myoarchitectonic
spinolaminoplasty’ have been introduced as less
invasive methods sparing the posterior cervical
extensor muscles.
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Table 1. Patient data.

Items MPLP Control P Value
Age (y) 70.5 =114 740 = 7.0 43
Male/female 14/11 9/6 .80
Number of lamina expansion 2.8 0.7 29 *05 .68
4 lamina C3-6: 3 C3-6: 2

C4-7: 1
3 lamina C3-5: 2 C3-5:3

C4-6: 11 C4-6: 7
2 lamina C4-5:3 C5-6: 3

C5-6: 5

Abbreviation: MPLP, myovascular preserving open-door laminoplasty.

From August 2014, we used a unilateral cervical
plate to improve the stability of the enlarged lamina.
In addition, we performed myovascular preserving
open-door laminoplasty (MPLP) to preserve the
posterior neck muscle group.

The purpose of this study is to compare clinical
and radiological outcomes of the MPLP technique
with conventional open-door laminoplasty using
HA spacers for CSM.

Materials and Methods

Subjects
Informed consent was obtained from all partici-
pants before the study began. The study protocol
was approved by the ethical review committee.
Among 55 patients who underwent surgery for
CSM between November 2012 and May 2018, 40
patients who underwent surgery up until January
2018 were included. For all cases, preoperative and
postoperative anterior-posterior and lateral flexion-
extension views were taken, along with cervical
computed tomography (CT) and magnetic reso-
nance imaging (MRI) images. We compared 25
cases of MPLP with miniplate fixation conducted
starting in August 2014 with 15 control convention-
al open-door laminoplasty using HA spacers con-
ducted up until August 2014. In the MPLP group,
there were 14 males and 11 females; the mean age
was 70.5 (range = 37-85); the mean follow-up period
was 19 months (range = 8-42); and the mean
number of laminoplasties was 2.8. In the control
group, there were 9 males and 6 females; the mean
age was 74 (range = 62-85); the mean follow-up
period was 53 months (range = 48-58); and the
mean number of laminoplasties was 2.9. There was
no significant difference between the 2 groups
(Table 1).

Surgical Technique for MPLP With Miniplate
Fixation (Figure 1). Patients are positioned prone

and their heads are secured using Mayfield clamps.
A linear incision is made in the midline, dorsal to
the spinous processes of C3-6 or C4-6. The layers of
the nuchal ligaments are cut in the midline. The
midline tips of the spinous processes are exposed
with the muscles attached on both sides. The
spinous processes are cut in the midline using a 2-
mm diamond tipped drill until the transition
between the lamina and the spinous process and
the cortical bone of the spinous processes at the
spinolaminar junction is cut laterally and separated
at the spinolaminar junction with muscles attached.
The surface of the lateral part of the lamina is
exposed by retracting the split spinous process
together with the attached semispinalis cervicis
and multifidus muscles. The lateral gutters are
drilled on the lamina on a line just medial to the
facet joints. The side with more symptoms is
designated as the open side. On the open side, the
laminae are completely cut. Then an incomplete
fracture hinge is made by removing dorsal cortex
and the cancellous bone on the other side. The
laminae are carefully opened and an appropriately
sized laminoplasty miniplate (Centerpiece Plate
Fixation System; Medtronic Sofamor Danek, City,
STMemphis, TN, USA) is chosen. The miniplate
skips the expanded lamina: it is installed medial or
caudal. In the case of C4-6 laminoplasty, the plate is
fixed to the C5 lamina, and in the case of C3-6
laminoplasty, plates are fixed to the C4 and C6
lamina. The miniplate is anchored to the opened
lamina by 2 5-mm miniscrews and anchored to the
lateral mass by 2 5-mm miniscrews.

Surgical Technique for Conventional Open-Door
Laminoplasty Using HA Spacers. We performed
the procedure according to the method of Itoh and
Tsuji.> The laminae and intervertebral facets be-
tween C3 and C6 are exposed by removing all the
muscles from those spinous processes and laminae.
Each spinous process is carefully removed. Two
gutters are made bilaterally in the laminae just
medial to each articular process using an air drill.
The depth of the gutters is limited to the inner
cortex of each lamina. The tunnels for wire passage
are made within the laminae using an awl and
pusher and within the inferior articular processes by
using a bone perforator in the open side. On the
open side, each inner lamina cortex is cut complete-
ly. After the edge of the divided lamina is elevated
like an open door, the wire is threaded through the
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Figure 1. Intraoperative photographs (A)—(E) and cross-section schematic representation (a)—(e) of myovascular preserving open-door laminoplasty. (A), (a)
Retracting the apex of the spinous processes; arrow: spinous process tips at C4, C5, and C6. (B), (b) The spinous process is cut longitudinally by a 2-mm diamond
shaped drill, the spinous processes are removed at the spinolaminar junction and retracted bilaterally with the muscles attached; arrow: cortical bone of the spinous
processes; arrowhead: cross-section of the base of the spinous processes. (C), (c) The surface of the lateral part of the lamina is exposed by retracting of the split
spinous process together with the attached semispinalis cervicis and multifidus muscles. (D), (d) The miniplate is anchored to the opened lamina by 2 5-mm
miniscrews and anchored to the lateral mass by 2 5-mm miniscrews. (E), (e) The spinous process with muscles attached is reconstructed by suturing.

lamina with an HA spacer (Apaceram, Pentax,Inc.
Tokyo, Japan); the articular process, the HA spacer,
and the lamina are fixed by tightening the wires.

Surgical Outcomes. We evaluated intraoperative
parameters such as blood loss (mL) and operative
time (minutes). The preoperative and postoperative
Japanese Orthopaedic Association (JOA; 0-17
points) scores were used to assess neurological
function. A visual analog score (VAS) ranging from
0 mm (no pain) to 100 mm (extreme amount of
pain) was used to evaluate the severity of postop-
erative neck pain.

Image Analysis. We performed radiographic analy-
ses before and at 6 months after surgery. C2-7 angle
refers to the angle between the line vertical to the
inferior aspect of the C2 body and the line vertical
to that of the C7 body on a neutral lateral
radiograph. Preoperative and postoperative range
of motion (ROM) was measured as the difference
between the C2-7 angle on lateral flexion and
extension radiographs of the cervical spine. The
percent of cervical ROM was calculated in each
patient using the following formula: %ROM =

(postoperative ROM/preoperative ROM) X 100.
Whether 29 plates and 17 spacers used were
displaced, mean time until hinge bone fusion (in
months) and whether failure of union for hinge
bone had occurred were evaluated using CT images
at1,3,6,9, 12, and 18 months after the surgery. For
time to hinge bone fusion, we evaluated bone union
on the hinge side of the lamina where the implant
was installed (23 MPLP vertebrae, 8 control
vertebrae). Failure of hinge bone union was
evaluated by examining the hinge side of the
enlarged vertebrae (64 MPLP laminae, 44 control
laminae). The posterior cervical muscle fat infiltra-
tion (FI) rate was calculated for each patient with
cross-sectional areas of axial CT taken parallel to
the C5 intervertebral level using software (AZE
Virtual Place, Fujin Raijin 340 3.4003, AZE Ltd.,
Tokyo, Japan) before and at 6 months after surgery.
CT was used to measure the FI rate (%) of the
paraspinal muscles in the lumbopelvic spine.'®!
The FI rate was measured using muscle attenuation
via the Hounsfield unit (HU); FI = area with fat-
specific HU/whole back muscle area with varied
HU. Posterior cervical muscle FI rate % = (cross-
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Figure 2. Analysis of posterior cervical muscle fat infiltration rate. Cervical
cross-section computed tomography images were analyzed using AZE
VirtualPlace. Fat in the posterior cervical muscles is labeled in blue. Posterior
cervical muscle fat infiltration proportion (%) = (cross-sectional area of posterior
cervical intramuscular fat [blue)/cross-sectional area of posterior neck muscle
[dotted line]) X 100.

sectional area of posterior cervical muscle fat [blue]/
posterior neck muscle [dotted line]) X 100 (Figure 2).

Statistical Analysis. Statistical analyses were per-
formed with Stat View software (version 5.0).
Differences between the MPLP group and control
group were evaluated using the unpaired ¢ test or the
x> test. A threshold of P < .05 was considered
significant. Results are presented as means =
standard deviations (SDs).

RESULTS

Surgical outcomes for both groups (MPLP versus
control) are (Table 2): blood loss (mL), 113.7 versus
87.9 (P = .45); operative time (minutes), 109.6
versuss 155.3 (P = .0002); preoperative JOA score,
12.3 versus 10.8 (P =.15); postoperative JOA score,
14.0 versus 12.8 (P = .24); preoperative neck pain,
33.0 versus 31.3 (P = .83); and postoperative neck
pain, 1.8 versus 12.5 (P =.005). Operative time and
postoperative neck pain were significantly lower
with MPLP compared to control (P < .05). In terms
of radiographic outcomes (Table 3): preoperative
C2-7 angle (°), 14.0 versus 19.5 (P = .053);
postoperative C2-7 angle (°), 13.9 versus 15.5 (P =
.65); %ROM, 87.0 versus 64.0 (P = .025); implant
back out, 0/29 versus 0/17 (P = .99); hinge union
period (months), 6.0 versus 14.7 (P = .0001); hinge

Table 2. Surgical outcomes. Bold values indicate items with a significant
difference between the two groups.

Items MPLP Control P Value
Blood loss (mL) 113.7 = 88.1 87.9 £ 176.7 45
Operative time (min) 109.6 = 26.3 155.3 = 25.7 .0002
Preoperative JOA score 123 £2.5 10.8 £ 2.4 15
Postoperative JOA score 14.0 = 2.6 12.8 £ 2.6 24
Preoperative neck pain 33.0 £ 21.0 31.3 £99 .83
Postoperative neck pain 1.8 6.8 12.5 £ 13.9 .005

Abbreviations: JOA, Japanese Orthopaedic Association; MPLP, myovascular
preserving open-door laminoplasty.

nonunion, 1/64 versus 0/44 (P = .99); preoperative
FI rate (%), 8.3 versus 11.0 (P = .278); and
postoperative FI rate (%), 5.3 versus 13.4 (P =
.0026). % ROM was significantly increased in MPLP
(87%) compared to control (64%; P < .05). Hinge
union period and postoperative FI rates were
significantly lower with MPLP compared to control
(P < .05).

DISCUSSION

Laminoplasty for posterior spinal decompression
has been used for treatment of CSM, which was
devised with the intent of preserving the posterior
structures of the cervical spine. Methods of lam-
inoplasty are usually classified as unilateral open
door (single door)' or bilateral double door
(French door).”

Postoperative problems, such as persistent axial
pain, restriction of neck motion, and loss of lordotic
curvature remain unsolved, although a variety of
modifications have been developed for conventional
cervical laminoplasty.

The deep extensor muscles, such as the semispi-
nalis cervicis and multifidus muscles attached to the
spinous processes, act as dynamic stabilizers of the
cervical spine. Damage to the posterior extensor
mechanism including the deep extensor muscles,
such as the semispinalis cervicis and multifidus

Table 3. Evaluations of imaging studies. Bold values indicate items with a
significant difference between the two groups.

Items MPLP Control P Value
Preoperative C2-7 angle (°) 14.0 = 6.4 19.5 =75 .053
Postoperative C2-7 angle (°) 139 + 8.4 15.5 = 8.7 .65
% ROM 87.0 £ 17.3  64.0 = 37.6 025
Implant back out 0/29 0/17 999
Hinge union period (M) 6.0 =24 14.7 £ 9.0 .0001
Hinge nonunion 1/64 0/44 19990
Preoperative fat infiltration 8.3 £ 6.1 11.0 £ 59 278
rate (%)
Postoperative fat infiltration 53x49 134 = 8.7 .0026
rate (%)

Abbreviation: MPLP, myovascular preserving open-door laminoplasty.
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Figure 3. C4-6 myovascular preserving open-door laminoplasty postoperative three-dimensional computed tomography image. (A) posteroanteriorimage; (B) lateral
view. A plate is placed on C5. Spinous processes that had been split also remained in the center and remained bone.

muscles, has been identified as a cause of these
problems.

Shiraishi et al*® have described skip laminectomy
to enlarge the spinal canal while preserving the
semispinalis cervices and multifidus muscles. The
spinous processes and laminae are split in the
midline, and the muscles are left attached. By
limiting excision of the posterior anatomic struc-
tures, skip laminectomy successfully prevented the
aforementioned postoperative problems.

Kim et al’ developed myoarchitectonic spinola-
minoplasty, in which the spinous processes are cut
in the midline without damaging the posterior
extensor muscles; then the lamina is drilled in the
midline and finally lifted on the hinges bilaterally as
a double door. It became possible to expand the
spinal canal effectively while reconstructing and
preserving the entire musculoskeletal elements of the
posterior neck.

We developed MPLP. The posterior neck muscles
can be preserved by an approach to the spinous
processes entailing longitudinal split, and postoper-
ative neck pain can be alleviated. Kim et al have
reported that the origins and attachments of all
muscle groups could be completely restored using
double door laminoplasty, by suturing and fixing
the spinous processes with the posterior cervical
muscles attached to the fixed HA artificial spinous

process implant on the lamina flap in the center. In
our method, continuity with the vertebrae is not
maintained because the enlarged vertebral arch is
not sutured to the spinous processes with the
posterior cervical muscles attached (Figure 3).
Nevertheless, the postoperative FI rate is signifi-
cantly less with MPLP than with the conventional
method. The decrease in postoperative ROM is
significantly restricted, and %ROM was significant-
ly increased in MPLP (87%) compared to control
(64%; P < .05). We believe cervical spine extension
function is preserved more in MPLP than the
conventional method.

The open-door laminoplasty was originally kept
open with a suture technique. Nevertheless, the
suture may be cut, broken, or stretched over time,
which may result in the failure of fixation and
closure of the laminae. Bone struts and ceramic
blocks have also been used to open laminoplasty to
keep an entire laminar arch. However, these spacers
may be associated with complications, including loss
of fixation and graft displacement, and premature
laminoplasty closure because spacers are not rigidly
fixed to bone.'?

Ozawa et al'® developed the suture anchor
fixation system, which enabled reliable and faster
fixation of the HA spacers without creating a hole in
the lateral mass in open-door laminoplasty.
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The miniplate fixation system, first introduced by
O’Brien et al* in 1996, was designed to keep the
lamina open in a stable manner by offering the
laminae immediately rigid fixation.

Rhee et al'* demonstrated that plate-only
laminoplasty provides stable reconstruction of an
expanded laminar arch with no failure or prema-
ture closures. Seventy-seven percent of levels were
healed at 6 months, and 93 percent at 12 months
postoperatively. Lee et al'® reported that the hinge
fusion rate after plate-only open-door laminoplasty
was 84% at 12 months. We also were able to
shorten the average time of hinge bone fusion by
4.9 months from 13.4 months using plates. Chen et
al'® reported that minipalate fixation in cervical
laminoplasty was a safe and effective procedure for
a S-year follow up.

Liu et al'” investigated 165 plates in 42 lamino-
plasty cases; 16% of plates and 5% of screws were
detached, and it was reported that 80% of the
detached screws were displaced most rostral-cau-
dally. Screw back out at either end of the
laminoplasty may be related to difficulty of screw
insertion due to limited exposure and access. They
recommended using a maximum number of screws
(typically 2 for the lateral mass and 2 for the spinous
process) at these levels to secure the plate to the
bone. We skipped the plate without the rostral and
caudal segments; nevertheless, there was no plate
dislocation, and no hinge bone union failure was
observed. We believe this method is useful and
inexpensive. Based on this study, the plate seems to
have good initial fixation; even though we installed
a skipped plate, it seems there are no problems with
hinge bone fusion.

Our study has several limitations. The first is that
only a small number of subjects were investigated,
requiring confirmation of our findings in a larger
population. Second, this is a retrospective study
with short follow up. Third, MPLPs were performed
under different conditions using an approach that
entailed a longitudinal splitting of the spinous
processes and miniplates compared with a conven-
tional laminoplasty using HA spacers. Fourth, we
could not compare both groups with usual 4-level
C3-6 laminoplasty. Finally, we did not perform
MRI to analyze damage to the posterior cervical
muscles. To verify the effectiveness of MPLP, it is
necessary to increase the number of cases and to
examine long-term clinical results.

CONCLUSIONS

We were able to perform MPLP using a plate.
The posterior neck muscles could be preserved, and
postoperative pain could be alleviated using an
approach that entailed a longitudinal dissection of
the spinous processes. Using a plate helped shorten
the operating time, and this possibly shortened the
time to hinge bone fusion as well.
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