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[Abstract] Objectives: The current study aimed to investigate the effect of pelvic incidence and lumbar lor-

dosis mismatch (PI-LL) on sagittal imbalance of ankylosing spondylitis (AS) following corrective osteotomy.
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Methods: 85 AS patients(75 men, 10 women) who underwent modified pedicle subtraction osteotomy(PSO) be-
tween January 2010 and October 2019 were enrolled in this study,
(20-67 years).

postoperative (3—4 weeks after surgery) and final follow—up radiographic parameters were measured, including

with an average age of 37.1+8.8 years

63 underwent one-level osteotomy, and 22 underwent two—level osteotomy. The preoperative,
pelvic incidence(Pl), pelvic tilt(PT), sacral slope(SS), lumbar lordosis(LL), PI-LL, osteotomized vertebral angle
(OVA), and sagittal vertical axis(SVA). The function of limbs and health-related quality of life before opera-
tion and at the final follow—up were evaluated using Scoliosis Research Society—22(SRS-22) patient question-
naire and Oswestry disability index(ODI). At the final follow—up, SVA>5c¢m was regarded as spinal imbalance,
and PT>25° was considered pelvic imbalance. Correlations between postoperative PI-LL and final follow—up
Threshold of PI-LL was figured out using

curve and maximum Youden index to obtain the optimal postoperative

SVA and PT were analyzed using Pearson correlation coefficient.
receiver operating characteristic (ROC)
PI-LL. Patients were divided into two groups by whether meeting the optimal postoperative PI-LL, and effects
of different postoperative PI-LL on spino-pelvis sagittal alignment at the final follow—up were compared and
evaluated. Subsequently, linear regression was used to evaluate the relationship between lumbar OVA and PI-
Results: 85 AS patients were followed up for 30.8+6.3
months(24-84 months). The final follow—up LL(-31.6°), PT(31.8°), SS(15.5°), PI-LL(16.7°) and SVA(8.6cm)
were improved significantly(P<0.05); and the final follow—up ODI(23.45%) and SRS-22 score(3.91) were better
than those before surgery(P<0.05). Postoperative PI-LL positively correlated with the final follow—up SVA and
PT (r=0.525 and 0.659 respectively, P<0.01).
the optimal threshold of postoperative PI-LL was 12.8°; while, calculated with PT, it was 10.5°. Postoperative

LL correction to figure out the regression equation.

Calculated with SVA using ROC and maximum Youden index,
PI-LL of <10.5° met the needs for preventing both spinal and pelvic imbalance. Patients with postoperative
PI-LL=<10.5° had better PT(25.4° vs 36.6°), LL(-40.8° vs -24.1°), PI-LL(4.0° vs 26.2°) and SVA(5.6cm vs
10.9cm) than those with postoperative PI-LL>10.5°, and significantly deceased the rate of spinal (36.1% vs
75.5%) and pelvic(38.9% vs 85.7%) imbalance at the final follow—up(P<0.05). Lumbar OVA highly correlated
with PI-LL correction(r=0.707, P<0.001), and the equation was Lumbar OVA=17.1240.62%x(PI-LL correction),
adjusted R?=50.1%. Conclusions: Postoperative PI-LL strongly correlated with final follow—up SVA and PT in
AS patients after kyphosis correction. Reconstructing postoperative PI-LL <10.5° could achieve better spino—
pelvis sagittal alignment for AS kyphosis, and decrease the risk of spinal and pelvic imbalance in mid- to
long—term follow—up.
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0.05)., PIZH OVA ML, HAR 5 A 41 PT PL.SS,
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A 41 PT.PI.LL PI-LL 1 SVA /N T B 40 (P<

£ 1 REXBKESH . ODI 1 SRS-22 4 M T
Table 1 Changes of radiographic parameters, ODI

and SRS-22 score after surgery

AT ANIG AR B T

Preoperative Postoperative  Final follow—up
AL T A C°) 532219 -33.6£17.70  -31.6:17.77
Lumbar lordosis
Sl A o .
Ha R A () 383113 2831947  31.8+10.17
Pelvic tilt
JEL 4 ¥ °
LS () 48.5:132  483+119  482+12.0
Pelvic incidence
EABARC) 1054125 201+1167  155+12.6"
Sacral slope
PLI-LL(°) 529+21.9 1421557  16.7:16.47
SVA (cm) 225:9.1 9.0+5.77 8.6+5.77
OVA(®) — 457:197  44.9+207
SRS-22(4%) 2.72:0.62 — 3.91£0.497
0DI(%) 39.88+20.20 — 23.45:13.957

D5 AR BT L P<0.05;SVA, 4 W I 4K F 45 8 ; OVA , i
£ ;SRS=22, A H:M™N BF 58 24 £ =22 [ 45 ;0DI, Oswestry JJ i
LG

Note: Comparing with preoperation, P<0.05; SVA, sagittal ver
tical axis; OVA, osteotomized vertebral angle; SRS-22, Scol

iosis Research Society—22; ODI, Oswestry disability index

®2 ARBEPI-LL 5RXBEHEEEZSHHMEX
ek
Table 2 Correlation between postoperative PI-LL

and final follow—up spinopelvic parameters

X ZE(r) Pl
Coefficient P value
LL 0.649 <0.001
PT 0.659 <0.001
PI 0.262 0.051
SS -0.221 0.095
SVA 0.525 <0.001

%* 3 AREPI-LL 8 ROC #iT &R
Table 3 Results of ROC analysis for postoperative

PI-LL
L+ SVA T PT

Based on SVA Based on PT
ERNEA
The area under the curve 0.764 0.794
P v i 15
Standard error 0.064 0.054
pontt 0.001 <0.001

ignificance

95%FI 3 KX 2 0.638~0.890 0.689~0.899

95% confidence interval
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Figure 1 The ROC curve analysis results of postoperative PI-LL based on SVA and PT at follow—up a With the

follow—up SVA as state variable b With the follow—up PT as state variable
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x4 TRAREPI-LL BERGSHNIERTINESR
Table 4 Differences of radiographic and clinical

outcomes with different postoperative Pl-LLs

A4l (n=36) B4l (n=49) P

Group A Group B P value
PT(°)
A Tiii/Preoperative 34.4+9.3 41.3+11.8 0.005
A J5i [Postoperative 21.9+7.1 33.0+8.0 <0.001
R i /Final follow—up 25.4+6.6 36.6+9.7 <0.001
$ % % K ICorrection loss 3.5+4.5 3.1£5.8 0.803
PI(?)
A i /Preoperative 44.9+£14.0  51.3%12.0 0.028
AR Ji [Postoperative 45.2£12.6 50.7£10.9 0.038
AU K Vi/Final follow—up ~— 45.4+11.9 50.3+11.8 0.045
8 % 2 /Correction loss 0.5+7.1 0.6+4.0 0.951
SS(°)
A Hi/Preoperative 10.7+12.2 10.0+£12.7 0.816
AR5 [Postoperative 23.3+11.9 17.5£10.8 0.023
AR KK Vi/Final follow—up — 17.7+13.7 13.7£11.5 0.243
7 I % K ICorrection loss 5.449.1 3.48+5.8 0.343
LL(°)
A i /Preoperative -2.2+20.2 10.5+£21.8 0.008

-44.6+16.2 -26.05+13.8  <0.001
-40.8+£15.8 -24.1x15.6  <0.001

AR5 /Postoperative
KK Vi /Follow—up

B % % [Correction loss 3.7+8.2 1.627. 7 0.316
PI-LL(°)

A Hif/Preoperative 42.9+20.6  60.4£19.9 <0.001

A5 [Postoperative 0.6+7.4 244+11.7  <0.001

AR KW Vi/Final follow—up 4.0£7.9 26.2+14.6  <0.001

B E % % /Correction loss 2.3+5.4 1.2+8.1 0.582
SVA (em)

AR Hif/Preoperative 19.8+9.2 24.4+8.5 0.023

A J5 /Postoperative 5.8+4.6 11.3+£5.2 <0.001

KUK Vi /Final follow—up 5.6£3.6 10.9+£5.9 <0.001

B IE % % /Correction loss 0.8+4.3 0.7+4.5 0.958
OVA(®) 42.7+19.4  47.0+19.6 0.316

AW KE ODL(%) 24.98+12.19 22.92+14.85  0.607

SRS-22 j.43/Total score 3.89+0.46  3.92+0.51 0.821
YK /Pain 3.90+0.68  3.89+0.75 0.946
Yy fig/Function 3.51+0.55  3.35+0.67 0.394
J¥4:/Appearance 3.81+0.70  3.90+0.62 0.649
/> #/Mental health 3.88+0.69  4.03+0.81 0.506

4.36+0.59  4.46+0.60 0.580

1 &5 J /Satisfaction

PP 8% (%)
Incidence of pelvie 38.89 85.71 <0.001

imbalance

R4 (%)
Incidence of spinal 36.11 75.51 <0.001

imbalance
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BEAh, X 500K T 26 A 45 7™ o R S 1 IR
ECC R AS BB R RE EEOR BURUT B R
I, 52370 40 1F 2% WK T W O 17 [ o R AT
(Y IEHE T ™, VKA AT B 25 D RC 2224 {H Huang
DS S X GK<94° ,SVA<18.0cm 1 LL<

18°1) AS fB 473 I 2R FH 47 BEECE BB KRR IR
AR A B A e R B AR

AW TR R BR Z AL DL H #8 PI-LL #£47 TR
PRI, T2 SR X 10 B AR AR B L O T
HREIEH 09 AS [ . X T 5 TOUMEA T i M 1)

2 HET 42 % AS FEiNmE 4 JF T12/L1 Andersson
T a RETEH KM 7R . 4 AR S O i 5
I T12/L1 Andersson ‘BT, # H & %6 &R & A, AT
PI-LL=43.3°,PT=43.3°,SVA=14.3cm b T T12/L1 17 # &
VSiPI% NE I 551 ok < S = 2 e S NS eI I (E R < s = e
fic BE T A HAR, RS PI-LL=20.1°(>10.5°),PT=18.7°,
SVA=8.lem ¢ BV 24 DA [ BHIBRCR T Tk KK
A INTE, PI-LL=41.0°,PT=35.6°(>25°),SVA=11.4cm (>
S5em) B3 HEY 46 ASJRNEE a AR A4
KA 7 o AT B FEHE S ™ W A B A 5 bR T 2k A
AT PI-LL=18.7°,PT=28.2°,SVA=10.1cm b 17 L3 # & &
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10.5°),PT=22.8°,SVA=1.7cm ¢ K8V 33 A, HHH &
%R TP A 4 R R 4P, PI-LL=-1.2° ,PT=24.6° (<25°),
SVA=1.8c¢m(<5¢m)

Figure 2 A 42-year—old man suffered from ankylosing spondylitis with Andersson lesion at T12/L1 a Preoperative

radiograph showed a severe thoracolumbar kyphosis with Andersson lesion at T12/L1, spinopelvic sagittal imbalance, and
PI-LL=43.3°, PT=43.3°, and SVA=143cm b The osteotomy was performed at TI12/L1,
partially and the sagittal alignment was restored to some extent, while it still didn’t meet the standard; the postoperative
PI-LL=20.1°(>10.5°), PT=18.7°, SVA=8.1cm ¢ At the follow—up of 24 months, the correction loss occurred and sagittal
imbalance aggravated; PI-LL=41.0°, PT=35.6°(>25°), SVA=11.4cm(>5cm) Figure 3 A 46-year—old man suffered from

ankylosing spondylitis a Preoperative radiograph showed a severe thoracolumbar kyphosis with sagittal imbalance, and the

the kyphosis was corrected

preoperative parameters were PI-LL=18.7°, PT=28.2°, SVA=10.lcm b The osteotomy was performed at L3, the sagittal
alignment was restored properly; the postoperative parameters were PI-LL=-9.8°(<10.5°), PT=22.8°, SVA=1.7cm ¢ At the
follow—up of 33 months, the correction and sagittal balance were maintained well, and the follow—up parameters were

PI-LL=-1.2°, PT=24.6°(<25°), SVA=1.8cm(<5cm)
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Figure 4 Relationship between lumbar OVA and PI-LL
correction. The linear regression equation: lumbar OVA=
17.1240.62x (PI-LL correction), with adjusted R*=0.501
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