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Objective : The biomechanical stabilities between the anterior plate fixation after anterior discectomy and fusion
(ACDFP) and the posterior transpedicular fixation after ACDF(ACDFTP) have not been compared using human
cadaver in bilateral cervical facet dislocation. The purpose of this study is to compare the stability of ACDFP, a
posterior wiring procedure after ACDFP(ACDFPW), and ACDFTP for treatment of bilateral cervical facet dislocation.
Methods : Ten human spines (C3-T1) were tested in the following sequence : the intact state, after ACDFP(Group
1), ACDFPW(Group 2}, and ACDFTP(Croup 3). Intervertebral motions were measured by a video-based motion
capture system. The range of motion(ROM) and neutral zone(NZ) were compared for each loading mode to a
maximum of 2.0Nm.

Results : ROMs for Group 1 were below that of the intact spine in all loading modes, with statistical significance in
flexion and extension, but NZs were decreased in flexion and extension and slightly increased in bending and axial
rotation without significances. Group 2 produced additional stability in axial rotation of ROM and in flexion of NZ
than Group 1 with significance. Group 3 provided better stability than Group 1 in bending and axial rotation, and
better stability than Group 2 in bending of both ROM and NZ. There was no significant difference in extension
modes for the three Groups.

Conclusion : ACDFTP(Croup 3) demonstrates the most effective stabilization followed by ACDFPW(Group 2),
and ACDFP(Group 1). ACDFP provides sufficient strength in most loading modes, ACDFP can provide an effective
stabilization for bilateral cervical facet dislocation with a brace.

KEY WORDS : ACDF - Additional posterior wiring - Anterior cervical plate fixation - Bilateral cervical facet

dislocation - Biomechanical testing - Posterior transpedicular fixation.

Introduction

B ilateral facet dislocation injuries of the subaxial cervical
spine are common after nonpenetrating cervical trauma
and are frequently associated with neurological deficits. Bilateral
cervical facet dislocations, or the distractive flexion stage III
injury described by Allen et al”, involve distraction and transla-
tion of the superior vertebral body over the inferior vertebral
body. This injury requires some degree of disruption of the
inter- and supraspinous ligament, the ligamentum flavum, and
facet capsules, and the anterior longitudinal ligament(ALL)
and posterior longitudinal ligament(PLL), and/or disc. Although
the disruption of the posterior ligaments is severe in this injury,
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all three columns are usually affected.

Traditionally, the surgical treatments of bilateral cervical
facet dislocation have been performed posteriorly with a wiring
or plate screw fixation after closed reduction because of the
disruption of the posterior ligamentous complex and facet
joints”. In the last several years, however, the techniques of
the anterior cervical plate fixation after anterior cervical discec-
tomy and interbody fusion(ACDF) have become popularized
and used in bilateral cervical facet dislocations because decom-
pression and indirect reduction, interbody grafting, and stabi-
lization by using additional anterior plating instruments can
be done through the same surgical field*'*"**?®, Moreover,
traumatic disc herniation causing compression of the cervical
cord at the level of bilateral cervical facet dislocation have
been reported in up to half of patients with bilateral cervical
facet dislocation by several authors'.

Although previous biomechanical studies have demonstrated
significantly greater stiffness of the posterior instrumentation
compared with the anterior plate fixation®'”*239  these
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studies did not include ACDF procedure along with anterior
plate fixation. On the contrary, however, there have been many
clinical reports associated with an anterior plate fixation after
ACDEF in bilateral cervical facet dislocations, with excellent
results'>**2%%) n the posterior instrumentation, transpedicular
screw rod fixation system offers 3-column stability and it has
proven to be the most rigid posterior fixation technique®'®. It
has some biomechanical and surgical advantages over the
lateral mass screw plating, which primarily depends on com-
pressive force to reduce dislocation of the injured segment.
Transpedicular screw rod fixation has a significant higher
pullout strength than the lateral mass screw plating'” and it
also can easily correct kyphotic and translation deformities
via a distraction maneuver.

The differences of the biomechanical stabilities between an
anterior cervical locking screw plate fixation and posterior
transpedicular screw rod fixation after ACDF in bilateral
cervical facet dislocations (distractive-flexion stage III injury)
have not been compared in the human cadaveric model to
date. Thus, the purpose of this study was to compare the initial
biomechanical stabilities of three different surgical methods,
which are 1) an anterior locking plate screw fixation after
ACDF using tricortical iliac graft (ACDFP, Group 1), 2) fol-
lowed by additional posterior simple wiring procedure using
Rogers’ technique after ACDFP (ACDFPW, Group 2), and
3) ACDF followed by additional cervical posterior transpedi-
cular screw rod fixation (ACDFTP, Group 3) in a simulated
distractive flexion stage IIl injury created at the C5-C6 level.

Materials and Methods

Cadaveric specimen preparation and fixation

Ten human cadaveric cervical spines with the first thoracic
spine attached (C3-T1) were obtained from Science Care
Anatomical (Phoenix, AZ). The mean age of the 5 male and 5
female specimens was 62.8 %+ 6.6years = SD with a range
between 55-78 years. Anteroposterior and lateral radiographs
of the specimens were performed to exclude bony abnormalities,
and bone mineral density(BMD) measurements were also
obtained using dual-energy x-ray absorptiometry (DEXA;
Hologic QDR 45004, Hologic Inc, Waltham, MA) scan. The
mean BMD of the C5-C6 level was 0.54+0.07g/cm® with a
range of 0.44-0.69g/cm’”. En bloc specimens for biomechani-
cal testing were stored at -20° C until thawed at room tempera-
ture overnight and were kept moist during all procedures. The
attached musculature was removed, with care taken to preserve
the joint capsules, ligaments, discs, and bony structures. After
completion of the specimen preparation, several screws were
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drilled into C3 and into T1. The C3 and T1 were primarily
potted in polymethylmethacrylate (PMMA, COE Tray plastic,
GC America, Alsip, IL) and then the PMMA was secondarily
potted into the Polyester Resin (Bondo, Atlanta, GA). The
potting fixtures for the C3 and T1 were attached to the upper
and lower spine fixtures of the MTS loading frame (MTS
858 Minibionix, Eden Prairie, MN), respectively. In this fixa-
tion, the motions between C4-C5, C5-C6 and C6-C7 were
preserved.

Instability model

Bilateral cervical facet dislocation injury was created at the
C5-C6 level using the definition described by Allen et al®. They
defined bilateral cervical facet dislocation injury as a distractive
flexion injury stage III. The bilateral facet joint capsules, the
PLL, posterior half of the annulus and the disc, and posterior
ligamentous complex including supraspinous and interspinous
ligaments, and ligamentum flavum were cut. The ALL and
anterior half of the disc were also cut because an ACDF using
tricortical iliac graft was performed in this study.

Surgical techniques

After a bilateral cervical facet dislocation injury was created
at the C5-C6 level, one-level anterior discectomy, interbody
grafting with a tricortical iliac graft, and an anterior cervical
locking plate screw fixation using a DOC plate system (DePuy
AcroMed, Cleveland, OH) were performed at the C5-C6 level.
A discectomy was carried out to visualize the previous incised
posterior longitudinal ligament. A tricortical iliac graft of 6 to
7mm height was inserted with the preservation of suitable
annular tension with a disc height distraction of less than 2-mm,
anterior screw plating was done using Caspar instrumentation
with a proper compression load under fluoroscopic guidance.

After testing the ACDFP with a plate and 14-mm length locking
screws, an additional posterior simple wiring procedure with
a multistrand braided titanium Songer’s cable (DePuy Acro-
Med, Cleveland, OH) was performed after an ACDFP. Rogers’
technique, a simple wiring method involving adjacent spinous
processes, was used. The cervical posterior transpedicular screw
rod fixation using a SUMMIT fixation system (DePuy AcroMed,
Cleveland, OH) was done after testing of ACDFPW with re-
moval of anterior plate fixation and posterior wiring. After
complete removal of the ligamentum flavum from the exposed
area, transpedicular screws were placed according to the
laminoforaminotomy-and-palpation technique under fluoros-
copic guidance®™. This technique includes placing all pedicle
screws following direct palpation of the pedicle with a right-
angled nerve hook after performing a laminoforaminotomy.



A 2-mm burr was used to start a
hole in the pedicle and a hand-
guided 1.25mm drill bit was used
for further placement of the screw
into the pedicle. The point of screw
penetration at the posterior cortex
of the articular mass was lateral to
the center of the articular mass
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and close to the inferior margin of
the inferior articular process of the
cranially adjacent vertebra. The
intended angle of screw insertion
in the sagittal plane was parallel to
the upper endplate. The screw was
angled 30 to 45 degrees medially
in the transverse plane. Three-mm

diameter rods were used and all sc-
rews were polyaxial and 3.5-mm in
diameter, 22 to 24-mm in length and
were inserted unicortically into the

Fig. 1. Radiographic features of three different surgical methods in @ simulated bilateral facet
dislocation injury created at the level of C5—C6 (anteroposterior and lateral radiographs). A and B:
anterior locking plate screw fixation after anterior cervical discectomy and interbody fusion using
tricortical lliac graft. C and D: additional posterior simple wirng procedure using Rogers technique

after anterior cenvical discectomy and interbody fusion, plating. E and F. additional posterior cervical

pedicle after the screw hole was
tapped with a 3.5-mm taper (Fig. 1).

Biomechanical testing

Stability was tested in 6 modes of motion: flexion, extension,
right and left lateral bending, and right and left axial rotation.
Nondestructive tests were performed under flexion-extension
(2.0 Nm), lateral bending (2.0 Nm), and axial rotation (2.0 Nm)
with an applied axial preload of 20N. Motions of C5 and C6
were captured by a video-based motion capture system (Qualisys,
Sweden) by placing reflective markers on C5 and C6. Each
mode of testing was performed 3 times. Only the third result
was used in order to stabilize the viscoelastic effect. In each
mode of loading, ROM and neutral zone were determined.
ROM is defined as the angular deformation in all directions at
maximum load, Neutral zone is defined as the difference at
zero load between the angular positions in all directions of the
loading and unloading phases. For comparison of the biome-
chanical stability, each specimen had three different surgical
procedures performed in the following order and 6 modes of
motion was tested on the spine (C3-T1) as follows : (1) intact
spine, (2) ACDFP after creating bilateral cervical facet dislo-
cation injury(Group 1), (3) ACDFP plus additional Rogers’
posterior wiring technique using a Songer’s titanium cable
(Deputy, AcroMed, Cleveland, OH)(Group 2), (4) posterior
transpedicular screw rod fixation using a SUMMIT fixation
system (Deputy, AcroMed, Cleveland, OH) after ACDF
(Group 3).

franspedicular screw rod fixation after anterior cemical discectomy and inferbody fusion.

Statistical analysis

The average value of ROM and neutral zone for each specimen
group was determined and nonparametric statistical methods
were employed in order to ascertain the statistically significant
differences between the different treatment groups, since there
were few specimens and the data could not be assumed to be
normally distributed. Paired comparisons were made between
different treatment groups by use of the Wilcoxon pairs tests
and statistical significance was concluded at the P<0.05 level.

Results

he mean £SD values of ROM and neutral zone for all

specimens are shown in Table 1. The ROM and neutral
zone for individual specimens were normalized with respect
to that of the intact spine as shown in Figure 2 and 3,
respectively.

Flexion mode

The normalized values of ROM (mean = SD) were 70 59%
for Group 1,29 +35% for Group 2, and 61 =84% for Group
3 and normalized values of neutral zone were 68 =58% for
Group 1, 32 £50% for Group 2, and 621+95% for Group 3,
respectively. The values of ROM in flexion mode for all three
surgical methods were significant lower than that of the intact
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spine (p<0.05) (Fig. 2). The values of neutral zone in flexion
mode for all three surgical methods were also lower than that
of the intact spine but without statistical significance (Fig. 3).
In flexion mode, the Group 2 showed the highest biomechani-
cal stability followed by the Group 3 and the Group 1.

Extension mode

The normalized values of ROM were 74 +56% for Group
1,41%£25% for Group 2, and 89 =47% for Group 3 and nor-
malized values of neutral zone were 92 +77% for Group 1,
63172% for Group 2, and 72+ 67% for Group 3, respectively.
The values of ROM in extension mode for all three surgical
methods were lower than that of the intact spine with statistical

Table 1. Mean and standard deviation ((SD) of range of motion and neutral zone for all treatment groups

significances in the Group 1 and Group 2 (p<0.05) (Fig. 2).
The values of neutral zone in extension mode for all three
surgical methods were also lower than that of the intact spine
but without any statistical significance (Fig. 3). In extension
mode, the Group 2 showed the highest biomechanical stability
followed by the Group 1 and the Group 3.

Lateral bending mode
The normalized values of ROM were 107 £68% for Group
1, 89138% for Group 2, and 28 = 14% for Group 3 and nor-
malized values of neutral zone were 105 +80% for Group 1,
88 £76% for Group 2, and 25 £ 14% for Group 3, respectively.
The values of ROM in lateral bending mode for the Group 3
and Group 2 were lower than that

Range of Motion/ Neutral Zone*

of the intact spine with a statistical
significance in the Group 3 (p<0.05).

The value of ROM for Group 1 was

Types of
Approach Flexion Extension Lateral Bending Axial Rotation
Intact  6.71%3.50/252£200 3.7012.38/1.70%£1.71 452%£199/119%£062 627%4.28/148%1.18

ACDFP  3.581292/1.50%2.21
ACDFPW 1.15%0.46/02910.27
ACDFTP_ 2.16+0.61/0.51£0.39

2.06%1.05/0.95%0.90
1.36+1.11/0.651084
2.68+0.60/0.63+0.39

4.10%1.69/1.0720.68
3.5811.45/0.8310.57
1.18+0.56/0.23£0.09

slightly higher than that of the in-
tact spine (Fig. 2). The values of
neutral zone in lateral bending mo-
de for all three surgical methods

4.41£228/1.1520.68
3.17£157/0.79£0.53
177%£190/032£0.33

* Degrees expressed as means standard deviation. ACDFP=anterior locking plate screw fixation after ACDF using
ticortical fiac graft, Group 1. ACDFPW =additional posterior simple wirng procedure using Rogers technique after
ACDFP, Group 2. ACDFIP=additional posterior cervical franspedicular screw rod fixation after ACDF, Group 3

revealed similar patterns as the
values of ROM (Fig. 3). In lateral
bending mode, the Group 3 showed

much better stability than the other
two Groups with a statistical sig-

nificance (P<0.05).

Axial rotation mode

The normalized values of ROM
were 96 =63% for Group 1,66+
35% for Group 2, and 42+40%

for Group 3 and normalized val-
ues of neutral zone were 116 =
90% for Group 1, 87 =77% for

" Group 2, and 40+ 59% for Group
3, respectively. The values of ROM
in axial rotation mode for all three
surgical methods were lower than
that of the intact spine with stati-
stical significances in the Group
3 and Group 2 (p<0.05) (Fig. 2).
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The values of neutral zone for the
Group 3 and Group 2 were lower

Fig. 2. Mean and standard deviation of nomalized range of motion for spine specimens after the
anterior cenical discectomy and interbody fusion and plating, the anterior cenical discectomy and
interbody fusion and plating plus posterior wing, the anterior cenvical discectomy and inferbody fusion
plus transpedicular screw rod fixation methods. The significance difference (P<0.05) is shown with an
asterisk (*).
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than that of the intact spine with a
statistical significance in the Group
3 (p<0.05) and the value of neutral
zone for Group 1 was slightly higher



than that of the intact spine (Fig. 3). In axial rotation mode, the
Group 3 showed the highest biomechanical stability followed
by the Group 2 and the Group 1.

Discussion

Bilateral facet dislocation injuries of the subaxial
cervical spine

Bilateral facet dislocation injuries are highly unstable three-
column discoligamentous injuries and are frequently associated
with neurological deficits. Overall, 26% of patients with this
injury had failed to achieve closed reduction and reduction
also could not be maintained in 28% of patients treated with
subsequent external immobilization alone”. Facet fractures
associated with cervical facet dislocation injuries may preclude
successful closed reduction®, but they have been associated
with a high rate of arthrodesis with external immobilization
alone. Alternatively, discoligamentous disruption without facet
fracture is associated with an increased likelihood of failure of
external immobilization using a Halo device or Minerva cast
in the treatment of these injuries'®. Recently, numerous studies
have shown a high incidence of disc herniation in patients with
bilateral cervical facet dislocations®!!15212539  Therefore, the

anterior locking plate screw instrumentations have become
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popularized in treatment of this injury. Major advantage of
this anterior approach is that decompression, reduction, inter-
body grafting, and instrumental stabilization can be done using
the same operative field. Although many biomechanical studies
reported that anterior plate screw fixation alone in unstable
cervical injuries may not provide adequate stability’***?, reports
of clinical series indicate general success with this method of
treatment'??>#"?_ Alternatively, various different instrumenta-
tions for the posterior cervical fixation have been also reported,
with excellent results from traditional Rogers’ wiring or
Bohlman’s triple wiring techniques to more modern techni-
ques of posterior instrumentation using lateral mass or trans-
pedicular screws®>7'*167239 Because definitive treatment
depends on the need for neurological decompression and spinal
stabilization, closed reduction followed by posterior fusion
and instrumentation has been used in patients with bilateral
cervical facet dislocations without significant disc herniation”"".
If a large disc herniation is identified in a patient with intact
neurological deficits, then anterior decompression, reduction,
interbody grafting, and anterior instrumentation have been
recommended®”.

Biomechanical comparison for cervical stabilization
in bilateral facet dislocation
In previous biomechanical studies

of bilateral cervical facet dislocation
injury, Sutterlin et al evaluated the
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strength of various posterior cervi-
cal instrument constructs compared
with that of the anterior plate fixa-
tion using the Caspar system®”.
They found that an anterior plate
with bicortical screw fixation res-
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tored flexural stability to only 1/2
of an intact specimen and was the
least rigid in axial flexural loading
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* (P<0.05). Coe et al also suggested
that Caspar anterior plating was
— clearly an inferior method of trea-
ting distractive flexion injuries of
the cervical spine when compared
with all posterior fixation techni-
ques”. They also indicated that
anterior plate fixations did not
provide as sufficient stability as

ACDFPW

ACDFTP

Fig. 3. Mean and standard deviation of normalized neutral zone for spine specimens cfter the anterior
cenical discectomy and intetbody fusion and plating, the anterior cenical discectomy and interbody
fusion and plating plus posterior wirng, the anterior cervical discectomy and interbody fusion plus fran—
spedicular screw rod fixation methods. The significance difference (P<0.05) is shown with an asterisk (+).

posterior fixation procedures in
posterior injury because the cortex
of the anterior cervical vertebral
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bodies is not as strong as that of the posterior bony elements™”.
Alternatively, Traynelis et al suggested that anterior plating
provided significantly more stability in extension and lateral
bending than did posterior wiring after creating a C5 teardrop
fracture with posterior ligamentous instability in human cada-
veric spines*”. They reported that the injured/anterior plate-
stabilized spines were more stable than the intact specimens
in all modes of testing. Unlike previous biomechanical studies,
which did not include anterior interbody grafting, in our study,
anterior interbody grafting was performed in addition to anterior
screw plate fixation. Since the intervertebral surface is highly
vascular and the graft has a wide contact area in the weight-
bearing axis of the spine, interbody fusion permits a high load
transmission through the anterior column, can restore disc
height and it may increase stability. In this study, the anterior
locking plate screw fixation method after ACDF using a
tricortical iliac graft showed a higher stability than that of the
intact spine in most loading modes except for lateral bending,
with statistical significance in flexion and extension modes in
ROM. As expected, the additional posterior simple wiring
procedure using Rogers’ technique after the ACDFP method
revealed additional stability in all loading modes and it also
provided statistically significant differences in axial rotation
of ROM and in flexion of neutral zone to the ACDFP method.
Koh et al suggested that posterior lateral mass screw plating
with an anterior interbody graft was biomechanically superior
to anterior plating with locked fixation screws for stabilizing
the one-level flexion-distraction injury. The posterior lateral
mass screw plating showed effective stabilization of the
unstable cervical segments in all loading modes whereas the
anterior fixation alone was found to be inadequate in stabili-
zing the cervical spine in the flexion-distraction injury'®. In
their study, anterior plating provided significant stabilization
in extension only. In our study, the posterior transpedicular
screw rod fixation was tested in comparison with the anterior
locking plate screw fixation after ACDF using tricortical iliac
graft because the biomechanical advantage of a three-column
fixation provided by transpedicular screw rod fixation system
stabilizing an unstable cervical spine has proven to be valuable
in previous biomechanical study”. Cervical pedicle screws
demonstrated a significantly higher resistance to pullout forces
than did lateral mass screws in another study'”. Kotani et al
reported that the overall stability of transpedicular screw fixation
in calf cervical spine was nearly identical to that of the combined
anterior plate and posterior triple-wiring for one level fixation
in 3-column instability'”. However, they did not compare the
anterior plate fixation with an anterior interbody grafting.
Successful placement of a pedicle screw in the cervical spine
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requires the accurate identification of the pedicle axis because
the transpedicular screw insertion of the cervical spine is asso-
ciated with apparent risks to major neurovascular structures,
including the vertebral artery, nerve root, and spinal cord”.
Abumi et al, however, reported one vertebral artery injury
without neurological complications, 45 screws (6.7%) pene-
trated the pedicle, and 2 of 45 screws caused radiculopathy in
the 180 patients with 669 pedicle screws”. In this study, the
Group 3 showed higher stability than that of the intact spine
in all loading modes with statistical significance, except for
extension mode in ROM and flexion and extension modes in
neutral zone. The Group 3 also revealed better stability than
the Group 1 in bending and axial rotation modes, and better
stability than the Group 2 in bending mode for both ROM and
neutral zone. However, Group 1 or Group 2 showed a signifi-
cantly higher stability in extension mode than the Group 3.

Like all cadaveric studies, our study has some limitations.
Most of the cadaveric specimens were from the elderly. Our
results possibly reveal lower stabilities than those in a young
healthy population, because the BMD influences the primary
stability of screw fixation. Bilateral cervical facet dislocation
injury usually occurs from motor vehicle accidents in the
younger age group, who has a high BMD value.

Conclusion

n bilateral facet dislocation of the subaxial cervical spine,
I posterior transpedicular fixation with an anterior interbody
graft demonstrated the most effective biomechanical stabili-
zation followed by the ACDFPW, and the ACDFP method in
bilateral cervical facet dislocation at the C5-C6 level. Even
though the ACDFP method revealed an low biomechanical
stability when compared with the ACDFTP method in the most
loading with the exception of extension mode, the use of the
antertor locking plate screw fixation after ACDF using a tricor-
tical iliac graft provides a higher biomechanical stability than
that of the intact spine in the most loading modes. Therefore,
the ACDFP method can provide a relatively effective stabiliza-
tion in bilateral cervical facet dislocation injury with a brace,
though the specific fixation method is determined by the proper
clinical and radiological characteristics in each patient.

References

1. Initial closed reduction of cervical spine fracture-dislocation injuries.
Neurosurgery 50(Suppl 3) : S44-50, 2002

2. Abumi K, Ttoh H, Taneichi H, Kaneda K : Transpedicular screw fixation
for traumatic lesions of the middle and lower cervical spine : description
of the techniques and preliminary report. J Spinal Disord 7 : 19-28, 1994

3. Abumi K, Kaneda K : Pedicle screw fixation for nontraumatic lesions



of the cervical spine. Spine 22 : 1853-1863, 1997
4. Abumi K, Shono Y, Ito M, Taneichi H, Kotani Y, Kaneda K : Compli-
cations of pedicle screw fixation in reconstructive surgery of the cervical
spine. Spine 25 : 962-969, 2000
5. Allen BL Jr, Ferguson RL, Lehmann TR, O’Brien RP : A mechanistic
classification of closed, indirect fractures and dislocations of the lower
cervical spine. Spine 7 : 1-27, 1982
6. Berrington NR, van Staden JF, Willers JG, van der Westhuizen J : Cervical
intervertebral disc prolapse associated with traumatic facet dislocations.
Surg Neurol 40 : 395-399, 1993
7. Bohlman HH : Acute fractures and dislocations of the cervical spine.
An analysis of three hundred hospitalized patients and review of the
literature. J Bone Joint Surg 61A : 1119-1142,1979
8. Caspar W, Barbier DD, Kiara PM : Anterior cervical fusion and Caspar
plate stabilization for cervical trauma. Neurosurgery 25 : 491-502, 1989
9. Coe JD, Warden KE, Sutterlin CE 3rd, McAfee PC : Biomechanical
evaluation of cervical spinal stabilization methods in a human cadaveric
model. Spine 14 : 1122-1131, 1989
10.Do Koh Y, Lim TH, Won You J, Eck J, An HS : A biomechanical
comparison of modern anterior and posterior plate fixation of the cervical
spine. Spine 26 : 15-21, 2001
11. Eismont FJ, Arena MJ, Green BA : Extrusion of an intervertebral disc
associated with traumatic subluxation or dislocation of cervical facets.
Case report. J Bone Joint Surg 73A : 1555-1560, 1991
12. Garvey TA, Eismont FJ, Roberti LJ : Anterior decompression, structural
bone grafting, and Caspar plate stabilization for unstable cervical spine
fractures and/or dislocations. Spine 17(Suppl 10) : S431-435, 1992
13. Goffin J, Plets C, Van den Bergh R : Anterior cervical fusion and
osteosynthetic stabilization according to Caspar : a prospective study of
41 patients with fractures and/or dislocations of the cervical spine.
Neurosurgery 25 : 865-871, 1989
14. Hadley MN, Fitzpatrick BC, Sonntag VK, Browner CM : Facet
fracture-dislocation injuries of the cervical spine. Neurosurgery 30 :
661-666, 1992
15. Harrington JF, Likavec MJ, Smith AS : Disc herniation in cervical
fracture subluxation. Neurosurgery 29 : 374-379, 1991
16. Jeanneret B, Magerl F, Ward EH, Ward JC : Posterior stabilization of
the cervical spine with hook plates. Spine 16(Suppl 3) : $56-63, 1991
17. Jones EL, Heller JG, Silcox DH, Hutton WC : Cervical pedicle screws
versus lateral mass screws. Anatomic feasibility and biomechanical
comparison. Spine 22 : 977-982, 1997
18. Jonsson H Jr, Cesarini K, Petren-Mallmin M, Rauschning W : Locking
screw-plate fixation of cervical spine fractures with and without
ancillary posterior plating. Arch Orthop Trauma Surg 111 : 1-12, 1991
19. Kotani Y, Cunningham BW, Abumi K, McAfee PC : Biomechanical
analysis of cervical stabilization systems. An assessment of transpedi-
cular screw fixation in the cervical spine. Spine 19 : 2529-2539, 1994
20. Lee DH, Song GS : Analysis of posterior cervical fixation and fusion in
subaxial cervical spine injury. J Korean Neurosurg Soc 30 : 1388-
1393, 2001
21. Leite CC, Escobar BE, Bazan C 3rd, Jinkins JR : MRI of cervical facet
dislocation. Neuroradiology 39 : 583-588, 1997
22.Lim CS, Cho YJ, Ahn SK, Hwang JH, Ahn MS : Anterior cervical

JS Byun, etal.

fusion and plate stabilization in patients with lower cervical lesions. J
Korean Neurosurg Soc 27 : 29-36, 1998

23. Ludwig SC, Kramer DL, Balderston RA, Vaccaro AR, Foley KF, Albert
TJ : Placement of pedicle screws in the human cadaveric cervical spine :
comparative accuracy of three techniques. Spine 25 : 1655-1667, 2000

24.Moon SJ, Kim SH, Lee JK, Kim IY, Kim JH, Lee JH : Early closed
reduction in patients with cervical fracture-dislocation injury without
prior magnetic resonance imaging. J Korean Neurosurg Soc 32 : 107-
111,2002

25. Ordonez BJ, Benzel EC, Naderi S, Weller ST : Cervical facet dislocation :
techniques for ventral reduction and stabilization. J Neurosurg(Spine
1) 92:18-23,2000

26. Pratt ES, Green DA, Spengler DM : Herniated intervertebral discs
associated with unstable spinal injuries. Spine 15 : 662-666, 1990

27.Randle MJ, Wolf A, Levi L, Rigamonti D, Mirvis S, Robinson W, et al :
The use of anterior Caspar plate fixation in acute cervical spine injury.
Surg Neurol 36 : 181-189, 1991

28.Razack N, Green BA, Levi AD : The management of traumatic cervical
bilateral facet fracture-dislocations with unicortical anterior plates. J
Spinal Disord 13 : 374-381, 2000

29.Ripa DR, Kowall MG, Meyer PR Jr, Rusin JJ : Series of ninety-two
traumatic cervical spine injuries stabilized with anterior ASIF plate
fusion technique. Spine 16(Suppl 3) : $46-55, 1991

30. Rizzolo SJ, Piazza MR, Cotler JM, Balderston RA, Schaefer D, Flanders
A : Intervertebral disc injury complicating cervical spine trauma. Spine
16(Suppl 6) : S187-189, 1991

31. Robertson PA, Ryan MD : Neurological deterioration after reduction of
cervical subluxation. Mechanical compression by disc tissue. J Bone
Joint Surg 74B : 224-227, 1992

32. Shapiro S, Snyder W, Kaufman K, Abel T : Outcome of 51 cases of
untlateral locked cervical facets: interspinous braided cable for lateral
mass plate fusion compared with interspinous wire and facet wiring
with iliac crest. J Neurosurg(Spine 1) 91 : 19-24, 1999

33. Sutterlin CE 3rd, McAfee PC, Warden KE, Rey RM Ir, Farey ID : A
biomechanical evaluation of cervical spinal stabilization methods in a
bovine model. Static and cyclical loading. Spine 13 : 795-802, 1988

34. Traynelis VC, Donaher PA, Roach RM, Kojimoto H, Goel VK : Bio-
mechanical comparison of anterior Caspar plate and three-level posterior
fixation techniques in a human cadaveric model. J Neurosurg 79 : 96-
103, 1993

35. Wang MY, Prusmack CJ, Green BA, Gruen JP, Levi AD : Minimally
invasive lateral mass screws in the treatment of cervical facet dislocations :
technical note. Neurosurgery 52 : 444-447; discussion 447-448, 2003

36. Weis JC, Cunningham BW, Kanayama M, Parker L, McAfee PC : In
vitro biomechanical comparison of multistrand cables with conventional
cervical stabilization. Spine 21 : 2108-2114, 1996

37. Whitehill R, Cicoria AD, Hooper WE, Maggio WW, Jane JA : Posterior
cervical reconstruction with methyl methacrylate cement and wire : a
clinical review. J Neurosurg 68 : 576-584, 1988

38. Wolf A, Levi L, Mirvis S, Ragheb J, Huhn S, Rigamonti D, et al :
Operative management of bilateral facet dislocation. J Neurosurg 75 :
883-890, 1991

VOLUME 37 | February, 2005 ! 95



