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Safety of posterior C1 lateral mass screw under different introversion angles/HU Yong, DONG Weixin,
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[Abstract] Objectives: To compare different introversion angle related to the width and depth of screw in
ClI lateral mass when placing the cephalic inclination of posterior C1 lateral mass screw at 15°, and to find
optimal introversion angle for posterior C1 lateral mass screw placement. Methods: Computed tomography(CT)
scan was performed on normal cervical spine of 64 healthy Chinese adults(32 males, 32 females; age range,
18-60 years; mean age, 32.7 years), the 3—-D morphology of each atlas was reconstructed by using the Mim-
ics software. When fixing the cephalic inclination of posterior Cl lateral mass screw at 15°, the effective
width and screw length of C1 lateral mass under different introversion angles ranged from 0° to 30° with a u-
niform interval of 5° and ideal medial angle (B), the effective width and screw length was measured, the
height for screw entry point on the posterior surface of the lateral mass and the distance between screw entry
point and the intersection of the mid-sagittal plane and the posterior arch of the atlas were also measured
respectively. All data were analyzed by SPSS 18.0. Results: The ideal medial angle was 20.01°+2.97°(male)
and 21.89°t3.14°(female), and the relative result of effective width was 11.02+0.96mm(male) and 9.97+0.98mm
(female). When the introversion angle was 0°, 5°, 10°, 15°, 20°, 25°, 30° and B, the lateral mass effective
width of male was 8.95+1.18mm, 9.51+1.14mm, 10.00+1.17mm, 10.42+1.20mm, 10.39+1.29mm, 9.41+1.25mm,
8.04+1.21mm, 11.02+0.96mm respectively, while the datum of female was 7.64+1.0lmm, 8.31+1.11mm, 8.88+
1.10mm, 9.32+1.11lmm, 9.51£1.09mm, 8.90+1.02mm, 7.62+1.07mm, 9.97+0.98mm respectively; the screw
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length of male was 19.03+1.34mm, 19.60+1.39mm, 20.28+1.47mm, 21.20+1.48mm, 22.11x1.54mm, 23.06+
1.63mm, 24.19+1.97mm, 22.37+1.52mm respectively, while that of female was 17.47+1.68mm, 17.90+1.64mm,
18.50+1.79mm, 19.31+1.93mm, 20.47+2.03mm, 21.67+2.18mm, 22.89+2.38mm, 21.26+1.99mm respectively.
When the introversion angle was {3, the lateral mass effective width was significantly bigger than that of other
angles(P<0.01). When the medial angle was {3, the distance between screw entry point and the intersection of
the mid-sagittal plane and the posterior arch of the atlas was 28.35+1.75mm(male) and 26.70+1.60mm(female).
and was 4.13%

The height for screw entry in the lateral mass of posterior surface was 4.38+0.85mm in male,

0.80mm in female. Conclusions: When the cephalic inclination of posterior C1 lateral mass screw is fixed at

15°, the effective width of lateral mass is the widest,

which can be used as the ideal introversion angle to

minimize the risk of injury to the vertebral artery and spinal cord during instrumentation.
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Figure 1 a In the median sagittal plane, the Y axis pass through the lowest point of atlas anterior and posterior arch,
the X axis occupies the coronal plane and is parallel to a line connecting the lowest point of the outer edge of the
was the intersection of the X axis and the Y

inferior articulating process on each side, the coordinate origin (point O)

axis b The Z axis pass through the point O and lie perpendicular to the X and Y axis ¢ In the axial plane, the axial

line of CI lateral mass screw(line SS') and angle are then determined relative to the midline d In the sagittal plane, the

axial line of Cl1 lateral mass screw and sagittal angle are then determined relative to the Y axis
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Figure 2 a The transverse plane of atlas consisting of X and Y axes, the sagittal plane of atlas consisting of Y and Z
axes b, ¢ The point A and B is the connection point of lateral mass and anterior arch and posterior arch. PIl: Pl
through point A and point B, and lie perpendicular to the transverse plane. P2: P2 parallel to the P1 and tangential to
the transverse foramen. P3: P3 parallel to the Pl and in the middle of P1 and P3. D=Distance from entry point to the
intersection of the median sagittal plane and the posterior tubercle of the atlas, H=Distance from the entry point to the
posterior edge of the atlas inferior articulating process d, e P4: M4 through point B, and lie perpendicular to the
transverse plane and parallel to the median sagittal plane. P5: PS5 parallel to the P4 and tangential to the transverse

foramen. P6: P6 parallel to the M4 and in the middle of P4 and P5
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Figure 3 a Using the osteotomy procedure with three cutting plane, including inside(P1), median(P2) and outside(P3)
cutting plane, the distance between inside(P1) and outside(P3) cutting plane was effective width(EW), the C1 lateral mass
effective width for 0, 5°, 10°, 15°, 20°, 25°, 30° and B of medial angulation, respectively. B: angle between line
parallel to border of vertebral canal(line AB) and midline b The largest effective width appear at the medial angulation

of B, the value of EWB was significantly greater than another effective width
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®1 AANBAMEHNEEMUREREE (vis,mm)
Table 1 The value of effective width for each degree

of C1 lateral mass screw medial angle

x2

Table 2 The value of screw

5 P 16T F ot E 4 B2 J I U R 2 6T B 3 T

RE

(xs ,mm)

length for each degree

\ li‘”iﬁ f . BM“]E Fﬁ H?l of Cl lateral mass screw medial angulation
edial angle ale emale
- i
0° 8.95+1.18(6.38~10.85)"  7.64+1.01(5.16~9.90)% V\”J\ﬁl V2R3 B
- - l\fledial Male Female
5° 9.51£1.14(7.00~11.72)"  8.31+1.11(6.03~10.49)" angle
10° 10.00+1.17(7.34~12.25)  8.88+1.10(6.83~10.83)% 0° 19.03+1.34(16.45~21.58)%  17.47+1.68(14.08~21.12)®

150 10.42+1.20(8.06-12.82)"  9.32+1.11(7.34~11.35)" 50 19.60£1.39(17.10~22.14)7  17.90+1.64(14.36~21.42)"
200 10.39£1.29(7.66~13.25)"  9.5121.09(7.51~11.13)" 10°  20.28+1.47(17.58~22.96)" 18.50+1.79(14.60~22.82)"
250 0.4151.25(6.44~11.89)7  8.90+1.02(6.64~11.14)" 15° 21.20+1.48(18.34-23.35)C 19.31x1.93(15.19~23.83)"
300 8.04£121(6.02~10.88)7  7.62+1.07(5.54~10.33)" 200 22.11£1.54(18.90~24.17)% 20.47+2.03(16.44~24.63)7
B 11.0220.96(9.28~12.83)  9.97+0.98(8.49~12.03) 25°  23.06+1.63(19.45~25.41)" 21.67+2.18(16.33~25.28)"
VAR A 0°10° 300K 55 P 15 g 5° .15°.20° 25° 300 24.19+1.97(20.22~27.03)7  22.89+2.38(15.56~25.84)7
B 22.37+1.52(18.23~24.89)  21.26=1.99(16.73~24.92)

I 4 L4 P<0.01, D5 [ 31 9 517 R B I LL 4%, P<0.01

TE B 43 510 00,50 .10° . 15°,20° ,25° 30° 1, [&] 1 51 ¥ 7
4, P<0.01. D5 [ 4 51 161 F kB L 4%, P<0.01

Note:

Note: There were statistically significant differences between the
10°,

lateral mass effective width of the medial angles was 0°,

30° and the lateral mass effective width of the medial angles The difference between screw length at each angle was
was 5°, 15°, 20°, 25°, P<0.01. DCompared with the lateral statistically significant in every pair, P<0.01. O Compared with
the screw length of the medial angles was B within the same

gender, P<0.01

mass effective width of the medial angles was [ within the

same gender, P<0.01
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Figure 4 The relationship between the values of effective width, screw length and the medial angle of posterior Cl
lateral mass screws a According to the effective width and medial angle of the Cl lateral mass screws, drawing a scatter
plot, and using locally weighted regression scatter smoothing to fit smooth curve, the smooth curve showing the values of
effective width for the posterior Cl lateral mass screw first increases and then decreases with the increasing medial angle
from 0° to 30° b According to the screw length and medial angle of the C1 lateral mass screws, drawing a scatter plot,
and using locally weighted regression scatter smoothing to fit smooth curve, the smooth curve showing the values of

screw length and medial angle of the posterior C1 lateral mass screw increases with the increasing medial angle from 0°

to 30°
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