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[Abstract] Objectives: To determine the intra— and inter—observer reliabilities of global alignment and pro-
portion(GAP) score in predicting the mechanical complications after correction surgery of adult spinal deformi-

ties(ASD). Methods: A total of 98 ASD patients undergone correction surgery between December 2014 and
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December 2016 with at least 2 years follow—up were retrospectively reviewed, including 31 male and 67 fe-

male subjects that aged 38.8+8.6(20-71) years on average. Patients’ age were documented and radiographic

parameters including PI, SS, LI, LLL and GT were independently measured twice by 3 spine surgeons on
postoperative lateral full-spine X-rays to determine the GAP scores and classifications. Patients were classified
into 3 groups: proportion group with GAP scores between 0-2, moderate disproportion group with GAP scores
between 3-6, severe disproportion group with GAP scores between 7-13.  All mechanical complications in-
cluding implant-related failures, PJK/PJF and DJK/DJF were documented. The intra— and inter—observer relia-
bilities were analyzed and the incidence of mechanical complications between the 3 groups was compared
with Chi-square tests. The visual analogue scale(VAS), Oswestry disability index(ODI) and the MOS item short
form health survey(SF-36) were compared among three groups. Results: Of all 588(98x3x2) measurements of
GAP scores obtained, 192(32.7%) measurements were classified into the proportion group, 250(42.5%) into the
and 146 (24.8%)

were 0.765 for inter—observer and 0.822 for intra—observer reliabilities.

moderate disproportion group, into the severe disproportion group. The Kappa coefficients
A total of 15 patients were identified
and the incidences were 9.1%(3/33), 14.6%(6/41) and

moderate disproportion group and severe disproportion group,

to have mechanical complications during follow—up,
25.0%(6/24) for proportion group,
((=2.74, P=0.254). At pre—operation, the VAS(P=0.668), ODI(P=0.167), SF-36 PCS(P=0.896) and SF-36 MCS
(P=0.211) were not significantly different between the 3 groups. During the last follow up, the ODI(P=0.038)

respectively

and SF-36 PCS(P=0.020) were significantly different between groups, no statistically significant difference was
found in terms of VAS(P=0.729) and SF-36 MCS(P=0.277). Conclusions: The GAP scores have good to ex-
cellent intra— and inter—observer reliabilities in ASD patients undergoing correction surgery. The GAP scores
are unable to predict the occurrence of mechanical complications during follow—up.
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WMABEFHEIE (adult spinal deformity, ASD)
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R A A R B 5 A DR ST IR YT LA
3 ASD /B G B e T AN IE , AR AT
S )" H W IR S8 E —AT RGBT
G BHE N E FARRI T IZ AT, AR et
SE BT A SRR i AT, Yilgor S5
BT ASD B H AW SR AL — B IR T S 85
HIXHEH T GAP (global alignment and propor-
tion)PE43 . GAP PE43 1 i o £t B A A+ -3 4
R TE S B F 9 ST < BAR " 9 ROIRTIE 25
RAE ASD BEFHEA G RRIEE S A
M- 0O TR S 1 22 i 5, JFss & 8
AR LAVE Al A TR BE U7 v P [ g R 0
Uity 28 SR JE 1™ /25 W (proximal  junctional kyphosis/
failure , PJK/PIF) | 32 5 58 5Pk J5 /2% T (distal
junctional kyphosis/failure , DJK/DJF) 2§ J1 2% %
AE AT REYE . SR, PN H AT JCOC T GAP B4
(s RAIESE A WFFE AR BT GAP PF37E K [H ASD

NHEFR R FH AR 45 B F ] B2 M JF 0 GAP
IrTE ASD BB E ARG 128 51 KORE O o i ml R

1 #ERERE
1.1 skt

[l B 43 M 2014 4F 12 A ~2016 4F 12 A 1]
] T B sk i2 19 ASD & MG R 92k 98 fi] , I
Sk 31 B, otk 67 1, - B4R IS 38.8+8.6 &
(20~71 %), A 4% 3B 728 1 A AL O 5 0 29
(29.6%) SE R FEMS ™ 28 41 (28.6% ) ik
PEF AN 19 61 (19.4% ) A5 )5 B AL JE ™ 9 4
(92%) A 2 PR A AE ™ 9 41 (9.2% ) ARTT IR
e Je I TR 2 ) (2.0%) JZR G AR RS ALY 2 5
(2.0%)., WA EHEF, 17 Smith—Petersen K
(Smith—Peterson osteotomy,SP0O)31 i (31.7% ),
ZHES R B E A (pedicle subtraction osteotomy,
PS0)9 #1](9.2%) , &= HHE B K (vertebral column
resection, VCR)7 B (7.1% ). 548, 4 19 #i
(19.4% ) & T ToUME X Bl X T B A 4
AR o AUFTERA BBAASIRZ: 5T 23
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& LLF &> —151 . (DCobb £ =20°, @5 MK Ifi I B
(sagittal vertical axis,SVA)=5cm, O Al £
(pelvic tilt,PT) =25°, @ i HE J5 1™ ff1 (thoracic
kyphosis, TK) =60°; (3) J5 B il & =4 1~ 17 B (4)
WET5 =2 4%, HEBRARIE : (1) BRTEA HAL AT AR
S5 (2) BTl R SR S TR 4
1.2 Bda i fnjicdE

O SRR F RTINS A AEAR
Ja s ST AL EAEMA X R B (1) BEA
1 (pelvic incidence,PI), &R I S1 | 24z
MAEZ S S1 E &b 5 PR Sk b EL N
R LR ] e AR (2) BREHBEARE A (sacral slope,
SS),S1 b2t 5K P L Z 18] i e ffy 5 A if o™
(lumbar lordosis,LL),S1 W& M5 L1 W& M 1E
SR B desa; NIEMERT™M A (lower lumber
lordosis, LLL),S1 FZ4R 5 14 b2 R -
(I 5 KT B AR (global i, GT) , R AT
S1 5 C7 b LR A ST R AR b o 5 PR
Kb LR R L A YIS . GAP P34 A1
XF SR T WL 1,

(12

R Yilgor 54 ) 9 1H 55 J7 5 GAP ¥4
HALFE 5 DS AR L 1,

P BB AR R R 3 B ER TR
AR T 528 2% 2 5000 1 08 5 A SR 15 I 3 S50 76 F il
L A#H Surgimap (3£ [ , Version 2.2.15.4) 1 5% 2
W2 WINE Z [ Eba2y 2 A, Lk 3 2840 e
B 2 2843 At A B 323 Yilgor %85C T GAP PF
SR, I AE ST I bR 4 0 BE ALY 10 4]
ASD 8 ARG 5 AR 18 S A A FEMAL AT T
GAP PF43 157 I B AZ W R A |, 28 T MR AT 4 A
JRINA 3 ABEL%4R T GAP P4 it5 . Ll b
FH A% S 0955 191 9 R AS 453 355 76 AS BIF 9% 4 A RE AR
o, B3 44 B IS AR 2% I i 45 R0 T a1
GAP -4y,

5 NSHAT I Z RN R i 2 GAP W53 . AR
I 25 FOF BT A R 2 PR 40 . GAP 343 0~2
I3 R GAP PE4Y 3~6 20 P E A
DAL . GAP PE4> 7~13 4334,
1.3 R 3F ke

AT A G T2 95 K AL 4 - (1) Y[
JE R, AL B ET TR R AL B 45 5 (2)PIK . RS

B 1 GAP A4 =55 a MIXE WA (relative pelvic version, RPV) : 8 5L brilll £ SS 5 AR SS (925 (A, Horp 3
18 SS=0.59xPI+9° b [EAE R ™ 2345 15 50 (lordosis distribution index, LDI) ;& LLL /i LL (4 oA A Fi 40 45 48 B0 1155
AR LDI=LLL/LLx100% ¢ H1XFBEHER ™ (relative lumbar lordosis, RLL) : 3§ 52 bRl £ LL 5 BEAE LL A9 22 {8, Horh B AR
LL=0.62xPI+9° d #H % 4 1 4 °F 5 (relative spinopelvic alignment, RSA), #§ S Fx il & GT S5 FIAR GT 9 25 , Horp ¥ AR

GT=0.48xPI+9°
Figure 1

The global alignment and proportion(GAP) score included four radiographic parameters a Relative pelvic ver-

sion(RPV): measured SS minus ideal SS, ideal SS=0.59xPI+9° b Lordosis distribution index(LDI): the value of LLL/LLx
100% c¢ Relative lumbar lordosis(RLL): measured LL minus ideal LL, ideal LL=0.62xPI+9° d Relative spinopelvic align-

ment(RSA): measured GT minus ideal GT
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| %ty 5 72 HE (upper instrumented vertebra, UIV) T
LN b i [ 7 ME T 9 575 2 D HEIR B 2 ] 2 £
FERE VT T3 AL 10°; (3)PIF: UIV 8 H T 3 4
LA A A B 4 L 9 0 =8 P9 [ BT 6 5 (4)DIKY
DJF: AR J5 T % [ % HE (lower instrumented verte-
bra, LIV) [ 245 5 H T —NHER T 2l Je /i 78 B
ViR AL 100, 50 LIV &b A [ E ST

1.4 RIS P ES)

W AR Pl A B8 3 R I B R IR BE U BE Oswestry
UIRERERHFE £ M % 2% (Oswestry disability index,
ODI) P9 ML 9 A5 483 43 (visual analogue scale,
VAS) il HE i 5 1§ % (the MOS item short form
health survey,SF-36)[R #4525 . SF-36 & &I
M TP B AR BRI RE AR FRLRE AKAR R LA
PR % ) A2 DI BE I R HR BE RIS Bl 4k Bl 4
INAYEREEE IR . Hi 4 DRSSO A BRI RE A
I35 4 AYEREIC SR O FRIRBE S Y T 1
100 43, 55318 R A AR B R
1.5 Bdegit 50

R FH SPSS(2E E , Version 1.0.0-3239) #k {1t
TGt o3 A o B s D & — BOPE A 56 43 A i
Kappa {2 F 7R 1, Kappa fH7F 0.41~0.60 FH—
HAEH— MRl fF (45 ),Kappa fHTE 0.61~0.80
R — B BEAR TS (R4 ), 78 0.81~1.00 3£
B — Bt oy 58 4 PR (B ) o DM A | S5 B3
AN AN PR 2 22 18] 0 R R AR R LSRR
DR S eI B0 O A a1 B A RN i
R UL P<0.05 R 28 5 A BT A R L

2 #R
3 AWM HILIEAT T 588 K (98x3x2) W IT

Ao WA PR IE 192(32.7%) K P AR E 4
250 (42.5% ) k™ HE A P E 2H 4L 146 (24.8%)
Ko WL%E 3 8] 34 Al 8 52 1 Kappa fH 4 0.765
(0.720~0.811) J& T “HARF" (£ 2), WEHN
S 0] {5 B Kappa {4 0.822(0.812~0.828) & F
“ERAMET(E3),

P AT A Y Bl T R 34.4+9.3 A~ 1 3
HdL 15 6 (15.3% ) & KA 1200 R0 & N
I 5E Wi 5 61 (8.2%) .PJK 9 1] (9.2%) M2ETHA 3
11 (1.0%) , BRJE 2E | o 4 B 8 48 R0 ™ B DA
Hor MM A 33(33.7%) 41(41.8% ) F1 24(24.5%)
5 I RE R A5 5 9.1% (3/33) (14.6%
(6/41)F1 25.0%(6/24) , KR4 R os 3 HZ
]I R R AR TC R 2250 (=2.74,P=0.254) ,
2 RRE R AR T R P R UL B B 25 5 (0D
P=0.167;VAS:P=0.668 ;SF-36 ‘£ Bl I AEIF 4> . P=
0.896;SF-36 L IEIIHETE 43 : P=0.211) . RIKFhD;
& 3 ODI F SF-36 A& P 3y fig 2% 43 76 = 41 1] 77
TE2£ 5 (P<0.05) , 1 VAS I SF-36 .0 BL I 143
Ted ] 25 (P>0.05,% 4),

3 itie

H A, B AR SRR 5 38 3l A | SR IR T e I
) R4 IE S ASD FR 3 AR AR 0 AR I T
I MOEARI AR 5 71 28 1 RORE K A 261 B
K20 Schwab S22 H ASD 3 A S5 BEAR ) 2%
AR R % SVA <dem, PT<20°F1 PI-LL<
9°, A HFFEEM , Schwab 73 (1) 2 AR THI 45 5 AT LA
AT b S S AR S B A, I XIIRIT R R
FEH—ERFERY, Bl)S , Lafage %0458 H AN
[ 4E IS B B S B R WAFE 2L 5,

®1 GAPHHMERMITET %
Table 1 The component and calculation of the global alignment and proportion GAP score

RS AR oy BAERTC AR R B
LDI

S T AE i 5

WA AT 3 ) s

RPV Score Score RLL Score i /RSA Score Age(years) Score
<-15° 3 <40% 2 <-25° 3 >18° 3
<60 0
—15°~-7.1° 2 40%~49% 1 -25°~-14.1° 2 10.1°~18° 1
—7°~5° 0 50%~80% 0 —14°~11° 0 -7°~10° 0
=60 1
>5° 1 >80% 3 >11° 3 <-7° 1

TE 5 BUE AR Z RIS 2 GAP #1443 o Forb 0~2 4358 LR MM 3~7 4358 S P AR, 8~13 43y ™ AN H3 )

Note:  Patients are given a score, which are summarized as the total GAP score. The GAP score from 0 to 2 was defined as

proportioned, from 3 to 7 as moderately disproportioned and from 8 to 13 as severely disproportioned
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7 R A P A 09 87 08 Sng A B T80 0 R 5 PJK
G RRE W R A o — 7 T, BRAE SCERHGE 1
FE— 1 # O T E S TE IE# AR IR E e R 1
AR GO Chong ZFUSHR HXF T PI A4 30°~35° 400~
50°F1 55°~60° 1 F 7, AR 1) d5 A i ™ 43
S5 F PI4+10°  PI+5° 1 PI+0° At 3 0 {8 e B sk X6}
T H] —4E W5 BE 0 H 3, Schwab 40 789 % A b AR
AR F8 FEAE—E FFRYE, Soroceano S5 —
I Z O g g ) BVEESR A Schwab 43 7 i
WL BAs, ARG AR e IT & & A 22450 fig
ik 31.7%, 2017 4F Yilgor 845 H | BE A A 55 XF
PRUNRE NN EVE S T BuN cATIE B ke
(R, 1T FHARL A B A SR T S B0 RN Y 5 AH
KR, HIE Yilgor Z 3 FiZ B AR T
GAP P43, I GAP PF43 ] LU AP Ak s PEAh
s FER RIS EE,

R £E AF 58 P2 3 Schwab 43 789 fit 0 ¢ 2 [ 7]
{5 Kappa {H0 0.73, WEL#F N 0] 82 7% Kappa

K2 GAPEALSURFESE—-BHHE ()
Table 2 Inter—observer reproducibility of the GAP

categories
MEEH 1-2 WEEH -3 MR 1-3
Observer 1-2  Observer 2-3 Observer 1-3
Y
l;mﬁ .o 2 28 27
roportion group
AR PR 4
Moderate 35 36 39
disproportiongroup
JEE AP A
Severe disproportion 21 19 20
group
A1 Total 80 83 86
Kappa 0.720 0.764 0.811

54 0.83, 433l $i 7 N “FEA BT {5 " 58 el {57
AT XT GAP P4 I A [RI AR R B0 T« He AR
A " WL 5E 4 18] AT {5 E (Kappa {H=0.765) F1“5¢
A AE " Mg N ] 1 5 M (Kappa {H=0.822) .
EHAZREY,ASD B H AR AT IEMEE X GAP
W BA R JU X TAT L1 e L4 HEfR
HE B fEAT LD A RLL I ) | Yk B 52
M Z AR B FI T, ATRE S n BRI IR2E . o)
Ah, BT GAP W T 5 R B 4, 76 I IR 5 ik
1 Schwab 43 AT 2 B Jonn 5 46 i 508 6 AL O vk
I GAP P43 W BT 38 & AR F R IR T
HAET, &F GAP 43X F ASD & ARG T
SR KR A TRIN 7 T, BRAE AT T RGE 4518 AR
AAIA] . Jacobs ZFRU[RIEU: 23 #1139 ] ASD f8
R A8 Wil 1 235 RN Lo S B RS REE =4,
WAL & 4 F AR TR A9 GAP ¥4 45 5% Ve kK I AE
RAT GAP P AHLIAE LT, 1IE# AR5 GAP
PE43 B AR BB 41 (P<0.01) Fl #1541 (P=0.05)

x3 GAPESUBANRMRKSEA-BBIE ()
Table 3 Intra—observer reproducibility of the GAP

categories
MEEH 1 W H 2 MEEH 3
Observer 1 Observer 2 Observer 3
i 4
DAL 2 29 30
roportion group
AR P 2
Moderate disproportion 38 36 38
group
J TN B R 2
Severe disproportion 24 22 19
group
Kappa 0.812 0.828 0.826

x4 RAMBELEBFRETHER

Table 4 Health—-related quality of life of patients in scores before operation

SF-36 4= FLI) fig £ 53 SF-36 /L FLYI g & 53

oDl VAS SF-36 PCS SF-36 MCS
AHI AU AHI K UBE AR KB ENil] R VT
Preoperative Final follow up  Preoperative Final follow up  Preoperative Final follow up  Preoperative Final follow up

E}lﬁ]gﬂ 38.6+12.8 16.1+10.9 43+2.1 1.6+1.1 35.9+13.9 54.7£17.9 37.1+14.6 54.7+17.9
roportion group

R B L

Moderate 39.5+10.7 19.2+10.1 4.9+1.8 1.6£1.0 37.5+16.2 49.2+18.8 40.4+18.5 49.2+18.8
disproportion group

J N P IR 2

Severe 42.9+14.0 24.2+13.9 4.7+2.2 1.8«1.1 36.8+13.9 40.5+21.1 42.1+19.0 40.5+£21.1
disproportion group

P{H 0.167 0.038 0.668 0.729 0.896 0.020 0.211 0.277

P value

14 : 0D, Oswestry JJ & B 548 £ ; VAS, Y590 P 50 BT 43 SF-36 , {1 i) A ff 32
Note: ODI, Oswestry disability index; VAS, visual analogue scale; SF-36, the MOS item short form health survey
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HA%, TEHEIEICIAA GAP P4l LA ASD M
HARJG T2E I RAER) KA Bari SEPHE — T4 5
149 5] ASD f3 1 1ol B 23 B v, & 3 GAP 1143
EEE SRl 8N R N ) 8 Gl s 0% N 71 1 £
BE KA I RE I H AR 53 90 R 45.0% (18/
40),50.0% (32/64) F1 51.1% (23/45) , H & # K5
W GAP WP A8 RS RIG I RIEM EAEZ
) B A B AR Sk (P=0.39) , % T X — &5 1 %45
FHINHA G RO TE IR 12430 R e &
AERME—fER N, JfE— PR A2 S I
JHE BT B b AT 1 5 ) A 0 RRE 1 R AR A e
WIS RIS I R N 1) S e | D= N ST
ASD B3 1% 9F KAE W Kk AR BN 9.1% |
14.6% 1 25.0% , % Bari 2522 ] Yilgor %58 47 i
() S e A R, HL = 4l IR) 7 2 0 R i &
FRIFLG T 22 5 B FH R BR Bari 2R AR A
fals RS, 8 TR B e gy 2t 2 52 w8
B EI R R AR E BN E MR Y
S HEECH R ASD B R G R 1O R &
BRERHEZ— P59 mEAME T, 316 4
(16.3%) 8 H 4T = A #H AR (PSO & VCR), H 19
1 (19.4% ) F8 5 W H T THUHE DX sl i X T A e 4
AR, AR A (8 = A A ) B3z g P ) T A
AR JE A 5T o ASD B )2 0F R RE kAR
AHXTRAR B P R SR R 22— 53 4h A iR 3
B v AR N B A - B RR I S S RN R
NHE AR AN BE G AR i 3 22 R 3 ] e &
T BCHLAEANE FE ot J1 25 9 BE BN BCRAS
JR R 22— PR T R SE A3 19 GAP W43
BE X T E BT IE

RS PEAL T GAP PF437F ASD & RJG T
= I & TR v R o o R R RE M, 25 SR R
GAP PEA 45 3 5 ASD B ARG 123+ R IER)
RAERTTW WA, (HAB A A AN R Z 4.
(1) ABIFFE A 5 101 BSORE X A /0 | o AN A2 AT 4
WAl GAP W4 > F S8R Bl g 77, LA K GAP
W43 5 A [A) 25 RO & 0E 22 (8] /) A G 1 5 (2)GAP
Vo 5RHFE AR M A, KI5
Ji S 58 E— RS 5 (3) X AN [ R 2% Bk
A FARITRIEIF I ASD B # |, GAP P43 Tl Y
HEBA 2 5 A 22 T A A Fr i — 2B 9 R FEARDE

%
o]

4 it

25 F TR GAP P4y B RGF 0 WL 35 (8] Fl
NREEE N ) AT A B el B2 0% (0 ASD BB AR5
12591 RAE W & A RS GAP PE 4 I 45 00 B 3%
KB, BRI, I R 5 B GAP 34 ME 47 & 1E Al
E— 20 B UEJ5 A RE FH T 3R B B A R B
W IE AR G 1298 K AE A F
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