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[Abstract] Objectives: To evaluate the outcomes of surgical treatment of congenital deformities in the cervi-
cothoracic and upper thoracic spine. Methods: 45 patients (28males, 17 females) undergoing surgery for con-

genital deformities in cervicothoracic and upper thoracic spine in our hospital from April 2005 to January
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2018 were included. The mean age at surgery was 10.9+3.1(5-15) years. Standing anteroposterior and lateral
radiographs were obtained at the post—operation and follow—up. CT and MRI scan of spine were taken for ev-
ery patient. 12 patients had deformity with apex in cervical spine and others in thoracic spine. There were 24
The average follow—up was 2.8+0.6 (1-13)

years. Twenty—eight patients had compensatory thoracic or thoracolumbar curve and 23 patients had congenital

formation failures, 5 segmentation failures and 16 mixed types.
deformities in other parts of spine. All of them were treated with 3—column osteotomy in cervicothoracic spine
or upper thoracic curve: 32 with hemivertebra resection, 10 with vertebral column resection and 3 with pedi-
cle subtraction osteotomy. 12 patients received osteotomy in cervical spine and 33 in thoracic spine. One
stage anterior and posterior approach was used in 1 patient with C6 resection and posterior—only approach
was chosen for other patients.

All patients were followed up for 3 months, 6 months and 1 year after

surgery and whole spine X ray was taken at the time of follow—up. Radiographic measurement and chats re-
view were taken to record the results and complications. Results: The average operation time was 269.1+65.3
minutes and the mean blood loss was 987+157ml. The cervicothoracic curve was 51.3°£13.9° before surgery,
10.3°+6.4° after surgery, and 12.4°+7.5° at final follow—up. The compensatory curve was 32.1°+23.0° before
surgery, and 16.3°+23.1° at final follow—up.

15.2° before surgery, 9.2°+8.7° after surgery, and 10.4°+9.4° at final follow—up. The head tilting was 19.3°%

11.1°+21.0° after surgery, The segmental kyphosis was 24.2°+

5.0° before surgery, 4.6°+3.0° after surgery, and 5.7°#4.1° at final follow—up. The clavicle angle was 7.5°+
3.1° before surgery, 2.7°+1.9° after surgery, and 2.1°£1.2° at final follow—up. Sagittal vertical axis was —9.1+
16.1mm before surgery, —12.3+11.2mm after surgery, and -7.5x£15.2mm at final follow—up. Two patients with
preoperative neurological deformity totally recovered after surgery. Twenty—four complications occurred in 22
patients: 1 transient cord injury together with permanent C8 root injury, 14 transient root injuries, 1 transient
Horner syndrome, 2 implant failures, 3 hemothorax, 1 wound delayed union and 1 atelectasis. Conclusions:
Most congenital deformities in cervicothoracic and thoracic spine are fixed and 3—column osteotomy may be
3 —column osteotomy in

mandatory for this kind of rigid deformity to improve the correction. However,

cervicothoracic spine(C7/T1) is technical demanding with high risk of root injury, although most of them are
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transient.

[Key words] Congenital kyphoscoliosis; Cervicothoracic spine; Upper thoracic spine; Osteotomy
[Author’s address] Orthopedic Department, Peking Union Medial College Hospital, Beijing, 100730, China

i B (CT~T1) B b Wi B A (T2~T5) 47 T
FUHE 55 MOHE R RS AT B, oA IR Y ) 2 L) e A
W55 0 CT~T1 P 2R S 58 A 241 B,
25 01 S R DA G2 Sh D) RE L ;[ IR 50
(18 3% 2 B K, T A R A i 1 [ BT Bl
AN, S B K - i B TR 2R, R A A
w0 B B I i B A W 1T S0 1 e
KR AN 2 e B A T Re Rt A R 804 i)
REFHEUB E W LT ARFR, = E 0 S E RS
WLA K TBE . B IR b ) 5 A o
A, IR IR YT — B AR A T
e P XA 2 — AR, A SR gl 391 g Be K% 1 e B
AR IE IR YT HEATHGE , (R0 R 2 R A
AR GRAS MR LS MG S T B0 B A
e A 5 L EE K AR 3 B e I i B A 0
TeGE R L S AR S B I I ) B
W TE 5 DL 9 DR Ay e 25 27 i 95 0 B 56 % P A R )

I AR, A 2 I 28 2T 2R 5 P B A S 25
i 5 i o™ W AR B R A B T ROR AT A T,
B 5 LB 2 5 /0 4F S B/ b i BE 5 K A A
Wy T2 119 41 18 5 A0, A 5 A PPAl L EE K 7 D
A B B e b i B S R AR AR IR T 1R R TR
T RI7 205 9 R

1 &B5HE
1.1 —sERt

2005 4F 4 H~2018 4 1 H FREZEZFAR
TRYT B EIUN B B b W B 5 A R S R R
H 45,5 27 B, 2 18 1l s Ay 10.9+3.1 %/ (5~
15 %) o RETEIAFEAEA R R FE XU AN 55 8 SR
2 151 BB R T AE AE B B A2 TR K pl 48 1) B 1
(ASIA 738320 D 40) . RETHTT2EHE CT 14
K =Y d TR RSO0, R TS AL T B
12 0, 42 T MaME 33 1) 5 i I 0 IR 4 2 B B e 1



o A A A2 7 2019 4E4E 29 455 7 1)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.7 599

R 24 ] 4y T EEA AL 5 ) TR A Y 16 1] ;28 B iR
AT TE AR i /M 5 23 5] s 3 1 A At
T B TR DR & IR 2 0 S R 23%
(8%~31%) ., A BFH AT MRI PPASHER
PIRTE | 3 67 S5 A5 00 | % BUAE A P mFIE 13 f51), Hep
HREZS T 6 7, REH R 2 B, BB R 3 6,
NG 0 2 1], A A A HE R PN W T B AR g i 28
AR A HEAT I8 B L HEAT AR (1 R
HHONHEAS N PR S BOR SR R, TR
VIR 42 R ANRA 55 1 B R A S0 1 A5 AR A&
)T ICREAR E AT F 8, T35l 17 35
BL(CT/T) H sl SUAE [ 7 14 583 47 S 3
ik CT &5 52 (CTA ) K 2 B # HESh Ik E 1T .
1.2 TR

i FARBE R T 617, B 31T =
BN EEEE RS AR, B KA T 5
HeF 12 4] (C6 1 5,C7 11 41), {r T Mtk 33
Bl (T1 17 $] , T2-T5 16 i) 5 Ho v 2= e 4 07 B R
32 4, BHEVIBRAR 10 6], LM RaE A3
Bl 1 4252 Co-T PHEMRUIBR B #1715 B A
TR A f8 258 J5 B TR X T2 A A iy 0
&, AT A AT AR o XoF O ) 28 10 B3k ke 1 R
KRBT BR AR ;X W T 52 A bR | 00 At Sy i 0 A
ToEHER S BN HER S AT A E MV BR AR s X TR
PNOEE S 2 R NI A A R S Y N ol
15 S 5 R | A7 M S5 AR R L 30 S ]
7EHE (upper instrumented vertebra, UIV ) [ % £
S RN T W BB R 9 R R R e I T
B[R] o e e 0 kg BB /KT B B AR P R 1
— kU, AR AT AR DI BR AR UIV 2>
LT KOF WA B, R A [ HE T R
bR TR s (R g S RES % NN L TRt B v A
B A8 S ) 5K T L2 BR T TG 5 5 15— HMEAA

24 151 8 35 I il A HESL T C7 DL b 12 iR
TSRO R T C7,9 191 58 T Rl M
T T1 XUF o X smmh &S T C7 AN,
BRI EAE 5.5mm MREIEA T H2 X T30 ity il
BHEALT C7 UL B, RT3 % e 4
Fride s AR UL B E SR BERSATHE (17 B ) i 02 3% B 4
(7 ) e TR e M 35 2R FAE =5 AR AR ET [
FE 3 FESIUME | P 50 B A8 FH SMEAE = AR BT [ 5 LA
PEOETE I ) L R AR R SR R e, A A
THCE LA . BUHEHE S AR IR ET [ A B HE B ik

AR A 2 9 AU, BRI e T 130 4 P S MEAfE 5 AR
BRETE 2 MR, RATYRA CT #EA7HE S AR
i S AT, R AR X BT AT R ET
MEA . X FEMERES R E T RAENEE (A4
17 B0) , FH S00HE N Bl 2T R A A 4 11 7 SR A0

XFF 4 IR RS T E | R
(Cobb ffiitB 1 45°, "1l Bending 158 & 25°) Fl 2
BIAR G A PP R R A (Cobb £ i
45 FE AR R AT 10°) , — A s o xR A
FKHFARBT (RA—WFR 16, 2HFARS
By, AREEBITFARIGITN 6 BB b 4 58k
BB HT R (Risser 1 4), #3225 BBl & AR (17
25 AR 97 ) 52 BB R R B R B (Risser fiF
0), #2322 WUE KB T RIGYT BHEA A

A B MATRE R . A B R R
il VO R P A R 0 T 2 4 2 B I e A R 5 )
PSR B IR AR T AR R R
P28 BN b BB B RS 6 TR B ) B <Smm %,
it 1T 19 AR ST B R R A T A TR AE

P FARBAEABEM T N T, — BoRH
PUE BEWS IS S AR L, W Y e HEA A JE T fE
Hh AW R T AR AN B T R Y
BEME TS, TARE 72h Wk T A BETE
PR G5 AR S AR M iE s . RS
AR DA R il N7 iR B S HAR A 3~6 S H
1.3 WEE bR

Gt F AR AR b i AR I & E
. FARIE3AHA 6 AH K1 AEREYT, 5 W4F
BEDT 1R ITA BB AT A S 17 B 4 450k <7
PLAaF A EMIAL X &R, F B JLus S A F 4K
TEMAE X 2R et el R 5 O 48 A (S
FAREEZ Y Cobb 1, BUE M AR BUR L) K
AR TE IR F8 bR [ R E O T SR R SO T
(SVA) ], FrfF8bRh 2 4 B2 U spoph i 47 0 2, 45
RO B, LA iR 22
1.4 Silb2Eorbr

R4l SPSS #AF#EAT 0BT . AT ARG K
Bl 15 AR GG A 08 T ¢ A 59 AT LA, P<0.05 A
Git¥ES,

2 BB
2.1 IRIRIFRL
FARBEE] A 269.1+£65.3min (150~310min) , &



600 o AR A A

2019 455 29 B4 7 W)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.7

IR R 987+157ml (500~2700ml ), Bifi 15 i ]
2.8+0.6 4E(1~13 4E),

ARHET A BP 2 K R R B 7 B 06 FE I 5
RS ORI S EO R 25 R 1 KB 1.2, K
Ji B 20 (4 J5L 2 ™ Cobb £ . ACEEPEM ™ Cobb

fir REEIUM B BIE AR T B SR T SRR A8
A G255 (P<0.05) , A YR B 7 st B4 J & A ™y
ARV ™ S 77 B S5 ™ 5 R 5 B 2% H R B
TH2# 25 (P<0.05) ;SVA Rl ARG B A UK B 5 B
W RSB, BGe 22255 2 BIR A A7 76

*1

L IUIHERERG B ARG 5E 2K E LW
2.2 FFRIE

EEBENERARIRESHEFRER

Table 1 Coronal and sagittal parameters of spine

deformity and correction results
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Figure 1 A 7 years old boy with TI-7 complex congenital spinal deformity underwent posterior
correction with T1 pedicle substraction osteotomy(PSO) plus T3 hemivertebra resection and internal
fixation with bone graft from C6 to T8 a, b Preoperative X-ray measurements of primary scoliosis,
and 16° ¢ 3-D CT scan showed T3

C7-T2 and T4-T7 incomplete separation d, e Immediate postoperative X —ray

compensary scoliosis and torticollis were 68°,  21°
hemivertebra,
measurements of primary scoliosis, compensary scoliosis and torticollis were 14°, 8° and 2° f, g X-

ray films at 2—year follow—up show correction of torticollis and trunk balance remained satisfactory
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Figure 2 A 8 years old boy underwent posterior correction with posterior vertebral column resection(PVCR) of C7 and-
internal fixation with bone graft from C4 to T8 a, b Preoperative X-ray films of primary scoliosis, compensary scoliosis
and torticollis were 60°, 34° and 19° respectively ¢ 3-D CT scan pre—operation shows C7-T3 incomplete separation d, e

Immediate postoperative X-ray films of primary scoliosis, compensary scoliosis and torticollis were 15°, 19° and 2° f, g

X-ray films at 2—year follow—up show correction of torticollis and trunk balance remains satisfactory

F W7 B AR 58 4 22

— ik PR BE A BE C8 MR kR T 1
B4 32 T1 PVCR B, %8 AR RIAE AT
JEOAS 2 (ASTA D 2) , AR i BL—Ml C8 i 28 4R
Pifi J MEP 155 2%, FESEAT ] 12 MEAR DI BRI
JE e B BTIE 2 5 MEP {5 SR &, e it ik 56
BHE, AR5 48h 8847k XU B AL S F R
(ASTA B %), CT fi £ 48 /s 8B 7K -1 7 vl L&
PRI, BT 22 FARME , K TRRAWIRIT,
ARG B BT BN & 8 &2 %, (A% C8
P 2R RE AR

2 {5 S BN [ MR T S, 2y B R
BLE e 1 IR R 1 R R AT 1 | Wik 1y
RAET HAR 3.5mm 1%, BT TFARBIE, kK
[ 5 I NS AL |, 205 A P A Y e R

3 5] i e B A B W s D X5 L K PR )
REB A IR A, VDA AR 1 B R
ZWHRIMA AR EV HIRA &S, 1 FIfA RS E
TE 3552 VT W D) RE AR B J 8 aR AR

3 it

H e BOE AL T IUME S M RS AT B, —
M5 16 B2 C7~T1 o T2 A7 243 IA Ay 5 fig
BEB AL VG AT KB Co~T4, il B/ 1 Mg B 45
W ™38 2 TS AT CT~TU/T2~5 WA M5

B S B/ L e B R R TR AR
30 JLE R AR B B/ b B e KA A A e
TR R BRI e

JLZE Ko /D AR 39U B e b BER R I HE L
JE PR Ay 5 KA FE W T LA B 22 21 A9 5 o 1%
W R S BURSURTIE SR AP, 58 23 I
HJUH R P A R e i SR AT L B 2 T RE A2
P AEARGLL A P A 2 P80 B o BB AR
WA BERI 2 I RES E (ASIA D 20); BRitk 2 5h, &b
TR B WYL YER BRSNS AT -5 20w A
AR AR 2 T S B0 BB A AR RR o AT
KB, BR T SN B/ b B U A TR Z A,
SR w7 AE W 1) AR e B/ i T B we JE | 8
ST TR /IR I B AT BT 90° B AR A e
B, ®TFARTH, BAh, #0817 i
KA BB IE Z R R, AT ETAR
THAEARLRE S A 6 BlEH NSNS
R R AR AT P K RN 2 TR TT
Horb 4 47 5 B8R Bl TR 2 B4 XA K vk
L FA,

SR HEWT T 2 L #E X D A S B e b
Ji s 5 A W 1 i LB TR, HG 22 D B0 RE ) 5
4 G e 5 0l R 5 Y () IR A 7 i e 1 22
F3 5 BRI, ASZH 45 9] 2 KAk A e T 18 2
WA 40 B TR R AT R R A S RVEE A



602 ot [E R 2L A 2019 4EEE 20 55 7 1Y)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.7

O 1 A BOAF AR IE | B3 S8 10 B i A T
P EO™ K S B E N BOE AEN S N, BRET
i B/ - Mo B A HETIE 2 5, KR 7 E AT AR
HEHABTRAL A S R F AR . A EH A
10 B S FHAFAE 13 GIOCHER N IeIE . o 1
HEAS A L B AR i S BCR R R, TP ARUIBRE
i O AT A AR MM, 100 IR R o A L
Z PRI s HADTCAE R BIMEAS N I 249 R AR 7
TEARRTREAT SR,

Hh T LB e 75 A0 ARt R P S B K I i BT
HER I 2 T 20U i p RES T A B A X RR  SUR
AN I 2R T RE R AT, IS T SN R B
LB, BFFEEe RN, SR Ko R e
RAEF FEBE B9 I6 )7 BORA BR A5 % B, iy B
A K b B AR e R B A KL (23% ), % T otk
R ELIHCR2E . WG, B 89 TR T Hx T
/0 W T S B 0 E O
3.2 FRITIE R E T A M

) B SE A A WIS 22 DAy Jg R 5 ) W
JE | S AT HEZE AL ] N PR B iR RS B0
TR I ARAE , FATTIA S AT 42 51 X L2 R 2O
AE BT A B R Z R AT A 51007 o th T
WA, AP R E P = AR
P BRI AR S T EEAR A A AR AT R A
(MR DD BRI, R 24 58 4= D) BRI 4 M [6] 55 LA
Lo A BEAFAE R 2395 AN R K B 360°FA i LA i 47
AR W THEAS AT C7 K €T LR &,
R A5 BRSO T OB KA T C7 B
B R TR SIS AR — BT HE
K Co HEARE AL FAT, (H S RN
B T BEATAEME B IRAL 57, DA By Lk A R IR AT HE Bl
Jik, X TR REAT T LA AR LR 2 [ 5 3 3
HE A £ R UL, AN TR Y R AT AE S K9 CTA
K LT g AE S K E 4T

PR 1] 5 2R O  FE A IR IE TR B8 LI
i, SN BE K L ) B 4% 20 8 R B A 5 R X
I % P9 DA R S A, I T 4R (A [ S T
e, 0 T S S MESL T C7 S LUTR B, AT U AT
ORLH ELAR 5.5mm PEHEAT A2 o A T3 S 5
HERL T C7 DL Ry, & B0 RS AT M el S 4 4
oK T e SHUME TR 5/ ) A [T 5 5 R TR 5 ) P [
o TEARMBE S, A 2 P18 KA N E R
2 ¥R T B AR 3.5mm [ EUE Y R E R 1B

FATHE 1 1 R F B H 4

FUUEAE 5 MR MR T [ 7 WT B AL b B B2 A T [5]
AR ) [ 2 5 ) i, AT B T 58 OB IR 9T 4k
FERJEREM:, NILAE T REMIE LT, FRATIE e ik
PEBMEME = AR IRET R SEAT HUME S 2 . H 2 SAHEAE
5 KR MR ET B A Gk B A 400405 HE B0 Dk DA B 2 1 XL
B, PR I A i IO R A A 7 SR A 5 AR 1 DA S
Bk CTA K4 X ARG CT $em e 5 MRt /M,
ANEGRATHATHE S AR IR ET A, AR ISR T
B MR B [ 5 AR o O TR A T A 5 AR AR
ETE A AR th LA EARAE | 980 % B 5 44 60 45 )
Pk K HEMR IR | X AE B 40y ) LU L E 2 DB
S HRERET BRI, B S R i R £ | S S B
WY B A A [ R SR EE R B, AR AN E K [E
WE
3.3 MR RGO RORE KL

P2 R G KA — B BB R R
1) $5e )™ T I RAE 22— B B ) S M A 25
F, Hrp C7~T1 &S 5 AL, S
5B O DA s S ) RE R SCBC , X% RO
S R T S BUER SR, Tokala 5
fRAETE C7 17 PSO #H A ,10 B8 & A 3 fi il
B 22 AR 405 R, Smith S5 P I8 7 290 i) Bt i7F
1T =B R IT N B FE R 23 il E H A 10
B AL T T2 VA E 13 1] 58 35 8l KA
T T2 8 T3, Ay 5 4 8 E &AM L MR 0 0
(21.7%) ., Theologis &P iE T T6 DL I = A # &
I 48 B o 1 68 E RS B R
P, 2 B A T M S A AR iy, 0 3
9] 55 P4 2 IR TR AT U AEAR WS P A
16 0] {8 KA 17 I 289 JhE , ¥k A= T T2
DL E#E &, Hd 1 R T B C8 ph AR
P07, AR5 AT PR RE R R AT 22 TR
PR, e R R B SF-HE 0 A B v Eaa 7 LAY
BRIF AT HEAR DIBR I8 , HBE B BRI Re B Hiik &2
IR AR M C8 P AR AEIR 14 1]
TR JE B AR 2 RO IR, L AE CT (6
1)) .C8(6 il )EL T1(2 ), Z 3 I H #lt 8 AR S e
DX RS i o o S5 5 01 B8 BNL )
TRE L HITE 3 GLL bk B R R S5 AR OR 2 3
TTHEINEE , SRR A R UL B S P 1 A AN
VLR A i B 60 45, T B SR i 2 25 1 (R & G ) v
I7 R RER B ek s, ARJE 3 H U I 58 Kk



o A A A2 7 2019 4E4E 29 455 7 1)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.7

603

S — i MR 2 5 O O LR AT REA A R
P AT HEATBUE KT BT B2 AR 1 I s LA
R 2 MU B AER P 2 A AT FR, 4 28 4R
AR 5 B8 3o A v o B 1 6 B X i 28 AR 1Y)
PR Horner Z545 1IE 78 0 1 Bt - AR v 22 UL 4
T8, Chen SFSHE 16 L 18 451 297 i B2 2 Ak 1A D) ok 1
F A 1 B HEE KA — Pk Horner 86 1E, 1E
AYBHET, WA 1 HIHEEZ TI PVCR MEE AR
Ji &4 Horner ZE51E (B & AR J5 B W 22 i TEAR
J& 3 AN H BEVTIN S8 ISR R SN BOEE BT B
F 3 Horner £5 45 M 19 J5L A AT BB S AR vh L 42 Bl
(] 22 X A SR A LA Kb 2 AR I R FRATTIA
REHE Bl /b 28 RGO RAE TSI A . Rl
8 W 5 3 S AR AR DDA 5 AR el i 1 %2 DA BT 1k
U BE I 3 S B0 AR W B N 5 AR T s X
ey SRR AL b G e TN R 1005 v i
SR TP, W s 2R 5 DA 5 R TR B i )
DL S AR AT AR BRI

Bz, BB S b M B KA S o i
U AT 3 80™ 5 AR KOOSR AN R, R R
IR AP, AR I g5 i UL PR SR I i A
RUER G, H 2 L8 FEH AR TR AL e R RHE
by s S b W B o R AR A AR A o RO 22 0 1k
28 G ZAEECE R ATARA I TR . CT ML
K T S B ROk SE L, C6 S A UK
V-, A GE 1 F S RS T AR T TR
I 2R T ] B A HE S DK AR S, % 155 Rl T 2
EUE BT 7E SUME EA TR, RTINS ME B K OE
FraeAs Al B AR ™ AR T —
ST FARIGTT . AR R ARG YT S B
Ko b ) B 5 R A AR S o TR R BOR R
B F ARSI R R B wm, 22— A2 AR
Pitn, Al AR, (EFESIERIMNREE A 580 1Y B
i

4 BECk
1. Belanger TA, Milam RA 4th, Roh JS, et al. Cervicothoracic
extension osteotomy for chin—on—chest deformity in ankylosing

spondylitis[J]. J Bone Joint Surg Am, 2005, 87(8): 1732-

10.

11.

12.

1738.

. Smith JS, Shaffrey CI, Lafage R, et al. Three—column osteoto-

my for correction of cervical and cervicothoracic deformities:
alignment changes and early complications in a multicenter
prospective series of 23 patients[J]. Eur Spine J, 2017, 26(8):
2128-2137.

. Theologis AA, Tabaraee E, Funao H, et al. Three—column os-

teotomies of the lower cervical and upper thoracic spine:
comparison of early outcomes, radiographic parameters, and
peri—operative complications in 48 patients [J].

2015, 24(Suppl 1): $23-30.

Eur Spine J,

. Tobin MK, Birk DM, Rangwala SD, et al. T-1 pedicle sub-

traction osteotomy for the treatment of rigid cervical kyphotic
deformity: report of 4 cases[J]. J Neurosurg Spine, 2017, 27
(5): 487-493.

. Tokala DP, Lam KS, Freeman BJ, et al. C7 decancellisation

closing wedge osteotomy for the correction of fixed cervico—

thoracic kyphosis[J]. Eur Spine J, 2007, 16(9): 1471-1478.

. Urist MR. Osteotomy of the cervical spine: report of a case of

ankylosing rheumatoid spondylitis [J].
1958, 40-A(4): 833-843.

J Bone Joint Surg Am,

. Helenius 1J, Sponseller PD, Mackenzie W, et al. Outcomes of

spinal fusion for cervical kyphosis in children with Neurofi-

bromatosis[J]. J Bone Joint Surg Am, 2016, 98(21): €95.

. Chen Z, Qiu Y, Zhu Z, et al. Posterior—only hemivertebra re-

section for congenital cervicothoracic scoliosis: correcting neck

tilt and balancing the shoulders [J]. Spine (Phila Pa 1976),

2018, 43(6): 394-401.

Zhang JG, Wang SR. Outcomes of 3—column osteotomy in

cervicothoracic spine(C7/T1) for congenital cervicothoracic sco-

liokyphosis in children[]J]. Spine Deformity, 2018, 6(6): 821.
Zhuang Q, Zhang J, Wang S,

hemivertebra resection and staged thoracic pedicle subtrac-

et al. Multiple cervical
tion osteotomy in the treatment of complicated congenital
scoliosis|J]. Eur Spine J, 2016, 25(Suppl 1): 188-193.
Simon S, Davis M, Odhner D, et al. CT imaging techniques
for describing motions of the cervicothoracic junction and
cervical spine during flexion, extension, and cervical traction
[J]. Spine(Phila Pa 1976), 2006, 31(1): 44-50.
McMaster MJ, Singh H. Natural history of congenital kypho-
sis and kyphoscoliosis: a study of one hundred and twelve
patients[J]. J Bone Joint Surg Am, 1999, 81(10): 1367-1383.
(Wi B 1.2019-03-05 & 181 H 11 .2019-05-27)
(XL HF  FEM/TIH)
(ALmit F4HE)





