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[ Abstract] Objective To explore the clinical characteristics and surgical efficacies of children with cer-
vical kyphosis (CK) and improve its therapeutic efficiency. Methods The relevant clinical data were retro-
spectively reviewed for 16 CK children operated from January 2013 to January 2023. The causes of deformity,
imaging characteristics, surgical approaches and outcomes were summarized. Results There were 7 boys and 9
girls with a mean age of (8.2 £4.7) (11/12 = 15.75) year. The underlying causes were congenital (n=9),
NF-1 (n=3) ,tuberculosis (n=2) ,medical (n=1) and traumatic (n =1). All procedures were successfully
completed without no serious perioperative complications. The procedures included simple anterior surgery of
ACDF/ACCF + ASDI (n=9) , combined 1-stage anterio-posterior surgery (n =6) and simple posterior hem-
ilaminectomy plus pedicle fixation & fusion (n =1). Mean preoperative CK was 47.0(43.0 £55.5)°, mean
postoperative kyphosis 6.5(0,15.8)° and mean kyphosis 9.5(6.5,13.3)° at the last follow-up. During 3-

month follow-ups, bony fusion was achieved after internal fixation in operative area. Postoperative and final fol-
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low-up posterior convexity was significantly better than preoperative (Z = -4.836,P <0.001; Z = —4.829,

P <0.001) and there was no significant loss of correction (Z = -1.593,P =0. 111). During follow-ups , there

were distal junctional kyphosis (DJK,n =6) and adjacent segment disease (ASD,n =3). All of them attained

ASIA grade E at the final follow-up. Conclusions CK in children is a rare clinical entity with decent out-

comes when treatment is individualized according to its cause and local deformity. However, cautions should be

taken against the development of ASD and DJK.
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Table 1 Baseline profiles of 16 children with cervical kyphosis
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Table 2 Surgical data of 16 children with cervical kyphosis

blgs  ARbEE5| N

AETE AR difaE
B () (min) (mL)

1 K H i o5 3 FiMER LS 5 fiME ACDF + ASID + £ AR [# 52 3 324 160
2 #4153 ke R 553 HUHEZ 45 4 SUHE ACCF + ASID + Bk [# 4 350 100
3 K il 552 FiME R4S 5 Fifk ACDF + ASID + &b [F & 4 265 300

Mayfield — —WIF  — G BRE + BLE 2405 4 HiESpL [
N S IO IOTRUBASS 3 SHE ACCE + 45 2 S9THEZS S 4 STHE B 4 335/461 1607335
5 FH i A5 2 FHE A 6 ik ACDF + ASID + %kl [8 72 6 463 50

Mayfield . JEESTOMEE + 55 3 BT S 4 MoMEETHE R &
6 o 9 468 3 000

g OURECE s S i | WM ACCE + 55 4 US4 2 NoMe bk 2
o JEBSTRMERRE + 45 5 U 3 MHEE HeE
7 Lz 5k e . e . 8 790 1 000
HAGS ke WIEIRE o6 i3 | HOHE ACCE + 55 5 SUER4 2 MoHERC A 2

8 #3552k JEHE T SHEL MR I + FTHER 3 205 300
9 AH I 55 3 Wik 5 HikfE ACDF + ASID + £kAR [5 3 240 20

Mavfield JEHEH 3 HUHE T4 4 OHERE S HRAT B A + AL iS B E
10 G WUREKE RS SR | HOHE ACCE + 55 4 UM 2 BolERARIE 8 705 400

- BT R [
o TR 2 HMET A 4 BUHE ACCF + ASID + Bk R 5
11 4 73 k T ‘ N . 4 451 150
ARSI ke BURIKE  Coekem s 4 s sLAL A
T R R R

12 AT WRIRS o pss 4 e 2555 7 e ACDE + ASID + 6k bR 5 4 23 30
13 K H i) 554 FHEZR 5 7 FiffE ACDF + ASID + £k 4k [# 52 4 265 20
14 KH 0} 52 FME 5 4 FitfE ACDF + ASID + £k Ak [# & 3 375 20
15 #Eg| 52 kg A 51 FHE 25 4 i ACDF + ASID + £k A [ 58 4 160 20
16 M i 53 FHEE S 7 FikE ACDF + ASID + £k [ € 5 330 200

£ ACDF: Hif B SUMEHE A 2 DT BRIBUE A B A AR 5 ASID - BB BUMERIY SKIFTE A ;. ACCF - Hil B SIUHEAE AR VA VI BR A B il S AR



©1024-

MaBRN LSS 2023 4 11 % 22 %% 1188 J Clin Ped Sur, November 2023, Vol.22, No.11 ||| | |

2. MRS WO BT AR AR R, 1]
SRELGFEE T ARER MBS, EZIFN 45
B ARHT ARG A U B T B SUME S5 ™ A R O
CCRIE SN - RS O A ) /R B S 1 x
100% | ; UCEIEA 48 A1 - 5 16 45 #8451 17 3 2% ( Ameri-
can Spinal Injury Association, ASIA ) 434,

M. Geitee b B

I SAS 9.4 T EPEALFE . W Kolmogorov-
Smirnov X T BURHIEA T IEASPER SR, IR IEZS 70
AR PR x + 5 FOR AR IER 70 A 1 &
FERHL M(Q,,Q5) Fow, 4 R] LR i Mann-Whit-
ney K, THECTTRER AR AR B0M i M R0, 20
L ER ) X # . P <0.05 22 51 G it

& R

AL 58 8T AR, AR Hp TG I 48 b 22 0 ) [
JE A0, BT R 09 S ™ O R E . AT B I ]
(23.4 +£7.5)d,[H1E] (57.8 = 19.6) N H |, FE 1)
GORTENA 3, 16 Il SHE 5 ™I ) LR i SiAE i
Mffhy 47.0°(43.0,55.5)°, RGO 5 f ol
6.5°(0,15.8)° , AR U Kl Ui Ik v o7 J5 ™ 1 o 9. 5°
(6.5,13.3)°, Hrp AR J5 FA U Bl 7 B 1) SIHE S5 ™
MR T Bk (Z = -4.836,P <0.001;

Z=-4.829,P<0.001) ,{HAJ5 HIA U 5] Y 55
HEfR M 2 it 2B L (Z = - 1.593,P =
0.111) . ARJFkEYI 3 H , BILBN R E TEAL HARIX
HPERE G BEUTE, 6 1 H 35 i 58 S S
(distal junctional kyphosis, DJK) ,3 i H Bi il 3 75 BL
iBA% (adjacent segment disease,ASD) , AR YK AT FT
AL ASIA PRI N E 9 BORFTH R A4FH (7 =
14.545,P <0.001) , HALpGEH WE 1 ZF 5,

it

JLEE S S o™ W W R 2 WL, 28 S R A
PR P el e 1 25 i DR I S0 A A Bl 32 9 2R
FE I, F B B0 AN LI T | 59035 % 9/ I 2 32
FRAE, ™ HE WA IR 2 T RERE A%, H 2 g LAk
i R £ U R W B B 0 o A
B, HG M B BB R i A Wt DY
M2 KB, BOL R P27 . A kg
H S B SO e o R BB L ATl o R ST R T
(Halo-Vest mi3k g 52 HL ) LA Bl 15 1% 21 44 ] Wy
TEHERER) N, (HZ B8 L2 I 2 ) BLSHE ik
FELAR G AE R | B R TR S A5 R R A ] A
ARG I, AR SFIR YT AR A I, W AR T
FARIGTT 0 S A S0 2 e 2o R G 4 [ 0 R 5 1
il G A3 SBUME T 87 0 SRR AL A8 L D S0 2 s

&3 16 fHHE S N LR O
Table 3  Follow-up of 16 children with cervical kyphosis
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Fig. 1 Preoperative cervical radiographs in children with medically-derived cervical kyphosis
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Fig.2 Postoperative follow-up cervical radiographs in children with medically-derived cervical kyphosis

' ; N i ‘(.: . ’ N @ :
A CRHET X L] DLEHE S T TR | SR Y BEA 2 SUHE 20 5 SUHE , TRUHESA S 4 STHE 52 787 B CoRTTSN I X & R e
MRS D ARHT CT =4 d g il WUHE(R 2 LR NFT SRR BIOR s B F TR 5 2Uh Sl iy R S00A: (5] 25 DB ol e Af e il & R+ BRI 2 , RS
ST RN X 2 5 UL P [ 0 1 R A5 G VH T X 27 Al a5 Sk e (2n e =) , PR B C Bt G NFL: T B2 40
B3 NF-1 VRS S O I 8 LA AR J5 BT SUHE 218 7 B R

Fig.3  Preoperative and postoperative follow-up cervical radiographs in children with NF-1 cervical kyphosis
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Fig.4 Preoperative and postoperative follow-up cervical radiographs in children with congenital cervical kyphosis
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Fig.5 Preoperative and postoperative follow-up cervical radiographs in children with tuberculous cervical kyphotic deformity

AR . HAUE R R LRIE R L L R
L 1t PR BRI A7 AL BOR 22 57, R ke H iy = AR 5 ke
FHATT R ATAE BRI

JLEE BUHE & ™ IBHIE 136 7 A B, A AR A
FHAME R Bl 27 R 5 X SUAE I IR T ~F- i S i 114
JIIIRZ D i 1 9 S | AR T= D T S
IR S D R 2 M B RE LR AE ¥R T T %60 ARHTAE 5
e UHE i (IRTIE 6 YT 7 58 I T LA S o), A2 51 Al
R A2 )T FULIA 0 A KA i, T8 IR0 00 ™ Y
e 482 e AT SO 1, A T AR 468 0 5 A 1) XL
I, (EER 22 A AR A2 5 | 5 AN RE O 7 T AR
SRR T AR R 9 KA 2 AR L
AR HI SR AR A A 7 | MEMR T2 S J7 5619 5%
PIR B PER S, IR — A R %A
SRR RS BAF B BRI RIOR . HASWT 9T i 52
A5 B LSUHE IS ™ Ay B, 10 A i ] 5 2R 42 5 |
UL, BIR TN SR P12 4E
AR ERIRZE SR MU A R A 18 DA R = SR %
WL EIHAIVIA AR A2 5] ] — 2 F8 E iD
TFEAR IR Uk A JFR e 1] 5 o AP T AR A 5, 2 — o
LAY J5 ik . EAREEMN R, 22 5]l fE
SpEHESh it O s 2 DI RE AL, B IR 2R 5| i 7
Hh o I AR L i AR R LB B D RE, 4
BN 5 R G A g | A s R S

B H AT, 67 L # S0 S M e a3 5
AL AT AT ACDE/ACCE + ASID | 40 J5 i ThAfE
1 [T R o _F s P AR S 45, (H S Pl R L e %
FIORE FAEAERR L™ 2B 0N , Sl
S TR AT I R R 0 TG i O B PR R Y 2% B S
Je IR | T 3 T A IR ] S 408 £ /0 LR IR il AR
DT, A R0 S BTN E TR AT RE BRI
9 ARBEFAT 9 B LR BUR 4L ACDE/
ACCF + ASID + SRz [ %€ , 168 o A0 B 7 S 45 3900 i

i VD IERASE 1) 285 2% i HE 1] B | P D8 45 AR HE (8] ol
B R AR B $2 Pr &R AV 48 2 R AT A U8 IE =
HEJG ™, S35 1F 5k 82% , H AR Uk bifi 1 Bt 45 T2 3%
W B ELR . BREL IS, JLESHE S ™ B E 2 A7
TERTHRE B85 A B2 AR Bk 2%, IS AR S5 A AR R, T
Ja A BT IR G I B A R EE Y, i 14778 i & DIK
HIRTRE. PR FRATE DO HEMR & & 7] LAl 41 ASID
HIGHIC & v al A i 8 LT e ali iy i F KRR
J7 o RAE BT ARG YT SUHE JE I R e D, D
BT R IR, AR A 5| BAH XF 28 1) 9 S0HE ) 1™
JE £ L o $ali J5 %R T kA5 50% ~ 58 % % B
RO, HEhA 1 BER AT TR E 2 56 5 SikE Rl
SRR AN DIK 19 % 28 ARl e i ™ Bk A
A, JLTE SIUHE J5 BT A HE 5 AR RN B B8 ET B T X
Koo M 22 BB it 1 G ks K, ApiFgE i 1461 £
JLRES 7 Sk AR S A8 L8R fe ™A T HR a5
TR T A AR ) o ey B 1, 7 s U, I
BEFRATTI A S I 1™ W 22 300 BE 2R U i 00 T
PAAE T AR Y Y L RS RS TR —
Jead ™ R A 1) B S R R, AR R
6 Bl B LRI T HTJE BIEA TR, iR B L— s
MEEM SRS AT AR, — AL iE
ML R E A oE S 8%, AT IS B A A TR e
SEALEE IRk TP A R BRI O 1 TR Y AT
REP . TEI IS R AR IR | G I R R R
Tl A — WA AT DASRAS Ay B T R0 L AP R el 58 A
M2 IhBEM " o ERT G BRI A T ARt s B TR
PR ) A8 K | F- AR R & 2% MO B kA R 2
8 DL an S 8 LA % 23 /0N, AT RE TG 2k i A2 [R) 3 3
B AR T ARAT o, AT 20 W47 1 5 S B TR
(— W5 BN [ , — 0 ACCF + Bl & [8%E ) ,
[FREITIE AT, i vT R AT [ A i IS 6 T AR 9 R 5 19
KR



B v Ushasas 2023 4 11 A 22 %8 118 J Clin Ped Sur, November 2023, Vol.22, No.11

+1027-

FHHE J5 Y WA 5 T2 T R B8 i B &k 2E DIK A1
ASD REZM T HWFFEds &A= DIK 5 F
B AN R BR A AR R KR B R R K A
SRS 16 LR A T B 2 Ve 3 s
MERIBRAE , HH b 6 Bl 7E R IR & 4= T DIK(4ER
P 3§ (NFI 2 ] B 1 61]) o &4 DIK 1L
IR, H 24 T A K R B 06 B el R
SELAFE ISR /)N, MEAR & & FE B 22, LRI R &
I B K, e & AE DIK (AT et iR
R RN Y e 0 | S R B i B UV N [T U
Je M ZEBBE AR R Rl A T B ) 328 o 22 JE K —
ASE, TR AT LA R B DIK 1) & A8 XUBSE , (H 3R
JTRCRANL T Bl 5 h ik — 2 W gg . Hok, 3 il Lk
AT ASD(SERAE 2 i) NFL 1 7). ASD Z BT
PN g it <, R 22 ) I 3 B () 45 B ME B
B/ AR F ARG ERE, REEEEEH
HIE R b - J6 % R L BT 8 S0 HE AT T R P9 [
FE R, G PR _EAT L2 SHE P TR 22 % H R
B, FAFHE L FE I FH R /N5 R 1 1T (L ZNAF i
FEULN FH A SRR 25 70 A A S < H0 3 35 vk 30 A (1]
FERMER BT /ey, S8 R T BGR AR, I
PR R AT L ZE S0OHE A B% TR N [ R I
KAARFE T 4y LA B DIK 5 ASD,
(B TEH e AR, AT A B 7 WL 4, L9 DRI %ok L 2 5 e
Je I BRI 1) R A e RS B e A i ™ o
R A R, W T 2 TSRS TR T B ML B

AWFFE EARIEA TR B T WA ST H A9 (HA AT
TE—EA L B, A RFEAR TN, T it —2
FEEZHb s s HOR AsiE5E 16 i LA TR
YIER 2 A AR e AR 4 0 6 B, SR T IR AR I
T A X TF= AR HE A s 4TI R X AF 5T 4 SR A7 A —
FE R

gr b, L TE OHE 5 o WA I PR 5 L, 7% ZEAR 9
9 R IRy s T AT DL AR AL BT IR IY 7 48, SR A
BEFANS FHER & F ] Hd T ar ny L& 4
AR NAE R B REAR X FRIE ™ A AE JE
MEART G DA S CE o Rk B 3228, 7% I B
BT . AT ) SUHE R IE DA AT S B L
FE T FARITRI I AN EIA T, AT A R B 1 W 1E
JeFF 4 RO LAE AT B, (R B 5 I W ] g & A 1
ASD F1 DJK &[] 5,

FEER AR5 IR 45 ph o

EZTTEAAERR 5K k1B 00 ST 98 1 T | S ke o SO EE
SR SC X A 2R EE I TR R R A B Ay BT 5 SR AR B K EE ik
EREA TG 5 FRRR , X SO AN N A 7 o )

(1]

(3]

(4]

(5]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Z % X #t

Menezes AH, Traynelis VC. Pediatric cervical kyphosis in the
MRI era (1984 —2008) with long-term follow up: literature re-
view[ J]. Childs Nerv Syst,2022,38 (2) :361 -377. DOI. 10.
1007/500381-021 -05409 - z.
Abelin-Genevois K. Sagittal balance of the spine [ J]. Orthop
Traumatol Surg Res,2021,107(1S) :102769. DOI: 10. 1016/].
otsr. 2020. 102769.
Helenius 1], Sponseller PD, Mackenzie W , et al. Outcomes of spi-
nal fusion for cervical kyphosis in children with neurofibromatosis
[J].J Bone Joint Surg Am,2016,98(21) :¢95. DOI:10. 2106/
JBJS. 16.00096.
Pargas C, Franzone JM, Rogers KJ, et al. Cervical kyphosis: a
predominant feature of patients with osteogenesis imperfecta type
5[J]. Bone Rep, 2020, 13:100735. DOI: 10. 1016/j. bonr.
2020.100735.
Fang H, Liu PF,Ge C, et al. Anterior cervical corpectomy decom-
pression and fusion for cervical kyphosis in a girl with Ehlers-
Danlos syndrome:a case report[ J ]. World J Clin Cases,2019,7
(4) :532-537. DOI:10. 12998/ wjce. v7. i4.532.
Zeng H,Shen XJ, Luo CK, et al. 360-Degree cervical spinal arth-
rodesis for treatment of pediatric cervical spinal tuberculosis with
kyphosis[ J ]. BMC Musculoskelet Disord,2016,17;175. DOI;
10.1186/s12891-016-1034-7.
Deutsch H,Haid RW, Rodts GE, et al. Postlaminectomy cervical
deformity[ J ]. Neurosurg Focus, 2003, 15 (3 ) : E5. DOI. 10.
3171/foc.2003.15.3.5.
Vigneswaran K, Sribnick EA, Reisner A, et al. Correction of pro-
gressive severe cervical kyphosis in a 21-month-old patient with
NF1 ;surgical technique and review of literature[ J |. Oper Neuro-
surg ( Hagerstown ), 2018, 15 (1) .46 -53. DOI. 10. 1093/
ons/opx219.
Francis WRJr, Noble DP. Treatment of cervical kyphosis in chil-
dren[ J]. Spine (Phila Pa 1976),1988,13(8) :883-887. DOI .
10. 1097,/00007632 -198808000-00001.
Chen X,Sun Y,Zhang FS et al. Surgical treatment of severe con-
genilal cervical kyphosis[ J]. Natl Med J China,2019,99(29) .
2270-2275. DOI. 10. 3760/ cma. j. issn. 0376 -2491. 2019. 29.
005.
Iwasaki M, Yamamoto T, Miyauchi A, et al. Cervical kyphosis:
predictive factors for progression of kyphosis and myelopathy|[ J].
Spine ( Phila Pa 1976),2002,27 (13 ) :1419 -1425. DOI. 10.
1097,/00007632-200207010-00009.
Farley FA , Hensinger RN, Herzenberg JE. Cervical spinal cord in-
jury in children[ J]. J Spinal Disord,1992,5(4) :410-416. DOI;
10. 1097,/00002517 -199212000 -00005.
Shah KC, Gadia A ,Pawar U, et al. Cervical gibbectomy for rigid,
rounded kyphosis in pediatric patient ; surgical planning with tech-
nical note[ J]. World Neurosurg,2018,116:357-361. DOI . 10.
1016/j. wneu. 2018.05. 183.
Remes V,Marttinen E,Poussa M, et al. Cervical kyphosis in dias-
trophic dysplasia[ J]. Spine ( Phila Pa 1976),1999,24 (19) .
1990-1995. DOI; 10. 1097/00007632-199910010-00005.
Murlidharan S, Singh PK, Chandra PS, et al. Surgical challenges
and functional outcomes in dystrophic cervical kyphosis in neuro-
fibromatosis-1 ; an institutional experience [ J ]. Spine Deform,

2022,10(3) :697-707. DOI.10. 1007/s43390-021 -00465 -6.



+1028-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

MaBRN LSS 2023 4 11 % 22 %% 1188 J Clin Ped Sur, November 2023, Vol.22, No.11 ||| | |

Lai JL,Ji GL,Zhou YQ,et al. Apoptosis of endplate chondrocytes
in cervical kyphosis is associated with chronic forward flexed
neck:an in vivo rat bipedal walking model [ J]. J Orthop Surg
Res,2021,16(1) :5. DOI:10. 1186/513018 -020-02124 -4.
Shen XL, Wu HQ, Shi CG, et al. Preoperative and intraoperative
skull traction combined with anterior-only cervical operation in
the treatment of severe cervical kyphosis ( > 350 degrees) [ J].
World Neurosurg,2019,130 :€915-€925. DOI;10. 1016/j. wneu.
2019.07.035.

JIIGE, BN, A VEE , A SPUME LA RIS o W TR 1 18 PR
TEFITFARAB L) ], P EFIE AR5, 2010,18 (13)
1057 -1060.

Fang JH,Jia LS,Zhou XH,et al. Clinical assessment of rigid cer-
vical kyphosis and surgical approaches [ J ]. Orthop J China,
2010,18(13) :1057-1060.

Goffin J,Grob D. Spondyloptosis of the cervical spine in neurofi-
bromatosis. A case report[ J]. Spine ( Phila Pa 1976),1999,24
(6) :587-590. DOI;10. 1097/00007632 -199903150 -00020.
TRBEIE , STFF W 2 0, 4. SUME T B T RGBT R S S
MIETERRIOCR AT [T ] P A SR A4 35,2017, 55 (3) 1 166 -
171. DOI:10. 3760/ cma. j. issn. 0529 -5815.2017.03. 002.

Shen XL, Wu HQ,Hu ZH et al. Effect analysis of anterior cervi-
cal operation for severe cervical kyphosis[ J]. Chin J Surg,2017,
55(3):166-171. DOI:10. 3760/ cma. j. issn. 0529 -5815.2017.
03.002.

Martus JE , Griffith TE, Dear JC, et al. Pediatric cervical kyphosis;
a comparison of arthrodesis techniques [ J]. Spine ( Phila Pa
1976) ,2011,36(17) ; E1145-E1153. DOIL: 10. 1097/BRS. 0b0
13e3182039844.

Goldstein HE | Neira JA,Banu M, et al. Growth and alignment of
the pediatric subaxial cervical spine following rigid instrumenta-
tion and fusion;a multicenter study of the Pediatric Craniocervical
Society[ J].J Neurosurg Pediatr,2018,22(1) .81 -88. DOI; 10.
3171/2018. 1. PEDS17551.

Kato S, Fujita N, Suzuki S, et al. Posterior and anterior fusion for
severe cervical kyphosis in a patient with chondrodysplasia punc-
tata;a case report[ J]. JBJS Case Connect,2021,11 (1) :e20.
00646. DOI;10.2106/JBJS. CC. 20.00646.

Verma SK, Singh PK, Kumar A et al. Correction of pediatric cer-
vical kyphosis with standalone posterior approach-a single-center
experience of seven cases[ J]. Childs Nerv Syst,2023,39(1) .
239-247. DOI:10. 1007/500381 -022 -05697 - z.

Zhang HQ, Deng A, Guo CF,et al. Halo traction combined with
posterior-only approach correction for cervical kyphosis with neu-
rofibromatosis-1 ; minimum 2 years follow-up[ J ]. BMC Musculo-
skelet Disord ,2021,22 (1) :973. DOI. 10. 1186/s12891 - 021 -
04864 -8.

Abumi K, Shono Y, Taneichi H, et al. Correction of cervical ky-
phosis using pedicle screw fixation systems[ J]. Spine ( Phila Pa
1976) ,1999,24 (22 ) : 2389 -2396. DOI: 10. 1097,/00007632 -
199911150-00017.

Garg B, Mehta N. Safety and feasibility of cervical pedicle screw
insertion in pediatric subaxial cervical spine without navigation :a

retrospective cohort study [ J]. J Pediatr Orthop,2021,41(2) .

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

119-126. DOI:10. 1097/BP0O. 0000000000001694.

Rajasekaran S, Kanna PRM, Shetty AP. Safety of cervical pedicle
screw insertion in children: a clinicoradiological evaluation of
computer-assisted insertion of 51 cervical pedicle screws including
28 subaxial pedicle screws in 16 children[ J]. Spine ( Phila Pa
1976) ,2012,37(4) : E216-E223. DOI;10. 1097/BRS. 0b013€3
18231bb81.

Yoshihara H, Abumi K,Tto M, et al. Severe fixed cervical kypho-
sis treated with circumferential osteotomy and pedicle screw fixa-
tion using an anterior-posterior-anterior surgical sequence [ J |.
World Neurosurg,2013,80 (5):654. el7 -654. €21. DOI; 10.
1016/j. wneu. 2013.01. 023.

He ZM, Liu Y, Xue F, et al. Surgical management of congenital
cervical kyphosis[ J]. Orthopedics,2012,35(9) :e1396 -el1401.
DOI:10.3928/01477447-20120822-28.

Jian Q,Liu ZL,Duan WR et al. A 540° posterior-anterior-poste-
rior approach for 360° fused rigid severe cervical kyphosis : patient
series[ J]. J Neurosurg Case Lessons,2022,3(3):CASE21491.
DOI:10.3171/CASE21491.

Kim HJ, York PJ, Elysee JC, et al. Cervical, thoracic, and spi-
nopelvic compensation after proximal junctional kyphosis (PJK) :
does location of PJK matter? [J]. Global Spine J,2020,10(1) .
6-12.DOI:10. 1177/2192568219879085.

Lafage R, Smith JS,Fong AM, et al. Proximal and distal reciprocal
changes following cervical deformity malalignment correction[ J].
J Neurosurg Spine,2022,37(4) :599-606. DOI.:10.3171/2022.
2. SPINE211316.

Passias PG, Horn SR, Oh C, et al. Predicting the occurrence of
postoperative distal junctional kyphosis in cervical deformity pa-
tients[ J ]. Neurosurgery,2020,86 (1) : E38-F46. DOI:10. 1093/
neuros/nyz347.

Passias PG, Vasquez-Montes D, Poorman GW, et al. Predictive
model for distal junctional kyphosis after cervical deformity sur-
gery[ I]. Spine J,2018,18 (12) :2187-2194. DOI.10. 1016/].
spinee. 2018.04.017.

Guo ZY ,Wu XL, Yang S, et al. Anterior cervical discectomy and
fusion using Zero-P system for treatment of cervical spondylosis:a
meta-analysis[ J ]. Pain Res Manag,2021,2021 ;3960553. DOI.
10. 1155/2021/3960553.

Virk SS, Niedermeier S, Yu E, et al. Adjacent segment disease
[J]. Orthopedics 2014 ,37(8) :547 -555. DOI; 10. 3928/0147
7447-20140728-08.

(Wc#% B #:2023-07-11)

AR5 A TR S, BT, FRR, A LR SIHE S M E iR
7 PRI 56 . — 0T 16 {51 £ Ay B e [T R 5 [0 ] e R
/NJLAMEE 25,2023 ,22 (11) : 1021 -1028. DOT: 10. 3760/ cma. j.
¢nl01785-202307020-004.

Citing this article as: Zhang HW, Yao ZM, Guo D, et al. Challenges
and experiences of managing cervical kyphosis in children:a single-
centre retrospective summary of 16 cases[ J|. J Clin Ped Sur,2023,
22(11):1021-1028. DOI;10. 3760/ cma. j. cn101785-202307020 -
004.





