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[Abstract] Objectives: To compare the accuracy and deviation direction of screw placement in the same
pedicle type of apical vertebra of adolescent idiopathic scoliosis(AIS) with the aid of navigation and navigation
calibration techniques, and to analyze the influencing factors of screw displacement under navigation and the
clinical significance of navigation calibration technique. Methods: From October 2017 to October 2020, 41
patients who were diagnosed with AIS in our hospital and were treated with posterior correction and internal
fixation for scoliosis under the guidance of navigation were retrospectively analyzed. The patients were divided
into navigation group (n=22) and navigation calibration group (n=19) according to whether applied navigation
calibration technique. The basic information of the two groups of patients was collected, and the Risser sign,
the Cobb angles before and after operation, and the postoperative correction rate were recorded. The types of

pedicles of apical vertebrae of patients were classified according to the classification standard of Fu
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Changfeng(A, B, C, D, E), and the accuracy of screw placement of the same pedicle type was evaluated
according to Rao classification. Results: The excellent and good screw placement rates of types A, B, and C
pedicles in the navigation calibration group were 96.4%, 87.8%, and 84.0%, which were significantly higher
70.5%, and 56.7%

screws on both sides of the concave and convex in navigation calibration group was also significantly higher.

than those in the navigation group of 79.2%, respectively, and the rates of grade 0
The rates of grade 3 screw placement of B-type pedicle and its concave and convex bilateral sides in the

2.0% and 11.1%, 6.3% and
and the grade 2 screw rate of convex side of C-type pedicle was 11.1% and 50.0%, and the

calibration group and navigation group were respectively 4.1% and 12.4%,
13.7%,
differences between the two groups were statistically significant (P<0.05). In addition, the perforation rates of
the lateral cortex of types A, B, and C pedicles in the navigation calibration group were 33.3%, 33.3%, and
60.0%, 38.6%, and 73.1%.

Meanwhile, in navigation calibration group, the anterior wall perforation rate of A-type pedicle was 0.0% and

which were significantly lower than those in the navigation group of 64.0%,
the perforation rate of the lateral cortex of the concave side of C-type pedicle was 66.7%, which were
significantly lower than those of the navigation group of 24.0% and 77.8%. The perforation rate of the medial
cortex of the B-type pedicle in navigation calibration group was 41.7%, which was higher than that in the
navigation group of 40.9%, but the perforation rate of the concave medial cortex of 36.4% was significantly
lower than 33.3% of the navigation group,

significant (P<0.05).

and the differences between the two groups were statistically
None patients in both groups occurred serious complications such as spinal cord and
neurovascular injury. Conclusions: Comparing with traditional navigation, the navigation calibration technology
can effectively prevent navigation deviation during operation, improve significantly the accuracy of screw

placement in types A, B, and C pedicles of AIS apical vertebrae, and reduce the perforation rates of lateral

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.9

wall and concave medial wall of type B pedicle

operation.

by screw misplacement,

which may improve the safety of

[Key words] Adolescent idiopathic scoliosis; Navigation; Pedicle screw; Morphology; Apical region
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Figure 1 Accuracy verification of navigation image a Verifying the image on the target vertebra before screw place-

ment with navigation tracer b, ¢ Embedding the needle tip of navigation tracer in the hollow positioning needle for im-
age calibration d—f The navigation display image shifted 2.67mm horizontally to the left, and 2.33mm offset in the ruler
plane to the ventral side, and rotated 2.33° counterclockwise g—i After the navigation calibration, the image was in the
same direction as the navigation probe in the horizontal plane, coronal plane, and ruler plane, and there was no image

offset
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Figure 2 Pedicle classification a Type A pedicle b Type B pedicle ¢ Type C pedicle d Type D- 1 pedicle e Type

D-1I pedicle f Type E pedicle
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Figure 3 The direction and grades of perforation a Grade O,

the screw did not penetrate the pedicle and vertebral

cortex b Grade 1, the screw penetration distance was less than 2mm ¢ Grade 2, the screw penetration distance was 2-4

mm d Grade 3, the screw penetration distance was more than 4mm e Perforation of the medial cortex f Perforation of

the lateral cortex g Perforation of the anterior wall of the vertebral body h Perforation of the intervertebral foramen

®1 AABERARZERER  (v)
Table 1 Clinical and radiological data of patients in

two groups
. S 41
FEAAE R M4 (n=22) (n=19)
Basic information Navigation group Navigation
calibration group
PR (J /)
Gender(Male/Female) 6/16 72
AE A
() 13.95:2.55 14.112.03
Age(years)
pisser 3.50+1.30 3.32:1.06
isser sign
AT Cobb £ (°)
Preoperative main curve 64.09+18.24 73.11£23.00
Cobb angle
ARJG 4 Cobb i (°)
Postoperative main curve 12.18+9.02 15.53+£14.46
Cobb angle
FEHIE R
Correction rate of the 81.32+12.67 81.00+13.32
main curve
B ET3/51 9.57:0.79 9.38+1.34

Number of screws/cases

W .72;B . 105;C % .30;D F .2, . 1), Ak
2 THME [X A 5 MR 40 % (A 7Y .84 B 71,98,C .
25;D A.9,E A, 1), R AR EZ Cobb N
73.11°£23.00° AR J5 B I %6 8 (81.00£13.31) % ; T

SR AR AT T Cobb 1 64.09°+18.24°, R
B %N (81.32+12.67)% , Wi 4 [A] 2 7 G0 112
H X (P>0.05)  BLAN, 50 2 A 5 AR R AT AE TUAE X
BABCEEN 9.57+0.79 M, £ HE L8 9.38+
1.34 4, AL [R) 25 5% oG24 38 X, PRALPER AR
% Risser LX) RGF T2 7 L,
2.2 MES HRURET B K 0 M

A 20 R A TOUAE X 3G A 424 Ko =5 AR BR AT
PB4 BN 212 FOI8ET (3R 2) ., BHELL A BUAE
S CE TR R 96.4% B F 5T S M 4l 10
79.2% , H 1™ 85U B 5T O R %2 94.4% 97.9% 5 T
S 88.5% .73.4% , IRl A vfE 4L A HUAE 5 AR
RN 2 9B TR WEART AT, W4 ) 2
S HAT G X (P<0.05), FEL] B T 5
REETE R R 87.8% & = T S M 411 70.5%,
FUAZ WAL AE ™R O 2 B 5T R 94.4% . 97.9% .
EE T FATAR 69.2% .63.0%, e M 2 9
ETR 5.6% 5. E (KT WAL 11.5% , [7] B 4 1 41
B A 5 AR B HL T U 3 2 AT R B AT R
LA, AL 25 5% B Bei 24 78 L (P<0.05) , FfE
2 CUMES AR BT R % 84.0% 5% = T St 41
1) 56.7%, I H MW EET L R % 81.3% % T i
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24 JFERIAE

PR 2L 8] 58 5 R 58 TR, e S 2 A
HELLAS 1 R v e A e RS 4t e A0, A4 1 B
AR EETEE 1 AR ET 2R NN 2 BT, 4R A0 3
HEAS , fHA H SEP/MEP 1 £8 Hi A= B B - Fa, R
JE BEDTA BT RS0 S B O R A 1
A BT A T 2k AR v O 1) SO i) T 2 B S5 4 ) = )
ik A ARAG AT Sk, P E PRS2 1.3mm, 4L
FE B T AR R L A BE P28 A8 S i, 1
HELH A 5 BEVI A 16.50+2.63(14~24) 1 H |, &
i N 16.38+1.75(14~21)4 A |, ¥ TCIRET #A 5l |
W T Je W B kA=

3 Wig
AIS B —Fh R BRI , KRR LN

FEHEL C RIME 5 MR B U000 5 T 28 i A1) Bz o
# 60.0% 66.7% © EMX T FAMAH 73.1% |

2%~3% 4 T AW L R 2 ALS B R
WARIREERIETT , T BUG W00 A Bk, %

x2 FMHBIFHEREELR (n,%)
Table 2 Comparison of degrees of screw perforation between the two groups
HE S AR FALAL ARG AL
2y Navigation group Navigation calibration group
Pedicle 0% 1% 2% 3% S 0% 1% 2% 3% L
classification  Grade 0 Grade 1~ Grade 2 Grade 3 Total Grade 0 Grade 1 Grade 2 Grade 3 Total

B Bilateral sides

A # Type A 47(66.7) 10(13.9) 15(19.4) 0(0.0) 72(100) 81(96.4)Y  0(0.0)Y  3(3.6)" 0(0.0) 84(100)
B % Type B 61(58.1) 13(12.4) 18(17.1) 13(12.4) 105(100) 85(86.7)"  1(1.0)® 8(8.2) 4(4.1)Y  98(100)
C % Type C 4(13.3) 13(43.3) 8(26.7) 5(16.7)  30(100) 20(80.0)Y  1(4.0)"  3(12.0) 1(4.0) 25(100)
D # Type D 1(20.0) 0(0.0) 1(20.0) 3(60.0) 5(100) 4(80.0) 0(0.0) 0(0.0) 1(20.0) 5(100)
E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
S Total 113(53.3) 36(17.0) 42(19.8) 21(9.9) 212(100) 190(89.6)  2(0.9) 14(6.6) 6(2.8)  212(100)
41 Concave side

A B Type A 18(69.2) 5(19.2) 3(11.5) 0(0.0) 26(100) 34(94.4)Y  0(0.0)¥ 2(5.6) 0(0.0) 36(100)
B % Type B 31(57.4) 7(13.0) 10(18.5) 6(11.1)  54(100) 43(86.0)Y  0(0.0)Y  6(12.0)Y  1(2.0)Y  50(100)
C % Type C 4(18.2) 10(45.5) 4(18.2) 4(18.2)  22(100) 13(81.3)Y  0(0.0)Y  2(12.5) 1(6.3) 16(100)
D # Type D 1(50.0) 0(0.0) 0(0.0) 1(50.0) 2(100) 3(75.0) 0(0.0) 0(0.0) 1(25.0) 4(100)
E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
S Total 54(51.9) 22(21.2) 17(16.3) 11(10.6) 104(100) 93(87.7) 0(0.0) 10(9.4) 3(2.8) 106(100)
1l Convex side

A T Type A 29(63.0) 5(15.2) 12(21.7) 0(0.0) 46(100) 47(97.9)%  0(0.0)V 1(2.1)® 0(0.0) 48(100)
B # Type B 30(58.8) 6(11.8) 8(15.7)  7(13.7)  51(100) 42(87.5)Y  1(2.1) 2(4.2) 3(6.3)T  48(100)
C % Type C 0(0.0) 3(37.5) 4(50.0) 1(12.5) 8(100) 7((77.8)Y  1(11.1) 1(11.1) 0(0.0) 9(100)
D #! Type D 0(0.0) 0(0.0) 1(33.3) 2(66.7) 3(100) 1(100) 0(0.0) 0(0.0) 0(0.0) 1(100)

E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
S Total 59(54.6) 16(14.8) 23(21.3) 10(9.3) 108(100) 97(91.5)  2(1.9) 4(3.8) 3(2.8)  106(100)

(D5 4L P<0.05
Note: (DCompared with navigation group, P<0.05



oA HE A 2% R 2022 4R5S 32 B 9 1 Chinese Journal of Spine and Spinal Cord, 2022, Vol.32, No.9 801

AL D BE G ™ AR, O L (HATS TR DXOHE 5 AR AR R 5 BOPE T B AT IR AT
MiThae B AIS H EETAT AISHIE AR, RERFE NSETHAMLIL, AU T EETI

Al ( Navigation group) ' BUE: AL L (Navigation calibration group)
E 3
ol H o
I - e I c =
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EE .~ . Il -~ N
T ] T 1 I ' I L I ! I L] 1
M 20 W @ 0 W W0 W 0 5 8@ 0 5 0
[N (| Concave side 4N | Comma it | (U199 rConcave medei Y (Corses wide )

B4 WAL B M A B LC D K B AR R R T 2 R 5B (n)
Figure 4 Number of cortex perforation by misplaced screw on both concave and convex sides of types A, B, C, D,

and E pedicles between the two groups(n)

x3 WMABITFHABLER (n,%)
Table 3 Comparison of perforation directions of screws between the two groups
. A AR 2
*%}gérﬁ Navigation group Navigation calibration group
G % Sl S S L R B R i SN LA
cortex cortex cortex cortex
B Bilateral sides
A % Type A 3(12.0) 16(64.0) 6(24.0) 0(0.0) 25(100) 2(66.7)  1(33.3)Y  0(0.0)® 0(0.0) 3(100)
B %! Type B 18(40.9) 17(38.6) 9(20.5) 0(0.0) 44(100) 5(41.7)%Y  4(33.3)Y  3(25.0) 0(0.0) 12(100)
C % Type C 5(19.2)  19(73.1) 2(0.8) 0(0.0) 26(100) 2(40.0)  3(60.0)Y  0(0.0) 0(0.0) 5(100)
D # Type D 0(0.0) 4(100) 0(0.0) 0(0.0) 4(100) 0(0.0) 1(100) 0(0.0) 0(0.0) 1(100)
E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
S Total 26(26.3) 56(56.6) 17(17.2) 0(0.0) 99(100) 9(42.9) 9(42.9) 3(14.3) 0(0.0) 21(100)
M Concave side
A % Type A 1(12.5)  5(625)  2(25.0) 0(0.0) 8(100) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 2(100)
B # Type B 8(36.4) 9(40.9) 5(22.7) 0(0.0) 22(100) 2(33.3)Y  2(33.3) 2(33.3) 0(0.0) 6(100)
C % Type C 3(16.7)  14(77.8) 1(5.6) 0(0.0) 18(100) 1(33.3)  2(66.7)Y  0(0.0) 0(0.0) 3(100)
D %4 Type D 0(0.0) 1(100) 0(0.0) 0(0.0) 1(100) 0(0.0) 1(100) 0(0.0) 0(0.0) 1(100)
E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
ST Total 12(24.5) 29(59.2) 8(16.3) 0(0.0) 49(100) 4(33.3)  6(50.0)  2(16.7) 0(0.0) 12(100)
1Ml Convex side
A % Type A 2(11.8) 11(64.7) 4(23.5) 0(0.0) 17(100) 1(100) 0(0.0) 0(0.0) 0(0.0) 1(100)
B %! Type B 10(45.5) 8(36.4) 4(18.2) 0(0.0) 22(100) 3(50.0) 2(33.3) 1(16.7) 0(0.0) 6(100)
C A Type C 2(25.0)  5(62.5) 1(12.5) 0(0.0) 8(100) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 2(100)
D #! Type D 0(0.0) 3(100) 0(0.0) 0(0.0) 3(100) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
E % Type E 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
A Total 14(28.0) 27(54.0) 9(18.0) 0(0.0) 50(100) 5(55.6) 3(33.3) 1(11.1) 0(0.0) 9(100)

D5 AL L4 P<0.05
Note: (DCompared with navigation group, P<0.05
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