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(FZE] B RN CT PR SR IBEA B I & {C7E 35 A AF 45 & M A ™ (adolescent idiopathic scolio-
sis, AIS) H 7 T8 A v e IR A 1 5 B4l 19 7 R A 1 . 753 OE 2019 4F 1 A ~2021 45 1 H 72 b 36 % X o 422
B R B T TR ELAR rh 38 R A 4 A CT D2 AR 1 AR 066 T8 0 S ST Al 568 bR 102 51 485 155 10 190 48 ] ALS
BH DM VER, B AR 12~18 % (14.941.8 %) Bl UA R 1] 1~2 4F (1.820.2 4F ) , M 48 AR 07 - 45 155 Bl 0F £ 7 43
T A TRy TR AN P-4 B 2 (coronal balance distance, CBD)<20mm, B %! % CBD=20mm H. C7 #yaEL v T £ 4
R, C #% CBD=20mm H C7 #yHZ7E 55 (9™ 0 K CBD =20mm & XA SR AL 26 P47, id sk i B
ARET AT ARG 1 KRBV 3255 Cobb /1 (CBD H #5 5& AR 51 /1 (pelvic coronal obliquity angle,PCOA)
DL R AR 2R U B 1 B 92 R A A 48L T 43 (visual analogue scale, VAS) & Oswestry D) fi B i 45 21 (Oswestry  dis-
ability index,ODI) , b3 AN [R] IR 8] 45 F4) SR 057 P 15 00 S IR R BF TR R . 25 3R .48 Bl ARt A AJF 18
T A UKt B £ 45 Cobb £ 43514 58.45°£12.81°,14.13°+5.86°  14.48°+5.98° 14.39°+5.74° , K th B ARG 1 JA5
AR EAT I W (P<0.05) , R KBEF 5 ARG 1825 TG X (P>0.05) ; R AR RIE 1 JE KA K FE
Vil PCOA 43118 3.72°+2.75° 1.25°+0.97° . 1.25°+0.96° . 1.28°+0.96° , Hoh R v KA JF 1 Al e A mr 344 1 W 22
5(P<0.05), KRBV 5 ARG 18 22 R T8 %738 L (P>0.05) . T4 38 AR A0 5e R A7 2 715 3 8 47.91% (23/
48) , AU R 1T IR S AR 57 2 47 36 77 10.42% (5/48) . A RVAL 25 Bl 3 AR mr A ARJE 18 A KRG CBD
43504 12.53+4.46mm . 8.06+3.15mm . 8.37+3.13mm ,8.66+3.77mm, AH5RE 1 FHERFHAE B SLE (P<
0.05), KKV S5 ARG 1 2R TE T2 X (P>0.05) ;B B4 15 #i )2 C B4 8 fil i Ry A RE 1
A K A VR Bt 15 i CBD 4 3 A 24.57 #4.60mm  14.91 £4.62mm ,14.95 +4.49mm . 15.06 +3.98mm K 26.46 +
6.78mm ., 16.58+4.00mm ,16.94+4.12mm ,16.58+3.97mm, P 41 F 5 AR b 5 AR5 1 J81 42 W) 20 A i ¥ 45 0 2 4038 (P<
0.05) , RWKEV; 5 R ARE 1 )8 2 78 T 512 58 L (P>0.05) . T & R IRBE VI VAS 7743 (3.98+0.57 47)
F ODI[(21.82+3.12) % |5 AR Til[ (7.68+0.64) 43 . (46.51+4.79) %3444 W i 24035 (P<0.05) . 4538 4 3 CT PR L%
I G TR e 4SO — b A 200 L A ST i D A% R T 58 004 R e S R 1 Al DA D5k L B T 4 b Al B A A AP R IR
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Application of cone—-beam CT mosaic imaging combined with I-shaped measurement instrument in
assessing the coronal balance during corrective surgery for adolescent idiopathic scoliosis/LI Linyang,
ZHANG Haocong, WANG Hongwei, et al/Chinese Journal of Spine and Spinal Cord, 2023, 33(3):
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[Abstract] Objectives: To investigate the values of cone—beam CT(CBCT) mosaic imaging combined with -
shaped measurement instrument in assessing coronal balance during the correction surgery for patients with
adolescent idiopathic scoliosis (AIS). Methods: Clinical data of 48 AIS patients treated with posterior spinal
correction surgery and assessed for coronal balance by CBCT mosaic imaging an I-shaped measurement

instrument in the General Hospital of Northern Theater Command from January 2019 to January 2021 were
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years and were followed up for 1.8+£0.2 (1-2)
years. Type A,
distance (CBD)<20mm; Type B, CBD =20mm and C7 plumb line(C7PL) shifted to the concave side of the
main curve; Type C, CBD=20mm and C7PL shifted to the convex side of the main curve. CBD=20mm was
CBD and pelvic coronal obliquity angle (PCOA)

before and during surgery, at 1 week after the surgery and the last follow—up visit were recorded. In addition,

retrospectively analyzed. The patients aged 14.9+1.8 (12-18)

They were classified based on the conditions of coronal balance as follows: coronal balance

defined as coronal imbalance. The main curve Cobb angle,
visual analogue scale(VAS) scores and Oswestry disability index(ODI) before operation and at the last follow—
up were recorded. Parameters reflecting the coronal balance and clinical orthopedic effect at each time point
were compared. Results: The main curve Cobb angles of 48 AIS patients before operation, during operation,
at 1 week after operation and the last follow—up were 58.45°£12.81°, 14.13°+5.86°, 14.48°+5.98° and 14.39°+
5.74°, respectively, which were significantly reduced during operation and at 1 week after operation compared
with that before surgery(P<0.05), and which were not significantly different between postoperative 1 week and
the last follow—up(P>0.05). The PCOAs before operation, during operation, at 1 week after surgery and the
1.25°+0.97°, 1.25°+0.96° and 1.28°+0.96°,
difference was detected in intraoperative PCOA and postoperative PCOA (P <0.05);

last follow—up were 3.72°%2.75°, respectively. A significant
While no significant

difference was detected between the PCOA at 1 week after surgery and the last follow—up visit(P>0.05). The

coronal imbalance rate was 47.91%(23/48) before operation and 10.42%(5/48) at final follow—up. The CBDs of

the type A 25 patients before surgery, during surgery, at 1 week after surgery and the last follow—up were

12.53 #4.46mm, 8.06 £3.15mm, 8.37 £3.13mm and 8.66 +3.77mm,
postoperative 1 week CBDs were significantly reduced compared with before surgery (P<0.05),

respectively.  The intraoperative and
and no

The
at 1 week after surgery and the last follow—up

significant difference was found between those of postoperative 1 week and the last follow—up (P>0.05).
CBDs of type B 15 patients before surgery, during surgery,
were 24.57+4.60mm, 14.91+4.62mm, 14.95+4.49mm and 15.06+3.98mm,
26.46+6.78mm, 16.58+4.00mm, 16.94+4.12mm and 16.58+3.97mm, respectively. CBDs during surgery and at 1

week after surgery in both type B and C patients were significantly reduced compared with those before the

which in type C 8 patients were

surgery(P<0.05), and no significant difference was detected between those at 1 week after surgery and the last
follow—up(P>0.05). VAS score(3.98+0.57 vs. 7.68+0.64) and ODI[(21.82+3.12)% vs. (46.51£4.79)%] at the last
follow—up were significantly improved than preoperative ones(P<0.05). Conclusions: The CBCT mosaic imaging
combined with I-shaped measurement instrument can be an effective and powerful tool to assess the coronal
balance intraoperatively, which can assist spinal surgeons to assess the coronal balance conditions during the
corrective surgery for scoliosis in AIS patients, and to timely adjust the correction degree and therefore
effectively reduce the incidence of postoperative coronal imbalance.

[Key words] Adolescent idiopathic scoliosis; Posterior orthopedic; Coronal balance; Cone—-beam CT; Mosaic
full-spine X-ray
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Cobb ff1 , Sk Mot 1 G e 28 5 2 M st T S T 2%
B2, (2) RO F-# 2 (coronal balance
distance ,CBD),C7 #yaE £k 5 CSVL Z [a] ity B %5
CBD=20mm HJ 7 S CIB ; AR 4 76 R A T i 175 0
53k A %425 ] (CBD<20mm) ;B # 15 i (CBD =
20mm,C7 Y I LA T B4 a0 MM ), C % 8 4
(CBD=20mm, C7 #yFEL 7L 2 m M), (3)F
% 5 R i fA (pelvic coronal obliquity angle,
PCOA), % 2 W0 8% 1 THURT 3% 2k 5 /K1 4 2 [6] 1
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1.3.2 RSP RUE S A B BTEAR T KRR
Biti 17 BF 32E 47 29 A e AL AU P 43 (visual analogue
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14 it e

Xf 48 1 JB AT A RIS 1R ORI
Vil 9 45 Cobb ff1 .CBD \PCOA #EAT 43T, X 76
ARDL I3 B 25 BB AR AR RIS 1 BOoRIK
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BabpifE 22 R 8, K IBM SPSS Statistics 23.0
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HR 4l AT T AR AL P15 20 43 2 L 48 191 ATS i
FHrb LA R 25 ), B AL 15 ], C B 8 i, AR CIB
K TN 47.91%(23/48) , 48 Bl i H 45 1~2 4F
(1.8+0.2 4F ) Ay B 5 , R K Bl 17 BF CIB 3 5 5] | &
EFN 10.42%,

2.1 AR

48 1l AIS FE AT Ah RJF 18 e Kk
BT B SR AL R SRR 1, TR B AR
AR JG FE% Cobb i .CBD PCOA %A i ¥4 4 B &
M3 (P<0.05), HARWBEVI BT 5 A S5 1 8 H Ay
TGt 22 5% (P>0.05),

2.2 MR TR A P 1 0 43 L 1 43 A

ARG A BB 25 6], RAT AT ARG 1)H
KRRV A S EOL R 2, A ARG 1R
F 25 Cobb fASRATZRA G FE XL (P<0.05,
B 2), RKKFEVIET 32 Cobb fISARJG 1 AR
TG # 7 L (P>0.05) ; Rp XA G 1 J& CBD 5

(1)

RAG 2 72A ol L (P<0.05) , KRBV 5K
5 1 R Tg 2= L (P>0.05),

ARHP B BEH 15 B, RuT AR R 14
KRR FEVTB RS E LR 2, R ARG 18
F 25 Cobb i 5T 2 %A Gt it 2% 5 L (P<0.05),
KR BEVIET 325 Cobb IS5 ARG 1 8225 K41t
FEL(P>0.05) s R RS 1 JA CBD 5 AR 22
S G L (P<0.05) , KRBT 5 ARG 1
R G FE X (P>0.05),

ARHG CRURH 8 6, KA ARd ARG 1 K&
KKFEVIR A S HOLE 2, R ARG 18 £
I Cobb I SRR 22 5 A G i X (P<0.05, &l
3), KWV E25 Cobb A5 ARG 1 ST
Gt E X (P>0.05) s R AR5 1 CBD 5 AR
I 22 %4 481124 8 X (P<0.05) , KWK b5 5 A 5
1 82 5 G152 L (P>0.05)
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|
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ab.c PHEERGBHH KGR d, & TR A8 AT A ACEREME D ), B TIBAFAY N KCFFF5 2B B OSU#K 1

I R L) AT U T AR A0 R A

Figure 1 The I-shaped measuring instrument. After the correction for AIS, images a, b and ¢ were captured by the

CBCT mosaic imaging. The full-length image d was obtained by splicing images a, b and ¢ with ADviewer. If the verti-

cal rod of the I-shaped measurement instrument passed through the point A (midpoint of UIV), and the lower horizontal

rod of the I-shaped measuring instrument was parallel to the B-line that connected the highest points of the bilateral il-

iac, then the coronal balance was well

F1 BOBERWW AP RE 1A RRIEHHZEFRERLER

Table 1 Comparison of imaging indexes of 48 patients at different time points

A Hi A ENERWE AR i 1 15
Preoperative Intraoperative Postoperative 1 week Final follow—up
Cobb#f () 58.45:12.81 14.13+5.867 14.48+5.987 14.39+5.74%
Cobb angle
SEEAR AV Y- 5 B 29 (mm ) 18.61+8.05 11.61£5.317 11.85+5.247 12.12+5.052
Coronal balance distance
AR TERI (°) 3.7242.75 1.25£0.977 1.2540.967 1.28+0.96%

Pelvic coronal obliquity angle

D5 5 AR AT L P<0.05;Q5 kA S 1 i P>0.05

Note: (DCompared with preoperative, P<0.05; @Compared with postoperative 1 week, P>0.05
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Table 2 Comparison of imaging indexes at different time points of patients of various preoperative coronal

imbalance types

AR (n=25) B4 (n=15) CHIZ (n=8)
Type A group Type B group Type C group
Cobbffi (°) Cobbffi (°) Cobbffi (°)
Cobb angle CBD (mm) Cobb angle CBD(mm) Cobb angle CBD(mm)
ENi] 49.14+7.50 12.53+4.46 67.13+7.34 24.57+4.60 71.34+11.86 26.46+6.78
Preoperative (32-63) (1.92-18.81) (57-83) (20.11-29.82) (56-91) (20.14-38.53)
A 10.50+4.46" 8.06+3.157 17.09+2.34% 14.912+4.62" 19.93+6.92" 16.58+4.00"
Intraoperative (0-14) (1.22-14.02) (13-21) (9.21-21.43) (12-35) (12.47-22.12)
AJE 1 10.58+4.49% 8.37+3.137 17.18+2.35% 14.95+4.49% 20.02+6.817 16.94+4.127
Postoperative 1 week (0-14) (1.23-15.49) (13-21) (9.34-20.84) (12-35) (12.91-22.70)
ERViM] 10.74+4.32% 8.66+3.77% 17.57+2.29% 15.06+3.98% 19.83+6.62% 16.58+3.97%
Final follow—up (1-15) (2.51-16.44) (13-22) (10.18-21.85) (11-32) (11.33-24.43)

1 (D5 A ALAT 4 P<0.05;@5 4IRS 1 J8 H P>0.05
Note: (DCompared with preoperative, P<0.05; @Compared with postoperative 1 week, P>0.05

B2 BHES, 7Y HFOERRER N (lenke 5,C), ZBUAFALM™N 8 45 ab A HT U A0 A4 K IEMAL X 2R
E# Cobb £ 50°,CBD H 19.76mm ¢ 17 W MEHE /S B A AEM N BRIE T10~14 $1HE RGE A E AR A R CBCT #f 1%
(R KIER X 4 ) B TR & SOTA AR AT R4 de AU 1 JH S A uli o A5 A 4 KIEMIAE X R 7R
E% Cobb ffi 13°,CBD H 7.94mm B3 BHL 124, DER LR HM N (Lenke 6,C), A BAFAEM Y 2 4F ab
AT 3l 57 LA A E ML X 2R 7R 2 Cobb /1 66°,CBD 24 36.64mm ¢ A7 M WEARE 5 B A A1 0™ 55\ T4~14 £1 4 R
e [ E AR AR R CBCT $F45 MUR (R T B R IE AL X 2 ) BRA TR M3 (PR Al /AR A - R 4F doe ARJS 1A
A i 3 L AR 2R IEMIAL X 2k 7R 4 Cobb 1 6°,CBD 24 15.36mm

Figure 2 A 17-year—old male patient with Lenke 5 C AIS, scoliosis for 8—year a, b Preoperative full-length frontal
and lateral X -rays of the spine at the standing position showed the main curve Cobb angle and CBD of 50° and
19.76mm, respectively ¢ The patient was treated with posterior correction of thoracolumbar scoliosis with pedicle screw—
rod fixation at T10-14. An acceptable coronal balance was intraoperatively assessed by the CBCT mosaic imaging(Intra-
operative full-length anteroposterior image of the spine) combined with the measurement using an I-shaped measuring
instrument d, e Full-length frontal and lateral X-rays of the spine at the standing position one week after the surgery,
showed the main curve Cobb angle and CBD of 13° and 7.94mm, respectively Figure 3 A 12-year—old female patient
with Lenke 6 C AIS, scoliosis for 2—year a, b Preoperative full-length frontal and lateral X-rays of the spine at the
standing position, showed the main curve Cobb angle and CBD of 66° and 36.64 mm, respectively ¢ The patient was
treated with posterior correction of thoracolumbar scoliosis with pedicle screw-rod fixation at T4-14. An acceptable coro-
nal balance was intraoperatively assessed by the CBCT mosaic imaging (Intraoperative full-length anteroposterior image of
the spine) combined with the I-shaped measuring instrument d, e Full-length frontal and lateral X-rays of the spine at
the standing position one week after the surgery showed the main curve Cobb angle and CBD of 6° and 15.36mm, re-

spectively
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A8 Ho 3 AR S R UK BT A VAS PEJ3 M
ODI W.3& 3, KR BEVTET Y VAS 343 & ODI 5 A&
A Eb A Y4B i 23 (P<0.05) .

3 g

CBCT fe 4% I FH T E1 s RH I 328 i 1 T
R T AR BB AR VAR 9B WA R
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Bz AR AL AR DAL R S 50 RT3 A 1 e R A T A
£ 501 2 JZ 2 0E CT A e, CBCT nf LA £ 1 #E
AR R A AR R R PR AR 3D A T
H CBCT j= A & 5 57 2 BEAIR , 24558 CT 19 51%~
96%", CBCT ALt T C AU X 2R3 4] DL e R
R B ) P 7 L A RO B B
% CBCT 7EHHTF AR PR A, PR e {45 15
F AR T 0.5% , (HHE 5 R AN EET 1Y & A R R
X7 10 5, 3 Hil /> T 49% 0 & 4T i ] | &9 F
ABFE] S T 20~40min, A R0/ TR N B W) 4L
BRSNS TFARRE, B TR
WS IE ALS BB A e AR ALV P Al AN 2
BAERPHERESRKBG, BIHAEAR ST I RE
BER 3D E%,

g e R A T A R T T R T ) O
S AEEAT L TR BT B E TR AR T R M B A
P EAT BN [R5l 57 A AR A X 4R R A R Y 5
G505 o8 TR RS CIB A & A, B LR 1%
TE B IE 4 118 5 3 X R A 5 T SR R AT PR A
Kurra % UE — 0B 5% ol 1 FH — Fi A 3 2o 5 2k
B T JE 48 FF (T square shaped device,TSSD)5
KN TSSD iy s EAT Hhge, BRI E ARG
B4 56 R A 45 A (coronal malalignment, CM) 1Y 2
S G E S, AR it TSSD 1 B
(70% ) bb A TSSD 14 5% (18% ) W] LA 3R A5
U B9 CM 7 IE , HW A TSSD 3 # Cobb %7 1IE
R LLik #] 68% , 5 A N TSSD Y (i # (44%)
FECAR ST B 2 e sl oAz 141 BA U, FH A R ik
X 46 B FEMNN B HEAT T O 2 AR BT, 46
il $B F R Hi 32 A Cobb i R 17°~109° (57.24°+
26.51°) , RJGBEIZIE25 Cobb f1h 1°~63°(14.71°+
10.17°) 5 1IE N 219%~96% , 75 A K Bl 15 it CIB
1) % 3R K 10.87% (5/46) . TE I R IA T i 7

R348 Bl B EAREIA R K BE IR RER TS LB
Table 3 Comparison of clinical effects between

preoperation and final follow—up in 48 patients

VAS[4} (point)] OD1(%)
e 7.68+0.64 46.51x4.79
reoperative
AUy 3.98+0.577 21.82+3.120

Final follow—up

(D5 F AR A 42 P<0.05
Note: (DCompared with preoperative, P<0.05

YIS ER A 1 ALS B HIT T
NV E S NN O EE N S S R AV
W W T B L 3 s/ 0 VB G 5 A A 28 A M A ™ 4 7
B2 A B AT, R FRATE A BB 58 1S #E17
SR AN ST A8 P A s 1 P T I A, T
Gk b A G s SRR R AR A A
AW RN, AR TR ST R 2 5 A
SR X 2 R T CT-CSVL iE 47 56 4R A0 P 7 114
ik, P I 38 R AP AE — s DR 22 | T B i
ZE R H T AAE AR ATE R WP T A R A
AN, AR AR B PPAS A A B2 1
ATS R 22 (0 e A R B o SR T IX i
P11 AN HEBR — LEHAB ] W 5EsgR B 4
C7-CSVL VE Ry A rh DAy 56 MR A7 F- 157 14 45 b ] J2:
NGB VRS Y, TR R U ML I iy TR R
S0 AR MESE 5 C7-CSVL R IEAG bR A - i 1
B, PR 4 H TR B 480 2k (CSPL) Sk AR
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