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[ Abstract] Objective To design a new method to judge the internal shifting situations of pedicle screws using roentgenograph,
and evaluate its clinical diagnostic value. Methods The roentgenographs of 844 pedicle screws were selected from the
postoperative roentgenographs and CTs of 175 patients treated with pedicle screw fixation. Three doctors respectively used
2 different methods to judge internal shifting of pedicle screws using roentgenograph. According to the old method based on
anteroposterior roentgenograph, internal shifting of pedicle screws was judged as normal if the tip of the pedicle screw did not exceed
the acantha’s center line, and was judged as abnormal if it exceeded the conter line. The new method included several measurement
procedures. The screw tip’s projection was set as point A in the lateral roentgenograph, the screw head’s projection as point B, and
the junction’s projection of the screw’s center shaft and the vertebral posterior margin as point C. Then the distance of AB and
AC as well as the specific value ( AC/AB ) were calculated. The screw tip’s projection was set as point A” in the anteroposterior
roentgenograph, and the screw head’s projection being point B’. Through measuring the distance of A'B" and then multiplying
the ratio r, the distance of A'C’ was acquired, then the point C" was the target projection point, which represented the position
of the screw tip on the anteroposterior roentgenograph when the screw just reached the vertebral posterior margin. The judging
criteria was established as follows. Internal shifting of pedicle screws was judged as normal if the target projection point located

outside the medial margin of the vertebral pedicle, and was judged as abnormal if it located inside the margin. Postoperative CT
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outcomes which were considered to be the gold standard were compared with the judgments. Intra-observer difference between

the 2 groups was analyzed, and clinical diagnostic value was studied. Results Three doctors successfully finished their

experiment. The rate of judgment consistency among 3 doctors in the new method group( 90.5% , 764/844 ) was higher than that

in the old method group ( 71.2%, 601/844 ), with a statistical significance ( P<0.05 ). The diagnostic sensitivity, specificity,
Young’s index, positive likelihood ratio and negative likelihood ratio of the new method ( 94.5%, 90.2%, 0.846, 9.62 and
0.06, respectively ) were all superior to the old method ( 67.0%, 78.0%, 0.470, 3.04 and 0.42, respectively ), all with
significantly differences( P<0.05 ). The detection accuracy of the new method in the internal shifting of stages 0, 1 , Il and III
on CT(90.2%, 92.3%, 94.7%, and 100%, respectively ) were all higher than the old method ( 78.0%, 59.0%, 73.7%, and
71.4%, respectively ), all with significantly differences ( P<0.05 ). Conclusion The new measurement in judging internal

shifting of pedicle screws using roentgenograph has a good repeatability and diagnostic value. Therefore, it is worthy of further

research and application in the clinical work.
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Note: Screw tip is set as point Ay, screw head as point By, and junction
of screw’s center shaft and vertebral posterior margin as point Co; On
lateral roentgenograph, projection point of Ay is A, and projection point
of By is B, and projection point of Gy is C; Distance of AB and AC as
well as the specific value r( AC/AB ) are calculated; On anteroposterior
roentgenograph, projection point of Ay is A’, and projection point of By
is B’; Through measuring distance of A’B" and then multiplying ratio 7,
distance of A'C’ is acquired, then point C' is target projection point
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Fig. 1 Design principle of new method
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Fig. 2 New method to judge internal shifting of pedicle screws
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Tab. 1 Clinical diagnostic value of 2 methods
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Method Sensitivity ( % ) Specificity ( % ) Young’s index Positive likelihood ratio Negative likelihood ratio
%
etk 67.0 78.0 0.470 3.04 0.42
Old
94.5 90.2 0.846 9.62 0.06
New

TE: = SISk, P<0.05
Note: * P<0.05, compared with old method
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33 i

Aoude 25 PE A KB, HRTIA I 75% 5 FE
HNBHE IR A Hp 8 FH X £33 SIS I R # I24 T o7
B, HARSE CT A A KOk 2 Rk B B AT A e — 2 1
A T H R SRR B e A b R TR AL Fr) 2 B
BT F N 0w BRI PR 5 FH i 00 ik (A4 5¢
) IR X £R BT R AR i ol e Hh 28
PR IE 55 o XU 4502 MR B s ok FIWr IR T B, &
P28 0 AN JE 1 B T H BT A 12 3205 23.9% , T4+
BHEIRNE17.7%; AR AR E A IR AT (4 AT S
1R, TS R TR BT 1 ] MG BT AR R 2
R5EZNEAG K. OAET EAE TR Hififf -
NET SRR N L A R, B2 AR N . Q1%
ETACEE . MRET R FLAEMEIR Y IR B i, B2 a5
AT RS o U, X AS P O A IBAT, AT RE
FHRETI , B S p 2k, R R IRET 5
RZ, X FNRIRET, vTRE M TIRET A, BN
PSS T TR A DX 35, T R ) A I MR T . DG4k
PRAAAEE . YA IR PR — DR AR, RIS T $e 5

KRR, XHUAR K, P15 0 ) (9 8 o A 2R
TAHRLBICIE S, AT, X TS i Ak T g PR AR e
Il SRR f A S55 31) - S 7 3% M RE 2 i i
ZIRZE

TR BAT EORIRET IR A AEME S RN AT E . A 27
AR IRET AN L PN i 2 AHEAS ) X 22 A5
e HONAL X 2R BIRETHE A BIMEA S R 1E AL X
LR FARETR NN AR AR A A S AR N2 X — ]
Wi e e L&, 2l i s TR Z R
AKIFTE (058 5 05 TE R B 7 SRR IR 4 o SR,
HED HRIRAET B S IEAL X 2R R IBET i 88 A
SR MEA R e, JCTE EABURET s ]
FIIRAE S AR AT HEMAS 2% I 9B L ( ARG
R)o AL, ST E R AT SR B AR H
PRBER L, AR BB R S HES HUE NG
KAFNWIRET I i o

HOTRERAR T PO, O FRIR LA, A4S
RBTHERPEATET R R 2] HARBGE R (7)o
I SRR AT 405 . OIEMIA X 27 EIRETR
s CRIB i b BY ) OB 5 o 52 60 B0 e R i N i %



266 -

SRR, A5 R XSG AR GO A S ARMRET DAY D )57 7 12

FESIRET IR ORI SE , BFIhRic e SE T IRET |
P icfE g S A TE AL 37 R LA T AR SRR Y
B a5 K B SUE X o WREFEIRET AT — AT 7E 52
& b R BIpRIC SN REHE— 2R R 2 W B
QML X EHER S S 2 n 0 . WARMIA; X 26
PR AR E , WIS 2% — SRR 4L, e
{HY B HEORARUERT, WIS 20T BB S B 2 45 4R,
W F A5 A RET | JE BT 1R IE 2500 W 2 S 1
L3 AR ) J5 %, i S A D i AR . DR
BAL B AR . FIFH PACS R4 T H X G175
okt HERE R R, DU B s HEAR S 2% | HES AR
B IRET AL AR AT s[RI A OB T &
BAEAT ORI &, AT RESE =il FAS BE

A X 26 R b Ty AT 235055 T K Ty A
PRBIE N R DG B, AR S 5 JC TR M s
A S FEINTs ~ S, 1 BEIGR  S3 & RERAR Y
BRET O j EE P ATEME S AR NG 2 mm ZBAES
PO Z M), 0 Cr B A 5 MR RO f A1,
WIS o] BEPE A B G OR, (EAS SEEG R X IRET S M A
HE—2BWFE o AN €7 AEMES ARZ N, T d fEBOR
AL CT S5 RS N IR PO 8= o 28 CT R RN
AR ET A AT 753 e, Ferbop Jr A7 74 014 B i i3
IXSERRET N G oL THE S AR B il 4% I
dfEH M 0~2 mm, Belmont 251 @ 80540 4 LR 5B 7E
DAL 2% 30 K 5 7 18] 2 mm PN R L WR A U AR M,
MIREAR T A2 55 A BH PR %, (B[R] a3 i 1 CT
S T IRET R B ME 2 . 1B Amato 551103 1
fiff E 0 B B PSR JS IRy CT 4340k T Ry 85T
PRI PR FROZAE AV, HAS 2 T3 AR S ry A 2840
(EZL

FT BT MRET A7 B 1Ak B N D AT A T
WA BLEET R, MINJHHEETIA , A2 S
PO RIRREE , R, O AR AR B b 25 54 1
— Tl KA BE o A CT RESR A B v o 5 EOUL ) &1
%, B B ARt TR X LR G X AL LAY
HHEEMIAL X 22 R R FIRTRE T B A2 B i
o ARG T FIMT ) EWMERCR | MERR R BLAIL, A
WFFES R AR AR FE T T IRETHREE | A
IRTERE B2 . RO A TR R, 2 Wi B IL T
e i, HOUEEE Al — B, & Wk Je vl &
VT

(BAM S AL — & Jm BRI o B )y e S A T
AR I A, B BIHES AL HEIR S 4 B A
5, BRETTT ) ) HEAAR MU, BEEARKE <1 em DU

Lo T, MEPRSERF BT, FON 2 BB, AT
PAZE G ARG T LB BORG CT & 4 b, HRaf%
ST SRR R SR W e, BB
ANTHRERBINE A TERERA T, BETR It
IEAEARF BT A CUHB AGERLETI ) 1 AR RLH]
W I S e e O A T 00 , A Fp it — IR AR

2 % Xk

(1] 257, ke e, VUM . Mt = AR IR ET B AN il BE
RGO RLT ] A ESMRHE, 2013,
11(6): 365-369.

(2] XU, BEABIR, PRARGE, S5 R op BE o 0 b i i
Bt 5 ARURET O B L) ] R SR,
1993, 3(3): 126-129.

[3] Smith ZA, Sugimoto K, Lawton CD, et al. Incidence of
lumbar spine pedicle breach after percutaneous screw
fixation: a radiographic evaluation of 601 screws in 151
patients (111 Spinal Discord Tech, 2014, 27 (7):
358-363.

[4] Mason A, Paulsen R, Babuska JM, et al. The accuracy
of pedicle screw placement using intraoperative image
guidance systems| J |. ] Neurosurg Spine, 2014, 20( 2 ):
196-203.

(5]  SBpeds, XUEE, WRECUE, 55 RTHEZS B e HUIRET
AH S~ it K R SCL T 1. b BRI AR
7%, 2015, 23(18): 1657-1661.

[6] Aoude AA, Fortin M, Figueiredo R, et al. Methods to
determine pedicle screw placement accuracy in spine
surgery: a systematic review [J]. Eur Spine J, 2015,
24(5): 990-1004.

[7] Aoude A, Ghadakzadeh S, Alhamzah H, et al.
Postoperative assessment of pedicle screws and
management of breaches: a survey among Canadian
spine surgeons and a new scoring system[ J ]. Asian
Spine J, 2018, 12(1): 37-46.

(8] RN, L, Bk, S5 AMES HRMRET A [ E A
X RN AE S AR ARET R I A [ ) ) A RSB
i, 2016, 14(3): 159-164.

[9] Belmont PJ Jr, Klemme WR, Dhawan A, et al. In vivo
accuracy of thoracic pedicle screws[ J ]. Spine( Phila Pa
1976 ), 2001, 26( 21 ): 2340-2346.

[10] Amato V, Giannachi L, Trace C, et al. Accuracy of
pedicle screw placement in the lumbosacral spine
using conventional technique: computed tomography
postoperative assessment in 102 consecutive patients[ J ].
J Neurosurg Spine, 2010, 12(3 ). 306-313.

(ki H T 2018-03-15)
(A3cHid: T 4f)





