+ 352 -

AIE , A5 . FATEATEAE S AT AT 5E A T 50 0T BUAR 5 3

> I,

AT ARAEHE S HRBRET PN [ 5 A b i R HIEIR 5 2 5

ERRE, MR ME, TRBAE, B AT
W IRV ERNCEE M E 28— EREE R, BB/REE 150010

(8838 ] FAEDO; WSS TRV 2Rk scik

[FESHEE] R6815 [ XERtRER] A
[ DOI] 10.3969/.issn.1672-2957.2020.05.014

[ xEHS] 1672-2957(2020 )05-0352-05

Application and progress of navigation technology in pedicle screw internal fixation

LI Xin-chen, JI Ye, CHEN Guang-hua, YAN Jing—long*

Department of Orthopaedics, Secend Affiliated Hospital of Harbin Medical University, Harbin 150010, Heilongjiang, China

[ Key Words ] Spinal diseases; Internal fixators; Computer-aided design; Review literature

HE 75 AR BRET A ] 2 B A PRI A A ) 77 27
PERETE A LSBT AT 22 B, A A B 4T
HREI A AERRE AR LB HR A T A
SIRYT L BEA BURESE WL, HRSMRETA
AN 1) TR AR B B9 5 i) A J , X A 5 AR
FIEARPSEIESE T 3w A 2K . SAE AR AT e
A G| G R T5 10 I A 5 ME 5 AR TS5 P [
SEY, DR G ME S ARIRET B R X | M
A, FEIRT AR BEE AR R, &
411 N R e N N ot £ R Y 24O B NS
FREA LSRRI AT L A RS Bl
IR AR G S B EIG G — A mk — 4 n] WAk, HEI R
{(INERE N (E S S NHIRIOEC SIS BB UR: S N T X VAN
AR AR R R EA, REfE—E R b T
ARUERYE, HAETHANLEOR | LA BORFIbLER A
PARGUAT B KA K S 25 18] o AR SCHE i B ik B T
N2 B BT EME S ALIRET A 1] 7 A 91 H]
BUR, X AL B, BREEAR T

1 SEARRE

NIRRT BEA AN R A 1)~ A i A A P
UNREEMEIRA TV , JC LAY AT HEAE TR F) R0 3 AR

BRI 20 (1994— ), A-LAEsE, BEIW;
lixinchen1994@sohu.com
«BEEE: ESE  gwb-yjl@hotmail.com

J Spinal Surg, 2020, 18(5): 352-356

W BUEE | YRS R AR T TR A A 2 A
A5, WO T RETFBATAIXMERE ), Costa 261 AU I T
S S AR AT AR IR TP 8 5 TRk T
Foig, 53R BN, AT AR ] B B 456, EET
HEFRPEE AR AL, PO AEHE S FAR A
)35 (92 31 ) min AI( 119 +43 ) min; H4TkKs
8250 96.2% F191.1%; A R EETH A 0% F10.8%

A BT 5, WA 5 AR LA A A o Ry Ak
A, BRI SR R SR A AR B 2 3, A
BETF B A 405 MUBAEME 5 HUIRET, Hoivh 124 F0R4T
AN TR B b 2 0 7 3 ( 21 K2 B S 8 >4 mm ),
I I bt S A ™ 1 = 2 SRR T B, LA AR
R R e e C R N {0 < S oy AR O % < B 31
TEF AR, Anfa] 22 4 o s B AHE 5 AR IR ET 2
W 22, Kotani 25" [BELPE0 0 T8 HEHRIE F AR
416 MOHE S HRIBRET 19 8 A OL, AR OTERE 3D
S B BT S EIVEET, AN IRET I BT
B 43 30 (5.4 +1.1) min A 10.9 3.2 ) min, T
BT I [R]BH SR 4 ME D AR IBRET R LR R T
212%.

S5 BeAH EL, S00HEAE AR SR /N HAR S
K, SOMEME D ARBRET 2 T I e ey B, a0
SR IS 114 A7 [P 8™ B Je T R AR
Singh 4 ZETHEALE B S0 B ARG 52 K0 2
HEDARIRET, AL HCHARRE BB 5T, BB E IR



BRI, 20204E 10 A, 5E 18555 ) Spinal Surg, October 2020, Vol. 18, No. 5 + 353 -

U HE BRI 22 DT AR 0 0 Abumi 5510 GE T A S
SAMRETHERA TR R o, BV 2200 5 10T
FEAMBHEE I, T8 A 669 BURET HJ5E 45 HUA IR
FEREZFM BT, Horp 2 MO 22 AR

Zi b, METHETEE, SMEARTEFAES T
Bery EATRCRAMERR I A E AR R,
I HoX — DU ST EAE S OB R ) 25 Fa S AR AL
PRBLEE NI

2 ERSMEAR

2.1 CHA X ZME 1s0-C 3D B 4 %

AR CIERF X LB ILE B Rl IR -4k & H
M) — P FATER , RS ARGR . BRAE T A E 25 =
Beh )2 o {H CTERE X LA R BRIt dss R HH &
WAL Z2 BN, B DX 75 e JRUBS: 1 ) et
P Bt AR A1 BB IE L ) b 4l
) —HEB N, s S E RS, 2 EAE S
T, AR AR KRR E AR 4R B
(AN AT, T S o i 152 S 5 4 MK I U 114 22 56 K
FUINH, TCEAME E AR BN, %07 kE
T 3 AR TGk BRI A, MR &S E A hE
VR0 25 AR 35 X A5 A JE A B A [ B, M fi s
— [A] 81, Hofstetter 2" 4R T 3 F B LAY T H AL
B SRS, KRG ENMNARL. CIEH XL
Tt EALEMGAC P R G AR, v XS LR A T4k
P U s G b ) = G 5 [A) 37 B 1999 4,
PEIE PG ]2 ml 3E T I PR 2T CIE R X 2k
BLITH AL =22 M R 58 (1s0-C 3D 758112,
Iso-C 3D ARG HAR T AR AL D ORI %
W& (CIRE XEMLEE ) 5 00 TAE R T HLE
[ 7 R B IR S R R B B R ) 2E bR AR, JREE
PRT BEGARIE T BOBR SR et i S 4 B (Gl w
Ve BT PN F5 3 2RSS ). @ LA CTE R X R MLtk AT
190° 4534, B OR 5 [ M HEAR S R HE FL Ny, b
LA B 2 TAE S AL H S 76 A4
AR T R & RAR TR . QTS
ARArgeti, anoF CHE . JFIEHESE  SET T AR, B
AIAE B R R SE B HR R T BEICGHE T 3E 18 I
AHES ARIZET , Iso-C 3D 2G5 AT B WL H. 52 i WL 22 02
ET S HE AL B OCR , FHARME A i I Bl A i 2
BEET A, WAL 58 CIREE X LB T B 4T, Hivk
R B B R # Tshikawa & BFIT BOR , 5
52 )5 305 1s0-C 3D AT BET 9 0 9 (R 280 )
BETHAY R 73.0% F1 81.3%, 3 2% ( 2F iz Joi iR 2

=2 mm ) BETHRHIH 12.7% F13.3% , TERHEET
KA R BETRITH, Iso-C 3D R4c 3 HoA HIH
L3, S 205 5 16 L A BHE bR AR 4341 1
15 CTERE X RMLBL T BET ST AN S0 F &
BT, 2R 7 TR B ET )53 51 R 83.3% F197.9%, [A]
FEUESE T AL SR CTERE X ZHLiBAL, Tso-C 3D 5
B AT T B BT VR R e EOR g AR
PR 2 0 T 3 o8 1) S AGE  Je LTT If P e R [, 2%
SEF MG 5 SR BSOSV B A T 5 iR B e
AE AR R AR L R T RN R SR A AR
ENhIDR 2 Y pr S
22 BEFMEL

B I B 55 0 T B () 254 5 4 8 g I 2 Sl
HHA BRI R SHES, M AR &
ANZRIESBETLERAN T E BT T AN 2R84 B2 8 o [
I, R RGAEAR T o HEHE 5 HUIRET & S AEAA
S E B N R AT RE . Kantelhardt 2507 i L2 i i
FHE RS BARAEME = HURET B AR 2, HEL
it — R A F G RT3, & R A B AT A AR sk
ASTEY, AL F UL R mE L E SRR, &
FEB R UG 5 TR R 5, A [ (8 R A R e A
U 2B TR P AN, AR A s mT LA SE B
R EES, HRPER M SR TR, Frllaets
TR B 2 7 SR ) 7R R T 7 AR 1) R R R
O3 PR B 25, JOIR I R TR G I R 1Y
FRU, HAL, BN B SNRHE P A
BB 7 ], BIFEAR R B 2 B8 R T R b
A, RBRIFET SR ) R R R P RSk A AKE S
HUEAE N2, sk Sk 2B A A i, 7
T e P 5 AR ) R AR ) 2o i SE B £ T T
D5 SR W, H AT ESNE A ST B T
A2 RS LD H AT A AR T B Tk il H RS RE
HEAMES ARE B Bk T HALSATT-B, #
AR R G HA AR, AT SCRT AR, e
PR, Qi A Bk IV E B BRI HE— 2D Kk
AEE 2 2B AR G R N, R A 3R T ] ) i 5
2.3 Brig A AT

AR ME 5 ML A AR AR R A SRR 4,
HIRHE AR Z —, AR 2@ T AL G AP,
) TR SR, 3D T B R PR A 4 AR Sk A
SERM A A B AR S0 SRR 2, B
FEAR T A X E AL AT CT HR X et iA1=
e, B 4R RE B A ] TR
Tin) 5 2 5 RR A A A R U A ) R ) A TR AR AR



- 354 -

A, A5 FATEOATEAE AT AT 5 A P 90 0T BUAR 5 3

G H T A S HLARATETIE , PRl 3D TERE,
AR S BT S AR ) il V2, AR R TR 43 AR
FIRR MHEM E SR, AR TS A T
BEAHE, FFRARBTIN R I B A T 38 8 ok B
AHETS HEBRET 3205 TR AR T B AT AR 4l 8 3 1 AT A )
RS E R U, — R AR T TR
] Jiang 25024 (R B 5T 2 WY, AECRR 4 (4 R Hh i 0 B
[B] AR R 3054 (2.76 £ 0.72 ) min J2( 171.84 +
22.46 ) min, EGEETA 51514 (3.97 £0.94 ) min &
(182.76 +28.40 ) min, ] UL LA AR A 42 A% S8 B 5T
FeARRENS B B DA B I ) S A1), AT
U A R S I S e IR o R o 2 R
X2 T S 2 T SR BN, DU 7 IR T
AR HER R AR A% 48 B A7 ¥ . Kanayama %512
X U AR i B BT R M T T g R
B, AR SO MIRET T A 2 MU ZE R B T, 2R
F TR oy A L MR ET EAR Y 50%, K5I K AE,
Bax i8S I N RS W NG AP O T TR T EEAE L
W, SR ICE SHENR S8 MG A G, X2
ZHR HATAAAE R R — , FERE S L N A AR
RETE MG BT, 5B T BRI | Mt b i3k
L IR NN AL, (B R REf  E— e FE
AR A AR S [ IR ER
A T BRI TR B R — 2t s BeAk,
VERTAR 1 RS MRS it i R I B8, T4 JR Al
JIPAE R A 10 T XE B S 2t — 20 R ARG B 38 Il 1=
FSF [ R AR AR 28

3 SMEARHNEZEE

3.1 ZREXEE&&S

F A AR F KA 40 CT . MR, PET Fll X £k %5
AT A R B DR SRAREAN ) 25 44 FN 20 2L s A5 21 B
SR, BAARA — P AR R A T D e iR 4
BRHLRGE , T FEINBETF AR, B T HAZLISL,
[FAETT ZEO RIS . A . WLR S E % LLAMM AL
ZUEER . I, 2R B RG XPEAAMRH AL R
SEE I AR A AR S B AR R BT
BERNG BRI AR B R M 2 —
32 WERIBAR

H TR S i 1 2 At O R e 6 7E
ff ) 2F bR T TR AR 015 5 ke 2 R S B
ARAT BV S AR P B AE R P F RIS
ENDEMHEHE R EE, BAER T EE R T2
Al B 2 7 BT 7 A SRR, — ELH B A

L, D20 B 2 7 R, KRG F AR A,
ST DU F 245 180 B 28 R A AR fe R S i ) 225 4 A
FARAM, B 23X — AR A 7] 5E KA & T
FARG 20, TB 2SR AR Bt L 28 7 — SE 1 B
AT AG R Y, A AR 2 e T 2 45 LA
N
33 BHILEA

BRIHLES A 1992 4F 5 b FH T i G &
PR 2 BT, HLA S BT ARARL) 2 B A e
TR RIEAR T, SHH B BRI TFAR R
Wk, mF RS EERORT SRS 81
B AR E AR . BRI AL S TR 3,
e AMFE SR ENER T, #4507 FRENA
[AWNE 13 RO SN = R 7 A GEA A 5 (s <SP
MG SRR ) DK R 55 T 26 45 TR 28 Ir s 1 i)
N IEAREE LA N B BT Re i R e | R e
PR TR, AR 1R IR R T B RPZE | AE
553, SpineAssist A AL ME— i 2 5 [E £ b
25 W B PR ( FDA ) FIRK B CE AR HE R
SAEHILAR AN, HETE 5802 500 4301 FA, HBh
EET 15 0008, A KA KA NEM 25 AR IE
RGPS NG BB R AR Z 2045 AR BB
i, (A AL G B AT HARA s i fErf e,
FEPE R AR R G M . R M U A — e R
S BB ARGE G, X—Su R A B
KA S5

4 = P

IS =A

FAE S AR ETHORUEA: LI, B AT A ERf R it
— ERB AR TE SR B FAR, 2500 AT
Bibiln BRTEREA S - AN I Z IR R A ] 57
HOR[RIRE QLTI 35 0 A% &3 52 | R BRI, H
AT B B 2 0 3 52 B & FPHEARK R R
i, A —FhEORREAE LI 2 A L s A Tl AR
MRS ARSRER T 2R BEA B A, IR
AR VAV 5 Ve bk —2D R e, WTr 2R
BEG O ESAEA | BRI NSRS
WA K R BER A AL S M 1) 3 BEAL TR 4 B
B, IE 2B E 24

& & ik

[1] Siewe J, Bredow J, Oppermann J, et al. Evaluation of
efficacy of a new hybrid fusion device: a randomized,

two-centre controlled trial[ J ]. BMC Musculoskelet



BRI, 20204F 10 A, 5E 18565 ] Spinal Surg, October 2020, Vol

.18, No. 5 + 355 -

[2]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

Disord, 2014, 15: 294.

Zheng G, Nolte LP. Computer-assisted orthopedic
surgery: current state and future perspective[ J ]. Front
Surg, 2015, 2: 66.

Bydon M, Macki M, Abt NB, et al. The cost-
effectiveness of interbody fusions versus posterolateral
fusions in 137 patients with lumbar spondylolisthesis[ J ].
Spine J, 2015, 15(3): 492-498.

Costa I, Porazzi E, Restelli U, et al. Economic
study: a cost-effectiveness analysis of an intraoperative
compared with a preoperative image-guided system
in lumbar pedicle screw fixation in patients with
degenerative spondylolisthesis[ J |. Spine J, 2014, 14
(8): 1790-1796.

FE, B, KAKNI, XS T BN AHEAE S AR
BRET Y L2 A PEPFAN [ 1. b B AR B A% A, 2006,
16(8): 596-599.

Kotani T, Akazawa T, Sakuma T, et al. Accuracy
of pedicle screw placement in scoliosis surgery: a
comparison between conventional computed tomography-
based and O-arm-based navigation techniqut%S[ T 1. Asian
Spine J, 2014, 8(3): 331-338.

SRARME, FPHE, Ml , 55 PO R AL SR
A B S 5 ARRET AR E ALY | A R4 U R AT
T, 2017, 21(3): 340-344.

Singh PK, Garg K, Sawarkar D, et al. Computed
tomography-guided C, pedicle screw placement for
treatment of unstable hangman fractures[ J ]. Spine( Phila
Pa 1976 ), 2014, 39( 18 ): E1058-E1065.

Abumi K, Shono Y, Ito M, et al. Complications of
pedicle screw fixation in reconstructive surgery of the
cervical spine [J]. Spine( Phila Pa 1976 ), 2000, 25
(8): 962-969.

Matityahu A, Duffy RK, Goldhahn S, et al. The great
unknown—a systematic literature review about risk
associated with intraoperative imaging during orthopaedic
surgeries[ J1. Injury, 2017, 48(8): 1727-1734.
Hofstetter R, Slomczykowski M, Sati M, et al.
Fluoroscopy as an imaging means for computer-assisted
surgical navigation[ J ]. Comput Aided Surg, 1999, 4
(2): 65-76.

Nolte LP, Beutler T. Basic principles of CAOS [7].
Injury, 2004, 35( Suppl 1): SA6-SA16.

Euler E, Heining S, Riquarts C, et al. C-arm-based
three-dimensional navigation: a preliminary feasibility
study[ J1. Comput Aided Surg, 2003, 8(1): 35-41.
Ishikawa Y, Kanemura T, Yoshida G, et al. Clinical

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

accuracy of three-dimensional fluoroscopy-based
computer-assisted cervical pedicle screw placement: a
retrospective comparative study of conventional versus
computer-assisted cervical pedicle screw pla(:ement[ J1.
J Neurosurg Spine, 2010, 13(5): 606-611.

RN, B IEI, BRI ANV CEE T
HkE S B TR SCIRRT S [ ) ] E AR 2y, 2018,
25(18): 64-67.

Patton AG, Morris RP, Kuo YF, et al. Accuracy of
fluoroscopy versus computer-assisted navigation for the
placement of anterior cervical pedicle screws[ J ]. Spine
(Phila Pa 1976 ), 2015, 40( 7 ): E404-E410.
Kantelhardt SR, Bock CH, Larsen J, et al. Intraosseous
ultrasound in the placement of pedicle screws in the
lumbar spine[ J 1. Spine( Phila Pa 1976 ), 2009, 34( 4 ).
400-407.

Zhang H, Wu S, Ta D, et al. Coded excitation of
ultrasonic guided waves in long bone fracture assessment
[ J ]. Ultrasonics, 2014, 54(5): 1203-1209.

Shamov T, Eftimov T, Kaprelyan A, et al. Ultrasound-
based neuronavigation and spinal cord tumour surgery-
marriage of convenience or notified incnmpatibility?[ Il
Turk Neurosurg, 2013, 23(3): 329-335.

Aly AH, Ginsberg HJ, Cobbold RS. On ultrasound
imaging for guided screw insertion in spinal fusion
surgery [ J]. Ultrasound Med Biol, 2011, 37(4):
651-664.

Goodwin MR. Intraosteal ultrasound during surgical
implantation: US Patent, US6579244, 17[ P ]. 2003-06.
Zhang YZ, Lu S, Xu YQ, et al. Application of navigation
template to fixation of sacral fracture using three-dimensional
reconstruction and reverse engineering technique[ J J.
Chin J Traumatol, 2009, 12(4): 214-217.

B9, PREE I, R, 45 BCE AL CE R TR
SRR i B AE 5 HURET B AT IR T TEARMEATRLY ).
SRR, 2018, 16(2): 76-81.

Jiang L, Dong L, Tan M, et al. A modified personalized
image-based drill guide template for atlantoaxial pedicle
screw placement: a clinical study [J]. Med Sci Monit,
2017, 23: 1325-1333.

G, maEM, s, A SRR A D A AE
R [ 5 AR5 AR GEME 5 AR T E AR TARBCR U Y
Meta Z3#7 [ J ]. FPIEE45, 2018, 31(11): 1069-1076.
Kaneyama S, Sugawara T, Sumi M. Safe and accurate
midcervical pedicle screw insertion procedure with the
patient-specific screw guide template system[ J |. Spine

( Phila Pa 1976 ), 2015, 40(6): E341-E348.



+ 356 -

A, A5 FATEOATEAE AT AT 5 A P 90 0T BUAR 5 3

[27]

[28]

[29]

[30]

[31]

[32]

Deng T, Jiang M, Lei Q, et al. The accuracy and the
safety of individualized 3D printing screws insertion
templates for cervical screw insertion| J ]. Comput Assist
Surg( Abingdon ), 2016, 21(1): 143-149.

FUFH, R, R4, &5 BEVUREORTE T S
AMAAL S T B BRI L Y . o s AR A 5~
ki, 2015, 33(3): 284-287.

Aponte-Tinao LA, Ritacco LE, Milano FE, et al.
Techniques in surgical navigation of extremity tumors:

state of the art[ J ]. Curr Rev Musculoskelet Med, 2015,
8(4): 319-323.

He X, Popovic A, Flexman ML, et al. Shape sensing for
orthopedic navigation: US Patent, US20170281281A1
[ P].2017-10-05.

Shi C, Luo X, Qi P, et al. Shape sensing techniques
for continuum robots in minimally invasive surgery: a
survey [ J]. IEEE Trans Biomed Eng, 2017, 64(8):

1665-1678.

Lang JE, Mannava S, Floyd AJ, et al. Robotic systems
in orthopaedic surgery[ J 1. J Bone Joint Surg Br, 2011,

[33]

[34]

[35]

[36]

93(10): 1296-1299.
Pechlivanis I, Kiriyanthan G, Engelhardt M, et al.
Percutaneous placement of pedicle screws in the lumbar
spine using a bone mounted miniature robotic system:
first experiences and accuracy of screw placement[ J ].
Spine ( Phila Pa 1976 ), 2009, 34(4 ). 392-398.
Dreval” ON, Rynkov IP, Kasparova KA, et al. Results
of using SpineAssist Mazor in surgical treatment of spine
disorders[ J ]. Zh Vopr Neirokhir Im N N Burdenko,
2014, 78(3): 14-20.
Solomiichuk V, Fleischhammer J, Molliqaj G, et al.
Robotic versus fluoroscopy-guided pedicle screw
insertion for metastatic spinal disease: a matched-cohort
Comparison[ 7. Neurosurg Focus, 2017, 42(5): E13.
Devito DP, Kaplan L, Dietl R, et al. Clinical acceptance
and accuracy assessment of spinal implants guided with
SpineAssist surgical robot: retrospective study[ ] ].
Spine ( Phila Pa 1976 ), 2010, 35(24): 2109-2115.
(ki H . 2019-10-19)
(Aot skdsf)

(EEF3417)

[17]

[18]

[19]

Ozgur BM, Yoo K, Rodriguez G, et al. Minimally-
invasive technique for transforaminal lumbar interbody
fusion (TLIF )[ J ]. Eur Spine J, 2005, 14(9):
887-894.

E5E, KB, BB, %, Quadrant i E E T
FAY) RS T HEARE (9] 5 5 R AE PR 1Y BORER [T 1. rh AR
PR (LT ), 2011, 5(11): 3357-3359.

K B, A e B, AR E, %% . Quadrant i iE T MIS-
TLIF 5 JF i PLIF 675 R AR AR AR PR i e [ .

[20]

[21]

o E RSN 2, 2018, 26( 19 ) 1770-1774.
WA, BRAR R, BT, 2. Quadrant il 3B T A E
TRIT BAEEAE B e i AR AR [ ] ). e
HBHeE, 2018, 26(5): 416-419.
XNEEE, Lok, R, %. Quadrant il & FRJY
LA AR () 45 58 HRE 3 T RO [T 1. A ls
%%, 2017, 38(S1): 81-82, 86.

(ki HIBT: 2019-09-11)

(ASCHAE . SKETF)





