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ks AR € 2
AT B A Surgimap Spine 34 By X i+ BRH I 76 7
5% M AAE K R IRME S I W T 69 16 R 2L

koM Rk, BAM, Y B,KHT,HHEAE
(AR NRER WY ARERS SN 451100 H5HT7)

[FZE] B0 AR R HECF R GB 3 Surgimap Spine 5l B 1T 8% H 57 IR 16 97 58 114 B A 2 (ankylosing
spondylitis , AS ) I HEAHE 5 1™ W JE (Y I R YT 2% o 73 3% - UBTHE 430 BT 2019 48 1 H ~2021 4F 4 H T A N RERE
B 860 RHT 8O B R IR T AS M AR R TR 8 A 1 IR R BERE, 8 15 0, & 1 5 4R 19~46 % (32.7+8.1
). RECEER KM X 275 A Surgimap Spine # /W & ‘B %5 244 )8 i (chin-brow vertical angle,
CBVA) F1 5 MR - 5 B B (sagittal vertical axis,SVA)SE MR 2545 g 75 B 2B (pelvie tilt, PT) ik £ H#AH
B s 3 C7 MEAR 0 5 S1R LML, i 06 0 MR J7 5 0 ot C7 rhb e 4% R 1E 5, BER A
B o B R TN SVA=0mm I} 383 # J  BE H#CE T 2 AL SVA=50mm B 85 /8 B B0 A #0854 B
L CBVA=10°H1 20°H} FT 75 BT M v .8, HiMEZ RE S<MTMIE A<y WL BT A \<a; B RZ
2 BT ML N<Soo R BOE BRI AR SR TR RET RS 2 B BRI BE T I AR A A e R
X ZRAEMIAL 5, 2 I Fe 8 CBVA VB K5 ™ #fi (global kyphosis, GK) J&HE f5 ™ £ (thoracic kyphosis, TK)
Ji 182 ME J5 5 ffi (thoracolumbar kyphosis, TLK) . HEMEFT ™ /i (lumbar lordosis,LL) \PT. ‘& # A &t ffi (pelvic
incidence , PI) HE# f5#%} fff (sacral slope,SS) H % A S 1 (PL) 5 IEHERT ™ #1 (LL) Z 22 (PI-LL) \SVA %25, %
FH SRS-22 43 (Scoliosis Research Society—22 questionnaire) F1 Oswestry JJ fE i i 46 0 (Oswestry disability
index, ODD) WAl I PR IT 2, 1R I 40 3 F-ARAH G RAE NG I . 85 3R A T AR IIUR 58 1, 5 1) 18 35 5 1 S00AR: 54
ELL R 3 TR R 2 SVA AT CBVA 735K AR AR 3 28 460 BEAT AL . F AR I 1] 350~490min (420238.9min)
A I ik 900~1900ml (1366.5+337.3ml) . ARJFBEVT 6~24 D, 3F-4 12.6+5.6 M H . FARHE AJF 2 J8 L ARK
Wi 7 15 19 CBVA 435128 33.1°£13.1° ,8.2°43.8° . 10.5°+4.2°; GK 43 %1l 68.5°+28.4° . 35.4°+12.0° ,36.1°+10.6°;; TK
05 A 51.3°+17.3° 35.9°49.9° 35.7°+8.7° ; TLK 43 5124 31.5°+16.1° [ 15.2°+7.4° [ 14.5°+7.2°; LL 43l A -2.3°+
20.8°,-39.7°+12.9° . -37.8°+8.9° ; PT 43 il &7 36.5°+11.5°.23.2°49.1° . 25.4°+7.9°;SS 43 Jill 4 13.2°+8.8° .25.2°+
8.5°.26.2°+8.7° ; PI-LL 43 %Il & 37.3°+15.6° .8.3°+8.7° .10.5°+9.5° ;SVA 43 %I & 175.3+47.4mm ,38.2+10.2mm ,
44.2+11.3mm, RJ5 2 A BORRBEDT N 5 T AR HT LR A & Mk, 22 7 A it 8 L (P<0.05) . AHiT ARG
2 JA B AR BE DT ) PL{E A 48.2°413.3°.48.0°12.7° . 48.1°+12.3°, JC it 2 PEUAE (P>0.05) . AWK B 5 5 A9 ODI
Hl SRS-22 5 AR LB A B2 P k3 (P<0.05) o AR S5 /K92 S 2B 15 B8 0 2 W] 0 ks | R U B 17 s oA L 1 [l
SERND RS KR MR RS S . SRR AR ECT LR BE B Surgimap Spine Hi BB EUE G TT AS 1
LA o W T T AT W AT 280086

(SRR ] o PR AL 48 W A 5 ™ W I 5 801 97 JEZ 11 5 Surgimap Spine 014 5 97 8%
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Clinical effect of preoperative orthopedic design by Surgimap Spine in the treatment of thoracolumbar
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[Abstract] Objectives: To analyze the clinical effect of preoperative osteotomy and orthopedic design by

using Surgimap Spine software in the treatment of thoracolumbar kyphosis in ankylosing spondylitis (AS).
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Methods: The patients who underwent osteotomy and orthopedic correction for AS thoracolumbar kyphosis at
the Department of Spine and Spinal Cord Surgery, Henan Provincial People’s Hospital, from January 2019 to
April 2021, were retrospectively analyzed, which included 15 males and 1 female, aged 19-46 years(32.7+8.1
years). Before operation, a full-length spine lateral radiograph was imported to the Surgimap software, and
sagittal parameters such as pelvic parameters, chin—brow vertical angle(CBVA), and sagittal vertical axis(SVA)
were measured; the pelvic tilt(PT) angle was revolved to ideal values; the line between the center of the C7
vertebra and the posterosuperior corner of S1 was connected, the center of C7 was rotated to just above the
sacrum along the center of the cortex in front of the proposed osteotomy vertebra, and the angle of rotation «
was calculated as the angle of osteotomy in prediction of SVA=0Omm; The angle (3) at SVA=50mm was
simulated using osteotomy tool. The osteotomy tool was then applied to simulate the angles(y, &) needed at
CBVA=10° and 20°, respectively. Patients with cervical ankylosis 8 <osteotomy angle A<y and B <
osteotomy angle N <a; Patients without ankylosis of the cervical spine, [ <osteotomy angle \ <a.
Intraoperative osteotomies were guided according to the set range of osteotomy angles.  Anteroposterior and
lateral radiographs of the entire spine were performed preoperatively, 2 weeks postoperatively, and at final
follow —up, and CBVA, global kyphosis(GK), thoracic kyphosis (TK), thoracolumbar kyphosis (TLK), lumbar
lordosis (LL), PT, pelvic incidence(Pl), sacral slope(SS), the value of PI-LL, SVA and other parameters were
measured and compared. Scoliosis Research Society—22 (SRS-22) questionnaire score and Oswestry disability
index(ODI) were used to evaluate the clinical efficacy, and the surgical related complications were recorded.
Results:  The procedures were uneventful in all patients, and 5 patients were combined with cervical
ankylosis, 3 of whom could not meet both SVA and CBVA needs, which were weighed according to the
surgeon’s experience. The operative time was 350-490min (420+38.9min) and intraoperative blood loss was
900-1900ml (1366.5+337.3ml). Postoperative follow—up ranged from 6 to 24 months with a mean of 12.6+5.6
months. Before surgery, 2 weeks after surgery, and at final follow—up, CBVA was 33.1°%£13.1°, 8.2°+3.8°, and
10.5°£4.2°; GK was 68.5°+ 28.4°, 35.4°+12.0°, and 36.1°+10.6°; TK was 51.3°£17.3°, 35.9°%9.9°, 35.7°+8.7°;
TLK was 31.5°+16.1°, 15.2°£7.4°, 14.5°+7.2°; LL was -2.3°£20.8°, -39.7°%12.9°, and -37.8°+8.9°,
respectively; PT was 36.5°+11.5°, 23.2°+9.1°, and 25.4°+7.9°; SS was 13.2°+8.8°, 25.2°+8.5°, and 26.2°%8.7°;
PI-LL was 37.3°+£15.6°, 8.3°+8.7°, and 10.5°+9.5°; SVA was 175.3+47.4mm, 38.2+10.2mm, and 44.2+
11.3mm,  respectively.  Significant improvements of the above parameters were observed at 2 weeks
postoperatively and at final follow—up compared with those before surgery (P<0.05). The Pl was 48.2°+13.3°,
48.0°£12.7°, and 48.1°+12.3° preoperatively, 2 weeks postoperatively, and at final follow—up, respectively, with
no significant changes(P<0.05). Both ODI and SRS-22 at final follow—up were significantly improved compared
with their preoperative values(P<0.05). The horizontal gaze and living ability were improved significantly after
the operation, and no internal fixation loosening, displacement or fracture were observed at final follow—up,
and the bone graft fusion was sufficient. Conclusions: It is feasible to apply digital intelligent software—
Surgimap Spine to assist designing osteotomy before operation for the treatment of thoracolumbar kyphosis in
AS, and the clinical outcomes can be satisfactory.

[Key words] Ankylosing spondylitis; Thoracolumbar kyphosis; Osteotomy and othopedic design;  Surgimap
Spine; Curative effect
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R ATREFEFIE A R B BT IE  [A] INECE A E
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XS AS W BEEME J5 o i B 2 R AR AR 4 R
MG X 2 EZS BT RIS Schwab 450
Fi L0 A TN A IR S AR 9 R T A o R R B A
FEH WS M (chin—brow vertical angle, CBVA)
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A AN RR 0 I W I IEEAE T T R BOHE JS
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AHERECE S, RS —MEUR B % O i
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RO EM SRS, A0 B X KL
WFEEREHEARENN L 4 B, T34
BTSSR 40 A S AR R T B
B KIEET SRR B N4 RE Ty, kS bl 5 A
A BT A Sh£E 2 A E AR B SR . VIR



300 o[ R 2L A 2022 AEAR 32 455 4 1)

Chinese Journal of Spine and Spinal Cord, 2022, Vol. 32, No.4

TR M AR L R A AT MR 1) S 28 RN o ME AR, 7840
T 8 AU 5 AR OF DI Bk, B B I EM S R 4,
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Oswestry JJ 8 B i 758 40 (Oswestry disability
index,ODI) K A ™ BF 5% 2% 25 22 31 [n] 45 3%
(SRS=22) PF 43 PEAG i RYT 25, [R] Asf i) 2 AR iy R
Jei 2 J8 B AR K BE VT S AR LS 5. (1)CBVA,
EE/ SRS = R Rl U pEEs I 25 PP
5 (2) B FE RS ™ A (global kyphosis,GK),T1
%NS ST FAMRZIIE A (3) MIHES ™ A
(thoracic kyphosis, TK),T5 245 T12 F &4
Z a3 £ 5 (4) BB B S ™ £ (thoracolumbar
kyphosis, TLK) , T10 | £ 4 5 L2 T £t 22 [a]
3 (5)LL,T12 &M ST M 2 [a] 1) 3 £
(6)SVA,C7 #y M2k 5 S1 J5 I M Z 4] 1y 1 B BR
B (TP, Bidhib0 5 ST E& PO LS ST
MR IREL R A (8)PT, R0 ST R
M 2k 5 AR TR 2R 2 £ 5 (9) IR WA £
(sacral slope,SS),S1 | ZHy 5 K ¥4 £
(10)PI 5 LL Z 2 (PI-LL) @ HHEK X & A
KA X CT S, WA A i,
1.5 Site#orth

Nk SPSS 22.0 A1 ge it 2= o b, fF A IE
A0 AT W Tk GERE R BB AR M 22 (s ) ROR

FARFEH XS B AR H T Z08; AFE
IE 3 A m BCE UL A 5k s B R R AT
Wilcoxon JESEAFL AR S . P<0.05 2= FAH 51T
RN,

2 &R

16 15 55 B PR AR R TR | T E T B
RN 115 NI R 1 U I 17 R 1
B 3 ) Ok W 2 SVA R CBVA fiF
KORFZEEC R R "E 5> SVA LL“W /£ "CBVA
TR, RJG CBVA LK SVA 15 24 5 AUl (%
2) HABENRG 2 A LRI BEVIRT SVA #ikbR
PRARBU(E SVA<S0mm,CBVA ¥JRE0 £ & H %
TAETE 2R AR B 5 s o DL P %2 8 3 B o7 B
24 M RLA TR
2.1 IGIRITROFM

Btii)i 6~24 1~ H (12.6£5.6 ), Rl LK K
R 5B ODT Al SRS-22 W43 WL 36 3 4, KK B Ui
I ODI WA AE Ak 3l 57 K R 43 2494 B i, 5
AR 822 5 9 48 it 77 22 L (P<0.05) ;SRS-22
WA DI RETE s 4 IR P4 . H IRIE L0153
Kot B FEPE o B R ATA W i, 2R A4
TH2E R X (P<0.05)

®1 16BBEERESR

Table 1 Basic information of patients

wﬁ%%miﬁﬁ
A Bt () 8] (min
Osteoto- Fixed  Opera- éﬂ: 31

B g B
45 MR (%)
Patient Gender  Age

number (years) segr,rrgent segment tive time | .o
1 M 19 T12 7 355 900
2 BM 29 L1 7 395 1250
3 BEM 34 L2 7 350 1005
4 B M 21 L3 7 385 900
5 BM 43 L3 7 400 925
6 I F 36 T11-T12 7 405 1035
7 BEM 28 T11+1L2 8 425 1450
8 M 28 T11+L2 9 490 1900
9 FAM 37 T12+L3 8 420 1500
10 BEM 46 T12+L3 9 440 1800
11 BM 39 T12+L3 8 480 1700
12 B M 28 L1+L3 8 435 1600
13 BM 39 LI1+L3 8 460 1500
14 BM 43 L1+L3 8 440 1200
15 M 25 L1+L3 8 425 1550
16 BEM 28 LI1+L3 8 415 1650
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Table 2 Osteotomy planning and actual osteotomy angle

ey SUHE 58 L . . . . bRl éﬁoﬁ FLENEE .
Patient mumber - [HCE o P o O g e
1 + No <47.0 =347 — — 34.7~47.0 39

2 7 No <46.2 =324 — — 32.4~46.2 35

3 7 No <42.1 =294 — — 29.4~42.1 39

4 7+ No <435 =31.0 — — 31.0~43.5 40

5 7 No <46.3 =35.0 — — 35.0~46.3 37

6 JE Yes <44.6 =32.6 <350 =25.0 32.6~35.0 35

7 7= Yes <728 =58.6 <66.5 =56.5 58.6~66.5 65

8 7 No <973 =728 — — 72.8~97.3 75

9 7 No <85.3 =69.2 — — 69.2~82.3 72

10 1+ No <785 =62.0 — — 53.0~72.5 70

11 7 No <82.6 =70.1 — — 70.1~82.6 75

12 JE Yes <79.7 =67.0 <555 =455 45.5~55.5 55

13 7 No =80.4 =63.0 — — 63.0~80.4 75

14 7= Yes <82.0 =65.6 <589 =459 45.9~58.9 55

15 7 No <78.8 =60.0 — — 60.0~78.8 72

16 JE Yes =828 =64.0 <510 =41.0 41.0~51.0 50

o, N SVA=0mm B #CH A 5 B, B4 SVA=50mm B #0H M 5y, 5248 CBVA=10°HF #H A )i ;8 , B4l CBVA=20°8] BT 75 #H A 1% N, R

Fh S PR A

Note: o, the osteotomy angle in prediction when SVA=0mm; B, the osteotomy angle in simulation when SVA=50mm; <y, the osteotomy angle

in simulation when CBVA=10°; 8, the osteotomy angle in simulation when CBVA=20° N\, the actual osteotomy angle during operation

F 3 ARETRRKBE R Oswestry I 88 FE 65 15 1
(n=16,x%s)
Tbale 3 Comparison of Oswestry disability index

before operation and at final follow—up

EN] Vi) Pt
Preoperation  Final follow—up P value

177 Walking 2.52+0.72 1.55+0.77 0.001
A Siting 2.16+0.78 0.95+0.45 <0.001
i 3. Standing 2.82+0.76 1.57+0.82 0.001
&4.43 Tolal score 36.52+2.71 19.2+2.42 <0.001

22 AREARR

ARHT . RJG 2 J8 B AR BT 5245 24 S5
W5, RJG 2 JH R FE VT PTA S ARHT
WA TCI R 2= R g R L(P>0.05) , R
Ji 2 JE K AW BV ) CBVA .GK \TK \-TLK \LL
PT .SS.PI-LL SVA ¥ A ] B 238 , 22 % A i1t
B (P<0.05), K KBEVI AT GK 5 ARG 2 J& A %F
2 RA Gt X (P<0.05), KA et ARG 2
Jil 5 R B U7 B LA 25 R gt e B L (P>
0.05), Ui HEBIE ARG BT 945 2] 0 B 4&
2, KRG 2 JE R A RBEVIT SVA 4051 8 38.2+

x4 RETRERXEHFHEEMNIHARFES-221FS
(n=16,x+s)
Thbale 4 Scoliosis Research Society—22 score before

operation and at final follow—up

AR ERi] P

Preoperation  Final follow—up P value
DpeiEs 2.720.6 41204 0.000
Functional activities
ol 2.8+0.4 4.0+0.3 0.000
ain
SRS 1.4£0.4 4502 0.000
Self image
L Tl
Mental health 2.2+0.5 4.3+04 0.000
Satisfaction - 4703 -

10.2mm 44.2+11.3mm ¥ 2 JRAE TR, 5
{51 S0 AfE 5 B AR RS 2 A K Uk B T I CBVA
WIFE 10°~20°75 N, BERFRE T R
T SHALET LR S5 e 1) Wl i
23 JERIE

26 (11.19%) 5B 5 A o B0 A W, 45 7 Bt
BisE A 4h, JFiE e K Y D5 R EkE, 2 f
(11.19%) /83 FEA g (8] B P A ok b i 3 R
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x5 FARUSHEERMNERLLE (n=16,x4s)
Table 5 The comparison of imaging indices before

and after operation

AT AJE 2 ERVLiV]
Preoperation 2 weeks post-op  Final follow—up
CBVA(°) 33.1+13.1 8.2+3.8V 10.5+4.20
GK(°) 68.5+28.4 35.4%12.07 36.1+10.672
TK(°) 51.3x17.3 35.9+9.9% 35.7+8.7%
TLK(°) 31.5+16.1 15.2+7.47 14.5+7.27
LL(°) -2.3+20.8 -39.7£12.9% ~37.8+8.97
PT(°) 36.5¢11.5 23.249.17 25.4+7.97
PI(°) 48.2+13.3 48.0+12.7 48.1+12.3
SS(°) 13.2+8.8 25.2+8.57 26.2+8.77
PI-LL(°)  37.3x15.6 8.3+8.7V 10.5+9.57
SVA(mm)  175.347.4 38.2+10.2% 44.2+11.5%

D5 AR L P<0.05; @5 AR5 2 Ji 1L P<0.05;5 /5 ™ ff
JE S TEAR, 5™ A B R 1 (E

Note: (DCompared with preoperation, P<0.05; (2 Compared
with 2 weeks post—op, P<0.05; The kyphosis angle is positive

and the lordosis angle is negative

ARTERE AL, T AR X I 48 21 S5 A R LB B K
2RI AR, 3 B (18.8% ) AR J5 VR IE LS 5K <
TG S 5K F7 MK, 24 2 JR i Sk JBGaR Ok
11 (6.3%) AR J5 B O A& B 45 T R ik i
BIEES 50 ARSI . FEUTIE] R & A N [
SR W A DG T T AR, AR R B D7 X R CT &
TN ECE A RS TR, HoREAEMBERIE ER
(E 1),

3 g

AS Ji e B8 A T e B 7 R DL
HUHE MG 2 RGOS 5, 250 1 A OB B 5
HER A FE NS R BOGF L AR M, AR ™ H
(9 IF KAE , 9 AR OG5 T2 i b Wi B8 25 . Smith 55
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Figure 1 A male patient of 21 years old with ankylos-
ing spondylitis and thoracolumbar kyphosis (Cervical

spine activity). Preoperative osteotomy design using

Surgimap a Gross preoperative appearance showing active cervical spine, thoracic and lumbar spine kyphosis, and com-
pensatory pelvic posterior rotation b—d The main parameters were measured on full -length lateral films of spine by
Surgimap before operation, 2 weeks after operation and at final follow—up e The preoperative PT was rotated with
Surgimap to the theoretical tPT value (tPT=0.37x46.4-7=10.1, limited to 10.7° due to the software’s integer rotation) f
Surgimap simulated SVA=0mm, the osteotomy angle a=43.5° g Surgimap simulated SVA=50mm, the osteotomy angle B=
31°. Therefore, the osteotomy range was 31°<N<43.5°. During the operation, the actual L3 osteotomy was 32°, and the

osteotomy area healed well after 1 year of follow—up h Gross appearance postoperatively, kyphosis of chest and back was

absent and pelvis was neutral
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