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[(HZE] B8 EPE NG N5 N E B35 SRS-Schwab P #H A J5 & A 3l v 28 S J5 ™ (proximal  junc-
tional kyphosis, PJK) BARSCE R 2K, 75 3% « [T 70 #r 2011 4% 5 J1~2015 4F 12 J] TH P47 SRS-Schwab /U
Tl TR HHA 58810 R M2 AR 2 R 46 (8 AT S /05 2 R 58 2 e 530k 24 9, 4otk 22 i, T
ARBFAEY 23.1219.7 % i sk B E R F 8 450l & 10 B e L 3 [ 8 HE (upper instrumented vertebra , UTV ) i &}
EETE A MR ARG AT 3 A AR B U5 N AE JS ™ (thoracic kyphosis, TK) | JEHE FT ™ £ (lumbar
lordosis,LL) . ‘B ASTffi (pelvic incidence,Pl) . J&# /5 M ffi (segmental kyphosis,SK). F % Cobb ffi (main
curve ,MC) 5 IR T ~F-#5 (sagittal vertical axis,SVA ) M ¥ 28 94 il (proximal junctional angle,PJA) . AR ¥ & 4 AR
SR KA PIK 43 AE PIK 4R PIK 41, 5% ¢ R0 @ A 30 5 Fisher K 84S 30 4) LG P 2RI DR 9% 8L B2 #2457 5
B, R 2 &R Logistic M3 43 #7805 PIK &AM LR MR, 48R 46 BB & AR5 i 24~63 1~ H (36.9+13.4
AH) M 11 61(23.9%) 24 PIK, LA T B8 PIK(8/11)#  % UL ,8 Bl %2 4= F ARG 6 A M. PIK Ak PIK 41
SEFVER AR BE TSR] AR SRR G T B R T UTV AL E RS 25 7 (P>0.05) . PIK 4
A AT TK>40°(6/11) A1 SK 7 1E>30°(7/11) 19 FL 139 % F4F PIK 21 (P<0.05) . PiZH & 4 [ A Hiif PJA \LL MC.
PL.SVA FIAR G KR KBV TK (LL MC SK \PL SVA BB TEGE 24 22 5 (P>0.05) o [EIE 73 H7 45 8 B /s R
SK %7 1E.>30°(OR=7.000,95%CI=1.591-30.800, P=0.010) j&t PJK % 4 ()4l 57 f& 16 H 2 . PIK 41 R i PJA Ry 7.5°+
3.0°, R J5 3 H N 20.8°+4.1° , KK Ffi i 1 24 22.0°+4.5°, 38 FEEJa R WL BN EE . 518 A M5 /)5 ik
¥ % SRS-Schwab MUK H ARG PIK &4 %N 23.9% , L EE LA FARG 6 > H W, B H G WY i B85 E
S ST fE R N E

[FE83A ) B HM)5™N/)5 ™ ; SRS-Schwab P A ; 37355 38 Bk J5 ™ ; Sl R 2%
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Risk factors for proximal junctional kyphosis after SRS—Schwab grade 4 osteotomy in patients with
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[Abstract] Objectives: To investigate the risk factors for proximal junctional kyphosis(PJK) in patients with
kyphoscoliosis/kyphosis underwent SRS—-Schwab grade 4 osteotomy. Methods: A retrospective review of 46
patients with spine kyphoscoliosis/kyphosis who underwent SRS—-Schwab grade 4 osteotomy between May 2011
and December 2015 was performed, including 24 males and 22 females, with an average age of 23.1x19.7
years. Body mass index, fusion segment, upper instrumented vertebra(UIV) and implant density were recorded.
The spine—pelvic parameters including thoracic kyphosis(TK), lumbar lordosis(LL), pelvic incidence (PI), seg-
mental kyphosis(SK), main curve(MC), sagittal vertical axis(SVA) and proximal junctional angle(PJA) were mea-
sured pre— and post—operationally and at last follow up. Patients were divided into PJK group and non-PJK

group. Comparison of clinical and radiographic data was conducted between the 2 groups by Student’s i—test
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and Chi-square test or Fisher’s exact test. Multivariate Logistic regression analysis was used to determine the
risk factors of PJK. Results:
which PJK occurred in 11 cases (23.8%).
and the most common type of PJK was type I (8/11).

The average follow—up period of 46 patients was 36.9+13.4 months, during
8 patients developed PJK during the first six months after surgery
There was no significant difference in gender, age,
follow—up, body mass index, fusion segment, bone mineral density, implant density and UIV between two
groups (all P>0.05). Compared with the non-PJK group, the PJK group showed higher rate of pre—operative
TK>40° and SK improvement >30° (all P<0.05).
in pre—operative PJA, LL, MC, PI, SVA, and TK, LL, MC, SK, PI, SVA changes after operation and at the
last follow—up (all P>0.05). Logistic regression analysis showed that SK improvement >30° (OR=7.000, 95%
CI=1.591-30.800, P=0.010) was independent risk factor associated with PJK. The average PJA increased from
7.5°+3.0° to 20.8°+4.1° at 3 months after surgery. At the final follow—up in PJK group, PJA averaged 22.0°+
The incidence of PJK after SRS-

Schwab grade 4 osteotomy in patients with spine kyphoscoliosis/kyphosis was 23.9%,

No significant difference was detected between both groups

4.5° and no significant progression of PJA was observed. Conclusions:
which mainly occurred
within 6 months, and over correction of kyphosis is one of the high risk factors.

[Key words] Kyphoscoliosis/Kyphosis; SRS—Schwab grade 4 osteotomy; Proximal junctional kyphosis; Risk
factors
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5 HE SRS—Schwab P42 #T A A5 2 )5 % 1)
W b ME 1A 1) S5 FIMEAR 55 I 0 2540 | HEAA T2
BB MES AR | 2R LA K b A A ] 48 e 2K 1
AR ARG [ 5 0 SR R S A —
PR AR, FOBUE O A T M 5 AR AR A
A (pedicle subtraction osteotomy,PSO) & 4= H {4
& AR (vertebral column resection, VCR) Z [A]1,
SCHRHE SRS-Schwab P2 #5 A N F T BRIH M
Jie R B B AT B S I 123 R e TR A A S o
WA I R0 2 AT LA A0k e A A O R T - A A SR A
B I PR I 8, 3 o 38 B S ™ (proximal
junctional kyphosis,PJK) Ek—Fh& LA 5 I
SR AT AR B W A2 B 0GR, Hod PR N [ A o
AC S XN 3 AR 5 R AT BUR RN [ e A Bl
W 55 e E I BT S T RBES, BT R
W, PIK 1 % HE e Ji ot 22 TR 3R R Rl AR T i 45 2R 1)
RN SR TR A e o (LN SN R N
B T il R ST B RN Y S
20N %5 RN B b= eh: = (NG < g = E T N5
G B AR S E R SRR R LR RS N i e
JE B #17 SRS-Schwab MU #H K5 PIK &4
R SEREFRARSCHRIE . AT FE BT 73 A T
Be4T SRS—Schwab P42 A B HAEM S /5™
WL 8 1w R AR 2 588, HITET (1) 5
B A0 5 /05 B R B8 35 17 SRS—-Schwab U 2%
WU AR PIK B9 R 25 () #RIHZ 2 4 PIK

82 A A RFE N AR (3) 70 AT PIK 2 A2 19
j:é‘xlzﬁ%o

1 &B5HE
1.1 — gk

[l 23 B 2011 4F 5 H ~2015 4 12 A T3&
BEfT SRS—Schwab PUZ A A F-AR 0B M G N/ )5
MU B o ANABRIE : (1) 47 2 ME 5 ARIRET 454
B2 5 (2) A ARFT ARG 3 A H SR W b 1 s 1 4
FHIEMAAL X 275 Q)R REDT =24 D HEER
P BEAE A B A T ARSI 2 A& E IR bR AERY
46 BB H WA ARBGE, B BIUE 5 N E
o Bk 24 ), 4t 22 B, FARBHE I R 23.1+
19.7(3~71) %, ARJGFEViBf[H] 24 36.9+13.4 (24~
63) 1 I R 2% 43 FEA0 3 Se R M AT S 1 T
28 i (AL FE P HEAAR 19 491 50 R B9 i) | Bk B A
MRIBE PR Ja e 12 6] AR A8 A )
JE B 6 B, BB R T11 2 ] T12 7 fi) |
L1 19 f] 12 15 %] 13 3 fil . % b s [ E HE
(upper instrumented vertebra,UIV) {i # .T4 1
.16 1 1. T7 2 ] T8 2 ] .'T9 3 #] . T10 11
%] T11 13 %51 . T12 9 i [L1 3 i 1.2 1 4],
1.2 FARFE

ARG B BUREMY 175 IE TR 9T i a AR
5t AT ) P P TR 3 PR 7 G 2 6 T A Y
BT AMES HURET DI BRCE ME R B HEA 55
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S 0 A8 AR SRR 5 /1) B S >R FH R0 ks Fsf 2% [
FE B VIBRHEIR b2 B e b 2h, B BRMEIR 07
HE] S, [ BTG O0 1- >f HEAA R A ) 25 /5 P 5
ORI, AR A e M R AR S R N [ X[
SE o 1T AR W KU 85 e AR A ] TR AR OR
TR A E SR L T A AR R SRR IR A
FrAE A TBCE 5 38 J2 G 1 5 Al TS AN
4 D) AT TR) B PN A B B AHE R RS 4% . BRI
S AR TR TR B R T i R ) ) R A R e
PG, TARSTETEIZ 2% K& i A TR IR
R HL A WD 58 1
1.3 ARSI AR AR

# B F SR Surgimap BAF (A
5 :1.1.2.293) FEuli A A A FEIE M AL X 28 fr B
(1) MaHES ™ £ (thoracic kyphosis, TK) : T5 #
I B2 T12 HEAR T LM e £ 5 (2) IEHE
AN A (lumbar lordosis,LL) : L1 Mk F 24k 5 S1
AR B I £ 5 (3) AR THF- i (sagittal vertical
axis,SVA) : C7 B2 5 #E5 J5 b A Z ] 1) K
PR IEEAR R CT LB A s LA,
AR CT A IEAEME G EME T (4))R
#B J5 1™ A (segmental kyphosis, SK) ; 2 IR T £z K
Cobb f1; (5) &R EZ Cobb 4 (main curve,
MC) : SR T F2 25 b T s HE R A 00 A 5 (6)
W AGT A (pelvic incidence, P1) ; B8 3k Hr0 F ST
A SR LR S ST b 2 R 4R 1R 1 S £
(7) 3 % 58 B¢ #f1 (proximal junctional angle,PJA) .
e | i [#] 2 #E (upper instrumented vertebra, UTV)
25 UIV+2 1y E 2R Z R I s, il 2
B 2 24 RSV B U N7 58 U BOE 4 ME

BEETR R SO [EAMES HRIRETEH /(1E
FE T BEIx2)|x100%!2 R FHXLEE X 26 % B A
A R 1 L2~14 AR %, PIK A

Az SR A EHE 2 DL R AR . (1) PJIA=10°5(2) 5
AR A L, PJA B8 =102, D) Yagi %045
FARUE NS PIK 20 3 Fh2R 8. (1) 1 &L, )5
Ji s IR 1y — A HEBR M2 W, 24 PIK R E
R DT v ME R B AR sl B L PN I 4 2k
e ok 1A, (2) I A9, 30 i 58 5 DXOHE AR 2 A
TEAR ST 5 (3) T, PNy [ s sl 2R I
1.4 FER P E fi

ARWFFEAA PIK & A WV AR fa I R 28 A4
()BEHRE M F RS REREEG(2)F
REHER, BlETB UIV LS EETRE; (3) KR
38458, PJA [TK MC LL .PI SVA #l SK & 1E1191
1.5 Sit2ehik

N SPSS 20.0 #k R (IBM, € &) #E 47 52 it
o3h . AREBE AR S R &L PIK B4 PIK
ZHAEE PIK 4, SRAIBRSTAEA ¢ K56 b4 PIK 41
FEE PIK 42 18] 19 22 5 5 R x® K 99 51 Fisher K
LR AL ol 2 V< e a1 A A £ el L1 O o O
il B R W4 98 & 2E PIK BT R MG B T &K
¥ oAl A Logistic #8934 22 A 2 mH 4387, B
L e KB PIK BUAHSGE I R o B 1 LAF- 2
{HbRE2E FR ,P<0.05 WA G F2ER

2 BB
21 —BAE AL S PIK 43 A

PREH R85 B M) AR BT I ) A R R
BB T B B R TR DL 1, PR R
B Geit22 5% (P>0.05) .

11 (23.9%) &3 k&4 PIK, H 5 i
(45.5%) R FHTEAR T 3 > H BEVT I A& 8L PJK, 3 44l
(27.3%) BEAEAR T 6 A~ BViRT & 3 PJK,2 4
(182%) A ARG 124 H 1 #1(9.1%) % R J5
18 ™A KM, K4 PIK &, UIV &N TT 1

®1 PJKAFIEPIKABE—MABBILR
Table 1 Comparison of general data between PJK and non-PJK group

WL ) ey IMEUD S e B wagy SR
Gender (M/F, n) Age(years) (months)p BMI (kg/m?) Fusion segment BMD (g/cm?) P %) ¥
PJIEKgH 6/5 24.9+21.7 353133 17.6+3.1 6.0£1.5 0.42+0.22 83.7:6.5
group
N Ak PIK 41 18/17 22.6+19.9 41.9+13.5 17.042.5 6.243.4 0.39+0.24 81.0+12.1
on-PJK group
S?EWE‘ ¥=0.032 1=0.327 1=1.420 1=0.655 1=0.188 1=0.368 1=0.705
tatistics
Pf 0.858 0.745 0.163 0516 0.852 0714 0.484

P value
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.19 1 ] . T10 2 ] T11 3 ] T12 4 4 ,PJK
R R X T10~T12, 11 4] PJK ## 1
B8 B (727%). M1 6] (9.1%)., MMA! 2 f
(18.2%) . PJK #H B H AT PJA Jy 7.5°£3.0°, R )5
34 HRE R 20.8°+4.1°, KKKV A 22.0°+4.5°
(£ 2), RSFIRIT AR KBET G ™R W W
A (1), B & AU B U7 5 G BB 2
BFAR,
2.2 PJK F1dE PIK A8 22500 i

XL A AT P2 R R 2 S 8Ok B PIK 41
AR TK A1 SK 4 m THE PJK 41 (P<0.05) , 1M
Wi 4H # #F ARET PJA LL MC .PI F1 SVA ¥ L4 it
225 5 (P>0.05) 5 W5 41 58 R B R U B 17 s 1Y
TK.LL MC .SK .PI fl SVA JR¥J TG 1124 5% (P>

0.05,% 3),
2.3 PIK KA MG R K R b

X KB 7R PIK 41 ARHT TK>40°H1 SK 8 1E>30°
i 5 L B R T EE PIK 2H (P<0.05) , 1

F2 11G2FHNPIK HEE PJA#HEBR (°)
Table 2 Classification of PJK of 11 cases and
progress of PJA

1 e e
(n=8) (n=1) (n=2)
Type 1 Type I Type 1l
;’Rﬁu i 7.5+£2.0 8 7.3+1.3
re—operation
AJE 34 H
3 months follow up 20.4+4.5 26 19.9£2.0
K 22.7+4.2 24 18.1+1.9

Final follow up

B 1 52BMEEE BEREFEMELHE ab
KT A AR IEMAL X 28R 7 B AR 1 W JE (T12
SEHESR), 4 Cobb f1 SK HI PJA 43514 65°.60°
F13° e.d TI12 #EHA&FT SRS-Schwab P44 # AR J5
1 Ji X 4 R SK HPJA 4350 2 14°F1 5°,SK #F
E>30° ef KRG 6 ™ H X £ ks &4 PIK,PJA
$22° g.h RJF 40 N X & R7R R Ry AT,
PJA b 21°
Figure 1 A 5 -year—old male with congenital
kyphoscoliosis(T12 hemivertebrae) a, b The pre-
operative Cobb angle, SK, and PJA were 65°,
60°, and 3° respectively ¢, d The SRS-Schwab
grade 1V performed at  TI2
hemivertebrae and the SK and PJA were 14° and

5° at post—operation with SK correction >30° e, f

osteolomy  was

The X-ray showed PJK and the PJA was 22° at 6 months follow up g, h PJA was 21° at 40 months follow up
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®3 PIKAMIEPIKABEART ARE3INMAMKIEHRHOEEESHILE
Table 3 Comparison of radiology parameters between PJK group and non-PJK group at pre—operation, 3 months

post—operation and at the last follow—up

PJK#H 4k PIK 41
PJK group Non-PJK' group
ENi AJE 34 H KRB ENil ARJF 3141 ERViR]
Pre—operation 3 months follow up  Final follow up Pre—operation 3 months follow up  Final follow up

I 3 58 A8 (°)PTA 7.5+£3.0 20.8+4.1 22.0+4.5 8.0£3.4 9.2+3.8 9.9+3.0
1A o
£ Cobb # (%) 28.7+16.0 15.2+9.9 16.710.1 27.2422.6 14.8+8.7 15.429.2
Cobb angle (MC)
e J5 ™ (°)TK 42.4+14.9Y 22.3+15.1 24.7+16.9 30.7+13.5 23.1+13.2 25.1+14.7
JEEHE T A (°)LL 29.0£17.0 31.9+18.1 30.5+19.0 33.2+17.6 33.8+17.9 34.1+18.5
Jr b JE A (°)SK 54.5+19.07 21.5+10.2 22.9+9.7 31.9+21.8 19.8+9.6 20.1£10.1
H AL (°)PI 40.6+10.4 41.4+11.2 40.9+10.9 40.7£12.7 42.0+13.1 41.8+13.2
SR F 4 (mum) 12.2427.9 374225 534253 15.921.0 2.8£18.9 8.7+20.6

D59k PIK 41 H 4 P<0.05
Note: (DCompared with non-PJK group, P<0.05

AR H T AREAER RHT PJA ULV A& G
BiA SVA B oGt 22 7 (P>0.05) (K 4),
Logistic [a] 9 73 My 45 2R & W] SK %7 i >30° (OR=
7.000,95%CI=1.591-30.800,P=0.010) & PJK %
A ST fE R R R

3 iFig
3.1 SRS-Schwab P4 #H A5 PIK ik E 3

B A S /)5 ™ R SRS-Schwab 7Y 2% # B
ARG ORI R AR G | B OCTTE B
FE RIS I PIK FEAE 25 5 o 2 W% . AT 45
o, 7ERETFH36.9 A KBV FE H ,SRS-
Schwab VU 2% # 5 R JF PIK B9 & 4 %R N 23.9%
(11/46),

PJK 1 Ry —Fp 4B 30 7 B 95 1 4 e 1R 22 %
B H T R A RS BE DT ] P IR E B TR
TrREEST, SCHRIE T PIK 19 & 2 4 A H
i), Yagi %04%F 76 45 32 55 2 TR 1 55 kM 4
]y B AT 7.3 AR K AR U, R B
ARG PIK &4 %K 26%(17/76) , Kim Z517
XF 161 B35 52 5 T TR 0 BN A B (8 5 R 4T
KGR 7.8 4ERYMEE, K PIK R4 F 2K
39%(62/161) . AHE T LR WE5E , AT PIK &
A= A, AT A T DR A 2 R B 7 s [ AR
e H AR ot I 7 s B PR R B 5 AN, A
TERYEB A B AR T X TR,
AT AE R DX 28 Al DX Ta) T B A far 2o 8 X 9 4

F4 PIKAFIEPIK AERITEHURR(F]) LR

Table 4 Comparison of grade counting data (cases)

between PJK and non-PJK groups

4k PIK 4H
4]
(I;Jfﬁﬂ) (n=35)  yfH  Pf
PJK_ Non-PJK  x* value P value
group aroup

FiE Age (Years) 0.007  0.933
<10 3 10

>10 8 25
ARHT PJA
Pre—operative PJA 0.792 0374
<10° 7 27

>10° 4 8
AR A TK
Pre—operative TK 3.970 0.046
<40° 5 27

>40° 6 8
SKH#F 1
SK' correction 7.527 0.006
<30° 4 28

>30° 7 7
ULV i
urv 0.724  0.395
4k T10~12

Non T10-T12 2 11

T10~12 9 24
ol A B
A 1359 0244
usion segment

<4 1 9

>4 10 26
SVA A
SVA changes 0.726 0.394
<50mm 5 11

>50mm 6 24
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A3 WO i 28 B DX 7, DT b 25 0 IS PIK & 26 1Y
RS Zha ZEU8%F 1% 52 Ponte #%H AR B 44 114
FEWFIE (5 HEAT 24 2.6 AE ML EE A T, LA #E
4B AR K B U7 I PIK & A2 % g I T 5
FARA(4.5% vs 31.8%) AATIN R 55 T DA
FoR e e RN 1 3 B A= Ty 2R3, %4
ARATAT R PIK NP [ %E A1 5 I & E o
3.2 PIK B HZE

APBHE PR ILAK PIK RAZE | BH X
KAEFERE R ,72.7%(8/11) i #3& PIK KAETE
RJG 6 AW, X0l B AR i i 48 3 A 28U
WA ¢, Cammarata 59 A 4 ) 24 5206 R A A
FEJG B TE ARt UD BR OC 15 28 5G| s
] S5 i 3 PR AT J sk sk 7, i i A8 B¢
DX J il 2 3 F PJA BT 4350 35 83% F1 53% , i 3
B T RIS FI0 PIK )& 4% . Reames S50 R
Ji & A PIK 11 32 i A W % 8 3 R 47 2 34
A H BT R B, ARG Ham i PIK 1 kA
5 D) 25 R IL PR 2R AR R i A8 S DX ME AR T
FHGHFEWTRAFRH X 5AMRERE
P, ARAARE KA PIK 9 11 #1848 i 1 A
PIK HJREFE 6 AW, RT3 HIEHELAETE
ARJG 12~18 A~ H E.¥ 0 B WEHE R 1H M5 P 1 )5
M AR R L, A TR RS PIK W &
A R R AR T T O A Rl Y R TR i ] )
LRGN SE & T N

ARBFFTEE R B, B E N R B 1E >30° 0%
SRS-Schwab PUZ% B AR J5 & £ PIK (440 57 15 F5:
P2 8T A AN 31 151 g R A Bk TH P B P 1 5
"y W HE 47 SRS—Schwab DU 2% # B 57 & A J5 & B
SK i 36.4°83% & 5.6°, HIFIERCR 5 AR5 45
AL, A A S Y R R R i
PH AT E R SRR F N, AR AR sk Y
[ R 3T 0 T, AR T HE A2 L X B R 2 8K
PJK M EZ G R R 2 3, 1ok, 5 ™ T IE
F14) [ B A 2 X A A 1 5 A O R 1T - B A= 40 T
SRR —E R, A BRI R E
PR T i AC S DR AN, 3Nt N 3 v 5 S X
IR 11, Lee SFPAM RS IR R W] B HEHFIE R &5
S AR R A, RS G i s A X A
I R R K T IR ) AL S
K A BIREIR | S A8 S X I ) B BB A R
SR T - A AR M s A S R VR PR 2 3 PIK &

Az (1 EE AL

Zi BTk SRS-Schwab DU H ARG T B H:
M5 /05 R ARG PIK & A2 7T 6 32 24 vh e
RIg 6 AW, ZERLH 23.9%, J5 ™M g i
W AE R H ST fE R R, (EARBE TN A R A
BN, ATREXT R AR R s 55— 7 iH PIK
) % 1 R J e — A sh AR bt A 2 4R B U I A
fiE 5 4> B S W HAE SRS—-Schwab DU H AR 5
) % %, AN AR5 & AR PIK I A B D ok
REAT X AN TR 20 B A PIK PR AMEA T fE B R 28 40 7
KL, 57 22 o0 R BE D 5T
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