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[Abstract] Objectives: To explore the risk factors of adjacent segment disease(ASD) after posterior [4/5 fu-
sion. Methods: A total of 26 patients who underwent revision surgery for ASD after posterior 14/5 fusion in
our hospital between September 2012 and September 2021 were retrospectively analyzed and included in the
ASD group. Another 52 patients were matched in 1:2 as the control group by gender, age at surgery, surgical
segment, and follow—up time from those patients who underwent posterior lumbar fusion during the same peri-
od and without ASD at the final follow—up. The imaging data before operation, at postoperative 3d and final
follow—up were collected of both groups of patients, and parameters were measured on lateral lumbar X-ray
films such as lumbar lordosis(LL), segmental lordosis(SL), sacral slope(SS), and the relative height of the inter-
vertebral space at 1.3/4, 14/5, and L5/S1. Disc degeneration in the adjacent segments of the fused one was

assessed using the Pfirrmann classification on the first preoperative MRI images. Preoperative baseline data,
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lumbar sagittal alignment parameters at preoperation, postoperative 3d and final follow—up, and relative correc-
tion values of initial postoperative/preoperative lumbar sagittal parameters were compared between the two
groups, and parameters with significant difference were incorporated in multivariate logistic regression analysis.
The optimal predictive thresholds for ASD of the independent risk factors were determined by receiver operat-
ing characteristic(ROC) curves. Results: There was no significant difference between the ASD group and the
control group in the first preoperative diagnosis, preoperative Pfirrmann grading of adjacent segmental discs, or
comorbidities(P>0.05). The patients in the ASD group received a second surgery 5.4+2.3 years after the initial
operation, and the fusion segments of the second surgery were L3/4 in 16 patients and L5/S1 in 10 patients.
The preoperative SL, SS, and relative height of L3/4, 14/5 and L5/S1 intervertebral space between the two
groups were of no significant difference, respectively(P>0.05). The patients in the ASD group had significantly
both SL and LL

At the final follow—up,

smaller preoperative LL than those in the control group (P=0.031). After the initial fusion,
were significantly smaller in the ASD group than those in the control group (P<0.05).
both SL and LL were significantly smaller in the ASD group than those in the control group (P<0.001); also,
the relative height of 1.3/4 intervertebral space was significantly smaller in the ASD group (P=0.002). When
comparing the relative correction values of the parameters of the initial surgery between the two groups, the
relative difference in SL(rASL) was significantly smaller in the ASD group than in the control group(P<0.001),
while the relative difference in LL(rALL), 14/5 relative difference in disc height(r ADH), 1.3/4 r ADH, and
L5/S1 rADH were not significantly different between the two groups(P>0.05). In the multiple regression anal-
ysis of the occurrence of ASD, a smaller initial postoperative/preoperative rASL was an independent risk fac-
tor(OR=0.031, 95%CI 0.005-0.209). The ROC curve suggested an area under curve(AUC) of 0.731 (95%CI
0.615-0.848) for rASL. The best predictor of the occurrence of ASD for rASL threshold was -10.5%. Con-
clusions: Inadequate local curvature correction during posterior 14/5 fusion may lead to long—term loss of ad-
jacent segment height, which is an independent risk factor for the development of ASD after fusion.

[Key words] Lumbar fusion surgery; Adjacent segment disease; Segmental lordosis; Relative height of inter-
vertebral space
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Figure 1 Measurement methods of lumbar lordosis angle,
segmental angle, ad relative intervertebral space height.
The relative height of intervertebral space expressed as
(a+b)/2¢c: a, the distance between the anterior edge of the
inferior endplate of the superior vertebral body and the
anterior edge of the superior endplate of the lower verte-
bral body; b, the distance between the posterior edge of
the inferior endplate of the superior vertebral body and
the posterior edge of the superior endplate of the lower
vertebral body; ¢, the distance between the anterior edge
of the superior and inferior endplates of the superior ver-

tebral body
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FTZRTFAR, HAss T ARG 7B 1L3/4 16
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2.2 JEMESRARALSEL
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HARF LL /N XA (P=0.031), PH4LAR
Y SL.SS \L4/5 HE [ B AT &5 B 1.3/4 A 1] B AH
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(P>0.05), #IUK@hA ARG ,ASD 4189 SL #l LL ¥

£1 BARE—RAN

Table 1 General information

ASDIL (= AHAL = gy
ASD g)roup Control )gmup P value

H£51 (n) Gender 1.000

B Male 12 24

4Pk Female 14 28
Efjﬁ?ﬁgr; 627693  63.1486 0850

% — 2 W7 (n) Diagnosis 0.262

A A Stenosis 16 2

B s 5

Spondylolisthesis

BN g 5 .

Lumbar disc herniation
AR 13/4 HE] £ Plirrmann’s 584 (n) 0346
Preop L3/4 disc Pfirrmann’s grading

I 1 2

I} 2 9

1 10 27

% 1 12

% 2 2
AR L5/S1 1‘1“:"@& Pfirrmann’s ﬁj\g_i(n) 0425
Preop L5/S1 disc Pfirrmann's grading

I 1 3

1 5 11

1 4 17

% 15 19

v 1 2
FERIEENR (n) Comorbidities

i PRI Diabetes 5 7 0.521

{4 Il £ Hypertension 5 14 0.580

WK 5 Smoking 9 13 0.429

1K 2 Drinking 6 9 0.555

BE/NTXIA (P<0.05), KKFEVIHT,ASD 241
SL Al LL 2 ¥/ F X B8 4 (P<0.001) ; ASD 41 1%
1.3/4 HE 6] B AH X 5 B 35 M/ T XTI AL (P=
0.002),
2.3 VIR G IEME AR S 808 (E

PR 2 S8 DR S5 WA S R A 2 8505 TE(H
3, MWARE SRS B E RS ASD 4«
ASL 41 8 3 /N F X B4 (P<0.001) . T4 2
] r ALL.L4/5 rADH L3/4 rADH L5/S1 rADH
¥ W M2 (P>0.05)
24  ZoohlE5Hr

DL ASD Ay PR A% o8 (9 % 1 R AR T R 5 I HE
%ﬂﬂziﬁgﬁtﬁﬁﬁﬁ*ﬁ?ﬂi{ﬁqﬂﬁ%ﬁ 25
1B B AR R T N 438, S5 R 03K 4, BU/INRA)

x2 BEHIREISHLER
Table 2 Comparison of lumbar sagittal parameters

ASD# (n= X B4 (n=
26) 52) PH
ASD group Control group

P value

Preop parameters
LL(°) 34.9+11.6  42.0+16.5 0.031
SL(°) 16.3+6.1 16.8+6.8 0.738
SS(°) 35.7+9.4 37.3£7.9 0.435

LA/5 i [ BSURF X 155 B2 (%)

T4/5 Disc height 36.8+8.4 35.8+7.1 0.577
L3/4 Ak 1] B A AS 25 1E (%)
1:3/4 Disc height 38.8+8.6 36.1+7.7 0.162
L5/S1 Ak 1] BURH X 3 B2 (%)
15/31 Disc height 36.4+8.5 34.3+8.4 0.293
Postop parameters
LL(°) 45.7£3.7 48.6+6.8 0.047
SL(°) 15.1£3.9 18.9+3.5 0.044
SS(°) 37.0£9.1 37.9+7.8 0.634
LA/5 i (5] BUAR RS 25 152 (%)
14/5 Disc height 40.6+8.2 42.5+6.2 0.219
1.3/4 Hi: 5] B AR XS 5 B2 (%)
13/4 Disc height 38.8+7.6 38.0+4.0 0.592
L5/ST Al [i] B A 55 122 (%)
I5/S1 Disc height - 36.2+4.7 35.7+5.2 0.719
ERV VT
Final follow—up parameters
1LL(°) 39.2+4.0 42.8+4.1 <0.001
SL(°) 13.3+2.5 19.6+6.0 <0.001
SS(°) 37.7+8.4 38.4+7.4 0.423
LA/5 HE 5] BRAR T 25 B (%)
T4/5 Disc height - 36.4+7.7 39.2+5.7 0.071
L3/4 T B X 5 BE (%)
1.3/4 Disc height 30.7+2.4 33.8+4.5 0.002
L5/ST AfE [ B AH X =5 B (%) 30.6+3.5 31.6+6.1 0.401

L5/S1 Disc height
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WA G IAR AT ASL & % 4= ASD /Y 2t 57 5 B [H R
(OR=0.031,95% & {5 X [i] & 0.005~0.209), ROC
Hh £ A i 7s ,r ASL BB ZE T i A (area under
curve, AUC) N 0.731 (95% & 15 IX [d] 0.615 ~
0.848), 4 f &k N ER 52 1k 2 Ak B o KR r
ASL 1 S AT {H 2 -10.5% (& 2)

3 Wig

H M Hibbs"™Hl Albee™F 1911 4F 7 K % 18
ARG AR LR MR G FARE AW 2, H
T EL R I6 Y7 IEME SR A 5 2y 202 — 09 SR,
T il £ T AR AS AT s G G ok 1 SRy YT BE A 3
JEE AR B N s, B ASD R A
WFFE I , e IEMERL A 5 4F 5, A 2 4%~31% 1 i
HHBELT ASDIT
3.1 ASD Wfal N &

MAMRMNEE A SGHE | ERERZESET
1B X530 ASD & AR BRI BEFE RS P R AT T
o, DU SR BCEE X PR 5 it BB ASD 9 kA
Maragkos SESXF 131 4] 14/5 @l & A J5 & 317
T Iml B BAARIEAY, & BRI A LAAM Y B e

R3 MRAREEEIRCSHFEE (%)
Thele 3 Correction values of lumbar sagittal
parameters after first fusion

ASD#H X Rl

(n=26)  (n=52) LM

ASD group  Control group i

LL 3111857 1602168 0653

SL 731257 1281642 <0001
LA/5 HE lia] B A X e i

R 104£23.0 1868214  0.124
1374 1 B A 0 5 1

V4 PLIRRMEL  13e177 49s188 0.107

LSSUMRIBUISRIE 13,931 384220 0.405

L5/S1 Disc height

®4 LLASD AEZEMZITOHFER
Thele 4 Multiple regression model for ASD as the

dependent variable

1 R ORI (95% % £ X< il ) Pl

Independent variable OR value(95% CI) P value
;’fj?pLﬁL 0.923(0.852~1.114) 0.056
]Z’ipr%L 0.951(0.829~1.232) 0.500
g;j;gL 0.794(0.617~1.022) 0.073
RIGIAH 1 ASL 0.031(0.005~0.209) <0.001

Postop/preop r/ASL

PEHR = ASD M9 fE B [, i g R R R
Michael SFUVEF X5 57 BOHT % Rl G R J5 ASD 1Y &
A DL HEATRIFSY R 3408 3 1 B ) B s He (R Al
VI ) A S A h B2 2 2 02 ASD #5221 1 5 1A
# . Chen S0 (i FH s Y [ 58 R G0 IR 7 A
P, ARJa ASD kA=A i 2 fE o R R A
T 5 40 07 5 BB 28 R B 6 € ; Rothenfluh 43P
P A -1 7 5K TH S EOR T L (PI-LL>10°) 9 A&
FHA ARG ASD RA KT E 10 15, RN
ASD 21 H o A% e BR JL LR R 1:2 % Fb 451 DE i
T 52 M R R X PR AL AR O TR S B
HESR AR HES S8 AT 1 A, KB ASD H iR
ARATH LL /NF X IEL] SL R, Mok AR
ASD 241 LL F1 SL /N FXFRRZH i — 20 X 91k
ARG 1R T A % TR AV 3 B3OAH % 65 1E (B E 47 X6 L
B A& B8, ASD 20 A9 r ASL B /NFXFRELH JEsE T
ASD A B F AR SRRt AR, ZHE
6] 543 25 S B r ASL J2& 14/5 @& R J5 ASD
EOF LA S 5 g
3.2 SL AT ARSF R 5

SL W T Rl Jey s 9 B iy ith B 8 1 F R S
FHEAFER DI, OfA ZWH5CIER T SL 7
JEHERL & T AR PB4 i . Takahashi 552 A58 UE
BT AE 432 L3~L5 P Beml & 1 B % v, ASL 8
KERGHEVIE A H A BB P2 (Japanese Or

1.0 - =
._I- .

=

=
i
Y

=
o
i

Sensitivity (TPR)
|
-

0.2
a
ALIC 0,73
CL 0 E15=0p48
0.0 % T T T T
0.0 0.2 04 06 0.8 1.0

1-Specificity (FPR)

2 RJG/RET SL AR AL AL AH #9532 18 AR AE i 2k
Figure 2 The receiver operating characteristic (ROC)

curve of postop/preop relative difference of SL
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thopaedic Association,JOA ) PE5 i 3 5 T ASLEK
##H ,HASL 5 ALL & 2 3 % 1E A ¢ ; Hong 251>
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WAR, H, ABFRMAT rASL X —S 5, 5
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BN v ASL = HEHERE G AR5 ASD & A= 1y 1k 57
fa B P Z v ASL X+ ASD & A= 1 5 4 1 0 (39 i
H-10.5% , FRUERE T X T HAZ RS T AR R
L AR B RN R 2SR J5 ASD & A 1 XL
W, ASBEFE Y ASD 215 % B AL AE 90 R i Rk
ARJG, FARNT BRI Be i HE ] B AR X & B A
PR 2R AR KBTS ASD 2 AR X %) R 241
2L TS 1 40 30 Y BeAE [R] B U0/ )N o 3t DA T
VLU T Jey B ith BE 2 IEARNAE, PT BB S I 4R 3 7 Bt
IR AR XA A BEAE AR W) 1 2 T 45 1« Akamaru
SN A Rl Y B /N BRI 23 S BOM B B
2 B 5 B Senteler SN A filE T B /N
(AR ™ 23 3G 4R 315 BE 29% 9 55 9] 77

2 LR FEF X ASD 41 A% IR0 40 YR i
AR S MEHE SR S B Lo, ASBEoe 42 i SL
FFIEAS AL S TA/5 fil AR5 ASD A B8 ST fE
I, IR 1T v ASL X ASD Y d5c A B0 199 (i1
N-10.5% , EABETE 1 77 16— 7 7 Jay BRAE - %
Pk 1, SL 1 95 1F 3N A7 AE — A I A 3 9
AW FE B 45 RALHR T R TP SLBFIERY “F
FR™ RBEH SLFFIER“ LR, Im K L2 R AT
SL o B 1E 17 0 AR 3 1 BOR AR A R
A, 22 BTN Roussouly 43 BYSBR AR 1E 0
HEMEIE 553 0 7 DU RS, B2 B X AN ] BEEME T 285 1Y
B SL A IE HAn 2w AR 7 X L ARA 1F
THORMEA S | HURA Y43 2H I R 58 ok i — 2
PR, LU 83 4R I o <AL iy SL % iE H
Fro S50, IR RS ASD 4 = WK I 58 #5214 %
BEHE I T AN MERE  FEAR R A R -
VS BMAFE L, HEAMRERT FARE
AR RIS 4y, HaE ok 2 P ER 1 H 534 15 2
T rASLAEREG ARJS ASD KA i) 52 AEH, 45
WHAESEZMNHE,
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