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Change and risk factors of cervical alignment after posterior osteotomy correction of congenital cervi-
cothoracic deformity/XU Jietao, WANG Bing, LU Guohua, et al/Chinese Journal of Spine and Spinal
Cord, 2019, 29(7): 587-596

[Abstract] Objectives: To analyze the characteristic and risk factors of sagittal cervical alignment after pos-
terior osteotomy correction of congenital cervicothoracic deformity. Methods: 26 patients with congenital cervi-
cothoracic deformity receiving posterior osteotomy correction between March 2012 and March 2017 in our
hospital were analyzed. There were 10 males and 16 females with an average age of 14.2+4.6 years old(9-20
years). The mean follow—up period was 38.0+6.4 months(24-96 months). The pathological classification includ-
ed hemivertebra in 5 cases, wedge vertebra in 2 cases, butterfly vertebra in 3 cases, hemivertebra with but-
terfly vertebra in 4 cases, hemivertebra with unilateral unsegment in 7 cases, block vertebra in 5 cases, re-
spectively. The average fusion segments were 7.4+2.3(3-13). Imaging parameters of AP film of standing full
spine X ray were collected to compare the coronal [clavicle angle(CA), neck tilt(NT), head shift(HS), coronal
balance distance(CBD), main curve Cobb angle, caudal curve and T1 tilt] and sagittal [C2-C7 sagittal vertical
axis(C2-C7 SVA), cervical lordosis(CL), cervicothoracic kyphosis(CTK), upper end vertebrae UEV/T1 slope
(UEV/T1 slope), thoracic kyphosis(TK), UEV/T1-T12, lumbar lordosis(LL), pelvic incidence(Pl), pelvic tilt(PT)
and sagittal vertical axis(SVA)] parameters. 26 patients were divided into the lordosis group (8 patients, CL
<=5°) and the straight/kyphosis group (18 patients, CL=-5°) according to CL, and 18 patients in the
straight/kyphosis group were subdivided into the deteriorate group(7 patients) and the non-deteriorate group(11
patients). The simplified Chinese version of SRS-22 questionnaire was collected as well. Pearson chi-square
test, Fisher exact test, paired sample i—test, independent sample t—test and Pearson correlation coefficient
analysis were used for statistical analysis of imaging parameters and SRS-22 questionnaire scores. Results:
The average correction rate of primary curve and caudal curve were 67.0% and 47.9% respectively. HS, NT,
CBD, TI tilt and CA significantly improved at final follow—up. There was no significant difference of sagittal
parameters among preoperative, postoperative or final follow—up in cervical lordosis group. There was signifi-
cant difference of UEV/T1 slope(20.2°+0.5° vs 16.4°+4.3°, P<0.05) and UEV/T1-T12 (49.3°+5.2° vs 36.3°+
14.3°, P<0.05) between lordosis group and straight/kyphosis group. There were significant differences in the
two subgroups of postoperative CTK (2.4°£3.9° vs 12.7°+4.3°, P<0.05), postoperative UEV/T1-T12 (18.7°£3.6°
vs 37.8°+7.6°, P<0.05) and CTK(5.2°+4.9° vs 11.7°%+6.5°, P<0.05), UEV/T1-T12(20.4°£7.5° vs 38.5°+9.4°, P<
0.05), LL(-46.4°£7.9° vs -36.4°+5.2°, P<0.05), SVA(-5.3+1.2cm vs -2.8+2.0cm, P<0.05) at final follow—up.
Correlation coefficient tests showed correlations between preoperative cervical kyphosis and preoperative
UEV/T1-T12(r=—0.398, P=0.045), postoperative cervical kyphosis and postoperative CTK(r=0.673, P<0.001),
postoperative—final follow— up ALL(r=0.557, P=0.020) and ASVA(r-0.496, P=0.034). The results of SRS-22
questionnaire showed that the patients in the straight/kyphosis group had lower self-image scores and mental
scores than those in the lordosis group(P<0.05). And patients in the deteriorate group owned the lowest pain
scores and total scores(P<0.05). Conclusions: Congenital cervicothoracic deformity patients have a high cervi-
cal kyphosis incidence. Preoperative cervical kyphosis may be related to low preoperative UEV/T1-T12. Low
postoperative CTK, increased LL and retrusive SVA may lead to long—term cervical kyphosis deterioration after
posterior correction.

[Key words] Congenital scoliosis; Deformity; Cervicothoracic junction; Osteotomy; Cervical alignment
[Author’s address] Department of Spine Surgery, the Second Xiangya Hospital of Central South University,
Changsha, 410011, China
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B HE e C UG — )7, BRAEIE 485 ol

F1 2060ERETHEEERBEERN. RERE
RRBE IR G E IR
Table 1 Radiographic measurements of the patients

with cervicothoracic congenital spinal deformity

x3 AEROHERASLTHRANEEFERH
Table 3 Radiographic measurements in postoperative

progressive kyphosis group and non—progressive group

B4 ok R4

— p—
A N AR b U
P ot . Final follow—
reoperative  Postoperative up
Sk AR A} (mm) ® ®
ool oy 21.3+7.8 143657 7.8+5.102
éﬁﬁ'ﬁf)ﬂﬂ(") @ [0F))
Nk 19.5+9.3 10.124.1 7.245.1
= S f W B . o~
TLREY @R (cm) 5001 12107 1.0+08"
CBD
45 Cobb ffi (°) ® o
M comb 7 479+108  13.76.9 15.8+5.5
N A iz 2 (o N -
AR (°) 257£6.6 119497 13.4x4.97
Caudal curve
L ° .
B ) 15.245.1 85:4.40 66370
Clavicle angle
SRR LR () 174083 1145530 915470

Coronal T1 tilt

(D AR H 4 P<0.05; @5 ARG L4 P<0.05
Note: (DCompared with preoperative, P<0.05; (2 Compared
with postoperative, P<0.05

®2 AWHENOASIHERLARMZEFZER
Table 2 Preoperative radiographic measurements in

cervical lordosis group and cervical kyphosis group

PN T S N )
HERT M4l (n=18)  PlE

2 (n=8) Straight/ P value
Lordosis Kyphosis
TR () _18.0:09  144£69  0.000
AT RN (°)
St 202405  164:43 0022
HE M FA (0
o 185431 13.0472  0.055
MR R ) 208:43  23.6:82 0059
Wi B2 ™ 6 (°)
HBEEC 493452 363143 0.023
BARRT LA () 453552 —43.1:23.6  0.791
IR 1 A (em)
b 25403  -17439 0575
FENHRC) 281489  333:45 0059
%mﬁpﬁﬁﬁ’ ©) 144432 12356 0332

(n=7) (n=11) P
Deteriorate Non—
group deteriorate
FUHERTN A CL(°)
AT Preoperative 13.2+8.0 15.1+6.2 0.581

18.0+9.2 0.783
17.6+7.2 0.008

ARJ Postoperative 19.1£5.8
KWK BEV] Final follow up 27.1+4.8%
L3HETT BUR UEV/TL slope(©)

AT} Preoperative 15.0+5.1 17.3+3.8 0.297

AR5 Postoperative 13.0+6.5 15.3+4.2 0.372

KIKBEV] Final follow up 11.5+5.4 16.3+8.6 0.206
il A CTK(®)

AW Preoperative 15.4+6.2 11.4+7.8 0.275

ARJ& Postoperative 2.4+3.9? 12.7+4.3 0.000

RIKKE T Final follow up 5.2+4.9 11.7+6.5 0.040

T A S ™ A TK(°)

AR HI Preoperative 21.4+8.5 25.0+8.1 0.379

AR J& Postoperative 12.3£3.3%  18.1x10.1 0.167

KUK T Final follow up 14.4+5.4 18.7+7.8 0.226
M B ™ £ UEV/T1I-T12((°)

AR HI Preoperative 36.2+13.8  36.4+150  0.973

AJ& Postoperative 18.7+3.6% 37.8+7.6 0.000

KUK F Final follow up 20.4+7.5 38.5+9.4 0.001

JEHERT™ A LL(°)
A1} Preoperative -51.7+6.8  -37.7+£29.5 0.244
-27.5¢10.02 -37.1+9.1  0.051

-46.4+79Y  -36.4+52  0.005

RJG Postoperative

KK BEVT Final follow up
SARTE F- 8 SVA(em)

AT Preoperative -3.3+5.2 -0.6+2.4 0.155

ARJ5 Postoperative -0.8+3.9 0.8+2.8 0.322

KUK DF Final follow up -53+1.20 -2.8+2.0Y  0.008
B PT(°)

AH Preoperative 13.2+£5.0 11.7£3.8 0.480
RJ5 Postoperative 14.5+6.0 12.8+4.2 0.484
KT Final follow up 14.8+2.6 13.5+5.4 0.568
HHAS A PICO)

AH Preoperative 35.5+5.5 31.9+5.7 0.207
RJG Postoperative 32.1+2.2 31.8+3.8 0.852
FKUKFE T Final follow up 34.5+7.2 35.1+4.6 0.833

(D W 4LAR T e P<0.05 ;@5 R 4L AT L4 P<0.05
Note: (DCompared with postoperative, P<0.05; 2 Compared with
preoperative, P<0.05
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ATt B2 A A 2 A 25 JE &« Pearson AH DG 5

gt BRI NG BT MR BT BUHE S 5 UEV/TI-T12 20, R
sovmm [ ATEREERAE | 5 AR SRR CTK RIEASE, LK BETIHU
BAREMAMNAN | 5 R R 4K ALL L ASVA RIEMIX

e, e _ Figure 1 Correlation of cervical angle and the

relative factors:  Pearson correlation analysis sug-

e LA | gests that preoperative cervical kyphosis was nega-
tively related with UEV/T1 -T12.

Postoperative

kyphosis positively related with postoperative CTK,
i Hu‘“:l yphosis positively related with postoperative

and so does the cervical kyphosis and LL and
a w44 @3 8 mx s un o MERR D SVA at the final follow—up

i
) HII@ (2D 2

B2 1 IR S A S 2 RS SRS R R RS 15 % S Rk U BOE AR R (CEAEIR G T BIEHE) alb
ARHT X &R 7R k3 Cobb ff1 43° g v AU 2S 17° Sk A (HS ) 8mm A5 A (NT) 18° #i-& f (CA)12° iR i T1 i
BHA 140 SHERT N A (CL) Sy 30, 2R T T1 A ok 23°, 30 J5 ™/ (CTK) A 22°,C2-C7 5 4R 1A -1 (C2-C7 SVA)
2.6cm , JHE G ™ f (TK) R 28° BEMERT ™ #A (LL) 4 46°, 2% AR TH V-4 (SVA) K -2.5em , B & AHA (PT) hy 9°, B 4 A 4
(P1)4y 38° ¢ AR CT 7% T3~T5 FHEMR G I T6 K HEARIGE doe —WIEHFE ARG 2 B X LA /RIEE Cobb i 14° i
w47 6° HS 4mm NT 5° .CA 4° T1 4}t/ 7°,CL N 5°,C2-C7 SVA 4 1.2em, AR T1 4 6°,CTK 2.3°,TK
13°,LL 26°,SVA 0.6cm,PT 14°,PI 39° f.g ARJ5 58 Jil ,X &k /s & 25 Cobb £ 12°, i unfCE245 7° HS 2mm NT 5°,
CA 4° SeIkifn T1 fiAHf 6°,CL 8°,C2-C7 SVA 8.4cem, J Ak T1 AL/ 14°,CTK 6°,TK 14°,LL 33° ,SVA -5.1cm,PT
9°,PI 38°

Figure 2 A 15 years old boy with cervicothoracic congential spinal deformity in the cervical straight/kyphosis group
and postoperative progressive cervical kyphosis group a, b Preoperative X ray showed that primary scoliosis Cobb angle,
distal compensatory curve and HS, NT, CA, T1 tilt were 43°, 17°, 8mm, 18°, 12° and 14° on the coronal plane respec-
tively; and the CL, T1 slope, CTK, TK, LL, SVA,PT, and Pl were 3°, 23°, 22°, 28°, 46°, -2.5cm, 9°, 38° on the
sagittal plane respectively ¢ Preoperative CT shows a T3-T5 butterfly vertebrae with T6 hemivertebra d, e 2 weeks after
surgery, the primary scoliosis Cobb angle, distal compensatory curve and HS, NT, CA, T1 tilt were 14°, 6°, 4mm, 5°, 4°
and 7° on the coronal plane; the CL, T1 slope, CTK, TK, LL, SVA,PT, and PI were 5°, 6°, 2°, 13°, 26°, 0.6cm, 14°
and 39° on the sagittal plane f, g 58 weeks after surgery, the primary scoliosis Cobb angle, distal compensatory curve
and HS, NT, CA, TI tilt were 12°, 7°, 2mm, 5°, 4° and 6° on the coronal plane; the CL, T1 slope, CTK, TK, LL,
SVA, PT, and PI were 8°, 14°, 6°, 14°, 33°, -5.1cm, 9° and 38° on the sagittal plane

WEAE BTEAE CEMER G IEX B AF & 2RIRG R B, Hod AR Sk SR S BUR 26 i 25 S WL TE
SIRHE , AR B8 B Cobb MFHIBFIERDY  WULRHE, $oR— W5 BECE B Al LIS R
67.0%, FARMBFILHOR SR REA—  GHEARIBIERCR
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32

19°, 26°, 11°, 52°,

31 BIRTHTOMHEME /)5 A R JE DTS D AR E &, 14 2 TS SER MR ETE ab R
il X 2 A 7R I & 25 Cobb ff1 54° 3 3 AUR% 25 200 3k # 05% (HS) 14mm | 3036 I50# (NT) 120 8145 f
(CA)18° IR I T1 WA} A 20°, MIMERT ™ 1 (CL) Ky 1°,C2-C7 MR F- A (C2-C7 SVA)2.8cm, K
AR T A S 190, S5 ™ (CTK) S 260, A 5™ A (TK) S 110, BEAE T ™ A (LL) A 52°, %%
WRTETF- 8 (SVA) l=8.0em , H ZEFRL A (PT)H 1°, & A S (P 34° ¢ ARHT CT IR TS5 2 HEA
d.e ~WEHFIEAG 2 8, X LA R KD Cobb f 8°, A 3° HS 8mm NT 8°.CA 14°,
T1 W44/ 11°,CL 5°,C2-C7 SVA 1.2em, KT T1 4 /A 6°,CTK 13°,TK 5°,LL 34°,SVA -
2.6cm,PT 1°,PI 39° f.g ARJ5 58 i X 2k /- i &S Cobb ff1 7°, imuifCA275 3° HS 1mm NT 3°,
CA 3° JetRTE T1 fA4}Hff 5°,CL 22°,C2-C7 SVA 1.lem, &R0 T1 Wigf 3°,CTK 14°,TK 3°,LL
53°,SVA -6.4cm,PT 1°,PI 35°

Figure 3 A 14 years old girl of cervical straight/kyphosis group and cervical kyphosis deteriorate
group a, b Preoperative X ray showed that the primary scoliosis Cobb angle, distal compensatory
curve and HS, NT, CA, TI tilt were 54°, 20°, 14mm, 12°, 18° and 20° on the coronal plane re-
spectively; and the CL, C2-C7 SVA, T1 slope, CTK, TK, LL, SVA, PT, and Pl were 1°, 2.8cm ,

—8.0cm, 9°, 38° on the sagittal plane respectively ¢ Preoperative CT showed T3-T5 butterfly verte-

brae with T6 hemivertebra d, e 2 weeks after surgery, the primary scoliosis Cobb angle, distal compensatory curve and

HS, NT, CA, Tltilt were 8°, 3°, 8mm, 8°, 14° and 11° on the coronal plane; and the CL, C2-C7 SVA, T1 slope, CTK,

TK, LL, SVA, PT,

and PI were 5°, 1.2e¢m, 6°, 13°, 5°, 34°, -2.6cm, 1° and 39° on the sagittal plane f, g 58 weeks

after surgery, the primary scoliosis Cobb angle, distal compensatory curve and HS, NT, CA, T1 tilt were 7°, 3°, lmm,
3°, 3° and 5° on the coronal plane; and the CL, C2-C7 SVA, T1 slope, CTK, TK, LL, SVA, PT, and Pl were 22°,

1.1em, 3°, 14°, 3°,

S A RS G R B, 615
ST M

53°, —6.4cm, 1° and 35° on the sagittal plane

WNEE ALS B B AR 5 SHE R E/ )5 ™ &
HiEFEH) JC I B e, H SiHES ™ 20 SRS-22 ¥
K AT BR FEMHERT 4 . 2B & N ARG ik

PP EHEINRE, Mo d

WFE I, BUHEAR B/ A TCRE IR 7 AF R A Y
RN 30% , HAZTE 53 NREAR URATAT S A 1
B B2 R DRtk S SUOHE AR B/ 1 TR A AT LA
Ry I S0UME P 510451 Cruickshank SO />
ARRE R APER ALY (ALS) 835 BUME ) 516 58 & B,
FUHE RN B8 B8R M K AR R 51.6%, o RE
291 e B A A W B8 BUHE 41 1 B0 i TG AH OC A
B, ARHTEA 26 BIEE, SHEEE/S A S
69.2% , FHET 9 S5 kA T REAE i 1 1

FPRUAS B R AR 36 T DD AR v B -5 99 B e K
A 1) 445 R P W 2 g R R 32 R O B30 ) 3
LS R — HUR R SME S ™ Al 1) S £ ] i —
AINE A, 51k e I P R e 48 EUR R
W52 B, SUHE IS o o e sl S R T 2 A el B i s
HMEIR AR, 7 2000 B ey 1 £ B S AR T 5
ROR R, 5 b Bt — 20 T A S O AR T 7 T
T,
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F 4 &HSRS-22FH
Talbe 4 SRS-22 data of patents in preoperative
cervical lordosis group and kyphosis group

AT HUHE S M2 (n=18)

PN it Straight/Kyphosis
i’”i—?éﬁ Bl i\ T HE 4
Orcosts (n=7) (n=11)
(n=8) Deteriorate Non—deteriorate
group group
YIfg/ 1% 3l Function
ARHif Preoperative 4.13+0.99  4.00+0.58  4.00+0.77
AR JG Postoperative 3.88+0.64 3.71+0.76  3.73+0.90
KW BEVF Final follow up  4.25£0.89  3.71£0.76  4.18+0.87
&I Pain
N Preoperative 3.63+0.74  3.43+0.53  3.55+0.69
AR JG Postoperative 4.00+0.53  3.71+0.76  4.09+0.70

AR KEV Final follow up 4.50+0.76 3.71+0.497 4.27+0.47%
FHRIES Sell-image
AT Preoperative 3.75+0.46 3.14+0.38% 3.27+0.47V
3.75+0.89 3.71£0.95 3.45+0.93

3.88+0.83 3.71+0.49  4.09+0.70

AR J& Postoperative
AKX B Y] Final follow up
Kl {2 Mental

AT Preoperative 4.00£0.00 3.43+0.537 3.45+0.52%

A J5 Postoperative 3.88+0.83  3.71x1.11  3.82+0.75
ARIKBEVF Final follow up  4.25+0.46  3.86+0.69  4.27+0.79
TRYT I B Satisfactory

A J5 Postoperative 3.88+0.83  3.71+0.76  3.73+0.65
ARFYS Final follow up  4.38+0.74  4.00+0.58  4.36x0.67
&3 Total score

AR HI Preoperative 3.88+0.33  3.50+0.25 3.57+0.30
ARJ5 Postoperative 3.88+0.37 3.71x0.60  3.76+0.41

AW BEVT Final follow up  4.25£0.46  3.80£0.26" 4.24+0.382
D5 A FTHUERT M2 He A P<0.05 ;)5 #E J 41 H i P<0.05

Note: (DCompared with preoperative cervical lordosis group, P<

0.05; @Compared with progressive cervical kyphosis group, P<0.05

WEAEBIF 5 22 B, 52 M) SSUAE I 910 1 J 38 % Xk
PESIR T S H0CA W B A S SRR T1 WA}
Je TKU ) Tee SEUA A 1 B3 A0 #A B2 < AR T T1
(00 71 T LAAE S DAY S0 2 bR TSP | 0000 A 2
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Sl K 5 e R AR L B B2, IR D T ARk
£ 18 KA SO WO A RF R K CL LAARAS
KSR E AT, B, Lee & 18 JE— 4R T
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TK 38 5= 90795 % R TE T 0 A 1 1 9 1 290 i
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I8 T S B e I R <RI T R A
P PG R AL T T1 3w B, g A+ T1
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FER FH UEV/T1-T12 PEAl 5 B B J5 o™ % S04 il
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AN M B S ™ (UEV/T1=T12) % /M3 5% i JE CTK
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5%t UEV/T1 slope B 524 5%, 40 #5 f Bt 5 T2 £+
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SR T M BRI PI-LL<10°%E LN
JEHE 1 2 DR TS I LB 2835 I PI-LL<10°75 [#]
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