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Artificial intelligence in diagnosis and treatment of spinal deformity: application and prospect
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[Abstract] With the development of artificial intelligence (AI), medical health has become one of the most important
and potential application fields of AI. The diagnosis and treatment of spinal deformity is a research focus of spinal surgery
departments. Al plays an indispensable role in the screening, diagnosis, surgical planning and implementation, prognosis and
rehabilitation of spinal deformity. However, Al use in spinal deformity field is still at the initial stage, and many problems
still need to be solved. This review sums up the research progress of Al in the screening, diagnosis, surgical planning and
implementation, prognosis and rehabilitation of spinal deformity, and explores the future research direction.

[Key words] artificial intelligence; spinal deformity; operative surgical procedures; auxiliary diagnosis; medical instruments

[ Acad J Sec Mil Med Univ, 2020, 41(3): 243-247 |

N T eI AL P S R RE R AAESMEHE A B ORI H 202 52, AP
TR, — B A T A RV AT W4 Jo] BRI PR -4 H T 5 A R A SN S RN A5 52 RE. HAE

FrE Lkl AR R ST TS S 8. HATAT
BREC Y T 28Uk, iR, Beeiitem
R . PR LGB M TERIE A
PR ERSE . TR, KT RERI NI N
PRSI TR TAORAEA],  anSCkafaE nl AT
8 BE RO UM B e L BRI T B R
JURHBIG A TS IR 4

(WA EHEA] 2019-10-29 [#ZHH#] 2020-02-13

W 216 R BAEANRHIO A 9T #4005, LR S5 gl
ZHYIME, WhEA—EMEE . ARAEES% LA
FOMERRE R, A —E AT, X RERRAE o N T4
RERIA ARBE TUIA S D L AW 191261
b, NTEGEX T XL, CT. MRIZG K #
B, BB, R A TR SR A B
Hi RS LRI . AR PORS o B IRET AR 4R A AR

[(E2WB] FEZEHAR:34: (81972035 ). Supported by National Natural Science Foundation of China (81972035).

[MEEEN] B 8, Bik/k. B-mail: spine_kai@smmu.edu.cn

’ B {5 /E# (Corresponding authors). Tel: 021-31161681, E-mail: spinebaiys@163.com; Tel: 021-31161700, E-mail: limingch@21cn.com



. 244 -

BEERR 20204E3 H, 41 %

o, BRI RS R BN A TR R TR
RAYESE

1 AIBgEFERERESISEHRER

HAT, AT ERELSEY | EYh
2SRRI AT EOR B H R, A T8 RERE DRS
W2 W R B, B MR OB N TR RERY)
BN BT LA XA S BRSSO, 5 AndE A
FEM Y BT 0 B A T, Lee 25 O 3 H T L AL IR
FE2E I Wik, R N T2 4 R W
PR L PEIAPZ M S R I FHIER,
X — R RE A SOWEHER B EREE . SR
A PN 285080 B S0 ) A R L MEAR A TE A% A B
THEMRIEE | S 1 BESE S, S e T A
WA AR T A IR T G L X
TR 7 LAEL ™ B 5 M 7 DA B O R Y 7 M
FRRMAERMN,, AE R TR TR ERERE
RN TERERSG, FIHBEYVLARME LT LR H A
SR TR, XA R CHR | R
AT . Cobb ff1 . il i) FH 54 2 B 4 7R B 4
B, T PEAR AR N Y o Y, S A A Y
PATHRAE TR X SR B AR B BT
HH B T B AR MRE I R RS, e T

2 AT EHAEBSHERTHEF RN K SEHEH
N A

FEXPEAEIE, BRTRE AT AREARE
AMES AR, M BemggT S, BEHE 24T (sacral-2 alar
iliac, S,Al) . BlZE & X B AR (1R,
BRI T F ARG TN TS R, ERFE ARk
A B AR AR BB AR T ORI AT A I AR}
ZIERTENE, N TR AT LAY B ARE R A
HITA TR B HE X 250
21 FAMX BHHEIEHIEF AR —E
KT, LUEAEM A E, e AR E 8=
1B St | st Sh IS ] e iR b il A B
WA EA N TR BER T 1T LATE AR 4E Cobb £ |
MEARTERG B . Bl 45 8., TT A R 3 57 b b tA
PR B AR A . Surgimap F2& BN 79—~
AL S EO A, A AT AR R X 2l B
HBHEARATARESE, 55— B & AR

B9, Surgimap AN T2 68 m S04 0] LA A 3l
A X £ R TP HEAR T B, TEATTF ok, WO
Bl 4 B R Y L [RIRE, 40 B A I
B R E B T TECEIRYT, A AR
AT DLE 3 AL A T AR A ] A7 A
BN, IARF RV TFAR TR Bl
Hetherington %5 %11 T — 2K 1S (spine
level identification, SLIDE) &%, ZRE 4G T
N TR BEEARFR RIS ER, e x5 A
I S EE, AR EEL A T AT IR RS
22 FAREHR FHERHEFARUIOK., 410
K, A AR ZETE B R SR i 22— KOk
A, HLas N B FAREIR T A FART MR
PO RS SACHLES AN TR RS, Al
BREONARE T M Huz 5, HERTFahEs . H
J1id AR A FESFERAEMEIOR, (RSB
%, BLE 5@ E e, KRS NSRRI 2
R, AH TR ARG B 1 AN 2 A AR AR B T AR R R
T, R > TARE R T 5K TR, 46T
FAREFE HeAh, BHETENTAREBEZ I, &
Z%, WERH UL IHE S ARIRET B ABIR, ZARAXTA
HEOR W, FAANERIAT RGN . BEE. M
W, AR Kk, FBOEGFR. ET
N TR A2 B F AR Pl N H & 1R 5 1 15 A fg
J1, ATHEARRGAL A A, RERERE TR, ARIR
G- L A A SR R A, B LR v e TN
s T AR XAk, IR B T AR R/
TR YD SRS NARBFRST, 28 e HE = ARIRET |
R PR 5 AR A BT R . HETRR T A
1) O BV St . N T AHARSN, B N T8 6
FARYLES ARG HEEET, JU 2 e BT e it
THRAESE . [FIRE, i I B iR AR 25 A i
AN TR BEROR, M A5 s B AT R A N
FARIBUE T AR . X TR AT ARE B H
flE oL, N TR RE AT R AR, Bl hn A Top2:
24 T LA 25 M PRUE A TR v s R AR
RFFFAI AR TR TR
23 FAREINEAER AN THEGEAB THEREIN
WhfHh T TR BB, IR EINE A Y |
AT M AR B IE T AR E 7. PLas NHiE)
FARRG R ER R TARE AR, e BE
BRI T, 2B EERIE T AN S



S3HLBR OB S N TR RETEE RIS T T AL M

.« 245 .

BRo X T EHHIE TR Em B, IR
43 Forestier 25 2V HEFE T —Fh a2 I [A] 0 e 441,
AT A (] B DD BR . SOME ] ST AL A TR
M, R FARBTRC G 307 BRI L pEHHIE
T A TR BC A, [RIE K H46 5 T AR R R
TR FE I A K.

3 ANIEREFEREFATMESRETHLE

BUiA

HHIEVUAR T R RS, BIEEHNZ )
7 TG RTEH 1L 218 S I 1 5 R U DA 5+,
JIT LA A o B AT S gk et AR A R, B2
W FARIGIT, EARBERSFG BT IR, WHEE
KA WA, Wik, RZEBOFHRIE EE M
LB TR E R E R RIE R ARG AL L
AAEATEAS | M A B S5 0T A0E, Al RE B0
FE AR 8 B K AVESRRE, IS AR I A T o
HEAEARZE, kR IR B WIS E il B MR 2
—, AT G Mt SE L BUS feft T2 ]
P L
31 ATFREAAENY ey ik  HATCRE
g3 N TR BRI B AR B AR AT SRS
AIX 2 CT™ | MRIP" 2 S5 00R), PR
IS BMIAEGE 7R, DAKRNLA e, A A%
B AT HAR G A TR, TR BRI S
R JARGE AR B PR P, N HE R
Ui A f R R S B g . =, i, JF
KRR AR RT3 . TEARE R D RE I 2R
h, B3l AL B 0 Keep 55 W AR P95 1
ANTHEGEHAD, i 5T AFHE (time of
flight, TOF ) HYTREE AR Mo = iy B A% &
SRR iz shad B, Semf R sdE 3 LLAlE S,
PSS N Rt R, 2 E 7 AR
PEFAE O BB ARG B R S R A 1 —
PR =

TEEHRYT RS A i, N TR RERY & e
WHBA . BETEARFT RSB P T —H
BREE A4, %A BB HRR RSB T
AR, BRG] - B - 393 (proportional
integral differential, PID ) 34 5L A T4 6k
T RO RIS i T AR A S s
i PHER A R b, IR AR R A B s i 46

KB RN 5| 18U, I KA IR LLAR TS S g (4 A
AEFITrRR, SRR A B sk
PUB T AR LR A S RIS T hE
LR PR, HAEPATREFHLE] PRI T8 BEI T
L5 eI LR, B S 5 A s i R4
(‘automatic dynamic analysis of mechanical system,
ADAMS ) #4718 32 i B, TARRAS S AR
IEHRPEAE I SRS, IR A BRI/ Mk
ABAQUS X KA #0471 oM 5 oA seit, wf
AR BB RS VT R B B St AR I 2
B, JrfE . AR A aTEE,

32 ALFMRAERAENY FHESTE X THE
PRARIE B A ™ B A8 B AR i D RETCIE A 45
MELLREGL AR IE0E, AN TR R B AU s il R 4
HEAEH .

N T RE AT 27 SR A — b o PR S8
Bl 32 5 L v A LS B R RER A T e 1
dn A PR ] . A R W D RE A Al B s 7
W X —BORGUR T ZAREAF T AN RES
[FIVERI R, B3 1 RE TS G E
FHRAR S . BEERHEBOR I T RER 4R
FIA I, ] ZF RO R BIF A T2 1 Ay i A2 B2 4
AP TR BA R . BRI ESE(L
Fea, EEAERIE ARG RMAERE . BREE . F
A3 B S I AFARA T M0 B A2 A 4T A ke
2 BTSSR

ARt %) 5 B2 A AL E O A BE O R E T
JRCH) RE B AT T A B — b n] 25 SO B R AL & A3
#, APLELS T AW AT BE 2 PR RETE
2, 38 I HLE o A AR AT IS HURC R A
W, MMTECGE B T IIEE, (e H s O
uhek, e SRRk, HE =Ll i )
JERYRERT FIERERE . 35b, AT A E S R
GEAE B IR 3 TR A B R A% A L s B ILIA
SE T, RIS 5 2 e % st B O U 2 1 3
K, b S E gL s AU SE UL Y S
BEAh, FCAME B AT L A A E i sl e e
A AIPEN T-B, ol SR R A7 A
o Ml AR R A A IZ Bl A Hh 51 B4 F LA
PR, REWRLL RS SEPRIAEE BRI AT
TP RS, ESIRR AR AR, A BT GE &
AN N REREDS



.« 246

BEERR 20204E3 H, 41 %

FHEWHE 8 F A5 A R 2l e IERHER, 1R
K—EBei I N ANRE A Hil 3, DU AE K,
SRR RN, A0 R R, i S B A
KIABMNR AR5 1R — 2L ARE AN ST . Al
F T 2 R RE ke mT U A L Ay A, i A
Mo it B PR B0 E AR AL ARG I A, RTAR R FEAR
RS o 2™ i A ] 2 B R M ] 2
AOMEHE TR, BN TARRE BF UEE R E 1 5 a3
REAMBARIRE, MmE it WA REL TR
AR RERRE SRR TR

4 AIZgeEdEERESTHNREEZ

NTHERERT ZIUM A MK IIRE ), FE
Xt T A BV A5 AR A B0 o o B 3l R AT 20 A
552) o HATAN TR RERY A AL TR12 BB,
BRI ATRME, EIRCRA RN BT H D
X AR B A T, ARSI T, AT
BRI RE . 2R, HHIRIra Rk
100% A REC A HEZ 035 BIE RN S,
EXF AR, At — AR MR 2
AN REOAL S o B T R SO A7 A
ERASBRIN, N REIFASRE B AT BEX HLIA
AR, WA 2 AR R A RESE
FX—IhE; A TR BENT LURIREEHRRRE 2 TR
FAMY AR, (HX T2 & ISR A
ARGF BB T, X BT AR RL MR A
TR RE R AR S VR 2 R B A, R T
FCSPRBLHIE, BT LR 287 ShAE T K Bk LA
PP R 22008, oAk, N TR e
T HERTE B ML (Rl ok T8 2 e s
IR, TS R ZR R T N TR BEAE AL 29T
RN 22T, N TR REROAR K Ay s iy
BRGEZ G4y & T AN AECR, HE T AN TR EE
BT PRS00 o Y R N T R R T
Ay AL BT 7 AR T IE, A5 bR A AL AT 7
PFHEH, HIE A Sy T RSBt RiEE

(BRI 2, N TR RERY A N BRI &
HHRHR TR, AMUATLCY 2R B s i i
AT, b 2 A A 2 JU R o [ B R BN X 25
AP, [R) TR A IRt A A BB 4 it
THGE ERA IS H SR N TR BERB
T, BRI BRI By 2 ) i 2k Kt 2 R M 22

B, A B 2 A SR IR B R o B TR
ARERBIAFELEDE . MR R TS I6T7
QO BFE R TSR . MRS TIRS . R
K7 ft REAE 9 D RERR P FAR B 200 ZE BRI T ARl
V6, sEANIRBA RE T IR T, K fe il
N TR BERI AR RERAE, I B —A~ 5 B HIIGT 7
RZR, BOWARLF RIS B, X due N TR REER)Y
KRR AR Z —

SRR, AN TR REXPE AR A2 T B R M i
HU, 2R e O 4 B A i 3,
JEHIETRE, AN B HEIIRHEE GRS AR
HHERHZ YT K RIS

[Z % X #]

[1] LI C X, SHEN C B, XUE K, SHEN X, JING Y, WANG
Z Y, et al. Artificial intelligence in dermatology: past,
present, and future[J]. Chin Med J (Engl), 2019, 132:
2017-2020.

[2] LIANG H, TSUI B Y, NI H, VALENTIM C C 8,
BAXTER S L, LIU G, et al. Evaluation and accurate
diagnoses of pediatric diseases using artificial
intelligence[]] Nat Med, 2019, 25: 433-438.

[3] GALBUSERA F, CASAROLI G, BASSANI T. Artificial
intelligence and machine learning in spine research[ J/OL].
JOR Spine, 2019, 2: €1044. doi: 10.1002/jsp2.1044.

(4] VESREH, 85, 1 70, 2 KA. 3D FTENEORTERHES
BHARLFALT ] . [ T RIS, 2016,20: 577-582.

(5] U, 248, IR, Xk . B #5598
REM T RGBT FELT ] LRt e T2, 2013,32:
559-564.

(6] LEE J G, JUN S, CHO Y W, LEE H, KIM G B, SEO
J B, et al. Deep learning in medical imaging: general
overview|J]. Korean J Radiol, 2017, 18: 570-584.

[7] ZHANGJ, LOUE, LE L H, HILL D L, RASO J V,
WANG Y. Automatic Cobb measurement of scoliosis
based on fuzzy Hough Transform with vertebral shape
prior[J]. J Digit Imaging, 2009, 22: 463-472.

[8] RAMADAN A, CHOLEWICKI J, RADCLIFFE C J,
POPOVICH J M Jr, REEVES N P, CHOI J. Reliability
of assessing postural control during seated balancing
using a physical human-robot interaction[J]. J Biomech,
2017, 64: 198-205.

[9] OKTAY A B, AKGUL Y S. Localization of the lumbar
discs using machine learning and exact probabilistic
inference[J]. Med Image Comput Comput Assist Interv,
2011, 14(Pt 3): 158-165.

[10] EGGERJ,KAPUR T, DUKATZ T, KOLODZIEJ M, ZUKIC
D, FREISLEBEN B, et al. Square-cut: a segmentation



MWL BR OB, AR RETER AR ALY P R R

.« 247 -

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

algorithm on the basis of a rectangle shape[J/OL].
PLoS One, 2012, 7: ¢31064. doi: 10.1371/journal.
pone.0031064.

SCHWARZENBERG R, FREISLEBEN B, NIMSKY
C, EGGER J. Cube-cut: vertebral body segmentation
in MRI-data through cubic-shaped divergences[J/OL].
PLoS One, 2014, 9: €93389. doi: 10.1371/journal.
pone.0093389.

MENON K V, KUMAR D, THOMAS T. Experiments
with a novel content-based image retrieval software:
can we eliminate classification systems in adolescent
idiopathic scoliosis?[J]. Global Spine J, 2014, 4: 13-20.
GARCIA-CANO E, ARAMBULA COSIO F, DUONG
L, BELLEFLEUR C, ROY-BEAUDRY M, JONCAS J,
et al. Dynamic ensemble selection of learner-descriptor
classifiers to assess curve types in adolescent idiopathic
scoliosis[J]. Med Biol Eng Comput, 2018, 56: 2221-2231.
AKBAR M, TERRAN J, AMES C P, LAFAGE V,
SCHWAB F. Use of Surgimap spine in sagittal plane
analysis, osteotomy planning, and correction calculation[J].
Neurosurg Clin N Am, 2013, 24: 163-172.
HETHERINGTON J, LESSOWAY V, GUNKA V,
ABOLMAESUMI P, ROHLING R. SLIDE: automatic
spine level identification system using a deep
convolutional neural network[J]. Int ] Comput Ass Rad,
2017, 12: 1189-1198.

IV L LA AR AL SRR b 5 BIE S
JELT). RSN, 2012,20: 1861-1864.
T, RVEFR FRALH . Mg NGl B AL Gl AR 0
AR S TSR] . 2013,13:103-105.

SUESS O, SCHOMACHER M. Control of pedicle
screw placement with an electrical conductivity
measurement device: initial evaluation in the thoracic
and lumbar spine[J/OL]. Adv Med, 2016, 2016:
4296294. doi: 10.1155/2016/4296294.

WATAD A, BRAGAZZI NL, BACIGALUPPI S,
AMITAL H, WATAD S, SHARIF K, et al. Artificial
neural networks can be effectively used to model
changes of intracranial pressure (ICP) during spinal
surgery using different non invasive ICP surrogate
estimators[ J/OL]. J Neurosurg Sci, 2018. doi: 10.23736/
S0390-5616.18.04299-6.

FORESTIER G, PETITJEAN F, RIFFAUD L, JANNIN
P. Automatic matching of surgeries to predict surgeons’
next actions|J|. Artif Intell Med, 2017, 81: 3-11.
RUHAN Sa, OWENS W, WIEGAND R, STUDIN M,

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

CAPOFERRI D, BAROOHA K, et al. Intervertebral disc
detection in X-ray images using faster R-CNN[J]. Conf
Proc IEEE Eng Med Biol Soc, 2017, 2017: 564-567.
BURNS J E, YAO J, SUMMERS R M. Vertebral body
compression fractures and bone density: automated
detection and classification on CT images[J]. Radiology,
2017, 284: 788-797.
JAMALUDIN A, LOOTUS M, KADIR T, ZISSERMAN
A, URBAN J, BATTIE M C, et al; Genodisc
Consortium. ISSLS PRIZE IN BIOENGINEERING
SCIENCE 2017: Automation of reading of radiological
features from magnetic resonance images (MRIs) of the
lumbar spine without human intervention is comparable
with an expert radiologist[J]. Eur Spine J, 2017, 26:
1374-1383.
ZHANG J, LOCKHART T E, SOANGRA R.
Classifying lower extremity muscle fatigue during
walking using machine learning and inertial sensors[J].
Ann Biomed Eng, 2014, 42: 600-612.
LAFAGE R, PESENTI S, LAFAGE V, SCHWAB F
J. Self-learning computers for surgical planning and
prediction of postoperative alignment[J]. Eur Spine J,
2018, 27(Suppl 1): 123-128.
HADDAS R, BELANGER T. Clinical gait analysis on a
patient undergoing surgical correction of kyphosis from
severe ankylosing spondylitis[JJOL]. Int J Spine Surg,
2017, 11: 18. doi: 10.14444/4018.
B Btz , SR AR . TR BB T @ B3 APP T2 T
REMIRLEE RS C L/ B+ — R 2 EERF R R 2
L. [ RO ] . 2019:3.
T, o g, B AR AR B TR PID 1 U il
PRI R S g a eI R ol RS S s T
P T SRR , 2008, 12:3245-3248.
SR, AR, AR R BB AR BT B A R s LA i
SHT] AUBOS liE TR, 2015,44.:24-28.
T, T BT IR R T N TR e T N S
FAAERY IR ] PR R 22 C FLARBRA AR, 2019,
31:118-121.
WINFIELD A F T, JIROTKA M. Ethical governance
is essential to building trust in robotics and artificial
intelligence systems[J/OL]. Philos Trans A Math
Phys Eng Sci, 2018, 376: 20180085. doi: 10.1098/
rsta.2018.0085.
O ER . N TR RELR T 4R AMRHEE AR R B BRI
HLB 5 RZET] . pE SRR, 2018,38:28-33.
[AXHE] BT



