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E: (B8] T4 3D FTERGHBhECE 20U IE TR BB AR (ankylosing spondylitis, AS) Ja M IIEIRZR . [FHik]
JBHESMT 2015 4F 12 H—2020 4F 12 HASKE AS JR L TR BFIER 47 GRS BOIGRYER . HREES SOAIEAE R, 19 1R 3D
FTENERBFAR (3D 4, 28 BILRHFEMAETFFAR (HHLD) . WRPABTFARY . BMUTAARTE ., [ER] WALRE IR 5
FAR, TR, HHRESTCEIRAE, 3D AFARRE PIOEEE . ARt RoaEcs . S mE . AR5 2d Hb, fE
BeRt IS B TH A (P<0.05), {H/2, WAV OMESFRMNZERTGIFEL (P>0.05), MABEREY (27.7£3.3) MH.
3D HIRIE e IR S & R TR (P<0.05), FEITEIAERS, Wizl ADL, VAS. ODI I JOA PP/ MG (P<0.05). K5
3 HHACRKBEVIS, 3D 20/ ADL, VAS, ODI 1 JOA P B TR M4 (P<0.05), 407, AJF 3D A EEEMRR R E
EFHEHA (P<0.05). SAREHML, KRG 3 AH ARV, PIAIRIEGED Cobb M. JORITHiRES . IR 2 Cobb
L SEARTEPA (AL 4 B B (P<0.05), ARJG 3 AN A FAKBfTIE 3D 41 FiRAGFEIR4 B E R TR MU (P<0.05), [4it]
3D HBHECE S UFT IE AS A AR AT B 4R E A THERN R, DD FARI A . AR TR . et RASCR

KW MEMHEHR, FNERIE, 3DITE, #EAR, #HEIE

FESES: R681.51 XHEFRERG: A XEHS: 1005-8478 (2023) 07-0613-06

3D printing assisted osteotomy and instrumented correction of kyphosis secondary to ankylosing spondylitis // Shaxika Nazi-
erhan, SUN Zhi—guo, ZHANG Shu—wen, WANG Hao. People’s Hospital of Xinjiang Uygur Autonomous Region, Urumqi 830000, China

Abstract: [Objective| To evaluate the clinical outcomes of 3D printing assisted osteotomy and instrumented correction of kyphosis sec-
ondary to ankylosing spondylitis (AS) . [Methods] A retrospective study was done on 47 patients who received surgical correction of kyphosis
secondary to AS kyphosis in our hospital from December 2015 to December 2020. According to the results of doctor—patient communication,
19 patients underwent 3D print- assisted surgery (3D group) , and 28 patients underwent conventional freehand surgery (conventional
group) . The documents regarding to perioperative period, follow—up and radiographs were compared between the two groups. [Results| All
patients in both groups had operation finished successfully without death, paraplegia and other serious complications. The 3D group proved
significantly superior to the conventional group in terms of operation time, total incision length, intraoperative blood loss, intraoperative fluo-
roscopy times, amount of allogenic blood transfusion, postoperative hemoglobin (Hb) at 2 days, and hospital stay (P<0.05) , nevertheless
there was no significant difference in incision healing grade between the two groups (P>0.05) . All of them in both groups were followed up
for (27.7+3.3) months, and the 3D group returned to full weight—bearing activity significantly earlier than the conventional group (P<0.05) .
The ADL, VAS, ODI and JOA scores improved significantly over time in both groups (P<0.05) , which in the 3D group were significantly
better than those in the conventional group at 3 months and the latest follow—up (P<0.05) . Regarding imaging, the accuracy of pedicle
screw placement in the 3D group was significantly better than that in the conventional group (P<0.05) . The Cobb angles of the main curva-
ture and balance deviations in both sagittal and coronal planes significantly improved at 3 months and the last follow—up in both groups com-
pared with those preoperatively (P<0.05) , which in the 3D group were significantly better than those in the conventional group at 3 months
and the latest follow—up (P<0.05) . [Conclusion] The 3D printing assisted osteotomy and instrumented correction of kyphosis secondary to
ankylosing spondylitis do significantly improve the accuracy of screw placement, shorten operation time, reduce surgical trauma and improve
clinical outcome.
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iR A FER  (ankylosing spondylitis, AS) J& T
P SR P IR , s R AR, A1 HLA-B27
HA&AEw B ENMEH, IR 7 M,
FRAC A S AR JE /NG Sy BAR e RS i o H— i
SR REH MR, 2R THERENT, LWEN
0.19%~4% "o AS & —Ff {8 1 S AE P KR PSR =,
FE R KN, "R BRI T B A
A7, AR S, RO E S R O E B
M P2 - B L I BEAT IR, SR IR BB 58 4
Fib o fEFE 3D ATENRHE A RFL R, IR R AE
BEA7 5 N iz HTE BB e . B AS A e Wi B
PIREARAARR R . Ak, T ARATREAA AR T A
BT A BT ARBAAE TR . BRI RETIHHE
BUTE 1 1 ATEIRERR , IR AR AR . TR
B EER, JFEE B TR, =it
HEATHRAE, AR FARFTHEA T M Zhik 248 5
R RFAREAE R H A, DI > FA
] U/ S i A B R IR RAACR, , e R At
S

1 HAREFE

L1 A SHEER R E

PAFRAE: (1) 545 1984 SEA AETT AS 12 K
PRifE ', 4 HLA-B27 K56 Mg g kA iz (K
la, 1b) 5 (2) A 535 I AR IE AR, osi [&] 14 3
DIReREfs s (3) PR5FI2Y7 3 A H UL L ER Ik 2%
fitts (4) Retgiz HAMREF AR oe; (5) FARY
H A — BRI A e B, 315 20 2 4R D) F
Vio

HEBRARAE: (1) HoAthJ5PR v A A R n e 4 4k
PREWLPPE |, R HEBRAMI . R L R i e
W5 (2) fEATEEOIGDIRERER, ANREMZF-A .
1.2 —ewekt

[l B 3B 2015 4F 12 H—2020 4F 12 A WA
AS B, 47 BIFFE LI EARE, ARG, BE
PIRIERE Y, CEE IR BT, B N R
REE RN, Z2ARFIER, BFH A FEESH, H
W, 3D 4119 ), FORLA 28 1. WOZH R R AT —
TERLILFR 1, WRALAE WY . MRS IRRHE 4 (body
mass index, BMI) | JRFEFI 301 2378 7 i 22 5405
THEE X (P>0.05), ABFFTEE ERCHZ 574
¥, i A TSR .
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®1 WHBRER—HEMSLR

Bzt 304l (n=19) HHMAL (n=28) P1H
M (%, wxs) 39.8+12.2 43.5+11.3 0.203
T (B, Fio) 5/14 721 0.085
BMI (kg/m®, & s) 19.2+5.3 20.1+6.1 0.108
ite (H, xxs) 27.8+7.8 26.5+7.3 0.178
301 437 (f4])
I 3 4
ITA 5 5
1B 3 6
1A 6 5
1B 1 5
IVA 1 2
IVB 0 1
1.3 PRI

3D 41 ARHTFA A 640 HF CT 94, CT £udi A
Dicom #%3 5% A Mimics 19.0, $E8F BIE 75 A1 X 3
K, s ARl M E sTEHE, BT
5 MRk 45 K 5 AR (pedicle subtraction osteotomy,
PSO) , =% & ME#: U B&  (vertebral column resection,
VCR) #i, JRil# 3D STEN . FTENH 3 Sk 5
B 5 SR AR, SRR = A 78 3D
FTENSARBRIBHU TR (& 1), Fubda e, 2
B RETKRE, IR MR R, BHES
EIE2M, ST RGN, X s SR B
O, BEBURRM , PR IR ER A A X I
SR SR BTS2 T, Rrp e A B 17
JEHNEIE, BT BEEE B, AR
BUALALL, BEATHE F A M beE, IRl AT A
(F1d), RIRKEAMESRIRET, ZRlhn e H
Feo AR B THEARBIRLRI S THERR DI, sl te
DAL MEM BEUIERET AL, B0 VCR, 3 BBUR R
o (18 le), sEGBOHRE. SNBSS, [F
ISR R RE IR, SR R B BB, BRI
HERR T IE o R FTBC RS A BB B 5 S A
BUAE, PR SR , 32D P G S AR T B
SR T BT IS AR XU , e e SR e [ 5 147
AGEE . Feor ki, JFES RE, BRAEY)
H.

WL . ARATF AR AR AL PE AT TR
R, VRN EEY) G . RREMAGLIE b, AR
TETUEATEET . #UE . B IR E SRR

A H R R TR, AR S B RLBTEETR I
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fo ARIFEMNA, S E FREFEED, MK,
Kokilea N HODESEH T IR & hhE. AR
J& 72 h BRI o
L4 PFMIEDR
LSRR AR AR BORL . SR SE A AT
gl . HE G 33 2 (activities of daily living,
ADL). ¥ AL BI4ELIT 4375 (visual analogue scale,
VAS) ¥, Oswestry DJREFEAFE 4L (Oswestry disability
index, ODI) " Al H A& HF}2s (Japanese Orthopae-
dic Association, JOA) FEMEPENPEM I RBCR "' F7
AR, R Gertzbein—-Robbins FrUAETEMT B ET

WA, TR R AR I SR T 5 IR T
Cobb ff1, VAL SRARTE S @R - B i 55
15 GeiteEirik

K SPSS 20.0 A FATSE 0 M o THEEE
Phxss 2o, BORHR IR, WA R ECR
ISTAEAS ¢ K36, ZH PN NI 5 BRI R 07 2243
Brs PORHRARIERM AN, SRR . TR
KM & KB EL Fisher KEWHRLSR o S5 BTRE P AL AL
K H Mann—whitney U K535 . P<0.05 } 25 54 Gt

='as

by
""""

, = !
g ®©
" §

F1 @&, B, 39%, 3D HHidh ASEFIE  la: RENEMEHAK X ZA7R AS SITEIRAISAMT  1b: REGTIA; 4K X £8

F7s AS SIFEHIROIIE Lo ARRTTIUE 3D ITEPEAESCIRBR, BEST SHE (EEMRMCXED
PoARER RS, TLUEE  le: RPHAEIRAEITIE VCR #E1RIE

1d: RN 3D ITEIS:
1f: RJFHHERIENS X LA RERAAEMUIE 1g RS

SR X LRRRIROIRBTLIE  1h: RJF 27 MAMESETAE REF, SRR, TEIE T REREERIEMG X KA

2 # R

2.1 FEFAWTR
P EFEIFISERTA, JoAET- | HoEar ™
IRAE . PIALEE BT ARBBORILE 1. 3D 41 TR

BFE) . DIELR R . Rrpibime . Rpa@EdlkE. 5
i . RiE 2d IMZLEF (hemoglobin, Hb) | fE
BE B ) 24 2 U T Mdl (P<0.05), {HJZ, WiVl
HAA SRR TG FE L (P>0.05), 3D 41
PRE: FREWTHAL 100, VI RRI 1 H AR R AR
WG, PIOR 2 B LRy b EE, DIrEy

615



3L EHTH
202344 A

T LSRR S
Orthopedic Journal of China

Vol.31,No.7
Apr.2023

mE, TTEARER. P EE AR AR R A
NE N A 1| O Y A P

R2 MASEBRFAHEHSE
4 o
sk A
(n=19) (n=28)

115.3+10.4  158.1£28.7  <0.001

FARMH (min, xxs)
PINERE (em, %)
A (ml, #+s)
ARAPFERREL (K, 7+s) 7.8+1.2
SRR (ml, 7 +s)
ARJF2dHb (gL, x=+s5)
PInama g (hl, BIZ0) 17/2/0 25/3/0  0.641
FEBERE (d, T+s)

21.1+3.5 26.6x4.7  <0.001
470.8+30.4 648.5+15.9 <0.001
11.5+£2.5 <0.001
188.5+26.8  525.2+54.7 <0.001
102.2+11.6  87.7+10.0 <0.001

11.8+0.6 17.1+0.6  <0.001

2.2 FEUIEER
W 2H R H Y ARBED , BEVTRYE] 22~32 1~ H , F

¥ (27.7+3.3) NH . BV, 3D 411 HlEE T
ARJF 27 A W EERRE, BHESRETRRE, #iE
TR EE (E 1h) . FHA B 1 Fhrmss s
#RJ5 1™ (proximal junctional kyphosis, PJK) 1 ], fF
PR, HRRAMESETRS, TUBBFAR, X
FH 2 KRG AT R [T 5 1 Bl &5 63 5 ™
(distal junctional kyphosis, DJK), JoHi£efietkss, H
BSOS, e TRy, BOERRIRST,

PR A BEVT R W3 3, 3D 4K E 5e 4l
W) & R T A (P<0.05), BEREIHERS ,
Wizl ADL, VAS., ODI 1 JOA W4 i ks (P<
0.05). ARATHILLME ADL, VAS. ODI 1 JOA P41
LR TGHE X (P>0.05), KR53 4NHRAKKE
Vilkk, 3D 41 ADL. VAS. ODI Fl JOA PE43¥ 3%
T HEMAL (P<0.05).

®3 MABERHER (r=) SHK

Eist a3 R R] A 3D (n=19) HHA (n=28) PAE
SEA i g st e (E) 23.8+4.3 31.245.7 <0.001
ADL ¥4y (43) AHi 32.4+7.7 37.4+8.3 0.681
R 34H 65.5+6.7 52.3+7.5 <0.001
ERICii] 81.346.6 71.546.3 <0.001
PE <0.001 <0.001
VAS 43 (43) pNil 6.1+1.8 6.3+2.3 0.242
RiF 34 H 2.8+1.9 42412 <0.001
ER/ ] 1.8+1.0 3.2+1.0 <0.001
PE <0.001 <0.001
ODI 153 (%) AHI 52.5+5.2 50.2+4.7 0.341
R 34H 27.9+5.3 37.244.9 <0.001
E Uil 25.443.7 29.4+4.1 <0.001
Pi <0.001 <0.001
JOA P43 (43) ARHI 13.745.0 14.8+4.3 0.183
RiF 34H 24.8+3.3 19.5+4.5 <0.001
FR/ ] 27.8+2.5 22.0+2.7 <0.001
PIA <0.001 <0.001
23 ARG
L BB F AR R 25 R L3 4, RJ5 3D 4E 5T RIS 1 S

HERR B TR M4 (P<0.05), SARATHIL, A&
J& 3 AN H R K BEVTE, P45 AR 3225 Cobb £ .
FARTFHr A% . IR £ Cobb £, SelIR -
B Bk (P<0.05). ARRTFALN b4
WIS BTG E L (P>0.05), RJF 34
H R 3D 413 W B0 FH 4l (P<0.05).
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BB RERE, WE DA EAE, Bl
TEOCH L > R AEE T EATRY S e h, BB
DR MR T 7 R O TR M B L3 Y [ E S AR
& TR IR B 3D AR I 0
I, RRIARFEBI T AR LTRGBS, Sl
TrE, PR T ARBCRIFE I A KA P, R
R Hp e P S A DI P 5 R R U B X, R
P2 RHESE 3D Al B AT A PEAE AR R SRR
A, H CT FH R R E MEM e, SR IEM
AR RE R, P, A S A TR RS Y
B, DRIESR S HEEMER TR = W RET
BETRIEARF 28, PR 4G R8sy, JhE

HPERE T BCE R L SRR L S AR
SE S A TR . R BIE . P e R TR
ik AWFIEE Liu 55 2 WFE—20, RATERIIFARA
FITIPRF ARSI EE R HFEEWTARERMKIRE
FARMII A OCHE, e 22 v ik F B ETAM R, Yu
A 3T g A 446 IR 3 375 MOBETHY 13 THF9T 45
REW, it 3D SRR 2 | R AT
K, ARWFSE 3D L0 1151 BMI {8 fi b 5 ) B0kt e
2 (HMESHRETRR S, TERET. #3h, TURBIAE
BEINE , ARIEARE LK, BMI f s B BT 2L T
BRI

®4 MABREIGTMEER (rs) SHE

Ei=t 7 FRFA] 2 3D 4l (n=19) HHL (n=28) Pl
HETMER (%) 85.142.7 73.0+3.7 <0.001
JARIA Cobb ff1 (°) ARHi 44.7+10.9 49.3+11.1 0.173
KRG 34H 14.147.4 20.6+5.4 <0.001
E Uil 15.5+4.6 21.1+8.9 <0.001

P1H <0.001 <0.001
JARDE SAV (em) ARH 47.4+11.9 45.4+13.5 0.192
RIE3MA 18.146.4 25.1+5.8 <0.001
R 17.945.4 24.1+4.4 <0.001

PIA <0.001 <0.001
SEEARTA Cobb ff1 () AR 10.4+2.9 9.3+3.1 0.189
AJG 3 4H 5.1+1.4 6.4+1.9 <0.001
R 4.5+0.6 5.6+1.7 <0.001

P1H <0.001 <0.001
BRI C7—CSVL (cm) NIl 4.4+0.9 5.3+1.2 0.171
ARJE 3 4H 2.120.2 2.4+0.8 <0.001
FR/LVi) 1.4+0.6 1.6+0.7 <0.001

P{H <0.001 <0.001

T 4R AN T OE R BEIE AS & I e i
B s Ty ORESCEAR, HREREEE S
TG, WHE Y7 FIREE, S S AR ]
FEEAMTREG . AT T A/ M ISR Iz
NRERLT , PEECA S AR R LoK-FLUR 32 ok
S E MR E , AOFTAEARRTHHI A
SR UL E BB SR AR I HC SR B RS
figk, DIECEMEARTZ eSS o0, BT E0 bR
(W] EEEE AP A E TR B, Sk
B ALE B AR TR E R, X
2% D JARB A PR AL EFE VCR #1, VCR
WA RS G A EI AR, FrLARIEARE 25

AP B, [Fx TR R H A R
R EIEMRIBEIE , JSRISGE ARy T 2P
AHE, TAERTHRZER, fozsh, Btk T
WL BRI A, 5K R IE P A A 22
W, (B REREIIRERAR R B, BOE NG R S
IR, AR s s R TR, % R
B, # “BARIE” SO, RS A
AR Tl ZIIRER, BORPBHIE A R T3
HBTHIE ML, M2 DIRER Ok B It G 205 I
R E R

Zi BPTIR, AS fEHIRTT 3D il B PR DL
H AL BRI TUE TR ST A, BA B
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QI A RGE I AE R LS RIS ] 3D AL
AR BRI S A B2 B TS S Be s A e e AR S
R B A RCR 20 AR R BRETE THEAS i
AR, IR S—EMMEESR, &R RERT —
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S 30k

[1]  Mohammadi H, Hemmatzadeh M, Babaie F, et al. MicroRNA impli-
cations in the etiopathogenesis of ankylosing spondylitis [J] . Cell
Physiol, 2018, 233 (8) : 5564-5573.

[2]  Braun J, Sieper J. Ankylosing spondylitis [J] . Lancet, 2007, 369 :
1379-1390.

[3]  Vander Cruyssen B, Mufioz—Gomariz E, Font P, et al. Hip involve-
ment in ankylosing spondylitis: epidemiology and risk factors asso-
ciated with hip replacement surgery [J] . Rheumatology (Oxford) ,
2010, 49 (1) : 73-81.

[4]  Koller H, Meier O, Zenner J, et al. Non—instrumented correction of
cervicothoracic kyphosis in ankylosing spondylitis: a critical ana-
ly— sis on the results of open—wedge osteotomy C,—T, with gradual
Halo—Thoracic—Cast based correction [J]| . Eur Spine J, 2013, 22
(4) : 819-832.

[5] Tan LA, Riew KD. Anterior cervical osteotomy: operative tech—
nique [J] . Eur Spine J, 2018, 27 (1) : 39-47.

[6] Burki V, Gossec L, Payet J, et al. Prevalence and characteristics of
hip involvement in spondyloarthritis: a single-centre observational
study of 275 patients [J] . Clin Exp Rheumatol, 2012, 30 (4) : 481—
486.

(7] FBERL sKACHI, o, 55 . o EHE R I 301 438
[J]. R EEHA L, 2015, 25 (9) - 8-13.

[8] Wewers ME, Lowe NK. A critical review of visual analogue scales
in the measurement of clinical phenomena [J] . Res Nurs Health,
1990, 13 (4) : 227-326.

[9]  Fairbank JC, Pynsent PB. The Oswestry disability index [J] .
Spine, 2000, 25 (22) : 2940-2952.

[10] JBAS, frsis, Toofh, 4 . IBARTERAE IS 3D TER ALK
FERE (1. HEBHESMEE, 2021, 29 (15) : 1364-1368.

[11] Van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnos-
tic criteria for ankylosing spondylitis. A proposal for modification
of the New York criteria [J] . Arthritis Rheum, 1984, 27 (4) : 361-
368.

[12] Arun R, Dabke HV, Mehdian H. Comparison of three types of lum-
bar osteotomy for ankylosing spondylitis: a case series and evolu-
tion of a safe technique for instrumented reduction [J] . Eur Spine
J, 2011, 20 (12) : 2252-2260.

[13] Pasha S, Flynn J. Data—driven classification of the 3D spinal curve

618

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

in adolescent idiopathic scoliosis with an applications in surgical
outcome prediction [J] . Sci Rep, 2018, 8 (1) : 16296.
Bohl MA, Zhou JJ, Mooney MA, et al. The Barrow Biomimetic
Spine: effect of a 3—dimensional-printed spinal osteotomy model
on performance of spinal osteotomies by medical students and in-
terns [J] . J Spine Surg, 2019, 5 (1) : 58.
Gadiya A, Shah K, Nagad P, et al. A technical note on making pa-
tient—specific pedicle screw templates for revision pediatric kypho-
scoliosis surgery with sublaminar wires in situ [J] . J Orthop Case
Rep, 2019,9 (1) : 82.
Clifton W, Vlasak A, Damon A, et al. Freehand C, pedicle screw
placement: surgical anatomy and operative technique [J] . World
Neurosurg, 2019, 132 : 113.
Takahata M, Yamada K, Akira I, et al. A novel technique of cervi-
cal pedicle screw placement with a pilot screw under the guidance
of intraoperative 3D imaging from C—arm cone—beam CT without
navigation for safe and accurate insertion [J] . Eur Spine J, 2018,
27 (11) : 2754-2762.
Zhao Z, Liu Z, Hu Z.et al. Improved accuracy of screw implanta-
tion could decrease the incidence of post—operative hydrothorax?
O—-arm navigation vs. free—hand in thoracic spinal deformity cor-
rection surgery [J] . Int Orthop, 2018, 42 (9) : 2141-2146.
OO, 2208, P e, S BTt 3D TENRT BT ARG YT
WEEET 1], P EBIESMERAE, 2019, 27 (13) : 1225-1229.
BAKHE, B0, B R, 55 . 3D 4T B TR Al B otk 2 e
R HIE (1] . T E I ANEE 4K, 2020, 28 (24) : 2276-
2280.
VLWE, MAR, B, 45 . o B R BT IE 3D TR AR
HHINHES FTE A [J] . P RSN E, 2020, 30 (6) - 508~
512.
Gupta MC, Gupta S, Kelly MP, et al. Pedicle subtraction osteotomy
[J]. JBJS Essent Surg Tech, 2020, 10 (1) : €0028.1-11.
Yu C, Ou Y, Xie C, et al. Pedicle screw placement in spinal neuro-
surgery using a 3D—-printed drill guide template: a systematic re-
view and meta—analysis [J].J Orthop Surg Res, 2020, 15 (1) : 1.
Liu J, Kang N, Zhang Y, et al. Systemic changes associated with
quality of life after surgical treatment of kyphotic deformity in pa-
tients with ankylosing spondylitis: a systematic review [J] . Eur
Spine J, 2020, 29 (4) : 794-802.
XUBETE, BRI, B R, A TR EE A A G - ITEOR
AT I TBEAE Ff RS (T (D] . b R R A 29K, 2014, 24
(9) : 779-783.
VYR IRHBURTT, MG, £3, 55 3D STEN AR ST ARTE
— W R T S B A R IS PRI A7 3500 AT 10] . R AR
225%, 2017, 97 (43) : 3421-3426.
(efi:2021-11-10 f& 1] :2022-06-06)
(FIFT PR 5 Akt IR0 30
(ARGl . SRF50)



