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Changes of cervical sagittal alignment after posterior correction surgery in Lenke 5 adolescent
idiopathic scoliosissfCHEN Chao, WANG Zheng, CUI Geng, et al/Chinese Journal of Spine and Spinal
Cord, 2019, 29(5): 400-406

[Abstract] Objectives: To analyze the changes of cervical sagittal alignment(CSA) in Lenke 5 adolescent id-
iopathic scoliosis(AIS) after posterior correction surgery. Methods: A total of 43 Lenke 5 adolescent AIS in
Spine Department of PLA General Hospital from July 2011 to July 2017 was retrospectively analyzed. Cervical
lordosis(CL), thoracic kyphosis(TK), thoracolumbar kyphosis(TLK), lumbar lordosis(LL), lordosis in fusion(LIF)
and C7 sagittal vertical axis(SVA) were measured on lateral X-ray at preoperation, postoperation and last fol-
low—up. The general data included gender, age, Risser score, the follow—up time, the number of vertebras in
fusion segment (NVF) and TL/L curve (TL/L C). According to the cervical sagittal alignment at preoperation,
patients were divided into the lordotic group(L. group, pre— CL<0°) and kyphotic group(K group, pre— CL=

0°). According to the change of cervical sagittal alignment at last follow—up vs preoperation, patients were di-
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vided into the lordosis increased group(l group) and the lordosis decreased group(D group). T-test was used to

analyze the differences of parameters between L group and K group, I group and D group. LSD-t test was
used to analyze the differences of parameters at preoperation, postoperation and last follow—up. Pearson corre-
lation test was used to analyze the correlation between CL and corresponding parameters in I and D group.
a=0.05 was difined in the two—sided test. Results: All the 43 patients, 10 males and 33 females, with age of
15.90+4.98 years and follow—up of 22.84+14.10 months, were divided into L group(n=15) & K group(n=17)
preoperatively, and into 1 group(n=26) & D group(n=17) at last follow—up. No statistically significant difference
of the general parameters was found between L group and K group, 1 group and D group. In all patients, the
final TK increased when compared to preoperative TK(P=0.000); the postoperative TLK was significantly differ-
ent from preoperative TLK(P=0.000), and no statistically significant difference was found among preoperative,
postoperative and final CL. Subgroup comparisons between L group and K group showed significant differences
(P<0.05) of preoperative CL(P=0.000), LIF(P=0.029) and SVA(P=0.003). Intra—group comparisons in group K
showed increased CL(P=0.025) and TK(P=0.000) at last follow—up, and smaller postoperative TLK(P=0.002)
which continued to last follow—up(P=0.002). Subgroup comparisons between group I and group D showed sig-
nificant differences (P<0.05) of preoperative LL(P=0.043) and CL(P=0.000). Final CL significantly increased
when compared to preoperative CL(P=0.008), and TK significantly increased compared to preoperative(P=0.000)
and postoperative TK(P=0.001) in group I. TLK showed smaller at postoperation than at preoperation(P=0.005),
which was kept at last follow—up(P=0.006) in I group. LL showed lager at postoperation than at preoperation
(P=0.011), which was kept at last follow—up(P=0.001) in D group. There were correlations between CL and
TK, CL and SVA preoperatively in group I. CL was also correlated with LL and SVA preoperatively, with
TLK and SVA postperatively and with TLK at last follow—up in D group. Conclusions: Patients with kyphotic
CSA preoperatively have their CL improved more significantly at last follow—up than that with lordotic CSA
preoperatively.  Increased TK during follow—up and appropriate TLK postperatively might result in improved
CSA finally. Increased LL postperatively without the change of TK or TLK might not result in improved CSA
finally.

[Key words] Adolescent idiopathic scoliosis; Lenke 5; Correction surgery; Cervical sagittal alignment
[Author’s address] Department of Orthopaedics, Chinese PLA General Hospital, Beijing, 100853, China
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M H Surgimap (Surgimap for Windows Ver-
sion:2.2.15.1) BAFAESG SLAAE K AMAL X 2R
R R AR S B R B U IR 2 (1) SR
£ (cervical lordosis,CL),C2 FTZAH 5 C7 T &M
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(2) W #E J5 ™ #f1 (thoracic kyphosis, TK),T5 I %
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WEAE 5 (3) W JEE B J5 ™ #f1 (thoracolumbar kyphosis,
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(lordosis in fusion,LIF), FAl& 7MW L1 MK E
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vertical axis,SVA), £ C7 F.LREtHEL S S1 A
GMIKEFIEE LT ST JE L& ET O IR, R
Ti R TAE (R W BB Y — R AR
AEWE Risser fiE A UK B 177 B (8] | Rl 1 B A 14
H (the number of vertebras in fusion segment,

NVF) J& A fif B 8 Bt/ 25 (TL/L. curve, TL/L C),

M BB R AT CSA 208 . SUHEET ™ 41 (lordotic
group, L 4 ) , CL<0°; ik 5 ™y 4H (kyphotic group,
K 41),CL=0°, k¥R Ukl st 8 E CSA BRI
B A0 AR 43 SR - STUME HIT ™ 34 2H (lordosis increased
group, | 21, &l 1) F1 S50 HERT ™ 020 21 (Tordosis de-
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1.3 Geitorik
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THIHT o BT soes 10 5% o 1T ¢ G258 43 A 2L 1]
XF I R0 22 M A LSD— A 56 43 B 25 ZH Y
ARG, AJG AR KEE U B S50 22 5, (]
Pearson AHICPERT B0 4017 CL 5 T 44 H1 D 4145 24K
HAR G A 58 7K 1 R U =0.05
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gy A 43 B E B 10 B, & 33 I, AR
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KBEVI I TK (P=0.002) A Si it 22 5% . ARHi AR

B 1 BHE% Lenke 58 AIS, ARHT4EE 12 2 a RHT CL H-6.1° b T9~LA M5 2% 8 8 ME 5 AR BRET 15 6 A& AR5
7d,CL H-18.3° ¢ AJ5 24 D HBEDII ,CL A-35.8°, B AH AN B2 HEL, Lenke 58 AIS, RETHER 134 a
AR CL 5-18.2° b T10~LA Ji A5 357 T2 A 5 MRURET 63 BE #E PRl & F ARG 6d,CL F-16.4° ¢ RJ5 66 ™ H BETII,
CL Jy 6.8, B AR A7 18>

Figure 1 A 12-year—old female patient with Lenke type 5 AIS a The preoperative CL. was —6.1° b 7 days after the

posterior correction and fusion of thoracolumbar scoliosis with pedicle screw instrumentation from T9 to [4, the CL was
-18.3° ¢ At the last follow—up of 24 months, the CL was improved to —-35.8° Figure 2 A 13—year—old female patient
with Lenke type 5 AIS a The preoperative CL was -18.2° b 6 days after the posterior correction and fusion of
thoracolumbar scoliosis with pedicle screw instrumentation from T10 to L4, the CL was -16.4° ¢ At the last follow—up
of 66 months, the CL was reduced to 6.8°
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Ja KRBV CL KA S B TG %5
L 28 15 4] (34.88%) ,K 4 28 4] (65.12% ) ;1
£ 26 141 (60.47%) ,D 41 17 1 (39.53%) . L 415 K

JEF0 AR R BB 7 B B9 KK LS 3

(xts)

x1 BHIBEEFAE

Table 1 Comparison of sagittal parameters at preop-

eration, postoperation and last follow—up of 43 cases

AR ARG ERNi)
Preoperative Postoperative  Last follow—up
CL(°) 7.80+12.76 7.81+13.17 4.41+13.77
TK(°) 18.90+10.357  21.97+9.927 30.73+12.84
TLK(®) 5.64+13.3002 -3.06+8.70 -2.19+9.41
LL(°) -49.85£18.02  -55.60+10.85  -54.60+20.76
LIF(°) -14.92+20.37  -23.07+17.81 -21.26+19.72
SVA (mm) 24.12+29.69 20.98+29.65 25.60+24.33

7O 5 AR K BT L8 P<0.05;@5 A5 L P<0.05
Note: (DCompared with last follow—up, P<0.05; @ Compared
with postoperative, P<0.05

R 2 RIBARBTHME KR 6L A0 AR R BB 5 R SAE K

045 D ABFEARFAEE . MR, BT
Risser fIE | fill &7 BEHEAR S B K2 A wiy i 1 B /1
(TL/L Curve, TL/LC) ¥ B LG it 25 5 (£ 2).
KK BT LA AR 0 12 8 A S
CSA BARFT M 7 BT A, 3 Fl ek 288 5
MK AR FF CSA J5 M g 22 Bl E i 15 i
CSA W%, 7 il ih B2 W/, 6 2l A8 SRt
22 L5 K4 BESHILEK

W33, W4l ARHT CL (P=0.000) LIF (P=
0.029) SVA(P=0.003)F Gi il 725 . K AARF 5
AR JG TLK (P=0.002) , A& i 5 K ¥ b Ui B TK (P=
0.000) .TLK (P=0.002) .CL(P=0.025) , R )& 5K &
B U7 EF TK (P=0.002) M Z S H &I B X, xS
ﬁ%ﬁ%%ﬁ“ﬁéi
23 145D éﬂx‘?/{%'u' B

L3 4, MZH AR LL(P=0.043) .CL(P=0.009)
ERAEG RN, THAR S ARG TLK (P=

BESABEFEN—RHEH

(xs)

Table 2 General parameters of patients grouped according to pre—CSA and the change of final CSA

MR AT CSA 41

Groups with different pre—op cervical

sagittal alignment lordosis

WA AR R BE T CSA AR BT i) 5028 432
Groups with different cervical sagittal
alignment lordosis at last follow—up

L4l (n=15) K41 (n=28) 141 (n=26) D4 (n=17) PH
L group K group P value 1 group D group P value
IR CE) 17.6467.64 14961247 0213 16.07+5.31 15.59+4.64 0.758
ge(year)
A 9
S 3/12 7121 0711 511 5/12 0.440
Lo DBATI(A) 20.53£17.90  23.71+11.80 0.542 2100+8.14  25.06+20.18 0.440
ast follow—up (mon)
| Risserll 327+1.16 3.43+1.53 0.700 3.46+1.50 3241125 0.610
1sser s lgn
-
i}ﬁ‘?‘é& BN 7074139 8.07+2.16 0.072 7.85+1.91 7.64+2.06 0.748
n)
"QIE’” T ) 44.25+8.22 43.48+9.30 0.781 44.98+9.35 41.86+7.90 0263
re—
#*3 LASKARF . G REXBEHRRASH LR (x%s)

Table 3 Comparison of sagittal parameters at preoperation, postoperation and last follow—up of L&K groups

L# (n=15) L group

K4 (n=28) K group

A ARJE PR/Ni) AHI A5 FRNi

Preoperation Postoperation Last follow—up Preoperation Postoperation Last follow—up

CL(°) -7.01£5.537 -3.33£5.53 -5.07+12.21 15.74£7.10% 13.78+11.14 9.49+11.87
TK(®) 22.49+8.75 24.33+9.79 31.43+13.52 16.97+10.762 20.71+9.93% 30.35+12.70

TLK(®) 3.77+12.43 -0.11+8.29 2.50+9.44 6.64+13.862% —4.63£8.65 —4.70+8.53
LL(°) -52.56+8.86 -58.03+9.83 -60.37+9.43 -48.40+21.41 -54.29+11.31 -51.51+24 .41
LIF(°) -24.11+18.69" -29.25+18.69 -28.97+11.83 -10.00+19.81 -19.75+19.76 -17.13£21.95
SVA (mm) 6.41+23.477 19.45+26.22 22.22+21.64 33.61+28.59 21.81+31.77 26.72+25.74

T D45 K LR ] 27 4 P<0.05 3@ AR K BT LA P<0.05 535 MALA S 42 P<0.05
Note: (DCompared with K group at the same time, P<0.05; @Compared with last follow—up in the same group, P<0.05; (3)Compared

with postoperative in the same group, P<0.05
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0.005) , R 5 K R Ff D HF TK (P=0.000) - TLK (P=
0.006) .CL(P=0.008) , K Ji 5 K ¥ B i i} TK (P=
0.001);D LA 5 AKRE LL(P=0.011) AR #I 5K
WHETTRE A LL(P=0.001) WA G it¥ 2% 25
BESTGIFEL,

P2 CL 5 HASEOW A ST LR 5, 1
AR CL 5 TK (r=-0.451,P=0.021) .SVA (r=
0.420,P=0.033) A M5, D 4l CL RIS LL(r=
0.487,P=0.047) .SVA (r=0.593,P=0.012) X%
£, RJ55 TLK (r=-0.532,P=0.028) .SVA (r=
0.691,P=0.002) , K KB 1i it 5 TLK (r=—-0.512, P=
0.036) A AH K AE

3 it
31 FARXF CSA 1520

Hilibrand 5P B 58 & BLAR T 89% 1) ALS i
A CSA T HIEMAE N, Canavese SR &

32 il AIS % V-3 CL y 4°, Lee 554218 75 b
A CL IR # K A -4.8°x12°, i LA FME 5 ™ iE
W ABAE-6.6°~—22.2°1181 A HFFEH 43 15 28 A
CL >4 7.80°+12.76°,CSA J& ™ 28 i (65.12%) , Vi,
W] Lenke 5 A AIS 8 % fA7E AR Hij CSA J5 ™ 72 B2
K, B A A

Legarreta ¢4 1A AIS 3 A J5 2 4F P CSA
S FE R R 5.9°412.5° Tlharreborde S5USHRE A UK
REDTHS CSA SARAT LG 25, H HA 24%1
BAE R AP B H SR AT A R
# CSA BORFI#RAT 2N W 55 TS ] ) 2 A
98 HAE K 4 ORFTSHE 5 24 ) S T4 (R IR S
R 4L ) L5 2 AR UK B 15 CSA 5 HA i
BEE ARG A L, RN AR SUHE S A R R
J& CSA B3t 55 W S s AH 7AiM 8 1 S8 (D
H)ARJE CSA BGRB8 T4 R 5
CSA B BT A o UG SEITBIE 5 4% 1 ALS Ji5 AR

x4 IAEDAFARMEERREH R RIS EH LR (wxs)

Table 4 Comparison of sagittal parameters at preoperation,postoperation and last follow—up of I&D groups

141 (n=26) 1 group

D41 (n=17) D group

AHT ARJE /N i) AHI A5 FR/NCiR
Preoperation Postoperation Last follow—up Preoperation Postoperation Last follow—up

CL(°) 11.85+11.66"2 8.21+11.98 1.91+13.24 1.62+12.17 7.21+15.19 8.23+£14.07
TK(®) 17.24+10.18% 20.63+10.36% 30.90+12.55 21.44+10.38 24.04+9.12 30.47+13.66

TLK(®) 6.635+14.41%% -2.71+9.35 2.46+10.18 4.11+11.66 -3.59+7.87 —-1.77+8.38
LL(°) —42.27+21.917 -53.18+12.39 —-54.19+25.38 -52.27+9.59%% -59.30+6.71 -61.35+6.69
LIF(°) —-12.50+21.62 -20.27£20.85 —-17.85+£22.29 -18.62+18.30 -27.35+11.01 -26.47+14.03
SVA (mm) 24.70+31.44 14.04+30.16 20.11+20.80 23.24+27.70 31.61+26.23 32.48+27.98

D5 D 4R A 5 18 P<0.05 ;)5 [ 4L AR BE VI L 8¢ P<0.05 ;35 W 41 A He % P<0.05
Note: ®C0mpared with D group at the same time, P<0.05; @C()mpared with last follow—up in the same group, P<0.05; @C()mpared

with postoperative in the same group, P<0.05

x5 I1EAMDAFAREMRRLMEN CLEEMSEWBEXSH
Table 5 Pearson correlation analysis results between CL and other sagittal parameters at preoperation, postoperation
and last follow—up in I&D groups
TK TLK LL LIF SVA
PlE rfl Pig rfH Pl rfH PlE il PlE rfE

P value r value P value r value P value r value P value r value P value r value

ARHI CL CL at preopration

14 1 group 0.021 -0451 0452  -0.154 0.861 -0.036 0.847  0.040 0.033 0420

D D group 0.104  -0.408 0.876  0.041 0.047  0.487 0280  0.278 0.012  0.593
ARJF CL CL at postoperation

141 T group 0.603  0.107 0300 -0.211 0.627  0.100 0276 0.222 0.093  0.336

D# D group 0966 -0.011 0.028 -0.532 0.800  -0.066 0285  0.275 0.002  0.691
KK KEViBT CL CL at last follow—up

T4 T group 0522  -0.131 0.060 -0.374 0.652  0.0923 0.642  0.096 0.193  0.264

D41 D group 0471  -0.187 0.036 -0.512 0.645 0.121 0.213 0.318 0.090 0424
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AL HME G M A ARG CL A G5 LAy,
TR UL R 2, FRATTIA ARG TK By 3 i fit
5 R HITSME S T B R A VIR R
CSA il B2 LAGK 2740, Fe At g2 3] K 4K ik bl
Vil CSA BARBORFT ks B . (H P I (E AR IR K
T 00, AT B Sy FUME [ 22 )1 22 i 45 CSA el s
BRI,
3.2 TK.TLK %} CSA 520

TK 5 CSA X RTEZHT AR Z SCikh & A
i1, Canavese ZFMA R AIS R& A J5 TK 5 CSA
TGk, Quan ZEUSHA Ky HE 5 AR BT 5 2 R AT 3 B
MF IE R 1 7 9 51 TK B0 | Legarreta Z504%
BAIS B AR TK T REBIR, k5] i i 5
RIS (X SE SR AL R 2SR ALS R S 2
WFFEANIE], AWESE T B R IR BE VTR TK 3¢
AHT B I, SRR AT B A [ A B R AT
1) 2240 B R T 2y B T A% B AR AT AR BT BE . Thar-
reborde ZEIA AR F AIS i E CSA F EH 5l 5™
5 TK WG, AR K HARH] TK 3 {H
0 16.97°, F R FTHME IS 5 TK<20°47 &1,
Jr A B K TR WBE U7 B TK B 35 &
CSA fifthkss, $ERFARMMKE TK FAH# ), TK
TEAR J5 BT A Ge T2 3 SR 38 0 B oiesE vl g
B F 52 CSA Y ig 019

AWFFE R T & K 4.1 4 TLK o & 4
FEARJG I AR B AR KB DT M B AR AR 5 il
UG — BRI R K BE YT, 5 HAE Lenke 5 Y
AIS J 8% M HEHE T AR Bl 5 BE N A G, Wigm AR
T L g A R S R 2 TE R A B i e
PR R R R i R B A R B T RE X A YK
BE U7 I CSA WA S2m . FATIE & T 4 AR
CL 5 TK,D AR5 fA KKV CL 5 TLK A
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