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(SS) Fr AR (PT) L 5 AT (PL) ARTEF- 47 (SVA) o H 5835 43 S 25 7 41 (CBD>30.00mm , A 21 ) F1°F- £
41 (CBD<30.00mm, B 41) x* K 46 H A W 20 BB 3 FL B S 400 K 96 R AR AL e AR 2 B 8, S5 R 1161 ] ASD 3
RYAEHS A 45~79 % (63.9+8.4 %), B L bl 29:132(M:F) , il ™ 77 18] 106:55 (Z2:47 ) , sk R 1fii 2k i 41 31 5 (55 8
B, 2 23 ) A2 130 51 (55 21 01, 20 109 1) , SR AT 19.25%(31/161) M TidE KR £ 4L T L2~L3 1
B, 20 75.16% (121/161) o 2% i LA 20 A8 3 4 il (50 bE 22 O e 81 TK TLK(LL . SS (PT . PI &z SVA
) IC 1 EE 25 5 (P>0.05) , P 4000 ™ THOAE 437 8 A 2 1 25 7 (x2=12.692, P<0.001 ), 2 1l 21 Toupk v & 4 4k T 1.2~
L3 B M4l 8 £ S fUE: Cobb M4 70 1 35 1 22 5% (P>0.05) , (B K M 41 58 3% NV /T P-4 41 (3.87+0.85
vs 4.36+0.95;1=2.639,P=0.009) ; KA 21 £ 75 AR K TV i 0 (2.81£0.60 vs 2.32+0.77;:=-3.796,P<0.001 ), TLK
KT P20 (1=-2.445,P=0.017) . FF BUMEAL T L2~L3 35 B iy 121 48 %5 43 2K 7 41 (CBD>30.00mm , A’ 41,31
151) F1°F- 5 41 (CBD<30.00mm, B' 41,90 i ) , Wi 4l 25 Cobb ffi .C—Cobb 1 JC 1 & ¥ 22 5% (P>0.05) ;A 4l i % &
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Relation analysis between coronal imbalance and spine—pelvic parameters in adult spinal deformity/
ZHANG Zifang, WANG Zheng, SONG Kai, et al/Chinese Journal of Spine and Spinal Cord, 2018, 28
(10): 873-880

[Abstract] Objectives: To explore the prevalence of coronal imbalance, and to demonstrate the relationship
between coronal imbalance and spine-pelvic parameters by investigating the pre—operative radiographic param-
eters in adult spinal deformity (ASD). Methods: A total of 161 patients with ASD in our hospital was re-
viewed. The radiographic parameters were measured on the pre—operative anteroposterior and lateral spinal ra-
diographs. Parameters on coronal plane included curve angle(Cobb), compensatory angle(C—Cobb), types of cur-
vature (left or right), the involved vertebrae and the subluxation degree of structural curvature, the degree of
apical vertebra rotation(AR), coronal pelvic tilt angle(C—PT), coronal balance distance(CBD): the coronal offset
between C7PL and the center of S1 endplate. Parameters on sagittal plane included thoracic kyphosis (TK),
thoracolumbar kyphosis(TLK), lumbar lordosis(LL), sacral slope(SS), pelvic tilt(PT), pelvic incidence(Pl), sagittal
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vertical axis(SVA). Patients were divided into two groups, group A(the imbalance group, CBD>30.00mm) and
group B (CBD<30.00mm). Radiographic parameters in imbalance and balance group were compared by using
independent samples t—test. The ratio of gender, and the types of curve in the two groups were compared by
using Y’—tset. Results: All the 161 patients were included in this study, 29 males(M) and 132 females(F),
with the age ranging from 45 to 79 years(63.9+8.4 years). Among them, 106 patients had left side curve, and
the other 55 patients had right side curve. Coronal imbalance occurred in 31 patients(M:F, 8:23), but did not
occure in the other 130 patients(M:F, 21:109). The coronal imbalance rate was 19.25%(31/161). The age, gen-
der, types of curve, TK, TLK, LL, SS, PT, PI and SVA in the two groups had no significant differences(P>
0.05). The location of apical vertebra had significant difference between the two groups(y*=12.692, P<0.001),
the apical vertebrae were all located at 1.2 to L3 segments. Although the Cobb degree of the structural and
the compensatory curvature in the two groups had no difference respectively (P>0.05), the involved vertebrae
were less in group A than those in group B(3.87+0.85 vs 4.36+0.95, 1=2.639, P=0.009), and the degree of
1=-3.796,
P<0.001). The thoracolumbar kyphosis degrees in group A were much bigger than those in group B(1=-2.445,
P=0.017).

group A’(the imbalance group, CBD>30.00mm) including 31 patients and group B’(CBD<30.00mm) including

apical vertebra rotation in group A was much more than that in group B (2.81£0.60 vs 2.32+0.77,

The 121 patients whose apical vertebra located at 1.2 to L3 segment were divided into two groups,

90 patients. The curve angle(Cobb), the compensatory angle(C—Cobb), the involved vertebrae and the subluxa-

tion degree of structural curvature, and the degree of apical vertebra rotation (AR) of the two groups were
compared by using independent samples ¢—test respectively. The similar results were found: although the Cobb
degree of the structural and the compensatory curvature had no significant difference respectively(P>0.05), the
1=2.052, P=0.04),
and the degree of apical vertebra rotation in group A’ was much more than that in group B'(2.81+0.60 vs

2.27+0.68, t=-3.905, P<0.001) .

patients is about 20%. The apical vertebrae of the structural curvatures locate at 12 to L3 segments.

involved vertebrae were less in group A’ than those in group B’(3.87+0.85 vs 4.23%0.85,
Conclusions: The prevalence of pre—operative coronal imbalance in ASD
The
patients who have more rotation degrees, less involved vertebrae, may more easily suffer from coronal
imbalance.

[Key words] Adult spinal deformity; Coronal imbalance; Radiological parameters; Coronal balance distance
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LM T w2 e 5 (2) bR A7 -5 22 1R " /i (thoracolumbar kyphosis, TLK),T10 HE {4 I
(coronal balance distance,CBD) ', C7 4%t 3 £k L5 L2 MER R A Cobb £ 5 (10) FEHME R ™ £8
(C7PL) 5 HEH h 432k (CSVL) BE S 5 (3) AL (lumber lordosis,LL), L1 A& 1= 284 5 ST 4k {4
B MEAKHERS FE (Nash—Moe ¥5) 5 (4) 001 2 R HE & 2K Cobb 15 (11) #EE MR (sacral slope,
%0 (vertebra number, VIN) 5 (5) 0] /™ HE 44 2= B 457 7 SS),S1 R 5K -2 I a5 (12) i 7 100 & A
J# (subluxation degree,SD)(Z% Meyerding 43 J& (pelvic tilt,PT),S1 b2t w555 B Sk i
%) (6)fL££% Cobb i (compensatory Cobb an- HEL G EL R IAM; (13) B 55 (pelvic inci-
gle,C—Cobb), i 2S5 FomME F&Mde  dence,Pl), 2 S1 [ ZHu i I &gk S5
15 (7) AR T B 2R BURH A (coronal pelvic tilt an- 80 ST 2 A rp 5 XU ek vh AR 2 R e
gle,C=PT) , W 8% f = i % 26 57Kl ALY, 5 (14) AR T8 P (sagittal vertical axis,SVA),
(8) W #E J5 1™ ff (thoracic kyphosis, TK) , T4 HE & C7 MEMKFELR 5HH )5 AR R ,C7 LK EHE
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B1 ZRESEN T EE o d & Z B M IS (Cobb ) MMEEE ,a.b Z [0 19 I fij (Cobb ¥ ) ; 76 R AL F- 7 2= B
(CBD), C7 M 328 58 H v a2k R 5 5 el bR o 1 000 AR £y (C—PT) , 0 0 8% i o e BRI 056l IR T 2 %8 2k (PCRL) 51 4
KFL (PHRL) Pk R fy B 2 JORAL S B0 /s 3 1A B S O A (TK) , T4 MEMA B2 DI 5 T12 MR T &bl 2k
JRAf (Cobb i ) s BEAEJE ™ A1 (TLK) , T10 HEAR BZARIL S 12 HER T 2 U140 M (Cobb ) s IEAERT ™ A (LL), L1 HE
W 2R PIZE 5 ST EMER DI LA (Cobb %5 ) 3 AR (SVA ), C7 HEVRBY 3 Lk BIHEE )5 b i 2 3 HESH
D4t R - R BTRE 17 (SS), ST MEAR 1= ZE M U1k 5K P28 a 19 USR5 A 0URHAf (PT) , JRE Sk Pl i L h ri 5 ST &
B L ¢ ST b B B AAS A (PD R KO L P S ST &P REL ¢ 5 S1 &ML d M

Figure 1 Structual lumbar curve, from line ¢ to line d by Cobb method; compensatory thoracic curve, from line a to
line b by Cobb method; coronal balance distance(CBD), the distance between C7 plumb line(C7PL) and center sacral ver-
tical line(CSVL); coronal pelvic tilt angle(C-PT), the angle between the pelvic coronal reference line(PCRL) and the
pelvic horizontal line(PHL) by angle—off method Figure 2 Sagittal radiologic parameters: thoracic kyphosis(TK), from
the superior endplate of T4 to the inferior endplate of T12 by Cobb method; thoracolumbar kyphosis(TLK), from the su-
perior endplate of T10 to the inferior endplate of L2 by Cobb method; lumbar lordosis(LL), from the superior endplate of
L1 to the inferior endplate of S1 by Cobb method; sagittal vertical axis(SVA), the horizontal offset from the posterosupe-
rior corner of S1 to the vertebral body of C7 Figure 3 Pelvic parameters: sacral slope(SS), the angle between the hor-
izontal line and the sacarl endplate; pelvic tilt(PT), the angle between the vertical and the line through the midpoint of
the sacral endplate to the femoral heads axis; pelvic incidence (PI), the angle between the perpendicular to the sacral

plate at its midpoint and the line connecting this point to the femoral heads axis
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Figure 4 Nash-Moe method categorizes vertebral rotation into 5 level. According to this method, the vertebra is first
bisected longitudinally and then each half is further divided into 3 equal portions. No significant vertebral rotation exists
when the distance from the vertebral pedicle shadow to the bilateral edges of the vertebral body is equal, indicating that
the Nash—-Moe grade is 0. There is significant vertebral rotation when the vertebral pedicle shadow on the concave side
is closer to the edge than that on the convex side, or disappears completely. Grade 1 is defined when most of the ver-
tebral pedicle shadow on the convex side is still within the one—third of the edge portion; grade 2 is defined when it is
within the one-third of the central portion; grade 3 is refined when it is within to one—third portion close to the mid-

line; grade 4 is defined when it exceeds the midline
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Figure 5 The superior vertebra is divided into 4 parts equally by line a, b, and c¢. No significant vertebral shifting ex-
ists, the outer edges of the superior and inferior vertebra are in a same line, indicating that the grade is 0;Grade [ is
defined when the outer edge of the inferior vertebra shifts on the coronal plane within line a;Grade I is defined when
the outer edge of the inferior vertebra exceeds line a but within line b; Grade Il is defined when the outer edge of the
inferior vertebra exceeds line b but within line ¢; Grade IV is defined when the outer edge of the inferior vertebra ex-

ceeds line ¢
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6), 5 8 i, 2 23 1 ;130 1] i F 56 MK 1 45 (F
el B4, & 7)), 5 21 B, 2 109 B, KR A
19.25%(31/161) , P41 85 (1) — M GRH RIS AR
SRR 1, WAL BRI LG 2 A ™ B 3
T FEMEZE 5 (P>0.05) , AT SrREAS ¢ K050,

(2 D)

AE iy C-PT TK \LL.SS .PT.PI SVA ¥ G g & %
225 (P>0.05) 5 P2 ™ ToOME £ B A W 25 vk 25 =
(?=12.692,P<0.001), 2 i 21 T ME A7 & 3 4k F
L2~13 19 B, PRA B85 R 322540 B RS
(C—Cobb) JC i # P 22 5% (P>0.05) ,{H A 4134 &
oRMMEAREEEE DT B A (1=2.639,P=
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6 MEL 74 AHEHWIE, RFTEMA X 28R =M™ Cobb ffi 41.6°, THAf L2/3, % 3 £ ,CBD 69.5mm, TK
22.9°,TLK 32.2°,LL 41.6°,SS 28.7°,PT 23.3°,PI 52.0°,SVA 31.4mm; KIEGRRT R V4 B 7 HEL,71 % 80A
HALWIE . ARBTIEMAL X 227 75 1™ Cobb £ 19.2°, THAE L3, jE%% 2 J# ,CBD 10.9mm,TK-21.2°, TLK 22.4°,LL 7.8°,SS
5.7°,PT 18.9°,PI 24.6°,SVA 62.5mm; KRG 7 564k 1 - i

Figure 6 This patient had adult spinal deformity, belonging to group A, 74 years—old lady, anteroposterior and lateral

radiographs, Cobb angle —41.6°, Apical vertebra 12/3, Apex rotation -3 degree, Coronal balance distance 69.5mm, TK
22.9°, TLK 32.2°, LL 41.6°, SS 28.7°, PT 23.3°, Pl 52.0°, SVA 31.4mm Figure 7 This patient had adult spinal
deformity, belonging to group B, 71 years—old lady, anteroposterior and lateral radiographs, Cobb angle 19.2°, Apical
vertebra L3, Apex rotation 2 degree, Coronal balance distance 10.9mm, TK -21.2°, TLK 22.4°, LL 7.8°, SS 5.7°, PT

18.9°, PI 24.6°, SVA 62.5mm
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21 (1=-3.796,P<0.001) , TLK & ZFM:KF B 4 (1=—
2.445,P=0.017),

P TOAE b T 12~13 5 Be iy 121 i) ASD 3%
O3 h 5 A5 4 (CBD>30.00mm, A’ £H ,31 ] ) Fi1 5F-
24 (CBD<30.00mm , B’ 41,90 ] ) , Wi £H i & il — fikt
RIS R SO E 2, R P H B4k, 45
RE EAF . £5 AT M TK LL.SS PT PI
K SVA #6825 (P>0.05) ;A& 125
B AR R VDT B (1=2.052,P=0.04) ;
A ZH R I TOUME e A B W R T BV (e=—
3.905,P<0.001),

3 it
UTAESE B % ASD AR H #5 R A, R LR
INTE RN TR DO AV e TR i

®1 AE5BAERESH
Table 1 The parameters of the patients in group A and B

Bl P e, A AR 2 5 R R AN
B HLIRTIRE T % R MRS R, AR TR a0,
Schwab Z5EMEER ASD B ZE & % 18 T B R
ARDE AGEIRAL S H,  HAIE %50 B ELAG 4 i i vl
{5 B, R, FRATT R 7] 48 2 00 5 bR AL 5 2R AR A7 A G

AWFFNAT 161 il ASD &, 5 &
YIRS 63.9 %, R el s TR (&
H=132:29) , FREATE E N AN 5T — 3050 Ay R
B A AT B, M THME R 2 4bF 12~13 7K
(12 36 1 ,12/3 54 ], 13 31 ), 5 &k
75.16% (121/161) , HoAx WF L1 =k 14 15 B, M #E
O FBE AR I AU, —E R LU
PRI 2 9 S b 1 AR

REAEX) ASD f8 35 it IR AV 2Kk -l f T 1F 2 0F

®2 ANEASBHEBEESH
Table 2 The parameters of the patients in group A’ and B’

A4L(n=31) B2 (n=130)
Group A Group B
TER (9 4) . .
Gender(M:F) 8:23 21109
e A . .
Left:Right 229 84:46
FRe) 63.52+10.64 63.96+7.84
ge(years)
BARE ) 28.28:11.40 26.66:9.84
obb angle
RESAE () 17.08£10.00 14.406.25
—Cobb angle
TR E () 2.8120.60 232+0.77"
*ﬁk{Mﬁv}Jéuﬁ(“) 0.87+0.72 0.78+0.70
il 3.8720.85 4.36:0.95"
ertebras
e R AN P Ay 0
T 40.9912.39 9.48:6.39"
REWHC) 2.53+1.83 223+1.77
”’”{i‘f(f? o 14.94+11.28 17.46+13.66
WA I ff .
i 23.6849.17 18.53+14.97"
L *’f&‘%‘ i 21.85:22.54 24.14x17.41
A 20.78:14.01 23.91£13.75
R PENE]

s 23.43:10.71 23.9329.91
%%I’(\o%m 4420+13.72 48.0712.05
I ARA - i

SHUN 50.98+52.10 39.05:45.71

.05 A 414 P<0.05
Note: ®C(1mpared with group A, P<0.05

A4 (n=31) B'4H (n=90)
Group A Group B
T (B2 . :
Gender (M:F) 8:23 2175
AT A A . :
Left:Right 229 6436
fﬁ?%('&" ) 63.52:10.64 62.97+8.13
ge(years)
s J‘—@FJ‘JA'{ (°) 28.28+11.40 26.96+8.71
Cobb angle
(5 £ 5 (°)
o ;gle 17.08+10.00 13.95+5.18
DU HE R (%) 2.8140.60 2.27+0.68"
*EWﬂﬁVﬂé‘Mﬁ(") 0.87+0.72 0.77+0.77
?tvﬁﬂ*“?ﬁ 3.87+0.85 4.23+0.857
ertebras
56 R AL P i @
i 40.99+12.39 8.88+6.07°
H%@ﬁH 2.53+1.83 2.17+1.67
B A S ™ £
TK (%) 14.94+11.28 14.52+12.03
e B A J ™ £y o
TR 23.6849.17 17.05+14.19°
ﬂﬁ]ﬁfﬁoﬂ)' fi 21.85+22.54 23.87+18.47
Sl A2
. Hss?(ﬁ%”ﬁ 20.78+14.01 25.2412.79
JEL 45 fi A
# ﬁ}%ﬁ?ﬁjf“ 23.43+10.71 22.8+10.1
JEL 4 i
A ﬁglf(\}; fi 44.20+13.72 48.37+11.66
SAR LV
SVA (mm) 50.98+52.10 41.42+41.36

15 A L P<0.05
Note: (DCompared with group A’, P<0.05
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