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Cervical Pedicle Screw Fixation Combined with Laminoplasty for
Cervical Spondylotic Myelopathy with Instability
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Keijiro Mukaiyama, Masayuki Shimizu, Hiroyuki Kato

Department of Orthopaedic Surgery, Shinshu University School of Medicine, Matsumoto, Japan

Study Design: A retrospective study.

Purpose: To evaluate the surgical results of cervical pedicle screw (CPS) fixation combined with laminoplasty for treating
cervical spondylotic myelopathy (CSM) with instability.

Overview of Literature: Cervical fixation and spinal cord decompression are required for CSM patients with instability. How-
ever, only a few studies have reported on CPS fixation combined with posterior decompression for unstable CSM patients.
Methods: Thirteen patients that underwent CPS fixation combined with laminoplasty for CSM with instability were evalu-
ated in this study. We assessed the clinical and radiological results of the surgical procedures. The Japanese Orthopedic
Association (JOA) scoring system was used to evaluate the clinical results. The percentages of slip, difference in slip angle
between maximum flexion and maximum extension of unstable intervertebrae, and perforation rate of CPS were evaluated.
Results: The mean JOA scores before surgery, immediately after surgery, and at final follow-up were 9.1, 13.3, and 12.6,
respectively. The mean percentages of slip before surgery, immediately after surgery, and at final follow-up were 9.1%, 3.2%,
and 3.5%, respectively; there were significant improvements immediately after surgery and at final follow-up. The differ-
ence in slip angle between the maximum flexion and maximum extension of the unstable intervertebrae changed from 9.0°
before surgery to 1.6° at the final follow-up. The perforation rate of CPS was 10.9%.

Conclusions: The results suggest that CPS fixation combined with laminoplasty is an effective surgical procedure for treating
CSM with instability.
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Introduction ter than lateral mass screws and allow for shorter instrumen-
tation with improved reposition capacities. We performed
Cervical fixation and spinal cord decompression are re- cervical pedicle screw (CPS) fixation combined with lami-

quired for cervical spondylotic myelopathy (CSM) patients noplasty for treating CSM with instability. However, only a

with instability. Previously, anterior decompression and
fusion (ADF) was performed to treat these patients [1,2].
Recent reports show that posterior laminectomy and lateral
mass result in fusion [3,4]. Pedicle screws in the cervical
spine and the cervicothoracic junction are increasingly be-
ing used because they improve biomechanical stability bet-

few studies report on CPS fixation combined with posterior
decompression for unstable CSM patients. This study aimed
to evaluate the clinical and radiological results of CPS fixa-
tion combined with laminoplasty for CSM with instability.
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Materials and Methods

After approval by the Investigational Review Board of
our hospital, this study included 13 patients (9 males, 4
females; mean age 73.5 + 7.2 years) that underwent CPS
fixation combined with laminoplasty for CSM with instabil-
ity from April 1998 to April 2010. Patients that experienced
trauma, rheumatoid arthritis (RA), destructive spondyloar-
thropathy (DSA), spinal tumor, or CSM with athetoid cere-
bral palsy were excluded from the study. All patients were
followed up for more than 1 year.

1. Indications

Surgical treatment was indicated for patients with cervical
myelopathy caused by spinal cord compression and cervical
instability. Preoperatively, all patients had signs and symp-
toms of long-tract involvement such as gait disturbance,
hand clumsiness, and hyperreflexia in the upper and lower
extremities. White and Panjabi [5] define the radiographic
instability of the cervical spine as a vertebral body slip
length >3.5 mm and a vertebral body angle change >11°
between adjacent vertebral bodies. Regardless of whether
the radiographic measurements of a patient met the above
criteria, we performed posterior fixation using CPS if the
patients’ symptoms were severe but with mild spinal cord
compression. We decided upon the extent of decompression
level and pedicle screw fixation segment by evaluating the
radiological instability and the existence of the spinal cord
compression by magnetic resonance imaging.

2. Operative technique

At first, CPSs were inserted into pedicles in the unstable
vertebral level using a computed tomography (CT)-based
navigation system (Stealth Station and Stealth Station
TREON, Medtronic, Sofamor Danek, Memphis, TN, USA).
Expansive open-door laminoplasty [6] was performed in
affected spinal cord levels. Holes were made using a 2-mm-
diameter diamond speed drill in each of the lamina, and a
suture was passed through the hole and tied to hinge the side
rod. After decortications were performed on the lateral mass
minced autologous bone was placed between the laminas
and lateral mass, and the suture was tied securely. Patients
were permitted to ambulate the day after surgery without a
neck collar.

3. Evaluation

1) Clinical outcomes

The Japanese Orthopedic Association (JOA) scoring
system [7] was used to evaluate cervical myelopathy be-
fore and immediately after surgery, and at the final follow-
up. The recovery rate was calculated using the method of
Hirabayashi et al. [6], which compares preoperative and
postoperative JOA scores according to the following equa-
tion: recovery rate (%) = (postoperative score — preoperative
score) x 100/(full score — preoperative score). The occur-
rence of surgical complications, surgical time, and blood
loss volume were also investigated.

2) Radiologic evaluation

Cervical sagittal alignment (i.c., the C2—7 lordotic angle)
was measured according to tangential lines on the poste-
rior edge of the C2 and C7 bodies from a lateral X-ray in a
neutral position. The range of motion (ROM) of the cervi-
cal spine was calculated using X-rays during flexion and
extension before and immediately after surgery, and at the
final follow-up. %ROM was calculated as follows: (postop-
erative ROM/preoperative ROM) x 100. Furthermore, the
percentage of slip and difference of slip angle between the
maximum flexion and maximum extension of unstable in-
tervertebrae were measured. The percentage of slip is the ra-
tio between the distance from a line parallel to the posterior
portion of the vertebral body just below the slipped vertebra
to a line parallel to the posterior portion of the slipped verte-
bral body and the anteroposterior dimension of the slipped
vertebra.

All patients underwent reconstruction CT scans (Siemens
SOMATOM Sensation ver. 16, Siemens Asahi Meditec
Inc., Shinagawa, Tokyo, Japan) of instrumented levels af-
ter surgery. Pedicle screw perforations of cervical pedicles
were evaluated by axial CT images with a slice thickness of
1.25 mm. Screw insertion status was classified as follows:
grade 1 (no perforation), the screw is accurately inserted in
pedicle; grade 2 (minor perforation), perforation of less than
50% of screw diameter; grade 3 (major perforation), perfo-
ration of 50% of screw diameter or more.

3) Statistical analysis

All data were analyzed using the Wilcoxon signed rank
test using SPSS ver. 20 (SPSS Japan Inc., IBM, Tokyo, Ja-
pan), and the level of statistical significance was set at p <
0.05.
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Table 1. Clinical profiles and details of surgical procedures

Age at

Duration of Involved Range of

Level of  Follow-up

¢ surgery (yr) Sex Preoperative symptom disease (mo)  level fusion  laminoplasty (mo)
1 85 M MH, GD, MD (B.ULL), SD 2 C3/4 C3-4 C3-6 12
(B.UL)
2 71 F MH, GD, BRD, MD (B.ULL), 12 C4/5 C3-5 C3-7 15
SD (B.UL)
69 M MH, MD (B.UL), SD (L.UL) C3/4 C3-4 C3-6 12
4 77 F MH, GD, MD (B.ULL), SD C4/5 C3-6 C3-6 19
(B.UL)
76 M MD (B.UL), N/A Cs/6 C5-6 C3-6 83
6 72 M MH, GD, BRD, MD (B.ULL), N/A C4/5 C3-7 C3-7 50
SD (B.ULL)
7 55 M SD(R.UL) N/A Co/7 C6-7 C3-7 60
75 M MH, MD (B.ULL), SD (L.UL) 4 Cs5/6 C5-6 C3-7 15
9 80 M MH, GD, BRD, MD (B.UL), 2 C3/4 C3-5 C3-5 12
SD (B.UL)
10 69 M MH, GD, MD (B.UL), SD 4 Cs/6 C4-6 C4-6 19
(B.UL)
11 78 F MH, GD, BRD, SD (L.UL) 96 C3/4 C3-4 C3-5 12
12 76 M MH, SD (B.UL) 4 C4/5 C4-6 C4-5 12
13 72 F MH, SD (B.ULL) C3/4 C3-6 C3-6 12

MH: Myelopathy hand, GD: Gait disturbance, MD: Motor deficit, B: Bilateral, ULL: Upper and lower limbs, SD: Sensory dis-
turbance, UL: Upper limb, BRD: Bladder and rectal disturbance, L: Left, R: Right, LL: Lower limb, N/A: Not available.

Results

The patients’ follow-up periods ranged from 12 to 83
months (mean, 25.6 + 23.3 months). The patients’ details
are shown in Table 1. A total of 55 CPSs from C2-7 were
inserted using the CT-based navigation system. The mean
number for the fused level was 1.8 intervertebral levels
(range, 1-4 levels): C3—4, n=3; C5-6,n=2; C6-7,n =
1;C3-5,n=2;C4-6,n=2; C3-6,n=2;and C3-7,n=1.
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Fig. 1. Preoperative and postoperative Japanese Orthopedic
Association (JOA) scores. The mean JOA score improved
significantly (p = 0.005) immediately after surgery and was
maintained to the final follow-up (p = 0.009). *p < 0.05.

The mean number for the laminoplasty level was 2.9 inter-
vertebral levels (range, 1 to 4 levels): C4-5,n=1; C3-5,n
=2;C4-6,n=1;C3-6,n=5;and C3-7,n=4.

1. Clinical results

The average surgical time was 225 minutes (range, 117 to
425 minutes). The average blood loss was 228 ml (range, 50
to 520 ml).

The mean JOA scores before and immediately after
surgery were 9.1 = 3.4 points (range, 2 to 15.5 points)
and 13.3 + 3.0 points (range, 7.5 to 16.5 points), respec-
tively. At the final follow-up, the mean JOA score was
12.6 + 3.3 points (range, 7.5 to 16.5 points). The mean JOA
score immediately after surgery was significantly improved
(p =0.005) and maintained to the final follow-up (p = 0.009)
(Fig. 1). The recovery rate was 55.9% (range, 36.7% to
84.2%) immediately after surgery, which was maintained at
47.1% at the final follow-up (range, -16.7% to 78.6%).
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2. Radiographic results

The mean C2-7 lordotic angle of the neutral position
changed from 8.8° = 11.0° (range, -10° to 20°) to 5.6° +
12.0° (range, -22° to 22°) immediately after surgery and 5.3°
+10.9° (range, -15° to 18°) at the final follow-up. Statistical
analysis did not show any significant difference between the
preoperative and immediately after surgery C2—7 angles (p
= 0.092). However, the mean C2-7 lordotic angle at the fi-
nal follow-up decreased significantly (p = 0.021). The ROM
of the cervical spine at C2—7 decreased significantly from

37.8° £ 10.9° (range, 21° to 51°) to 8.0° + 6.4° (range, 0° to
18°) (p =0.043); %ROM was 21.8% (range, 0% to 40.6%).

The mean percentages of slip of the unstable interverte-
brae were as follows: before surgery in flexion, 17.0% +
13.0% (range, 0% to 40%); in the neutral position, 9.1% +
15.2% (range, -23% to 40%); in extension, 5.5% + 12.7%
(range, -23% to 32%); immediately after surgery in the
neutral position, 3.2% + 9.3% (range, -20% to 17%); at the
final follow-up in the neutral position, 3.5% + 9.4% (range,
-20% to 21%). There were significant improvements imme-
diately after surgery (p = 0.017) and at the final follow-up (p
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Fig. 2. Preoperative and postoperative radiographic evaluation. The mean C2-7 lordotic angle of the neutral
position changed from 8.8° £ 11.0° to 5.6° + 12.0° at the final follow-up. The mean percentage of slip improved
significantly immediately after surgery (» = 0.0017) and at the final follow-up (» = 0.0017). “p < 0.05.

Fig. 3. Cervical spondylotic myelopathy in a 76-year-old man with instability (case 12). Preoperative radio-
graphs showed percentages of slip of 18%, 0%, and 0% in flexion, and the neutral and extension positions,
respectively; the slip angles were -11°, -1°, and 6°, respectively at the C4/5 level (A-D). Preoperative magnetic
resonance imaging indicated spinal cord compression and signal change at the C4/5 level (E).
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=0.017) compared with the neutral position before surgery
(Fig. 2). The difference in slip angle between the maximum
flexion and extension of unstable intervertebrae changed
from 9.0° + 5.5° (range, 2° to 20°) before surgery to 1.6° +
1.9° (range, 0° to 5°) at the final follow-up. The difference
in slip angle showed significant improvement (p = 0.043).
The rate of grade 3 pedicle screw perforations was 10.9%
(6/55), whereas the rate of grades 2 and 3 combined was
20.0% (11/55). Five screws were perforated laterally, and 6
were perforated medially. No newly developed neurologic
deficits occurred after surgery. No deaths occurred, or no
instrumentation-related neural or vascular injuries were
noted. One C5 palsy and 1 deep vein thrombosis occurred.

l

Fig. 4. Postoperative radiographs 1 year after surgery in case 12. Postoperative radiographs indicated accurate
penetration of the screws with good positioning. Cervical spinal alignment was good. The percentage of slip
was corrected to 0%. The range of motion of the cervical spine at C2—7 improved from 39° to 7°. There were
no neurovascular complications. Japanese Orthopedic Association score in the patient improved from 7.5 to 12
points 1 year after surgery.

All 10 patients that could be evaluated by CT more than 6
months after surgery achieved bony fusion. The reclosure
rate of laminoplasty was measured at 0%.

3. Case presentation

Cervical spondylotic myelopathy in a 76-year-old man
with instability (case 12). Preoperative radiographs showed
percentages of slip of 18%, 0%, and 0% in flexion, and the
neutral and extension positions, respectively; the slip angles
were -11°, -1°, and 6°, respectively. Preoperative magnetic
resonance imaging indicated spinal cord compression and
signal change at the C4/5 level (Fig. 3). Postoperative ra-

—
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diographs indicated accurate penetration of the screws with
good positioning. Cervical spinal alignment was good. The
percentage of slip was corrected to 0%. The range of mo-
tion of the cervical spine at C2—7 improved from 39° to 7°.
There were no neurovascular complications. JOA score in
the patient improved from 7.5 to 12 points 1 year after sur-
gery (Fig. 4). Postoperative computed tomography shows
that pedicle screws were inserted bilaterally into C3 and CS5.
Bilateral C3 and C5 pedicle screws were accurately inserted
into the pedicles (Fig. 5). Operative photo was shown in
Fig. 6.

Discussion

Cervical fusion and spinal cord decompression are re-
quired for patients having myelopathy with cervical insta-
bility. In such cases, ADF or laminectomy with lateral mass
screw fixation has been performed [8]. Cervical spine fixa-
tion using CPSs was first reported by Abumi et al. [9] and
Jeanneret et al. [10] in 1994. Both reports describe cases
of cervical instability caused by cervical trauma. Cervical
spine fixation by CPS was introduced as a procedure for
treating cervical instability of the middle and/or lower cervi-
cal spine caused by trauma; the importance of fixation by
CPS for posterior cervical decompression and reconstruc-
tion was subsequently reported [11,12].

The indications for CPSs have since been extended and
now include symptoms such as RA, DSA, and spinal tumor
[13-15]. Moreover, CPSs can achieve rigid fixation bet-
ter than other cervical fixation methods [16,17] and can be
combined with posterior spinal cord decompression. The

strong initial fixation eliminates the necessity of postop-
erative external fixation such as a halo vest or neck collar.
Furthermore, patients can stand up and walk shortly after
treatment. In our study, this procedure maintained rigid fixa-
tion postoperatively and improved clinical symptoms [18].
However, CPS insertion is technically difficult because the
cervical pedicle diameter is narrow, especially from C3 to

6. Neurovascular complications, including vertebral artery

in a female with instability was treated with cervical pedicle
screw fixation in the bilateral C3, left C4, and right C5,
combined with left open C3-6 laminoplasty.

Fig. 5. Postoperative computed tomography. Pedicle screws were inserted bilaterally into C3 and CS5. Bilateral
C3 and C5 pedicle screws were accurately inserted into the pedicles.
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tear, spinal cord injury, and nerve root injury, may occur [19].
To achieve more accurate and safe CPS insertion, our insti-
tution employs a CT-based navigation system [20,21].

In previous reports, the recovery rates of JOA scores
ranged from 38.8% to 72.4% after ADF [22,23], 67% after
laminoplasty and lateral mass screw fixation [24], and 61%
after laminoplasty and CPS fixation [25]. The recovery rates
of JOA scores in the present study are similar to those re-
ported previously; there are only small differences in cervi-
cal fixation procedures between the studies.

Kyphotic changes in the cervical spine after cervical spi-
nal surgery are well known regardless of anterior and pos-
terior procedures. Cabraja et al. [26] report that the loss of
correction is higher in anterior procedures than in posterior
ones. In our study, the C2—7 lordotic angle decreased sig-
nificantly from the period before surgery to the final follow-
up.

Due to severe spinal degeneration and the small anatomi-
cal size of the vertebra for CSM patients, CPS placement
procedures are very technically demanding and pose the
potential risk of neurovascular injuries. We perform CPS
insertions with a CT-based navigation system to avoid neu-
rovascular injuries and have achieved good results [18,20].
The previously reported perforation rates of CPS for RA,
DSA, and spinal trauma are 0% to 22% [20,27], 6.1% [28],
and 3.9% to 9.2% [29], respectively. Although the perfo-
ration rate in the present study is slightly higher than that
reported previously, there were no serious complications.
In our previous report comparing pedicle screw perforation
rate with regard to the disease, the perforation rate for CSM
was higher than those for spinal tumor, RA, and DSA [18].
However, strong deformities were observed, and pedicles
sometimes became osteosclerotic in CSM patients. There-
fore, the probe could not be inserted easily, which resulted
in perforation despite the use of the CT-based navigation
system. We should be careful not to cause perforations when
inserting CPSs in CSM patients even if we use the CT-based
navigation system. To avoid perforations in such conditions,
the pedicle should be skipped or the fixation method should
utilize a lateral mass screw or sublaminar cable.

This study has certain limitations, including the lack of a
control group, the small number of patients, and short-term
follow-up. However, we achieved good improvement of
both clinical and radiological results in this study without
worsening the patients’ symptoms. Furthermore, lamino-
plasty with CPS is advantageous compared to laminectomy
with fusion because of reduced postoperative epidural scar-

ring.

Conclusions

Posterior CPS fixation combined with laminoplasty
improved both clinical and radiological results in CSM pa-
tients with instability in this study without any instrument-
related neurovascular complications. This method has been
shown to be an effective surgical procedure for treating
CSM patients with cervical spinal instability.
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