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Comparison between Radiological and Clinical
Outcomes of Laminoplasties with Titanium
Miniplates for Cervical Myelopathy

Jong-Hwa Park, MD, Jae-Sung Ahn, MD, Ho-Jin Lee, MD, Byung-Kon Shin, MD

Department of Orthopedic Surgery, Chungnam National University School of Medicine, Daejeon, Korea

Background: Laminoplasty is a surgical procedure frequently performed for cervical myelopathy. We investigated correlations
between changes in the anteroposterior diameter (APD) of the spinal canal, spinal canal area (SCA), and laminar angle (LA) and
clinical outcomes of laminoplasty.

Methods: Of the 204 cervical myelopathy patients who underwent laminoplasty from July 2010 to May 2015, 49 patients who
were evaluated with pre- and postoperative computed tomography of the cervical vertebrae were included. The average age of the
patients was 60.4 years (range, 31 to 82 years), and the average duration of follow-up was 31.6 months (range, 9 to 68 months).
Changes in the APD and SCA were measured at the middle of the vertebral body. Changes in LA were measured where both
pedicles were clearly visible. Clinical outcomes were assessed using the Japanese Orthopaedic Association (JOA) score and visual
analog scale score for pain preoperatively (1 day before surgery) and postoperatively (last outpatient visit) and examining postop-
erative complications.

Results: The APD showed an average of 54.7% increase from 11.5 to 17.8 mm. The SCA showed an average of 57.7% increase
from 225.9 to 356.3 mm”. The LA increased from 34.2° preoperatively to 71.9° postoperatively. The JOA score increased from an
average of 9.1 preoperatively to 13.4 postoperatively. Three patients were found to have hinge fractures during surgery. Postopera-
tive complications, including two cases of C5 palsy, were recorded. The correlation coefficient between the LA change and JOA
score improvement was -0.449 (p < 0.05). Patients with a < 33° (25%) increase in the LA showed the most significant clinical im-
provement.

Conclusions: Patients with a < 33° (25%) change in the LA after laminoplasty with a titanium miniplate showed the most signifi-
cant clinical improvement. Thus, LA changes can be useful in predicting the clinical outcome of laminoplasty.
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Radiographic evidence of cervical spondylosis can be ob-
served in > 80% of individuals aged > 60 years.” Because
of the high prevalence, research has been focused on the
development of surgical methods to address this disorder.
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Among them, expansive open-door cervical laminoplasty
(EOLP) has been performed in patients with multi-seg-
mental cervical spinal canal stenosis” with good clinical
results.”

EOLP is advantageous over laminectomy and fusion
in terms of the preservation of cervical movement and
posterior structures and reduction of adjacent segment
disease.”® However, disadvantages of the technique in-
clude posterior neck pain, C5 nerve root palsy, and lami-
nar reclosure after surgery.”'” Many techniques have been
developed to prevent postoperative reclosure.””
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O’Brien et al."” proposed a new laminoplasty technique
using a titanium miniplate for prevention of reclosure: its
advantages include preservation of the cervical alignment
and range of motion and reduction of the reclosure rate
and postoperative neck pain.”"¥

Although EOLP using titanium miniplates have
been studied in many research, they are limited to clinical
and radiological evaluations based only on radiography. In
this study, we investigated correlations between radiologi-
cal and clinical outcomes using computed tomography
(CT). The anteroposterior diameter (APD) of the spinal
canal, spinal canal area (SCA), and laminar angle (LA)
were assessed on CT scans preoperatively and postopera-
tively (changes in APD, SCA, and LA = AAPD, ASCA, and
ALA, respectively). Our hypotheses were that radiological
and clinical outcomes would have positive correlations
and that patients with optimal ASCA, AAPD, and ALA
would show improved clinical outcomes.

METHODS

Patient Selection

Of the 204 cervical myelopathy patients who underwent
laminoplasty from July 2010 to May 2015, 49 patients who
had preoperative and postoperative CT scans of the cervi-
cal vertebrae were included in this study. The inclusion
criteria were patients with (1) cervical stenosis between
the levels of C3-C7, (2) laminoplasty using a titanium
miniplate, and (3) preoperative and postoperative sagittal
CT images showing that the bottom surface of each verte-
bral body was in parallel position (Fig. 1). The exclusion
criteria were (1) segmental instability or kyphosis, (2) a
history of revision surgery, and (3) a tumor or injury.

Surgical Technique

Under general anesthesia, the patient was placed in the
prone position and the head was slightly flexed using pins.
A midline incision was performed to expose the laminae
and spinous processes while preserving soft tissue attach-
ments of lateral masses. The spinous processes were then
removed. A high-speed drill was used to make a gutter
opening on the side of the lamina, just medial to the lateral
mass. The surgeon (JSA) drilled the lamina and left a very
thin cortex comprising only the ligamentum flavum. The
thin lamina was then removed using a 1- or 2-mm Ker-
rison punch. A hinge-side lamina gutter was made using
the same drill, but the inside cortex was not removed. The
surgeon gently lifted the laminae with a Penfield dissector,
while an assistant held the lamina using a Kocher device to
prevent reclosing. The surgeon fixed the opening side us-

Fig. 1. Postoperative computed tomography (CT) of a 61-year-old male
patient who underwent cervical laminoplasty. Each cross-section of the CT
image is parallel to the lower surface of the corresponding vertebral body.

ing a titanium miniplate (double-bent 12-mm plate; Arch
Laminoplasty System, Synthes, West Chester, PA, USA),
two 6-mm screws to the laminae, and two 7-mm screws
to the lateral mass. Additionally, a foraminotomy was per-
formed in patients with severe radiculopathic symptoms
after the laminoplasty.

A hard neck collar was applied temporarily after
surgery. The neck collar was removed 8 hours after sur-
gery, and the patients were allowed to stand up and walk.
Isometric exercise of the cervical vertebrae was started 1
day after surgery within each patient’s pain tolerance.

Radiographic Evaluation

The medical records and radiological images of the 49
patients were reviewed retrospectively. For accurate radio-
logical assessment, we ensured that each cross-section of
the CT image was parallel to the lower surface of the cor-
responding vertebral body (Fig. 1).

The APD of the spinal canal was measured in the axial
plane at the middle of the vertebral body on the sagittal
image pre- and postoperatively (Fig. 2A, B, D, E). The SCA
was measured in the same plane pre- and postoperatively
(Fig. 2A, C, D, F). The LA was measured where both ped-
icles were clearly visible. The LA was measured between
two lines: one line just posterior to the two transverse fora-
mens and the other line on the inner cortex of the lamina
on the hinge side. Changes in the LA between preoperative
and postoperative measurements were recorded (Fig. 3). All
radiographic evaluations were performed using a PACs sys-
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Fig. 2. The anteroposterior diameter (APD) of the spinal canal and the spinal canal area (SCA) were measured in the axial plane at the middle of the
vertebral body on the sagittal computed tomography (CT) scan using the polygonal region of interest (ROI) tool of Picture Archiving and Communication

System (PACS) preoperatively (A-C) and postoperatively (D-F).

tem (M view; Infinitt, Seoul, Korea). All measurements were
performed twice by one of the authors and an independent
experienced musculoskeletal radiologist to reduce intra-
and interobserver variability. All radiological measurements
were performed using CT scans (Definition Flash; Siemens
Healthcare, Forchheim, Germany) obtained with a 3 mm
interval.

Clinical Evaluation

Clinical evaluations were performed preoperatively and at
the final follow-up. The Japanese Orthopaedic Association
(JOA) score was measured to assess clinical function. The
JOA recovery rate was calculated with the following for-
mula:"”

JOA recovery rate = 100 x (postoperative JOA score —
preoperative JOA score)/(17 — preoperative JOA score)

A visual analog scale (VAS) was used to assess pain.

Hinge fracture, C5 palsy, and other complications were
recorded.

Statistical Analysis

Statistical analyses were performed using IBM SPSS ver.
24.0 (IBM Co., Armonk, NY, USA). The average measure-
ment value of each patient’s spinal segment was used for
statistical analysis. Pearson correlation analysis was used
to assess correlations among the AAPD, ASCA, ALA, and
JOA recovery rate. One-way ANOVA was used to deter-
mine the optimal ALA for excellent clinical outcomes.

RESULTS

The total number of patients who underwent cervical lam-
inoplasty was 49 (34 males and 15 females). The average
age of the patients was 60.4 years (range, 31 to 82 years),
and the average duration of follow-up was 31.6 months
(range, 9 to 68 months).
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Fig. 3. Measurements of the laminar angle
created by one line passing posterior to
the transverse foramen and the other
line traversing along the inside edge of
the lamina on the preoperative (A, B)
and postoperative (C, D) computed tomo-
graphy scans. The difference between
the preoperative angle (a) and the post-
operative angle (b) was recorded.

Table 1. Pre- and Postoperative Radiographic Measurements Table 2. Pre- and Postoperative Spinal Canal Area at Each Level

Parameter Preoperative Postoperative
Spinal canal area (mm?) 2259+358 356.3+43.3
AP diameter (mm) 115+18 178+22
Laminar angle (°) 342+45 719+6.7

Values are presented as mean + standard deviation.
AP: anteroposterior.

Radiological Results

Table 1 shows pre- and postoperative measurement data.
The mean APD showed a 54.7% (range, 10.0% to 120.0%)
increase from 11.5 mm (range, 6.5 to 16.5 mm) preopera-
tively to 17.8 mm (range, 12.0 to 24.9 mm) postoperatively.
The mean SCA showed a 57.7% (range, 11.7% to 145.0%)
increase from 225.9 mm’ (range, 134 to 325 mm®) preop-
eratively to 356.3 mm’ (range, 224 to 533 mm®) postop-
eratively. The mean LA increased by 110% (range, 31% to

Preoperative spinal Postoperative spinal

Lol canal area (mm’) canal area (mm’)
3 218.02 £ 30.61 348.58 + 39.66
4 21958 +32.71 34753 +38.16
5 231.55+38.80 361.64 + 38.86
6 221.03 +£39.41 367.03£51.19
7 22595+26.14 359.07 +71.34
Total 22594 +35.87 356.30 +43.30

Values are presented as mean + standard deviation.

224%) from 34.2° (range, 23.4° to 47.5°) preoperatively to
71.9° (range, 46.0° to 85.7°) postoperatively.

Table 2 shows the mean pre- and postoperative SCA
of each level. The greatest ASCA was observed at the level
of C6 (66.05%).
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Clinical Results

All patients showed clinical improvement. The mean JOA
score improved by 4.24 (range, 2 to 7) from 9.1 (range, 5
to 13) preoperatively to 13.4 (range, 8 to 16) at the final
follow-up. The mean VAS score for pain improved from
5 (range, 3 to 8) preoperatively to 2 (range, 1 to 5) at the
final follow-up (Table 3). The average JOA recovery rate
was 54.9 (range, 25.0 to 83.3).

Statistical Results

The AAPD, ASCA, ALA, and JOA recovery rates showed
normal distributions. A Pearson correlation analysis was
performed to determine correlations among the AAPD,
ASCA, ALA, and JOA recovery rate (Table 4). A significant
correlation (p = —0.449) was observed between ALA and
JOA recovery rate. However, no other significant correla-
tion was observed between the other variables. One-way
ANOVA was used to determine the optimal range of LA.
The patients were divided into four groups according to
the percentile of ALA (group A, ALA < 25%; group B, 25%
< ALA < 50%; group C, 50% < ALA < 75%; and group D,
ALA > 75%). The cutoff values for quartiles were 33° (25%),
38° (50%), and 41° (75%). The clinical outcomes of group
A were significantly better than those of the other groups (p
< 0.05) (Table 5 and Fig. 4).

Table 3. Pre- and Postoperative Clinical Evaluation

q Postoperative
Parameter Preoperative (final follow-up)
JOA score 9.1+1.8(5-13) 134+ 1.4(8-16)
Visual analog scale 50+1.2(3-8) 20+09(1-5)

Values are presented as mean + standard deviation (range).
JOA: Japanese Orthopaedic Association.

Complications
A perioperative hinge fracture was noted in 3 of 49 pa-
tients (1 case each in groups B, C, and D), and internal fix-
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Fig. 4. One way ANOVA analysis of Japanese Orthopedic Association
(JOA) recovery rate and ALA (changes in laminar angle). The patients
were divided into 4 groups based on the ALA percentile (group A, < 25%;
B, > 25% & < 50%; C, > 50% & < 75%; D, > 75%). Group A showed a
significant improvement in JOA score compared to the other groups (*p <
0.05) (N =49, F=11.622).

Table 5. One Way ANOVA Analysis of JOA Recovery Rate and

Changes in Laminar Angle

JOA recovery rate (%)
Group No.
Mean = SD Range
A(<25%, 33°) 12 69.8+6.9 57.1-83.3
B(>25% &<50%,38°) 12 532+105 375714
C(>50% & <75%,41°) 12 497+79 37.5-60.0
D (=75%) 13 476+137 250-714

JOA: Japanese Orthopaedic Association, SD: standard deviation.

Table 4. Comparison of Variables from Pearson Correlation Analysis

Variable JOA recovery rate* Changes(igtzyl))inal area Charllgﬁgst;]n AP Ia%?izr;?isnigr}e
JOA recovery rate 1 0.174 0.071 —0.449'
Changes in spinal area (total) - 1 0.084 —0.236
Changes in AP length - - 1 0.158
Changes in laminar angle - - - 1

JOA: Japanese Orthopaedic Association, AP: anteroposterior.
* JOA recovery rate = 100 x (postoperative JOA score — preoperative JOA score) / (17 — preoperative JOA score). 'p < 0.01.
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ation using a titanium miniplate was performed immedi-
ately. Two cases of left-sided C5 palsy were found in group
B; both improved without complications by 3 months after
surgery. C5 palsy did not occur in group A. No patient de-
veloped reclosure.

DISCUSSION

The increasing incidence of cervical myelopathy has led
to the development and interest of EOLP technique. Since
laminoplasty techniques were initially associated with
postoperative reclosure, research has been focused on
prevention of this complication.'” As part of this effort,
O’Brien et al." suggested a laminoplasty technique using
a titanium miniplate. In this study, we attempted to review
the results of the technique performed in our patients to
investigate the correlation between clinical and radiologi-
cal outcomes.

The incidence of cervical myelopathy is increasing
as the elderly population continues to grow.”” Lamino-
plasty, a surgical method developed in Japan, is regarded
as the first surgical treatment of choice for cervical my-
elopathy in Japan."” An early form of laminoplasty was Z-
plasty described by Oyama et al.*” Later, Tsuji’” proposed
the en bloc laminotomy as a new method, which Hira-
bayashi et al.™ further developed into the open-approach
laminoplasty. However, the technique had the problem of
maintaining the opening state. Hirabayashi and Sotomi’”
suggested a suture technique to overcome this, but it re-
sulted in another problem, reclosure of the lamina after
surgery. Many surgical techniques, such as the use of bone
transplants, hydroxyapatite, ceramic materials, and tita-
nium miniplates, have been developed to address the issue
of postoperative reclosure."”

In this study, a hardware-augmented Hirabayashi-
type laminoplasty using titanium miniplates (double-bent
12-mm plate; Arch Laminoplasty System), suggested by
O’Brien et al.,' was performed in all patients to prevent
postoperative reclosure, preserve cervical alignment and
range of motion, and reduce postoperative neck pain.

Maezumi® suggested that the LA should be kept
to a minimum for desirable clinical outcomes of lamino-
plasty. In a study by Zhang et al.,” although no significant
difference was found in clinical outcomes between two
groups divided according to the ALA (15°-30° vs. > 30°),
C5 palsy and axial symptoms were less frequent in the
group with a ALA of 15°-30°. In the present study, two
cases of transient C5 palsy were observed in the group
with a ALA of 25% to 50%. Zhang et al.”® reported that
the group with a ALA of 15°-30° had a high reclosure

rate. However, there was no case of reclosure in our study
population.

Ogino et al.”” stated that the ratio of the sagittal di-
ameter to the transverse diameter of the spinal cord was
related to the severity of neurological symptoms, and sug-
gested that a decrease in the spinal canal’s sagittal diameter
(APD) was the most important factor. However, we found
no correlation between the APD and JOA recovery rate in
the present study.

The most significant finding of our study was the
correlation between radiological parameters and the clini-
cal outcome of laminoplasty. Our analyses showed that
clinical outcome had a significant correlation with the
ALA, but not with the ASCA or AAPD. There was no sig-
nificant correlation between the ALA and ASCA because
of the inverse relationship of the ALA between the hinge
side and the opening side.

The LA was different in each patient, although the
same metal plate was used in all patients. This might be at-
tributable to minor differences in the position of the fixat-
ing screws and gutters. In this study, two cases of left-sided
C5 palsy were reported in the group with a ALA of 25% to
50%. This may have been due to the surgical site being on
the right side, with movement of the spinal cord relatively
close to the posterior right side as the lamina opens up
unintentionally after surgery, thereby causing radicular
paralysis on the left side.

The average increase in the LA ranged from 24.4° to
46.7°. The patients were divided into four groups based on
the ALA percentile (group A, ALA < 25%; group B, 25%
< ALA < 50%; group C, 50% < ALA < 75%; and group D,
ALA >75%), and clinical outcomes were compared among
the groups. Group A showed the best clinical outcomes; in
these patients, there was no need to create a wider angle to
achieve a better clinical outcome.

Satomi et al.”” reported that the most favorable JOA
score was achieved 3 years postoperatively and that this
JOA score was maintained for about 5 years. Thus, if pre-
operative and postoperative CT scans are taken, we may
be able to predict patients’ clinical outcomes by calculating
the ALA. To obtain more accurate CT images, we ensured
that each cross-section of the CT images was parallel to the
lower surface of the corresponding vertebral body (Fig. 1).

Our study has several limitations. First, the number
of patients was not large enough to generate definitive
results; however, the same plate (12 mm in length) was
used in all patients for laminoplasty. Second, this was not a
prospective comparative study; nevertheless, our study did
present some significant findings.

In conclusion, laminoplasty with a titanium mini-
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plate is a surgical procedure with well-documented clinical
improvement results in patients with cervical myelopathy.
Our hypothesis that radiological and clinical outcomes
have a positive correlation was partially demonstrated. In
particular, a ALA of < 33.8° (25%) was associated with bet-

plates) are needed.
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