of A HA A 2 R 2014 AR5 24 B85 8 M1 Chinese Journal of Spine and Spinal Cord ,2014,Vol.24 ,No.8

TS AERAR I AR
R B S AT

X 4 RBER,EEN EALE TG EM 2L FEREEF
(PR RS —EBEAFESMEE 510080 TN TH)

(FEE] B8R SO RE &R G838 A — B R T A R . iR AR A 79 44 1E &
FEAE (IEH 2 (83 i) 5 v B N P AR A 2 (Cobb 1 <60°) L K2 69 {91 T 2 J8 A & 14 8 A 00 o 2 %
(Cobb £1>80°) , AR Hig: 3= 25 F A 43 Ay I 25 21 o M TP 25 /P25 2 000 45 4 e A 1T 2 BB 36 3275 Cobb 1 IR T
5% (CB) LA K BUMEAR BS (AVT) , AR T B0 45 S AR TR RS (SVA) IR JS ™ A (TKO) MBS ™ £ (TLK) I AfE
B (LL) CE A5 A ST (P B AR (PT) AR B R (SS) L 76 F B2 (PTH) BB B B 25 (SFD) iR
B 2 (PRS1) \PI 5 LL 228 (PI-LL) .PT 5 PI Hff (PT/PT) LA J C7 a2k 588 b0 M5B (HA-C7PL) .
5045 211 [0 bR T B O MR T 25 804 A o B 45 5 IR0 0 A DG o A DG 43 7 (8 Pearson AH G434 o AN [ 35 95 401 1]
— Z IR (X ECATF 58 A FH B R 3R 7 25 0 T PR LU 3 ¢ K3 . S5 3R . 505 W LA L, TR B3 N R & 1 A 0 Y
A A LL . TLK \TK & PRS1 %33 K ,PL.PT .PTH .SFD & PI-LL {3 d /N, T 3 i 2 /04 40 A SVA & 3%
RO SS 28/ H SVA 7E 5 0 1B P o 1E 5 41 55 9 v 3 R s A St T R O bR TS BR] TE AR DG 1 A e v
JBE W 2 /2 2 R ) 2 % T ) 25/ 25 4H | Cobb £ 5 TK TLK HoA AHCE, e A AT LL 5 TK,
LLY TLK P15 PT K& P15 SS ¥ HAG MM, 16 1F & 41 25 5 W 25 4 ) 76 1% i I 25 /W25 4 b TK 5 TLK oA
ASCHE, B RIS ES 240 CB 5 PT BA MG, RS 241 h ,CB 5 TLK.SS B AT A& ;o B2 g
M, AR Cobb M5 LL & CB 5 PT.SS HA MM, 78 & Mo /iS4l b  LL 5 SVA BA HIX¢
e, FEE A HMMA R TK 5 SVA BA S . 8618 ¢ d B s KR R P ey SR e LA A B R A
LW TK TLK \LL 0 1R 5 PLPT /9 3w/ ek i 280 5 R 3225 Cobb /1 5 TK TLK & CB 5
SS B EA A, AR M S H0P TK TLK 5 LL = Z 08 K TK 5 SVA Z [ ¥ 5A A e ;8 4% A2 W w1 %
B RIAREK AT,

(e ] ARA VA Y 5 AR 00 5 AR T T 5 4 S 80

doi : 10.3969/.issn.1004-406X.2014.08.05

hESEE R682.3 XEARIRE.A 0 XEHES.1004-406X (2014)-08-0691-08

Spino—pelvic sagittal alignment analysis in severe adult idiopathic scoliosis/LIU Hui, ZHENG Zhaomin,
LI Sibei, et al/Chinese Journal of Spine and Spinal Cord, 2014, 24(8): 691-698

[Abstract] Objectives: To investigate the spino—pelvic sagittal alignement characters of severe scoliosis.
Methods: A total of 79 asymptomatic volunteers(normal group), 83 mild scoliosis and 69 severe scoliosis pa-
tients were recruited in this series. The following coronal and sagitial parameters were measured: (1)Coronal
alignments: coronal Cobb angle of the main curve, coronal balance(CB) and apical vertebral translation(AVT);
(2)Sagittal alignments: thoracic kyphosis (TK), thoracolumbar kyphosis(TLK), lumbar lordosis(LL), pelvic inci-
dence(Pl), pelvic tilt(PT), sacral slope(SS), sagittal vertical axis(SVA), pelvic thickness(PTH), sacral femoral dis-
tance(SFD), sacral pelvic angle(PRS1), PI minus LL(PI-LL), ratio of PT and PI(PT/PI) and the distance be-
tween hip axis and C7PL (HA-C7PL). Correlations of the parameters between two groups were determined by
using the Pearson correlation coefficient. Comparison of the values for the same parameters in different groups
was done with a one—way ANOVA and rank—sum test. Results: Compared to normal group, in severe scolio-

sis, LL, TLK, TK and PRSI increased significantly, PI, PT, PTH, SFD and PI-LL decreased significantly;
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while SVA(within normal range) increased significantly and SS decreased significantly in thoraco—lumbar/lumbar
curve scoliosis. Correlations were absent between coronal parameters and sagittal parameters in normal group
and mild thoracic curve scoliosis, while correlation of Cobb angle with TK existed and TLK in the other
three groups. Different correlations between CB and sagittal parameters were present in mild thoraco—lum-
bar/lumbar curve scoliosis and severe scoliosis curves. Correlations were present between LL and TK, LL and
TLK, PI and PT, PI and SS. Correlation between TK and TLK was present in normal group and severe scol-
iosis patients. Correlation between TK and SVA was only present in severe scoliosis patients. Correlation be-
tween LL and SVA was only present in thoraco—lumbar/lumbar curve scoliosis. Conclusions: Increased TK,

TLK, LL and decreased PI, PT are common in severe scoliosis, and severe scoliosis patients tend to have a

narrow and horizontal shape pelvis.
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Figure 1 Measurement of each sagittal parameter. Thoracic Kyphosis (TK),
Thoracolumbar Kyphosis (TLK), Lumbar Lordosis (LL), Pelvic Incidence (PI),
Pelvic Tilt (PT), Sacral Slope (SS), Sagittal Vertical Axis (SVA),
Thickness (PTH), Sacral Femoral Distance (SFD), Sacral Pelvic Angle (PRS1)
and the distance between hip axis and C7PL (HA-C7PL)

Pelvic
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Table 1 Parameters among asymptomatic volunteers and different scoliosis patients

Asymptomatic Mild thoraco— Severe thoraco—
"~ Mlld thora( i curve Severe thordu( curve
volunteers -5 —41 lumbar/lumbar curve  lumbar/lumbar curve
n=79 = = n=32 n=28
-*goﬁ‘)’b:nﬁj ) - 51.10+10.56 114.75+24.3472 45.80+10.20 103.33+14.67029
ﬁ“ﬁéﬁf (cm) — 0.98+0.83 1.69+1.34 1.89+1.24 3.49+1.53%
Tﬁ*ﬁ%ﬁé““l) - 6.26+131 9.1542.54% 5.42+1.86 6.23+2.00
%%%ﬁﬁ(“m ~0.92+2.81 ~0.15+2.33 0.48+2.98 0.10£2.46 3.16+3.407
C7 a2 S5 HE h - -
LB S (em) 5904321 2.90+2.30% 1.323.5709 2,672,375 ~1.99+4.3125
(CTPL-HA)
I o . .
Czljﬂ*fjglce"lj; ?;;itzal — 23.60+10.08 85.30+37.1972 11.14£15.58 75.48+16.7702
’Wﬁ’(ﬁ,{‘f‘f‘ ) 27.1348.53 20.98+9.80 64.42427.0479 24.78+6.65 53.74+26.5725
Wy ﬂgﬁ]ﬁ(’;ﬁ ) 7494425 6.40+3.38 11.91425.097% 15.63+8.15 49.85+19.10%
kAT £ (O P
Hg*ﬁﬁ“i')ﬁ‘( ) 49.03+9.89 45.45+11.01 64.50+19.001 46.03+10.43 55.07+23.56%%
'E”ﬁf(ﬁfﬁ ©) 48.3311.05 42.55£9.72° 36.32+13.849 40.97+11.08% 32.58+11.39%
4y JE i i ;
W ﬁﬁr’ﬁgcm 13.30+1.93 10.561.44 11.07+1.39% 11.60+1.13% 10.74+1.59%
4 o - P
E’Lﬁ%ﬁf‘( ) 14.66+5.86 8.81+8.03% 3.39+10.54% 6.4849.66° 8.83+14.83%
sy ey o _
ﬁ%gﬁ( ) 32.97+9.46 35.00+8.37 32.97+10.79 35.74+8.42 24.07+11.79%
" = = A ~ ) BYE\
ﬁwﬂﬁﬁ%‘ﬁ (em) 2.82+1.26 1.2441.17% 0.15+2.5175 1.4242.09% 0.402.412%
%%ER%%‘ ) 36.18+10.80 42.64+9.987 48.09+13.66"% 42.00£10.719 48.99+16.7029
P‘5<};}; ﬁf;ﬁ ) ~0.70+6.01 ~2.90+11.89 28.18+22.271% -5.06+11.03 -22.49+29.97%%
= " ° =
Pl H(lﬁ}/%lgﬁ( ) 0.3120.12 0.2120.14 0.3520.50 0.2320.15 0.62+0.79%

D5 5% v i 1 25 41 b3 P<0.05 ()55 5 vl i [ 255 /19845 4 b 48 P<0.05 ;)5 T J3 i 25 2H e 388 P<0.05 ;@5 HiAb 40 15t P<0.05;,B) 5

1EH 4 4 P<0.05

Note ; D Compared with mild thoracic curve, P<0.05; @ Compared with mild thoraco—lumbar/lumbar curve, P<0.05; (3)Compared

with severe thoracic curve, P<0.05; @Compared with other groups, P<0.05; )Compared with asymptomatic volunteers, P<0.05

3 itig
3.0 AE R B R T B R 5
BN AR f S AR T8 3 B R e, Schwab
i PR 3 2 i A5 Sy 16 5 o FH A 2 U0 JHG e IR T
TR R Al 2 TOUAE 9 57 B8R0 32 T YOG R % O
BN B B A AR R, ARIESE R I T IZE R
173 T R ¢ %ttiﬁc"*ﬁz:lﬂ?ﬂ(ﬁﬂﬁﬁfh%ﬁ
PEN (9 R AR T RE AL, DA A b A S I R PPAS 5
BIT . AR AR E N E R R
(Schwab I | [ #Y ) Y5 5 FF i 2 25/ 18 25 AU (Schwab
IV VAL BT 2 BN I DR Ak 2 L i

AHFFIFRA
3.2 RO PR A A O R
RSP

AW, M A AVT 38 H A &4 3
B K 7 R I S /S 4 CB A A At K
S AR T b A AR T A R R R M A AT
Iy £ AR SR T A L, R D Y 2K A
SVA HEFFAEAR R IE 5 B3 R 2 A e
W KRR TK TLK 5 LL, DA &0k /NAY Pl
Fo PT, 558 v g 25 8 3 I A i ki o i
Je i /N AN R 02020 R G S e B Ok i O



o A A 2 7 2014 4EAE 24 4555 8 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.8 695

A i e | e il
wRBE T

=

W ey T R
Servrre horwes |, omvchsr [ oo b e

ErENY
Hevere Lol adrmryy

b2 0 18 T R
ol T
[ THTET AT i

B2 4B RIS (N R A
KM TK TLK 5 LL, DL 25/
PI X PT) a E®WH b BPEMSTH ¢
TR RS d RSN 4 e HEE
S A 20 [ AR I FS (CB) . ToUHE (i B2
(AVT) 5 FE 5 WK 1 D 8% (SVA) | I AE 5™ £
(TK) a2 ) ™ s (TLK) FEAERT ™ £ (LL) B
NG (P B AEWARHA (PT)] B3 A
R P R O™ A A (B R A
G S 75 48 % B 3k A AT RS, S BKT BR K 1Y

&, IS L T REIR T IR SR kL) a Fp O AEMIY b R AE A [ A ST (P B L BURE

A (PT) FHE B W04} (SS) ]

Figure 2 Spinal morphological changes in each group(Significantly increased TK, TLK, LL and significantly decreased

PI, PT were shown in severe thoracic scoliosis patients) a Normal group b Mild thoracic curve group ¢ Severe thoracic

curve group d Mild thoraco-lumbar/lumbar curve group e Severe thoraco—lumbar/lumbar curve group [Coronal balance

(CB), Apical vertebral translation(AVT), Thoracic kyphosis(TK), Thoracolumbar kyphosis(TLK), Lumbar lordosis(LL), Pelvic

incidence (PI), Pelvic tilt(PT), Sacral slope(SS), Sagittal vertical axis(SVA)

Figure 3 Pelvic morphological changes of

adult scoliosis patients (Relative anterior sacral platform was shown in severe scoliosis patient and maybe related to the

change of lumbar vertebrae) a Mild adult scoliosis b Severe adult scoliosis[Pelvic incidence(Pl), Pelvic tilt(PT), Sacral

slope(S9)]
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Table 2 Correlative analysis between coronal parameters and sagittal parameters among each group
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Table 3 Comparative analysis of coronal parameters in each group
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A R £ (LL) 0.275% 0.3097 0.4837 0.4477 0.750?

HHAGH (P 0.184 -0.221 -0.152 -0.076 —0.449%

AR (PT) 0.020 -0.451% -0.165 -0.238 -0.160

ACH AR (SS) 0.204 0.185 0.083 0.236 —0.242

AR R RS (SVA) 0.045 0.091 0.3227 -0.031 -0.3827
P J5 ™ ff (TLK)

A 0™ £ (L) 0.229 0.3772 0.341% 0.4887 0.4637

BN (P 0.2657 0.061 -0.315 0.236 -0.473%

BB URH A (PT) 0.089 -0.029 -0.214 0.000 -0.031

A R £ (SS) 0.2407 0.124 0.307 0.3777 —0.4457

IR T % (SVA) 0.183 -0.129 0.118 -0.084 -0.328
JEEHE BT £A (LL)

H NG (PD) 0.841% 0.3477 0.108 0.4767 -0.358

&R (PT) 0.2307 -0.096 -0.164 -0.301 -0.253

R £ (SS) 0.806% 0.5232 0.247 0.8042 -0.070

AR TE I ES (SVA) -0.014 0.103 -0.210 0.002 -0.6302
A (P

B &R (PT) 0.472% 0.5872 0.609? 0.5642 0.5782

ACEATARL A (SS) 0.836% 0.580% 0.696% 0.625% 0.286

AR I ES (SVA) 0.207 -0.031 -0.082 0.268 -0.060
H R (PT)

A i (SS) -0.066 -0.353% -0.097 -0.220 -0.611%

JARTE RS (SVA) 0.206 0.062 -0.049 0.3877 -0.088
AR £ (SS)

AR RS (SVA) 0.124 -0.098 -0.077 -0.053 —0.144

DP<0.05;2P<0.01

R RN R A L Al R T 2 1 2R R
T 55 s A il — ST

o O Y N R ok £ PPN T 7
HAH SRR, RN TK TLK LL #1223 K
5 PLPT Wy W&/ bR i S 80t bk i £ 25
Cobb 15 TK \TLK & CB 5 SS ¥ HA M Kt , &
W8 h TKTLK 5 LL = #F ZE & TK 5
SVA Z [ B BA MM Bk W B e &y
Bl GANEEoE S 1 S =

4 SExk
1. Schwab F, Lafage V, Farcy JP, et al. Surgical rates and

operative outcome analysis in thoracolumbar and lumbar major

adult scoliosis:  application of the new adult deformity

classification[]J]. Spine, 2007, 32(24): 2723-2730.

. Kulkarni AG, Shah SP. Intraoperative skull-femoral (skeletal)

traction in surgical correction of severe scoliosis (>80°) in

adult neglected scoliosis|J]. Spine, 2013, 38(8): 659-664.

. Blondel B, Schwab F, Ungar B, et al. Impact of magnitude

and percentage of global sagittal plane correction on
health —related quality of life at 2 —years follow —up [J].
Neurosurgery, 2012, 71(2): 341-348.

. Smith JS, Shaffrey CI, Berven S, et al. Operative versus non-

operative treatment of leg pain in adults with scoliosis: a ret-
rospective review of a prospective multicenter database with

two—year follow—up[J]. Spine, 2009, 34(16): 1693-1698.

. Smith JS, Shaffrey CI, Berven S, et al. Improvement of back

pain with operative and nonoperative treatment in adults with

scoliosis|J]. Neurosurgery, 2009, 65(1): 86-94.

. Bridwell KH, Glassman S, Horton W, et al. Does treatment



698

o[ 2L R 2014 AEES 24 455 8 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.8

10.

11.

12.

13.

14.

15.

16.

(nonoperative and operative) improve the two-year quality of
life in patients with adult symptomatic lumbar scoliosis: a
prospective multicenter evidence —based medicine study [J].
Spine, 2009, 34(20): 2171-2178.

Schwab F, Patel A, et al.

Ungar B, Adult spinal

deformity —postoperative standing imbalance:  how much can
you tolerate? An overview of key parameters in assessing
alignment and planning corrective surgery[J]. Spine, 2010, 35

(25): 2224-2231.

BB, XU, AT - 5 DR IS B AR I R IR 3

IR ROPERD]. T EA RS AL AR, 2012, 22(3): 278-282.

. Yong Q, Zhen L, Zezhang Z, et al. Comparison of sagittal

spinopelvic alignment in Chinese adolescents with and without

idiopathic thoracic scoliosis [J].  Spine, 2012, 37 (12):
E714-720.

Lee JS, Suh KT, Kim JI, et al. Analysis of sagittal balance
of ankylosing spondylitis using spinopelvic parameters [J]. J
Spinal Disord Tech, 2014, 27(3): E94-98.
Oh JK, Smith JS, Shaffrey CI, et al. Sagittal spinopelvic

malalignment in Parkinson disease: prevalence and associa-

tions with disease severity [J].  Spine, 2014, 39 (14):
[£833-841.
Suh SW, Suh DH, Kim JW, et al. Analysis of sagittal

spinopelvic parameters in cerebral palsy[J]. Spine J, 2013,
13(8): 882-888.

XN, A BEAK, A R, A A ) SR AR 5 R A - R
ARTH T B R AR CE )] AR R, 2013, 93 (15):
1123-1128.

Qiu Y, Qiu XS, Ma WW, et al. How well do radiological
measurements correlate with cosmetic indices in adolescent
idiopathic scoliosis with Lenke 5, 6 curve types[J]? Spine,
2010, 35(18): E882-888.

Vrtovec T, Janssen MM, Likar B, et al. A review of methods
for evaluating the quantitative parameters of sagittal pelvic
alignment|J]. Spine J, 2012, 12(5): 433-446.

Roussouly P, Nnadi C. Sagittal plane deformity: an overview

of interpretation and management[J]. Eur Spine J, 2010, 19

17.

20.

21.

22.

23.

24.

(11): 1824-1836.

Mac—-Thiong JM, Roussouly P, Berthonnaud E, et al. Age—
and sex-related variations in sagittal sacropelvic morphology
and balance in asymptomatic adults[J]. Eur Spine J, 2011,

20(Suppl 5): 572-577.

. Bess S, Schwab F, Lafage V, et al. Classifications for adult

the Research
Society —Schwab  Adult Spinal Deformity Classification [J].
Neurosurg Clin N Am, 2013, 24(2): 185-193.

Schwab FJ, Blondel B, Bess S,

spinal  deformity and use of Scoliosis

et al. Radiographical
spinopelvic parameters and disability in the setting of adult
spinal deformity: a prospective multicenter analysis[J]. Spine,
2013, 38(13): E803-812.

Roussouly P, Labelle H, Rouissi J, et al. Pre— and
post —operative sagittal balance in idiopathic scoliosis:  a
comparison over the ages of two cohorts of 132 adolescents

and 52 adults [J]. 2013, 22 (Suppl 2):
S203-215.

Eur Spine J,

Upasani VV, Tis J, Bastrom T, et al. Analysis of sagittal
alignment in thoracic and thoracolumbar curves in adolescent
idiopathic scoliosis: how do these two curve types differ[J]?
Spine, 2007, 32(12): 1355-1359.
Barrey C, Roussouly P, Le Huec JC, et al. Compensatory
mechanisms contributing to keep the sagittal balance of the
spine[J]. Eur Spine J, 2013, 22(Suppl 6): S834-841.
Emans JB, Ciarlo M, Callahan M, et al. Prediction of tho-
racic dimensions and spine length based on individual pelvic
dimensions in children and adolescents: an age—independent,
individualized standard for evaluation of outcome in early
onset spinal deformity[J]. Spine, 2005, 30(24): 2824-2829.
Sergides 1G, McCombe PF, White G, et al. Lumbo-pelvic
lordosis and the pelvic radius technique in the assessment
of spinal sagittal balance: strengths and caveats[J]. Eur Spine
J, 2011, 20(Suppl 5): 591-601.

(Wi A :2014-07-16 & 151 A 11:2014-07-30)

(X% # MRIRIHH)
ST T WS

:l 23
P 4%

BEBEZR N AR HLIE - 13824416245, E-mail : 53790004@qq.com

2014 - [ g AR BHE TR 8 R

AR T R A X A A T R AR SE,  (RAE S AN R (R ) (R EE R B A AR BRSO
BE R K A% I J7 B8 B 5 A B R R R T R R KA e T S BE G B SRR DA BT N R R R A B e AR — R B G 1 SRR AR ] K
IR <2014 - o E R E BHEIE " T 2014 48 10 H 24~25 HEET ZRA T MG IF AR RIS 126 508 B i s 0 5 5 A AR
AT AMRRBE R A DG I R 5 AT IR A AR SR 1838 F B R AR RIE s R R bin , 24 Zbis AR
R RATINELE S Mt 2 LA RCIE 52 T BEIS I RS (9 3 56 45, 8% 807 el D9 - B 2 SR ) 2240 3 44 T KB g kAT e T U
KTF AR, Bam ) RE R RHRAT S 5 )
255 A F 7 3 (R AR T AMRE 2 AR (H IR ) ) g B, FEL TS < (020)83062381, E—mail : cjojs@126.com ; M dik . )7 JH 7
LG 151 5 M ERFR B E 55— B B, BB i . 5101205 86 R MR8 BR 5 08 ; B 7 BE FF K79 7 & B B Ak





