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A study of Rule of Twelve on X-ray film in evaluating the accuracy of screw placement in the treat-
ment of adolescent idiopathic scoliosis with all pedicle screw instrumentation/HE Zhong, QIN Xi-
aodong, YIN Rui, et al/Chinese Journal of Spine and Spinal Cord, 2020, 30(7): 580-588

[Abstract] Objectives: Use the Rule of Twelve based on X-ray film to evaluate the accuracy of pedicle
screw placement in adolescent idiopathic scoliosis (AIS) patients after scoliosis correction surgery. Methods:
This study retrospectively reviewed 40 patients (34 females and 6 males) with AIS who underwent posterior
correction surgery with all pedicle screw instrumentation in our hospital. The mean age was 15.2+1.9 years
(11-18 years). The traditional method and the Rule of Twelve were used to evaluate the degree of pedicle
screw placement on X-ray films, which was verified by CT scan. The traditional method was as follows: de-
gree A, the screw heads were between the inner wall of the pedicle and the vertebral midline, and were not
obviously inward or outward compared with adjacent screws; degree B, the screwheads were beyond the
vertebral centerline or obviously inward compared with adjacent screws; degree C, the screw heads were

outside the inner wall of the pedicle or obviously outward compared with adjacent screws. The Rule of
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Twelve was as follows: the vertebrae were divided from the concave lateral edge to the centerline and from

the convex lateral edge to the centerline into 12 equal parts, and the safety range was determined according

to the position of the screw on the vertebra and the degree of vertebral rotation. Degree A, the screwheads

within the safety range at the rotation; degree B, the screwheads were beyond the median boundary of the
safety range and were obviously inward compared with adjacent screws; degree C, the screwheads were outside
the lateral boundary of the safety range and were obviously outward compared with adjacent screws. Axial CT
scan: degree A, the screws in the pedicle; degree B, any part of the screws was beyond the inner walls of
the pedicle; degree C, any part of the screws was beyond the outer walls of the pedicle. In addition, the
accuracy of evaluating screw placement might be affected by the direction and degree of vertebral rotation, so
the position(convex and concave) of the screws and the Nash-Moe rotation(0-IV degrees) of the vertebrae were
recorded and analyzed. The accuracy of the two methods was compared using the chi—square test and the
diagnostic test. Results: According to the CT scan, 595 out of 638(93.3%) screws were classified as degree
A, 9(1.4%) as degree B, and 34(5.3%) as degree C. The Rule of Twelve showed 589(92.3%) screws were
classified as degree A, 10(1.6%) as degree B, 39(6.1%) as degree C; while, the traditional method showed
582(91.2%) were classified as degree A, 19(3.0%) as degree B, 37(5.8%) as degree C. The misjudged screws
were 49(7.7%) using the traditional method and 14(2.2%) using the Rule of Twelve, and there was significant
difference between the two methods(P<0.001). Among these, the misjudged screws in degree B were 25(3.9%)
and 5(0.8%) (P<0.001), respectively. The misjudged screws in degree C were 24(3.8%) and 9(1.4%)(P=0.006),

respectively. Furthermore, for traditional method and the Rule of Twelve, the misjudgement rate of evaluating

screws was higher on the concave side than on the convex side,

morerotation.  Conclusions:

misplacement in AIS patients.

and was higher on the vertebrae with

The Rule of Twelve on X-ray film can improve the accuracy in judgingscrew
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Figure 1 Traditional method a Degree A, screw in the pedicle b Degree B, violation of the medial wall ¢ Degree C,

violation of the lateral wall
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gram of vertebral model construction d Demonstrates the change of the pedicle screw with rotation of the vertebra. The
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Figure 2 Schematic diagram of the

Rule of Twelve a—-¢ Schematic dia-

dotted lines are the trisectors, and the arrows below indicates the safety range of the screw tips e Shows rotation of the

vertebral on X-ray film Figure 3 CT evaluation of screw degrees a Degree A: the screw in the pedicle b Degree B:

violation of the medial wall ¢ Degree C: violation of the lateral wall
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Table 1 Comparison of the Rule of Twelve and the traditional method with CT scan evaluation of the screws of

degree A and non—degree A

CTV-HIESE A G IR ET % (n=595)

The number of degree A screws by CT scan

CTIESEAE A IR ST H (n=43)

The number of non—-degree A screws by CT scan
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d A
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Table 2 Comparison of the Rule of Twelve and the traditional method with CT scan for evaluation of the screws of

degree B and non-degree B

CT-HUESE B HAYIRETH (n=9)
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Table 3 Comparison of the Rule of Twelve and the traditional method with CT scan for evaluation
of the screws of degree C and non—degree C
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Figure 4 15-year-old female, AIS with Lenke type 5 curve, preoperative cobb angle of left thracolumbar curve was
48°, Risser sign was 4 on both left and right a According to the standing upright coronal and lateral radiographs
immediately after surgery, 12 pedicle screws implanted with fusion (6 screws on the concave and convex side of the
thoracolumbar curve respectively), from TI1 to 14 b The L1 screw on the concave side of the thoracolumbar curve,
which was degree Il vertebral rotation according to the Nash-Moe method. It was deemed degree B using the traditional
method, because the screw head was over the midline of the vertebra. However, the screw was considered in the pedicle

using the Rule of Twelve, because the screw head was still within the safety range(from the 9/12 line on the convex to

the 10/12 line on the concave) ¢ The screw was confirmed as degree A on supine CT scans
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Table 4 Comparison of the diagnostic tests results from the Rule of Twelve and the traditional method

I3 FEREES U 2 ES e st PIrES
Degree Concordance rate  Sensitivity Missed diagnosis rate Specificity Misdiagnosis rate
B% Degree B 99.2 77.8 222 99.5 0.5
Aok C%% Degree C 98.6 94.1 5.9 98.8 1.2
Rule of Twelve BYEAC %
K+C %
Degree B and C 97.8 90.7 9.3 98.3 1.7
B#% Degree B 96.1 20 80 97.3 2.7
(B WIRES C%% Degree C 96.2 68.6 314 97.8 22
Traditional method 4G Y
B+ C 9 923 57.8 422 94.9 5.1

Degree B and C
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