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ABSTRACT

All patients were acute, multi-segment cervical spinal cord compression injury secondary to subaxial cervical spine fracture. These
patients underwent emergency posterior cervical pedicle screw-rod/plate instrumentation combined with unilateral open-door
laminoplasty. Well-placed pedicle screws and good cervical canal dilation were achieved in all patients, as assessed by radiography.
Patients were followed up for 6-10 months and showed at least one class improvement in spinal impairment. These cases suggest
that simple posterior cervical pedicle screw-rod/plate instrumentation combined with extensive unilateral open-door laminoplasty
could repair acute, multi-segment cervical spinal cord compression injury secondary to subaxial cervical spine fracture if the cervical

spine sequence is well preserved and does not require restoration.
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B INTRODUCTION

t is technically challenging to manage a multi-segment cer-
Ivical spinal cord compression injury secondary to subaxial

cervical spine fracture (5). Commonly used techniques in-
clude anterior cervical spinal cord decompression (corpec-
tomy) and screw-plate instrumentation, as well as posterior
decompression with lateral mass fixation (5).

Anterior subtotal corpectomy and screw-plate instrumentation
with bone grafting or titanium mesh interbody fusion (IBF)
is effective for treating single-level cervical vertebra body
fracture (5). However, anterior multi-segment IBF has been
associated with a high risk of failure in patients with multi-
segment fractures, with long bone graft or titanium mesh
implantation (12). Anterior instrumentation might carry a
higher risk of surgical morbidities (3).

We describe the surgical technique, clinical outcome and
follow-up of five patients with acute cervical compression
SCI secondary to subaxial cervical spine fracture who
underwent posterior cervical pedicle screw-rod or screw-
plate instrumentation combined with unilateral open-door
laminoplasty.

B CASE REPORTS

All five patients were male, median age 53 years (range 26-
60) (Table I) who were hospitalized for multi-segment cervical
compression SCI secondary to cervical spine fracture. Three
of 5 patients showed an ASIA class of B prior to surgery and 2
of 5 patients was classified as ASIA class C.
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Surgical Technique

The patient was positioned prone using a Mayfield head clamp.
The neck was placed in the neutral flexion-extension position.
A posterior median incision was made to expose the spinous
processes, laminae and lateral masses of the target segments,
and the spinous processes were trimmed for further bone
harvest. Cervical pedicle screws were manually inserted at a
length of 26-28 mm using the anatomical positioning method
under the guidance of lateral fluoroscopy (7). The cartilage
surface of the articular facet joint to be fixed was removed
with a rongeur and curette, and the fragmented bones were
implanted. An appropriate-sized rod or plate was pre-curved
to the physiological cervical curvature and was tightened in
situ. The pedicle screws were all fixed on the normal vertebral
body. For vertebral body fracture, an additional pedicle
screw was inserted in the unilateral pedicle, while the side of
vertebral body and pedicle were left intact. The bone fracture
lines involving the bilateral sides of a vertebral body were left
unfixed. Multi-segment, open-door unilateral laminoplasty
was concomitantly performed according to the magnetic
resonance imaging (MRI) results demonstrating the degree
and range of spinal cord compression. Normally, 4-6 laminae
were decompressed with one extra-decompressed segment
beyond the compressed segment, both superiorly and
inferiorly. A #10 silk suture (Shanghai Medical Suture Needle
Factory Co., LTD, Shanghai, China) was pulled through a hole
drilled in the root of the spinous process onto the hinged-side
articular sac or tied underneath the hinged-side rod or plate.

Outcome

Four of 5 patients (Case 2: Figure 1A-D; Case 4: Figure 2A-D)
showed an ASIA class of D and 1 patient was ASIA class C
(Table I). No patient exhibited worsening neurological symp-
toms, and none complained of dizziness, headache, con-
sciousness alteration, hemiplegia or other vertebral-basilar
artery ischemia-associated symptoms. Postoperative antero-
posterior and lateral cervical radiography revealed well-placed
screws and opened spinal canals in all patients. No compli-

cation occurred. All five patients exhibited improvements in
limb neurological motor-sensory function during follow-up as
detailed below.

B DISCUSSION

This case series describes the indications, operative technique
and treatment outcome of posterior cervical pedicle screw-
rod/plate instrumentation combined with unilateral open-door
laminoplasty in patients with acute, multi-segment cervical
spinal cord compression injury secondary to subaxial cervical
spine fracture.

Multi-segment spinal cord compression injury is normally
refractory to conventional surgery. Lateral mass screw-plate
or screw-rod instrumentation has generally been used for
posterior cervical spine fixation and fusion. Insertion of lateral
screw required a 10° to 25° camber and resulted in a relatively
medial placement of the screw tail, which could interfere with
laminoplasty. Therefore, in most cases laminoplasty has to
be performed prior to the lateral screw insertion and screw-
rod instrumentation. However, since the spinal dura mater is
already exposed during the laminoplasty, a catastrophic result
of spinal cord injuries may be caused by surgical instruments
or tools slipping into the spinal canal (15), which has restricted
the use of posterior cervical laminoplasty combined with
lateral mass fixation. In addition, failed screw insertion is
incurable due to the small volume of lateral mass, and is more
frequent in patients with osteoporosis.

Cervical pedicle screw instrumentation achieved greater bio-
mechanical stability than any other cervical internal fixation
techniques, including anterior plating combined with posterior
lateral mass fixation (8). Pedicle screw placement requires an
approximately 45° angle with the screw tail laterally located in
order to prevent any interference with subsequent laminoplas-
ty. This allowed the screw-rod instrumentation to occur prior
to the laminoplasty and consequently minimized the risk of iat-
rogenic spinal cord injury (SCI) caused by instrument or tools
impingement (16). The fixation range of the posterior pedicle

Figure 1: A 53-year-old male suffered from C6-7 lamina fracture as shown on CT (A), with complicating herniation of the C4-7 discs,
C4-7 multi-level spinal cord compression and extensive spinal cord edema on MRI (B). ASIA was Class B. The patient underwent C5-7
pedicle screw instrumentation and posterior C3-7 unilateral open-door laminoplasty (C and D) 10 days after SCI. Follow-up at 7 months
showed that the neurological function was improved to ASIA Class D.
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Figure 2: A 40-year-old male experienced acute fracture of
the C6 vertebrae without displacement (A) and OPLL of C4
(B) with multiple segment compression, cervical spinal cord
edema (C), and was ASIA Class D. Surgery: C3-7 unilateral
open door laminoplasty and C4-T1 pedicle instrumentation
(D). Because the left side of the C6 pedicle was intact, we
inserted an additional pedicle screw into the fractured C6 to
enhance instrumentation stiffness. Follow-up at 10 months
after surgery did not show that the neurologic function was
improved, and an ASIA class D was achieved.

screw was dependent on the extension of the vertebral body
or laminal fracture involving non-fractured, stable vertebra in a
relatively flexible way from C2 toward the thoracic vertebrae.
Liu et al. reported the outcomes of 25 patients with cervical
spine instability undergoing posterior C3 - C7 single/double
door laminoplasty and free-hand cervical pedicle screw (CPS)
fixation as well as graft fusion (9). During the follow-up, fused
segments were stable and no neurovascular complications
were observed.

Pedicle screw instrumentation combined posterior lamino-
plasty might provide sufficient decompression and cervical
stability for cervical spondylotic myelopathy patients with
multi-segment spinal cord compression and cervical instabil-
ity (6,16). In the posterior approach, a single incision allowed
concomitant decompression and fixation without any proce-
dural conflict. Using bone harvest from spinous processes
allowed surgery to be performed at only one place, without
the need to harvest iliac bone. For cervical spondylotic my-
elopathy accompanying local kyphosis or segmental instabil-
ity, combined procedure of posterior reconstructive surgery

using a pedicle screw instrumentation provided better clinical
outcomes than laminoplasty alone (1). As in a previous study
(10), our patients achieved a good recovery.

In case of reactive edema of spinal cord after SCI, there is
an increase in the transverse diameter of the cervical spinal
cord, which could result in further spinal cord compression
(11). Posterior extensive laminoplasty can achieve greater
decompression compared with its anterior counterpart (4).
However, for patients with extensive spinal cord edema,
anterior decompression can hardly achieve good outcomes
since patients’ spinal cords are extensively compressed (13).
Concomitant laminectomy can eliminate the compression
induced by fractured lamina on the cervical spinal cord in the
presence of multi-segment lamina fracture.

Early stable cervical immobilization accelerates cervical SCI
recovery and facilitates airway management (17). Cervical
pedicle screw-rod instrumentation achieved a better biome-
chanical stabilizing effect than other cervical internal fixa-
tion techniques (8). It was reported that cervical spondylotic
myelopathy secondary to multi-segment cervical spinal cord
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compression was better treated using posterior laminoplasty
as opposed to anterior cervical decompression (14).

For cases of subaxial cervical spine fractures, pedicle screw-
rod instrumentation combined with laminoplasty is suitable for
those with multi-segment fractures and spinal cord compres-
sions or those with cervical fractures complicated by develop-
mental or degenerative cervical stenosis and multi-segment
spinal cord compressions, and in particular those with lateral
mass fractures (they can not take lateral mass screw-rod in-
strumentation) and those suffering from osteoporosis (lateral
mass screw-rod instrumentation often fails in such patients);
however, for cases of single segment spinal cord compression
or burst fractures, anterior cervical corpectomy and fusion is
recommended.

There were limits of this approach.

Clinicians worry about the possible risks of damages to the
spinal cord, nerve root and vertebral artery caused by vertebral
pedicle screw instrumentation with free hands; however,
Abumi et al. reported their experiences of 712 screws manual
insertion into the cervical pedicle and the complication of that
was no difference with cervical lateral mass screw insertion.
(2), and a significantly lower incidence rate of screw loosening
in the former, after comparing the complications related to
vertebral pedicle screw instrumentation and those associated
with cervical lateral mass plate fixation were reported by
the correlative studies. However, for patients with vertebral
artery abnormalities or scleroses, injuries of the vertebral
artery and the secondary risk of brainstem infarction should
also be concerned during pedicle screw instrumentation;
therefore, vertebral artery abnormalities or scleroses are the
contraindications of this approach, while CTA (CT angiogram)
or MRA (MR angiogram) for the vertebral arteries should
be performed preoperatively to exclude abnormalities or
scleroses of the vertebral artery. In addition, for patients with
vertebral pedicle fracture, pedicle screw instrumentation
cannot be done either.

Vertebral pedicle screw instrumentation with free hands is
a hard technique to the surgeons. There will be a learning
curve for them to gain considerable experiences before they
can judge the accuracy of screw instrumentation. Moreover,
since the head end metal frame of the operating table will
shelter the X-ray, anteroposterior radiographs are unavailable
intraoperatively and experienced surgeons are required to
judge the accuracy of screw insertion based on the lateral
radiographs and other indices. In addition, since lateral X-rays
are shelter by the shoulder, screws fixated at the C7-T1 levels
can hardly be revealed, which again makes the experienced
surgeons a necessity during judging the accuracy of screw
instrumentation based on the other indices.

B CONCLUSION

For patients with preserved cervical alignment, simple poste-
rior cervical pedicle screw-rod or screw-plate instrumentation
with extensive laminoplasty is an option treatment for subaxial
cervical multi-segment vertebral body or lamina fracture or
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single-segment vertebral body fracture complicated by multi-
segment spinal cord compression and degenerative cervical
stenosis. Further larger studies are necessary to assess the
efficacy and safety of this approach.
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