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The aim of this study is to determine whether the posterior
cervical fusion methods with the plate-screw system applied
to the lateral mass of cervical spine are radiologically safe to
patients. The lateral cervical X-rays and CT scans were done
on 40 normal adults without cervical problem. Based on
Roy-Camille and Magerl’s method, the theological trajectory
of screw was shown on films and the parameters were
measured. The study based on Roy-Camille’s method showed
less than one percent chance of injury on the facet joint and
the mean depth of the screw to be 10.5 = 1.4mm. On the
other hand, Magerl’s method showed the mean depth of screw
to be 11.9 = 1.5mm which is slightly larger than that of
Roy-Camille’s method and no chance of facet injury occurred.
A reduced lateral angle of screw (19.6 & 3.5%) performed with
the concept based on Magerl’s method resulted a longer depth
of screw (13.5 £ 2.1 mm). Both Roy-Camille and Magerl’s
methods seemed to be radiologically safe to normal persons.
However, the authors recommend the reduced lateral angle
(19.6 & 3.5%) of screw based on the Magerl’s method more
than an original Magerl’s methods.
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INTRODUCTION

The causes of instability of cervical spine in-
clude trauma, extensive laminectomy state, and
destruction by tumor.”® The purpose of treatment
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for the instability is to maintain the anatomical
alignment of cervical spine and induce the fusion
of cervical spine and early rehabilitation manage-
ment in consequence, and posterior fixation is one
of commonly accepted surgical methods.”” Out of
the techniques of posterior fixation of cervical
spine, interspinous wiring was once mainlyused,
but recently the fixation methods using plate-
screw became popular.8 The interspinous wiring
method is impossible to apply when spinous
process is compromised or absent because of frac-
ture or postlaminectomy state. > Moreover, the
fixation by using plate-screw is more useful when
multi-level cervical spines need to be fixed.”””"

There have been many studies on the anatomi-
cal considerations in surgery or the techniques in
the posterior screw fixation of cervical spine
according to the technique of Roy-Camille and
Magerl's methods,13'18 however, both surgical
methods have placed at risk for injury to the
spinal cord,”™ vertebral artery,9’19 cervical nerve
root”™" and facet joint.">*

The authors analyzed the radiological consi-
derations in those two posterior fixation methods
of cervical spine using plates and screws based on
the radiographs and the CT scans of cervical
spine, and examined whether both methods could
be radiological safe to the normal persons.

MATERIALS AND METHODS

After informed consent was obtained, the per-
sons were asked to volunteer for the study. The
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ethical committee of the hospital approved the
study. The subjects were normal persons who had
neither neck pain nor neurological symptoms
originated from cervical spine without abnormal
findings in the plain cervical spine x-rays.

The mean age of randomized 40 persons was
38.8 years old and sex distributions were equal.
While the cervical simple x-rays were taken in
natural standing position, the CT scans (HiSpeed
ADV, GE Medical Systems, USA) were taken in
prone, neutral position in order to produce a
similar condition to the operation. The CT scans
were performed from the third (C3) to the seventh
cervical spine (C7) at intervals of 1 mm, and two
kinds of angles were selected for both Roy-
Camille and Magerl’s methods.

In Roy-Camille’s method, the plane meeting
perpendicularly with the line connecting the pos-
terior margin of body was selected; in Magerl's
method, the plane was taken which paralleled the
superior articular surface (Fig. 1). The images
were developed for the bone setting revealing
bone tissue, and the size of lateral mass and the
proper insertion point of screw were measured
based on the below two methods. In Roy-
Camille’s method, the central point of the four
boundaries of lateral mass was selected to be the
insertion point of screw, and the entrance point of
screw in Magerl’s method was 1 mm medial to
and 1 mm superior to the central point. The lateral
angles for inserting screw were to be respectively
10° and 25° in both methods, and the real depths

of screws in bones were also measured in the CT
scans. In addition, the ideal imaged angle, which
would make the depth the screw deeper, was
measured in Magerl's method. The anticipated
locations of screws were confirmed in 200 simu-
lated drawings on our cases oursesin both
methods, and were compared with the locations
of vertebral artery and spinal canal. TAII statistical
analysis was done using SPSS (version 8.0, SPSS
Inc., Chicago, IL, USA).

The radiological data according to each levels
and methods on the CT scans were analyzed
using the Student T-test. Statistical significance
was determined at p values less than 0.05.

RESULTS

The mean sizes of the lateral mass were 10.1 +
0.8 mm in width and 12.0 £ 29mm in length
(Table 1). The expected mean depths of screw
were 10.5 + 1.4 mm in Roy-Camille’s method, and
11.9 + 1.5 mm in Magerl’s method, but there was
not significant difference (Table 2). On the other
hand, lateral mass of C7 was relatively thin and
acute posterior angle (Fig. 2). Especially, the mean
depths of screw in C7 in Roy-Camille’s method
was 9.1 = 1.7mm, significant shorter than the
mean depths in Magerl’s methods (p=0.02) (12.6 +
1.6 mm), and one case out of 200 simulated draw-
ings expected courses of screws in Roy-Camille’s
method was estimated to be injured facet joint

Fig. 1. The CT scans were per-
formed from C3 to C7 at inter-
vals of T mm, and two kinds of
angles were selected for both
Roy-Camille (A) and Magerl’s
(B) methods. In Roy-Camille’s
method, the plane meeting per-
pendicularly with the line con-
necting the posterior margin of
body was selected; in Magerl’s
method, the plane was taken
which paralleled the superior
articular surface.
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Table 1. Mean Data of Width and Length Of Lateral Mass Measured from 40 Normal Persons

Level Width Length
Mean * SD(mm) Mean =+ SD(mm)

C3 100 £ 05 121 + 24

C4 99 £ 09 119 £ 26

G 108 = 1.1 134 & 45

C6 104 + 05 123 £ 3.5

C7 9.7 £ 11 105 £ 1.5

No significant difference of mean width and length of each level.

Table 2. Mean Depth of Screw Measured on Each Cervical Vertebrae as Roy-Camille or Magerl’s Methods on the

CT Scans

Level Roy-Camille’s method Magerl’s method
Mean £ SD (mm) Mean £ SD (mm)

3 109 £ 1.2 11.0 = 0.9

4 113 £ 17 125 £ 19

G 109 £ 1.2 114 = 1.0

C6 102 =14 120 £ 1.8

C7 91 +1.7" 126 = 1.6

TSignificant difference of mean depth of screw on C7 level (p-value: 0.02) between two methods. No other significant difference

in another levels between two methods.

ANTERIOR

Froes ! -y Heor o Pakdark”al

Fig. 2. The CT scans shows the characteristics of C7.
Lateral mass is relatively thin and acute posterior angle.

(Table 2).The lateral angle of screw in Magerl’s
method was originally 25°, however, as an appli-
cation of Magerl's method, an ideal lateral angle
that maximized the depth and avoid injuring
vertebral artery in CT scan was 19.6 + 3.5° and
the maximal depth of screw like that was 13.5 +
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Fig. 3. (a) The theological trajectory of screw with lateral
angle of 25 degrees based on Magerl’s method. (b) The
theological trajectory of screw with maximal depth (The
lateral angle is smaller than 25 degrees).

21mm in this study, which was significantly
deeper than the measurement based on the origi-
nal method (11.9 + 1.5 mm)(p-value: 0.044) (Fig. 3)
(Table 3). The results of measuring the angles of
screws against the sagittal plane differed in each
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Table 3. Ideal Lateral Angle and Maximized Depth of Screw on Modified Magerl's Method and the Angles of Screws

Against the Sagittal Plane in the Cervical Spine

Ideal angleJr

Maximized depth Sagittal angle*

Level Mean =+ SD(angle) Mean * SD(mm) Mean =+ SD(angle)
C3 194 £ 35 122 £1.2 41.0 £ 28
4 19.0 £ 3.8 143 £ 21 39.0 £ 5.1
Ch 202 £3.0 139 £ 2.0 428 = 4.5
Co 181 £ 3.2 14.0 £ 3.6 46.8 = 6.1
C7 211 £39 131 £ 1.6 502 = 4.2

"Ideal angle: imaginary angle that maximized the depth and avoid injuring vertebral artery in CT scans.
*Sagittal angle: according to the direction of screw in Magerl’s method to be measured parallel superior articular surface.

Fig. 4. (A) Vertebral foramina of C4 are situated medial to the posterior center of lateral mass {screw entry point).
(B) Vertebral foramina of C6 are situated anterior to the posterior mid-point of the lateral mass.

cervical spine (43.9 + 4.5° in average value), and
the lower cervical spine had the larger angle
(Table 3). The angle was the direction of screw
in Magerl's method parallel angle superior
articular surface. The intervals between the in-
sertion points of screw were 159 + 1.6 mm on
C34, 193 + 1.6 mm on C4-5, 16.7 + 2.0mm on
C5-6, 15.3 + 3.1 mm, and the mean interval was
16.8 + 2.0mm. All the insertion points of screws
from the C3 to C7 were located on lateral side
to spinal canal, and were situated more medial
and ventral side than all the vertebral foramenin
vertebral artery positioned, except for C7 (Fig.
4).

DISCUSSION

The well-known techniques of the posterior
fixation of cervical spine using plate and screw
include Roy-Camille,"”""**" Magerl™*'*" have been
reported. Bothe methods vewas little difference in
postoperative infection, psuedoarthrosis, and sys-
tem failure, and the occurrence ratewas %
However, anatomical and clinical results have
been warned surgeons to the risk of radiculo-
pathy, facet violations, vertebral artery injury, and
spinal cord.”***

There were no serious complications associated
with placement of the screws in this radiological
study. Lateral mass plating was associated with
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no vertebral artery or spinal cord injury. Because
the spinal cord, as seen in our results, was located
toward the medial side compared to the insertion
point of screw and the direction of screw was
supposed to be inserted toward the lateral side,
theoretically, there could not injure in spinal cord
and vertebral arter The entry points of screw of
C3, C4, C5, and C6 were located in the posterior
side to the vertebral foramen in which vertebral
artery was passed.”” In addition, because all the
screws used in the above methods were directed
toward the lateral side, the results of this study
can be sufficient evidence for the low probability
of the injury in vertebral artery. However, it is
difficult to say that the above conclusion can also
apply for C7 without vertebral foramen, but as
long as the inserted screw do not fierce the
anterior portion of lateral mass, the occurrence of
vertebral artery injury is also rare in C7. Xu et al.
also reported the same results by cadaver study.”

The complications related to the anatomical
structure adjacent to screws were shown dif-
ferently between the Roy-Camille and Magerl's
techniques, facet injury(especially C7) occurred
when Roy-Camille’s method was applied, and
root injury was reported when Magerl's technique
was used.”"™*®* The authors could not show
the cervical root in the Magerl’s technique of this
radiological study. The location of cervical root
was expected to be the lateral-anterior side of the
superior-lateral junction of the superior articular
process, as mentioned by Xu et al.,"” therefore, in
even Magerl’s method, the safety can be secured
so long as the inserted screw is not exceedingly
toward the lateral side and too deep to penetrate
the anterior portion of the surface of the bone."””
In this study, out of the total simulated 200 screws
inserted in C7 by Roy-Camille’s technique, only
one screw (0.5%) was expected to injury facet joint
on CT scans. Given that such a result is similar
to those of other study (less than 1-2%)."”

The results of comparing the values in this
study with those in the other studies"”” when
Roy-Camille’s method was applied are the follow-
ings. Comparing the expected lateral angles of
screws on CT scans with the depths of screws in
lateral mass, we concluded that about 10° was the
most appropriate angle for the lateral angle but
could not find an ideal angle for deepening the
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depth of screws. The depth of screw was 10.2 +
1.6 mm, showing a difference when compared to
the report of Ebraheim et al."* stating 14-15 mm in
C6 and 13.8 mm in C7. The results of comparing
the values in this study with those in the
studies™"® when Magerl's method was applied are
the followings. While the paralleling angle with
the superior articular process, or the angle of
screw against sagittal profile, was reported to be
about 45°, the angle in this study was 43.9 + 4.5°
against the line which was perpendicular to the
line connecting the posterior margin of vertebral
body, and the lower the location of cervical spine
was, the larger the angle was. In other words, the
sagittal angle of screw should be larger in the
lower cervical vertebrae. The lateral angle was
originally 25°, and we additionally measured the
ideal lateral angle which minimized the injury in
vertebral artery in CT scans and maximized the
death of screw, as a modified Magerl method. The
ideal lateral angle maximizing the depth was
about 19.6° in average, showing a difference from
25° in original method. Similarly, the average
depth of screw was different: 11.9 + 1.5 mm when
the lateral angle was 25°, and 13.5 + 2.1mm when
the ideal lateral angle maximizing the depth of
screw was applied. Therefore, it is safe to say that
the lateral angle should be reduced about 20°.
However, the mean depths of screw were short,
compared to that in other report,* 15-17 mm.
Also, there are other variables on such a surgery:
firstly, the cervical vertebra. of Asians are smaller
than those of white man, and secondly, the values
in this study are those in CT scans so that they
may be different from those gained after mea-
suring cadaver bones, given the soft tissue around
lateral mass.

The characteristics of C7 were also determined
in this study. Firstly, the length of the lateral mass
was shorter than that of other cervical vertebra
and the depth of screw in Roy-Camille’s method
was also shorter, indicating the comparatively
high possibility of the injury in facet joint when
a screw was inserted. Secondly, when compared
at the sagittal profiles, the angle of the superior
articular process was significantly larger than that
of other cervical spinesspines indicating the need
of more sagittal angle when Magerl’s method was
used. Thirdly, the screw application might give
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difficulty because of characteristics as followings,
the border between the lateral mass and the
lamina was not apparent, and the steep inclination
of lateral mass was observed. Given the above
considerations, the screw application on pedicle
like the thoracic spine can be more effective or
safe in C7 vertebrae.””

The distance between the insertional points of
screws should be mentioned though it has been
rarely considered importantly in other reports.
The intervals of the screws were 16.8 + 2.0 mm,
showing difference by individuals. The actual
position of cervical spines could be different by
patients, and there are studies reporting such
differences based on individuals. Given the above
differences and those shown in this study, the
value cannot be stated as absolute one. However,
the value should be considered in designing
plates because the intervals of holes of plates
should correspond to it.

Applying the Roy-Camille and Magerl’s tech-
niques in the posterior fixation of cervical spines
is available based on the results of simple x-rays
and CT scans. However, the facts such as that the
actual depths of screws are shallower in Asians
than those in white man and that the ideal lateral
angle of the insertion direction is less than 20° in
order to deepen the depth of screw when Magerl's
method is applied should be considered.
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