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Coronal imbalance in adult spinal deformity after corrective surgery: an analysis on the risk factors/
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[Abstract] Objectives: To investigate the risk factors resulting in coronal imbalance(CIB) in adult spinal de-
formity(ASD) after correction surgery. Methods: A single—center prospective study including 90 ASD patients
underwent long segment fusion(=5 vertebras) surgeries was performed. According to the relationship between
preoperative C7 plumb line (C7PL) and scoliosis direction, the patients were subdivided into Group A with
consistent spino—pelvis alignment(C7PL located at the convex side) and group B(C7PL at the concave side).
CIB was considered if the coronal balance distance(CBD), the distance between C7PL and the midpoint of Sl
>30mm. Pearson—correlation and stepwise multiple—regression analysis were used to investigate coronal radio-
graphic parameters related to CBD early postoperatively. A Kaplan—Meier curve was used to analyze the sur-
vival time in CIB—free patients during follow—up. Multivariate analysis via a Cox proportional hazards model

was used to analyze the risk factors. Results: 20 out of the 90 patients(22.2%) showed CIB preoperatively,
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and the number increased to 27 at the immediate post—operation, which was 35(38.9%) at the final follow-up,
significantly higher than that before operation(P=0.015). In group A, 11 patients showed CIB preoperatively,
the number was 22 at the final follow—up, with a significant increase in the incidence of CIB(P=0.019); and
in group B, there was no statistical difference in terms of incidence of CIB between preoperation and final

follow—up. Comparing to those without pelvic fusion, patients with pelvic fixation had much higher incidence

of CIB at the final follow—up (P<0.001). Kaplan—-Meier curve demonstrated the survival time of CIB—free pa-
tients aged >60 years and with pelvic fixation was significantly shortened. Multivariate Cox risk proportional
regression analysis revealed age >60 years, pelvic fixation, and consistent spino—pelvis alignment were the risk
L5 tilt,
curve Cobb, and their corrections(P<0.01), multiple—regression analysis revealed only the preoperative L5 tilt

Elderly ASD

patients with consistent spino—pelvis alignment underwent thoracolumbar fusion surgery extending to pelvis may

factors for CIB surgery. Although early postoperative CBD corelated significantly with L4 tilt, major

was the independent influencing factor of postoperative CBD (?=0.295,P<0.001). Conclusions:
be at the greatest risk for CIB developing during follow—up.
[Key words] Adult spinal deformity; Coronal imbalance; Coronal balance distance; Kaplan—Meier analysis
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Figure 1 Measurement of coronal parameters a Coronal balance distance (CBD) and the major curve Cobb angle b 14
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Table 1 Comparisons of demographic and surgical data

between groups

A4 (n=50) B41 (n=40) PlE
Group A Group B P values
LM (%)
No. of females 42(84.0%) 30(75.0%) 0.289
SR 64.10:8.63  64.82:846  0.691
ge (yrs)
1= 2
e B (kghn®) 2610:220 26315310 0.890
FiEE ) 50.18+15.56  532+1598 0369
ollow—up(month)
SERRPIE (5 ,n (%)
Underlying diseases 32(64.0%) 28(70.0%) 0.549
TEERA KA (n)
Coronal imbalance
AT Pre—operation 11 9 0.955
R J& Post—operation 19 8 0.064
RIR B
Final follow—up 22 13 0.266
U 0197
A () " s 09172
Increased number 0.015%
WA B (n)
Osteotomy segments 2.41+1.18 2.16+0.94 0.291
[ 7€ HEAA KL ()
Fixed vertebras 8.04%+2.30 8.39+2.00 0.458
- i 351 5 HE ()
UiV 0.325
T10/L) I
T10 or above 30 28
e 112 B
Thoracolumbar 20 12
T i [ 72 HE (n)
LIV 0.191
L5 22 24
B4 Pelvis 28 16

T OFHA7 B AR BT S AR K BE DT 8 QA 4L R 5 R K
W HL 22 ;BB 4L 88 4 AT 5 A Y B 1 He 4

Note: (D Comparison of all patients with coronal imbalance
(CIB) between pre—operation and the final follow—up; 2Com-
parison between pre —operation and the final follow —up in
group A; (B)Comparison between pre—operation and the final

follow—up in group B

2.824,95%C1:1.215~6.563 ) £ B vji th CIB % 4=
RIfERE R R (R 6) ., SLRLR T ULIE 4 Je B S,

3 g

Ji BT B A TR T A S0 2 ASD
BE BB BT, 4 R A T,
Xt T ASD b AR 7 I T 5 T SR s, R A SCRik E)
Hif Z A0 AN Obeid 25200 4% 2
PR TSR RN I TR N 1R E
T % AW FEARYE Obeid 2542 H A 40 Y | IFAR 418 BT
EED R N IR e S = E A I i o s e A )
Xof B A 5 B 20 SR BT A 2 (IR T 7%
Sy Em ) BE CIB kAR E T B A (KT
TR 5500 5 AR ) R

W5 & B0 45 R RIS 2 T X T A2 8 o
AROLH AP 5 B G T AT, FRATT 4 H LA
KM R LS RS X EEUEESBRERG
L CBD &35 A ¢, BE A SCHRT S 20 A4 41 bl 45
W ARPERATEE AL 5612 ASD &3 CIB #F 1E W B
Sk 52 REHEHR AOTIRAS | I DAL A 56 0 7 i 1 2%
EFA, L7 I8 T AR R . iRkl WL, LS
HER 5 57 TE AR J5 5 b 4 R e R A7 7 51 B S HE G
AN, B2EHE IR LA URHE AR RIS
BEARJG B CIB IR B UIA S0, FATAB S
S5 W R ARG LA HER A} EE By FOAR v i 1 BE H
5ARJG CBD %I G, {H B9 43 BT A UL HAH 5
P

WEFE 22 W I A, C U AR 4108 14 HE
WA RS CTPL i #% — B0 8 35 A J5 e mT BE & E
CIB, FATAMIE P, AREA 20 4] &% € 8 CIB
(A4A 1L H)), RIGRIZIEmE] 27 ) (A A
19 Bi) X BIC G it2 25 5 . B R IR Bl 15
BF, A 21 CIB & A R BORFr 1, tesh,
Z P Z Cox B H A1) 91 051 43 B 25 1 S 9] 1) M
B PRV CIB KA MK E, |
i U IR € S = el a o | N Y R S
HARJE R CIB, K7 ] B 51 A A A e bR A
JP 51 32 4 S Ak 08 T M R A A ST A s 7R 5 451
SRR E s e e b DS o VR B =L L £ 5
9 B A R YR 7 I H B CIB, {H X IR 20 i
AT IE TR Bt 17 HR e bR A U 2R 15

A FH NN B FEWIE BT B e fil A



o A A A 22 R 2023 AR5 33 B85 3 1 Chinese Journal of Spine and Spinal Cord, 2023, Vol.33, No.3 223
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Table 2 Comparisons of imaging data between groups

A4l (n=50) B4l (n=40) PfH
Group A Group B P values
bR A V-7 B (mm) Coronal balance distance(CBD)
AT Pre—operation 16.13+15.37 17.35+16.62 0.719
ARJ& Post—operation 24.20+18.33 18.23+11.65 0.069
A UBE V] Final follow—up 26.89+21.20 19.67+12.23 0.032
JFIE (mm) Correction 23.41+19.46 17.15+16.20 0.105
F4 Cobb £ (°) Major curve Cobb
AR Hif Pre—operation 26.19+12.78 25.57+12.62 0.820
AR5 Post—operation 10.56+7.33 11.69+8.24 0.697
KK 1 Final follow—up 10.98+7.12 11.78+8.31 0.720

FLHFIESE (°) Major curve correction 17.39+£10.24 13.84+8.30 0.086

IBRAMBRE 3.98+136 3974127 0.986

L4 HEABURHE (°) 14 il

ATl Pre—operation 16.07+7.83 12.01+6.86 0.012

ARJ& Post—operation 8.81+4.73 6.83+4.64 0.054

AWKV Final follow—up 8.75+4.96 6.74+4.16 0.061
L4 B IERE(°) 14 tilt correction 8.49+6.42 6.11+3.90 0.033
L5 Mef iRt (°) LS tilt

AR Hif Pre—operation 8.99+5.97 7.14+4.53 0.109

ARJ5 Post—operation 5.75+3.96 4.74+4.16 0.241

AR Final follow—up 5.86+3.88 4.67+4.52 0.213

L5 % 1EJ% (°) L5 tilt correction 4.58 + 4.31 329 +2095 0.110
*3 BREAETERES5FBREATERZSHIRAN ®4 FEEEXBGFESHHEREER
Table 3 Comparisons of variables between patients Table 4 The mean value and the range of all imaging

with and without pelvic fusion parameters
A I T 4 Pl ¥MH T i 22 Vi [
leed_ group Non hx_ed group  p e Mean SD Range
(n=44) (n=46) K5 CBD (mm)

AR % CIB.n (%) Post—op CBD 0.12 21.83 -62.70-68.20
R 13(29.5%)  7(152%) 0.131 4 RO 180 1496 -25.70-33.10
;'f)f_operaﬁon 1431.8%)  13(283%) 0819 3 GiHARE ) 052 907  -21.00-27.50

1o AR o
ﬁﬁ“%ﬁjﬂwfup 27(61.4%) 8(17.4%) <0.001 D};ﬁgﬁfvﬁéogb 0.17 27.13  -48.80-63.20
() e 239088 2094123 0.156 4 i oo 110 855 -32.80-21.60
B AR () 8.78+2.37 7.57+1.95 0.006 [ ) 0.25 12 -12.00-19.20
EBHIEE() 1423 987 0-44.80

Major curve correction

AJF B CIB B, B BAURHLEI B o Lewis S50 o e oW 51 () 3 B IE (+) s 20 1 A 7
B 5 & BLACAR 18 42 1) ASD JBH BUmHEA T 1M pmm

HES T IOME XS AR SR TE 22 52 ACBFGE  Notes Parametens hifing towards lef were reconed as negative
LJF' ,AB 21 i %%i@%@%%&ﬁ%@ﬁg%*ﬁ;i@ (=), right as positive (+); Correction of the parameter=(pre—op
Jo 22 % {0 Kaplan—Meier 4= 7 [ 26 73 #7 25 2R 7w reluellpestzon el

BREEREE CB AN B E TR BE  RENGREE, K2 MR T 5
R % Cox UK OB AMAT B RIRRR IR CIB TR, FIEMBE & 0 — B HR R T4 A
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Figure 2 Scatter graphs of the relationships between post—op CBD and pre—op L4 tilt(a), pre—op LS5 tilt(b), the major

curve Cobb(c), and the correction in major curve Cobb(d) respectively
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Figure 3 a Kaplan—-Meier curves of survival periods without CIB stratified all patients by age(1, 45-59 years; 2, 60-74
years; 3, =75 years) b The survival time of patients of LIV(LS or pelvic fixation) without CIB
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KT AR A B (P=0.006) , LA 5 9
B CIB &A= 2L, fH R UK B 7 I 1 22 [
JEHBE CIB A4 # 8 E Hn (P<0.001) . b4k, Bk
A SCHRA B s [ 50 BB, A X et AR Ao - A
PRAZDREALARD, I, R E BB A S5 iR
750 A] fig ik IR WAL, JF 530 CIB, &1 5 ML R
G F ARG T A Uk Bl A R bR 25 R d b 34
BT LidEe,

FATHEW AR 2 B e B E ARG, TS
ARAZETE A5 3% AT A 5 1T e 2 FEZEAE L i G
I SR T R A E T, BB AR

®5 ARECBD 5EMEEFSHBEELEXS
MRBRRB(r)
Table 5 Pearson—correlation analysis between the

postoperative CBD and other parameters and r values

AJ7 CBD
Post-op CBD

AJ5 CBD Post—op CBD -

L4 R 14 tile -0.459"

L5 i LS tilt -0.516%

+4 Cobb Major curve Cobb 0.481%
L4 EE d-14 -0.302%

L5 #FIEJ¥E d-15 -0.295%
EHHFIEE d-Cobb 0.517%

3 . DP<0.001 (KU ) ; @P<0.01 (B ) ;d—, 4% 2 K0k i JiE
Note: (DlIndicated P<0.001 (two—tailed); @lIndicated P<0.01

(two—tailed); d-, the changes of variables perioperatively

F6 ZEZE Cox KK LLHIET5NHER
Table 6 Multivariate analysis via a Cox proportional

hazards model

B He 959% ] {7 X 8] PlE
HR 95% Cl P values

EIE>60 %
Age>60 years

[7) 1) P A AL~ 47 41

1.547 1.006~2.381 0.040

Consistent spinopelvis 3.896 1.317~11.530 0.014

alignment

e 2824 1215-6563 0016

Pelvic fixed

LA 0501 0.098-2565 0406

L4 {5 R}EE

14 Gt 0911 0.798~1.040 0.168
) f :

L W I 1059 0936~1.199 0363

tilt correction
L5 fi A
15 1l 1.164 0.973~1.394 0.097

L5 {45 1F
L5 tilt correction

Major curve correction

1.073 0.869~1.326 0512

0.968 0.911~1.029 0.299

AR I TER T RO g sh
O o A AT, LB 2 I i) S K K T i A ot —
AN R 28 IR AR G P Al T AN FRATT IR Y
SERR R FTAE CIB B9 ASD 3, B8 A A 1 A
TR e T U ISR TP, AR T 4 K
A R AR

H¥H LU R E CIB X ALK ) 68
M5 RE B, AR IR R WA . 50 2 DAF
ASD B3 B CIB, ™ 5 5 i Fo A= 3% B B
PR B IR IC ARG B, Fujishiro %27 2I0F 5% &
B ASD ¥ 40 % Z )5 &4 CIB I, 285t 3L
FHOCIE RAEAR , FEAS W58 oy, AT R AR >60 &
S ASD B B I AR 5 e R A7 5 e AR Y fE
Wz —, FRATTHEW R o] GeAE T2 4F AT AR
EEDIRE T R ITEL,

e, AT BE TR (M, AR I
BMI) K HAb# G F S8 A Z H R Cox KK H
B R H 4347, 25 5 WoR 68 L4 LS WA 6 2 H
95 IE FEHBAS S BT CIB & ARG N &,
PE AT UL AR LA LS A A I T AR A
AR 5 e R A S A AE DG i e B U AR
CIB - A= JC B ff AH G

ARBEFEA JE Z A AL G 5T 9 FEAS B /N, AL
PN T 90 il ASD FAREH . WARFTA BH
ok H B —ruly RIS AT REAEAE— E R Y . UL
PO S SO L AR N VA AW e A KR
K Bt 11 ) BASAF 5 0 — 26 B0 0IE bR e 22 40, i T
B A R T 8 1 MR AT A — 1 7 5 R etk
PESEI B EFW, AW IR AATAT KR A
H-HZS8, REA LR ARG EK 1
THIE ARG TR BE AR G R 2, Kbty ad 2
R R ACEE B A A R

4 it

BN R W T (85 55 I R R CIB Wl fE 4 &
M S DR B AR R TR i P A 5 B 1
TE o NI A AE R 6 A ) AR TSl i
A SR B 0 EE AR R A — 1 2 S A A
LR IR DI REIRAS o AR LS i3 U AR
P30 S AR AL - B 2 ST AR DG REAR S SR

5 SEXH

1. Koller H, Pfanz C, Meier O, et al. Factors influencing radio



226

o A A A 2 2023 4E5S 33 B85 3 M1 Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.3

B4 A4l (a~d),61 2 Pk ASD 8K AR ET CBD 24 25mm(a) ARSI Z124 27mm (b) , AR
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AHI CBD A-16.1mm(a) , RJ5 I %] CBD 4 15.5mm(b) , AR5 24 4> 5 39.5mm(c)

Figure 4 A typical case in group A (a-d), a 6l-year-old female ASD patient with CBD of
25mm preoperatively(a), 27mm immediately after surgery(b), 30mm at 6-month follow-up(c),
and 35mm(d) at 36—month follow—up. A typical case in group B(e-h), a 68-year—old female
DLS patient with CBD of 4mm preoperatively(e), 3mm immediately after surgery(f), 12mm at
6-month follow—up(g), and 25mm(h) at 30-month follow-up Figure 5 A 68-year—old male
ASD patient underwent long—segment fusion correction surgery(T10-S2), the CBD was -16.1mm
at pre—operation(a), changed to 15.5mm at the immediate post—operation(b), and increased to

39.5mm at 24-month follow—up(c)
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