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[FE] B BT E A H R (ankylosing spondylitis, AS) M I #E J5 ™ B I 28 M =5 AR AE R B E R (pedicle
subtraction osteotomy, PSO) AR 5 HLA I % JiE 5 GAP(global alignment and proportion) P43 (4 #H 5 4 | 3F 73 #r &
fal N ZE , Ak BB 2010 45 1 H ~2019 4F 6 H AR BEAT S5 B PSO H Bl U7 fE 3 2 4R 19 AS Ji I 4 J5
WY B L FEOR AT AR R S A A B R, X 2R L SR P (sagittal vertical axis,SVA) B 7% 5
ffi (pelvic incidence,Pl) (k& & ff1 (sacral slope,SS) JMEHE T ™ £ (lumbar lordosis,LL) . T HEHEHT ™ £ (lower
lumbar lordosis, LLL) & (& i &} (global tilt,GT), 15 GAP ¥4, R4 B EH CAP W44 3 41 &k mth 8 41
(GAP P43 0~2 43 ) P& AR UMRH (GAP P43 3~6 43) JUH A HRA L (GAP W43 7~13 41) i s BV i b &
A B RUBR I A& IE | 6095 T O 28 Ak R /I (proximal junctional kyphosis/failure , PJK/PJF) M g A8 A JE T R
I (distal junctional kyphosis/failure , DJK/DJF) BEE | HE R R AL 22 18] WL 3 KRE R &k AR R Al S HRE AR RS 1k
SR A B R o AL B %5 (bone mineral density, BMD) | B {4 5 5 45 4% (body mass index,BMI)  # & 7k
IR R A Z K ER Logistic 117341 AS 84 PSO AJFHUMIF ZAE B fE R R R 48 R ILA0A 163 il ifk
FHoh B 145 6], 2otk 18 1, AFE#E 35.8+10.0 % (17~63 %), RJG i 38.6+16.9 1~ J (24~96 4~ 1 ) ,26 il k&
AU RE e s 16 41, PIK 10 4. SR I B 4 S8 AN B IR 20 ™ 3 AS B 98 A BLAROT e K A 324
S8 19.2%(5/26) \16.1%(9/56) Fil 14.8%(12/81) , =M Z M I G 1124 25 5 (v*=0.287,P=0.866) . F. K Z /3 #r 4%
W], 7 (P=0.036) Fl BMI(P<0.001) 5 AR J5 ML T & AE 1 & A G . 2 IR Logistic [MIF 43 B &5 R R, 5%
(P=0.046)F1 BMI(P<0.001) ) AS JFEHEJ5 ™ W5 IE 2B & PSO A Je AL & E W ST fE B 3R O 8518 AS Ji B A
Je I RHE B PSO AR S MU A B & AR S S GAP W4 JC B AR DG | 5 45 8 F1 BMI A AH Gk
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Correlations of the mechanical complications following pedicle subtraction osteotomy in ankylosing
spondylitis related—thoracolumbar kyphosis with global alignment and proportion score and analysis of
its risk factors/SONG Chenyu, QIAN Bangping, QIU Yong, et al//Chinese Journal of Spine and Spinal
Cord, 2023, 33(2): 97-103

[Abstract] Objectives: To investigate the correlations between the mechanical complications after pedicle
subtraction osteotomy(PSO) in ankylosing spondylitis(AS) patients with thoracolumbar kyphosis and global align-
ment and proportion(GAP) score and analyze the risk factors for such mechanical complications. Methods: AS
patients with thoracolumbar kyphosis who underwent single—level PSO between January 2010 and June 2019
and were followed up for 2 years and above were analyzed retrospectively. Radiographic parameters including
sagittal vertical axis(SVA), pelvic incidence(Pl), sacral slope(SS), lumbar lordosis(LL), lower lumbar lordosis
(LLL), and global tilt(GT) were measured on lateral full-spine X-rays preoperatively and postoperatively to cal-

culate the GAP score. The patients were divided into 3 groups: proportion group(GAP score 0-2), moderate
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disproportion group (GAP score 3-6), and severe disproportion group (GAP score 7-13). All the mechanical
complications during follow—up were documented including proximal junctional kyphosis/failure(PJK/PJF), distal

junctional kyphosis/failure (DJK/DJF),

were compared between the 3 groups. The age, gender, fusion levels, classification of kyphosis, bone mineral

and rod fracture, and the incidences of the mechanical complications
density(BMD), body mass index(BMI), and the level of osteotomy were also collected. Univariate analysis and
multivariate logistic regression analysis were used to determine the risk factors for mechanical complications in
AS patients following PSO. Results: 163 patients were included, including 145 males and 18 females, with a
mean age of 35.8+10.0 years(range, 17 to 63 years) and the follow—up period was 38.6+16.9 months. A total
of 26 patients had mechanical complications during follow—up containing rod fracture (n=16) and PJK (n=10).
The incidences were 19.2%(5/26), 16.1%(9/56) and 14.8%(12/81) in proportion group, moderate disproportion
group and severe disproportion group, respectively( x*=0.287, P=0.866). Univariate analysis showed that age(P=
0.036) and BMI(P<0.001) were associated with postoperative mechanical complications. Multivariate logistic re-
gression analysis showed that age(P=0.046) and BMI(P<0.001) were the independent risk factor for mechanical
complications in AS patients with thoracolumbar kyphosis following PSO. Conclusions: The mechanical
complications following PSO in AS patients with thoracolumbar kyphosis have no obvious correlations with
GAP score, while they were correlated with age and BMIL.

[Key words] Ankylosing spondylitis; Thoracolumbar kyphosis; Global alignment and proportion; Pedicle sub-
traction osteotomy; Mechanical complication
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i 1 PE A A 9% (ankylosing spondylitis, AS) /&
— PP E R LCE AR R RIEE SN, TR
A RE B FIARE ] OC 1 1Y B AL, Bl G AAE F 5
B AR AW IR R A A S R 23 B i R,
19 AS BB AR JOIR T Y R P T S O A
R o RS TR A 7 R i R R TP S
BH, ZHES MRS E AR (pedicle subtraction
osteotomy , PSO ) 7& — i A &L 916 97 J7 X7, PSO
SRR R 2 3 I R T AL, BB AR TR TR ROR S
BUBEOIF AT , A i | 30T 3 28 574 I o™/ 2K UL (proxc-
imal junctional kyphosis/failure,PJK/PJF) [ it Yty
28 S JE ™ /28 1 (distal junctional kyphosis/fail-
ure, DJK/DJF) 5, BETEBFFE R, AS 3% PSO R
Je TR A PIK ) AR 8.9% A1 8.3%1%, #5 FE
W JE 5 HE A S5 LB S 1) & A AU B 28 5 | kS
A HESNREEE AR B e B E A, B B R e
(adult spinal deformity,ASD), Yilgor %" H T
GAP (global alignment and proportion) 3 43 LA 4§
SFEREFH-TFERRMWEL, GAP PP HET
1EH AR AR I AL - 2R AR S BU0E X T
SR B AU A |l AR S ASD AR
JEIEB 2RI RS, A5 B A ET T T
ASD BB ARJF AT ZAE B9 AR B 3 {5 GAP I
G35 AT LAUESR T AS i AR F5 o i AR K

B AR Y E AR G BB S e 1 A R DL ATl
ABIESE (B 73 B A7 505 BE PSO 1) AS i EAfEJ=
I A R8I R RS AR 2 BB 3835 GAP 37>
TETIN AS i FEAFE S o™ Wy JE 5 T2 AR Jis AL A
R AT

1 #MEFRE
1.1 — Rt

[l B P 43 #2010 4 1 H ~2019 4F 6 H 7E &
BedTH T B PSO HLRf DT 2 4E 1Y AS i BEHE f5
IR B . IARRIE: (DR =18 %5 (2) %2
BT BE PSO; (3) ARRTE AL LT —1i . D
Cobb 1 =20°, @& #ZMAA (pelvic tilt,PT)=
259, (DK AR 1 - 17 (sagittal vertical axis,SVA)=
50mm, @FIHET ™A (thoracic kyphosis, TK) =
60°, HEBRBRIE . (1) BREA BT AL ) A HH
BT 5 (3) BT B I R B AR 2 R A 4
1.2 Kl ) i Rl AR

G 2F R R Y 38 03 Surgimap 3K A4 (Version ;
1.1.2.293) 7EARHGHUAR J5 3 57 AL 2 M A X 26
A b A4S . (1) R T S i (sagittal vertical
axis,SVA),C7 Hy 2 2 MR & 5 b2 Z 18] /Y 3 B
PR IEEACER C7 BB E MR S L&y,
AR CT7 LI Mg 5 &5 (2)H
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AT (pelvic incidence,PI) , W B 3k o0 i
Arh S ST EAMR T i EL S S1 &R
Z MBI £ (3) MEMERT ™ A (lumbar lordosis,
LL),L1 EZH0f S1 _E 2z mpyde fl, IEfEAR
Fa i, AUEACER AT 5 (4) T BEHERT ™ A (lower
lumber lordosis, LLL), 1[4 #HxF1 S1 &M=z
6] f Je Ay, IEAEAR R o, SUEARR AT Y 5 (5) Ak
A (sacral slope,SS),S1 b ZH FlK -4k =2
] 1 J& £ 5 (6) 3 AR i & (global tilt,GT) , P B
S L U ST EZRh R iEL S ST 1
L b SR CT D R Z A R I A Il sk R
FEh A B A 4 B0 E %8 B (bone mineral
density, BMD) | B 1A Ji & 48 %4 (body mass index,
BMI) A A K-

ARJG GAP W43 4% 5218 4 2 50 i 1353007
ELE 1, B GT=0.48xPI-15°, HAH SS=0.59x
PI+9°, A LL=0.62xPI+29°;GAP W43 A 5 4~iF
WAGER , VRS R iE W ZE 1, GAP B3 0 AH X 8 235 fil
b AR B HE T T EEHE BT 23 A e ER A X AT
AR A 5 TR bRit o Z 1 GAP 73 0~2
O3 R AR DR, 3~6 73 SO R AN PRI, T~13
G3R  E AN PR AR B R A =

P (GAP P43 0~2 43 ) ; S AN P 4 (GAP
53 3~6 41 ) s AN ML (GAP W5 7~13 43).
1.3 ARJFHLIT KAE

NG AU AIE LA « (1) P T 5 BT 22
KW g5 (2)PIK/PIY, Bl 5 2k 78 v fe b o [&] 5 HE
(upper instrumented vertebra, UTV )5 3T b AH 408
55 2 A MEDR B LRI A B R T 100, 5 ULV,
UIV+1 MEUR 37 38 I ol P [ % i ¢ 5 (3) DK/
DJF, BB{7id 2 W & T i [ 2 HE (lowest instru-
mented vertebra, LIV) | Z&H 5 H i v AH AR 55 1
ASHER T 2t e /i B T 100, 5 LIV &b 4 [
SE I
1.4 itk

Bl 43 B 481 SPSS 26.0 A, N HECA ¢
0 L BOE SE S R AEAR AT AR S5 122 5, BT
X R HE AR S5 HLBBOT &0 & AR R AR B R 20
LR T E N R 2 R 22 S, ]
Logistic [#1 U1 17 26 (5 22 71 [ 22 4 47 R U5 BLBK
FRIEM KR ZE . P<0.05 HAGITH=ER,

2 #R
g A 163 4l /& Bl 24~96 4~ H (38.6+

(19

B 1 GAP /RS 50 A0 a A B &304 (relative pelvic version, RPV) . SEF5 SS L HEAH SS (92518 b #
Sof BEHMERT ™ (relative lumbar lordosis, RLL) ; SZFr LL 5 3AE LL (92218 ¢ FEHMERT ™ 20 75 45 2 (lordosis distribution index,
LDL) . WA ™ A 5 WA A f 00 LU d AR AT B 4 745 (relative spinopelvic alignment, RSA) : 55 B 8% {4 {4
(global tilt,GT) 5 #AH GT 2 1A

Figure 1 Measurement and calculation of the radiographic parameters of global alignment and proportion(GAP) score a

Relative pelvic version(RPV): measured SS minus ideal SS b Relative lumbar lordosis(RLL): measured LL minus ideal LL
¢ Lordosis distribution index(LDI): LLL divided by LL multiplied by 100 d Relative spinopelvic alignment(RSA): mea-

sured GT minus ideal GT
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16.9 ™~ H),26 i (16.0% ) & # H BLALW I & IE ,
HoA i 16 41(9.8%) ,PIK 10 1 (6.1%) ., i
A PR AL AN B R AL S BN A 26 B
(16.0%) .56 19l (34.4%) .81 19l (49.6% ) H ¥ , K5
BUBRIT K i 1) & A2 55550 19.2% (5/26) 16.1%

R 1 GAPITEHSRITEAEN
Table 1 The calculation of GAP score

%43 Score

ARXS B AR RPV
<-15°
-15°~-7.1°
-7°~5°
>5°

ARXS BEMERT Y RLL
<-25°
-25°~-14.1°

—_ O N W

—-14°~11°
>11°
JEEHERT ™ 23 A5 4 %0 LDI
<40%
40%~49%
50%~80%
>80%
AHX AL F 72T RSA
>18°
10.1°~18°
-7°~10°
<-7°
I Age
<60 %
=60 %

w o = N W O N W

_ O = W

(9/56)F1 14.8%(12/81) , TEXF HUIR I % 5 HE 47 T3
MR ARG GAP ¥4y, RIrREm 4R R, =
HAARFEIIF RIEM EER TR EHEZR (=
0.287,P=0.866) ,
B EARAT SVA N 154.8+59.2mm, Pl Jy 46.3°
+9.9° SS N 8.5°+8.9° | LL & 5.3°+20.0° ,LLL &
10.5°+21.7° ,GT N 56.3°+14.9°; K J5 SVA K
46.3+41.9mm, Pl }y 42.4°+9.4° SS g 21.9°+7.4°,
LL 4 —44.7°+11.2° ,LLL & -17.2°£10.9° ,GT &
24.7°£11.3°, FoXf ¢ K304 R 8o AS J5 ik e &
HAEL T B PSO B2 AR J5 SVA [SS.LL.LLL,
GT ¥7] LA 24 8000 (P<0.001) . 99 i B 7
T 12 K ,36 Bl T L1 K ,22 filfi F L3 K
s Rl AT BN 8.8+1.3 1 BMD T {H N-0.8+1.4;
e AR, T R o f), T &Y 129 4], TS 23 441, IV
2 5], PR R T A R R AR (P=0.036) Al
BMI (P<0.001) 5 A J5 ALK I % 9E 1 & A %
A& ,RPV \RLL . LDI . RSA il &5 15 Bt . BMD | Ji
M43 GAP W43 M SVA %7 IE R 5K J5 U &
it 1) & A2 1T Bk 3 A DG ME (P>0.05) (% 2), £ I
& Logistic [0 4> Hr 45 2B | 4288 (P=0.046) F1
BMI(P<0.001)K AS JBEHE 5 ™ B 835 PSO R
Je WA I A RE ST fE e TR R (36 3)
3 iFig

P AS #1ASD B, RERRIEER R
U555 1E FUAR 5 AR 338 B DL R 5 MU 0 1Y &
A B W OCHE UM S U RAF R I R AL,
Schwab % 15 SA &y ASD # % & 8t by i IV 1% N

R2 MHHALERKRERARZSN

Table 2 Single

factor analysis of risk factors for mechanical complications

BfE Wald & PlE Exp(B) A 95% ] 1% X 1]
B value Wald P value Exp(B) value 95%Cl

AAXTH A A RPV 0.029 0.886 0.347 1.029 0.969-1.093
AEA TEHERTI™ RLL 0.027 2.071 0.150 1.027 0.990-1.065
JEEAE Fi o™ 23 A1 46 8 LDI -0.803 0.509 0.476 0.448 0.049-4.074
AR HE A RSA -0.030 1.505 0.220 0.970 0.925-1.018
FiY Age -0.051 4.399 0.036 0.950 0.906-0.997
il & B Fusion levels -0.017 0.010 0.919 0.983 0.711-1.359
BR TS E Body mass index(BMI) 0.194 15.332 <0.001 1.214 1.102-1.338
‘B %% Bone mineral density(BMD) 0.230 1.204 0.273 1.259 0.834-1.900
JG M43 Classification of kyphosis 0.025 0.003 0.954 1.026 0.432-2.435
GAPIF4r GAP score -0.045 0.457 0.499 0.956 0.840-1.088
SVA#FIEZ Correction rate of SVA -0.290 0.333 0.564 0.748 0.280-2.003
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Table 3 Multivariate analysis of risk factors for mechanical complications

BfH WaldfH Pl Exp (B) & 95% A {7 X [a]
B value Wald P value Exp(B) value 95%CI
B 14 B4R 4L BMI 0.190 14.486 <0.001 1.209 1.097-1.334
RS Age -0.050 3.993 0.046 0.951 0.906-0.999
#HX Constant —4.647 9.183 0.002 0.010 —

SVA<Sem,PT<25°#1 PI-LL<9°; {HJ& Soroceano
LGolgE — 31 Z2 rp IS R R B, B 3K #1) Schwab
SEUSEE Y (BRI H AR, ASD HE R JE MUMOT &
() %t R AT AT 5 3K 31.7%, NI, Yilgor Z5107E
2017 A4 T GAP Wy, DISRIA B 4748 &
ASD BE B -FARRmEL, BIARFIFE
$iE 1 H 1

GAP V43 %t ASD A J5 LK IF: % JiE 15 00 1) o
AT 75 FIME L Jacobs 260706 39 i) ASD 41
R IEH AURALEOT K AEAL, MU & E 41 o L4y
J AR WG AR BE A, o3 B 17 491 12 6FD 10
Bl i, KRR 3 A EBE N GAP -4 JC B % 1 2
S ORIFIEE A MAREAH BIEAMHE L, GAP I
43 ¥4 8 2 VAR (P<0.001 #1 P=0.005) , #i5 LA
GAP P74 A A 2 ASD 3 A5 ML &4
Baum Z5ESI7E— I X 67 151 F & 1) [l 514 F 9% 48
4% IR GAP PP bR it | £ A WLOT & E & 2E
RAKK A 19.0% .30.3% .39.1%, H =HzZ kA4
REF G2 X (P=0.19) , l LA K, GAP 3T
43 F1ASD A S MU & TCAH P ARBFFE
12 RN S N S 1 R -2 ) S R NSO IR B
SER RN 19.2% 16.1% 14.8% ,AS B E A
J& MUK IT & AE 1 & A2 8 8E Baum 55 4 5 111K, B
SHNMIT R AE ) R ARG AR . AU
o, S RE R R R U R B AR A AR
ANATRE R =R BEORA A 06, AS %5 ASD
BEM L, ARJEHIOIE KR AE 1) & A 28R I
o AS B S YR AR AT LU N ] 45 T R A7
MIVEFS 1, BT B 1k T LA R AT AR (A BTy R 4
PEET IR KA DT HE 55 B A 19 ) A R M R AIE
PJK FlBT# (1) A& Az 08191

MG GAP P43 Jo ik HERA AL AS S E
ARG LB A RE BB R 2 (1) AS i JEE A J o i
TEARE B IE I B A2 K F D RE , s AL,
G o TS BRI LA Rt B R A2 TR, SR T3k
FLRIFEN, AFRGMARAESEERE

FEE, BT ASD JE ML R AS i REAE 5 T
BB A A 20 R R T AR ML A A — 2 1
225, UL AS B R R B AR DL S B
2FSHOR ASD A AN, Huang 552945 H X AS
BHERATE PSO RJF, HAKREIEA N PT<
24° SSA>108°, TPA<22°,SPA>152°, AS F1 ASD
ARG AR T B b5 19K W AT RE & 580 GAP 1F
Gy TN AS B R JE HUA I AE B R R 2
— o )BT E AR -E 2 S
BOMAE AR . SR AR A WA
GAP W5 XF BRI ARER th i, B -E a3
B AN [ AT BE = AR WIS GAP 143 JC ik 1
B A 55— B A, (3)AS 3 LT BE PSO Y #
BV R A TR FE ARG T 99 151 8 B
7 F 12 K36 B4 T L1 K-F,22 filf T L3
IKAF AN AT A M 23 R S LL A I o 7 A 1R 22
H W GAP ¥4 RLL A1 LDI PiA4~48 b, B
LN P 25 TR 77 A 5

B A G VIO & E EZaHE . s A
Je i AR AR P R R I R, AR F
FEHAS B HE 5 o™ R R R BE PSO RS
BUBOT &3 R PIK BT . PIK AU A4 5
R A R PR RE A L A EE R B BEER T 5 |k
Je A HEA T N A A A I R IR T R
i) £ 2 A A 9 R ASD B IE R PIK A9 % A
BRI A G, DR 2 g i RR A ) 55 UL TR R
] 45 % A2 AR AR 0T R ASD AN TR B[R 40 B 4%
FW L TE GAP Wor 45 PP 48 b KR /2 AS &
R ARG MU KAE 1 fE K &K . Brophy 4R
AR, AS FBE B A A 0B AR AR Y S A G
IS B B A B AN e 4, ROfi s T 3L
ARG K& A WU I A i KBS 78X U P 248 191 [m] Jot 43
Br T 133 5] AS B A J5 ™ T R, R BT
BUNEY SVA HI PJA B3 AR 5 PIK 19 & A2 JL
R IR P [T 2 LA e i LS AR 2 % HE T
B AT T 45 R A A DA R SRS R 2
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AS A BRIV A A
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BRI B A S kA

WA | L35 FH 40 e R b DX S o B A K O
fE ASD H HEBEFT PIK BB AR S5 B2 1Y &4

EE R TPSIE

AW 6] ASD — 2, = BMI &

AS BB AR HUBOT AT 5976 B N R 3 Al fE -5 E

JHE B 1A R R A [ S 5 R 2

HERAI ML F1

K,

Wy JE 05 1E AR SR LA - e 9 e A 2 —

TN AR R A —E W RR M. (1) B
OETIFO Ul

2,2 AEF DT M A RER BT AS AR5 BT & IE 1Y &

o (2) RAEEMRE AS 195K TH 2 HOd 7. GAP

J?"E’J{P‘EIEM

g5 L ik ,GAP W Y45 R 5 AS i 2 HE J5

I PSO ARG HLHOF S & A R W R &
I My BMI 5 AS i JEAE J5 ™ i B 395 12 AR i AL
PRI AR I A A ARG o LI i R L 75 X GAP 3

syttt

TAEIE AT AS J REARE 5 o e A B I R S

PUBIH A AE A A A2
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