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[FEE) B8y 4500 i o 20 R0 ft /1 25 760 o /0 41 45 O M 38 A 1™ (adolescent idiopathic scoliosis, AIS) & F N
AR5 2 WK 10T 2 500 A8 4k, 43 01 0 43 78 5 WK T 45 2 B0 R) AR DG T35k - A 71 1) 0 2 R R 64 451 il 182 25/
A ALS R AR S AL B A S PR T AN 40 9 1E 5 75 A AR Sk BREE BEAT X LU OY . A 2R AN
TR ST DB AR 2 EMIAL X &, (1] Surgimap % HIACPE 43 590 D0 455 S AR T8 AL SR BT AR OGS 8. SRR S BA
& o SUME AT ™ £l (cervical lordosis, CL) \C2-7 2 4R T BL#E 25 (C2-7 sagittal vertical axis,C2-7SVA) .T1 &} %
(T1 slope) T1 AR} (T1 tilt) H&HE S ™ f (thoracic kyphosis, TK) | JEHEFT ™ /i (lumbar lordosis, LL) B 7 A
1 (pelvic incidence,PI) & @M & (pelvic tilt,PT) HEE 55} (sacral slope,SS) .C7 M4 I B #E B (C7
sagittal vertical axis,C7SVA); R S8 5. £Z Cobb i (major curve Cobb,MCC) . T (apical
vertebral translation, AVT) .C7 #f 4k SHEH P HEL I B (distance between C7 plumb line and the central
sacral vertical line,C7PL-CSVL) .T1 54k i &% (Tl coronal angle, TICA), MEMEE #5¢ &R (lumbar—pelvic
relationship ,LPR) . K H] Pearson HH 3G 8 5053 514G 565 i 25" 200 R e 2 25/ 8 2 201 5 fR: 1 55 2 oK T =2 i) ) A4 O 5 R
FH A ST AEAS T 4G 56 5 Mann—Whitney U K06 IEAT o3, 37 H Pearson #EA7AH G204 86 R IS 41k i &
BOS IR S B 2 M TCAR G, Mo I/ 25 4145 28 WoR PT 5 CTPL-CSVL M1 LPR Z 0] 2 W F A G (r=
0.320;r=0.339) , HA B TOAR KM, W25 41 5 % 4 78 CL(P<0.001) F1 TK(P<0.001) Z [H] £7 7F 8 % P 25 7
0T 2 25/ 21 7F C2-7SV A (P<0.001) \PI(P<0.01) .PT(P<0.01)F1 C7SVA (P<0.01) 5 % B 2] 2 [o] 77 1 & 35
2E 5t AP B RIS AT CL 5 T1 slope (r=-0.598) fil TK (r=—-0.602) Z [i] & 41 & ; TK 5 T1 slope (r=
0.710) 2 IEAH X LL 5 TK(r=-0.495) \P1(r=-0.332) F1 SS(r=-0.726) 22 7 A1 ¢, 5 T1 tilt(r=0.342)F1 C7SVA (r=
0.458) 2 IEAH X ;C7SVA 5 T1 tilt(r=0.849 ) 2 IEAH I ; 76 W 2 25 /35 41 b CL 5 T1 slope (r=-0.431) 2 4 % ;
TKY T1 slope(r=0.373) % IFE #1 2% ; LL 5 PI(r=—-0.339) fil SS(r=-0.858) 2 7 #3¢, 5 PT(r=0.319) & IF # 3¢ ;
C7SVA 55 T1 tilt(r=0.386)F1 PL(r=0.338) S IEAMIC . S5 « Mg 25 280 11 g 122 257/ 25 0 ALS R e AR W I il 7 5
JMRTH 22 [ AE DG PE AR T1 A3 (T slope ) /2 T00 G 25 Y ATS A8 28 200ME 15 1 M S R T8I T8 199 G 52 B 4 A 2 A
(P75 9 i 225 /10225 Y ATS SR SR IE & B HE B A8 R D REA T E/EN,
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[Abstract] Objectives: To investigate the changes of coronal and sagittal plane parameters in adolescent
idiopathic scoliosis (AIS) patients with thoracic curve or thoraco—lumbar/lumbar curve, and to analyze the
correlation of sagittal parameters between the two types of curve. Methods: 71 AIS patients with thoracic

curve and 64 AIS patients with thoraco—lumbar/lumbar curve were divided into two groups according to their
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types of curve. And 40 normal adolescents were enrolled as the control group. All the subjects took

and the related coronal and sagittal parameters
C2-7
sagittal vertical axis(C2-7SVA), T1 slope, T1 tilt, thoracic kyphosis(TK), lumbar lordosis(LL), pelvic incidence
(PI), pelvic tilt(PT), sacral slope(SS), and C7 sagittal vertical axis(C7SVA).
major curve Cobb(MCC), apical vertebral translation(AVT),

sacral vertical line (C7PL-CSVL), T1 coronal angle (T1CA),

correlation coefficient was used to test the correlation between coronal plane and sagittal plane in thoracic

anteroposterior and lateral full-length spine X-rays (standing),
were measured with Surgimap software. The sagittal plane parameters included cervical lordosis (CL),
The coronal parameters included
distance between C7 plumb line and the central

and lumbar pelvic relationship (LPR). Pearson
curve group and thoraco—lumbar/lumbar curve group, and independent sample T' test or Mann—Whitney U test
Results:

and Pearson was used to analyze the correlation. There was no correlation between coronal plane
parameters and sagittal plane parameters in thoracic curve group. In thoraco—lumbar/lumbar curve group, there
was a significant correlation between PT and C7PL-CSVL and LPR (r=0.320, r=0.339), and there was no
There were significant differences in CL (P<0.001) and TK (P<0.001)

while there were significant differences in C2-7SVA (P<

correlation between other parameters.
between thoracic curve group and control group,
0.001), PI(P<0.001), PT(P<0.001) and C7SVA(P<0.01) between thoraco—lumbar/lumbar curve group and control
group. Intra—group analysis showed that in thoracic curve group,
(r=-0.598) and TK (r=-0.602),
correlated with TK(r=—0.495), PI(r=-0.332) and SS(r=-0.726), and positively correlated with T1 tilt(r=0.342)
and C7SVA(r=0.458), while C7SVA was positively correlated with T1 tilt(r=0.849).
curve group, CL was negatively correlated with T1 slope(r=-0.431), TK was positively correlated with T1 slope
(r=0.373), LL was negatively correlated with PI(r=—0.339) and SS(r=-0.858) and positively correlated with PT
(r=0.319), 0.386) and PI(r=0.338). The

correlation between coronal deformities and sagittal plane in thoracic curve and thoraco—lumbar/lumbar curve

CL was negatively correlated with T1 slope

TK was positively correlated with T1 slope (r=0.710), LL was negatively

In thoraco—lumbar/lumbar

while C7SVA was positively correlated with T1 tilt(r= Conclusions:

AIS patients is low. T1 slope is the key to predict the sagittal plane balance between cervical and thoracic
vertebrae in AIS patients with thoracic curve. Pelvic incidence plays an important role in regulating the
normal spino—pelvic position relationship in AIS patients with thoraco—lumbar/lumbar curve.

[Key words] Adolescent idiopathic scoliosis; Sagittal alignment; Coronal alignment; Compensatory mechanisms
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¥, UHIZHHEIOIRN ZETRE S ALS 835 19
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f%fﬁﬁ’ﬂ*ﬁj@@”' (B IR F J3 WF 5 ke /1 5[] % 1
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SR AR H UL R P el IS T —— 5 R R g I
TS RY ), — T3 TRH 23 31 ik 348 1 25 78 A g 2 25/
A ALS FE A TR T 2R SR S B 8] AR
KA, I3 —J7 T A 5 R e S R ALS
BHEHIETHDFEARRRG SN 2SS, Fm
SES3 T PR 73 B O AR TR A5 2 B A O

1 #RE5HE
1.1 RS

AWFFEI 2018 4F 6 H ~2021 4 5 H F Rt
BB A2 0 AIS 1Y E TR BE T A, AL BERE N
25 0 it 2 /2 R G LAt B 2 BRI R
FEA 42 52 o AT A A i 0 R HEBRAE AL . AN
AT 6 S TR 64 5] it B 5/ A TR AR AR i
A AT R 3 S e 2 2 i S/ 4 ) 44
A 40 2 1E % B A AEAE T 6 B4 43 A 5 i 25 4
L R R R AR NTTE 2 SO IN VA %1
BIREIR ; IR P4 ATS 835 5 05 BR 20 75 J AR F
SR LTI 225 . RIS — e X ALS &
M R RIS, ARAR T AR 2 B St
.
1.2 ARHHEK

AR 4 22 L A R K E MY X 2k
Ko AR AL 7 ), SR R B AR ST U 4y
T 58 [ 58, B A8 SURCF B, PR O I B
BT T, AU /D Sk 532 2l ir s ok (0 iR 25, X 26
Fr L i o7 R R R Lk, g 2 R
HEBR ARFF G X Se BRI X 2R A
1.3 Hdmise

TR AL 5 5 KL 15 S0UME T ™ A (cervical
lordosis,CL),C2 F Z& M5 C7 F &M Yl ) 3k
1, T R SUMERT ™, 15 (28 JUHEJS ™ 5 C2-7
JRARAV HE L B (C2-7 sagittal vertical axis,C2-
7SVA), %4 C2 MEAR LT REL S C7 MRS
GZMKFIE S, HEERAE T C7T /R L4
5 00 2 G AR RO g 475 T1 #ER (T1 slope) , T
AW 5 KTk Z 08 e iy T MR (T
tilt) , T1 HEA HC 5 P R Sk v Y 3% 4 i 22
BRI A, 25T LR TE P L ATy )
R, AW A IE M ME S ™ /8 (thoracic
kyphosis, TK) , T4 F#4kY T12 T Z M b4 iy
i, ¥ o0 IEAE ; BEEHE AT ™ £ (lumbar lordosis, LL) ,
L1 B2 S1 EA&mRIIZnydefi, ¥R ifE;

B A Y (pelvic incidence,PI), 28 S1 I 244
VR — SRR H TR ELZ 4 ST E& AR
SRR Sk b S — 2 2R, XAk EH R T B A
(3 £ B A A (pelvie dlt,PT), 204t S1 1
LR RPN R Sk o i 2 AR AR 2 [R] Y
e BEEAARHA (sacral slope,SS),S1 &5
KL I fl ;CT RARDLE EEE B (CT7 sagittal
vertical axis,C7SVA), % C7 MEAAR O 09 4% 3 28
5 S1 G Bk AHELY% T Sk
AT W) R A AR RO S A

AR T S 18 % 2 B 4G 25 Cobb ffi (major
curve Cobb,MCC); Tl HE i #E (apical vertebral
translation, AVT) ; C7 #5 3 2k 583 h 2k /) IE =5
(distance between C7 plumb line and the central
sacral vertical line,C7PL-CSVL), %33 S1 %11
TS BT KOO 1 B BRI CT HEAR Pt AR 2R
Z B Ay FEES s T1 SR A A2 (T1 coronal angle, T1
CA), FEFLARTE T, T1 L&A YI 4 5K F I Y
i BEHEE 4 CHR (lumbar pelvic relationship,
LPR) , EEAEM 25T s Ml AR T 28 AR 55 190 00 % e 32 42
Z AN Je fl o AT s 2 S E0 s M i A
VEH LD e, & A2 i L 2895w 1Y i
PR AR 288 58 1, 1 SR P A D00 6 455 SR 119 158 25 <5°
TG 3 e 22 5 WO 3408
1.4 HdsirHr

fifi i SPSS(IBM SPSS STATISTICS 26) i 1T
et oA, B D i 500 AT 2 (8 8 o 22 (aot
$ )TN AT R H Pearson #H 5¢ 22 053 5l 6 56
521 b5 M R S/ S 2 S AR TR AR R T 2 T ) A
Ktk s RAMSIAEA T 4555 5 Mann—Whitney U
Ko B AT b8, I1 2K JH Pearson AH 3¢ & B0 57, 45
B 6 25 255 Mg 25/ 25 4H b CLTK \LL C7SVA
55 HA G IR T 2550 18) 4 AH S A

2 #8
ARWFFEILGI AT 135 6] AIS B35 1 40 4 1E
WA A 2R E AR TR 1 R, i
5ol SR A A S CL M TK 2 6] B B 1k
225 WA A 45 X AU AE MCC I
C7SVA Z [MIfF1E 2 5 (P<0.05); H AR R P4
AIS B35 55X MAL R e o k22 5 0 s 2 5
I 25 /T A 2 T 2k R T 2 8P CLL.C2-7SVA [T
slope [TK \PT J eIk 1l Z 4 AVT ,C7PL-CSVL,
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LPRIEJFFFEGE 24 22 5 (P<0.05, % 2 .3) . 7EAMHE
FEH, Pearson AH I 43 M i 7 M 25 2 S fR: i 2 %k
5K S ECZ R TCAT ] W ARG (R 4),1m
it N5 /B S 40 #E PT 5 C7PL-CSVL Al LPR Z [f]
g PR E (r=0.320, P<0.05 ;r=0.339, P<0.05)
H A S Z B T (£ 5).

HeAh, M ] 5 LA e, ANAE CL (1=
4.030,P<0.001) Fil TK (1=-3.961,P<0.001) Z [&] 77
FES 2 S N S /S A ) 25 R AR R AE C2—
7SVA (1=-3.840,P<0.001) .PI (1=2.720,P<0.01) .
PT (¢=3.131,P<0.01) Fl C7SVA (1=2.863,P<0.01)
Z R SX A B EE 2R (3R 6), Mgl
ik A5 /A 41 ALS B2 #5 f) CL.TK \LL.C7SVA 5
oA IR T S HCZ B A S S v 25 5 (R 7)
R, FERAES 4T CL 5 T1 slope £l TK Z [i] £ fft
K TK 5 T1 slope 2 1E A% ;LL 5 TK ., PI #
SS R AL, 5 T1 tilt A1 CTSVA 5 1E M
C7SVA 5 T1 tilt S EAAOC; 10 ey 25/ 25 2 45
REW CLFFS T1 slope 27 AHK;TK 5 T1
slope £ IEAHC;LL 5 PT Fil SS 2 HAHE, 5 PT
HIEMIZE;CTSVA 5 T1 tile A1 PT S IE A

*x1 BMEHNES/ETASHRANELRTH
Table 1 Basic data of thoracic curve group, thoraco—

lumbar/lumbar curve group and control group

< i Y /S
1% m*g
Thof;u?c 'J-Tlurve Thoraco—lumbar/ Xof R 4
cle ¢ lumbar curve  Control group
sroup rou (n=40)
(n=71) group
(n=64)
AE A (AE
AR 13.93:2.22  14.85:1.92  14.47+1.33
ge(years)
5 (5B ) . . .
S (B 16:55 14:50 1327
%H'%ﬁ‘;lm) 164.18+7.037  163.85+821  160.13+9.51
eight
f@jﬁ“ﬁz‘%) 513149.16  50.29+9.57  47.79+10.43
eight
2N iR
(kg/m?) 19.00+2.93 18.612.43 18.54+3.19
BMI
Rﬁiéseff{“ 2.85+1.33 3.58+1.00 3.33+0.80
isser sign
MCC(°) 267610377 24.16:7.967  6.70£1.51
CL(®) 21.30£14.340  —10.16£14.31  —15.34£14.57
TK(®) 10.10¢8.320  26.01+10.68  27.62+9.66
LL(®) _46.66x11.54  —45.8629.89  —46.4314.08
C7SVA(mm)  —11.0225.05 -5.81£11.627 -20.25+25.73

3 itig

AHEFE A TE T3 — IR ALS B AR
M BEG KRN S B A SR L S E W
AR NBER RN S B MTAFE N 22 5, BFoT ik
B B X R i 22 A, AT S B I DR TAE
- b R A ) 5 TR R B O R ATS RS
T2 B0 s HIL 2 B AR B2 AL

W BIF T IOE H X ALS HR IR i I
AL, A SRA 2 B0 25 K A A R A B
A5 ZRWYALS IR 1 5 5% R I 2 BT A TR
LD PN TI NI STV N EDRIE e RN
115 2 AR Z (8] IF T i 3 ARG, %4518 5 Mak
SR Hu SEM B 98 4518 — 350, M s/ 10 25 750 16
HAUAE PT 5 CTPL-CSVL il LPR 2 Al 77 15 . %
PEAH G, IX — S5 A B 7R T M NS/ 2 7 R R
S0 % R 5 AR T 22 R ) AR A A AR — i
AR (EAE A 5% A B o | R b 25 4 A7 7
B R 2k 5 (C7PL-CSVL=11.71+8.81mm),
T35 2 R R T 22 (]I JC A M I Ah AR5
T B0 S S Y ALS BB R T A S 8
PL.PT {E K T a5 7 85 HAFE B B2 R
H It AT A T HE A T e R i A A AR
BB IR S B T AT S A DL SRR
AR RS

x2 MTA, WES/ETSASMRAXKERZEK
FEH (xts )
Table 2 Sagittal imaging parameters of thoracic curve

group, thoraco—lumbar/lumbar curve group and control

group
25 %%g/
i 25 2H 2

Thoracic curve Thoraco— C thlllﬁ A
group lumbar/lumbar ontrot group

curve gr()up

CL(°) —~1.30+14.34  -10.16+14.31Y  -15.34+14.57
C2-7SVA (mm) 13.25+8.85 6.20+3.99% 12.40+8.15
T1 slope(®) 16.70+6.60 22.39+7.57% 18.60+9.46
T1 tilt(°) -4.13+£2.74 4.12+2.60 -5.39+2.76
TK(°) 19.10+8.32 26.01£10.68% 27.62+9.66
LL(°) -46.66+11.54 —45.86+9.89 -46.43+14.08
PI(°) 41.02+11.55 45.8110.61% 38.70+11.08
PT(°) 7.40£6.42 14.64£7.05" 8.80+8.54
SS(°) 34.86+9.17 32.39+8.63 32.27+9.23
C7SVA(mm)  -11.02+£25.05 -5.81+11.62 -20.25+25.73

T (D5 % 4L H 42 P<0.05
Note: ®C(1mpared with control group, P<0.05

T (D5 %5 4l e P<0.05
Note: (DCompared with thoracic curve group, P<0.05
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*3 MEASHES/ESHATSRKEAZEFESH (xs)
Table 3 Coronal imaging parameters of thoracic curve group and thoraco—lumbar/lumbar curve group
MCC(°) AVT (mm) C7PL-CSVL(mm) T1 CA(°) LPR(°)
oy
T} My 25 211 26.76+10.37 21.84+10.72 11.71+8.81 5.45+3.57 9.47+5.08
noracic curve group
25/ 25 o
Wi S/IE % 4L 24.16+7.96 15.2925.12" 5.30+3.147 4.1542.34 12,12£6.22"

Thoraco—lumbar/lumbar curve group

1 (D5 M85 41 H % P<0.05
Note: DCompared with thoracic curve group, P<0.05

x4 MEEBKESRIKEZBEEXES R (r &)
Table 4 Correlation analysis between coronal plane and

sagittal plane in thoracic curve group(r value)

MCC AVT C7PL-CSVL TICA LPR

CL 0.017 -0.061 -0.088 0.007 0.058
C2-7SVA  -0.137 -0.216 0.217 -0.053  -0.157
T1 slope  -0.117 -0.033 0.141 -0.03 -0.179
T1 it -0.217 -0.151 -0.059 -0.033  -0.105
TK -0.067 -0.048 -0.204 -0.055 0.036
LL 0.025 -0.047 0.079 0.158 0.042

PI 0.019 -0.019 0.006 -0.008 0.213
PT 0.061 0.048 0.082 -0.073 0.122
SS -0.195 -0.043 -0.122 -0.122  -0.071
C7SVA —-0.168 -0.092 0.069 -0.045  -0.052

x5 MES/ETEHESRESAREZBNEXE
S (r 15)
Table 5 Analysis of correlation between coronal
plane and sagittal plane in thoraco—lumbar/lumbar

curve group(r value)

MCC AVT C7PL-CSVL TICA LPR

CL 0.084  0.177 0.256 0.041 0379
C2-7SVA 0118 0089  -0.106  -0.144  —0.036
Tl slope  -0.017 -0.024  -0.19 -021  -0.092
TI tilt 0.004 -0.265 -0231  -0.167  0.232
TK -0.192  -0.033  -0.17 0039  -0.22

LL 0.163 0062  -0.103  -0.065  0.073

Pl 0.148  0.149 0.214 0074  0.306
PT 0.146 0242 0320 0177  0.3397

sS -0.017  0.029 0.107 0.043  0.005
C7SVA  -0.168 -0.016  -0.061  -0.142  0.176
¥ :(DP<0.05

Note: (DP<0.05

M) = B, AR =H %l
TERAE SR B 5 & b, 3 5 B A A AR X )
e AR, X —BLR ] RE T & TR E 7 A AR
FF A 77 78 O IR A IS U, (H A S04 1 67

x6 MTH MET/ETASHRAIKESHE
S5t
Table 6 Statistics of differences in sagittal plane
parameters among thoracic curve group, thoraco—
lumbar/lumbar curve group and control group

i 2 S 2 5 %ok B2
Thoraco—lumbar/lumbar
curve group vs Control

i 5 21 5 % BR 4
Thoracic curve group
vs Control group

group

i PfE ffl Pl
t value P value t value P value

CL 4.030 0.000 1.487 0.142
C2-7SVA 0.411 0.682 -3.840 0.000
T1 slope -0.992 0.325 1.862 0.067
T1 il 1.882 0.064 1.507 0.137
TK -3.961 0.000 -0.650 0.518
LL 0.874 0.941 0.199 0.843
PI 0.843 0.402 2.720 0.008
PT -0.789 0.433 3.131 0.003
SS 1.165 0.248 0.055 0.957
C7SVA 1.509 0.136 2.863 0.007

KR LM, X —25 R0 Ul T 4R K
ARG B ACEE AL 77 7 25 20 55 %8 BRZH 1 % L
WFoEh, W& e CL Al TK Z [AIf7 16 B &2 5,
FIUHE IR 2505 2 MO ) TKC 8 09 98 2 23 53|
EBAEAC LT ™, PLORERE AT IR IS AT fE o
PR T 2 O R R AR A, X522
AT A AE — 28— B ge AT TBR T
B 22 M 25 R g 3 IR T CL 5 TK AR Gk 4h iR
KB T1 slope 5 CL 1 TK 2 [A]th 47 78 & 3 1 AH
O, RIX T Wiy A5 £8 3 ke U, B % TK A A9 3820 T
slope HHZ Ik 2> , 2851 CL i/, £ % H Bl 3
HEJT MRS, BRI FE AARIESE T T1 slope
2 I S50 2 R TR A6 1) 56 R4 Y oun AEPHA 4
BT T1 slope [FlFE 2 HM ATS & # AE 16 T & 1
EIEIG bR 255 ARSI A i 5% %2 B, Tang 2517
R SEL NN RN IFERN T 2 €l s A ki
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x®7 MESASKMES/ESACL.TK.LL.CISVA 5Etht R RESH Z BMEXE(r )
Table 7 Correlation between CL, TK, LL, C7SVA and other sagittal plane parameters in thoracic curve group and

thoraco—lumbar/lumbar curve group(r value)

e T 2 i 2 G [ 2 i 2
sy g I 25 25 2 ey g 25 2
W i 4l Thoraco—lumbar/ Hﬁﬂ 7 4l Thoraco—lumbar/
Thoracic curve Thoracic curve _
) lumbar curve lumbar curve
group group
group group
CL TK
C2-7SVA 0.279 0.004 CL -0.602" -0.244
T1 slope -0.598% -0.431¢ C2-7SVA -0.099 -0.023
T1 tilt 0.123 -0.261 T1 slope 0.710% 0.373%
TK —0.602% -0.244 T1 it -0.127 -0.085
LL 0.308 0.133 LL -0.4957 -0.113
PI -0.001 0.158 PI -0.134 -0.202
PT 0.138 0.272 PT -0.243 -0.077
SS -0.227 -0.099 SS 0.209 -0.171
C7SVA 0.100 0.158 C7SVA -0.190 -0.223
LL C7SVA
CL 0.308 0.133 CL 0.100 0.158
C2-7SVA 0.094 0.232 C2-7SVA 0.027 0.125
T1 slope -0.273 -0.084 T1 slope —-0.04 —-0.035
T1 tilt 0.3427 -0.242 T1 tilt 0.849Y 0.386"
TK —0.495% -0.113 TK -0.190 -0.223
PI -0.3327 -0.339% LL 0.458" 0.133
PT 0.254 0.3197 PI 0.071 0.338"
SS -0.726" -0.858" pPT 0.224 0.249
C7SVA 0.458% 0.133 SS -0.022 0.119
1 :(DP<0.05

Note: (DP<0.05
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