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Abstract

Background
The purpose of this study was to report the outcomes of combined open-door laminoplasty with bilateral lateral mass screw �xation
for traumatic unstable multilevel cervical stenosis.

Methods
Data from 11 patients who underwent combined open-door laminoplasty with bilateral lateral mass screw �xation for multilevel
cervical stenosis with traumatic cervical instability and spinal cord injury between July 2016 and January 2020 were retrospectively
reviewed. Patients treated via the anterior approach and those who did not undergo open-door laminoplasty were excluded.
Neurological functional recovery was evaluated using the pre- and postoperative Japanese Orthopaedic Association (JOA) scores
and Nurick scores.

Results
All patients underwent operative treatment without neurovascular complications. The average duration of follow-up was 26 months
(range, 24 to 30 months). The mean JOA score improved from 5.0 ± 2.68 preoperatively to 12.54 ± 4.39 at �nal follow-up, and the
mean JOA recovery rate was 61.5%. The mean Nurick disability score decreased from 3.27 ± 1.42 preoperatively to 1.45 ± 1.21 at �nal
follow-up. Signi�cant neurogenic recovery was indicated by both the JOA score (t=-4.86, p = 0.000) and the Nurick disability score (t = 
3.22, p = 0.009). All patients achieved bone union of cervical fractures and fusion at an average of 3.5 weeks postoperatively (range,
12–16 weeks). No patient had segmental instability, laminar collapse, or internal �xation failure on postoperative radiographs.

Conclusion
Our �ndings suggest that combined open-door laminoplasty with lateral mass screw �xation achieves satisfactory cervical function
in select patients with traumatic unstable multilevel cervical stenosis and spinal cord injury.

Background
Multilevel (more than three levels) cervical spondylotic myelopathy caused by ossi�cation of the posterior longitudinal ligament or
disc herniation is a common disease, and requires surgical treatment in patients with severe symptoms [1]. Surgery is performed via
either the anterior or posterior approach. Degenerative multilevel cervical spondylotic myelopathy is most commonly treated using
laminectomy with or without screw �xation and laminoplasty through the posterior approach [1, 2]. However, the optimal surgical
technique for treating multilevel cervical stenosis caused by cervical spondylotic myelopathy with traumatic instability and spinal
cord injury remains controversial [3–5].

In 2013, Son et al. [6] reported the successful combined use of open-door laminoplasty with unilateral screw �xation on the hinged
side in six patients with unstable multilevel cervical stenosis, spinal cord signal changes, and cervical instability or kyphotic
deformity. However, few studies have evaluated the combined use of bilateral lateral mass screw �xation and open-door laminoplasty
for multilevel cervical stenosis with spinal cord injury. The present study aimed to evaluate the clinical application of open-door
laminoplasty in combination with bilateral lateral mass screw �xation in patients with traumatic spinal cord injury and unstable
multilevel cervical stenosis.

Methods
Between July 2016 and January 2020, 70 consecutive patients underwent cervical internal �xation and decompression of traumatic
cervical instability via the posterior approach performed at our institution by an experienced orthopedic surgeon (G.Y.L). Eleven of 70
patients underwent combined open-door laminoplasty with bilateral lateral mass screw �xation for multilevel cervical stenosis with
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traumatic cervical instability and were included in the present study. Patients treated via the combined anterior approach and those
who did not undergo open-door laminoplasty were excluded.

The study protocol was approved by the Ethical Review Board of Ningbo No. 6 Hospital (approval no. L2022068). After reviewing the
medical records and radiographs in our electronic medical record and imaging databases, we invited all patients who met the study
inclusion and exclusion criteria to return to our hospital for follow-up clinical and radiographic evaluation. No patients were lost to
follow-up.

All patients underwent routine computed tomography (CT) and magnetic resonance imaging (MRI) before surgery. CT was performed
to identify small fractures. MRI was used to diagnose multilevel spinal cord compression and showed that no patient in the present
cohort had posterior disc herniation compressing the anterior spinal cord. Dynamic plain radiography was not used to con�rm
segmental instability because all patients had traumatic injuries of the cervical ligaments or cervical vertebral fractures. Speci�c
information for each patient is shown in Table 1.
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Table 1
Presentation of the reviewed patients from this series.

Patient

No.

Age Gender Diagnosis Laminoplasty
level

Screw
�xation
level

Nurick
score
before
surgery

JOA
scores
before
surgery

Follow-
up

(months)

Nurick
score
during
follow-
up

JOA
score
during
follow-
up

1 67 Male Multi-level
cervical canal
stenosis Kyphotic
deformity
Cervical cord
injury

C2-6 C3-7 2 6 24 1 16

2 55 Male Multi-level
cervical canal
stenosis C5/6
facet fracture
ALL injury
Cervical cord
injury

C3-7 C3-7 5 5 30 1 15

3 70 Male Multi-level
cervical canal
stenosis C4-7
fractures Cervical
cord injury

C3-7 C4-T2 5 3 26 1 13

4 68 Male Multi-level
cervical canal
stenosis C5/6
fracture and
dislocation
Cervical cord
injury

C3-7 C3-T1 5 0 28 5 0

5 58 Male Multi-level
cervical canal
stenosis OPLL
ALL injury
Cervical cord
injury

C3-6 C2-6 2 5 25 1 14

6 67 Male Multi-level
cervical canal
stenosis C5
fracture Cervical
cord injury

C3-7 C4-6 3 11 26 2 14

7 50 Male Multi-level
cervical canal
stenosis ALL
injury Cervical
cord injury

C3-7 C4-6 2 5 27 1 15

8 51 Female Multi-level
cervical canal
stenosis ALL
injury Cervical
cord injury

C3-7 C4-5 3 6 24 1 14

9 65 Male Multi-level
cervical canal
stenosis
Spondylolisthesis
C4-5 ALL injury
Cervical cord
injury

C3-6 C5-6 2 6 26 1 12
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Patient

No.

Age Gender Diagnosis Laminoplasty
level

Screw
�xation
level

Nurick
score
before
surgery

JOA
scores
before
surgery

Follow-
up

(months)

Nurick
score
during
follow-
up

JOA
score
during
follow-
up

10 58 Male Multi-level
cervical canal
stenosis C5 tear-
drop fracture
Cervical cord
injury

C3-7 C4-6 2 5 30 1 11

11 69 Female Multi-level
cervical canal
stenosis
Spondylolisthesis
C4-5 ALL injury
Cervical cord
injury

C3-7 C3-6 5 3 26 1 14

Mean 59.8 - - 4.9 4 3.2 5 26.5 1.4 12.5

Operative Technique
The operative details varied depending on the surgical indication, need for decompression and �xation, and number of levels to be
included in the spinal construct. Somatosensory-evoked potentials were monitored during surgery to record basic data and detect any
iatrogenic spinal cord injury. All patients were placed in the prone position with their head and cervical spine maintained in neutral
position using a May�eld head holder. For patients with unstable cervical spine fractures, Gardner-Wells skull traction tongs were
used to reduce the fracture and maintain the alignment of the cervical spine. The spinous processes, laminae, and lateral masses of
the posterior cervical spine were exposed in the usual manner.

Posterior open-door laminoplasty was performed using the Hirabayashi technique with titanium miniplates [7]. The side with the most
severe symptoms was used as the open side. A high-speed drill was used to create bilateral channels. Before opening the laminae,
screws were placed bilaterally and a rod was inserted on the hinged side. Fixation constructs that included C2, C7, T1, and T2 were
stabilized with pedicle screws using a previously described technique [8, 9]. For �xation constructs that included the C3–C6 levels,
lateral mass screws were placed bilaterally using the technique described by Magerl et al. [10]. The laminae were then opened and
�xed in elevated positions using titanium miniplates. Another rod was inserted and �xed on the open side. Finally, the articular
cartilage of the facet joints at the screw �xation levels was decorticated using a high-speed drill. Bone chips obtained from the
spinous processes or laminae were placed within the joint interfaces.

Postoperative Management And Evaluation
All patients were immobilized with a rigid cervical collar for 12 weeks postoperatively. The postoperative evaluation, including the
clinical examination and radiographic evaluation, was performed by an independent observer. Radiographs and CT images were
obtained in the immediate postoperative period to con�rm the optimal positioning of all instrumentation. At 3–5 months
postoperatively, follow-up anteroposterior and lateral radiographs of the cervical spine were obtained to assess the fracture union and
instrumentation problems. Fusion was evaluated on dynamic radiographs. If the fusion could not be adequately assessed on
radiographs, reconstructed CT images were obtained. When necessary, postoperative MRI was performed to verify the enlargement of
the spinal canal and decompression of the spinal cord.

The overall neurological functional result was evaluated using the pre- and postoperative Japanese Orthopaedic Association (JOA)
scores and Nurick scores [11]. The JOA recovery rate was calculated from the JOA score data [11].

Data analyses were performed with SPSS 18.0 (SPSS Inc., Chicago, IL). Data are presented as the mean ± standard deviation for
continuous variables. The unpaired Student t-test was performed to compare the pre- and postoperative JOA and Nurick scores. All p
values were two-sided and values less than 0.05 were considered statistically signi�cant.
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Results
The clinical results are summarized in Table 1. The study cohort comprised nine men and two women with a mean age of 61.6 ± 7.4
years. All patients underwent operative treatment without neurovascular complications(Fig. 1). The average duration of follow-up was
26 months (range, 24 to 30 months).

The mean JOA score improved from 5.0 ± 2.68 preoperatively to 12.54 ± 4.39 at �nal follow-up, and the mean JOA recovery rate was
61.5%. The mean Nurick disability score decreased from 3.27 ± 1.42 preoperatively to 1.45 ± 1.21 at �nal follow-up. Except for patient
4 who did not show any recovery from a complete cervical spinal cord injury, the overall cohort achieved neurogenic recovery
indicated by signi�cant pre- to postoperative improvements in both the mean JOA score (t=-4.86, p = 0.000) and mean Nurick
disability score (t = 3.22, p = 0.009).

All patients achieved bone union of cervical fractures and fusion at an average of 3.5 weeks (range, 12–16 weeks). No patient had
segmental instability, laminar collapse, or internal �xation failure identi�ed on postoperative radiographs. There were no patients with
serious persistent neck pain, neurological impairment, infection, or C5 nerve palsy.

Discussion
To our knowledge, this is the �rst reported case series of traumatic unstable multilevel cervical stenosis and spinal cord injury treated
with open-door laminoplasty and screw �xation. The main �ndings of the present study were: (1) this combined surgical technique
was indicated in select patients with multilevel cervical stenosis associated with traumatic cervical instability and spinal cord injury;
(2) bilateral posterior cervical screw �xation did not interfere with laminoplasty.

Laminectomy or laminoplasty are the usual treatments of choice for multilevel cervical stenosis caused by cervical spondylotic
myelopathy involving more than three levels [12–15]. Posterior laminectomy is widely used to achieve spinal cord decompression in
patients with cervical canal stenosis. However, in patients with cervical spondylotic myelopathy and unstable vertebral fractures,
posterior laminectomy may aggravate the cervical instability by destroying the posterior structures [12, 13]. Although the use of lateral
mass screw �xation in combination with laminectomy reinforces the cervical stability, this results in substantial postoperative
scarring [16].

The main aim of laminoplasty is to widen the spinal canal to achieve posterior decompression of the spinal cord. Open-door
laminoplasty is a common laminoplasty technique that has advantages such as minimal scarring, early ambulation, and preservation
of the range of motion of the cervical spine, and is recommended for degenerative multilevel cervical stenosis [17–19]. However,
multilevel cervical stenosis may be associated with traumatic cervical fractures and ligament injuries. Laminoplasty cannot provide
spinal stability or maintain the alignment of the cervical spine [17–19], and some patients may even develop chronic progressive
kyphosis after laminoplasty [19]. Therefore, laminoplasty alone is not effective for patients with traumatic instability because of
cervical fractures or ligament injuries; such patients require additional screw �xation to reinforce the stability of the cervical spine [6,
16, 18, 20, 21].

Posterior cervical �xation is most commonly achieved via bilateral lateral mass screw insertion and bony fusion [9, 10]. Laminoplasty
in combination with uni- or bilateral lateral mass screw �xation provides immediate postoperative stabilization and enables early
ambulation [20, 21]. Son et al. [6] successfully treated unstable multilevel cervical stenosis with combined open-door laminoplasty
and unilateral screw �xation on the hinged side. Tang et al. [22] reported that 20 patients with multilevel cervical spondylotic
myelopathy and short-segment instability or correctable local kyphosis who underwent expansive open-door laminoplasty with
bilateral lateral mass instrumented fusion showed no implant loosening or laminar collapse on radiographic follow-up. Su et al. [16]
reported that expansive open-door laminoplasty in combination with either uni- or bilateral C4–C6 lateral mass screw �xation and
fusion without titanium miniplates to avoid door closure achieved satisfactory clinical outcomes in patients with cervical spondylotic
myelopathy. We prefer to perform bilateral lateral mass screw �xation on both the open and hinged sides for the following four
reasons. (1) It is convenient to place bilateral lateral mass screws and insert a rod on the hinged side before opening the laminae. (2)
Lateral mass screws do not usually impede the insertion of titanium miniplates on the open side. (3) Bilateral lateral mass screw
insertion may achieve better stability than unilateral �xation. The technique used in the present study achieves immediate stability
and removes the need for additional anterior �xation and fusion. A previous study comparing the biomechanical stability of
laminoplasty with unilateral lateral mass screw �xation, laminoplasty with bilateral �xation, laminectomy with bilateral �xation, and
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laminectomy alone reported that laminectomy alone did not provide stabilization, while laminoplasty with bilateral stabilization
provided maximal stabilization [21]. Furthermore, the reported fusion rates are 67% after unilateral lateral mass screw �xation and
92% after bilateral lateral mass screw �xation [18]. (4) The application of internal �xation after laminoplasty may effectively maintain
cervical lordosis [20, 22].

The patients included in the present study achieved bone union of cervical fractures and overall good or excellent neurogenic recovery
results. The mean JOA recovery rate was 61.5% and the mean Nurick grade improved by 1.5 (from 3 preoperatively to 1.5 at �nal
follow-up). The outcomes of our cohort were comparable to or better than those reported in previous studies with similar patient
populations. For example, Su et al. [16] reported a signi�cant improvement in the mean JOA score from 10.07 ± 2.39 preoperatively to
12.85 ± 2.45 at �nal follow-up after expansive open-door laminoplasty with uni- or bilateral lateral mass screw �xation in 110 patients
with cervical spondylotic myelopathy.

The present study has some limitations. First, the study cohort comprised a small number of patients with speci�c conditions.
Second, the study was a retrospective case study. The �ndings require con�rmation in a prospective study that compares different
surgical procedures. There is also a need to evaluate the biomechanical outcomes and accurately determine the indications for the
surgical technique used in the present study.
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Figures

Figure 1
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shows the pre- and postoperative images of a 70-year-old man with multilevel cervical canal stenosis, C4 fracture, and cervical cord
injury treated with C3–C7 open-door laminoplasty combined with screw �xation and fusion of C2–C6 (patient 11 in Table 1). The
patient’s respective JOA and Nurick scores improved from 3 and 5 preoperatively to 14 and 1 at 2 years postoperatively; the JOA
recovery rate was 78.5%. (A) Preoperative lateral radiograph showing a burst fracture of C4. (B) Preoperative sagittal CT image. (C)
Preoperative sagittal T2-weighted magnetic resonance image showing C4–C6 cervical canal stenosis, C4 fracture, and cervical cord
injury. (D) Postoperative axial CT image. (E) Postoperative three-dimensional reconstructed CT image showing correct positioning of
the C2 pedicle screws and C3–C6 lateral mass screws. (F) Lateral radiograph showing intact hardware and stable �xation at 24
months postoperatively.


