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[Abstract] Objectives: To evaluate the feasibility of safe placement of C2 pedicle screws by measuring the
morphometric diameters on the narrowest portion of C2 pediculoisthmic component (PIC) with CT angiography
multiplanar reconstruction(CTA MPR), and to compare with the two commonly used clinical methods of axial
CT(CT AXIS) and the definition of high-riding vertebral artery(HRVA) to assess their false positive rates and
false negative rates. Methods: Consecutive patients who had undergone CT examination and head and neck
CT angiography(CTA) scan were included. The width of the endosteal cavity(a;) and outer diameter(a,) of C2
bilateral pedicles were measured by means of CT AXIS. The isthmus height(b) and internal height(c) were

measured on an orthogonal sagittal CT image at 3mm lateral to the cortical margin of the spinal canal wall at
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C2, and HRVA was defined. The width of the endosteal cavity(d;), width of the outer diameter(d,), the height
of the endosteal cavity (e;) and height of the outer diameter (e;) were measured by means of CTA MPR at
the narrowest section of C2 PIC. Disparities of the morphometric parameters between CT AXIS method and
CTA MPR method were compared.

the three methods were calculated,

Unfeasible proportions of C2 pedicle screw placement evaluated by all
and the false positive rates and false negative rates of CT AXIS method
and HRVA definition were analyzed based on CTA MPR method as the "gold standard". Results: A total of
304 C2 PICs of 152 patients were measured with CTA MPR and CT AXIS methods separately, the endosteal
diameter(3.82+1.58mm vs 2.55+1.16mm) and outer diameter(6.54+1.91mm vs 5.48+1.49mm) each were with
with the CTA MPR method, the height
measured was significantly bigger than the width(endosteal: 6.55+1.34mm vs 3.82+1.58mm; outer: 10.2+1.22mm
vs 6.54£1.91mm) (P<0.001). Regarding CTA MPR method as the "gold standard", the false negative rate and
false positive rate of CT AXIS method were 6.91% and 20.69%, respectively; the false negative rate and false
positive rate of HRVA definition were 11.64% and 3.45%,
between CTA MPR method and the methods of CT AXIS and HRVA definition in evaluating the placement
feasibility of pedicle screws (P<0.01).

statistical differences between the two methods (P<0.001). Besides,

respectively.  There were significant differences

Conclusions: CTA MPR measurement is able to simulate C2 pedicle
screw path and measure the morphometric parameters at the narrowest section of C2 PIC accurately, which is
Whereas,
the evaluation methods of CT AXIS and HRVA definition have partly false positive rate and false negative

a precise method in evaluating the feasibility of safe placement of C2 pedicle screw preoperatively.

rate that may lead to misjudgment or omission of the feasibility of C2 pedicle screw placement, increasing the
risk of vertebral artery injury or choosing biomechanically deficient C2 screw placement.

[Key words] C2 pedicle screw; Pediculoisthmic component; High-riding vertebral artery; CT reconstruction;
Preoperative evaluation
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) AR AX AR = AR IR AT e 4 A B I AT O
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R IREERAE . ARG B Klippel-Feil £55 fE 45
Pe RS & 5 @ R I & 3R B A A
R 52 ;O LPERER e
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f J Philips Ingenuity 64 HE £ )2 12 Jig CT
1, BB BUMEM, Je #5178 2mm )2 CT °F
1,98 )5 2R Kk 2L 3.5ml/s R A BT
3 (350mg/ml)80ml 47 CT Il & 523 s 4 41,
GG A F kS 2 M R 2R 0.4~
2mm, A 0.4~2mm, 2 1.0mm, 100kV .340mA .
W BT AR LR 4 1R 4% %2 RadiAnt B5 2% YR S
i (BT :RadiAnt DICOM Viewer 2020.2), X fif
A 955 ] 1) AR 43 03 2R ] 22 - T o 20 25 R 3
(volume rendering, VR) PP — 4 & et 4 R iE 175
P AL K RXHEAE 5 AR Il F s SO [ B 7
AL R AR - 253 53 ARAEME 75 AR e P A b 2
1.3 AR E Ik
1.3.1 CT AXIS i K CT $94ii #Y DICOM
Bdli e A2 RadiAnt B2 G EAS , T Imm 3
JZ CT B 7 br AT b A7 B8 D 0 28 2 HXCHE AL
MAE S RBERETEE (a) BAMEMTEE (ay); T
Imm )2 CT B % 1E 58 SR I £ 8 5 XA XL
ANHE RS P BE A 3mm AL f I 38 155 B2 (b)) Al B oy
i (o) (B 1) o H T3 AR AE =5 AR PN ] 2 R 5T 1

Figure 1

#4 3.5mm Al 4.0mm , Rt CT AXIS {0 58 X AfE A
SR ay<dmm B IEAL A AIE G 2% 4 B AMRHERE 5
HRERET
1.3.2 HRVA & X7 #84E Bloch i & XI5, CT
T B8 Ok AR T ) R A RCAE UL A0 A A N RE A
3mm Ak B I = B (b) <2mm 3B N 5 (e) <
Smm B A & Ry 77 7E WX ME HE B Bk & B AR R
(HRVA), & XAEIIEH FITA N ARG A %48
XA AE 5 AR IBAT
133 CTA MPR W & ¥ ¥ CTA 14 1
DICOM %i#a 5 A & RadiAnt &2 FEZ 30 W 45, (i
FH 22 10 A TF A < AR T HE 5 AR A R IR R
AU 7 AR AT, P TS R A A o 4 i
HE 55 ARl AR A ME PIC 3% 2 1 4k e R o7 1, 326
& PIC 98 B 50 78 W 43 . SR RRHE PIC e B 78
W, TEIZ A X HE PIC BBk A5 3 B B M e
(dy) IMETERE (dy) I & EE (e)) M AME R B (e,)
(1 2) A AHE PIC B 78 B do<dmm BFIEAL A
G A A AHMEME = AR AT,
1.4 SileErk

B K IBM SPSS 26.0 k4 #E 17 48 i1 4
BT, TH TR LSS B v 25 (s ) e, SR FH L X
FEAR ¢ K56 % CT AXIS i 32 i S %05 CTA
MPR 5500 i S 5076 Lo ir s TH BT R L
WECECA 43 e ROR R @ R e xXF CT AXIS
% .CTA MPR & 35 K HRVA 5 SC¥E VA B 4T
AT PRI T LA A . P<0.05 N 22 A Giit 2475

Bl 1 CT I A HEAE = AR A% 2 R )
HE 3 ik = B5 7% 5% (HRVA) a Imm #
JZ CT # % b5 il K F il 6z B % (CT
AXIS 0 2 7 ) DU 2 DA XA A =5 AR 4l
S0 (a)) LAME B S8 BE (a,) , a,<4mm
AL AN I 5 2 4 B AR HEAE 5 AR I3
£ b Imm )2 CT B % 1F 3¢ & MR 18
N AR XU A 4 P BE S 3mm b
4 e 358 1R B (b) B He 9 5 (e) b <
2mm I ¢ <5mm & N~ HRVA, ¥4l
RN G A AR MERE 5 AR R ET

Measurement of C2 pedicle diameters on CT scan image and judgment of HRVA a The width of the

endosteal cavity(a,) and outer diameter(a;) were measured perpendicular to the pedicle axis on the orthogonal axial plane
with CT AXIS measurement, and a,<4mm was considered unfeasible for safe placement of C2 pedicle screw. b Isthmus
height(b) and internal height(c) were measured on an orthogonal sagittal image that was at 3mm lateral to the cortical
margin of the spinal canal wall at C2. b<2mm or ¢<5mm was determined as HRVA, considering unfeasible for safe

placement of C2 pedicle screw
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X, LA CTA MPR Jl &350 R A g S bn e, PEAO
CT AXIS il 3% 1 HRVA & X B: {5 BH 4 2R i
TR

2 #R

i AN B HEBR AR, ABFoESLgh A 152 il
B, Hh Bk 87 19, Lok 65 1l A 16~87 %
(59.4+13.7 %),
2.1 CTA MPR Ml %5 CT AXIS ) & i i &
SR HER

fii 1] CTA MPR Ml & % 5 CT AXIS W & 7%
A3 152 65 1 304 A HKHEHE 5 AR B S
B, MERZE AL UL 1, PR N A i R s
(dy vs a) FAMETERE (dy vs a) I H G2

(P<0.001), CTA MPR Il & 2 & PIC 1) #E I&
(e)) FIAMEE B (e)) IR T 9 (e vs d), 2257 H
HEi2# 5 L (P<0.001)

22 CTA MPR Wl # ¥ 5 CT AXIS Wl & ¥ |
HRVA & SCEPEAG X HEAE = A& 5T AT 171k

W AT DL A8 A RXHEHE 5 AR SR ET 2 S B
PE RIS B2 A BT SCH I, = Fh 7 e 0P Ah
EIAIAT MR 45 S W3R 2, CTA MPR W74 5 CT
AXIS i35 HRVA & SCE AL B 5T v 174 22 (1]
FETE R 35 M 22 5 (P<0.01) .

LA CTA MPR Ml & ¥ 1F R H) %€ br #E ,CT
AXIS WL PEAl 42 DAIE A4 4 AT HE 5 R
WA 19 ASSEPR AT DL 4 B AHE 5 AR IR AT, AR
FA ISR N 6.91% ;CT AXIS il & 32 PEA, Al DL % 4

B 2 CAT MPR b5 54 448 0 &
AR AE PIC 19 A7 56 bR 1w, -l
T e B A AR LR A L 2 O i
(MPR)” T BE 5 B « 78 b 1 A5 %l 3 R 7 4K
HMEAE =5 AR e 4 il 7 1) (ol 4R ) R A
3B R 5 C . 7R R % R F T
e T AX AR AE £ AR e A Al T 1) (214R)

o A TR T TR 32 AR SR AR AR AT [ s i Al () A SRR AL (B ) T A 5 AR s D B AR TR R AR T T
e AXMEE 7 AR e 0 d B2 A B 7 B9 B B T T (dy) AR TETE (dy) BB T (o)) FIAME T (e) ]

Figure 2 The measurement at the narrowest oblique—coronal sections of the C2 PIC reconstructed with calibration line
of CTA MPR[A: The "MPR" operation in toolbar of software was performed; B: A sagittal plane was reconstructed along
the long axis of C2 PIC(blue line) on the orthogonal axial plane; C: An oblique axial plane was reconstructed perpendic-
ular to the axis of C2 PIC on the reconstructed sagittal plane (red line), which were perpendicular to the PIC axis of
both the axial(blue line) and sagittal planes(yellow line). D, E: The width of the endosteal cavity(d;), width of the outer
diameter(d,), height of the endosteal cavity(e;) and height of the outer diameter(e,) were measured at the narrowest sec-
tions of the PIC]



204 H A R A 2 R 2022 AR5 32 4556 3 W)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.3

EEI 262 MHES AR, 6 MLIRAE &KL
AT, HARPETE R A 20.69% , 60 I FE7E HRVA Y
HES AR o A 32 ANSEBR ] L% 4 B AMKHERE S R
B2ET  HABBAPE R N 11.64% ; 1M 244 4~ JC HRVA
ATLVEETIIMES AR A 1 AN TLPRAE A% 4B A
AXHEAE = AR IRET , HAR B E %R 3.45% (5% 3).,

3 iWig

KA AE =5 R el 5 4 52 150 45 K ME 2l BKGE 47 B
SARVEAL 5 AXHE R % S DF 7S % AT 2y . HRVA Al
HRAEAE =5 AR Ul 35 e A ACHEME 5 MR T B A = 30
HE Bl Jik A2 B9 32 L PRINeL - LT A AR AR} 2 Uil 4
FEE ) CT P31 52 80k I 12 X MEME 55 AR 58 15 i3
fiti HRVA S ) W7 A HEAfE 5 AR R BT 22 42 A i ]
AT R AR CT A HE 7K Pl (529145 I PR MK AEAfE
SHGERT T mAFTEIe A, NI B L AR A TR
—ERZE , MZ R 20 TS B ET A 2K, H
R ANTE2E . HRVA el 2 R PEAL 22 A 1Y

*1 CTA MPRIZ%5 CT AXIS M =X MEHK

# PIC B8R RAMEMI S H

Table 1 Morphometric parameters measured by
means of CTA MPR and CT AXIS

(x%s ,mm)

i Jl M
Endosteal diameter Outer diameter
MPR%E MPR width 3.82+1.58 6.54+1.91
AXISHE AXIS width 2.55¢1.16" 5.48+1.49%
MPR# MPR height 6.55+1.347 10.2+1.227

7. (D5 MPR Il 7 %8 152 P<0.001
Note: @Compared with MPR width, P<0.001

& 2 CT AXIS #l & 7% \HRVA E & CTA
MPR | £ % JFERHEESRESTATITEHEER
Table 2 Feasibility evaluation of safe placement of
C2 pedicle screw based on methods of CT AXIS,
HRVA definition and CTA MPR

+ —
CT AXIS il 3%
CT-AXIS method 262 42
HRVAGE X ik
HRVA definition 244 60
CTA MPR il 3 575 2

CTA-MPR method

IRET R B ARG A AE XY, BIAXAHERS 28 7L
A b7 A TERKHE N BB Bt R s i AT
(R PR M 75 MR B 0, 3 AR A A 5 AR B g
RATHe7E , WH9EERW FE7E HRVA AR HEME 5 AR
BN G RERX O T BRET e R A M 2l Ik 47 1 XU A
o 15181 28 5 1K DG YT BB T RIAIK A ME 5 AR B AT A
BT DAFTERIR], SR OC T SR ET (R T i
I &TGE RN, BT HRVA 25 RS H T
Tl AR HEME 5 AR IR ET 22 2 B AL,

il FH 22 - T & gy ik R LRI CT H 5 1)
fE BB EME . Naderi S5 bR 152 Z [ 1Y
#B 43 FR A PIC; Yuan FPF F CT MPR 77 35 05
FXHEAE 5 AR IR IZ A, BIH0 1T ARHE PIC 1 fif ) 2%
WEE, PSR CT #0E A i 2 BT il 7 S 4R
A7 B RXAFEME =5 AR FR Al 55 AXHEAE S AR IRET B A
BT A A A — 3K

FE 7E T 5% 38 {5 CT 22V i 5 A 9 A ME
PIC JESARCEHKE O, 938 & H T I HEAE 5
HRIRET B AF AR, Maki ZEF]H CTA MPR I &
ARG HE PIC Fepe s d AT , IA S L fdfi I °F
15T HE = AR Y CTT ARG 2 X HX A M 5 AR MR 4T 28 4
BT ARATVEAL o 22/NEAFEPEA Y MPR 7T 254G
VEAGARHE B R B kS, M PRAT AR HEHE = A
IRET B AL 5 224K 4 . Davidson 25 4 )
CT MPR It 2 i 55 A HEAE 5 AR AR AT A (W] aE 5T
SLET B TR RHOHE S AR BE R Y 22 5 s Marques U0
CT MPR FHFHXHEME = AR B 5T AR G PEAG IR AT 4T3
PEE , AWM CTA MPR I i 5 HXAE PIC

%3 CTA MPR M EETEM CT AXIS Ul £ % F1
HRVA 7E X%k BV £ 2 88

Table 3 Evaluative performance of methods of CT

AXIS and HRVA definition assessed with CTA MPR

CTA MPR i & 4T
Screw evaluated by CTA MPR

+ —

AXISHAf 5 4T * 256 6
Screw evaluated by AXIS — _ 19 23
HRVA B 76T * 243 !
Screw evaluated by HRVA 32 28

o+, AT A B AMKHEME 5 ARIRET: - ok 2B A MKAHEAE
SHURET

Note: "+" represented safe placement of C2 pedicle screw
was feasible; "—" represented safe placement of C2 pedicle

screw was unfeasible

T, 22 A B NHRHEME 5 ARIRET s -, ok 22 4 B A MK AEAE 55

HARET
Note: "+" represented safe placement of C2 pedicle screw
was feasible; "-" represented safe placement of C2 pedicle

screw was unfeasible
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PEATIEZS 249, AT R I B ARAE PIC 52 PR ik
2% FRARK AT 1) 9 B AR A

AWFFEAd ] CTA MPR ) 2 325 0 & #iX #E PIC
PN B B S M 3.82+1.58mm, AMETEE N 6.54+
1.91mm, NHEFE & B 6.55+1.34mm, /M2 & 10.2
+1.22mm, 55 Yuan ZFPHIE ) CT MPR U & 1%
I A A HE PIC S5 IE , Maki 5500 1 F 7] FE
J5 i 0 A HE PIC Py 6 58 A AR 42 T8 BE 43 i Ry
5.6+1.9mm F1 7.2+ 1.4mm , N HE S A IME 5 B 53
M 7.2+2.0mm Al 10.3£1.2mm, £ B & A HX HE
PIC & B 5 i B BN | S N BB A 48 | Bz Joit 9 5
OEST LS

AHWFIEEE T LI CT AXIS 592 ) 5 5% s
s ANME SR B /N T CTA MPR I &35 (4 &
S8 (P<0.001), A CTA MPR & 5 A4F Ry H 52 4
B, CT AXIS 5 325 DAl AR HEAE =5 AR IR T 22 4>
B AFELE 20.69% A1 BH 2R F1 6.919% 1) {1 B 1
RORIRH CT AXIS 75 A 20.69% 1 AX HE A
M S BRI B 28 A B ET ENAR R W R ] DL A
EET, WA 6.91%98 A R TCIk BT HE S RS BR
AT LLE AKKHEAE S AR 24T, Burke 25RO I #H
(I& VAKX HE PIC LB )CT 5 CT AXIS I &
2253 00 D ) — AR MERE 5 AR e i S8, BB
CT AXIS I 5 32 0 45 1) 58 B A B 3578 F R
HHEWAFSE, Yin SR LR CT A
I S ) A ME 5 MR W B 2 CT AXIS )
PR 1.4~1.5 F5 e, T CT AXIS il & vk
U0 T B i 2 U /)N A CT AXITS ) 32 il
i T 2 (AR ME TG 15 %2 4 8 A AR HEAME 5 FRIRAT
ABFFE T CT AXIS W 75 WA A 13.82% M AX HE
M5 MR Ok 2 4 B NIRET, T CTA MPR I & 3%
H9.54% , Wi #H Z B AEFE G TR 22 57

ARWTE A 49 0] B F A HRVA R RN
32.24% , i T A ME S AR K 19.74% , 5 T AT i 9 0F
SEHE 1 HRVA KAy 33.9%PAAH I, [ [E Ak
SCHRHR A 1 10%~20% K& H= 550 5 BT h
i FH HRVA & Sk T Al AiX A 75 A 22 42 B 5T )
1T 11.64% 1 1B B 1 %, B BH R R
3.45%., ¥i 2 N FH HRVA ¥FAl A 3.45% 5 b
AN G A R B MXOHE HE S AR AR AE SR A T
11.64% 52 br AT LA EE 5T 09 MK HEAE = AR 7E 76 T H .
CT AXIS Il & % (%) FH M % 18 2% & F HRVA &
Xk, BRI CT AXIS W5 vk AR Al pEA I, af

il DR 1 ) R A 5 AR MR AT 22 4 8 T K A M 3 ik
05 0 XU #5075 . HRVA & s R B M % T
CT AXIS &, B — 1 H HRVA & SGEH# TR
HOVPAR I, P RE A e KA AME 5 AR IR AT 22 4
T B8 26 W) ) 2 1 e A AN 2 1 AT R =
X HE e F8 MR 5T 4% L FRATT T A BF 5 R W RN
HRVA & A 2 W] i &5 F B 3E N2 5 gk — 25 Jin
IR AT RE

ARSI L] A — BT CT AXIS I &
% HRVA JE SO £ A HEME 5 AR IRET I
A A R 1A 22 S P B AT AT AT PR R ER
[7] 5 30— 2 A B BE Pk R B S 2 2P 1T
75 5 1 BLVTAN %R R ARG 2 B2 A HE PIC 51
TE AN K 3 B0 5 SIOME A [, AR 1 A 51 45
M8 R FE , B PIC EA U] W 0 =R . Xu
G0N S5 AT 34 1 A O 20.2°43.9°, 72 P i
AR 33°43.2°, Yuan SFEMRIE I 5 1 7 bR A HXAE
() T8 P A 2 O 11.1°+2.4° ) T T UL P 8
Yk 42.6°44.9°, AXMEVE it EHE , XA PIC
T B AN ZE A 5 C3 ME 55 AR 0 IR 45 4 A AL
TOTNR AR R, 427 I s R PIC Rk
78R AR A B S R AR, Ik CT
D - T 55 A A PIC Bl P T A7 A ) B s 22 B, HE
TR A AR Ak 0 S Hh o S A 2 5

ZE LTk ,CTA MPR It 75 ] 455 400 AK AfE A
SARIRETETIE , AR EUET I B bk A5 0 R A A O o
B I o T B A, SR AR AR R AT B AR
il e 4 BETPIAT M BN MERR ) % . CT AXIS I
755 HRVA & SUE YRR — 28 118 BH 1 2
BT PE R 33X AT Al BOR AT Bl ) B AT T AT
P T4 R Sh kA A7 17 JRUR: s 2R ) ) 2= Mg
A BB ET A IR, X DL PR 47 fu] b AR A
A EET AR, CTA 27 1 B d#ER
VTR X AR 5 AR 28 4 B ET T A7
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