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[Abstract] Objectives: To analyze the clinical outcomes of asymmetrical pedicle subtraction osteotomy(APSO)
in ankylosing spondylitis(AS) patients with thoracolumbar kyphoscoliotic deformity and to compare its effect of
reconstructing sagittal balance with pedicle subtraction osteotomy(PSO). Methods: 55 patients with AS-related
thoracolumbar deformity underwent spinal osteotomy in our hospital between January 2016 and June 2019 and
were followed up for more than one year were analyzed retrospectively. PSO was performed in AS patients
with sagittal deformity only, and APSO was performed in patients with biplanar deformity. Radiological param-
eters including Cobb angle in the coronal plane, coronal balance distance(CBD), global kyphosis(GK), sagittal
vertical axis(SVA), pelvic tilt(PT), sacral slope(SS), lumbar lordosis(LL), osteotomized vertebral angle(OVA) and
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angle of fused segments(AFS) were measured on the standing full-spine anteroposterior X-rays preoperatively,
postoperatively, and at the final follow—up. Oswestry disability index(ODI) and visual analogue scale(VAS) were
filled in by the patients preoperatively and at the final follow—up. Results: Of the 55 patients, 20 received
APSO and 35 received PSO. The average follow—up period was 27.3+8.1 months(range, 12-48 months). In
APSO group, the Cobb angle was 18.9°+7.8°, 7.3°+3.6°, and 9.5°+4.4°, and CBD was 64.7+24.8mm, 26.7+
13.4mm, and 27.4+15.3mm respectively at preoperation, postoperation, and the final follow-up, which were
improved significantly at postoperation and final follow—up than those before operation (P<0.05), while no
significant differences were observed between postoperation and final follow—up(P>0.05). The preoperative, right
postoperative, and final follow—up SVA, GK, PT, LL, and SS were not significantly different between groups
(P>0.05); the SVA, GK, and PT at postoperation and final follow—up of each group were reduced significantly
than those before operation, respectively(P<0.05), and LL and SS were increased significantly(P<0.05); and the
corrections of SVA, GK, PT, LL, and SS in the two groups were similar(P>0.05). In addition, the ODI and
VAS score were also significantly improved at final follow—up than before operation(P<0.05); and there was no
significant difference between groups at same follow—up time point(P>0.05). Concerning the OVA and AFS, no
statistically significant differences were noted at the last follow—up respectively in APSO and PSO groups (P>
0.05). The

complications in the APSO group included 1 case of vertebral subluxation, 1 case of intraoperative dural tear,

But the OVA in APSO group was larger than that in PSO group significantly (P <0.05).
and 1 case of positional brachial palsy, while those in the PSO group included 2 cases of vertebral
subluxation and 1 case of positional brachial palsy. There was no significant difference in the incidence of
complications between the two groups(P=0.462). Conclusions: APSO and PSO have similar therapeutic effect
on sagittal deformity correction; APSO can reconstruct biplanar balance in AS patients with thoracolumbar
kyphosis and scoliosis.

[Key words] Thoracolumbar kyphoscoliotic deformity; Ankylosing spondylitis; Pedicle subtraction osteotomy;
Asymmetrical pedicle subtraction osteotomy; Comparative analysis
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Table 1 Comparison of clinical data between APSO
and PSO group

APSO4 (n=20)
APSO group

PSO4H (n=35)
PSO group

R () 37.5+9.0 37.4+10.9
Agel(y)
Bl 7 I 1) () o
Follow—up period(m) 23.5+8.7 29:5+6.97
P (155)
Sex(F/M) 0120 3730
A 8.9+1.0 94215
Fusion levels
[ A=A
Osteotomy level

7 0 !

T12 0 1

L1 6 11

12 12 18

13 2 4

(D5 APSO 41 [t #E P<0.05
Note: DCompared with APSO group, P<0.05

T N2 BRI PSO 41 3 i) R B 2 Bl o 0
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oy WHE S5 3G ORI IEME R R, RBURE T
yfie bt O SR | i — 20 5% ) A 3 JOT A0,
R AS [BE R ZHCH gl 5w kg, (R4S
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Toyone “FSSR F APSO %7 1E 11 1] 3R 7% P 4 ffi 4
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% 12°,CBD H1 3em HFIE £ lem, FRTHTE S WA
FNA U E o BCF TP 1) A 8 AN AT D
AR T PR A B T T PG BN R
o T | BEAIAE 56 ) 2 00 KR I R AR %, BRI, %
T AS i AR U 5 o I £ TR A
MOV T, R B 2R AT APSO % 1F 16 )
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Table 2 Radiographic parameters and clinical outcomes of APSO and PSO groups

APSO4] (n=20)

PSO4L (n=35)

APSO group PSO group
AR ARG KU BBV ENil] ARG R UKCBE VI
Preoperative Postoperative Final follow—up Preoperative Postoperative Final follow—up
AR FAF (mm) SVA 164.4£75.8 61.2+45.7% 59.1+£50.3 140.3+58.4 47.8+45.7Y 49.0+47.1
AHHJFMA () GK 68.8+19.2 54.4+13.3% 57.6+11.9 73.3+14.0 57.4+13.0" 58.5+11.4
JEEAfERT ™M A8 (°) LL 8.2+14.7 -42.6+10.27 -40.3£9.0 9.7+24.8 -43.3+11.87 -41.6+11.5
A (°) PT 40.6+8.3 22.8+7.9% 28.7+9.0 37.4x11.5 21.3+8.7% 25.19.9
HEH A A (0) SS 4.3+10.0 21.1+6.6% 17.5+7.2 9.9+10.0 22.9+6.9% 20.8+6.5
SEE R T - (mm) CBD 64.7+24.8 26.7+13.4% 27.4£15.3 — — —
Cobbffi (°) Cobb angle 18.9+7.8 7.3+3.67 9.5+4.4 — — —
B (°) OVA — 33.2+7.0 33.2+6.7 — 23.7+8.9 23.6+9.1
flG B (°) AFS — 10.2+9.3 10.9+8.4 — 15.1+10.0 14.3+9.9
Oswestry D) REFEAFFE 4L ODI 20.3x14.1 — 10.6+9.9% 15.1£9.6 — 7.6+6.6%
IR 4> VAS 4.3£3.0 — 2.3+2.27 5.4+2.4 — 1.9+1.87

D5 ARHT L P<0.05
Note: (DCompared with preoperation, P<0.05
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Ty B etk MURBEAR IR B SO RIS SR B AS T A o e E  Xu 22050 47 37 431
R AE S AR T | LRI INIF A AE ) A A= 0 AS IR ME 5 ™ W I 2095 B PSO R 5 R AR T =

2 BEY 324 AS WaEHEM S Y a ARET SVA 4 161mm,GK 2y 64°,LL Jy 16°,PT 2y 46°,SS H-5° b A Hi i
AR Cobb ff 2 19°,CBD 24 100.1mm ¢ 17 12 APSO.T10-L5 [ % K5 SVA 24 42mm,GK & 30°,LL 5-39°,PT 2 24°,
SS H17° d AJF AR Cobb /4 6°,CBD 24 32.7mm e AJ5 12 )] SVA 2 31mm,GK & 36°,LL 24-39°,PT Jy 28°,SS
Hy16° £ RS 12 4 H AR 18 Cobb £ 8°,CBD 24 18.3mm

Figure 2 A 32-year-old male patient with thoracolumbar kyphoscoliosis a Preoperative SVA, GK, LL, PT and SS was
161mm, 64°, 16°, 46° and -5° respectively b Preoperative Cobb angle and CBD was 19° and 100.lmm ¢ Postoperative
SVA, GK, LL, PT and SS was 42mm, 30°, -39°, 24° and 17° respectively after L2 APSO and T10-LS fixation d
Postoperative Cobb angle and CBD was 6° and 32.7mm e At 12-month follow—up, SVA, GK, LL, PT and SS was
31mm, 36°, -39°, 28° and 16° respectively f At 12-month follow—up, Cobb angle and CBD was 8° and 18.3mm
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3 BET 21 4 AS M MEAES MWE a AT SVA 05 237mm,GK 2 82°,LL 2 42°,PT Jy 49°,8S 4-9° b A fij 5t 4k
I JEJ A ¢ 47 L3 PSO.T11-S1 [l E ARJ5 SVA 24 54mm,GK b 36°,LL -23°,PT y 34°,8S Jy 11° d AJ kil 2k
Vit e ARJF 24 41 SVA 2 80mm,GK 7 54°,LL H-29°,PT 2 37°,SS 47 10° £ ARJ5 24 A H 5l AR 11473 6 2K ~F- i

Figure 3 A 21-year—old male patient with thoracolumbar kyphosis a Preoperative SVA, GK, LL, PT and SS was
237mm, 82°, 42°, 49° and -9° respectively b No coronal imbalance before operation ¢ Postoperative SVA, GK, LL, PT
and SS was 54mm, 36°, —23°, 34° and 11° respectively after L3 PSO and T11-S1 fixation d No coronal imbalance after
operation e At 24-month follow—up, SVA, GK, LL, PT and SS was 80mm, 54°, -29°, 37° and 10° respectively f At

24-month follow—up, there was still no coronal imbalance
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#3 APSO A PSO HEZ X NKE FEHM TR
Table 3 Comparison of clinical efficacies in recon-

structing sagittal balance between APSO and PSO group

APSO#H (n=20) PSO4 (n=35) PlE
APSO group PSO group P value

ASVA 103.2+60.4 92.5+48.9 0.476
AGK 14.4+14.2 15.9+11.2 0.648
ALL 50.8+19.6 53.0£27.3 0.748
APT 17.8+7.1 16.1+9.3 0.473
ASS 16.9+7.7 13.0+8.1 0.092

T A S ARHET LB BB SVA, 52 R - s GK, A4 4 f5
M L REAREHT ™ A8 5 PT, B R B0RE A SS ik IR A

Note:  Aimprovement in comparison with the preoperative
value; SVA, sagittal vertical axis; GK, global kyphosis; LL,

lumbar lordosis; PT, pelvic tilt; SS, sacral slope

H,SVA %7 IE 13.2em, PT S ¥5F IE 12.4°, 1L
X0 IE 41° ) BIR- AEPE BRI 00T B PSO
IGYT 10 B AS Mo EAHE S M I  SVA V- 215k
1E 19.4em, GK V%7 IE 41.8°, LL V- ¥ %7 1E 86°,
AT A58 PSO 4R J5 MK 11 2503415 2 A
RO IE (P<0.05) o U6 B B4 BE RO Be PSO 4 m]
JFFIE AS By REME)R i, (A% 58 PSO X LUST IE
SR T W | DAY i 28 552 W s R U7 %8

APSO J& £ 48 PSO KK, 51%45 PSO
ANTA], APSO TE 80 I A0 AE A 25 BR 19 4 B B 2
MM AT 7E A5 5 38 B BCF U8R 0 H 4
MER# B AR (vertebral column resection,VCR)
A TR PR S O B R IE, {H 5 APSO AH
Fe, VCR MR I A GE P 240100 A R 8
FARE A XA W HORZOR W H, i T
3R A APSO #IA RS2 VCR 1Y A &0 1007
%o AHE T AT 7 5k X #CE (Smith —Petersen
osteotomy, SPO) , ] & M2 JE # (closing wedge
osteotomy , CWO ) AL LLFRAS B K5 P87 1E , i
AT LAREAIR SPO 518 1 Hi A 9017 F0 32 3 ik 44 22
RO . 229 Bz T 5 VIR AR A PSO P
T W AEAN TR B 55 AR HTX A R X697 AS T
PHEEIE 48t T IRYT AS M A S i R T AL
AL H 2295 Be 2 65 R “VIE B GE H T8
REAMER] B0 ] S e | AR B AR R A AR e
A, HAR A DI A T A S AR 2 AS R
HHATHIE TR R A, B R HR P R
B, 7 28 57 98 <V 7 IE B B I R B A R AR v
M T IR S RlG O [R] BOE T BRI, St 22 56

VI BUE T 32 R 1T AR B ORI ER
B ME T SR T, I A A7 0 VR A RIS g 3
PN A WSO R Gl RS SR NI PR NI S
M) AS M BEHED 5 ™ R B APSO R S A
PR EAR S,

AS g REEAFE A0 J5 o™ W T AN [) - Al A A 0 s
MBI, AS A BB Z S, R EIA BRI
il 25 7Y £ E — A R Rl 0 A T Btk AT AR
2 RUOR BT AT TR A B T R R B,
B PR AR HE IO R TOUME S0 RIE TOUME X 47 8
o TUHEDHERCE PCHTE T TiHE X A R, 2 T
HEAT R 45 AR [R] s ] LS 3R e R R B 1 5 I,
AW e 5 A Y IR TOUAE () e AN B AR
) O AL [ A AR RS TR A AL
FIOPERRAS P9 2R ORISR IF 252k 1 XU
N, Park 5PV ] Surgimap 24X 18 4]
AS BF AT AR AT, & A 5B AR J5 KR
WS A RER ., FIE AR ATEH Surgimap
AR AL A 1 2o A U AR A

ARG, APSO I KAE K AR 15%, 1
HH R AR i A7 PR A i AR T Rk, BT AS
M o O Al APSO B IE IR
Z A TR BT A AE — PR 1 5, AR b b 2 43
TR WIFRAEZ — . HA 5 A B2 APSO
et A DX B 2 4 A W B S [m) X i T
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B =FM B ARG CIB i & £ X O A R RGE
Xu ZEPR ] = A 8E TR0 9T 130 696 K M e
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