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Posterior Cervical Fixation with Nitinol Shape Memory
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the Patients with Three Column Injury of the Cervical
Spine : Preliminary Report
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Objective : The authors reviewed clinical and radiological outcomes in patients with three column injury of the cervical spine who had
undergone posterior cervical fixation using Nitinol shape memory alloy [oop in the anterior-posterior combined approach.

Materials : Nine patients were surgically treated with anterior cervical fusion using an iliac bone graft and dynamic plate-screw system, and the
posterior cervical fixation using Nitinol shape memory loop (Davydov™) at the same time. A retrospective review was performed. Clinical
outcomes were assessed using the Frankel grading method. We reviewed the radiological parameters such as hony fusion rate, height of iliac
bone graft strut, graft subsidence, cervical lordotic angle, and instrument related complication.

Results : Single-level fusion was performed in five patients, and two-level fusion in four. Solid bone fusion was presented in all cases after
surgery. The mean height of graft strut was significantly decreased from 20.46 +9.97 mm at immediate postoperative state to 18.87 - 8.60 mm
at the final follow-up period {p<0.05). The mean cervical lordotic angle decreased from 13.83::11.84° to 11.37 +6.03° at the immediate
postoperative state but then, increased to 24.39 +9.83° at the final follow-up period {p<0.05). There were no instrument related complications.
Conclusion : We suggest that the posterior cervical fixation using Nitinol shape memory alloy loop may be a simple and useful method, and be

one of treatment options in anterior-posterior combined approach for the patients with the three column injury of the cervical spine.
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INTRODUCTION

Three column injury of cervical spine usually requires
360 degree fusion using anterior-posterior combined
approach'®. The anterior or posterior approach alone
would lead to the failure in stabilizing the three column
injury due to inscrumentation failure'®. The goal of
anterior-posterior combined approach is to provide struc-
tural stability until a solid bone fusion is obtained. There
are many techniques of posterior cervical fixation and
fusion. In the middle to lower cervical area, various poste-
rior cervical fixation methods such as wiring, laminar
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clamp, pedicle screw, and lateral mass screw have been used
frequently® 121510

Recently, shape memory alloy has been used in spine
surgeries”'?. The Nitinol is an alloy of nickel and titanium
that belongs to a class of marerials called shape memory
alloys. The Nitinol implant has high elasticity and
flexibility (below 10°C) or rigidity (above 30°C) according
to temperature change”. The shape memory alloy loop has
been applied to the thoracic and lumbar regions of the
spine™'?. We tried to use Nitinol shape memory alloy loop
in the posterior cervical fixation. The authors reviewed
clinical and radiological outcomes in patients with the three
column injury of the cervical spine who had undergone
posterior cervical fixation using Nitinol shape memory
alloy loop (Davydov™) in the anterior-posterior combined
approach. The purpose of this study is to evaluate the
usability of posterior cervical fixation with Nitinol shape
memory alloy in the anterior-posterior combined approach.
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MATERIALS AND METHODS

Patient Population

The authors reviewed retrospectively the medical records
and radiological data. From January 2005 to Pebruary
2006, thirty-two patients with cervical three column injury
were surgically treated at our institution. Among these,
eleven patients underwent anterior cervical fusion and
posterior cervical fixation with Nitinol shape memory alloy
loop (Davydov'™, KIMPF-DI Fixing system; CJSC
KIMPEF Co., Seoul, Korea). We excluded the patients who
were not followed more than twelve month and had high
cervical injuries (C1-2). A total of nine patients were en-
rolled in this study. There were 7 male and 2 female and
the mean age was 45.3 years (Table 1). All nine patients
had three column injury of the middle to low cervical area
after trauma. We treated those patients surgically with
anterior cervical fusion using iliac bone graft and dynamic
plate-screw system (Atlantis'™, Medtronic Sofamor Danek,
Memphis, Tennessee), and posterior cervical fixation using
Nitinol memory loop at the same time.

Surgical technique?

First, we applied Gardner tong to patient’s head for
reduction of misaligned cervical spine. After reduction, we
performed anterior cervical fusion using autologous iliac
bone graft and dynamic plate-screw system with usual
manners in supine position. Then, the patient’s position

Table 1. Demographic and clinical results summary
Parameter
Number of patients (male : female)
Mean age in year
Trauma mode

Value
9(7:2)
453%12.5 (32-72)

Troffic accident 6
Fall down 3
Mean follow-up period (months) 16.6+3.8(12-23)
Affected level
Fracture and dislocation
C3—-4 1
C5-6 1
C6~7 2
Cc7-T 1
Burst fracture
C4 1
C5 3
Cord injury
Complefe b
Incomplete 3
Bone fusion after surgery (%) 9 (100%)

Surgery reloted complication Transient recurrent laryngeal

nerve palsy—1 case

was changed to a prone position. A midline linear incision
and exposure was made from the upper lamina to the lower
lamina of the affected level. A very minimal skeleonization
of the lamina and spinous processes were performed. Temn-
plate measuring instruments were used to calculate the
exact size of the Nitinol memory loop. After selection of the
proper fixating loop, it was lifted by forceps and cooled in
sterilized physiological saline at 5 to15°C for at least 30
seconds. The memory loop could be deformed easily and
then, it was placed on the lamina arch of the vertebra. After
the installation of the memory loop, the implant was irriga-
ted with sterile physiological saline heated to between 35
and 45°C. The memory loop regained its initial form and
rigidity. After confirmarion of the firm fixation, the wound
was closed layer by layer.

We could not correct misaligned cervical spine using
retraction of Gardner tong in one case. Therefore, we initially
performed intra-operative reduction and applied memory
loop using posterior approach. After posterior approach, we
operated anteriorly.

Review of clinical and radiological data

A retrospective review was carried out for the nine enrolled
patients. Clinical outcomes were assessed and classified
using the Frankel grading method. We also retrospectively
reviewed the radiological parameters such as bony fusion
rate, height of iliac bone graft strut, graft subsidence,
cervical lordotic angle, and instrument related complica-
ton. Height of iliac bone graft strut was measured imme-
diately after the operation, then 3 months after the operation
and at the final follow-up period using lateral cervical X-ray
(Fig. 1). The subsidence of graft strut was calculated 3
months after operation and at the final follow-up period.
Cervical lordotic angle was measured by drawing lines
tangent to the 2 most posterior points of the vertebral body

Fig. 1. Measurement of heightof graft strut on neutral cervicl lateral
X-ray.
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seen on the lateral view (Fig. 2)”. We compared the means
of height of iliac bone graft strut at the immediate posto-
perative state, 3 month after operation and at the final
follow-up period. Also the mean of cervical lordotic angle
was compared at the preoperative state, the immediate
postoperative state, 3 month after operation, and at the
final follow-up period.

Statistical analysis was performed using the Wilcoxon
signed rank test. p-value below (.05 was considered
significant.

RESULTS

The mean follow-up duration was 16.6 3.8 months (12-
23 months). There were five patients with fracture/dislo-
cation and four patients with bursting fracture (Table 1).
Single-level fusion was performed in four patients and two-
level fusion in five. Six patients had complete cord injury and
3 parients had incomplete cord injury (Table 1). Before surg-
ery, three patients were classified as Frankel type D and six as
Frankel type A. After surgery, All Frankel type D patients
were improved to Frankel type E, bur all Frankel type A
patients did not improved. The radiographically docu-
mented solid bone fusion, with evidence of solid bridging
bone and no instability on flexion-extension X-ray films",
was presented in all cases. The mean height of iliac bone graft
strut was 20.46 +9.97 mm at the immediate postoperative
state, 19.64+9.23 mm 3 months later and 18.87 + 8.60 at
the final follow-up period. The mean
height of graft strut was significantly
decreased postoperatively (Table 2,
P<0.05). The subsidence of graft strut
occurred in all cases and the means of
subsidence were 0.82 +0.89 mm 3
months after operation and 0.78 +
0.83 mm at the final follow-up period
(Table 2). The mean cervical lordotic
angle was decreased from 13.83 +
11.84° preoperatively to 11.37 £6.03°
at the immediate postoperative state.
However, the mean cervical lordotic
angle was increased to 17.84+6.52° 3
months after surgery and 24.39 &
9.83° at the final follow-up period.

Fig. 3. Imaging studies of a patient with left ar monoparesis after trauma. A : Plain cervical
lateral X-ray of C4 vertebral body fracture. B and C : Magnetic resonance image and computed
tomography show C4 vertebral body fracture with three column injury.
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palsy was presented in one case. However, there were no
instrument related complications, such as loosening,
fracture, or dislodgement of instruments.

Case illustration (Fig. 3, 4)

A 31-year-old male patient presented with left arm mon-
oparesis ((G4/5) after traffic accident. Magnetic resonance
imaging (MRI), computed tomography (CT) and initial
X-ray showed a C4 vertebral body fracture with three col-
umn injury (Fig. 3). We performed a single stage anterior-
posterior cervical decompression and stabilizatdion. We did
C4 corpectomy, iliac bone graft and dynamic cervical plate
fixation in a supine position and then installed a Nitinol
memory loop on C3
upper and C5 lower
lamina in a prone
position. After ope-
ration, the left arm
monoparesis was im-
proved (G4+/5). So-
lid bone fusion was
presented on cervical
lateral X-ray, which
was taken at 16 mo-
nths after the opera-

tion. Cervical lordo-

Fig. 2. Measurement of cervical lordotic
angle on lateral X-ray.

tic angle was also
improved (Fig. 4B).

s

Table 2. Radiologic results. The mean height of graft strut was significantly decreased
postoperatively. The subsidence of graft strut occurred. The cervical lordotic angle was
significantly improved 3 months after surgery and at the final follow-up period than preoperative
and immediate postoperative conditions

The cervical lordotic angle was signif-
icantly improved 3 months after surg-

ery and at the final follow-up period
than preoperative and immediate pos-
toperative conditions (p<0.05)(Table

. immediate Postoperative .
Parameter Preoperative ) Final
postoperative after 3 months
Groft strut height (mm)* - 20.46£9.97 196416923 18.87+8.60
Subsidence {mm) - - 0.82%£0.89 0.78+0.83
Lordosis (*)* 13.83+11.84 11.37£6.03 17.84+6.52 24.391%9.83

2). Transient recurrent laryngeal nerve

*P<0.05, Wilcoxon signed rank test,
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Fig. 4. A : Immediate postoperative lateral radiographs. B : Sixteen
months later, lateral radiographs showing solid bone fusion and impr-
ovement of cervical lordotic angle.

DISCUSSION

There were many posterior cervical fixation techniques
such as spinous process wiring, interlaminar clamp, lateral
mass screw fixation and cervical pedicle screw fixation.
Recently, lateral mass screw system has been frequently
used in posterior middle to lower cervical operation. Many
reports have presented the good clinical outcomes and
various aspects of lateral mass screw system®'?. However,
there have been several limitations of lateral mass screw
such as hardware loosening, vertebral artery injury and
iatrogenic damage of nerve root®*”. Spinous process wiring
technique is an easy and simple method but its strength is
relatively weak and occasionally result in fracture of wire
and fusion failure®. Interlaminar clamp or laminar hook
instrument has been also used. One of the limitations of
the clamp or hook system is indentation of the cervical
thecal sac®. Ideal posterior cervical instrumentation needs
to have short operation time, easy surgical technique, low
incidence of device related complications and to provide
structural stability until a solid bone fusion. '

Nitinol is a shape memory alloy of nickel and titanium. It
is flexible at below 10°C and regains rigidity and its original
shape at above 30°C. Several spinal surgeons have tried to
apply this to lumbar or thoracic spinal surgery based on
these characteristics”. Nitinol has high fatigue strength,
moderate impact resistance and large forces that can be
produced due to the shape memory effect. Kim et al.” have
reported the usefulness of a Nitinol memory loop in
surgical treatment for lumbar disc disorder. They used
Nitinol memory loop as the posterior column supporter or
posterior tension bands in lumbar spine surgery. Nitinol
memory loop can be easily applied in spine surgery because
of heat-dependent plasticity, small muscle dissection

(require only small exposure of laminar area), less bleeding
and short operation time”.

We tried to apply Nitinol memory loop in posterior
cervical fixation as a posterior column supporter. We were
able to easily apply Nitinol memory loop at posterior
middle to lower cervical spine and reduce operation time
and bleeding. In the present study, Nitinol memory loop
played a good role as the posterior column supporter. There
were no instrument-related complications such as loop
loosening and pullout. However, we believe that there are
several limitations of Nitinol memory loop in cases with
multi-level laminar fractures, post-laminectomy kyphosis
and patients who need only posterior cervical fixation and
fusion. In the above cases, we prefer a lateral mass screw
system.

Although it has been reported that the cervical laminar
hooks do not affect the dura and there is no evidence of
spinal cord compression in cadaveric study,” we believe that
Nitinol memory loop and laminar hooks should be avoid-
ed at stenotic levels due to possibility of dura compression
and further cadaveric and radiological studies of Nitinol
memory loop should be required to verify its safety. In our
cases, the subsidence of graft strut has occurred. Dynamic
cervical plate and screw system could lead to the subsidence
of graft strut”, therefore, we speculate that the subsidence
of graft strut in our cases was the effect of the dynamic cer-
vical plate system rather than of the memory loop system.
However, the memory loop system did not have the
resistance of the spinal axial load as in the laminar hook
system. This was one of the weak points of the memory
loop that could contribute to the subsidence of graft strut.
Despite the subsidence, the solid bone fusions were
achieved in all cases. Memory loop system is not a rigid
fixation system such as the lateral mass screw and rod
systems. It has elasticity and its stiffness may be weaker than
lateral mass screw and rod systems. However, we believe
that the elasticity of memory loop may contribute ro
improvement of lordotic curvature of cervical spine. In all
of our cases, cervical lordotic curvatures were improved
(Table 2).

Though this study showed good results using Nitinol
memory loop, the small number of patients was the
limitation of this study. With more number of cases with
longer follow-up period, the usability and limitations of
Nitinol memory loop will be investigated more precisely.

CONCLUSION

For the patients with the three column injury of the
cervical spine, an anterior-posterior combined approach is
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known as one of the surgical tools to provide good solid
fusion and fixation. We suggest that the posterior cervical
fixation using Nitinol shape memory alloy loop may be a
simple and useful method, and be one of treatment options
in anterior-posterior combined approach for the patients
with the three column injury of the cervical spine.
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