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Bo ZOWREHEMIEEGTARTO1 2L L CGEEINEH SN TV 5, T4 CIESI AR EE
JEoRE, BRAVE, EMTPRICELS Db TWE Z ERFEH SN TWD, EB ORI 1TEE
DREFHEFNEE THL Z LITF O ETH R BEAGEHED MEFRAA2 1 (5 2%) | T3k,
fdzsH, RAEZE, BEPRIE. REAPEROET 5 RERICM A, EEZERE X 72 6 KIE-RDOK
RICEES RS W 2B LTS,

L AT, BB BT O FHEEEM B N LR 2 EIcREESNDA T T I E
FEDOHESSCAERMELO LB E> TR TR LEF L L TE e, EihgEAIC LTI boA
YT v N ERWEARRRITREICEROBBEREFICZ K2 BEEL -6 L, A% b &R
FROPTHAZDHELESENHIRF SN TS, EEEEE TR A 77 v NOF TRICHHE
AT T MIEBEREIC I RN EE T, WENKE WV, ATOTHEFRESEL CILHF
(222 20 BV T, TAMECAERBFWED @ WEHREA 77 > B SN, R EEEEAT
5B HEZE USRS 2 FHERE ENT & OPFAIC XV igE 2 EES S v, REEERE Ve Y TF—v
a N K DBERMEEGEEEO PRAICH RE S HBRL TV 5, —JF TEHEE ST ER DR OFFHE AT
e & O PBERE A BAE S 2720, IR O rTENEGHIRR . M. BREEEHERIRZ 72 & DR
AL TWD, AROFHEMENEEZ AT 2AEEEEZ BIE LCIGR A BE LI25E ., R
RHEMEEZ B E T 2HMEA 77 FTi< | BUERSNE THRZE DS EA TV D ATEME K OV
EMEHERFT 28 MHA 77 NOBANTEEE BbND, VR, b OREAREFREA
7T v FOEENOBEEIZZENC LY BE, EREOREE, EREHBICBNTARTHL LB
bbb,

AREETIE, TEVER VL EMEZ R 2B 7T b (BEHEN THERIRR,  IEHETR 5 il
AT A JEHEN THERIBAEN) (21T DB ARME. RO BT 2 M EEH I K OKR
ISR LB TR FHARG LR 2 5% T 7o, 2D OEEN R REREA 77 bO
AL THS b0 L0 | EROESZEEOHELE & @REFM OIEMICERIVUEZNTH
Do

(1) ENOHFHEA 77 > MERFiroBRTHA
REEZBGTDICHTY , KRBT 2H/HMEA 77 > MERAFIROBRICOWTHEREL T
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BBERDH D, £ 11220134 14H (1-12 H) OFHEA 77T > MEHO TR O H 5 66,000
BIONRZ T (2018 4F 10 AHE ), A7 —ZIETHGHET —% (20124 AT 4 A
F=7 2 (NLg#s) im0 TRl & S AREORIE ST RS RERFEVIIET) . Hm &
OB E AR M RE O [ERRHERT 0% (International Statistical Classification of Diseases and
Related Health Problems : ICD) ®O##hit ICD-10 BT — ¥ | HAFHER IR 2 FINRET —
g REESMEENLOFEHRR EE S LIZEE LICHENIT —2 Th o, £ONFIZ, AT
[EEHT 7,000 511, FRHEHES TR 10,000 5, 2AHER J5 [ ENT 6,000 5, REMER )7 B E R4 H
(Posterior lumbar interbody fusion (PLIF) Transforaminal lumbar interbody fusion
(TLIF) /Posterolateral instrumented fusion (PLF) ,Cortical bone trajectory (CBT)) 25,000
B, FHERL T IEEMN EEBPEFHEE0SME 72 &) 10,000 6, FFHERT G EEMT 3,000 4, FFHHH
AYE 1,000 fi, FREHEIHEATZ AN 4,000 B CTh 5, 72720, FHMEMESERINEIA 7 U 2 —% 5
AT T RRNLEOHHARA 77 PREMR EFENLETHY, HETA T T
NN TE OO OHERIE T, BREPIMEARTEZ AT X Balloon Kyphoplasty (BKP) O&H DT — %
Thod, UEDXIIZHFMA 77 MERHFMEGEOMREILH < ETRENDDREERINT
TR EBEBIZLIHT =2 THDL DD, 1ERIZ 66,000 il DA 7T 2 N Rl EHE S
NWTWDBURIE, A 77 > MERFHEFRA OV ICAE AR &<, R LTWDnERL T
s

#1 2EFEHA 7T MERAFEHRORR

Hr="AAR Fof i (B1)
FEMERT S B EMT (77 > M) 7,000
FEMERES RN (4 > 77 M) 10,000
MR T EEN (7T M) 6,000
PLIF,/TLIF /PLF,/CBT (A > 75 MiEiH) 25,000
THEZ T EEN EBETHEEL., SMER L) 10,000
FHERTHEEM (77 > M) 3,000
FTRHMERE (7T M) 1,000
BKP 4,000
a8 66,000

(2) EEEHGICRIT A 77 Mk

REFHEA 77 v MEAFINOBUKREIZS E i . REEIZBIT 255454177 b
B®ET D ET, HEHSBICBT A 7T N ERE U, FMERTT . REMERS 7. MREHERT T |
MRERERS 7, MR ERBSEIC M E L, 0 HAKGR - RAGRIZ/ T TRtk L7z (£ 2, 3), mi#llo
A7 T2 MITTICHERIGHA STV b0 L BERRER T O b OO T %28 &, 1hBRFE
HDA 7T FOFHRIZR v MRER & FRSURE THRUG L7z,
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(3) AFEIIBIT DHREHEfORE

K BITTRTHARKHEDA 7T & RS RIOBEHEA L 7257280, ZOETITOWTHE
WG IZTHFELTZ, £, A7V a—DH A AN =2 a UERBRED NSl T T
R IZOWTIE, A%BFESND 2 EN TR SN EF 2 KR ERER &) ) REZEDOR

WZESDORNWI L, SHILHEDEEV AT LATHEBEEDZLENARETHLEEZLN
D ENBIETRN DA LT, RICARKERA 77 FORTHEEA 77 FHEE
WCHARTARINTWELO LML (Bl : MIS HlzuxY v r7el), #illAr77 0 b
ELTARFEEICBWTHRTREASA T T b3, 1) ANLHER. 2) PEEK =y B, 3)
N TAHERIREE, 4) AL MEARZ U a—, 5) Magnetically controlled growing rod, 6)
MEMERL B S A7 A7) HERIRA~ V=T BRI A V77 0 RO 721X biie, 720
7T MEEHER O T, 2) PEEK v v RIZFEM ORI T ¥ | %&/AA a1
7\ L7e ERBRIC AR THEREF TSI LT, 4) BEAY MEARY Y 2 —bBEfF
A7V 2a—DRBERTHLFEEMEOEEEZHHE L TEBY, BEFOTA RT7A4 DB Z D
R CHRENARETH D E BB LRI L7, 5) Magnetically controlled growing rod IZ% ®
ARPEZEWEHRIS DR, A 7T MERPAR L TV DHE TR LTz, FERIZT7) HE
MR~ =T FIIEA 7T > b b IERA L DS TR LT,

AR BAMEN THERIAR . IEME N CHERIBAER . MEHERS B S X 7 LD 3 D3 AFEE THa
TRERMRA T TP ELTEIINT, KFEETEINDLDOFMHA 7T 2 MIBT D
B, AE. KOS 2 MBI K QUK FEICE LB TS FHA R L,
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2. FEAMEN THERIAR
RIREFRRT: AREHFEEZHE BPARTFHE H0%
wmE BE
WK EPERR BRI B
sy IR &

(1) Hix
A, BHEOREE & RAE (HERIBR A~ =77)

FMEOMER BUI MM T THER S TEY, MEKLHEZSRS, WbWwb 7 viay
WEOKRENZRKIZL TWD, HERIMRO PO E OB 23 B H 9~ 2 K18 2 BAHEHERI iR~ =7
EMERT D, A~ =T BSEAEE OSMUG IS S MRS R S, @EIT— L
e~DBEIR SRS 5 (FRIRIE) o —, ~V =TI K> THFMO P RIS N EE S
o e, MFHEEEEE, SMTEEL I OHREENSELC S (FREE) (K1) [1],

FHHERRA L =7 EEER

MR N
v FEAOKHNE vV BFEBEHES
v —{aH v BITEE

v HREE

B1. FHHEHERIMR A~V =7 &SEIRCUER 1 & — )

(2) FHER BRI D16 HIE
A, PRAFIRIE & FATIR IR
ARFRTIEL, MRERIEDOHEIITHAIE L TREF, 77 —[E, &EREDRFRIEN R
REINDZEBFLEALETH D, MANTZWVIERZ AT 2MRIRIE & BITEE R E R A
TEENEIC I 2 & 72 BEE O 5 & 13 TR (—BICHT G BRIEE EM) 23 @RS h 5 [1],
THATH Ly oK, FRICKRE T, SER2SEE TRWHRBARIEIC 3 LT FIRR
MRA BRI SN DA H 5 (2],
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B. AR & WK IZ I8 1T D FAME T O3 IS O A E

FEMESR BRI AP RRARE & B REIE IS KRB S D, AT, FREEOBRF T LTk, MUk
ORREENAE U CEERBELZERTATREENSDH D 2 L0 BlRMIC TR tfrbn s, — 5.
FRRRARIE O B VI D ERIER TH VD | RFATER T < OFEFI TIER | HRT 2 2 &2
o TS, LD o T, R TITARIRIEIC K LTI FIRNThin s 2 &ixd
722l

PRIRARIENZ R 5 FMTOBICITBE L TiE, ALK E DEWVWRBHETH D, BOK, Fr
WK E TR I FRIESITOR TEB Y, ZHOFIREREZBRE L TV DEmITALN
[3-10], UL/ ULARFMTITFEAIE U TRFEIEZ ITL TSRS IERICE <, FIRE
HEERDBEOEB IO N TH S, E 1T HAL KRS & 2 o B % 0> 104 i o e
FHT3,977H1 0> 5 B ZAMESE A FRARNE 12563 2 FIFIE194%1 (5%) 1T E R o 7 Lk~
TWD, TERFEZIMHBRE TIE, 104EH T402600 D Fl 1T lors . M
JiE PEAR IR ARE O T IX DT 00301 (0.7%) [T Eero7e (F£1) [2l, To#EBIZONT
B RS IR 72 SCHRIE e WA DIV D IVTBLRE R TUA T DO L D ICBLE L TV D AH & Bk,
BICKEOERZ L LI-5GA, BERROFES X OEMOBGERRBRKELL BT
W5, —HOBIIMIEETERNDR, KB TIE, BENKBHDRVRFAR T, REFK
LaEEHMICOEsTRZT DI ENARETHY . 2D ENARMTORFEIEDE KD —
WeioTWd B OND, £ KEOERMOREGERIZEAWITITH KSR TH O |
FH OB 2 L, ERIOIA N TAEHM AT > TV D, TS L 0 BIAITETR S Y
KT DLW FRE OFEIE, KE OB E D EHE 22 R FRIE 2 R L, B ICF
B ZRIRT 5L bMETE D, 1272, R THRABEDOFNMEEZ FEEL TWHILE
DB AT, RKETEARALERFMBHLEITOATWDEEEDI D% 220 ([2],

C. AFERIT I T B A RRARSE (2 5F 3 5 Tl D Bk

ARIRIC I DA IRARIE (S 6h T~ D IRBIEICB L €, T4, Bl LBALN D, RTFH
BICEBT 2 Z KT 2RBENHLELNTEY AN HNIE T 2 —mBAICIT H &,
LOBERbBAINS, BF L2, A TRIFRE N HESLDEB E LT, ORF
PIETHE LW TRV E NS e ABl, OFMRINO LS L ORA R, OE
PRIE DB ARG TR, @QHERIR A~ =7 & 5 WO B I D 95 BE R O F 47 B A B &
TRV, QMBI D FME Db DIZBIYH N2, REOREHEMLTWND, 5%IL,
AIIZEBWTYH, PHEFEOBEESIERL TS ZEB TIN5,

-23-



#F 1. CLik2m 6 — &)

FHMEF AT B DA ER
(1998. 4-2007. 3 T3EKFEEAEL)
] % TEBIEL (%)

FEMESE B B 13861 ( 34.3%)
RAMEER T 5 L AE (BHEE) 92145 ( 229%)
TERENE S 521 ( 12.9%)
HEM A~V =7 CEBEAE) 4961 ( 12.2%)
B e e (3] T O 2761 ( 6.7%)
FEEIMEG 1860 ( 45%)
FEMERR TS 8F ( 2.0%)
FEMEREVE R AR E 8 ( 2.0%)
I_%ﬁjfﬁﬁiir—;‘|'fﬂq]ﬂ‘ﬂ‘féﬂ 361 ( 0.7%)
= DAl H ( 1.7%)
At 4025 (100 %)

(3) BiRFACOFMIGEE & M A
A, FEHMERT 7 BRI [ E i
FAMEMERIAR ~ /L = 7 12xh LT, RIMTHR AT T D0 0L B HE /T 7 BRIE R EIR < H
% (X2,38) , Zoffifix, RIFEACI D ~V=T Z2fH Lz BB 21T 7
LD THY, LRI TLEEL TS [1,2],
AIFATIE, ~V =T 22 THIH L THRICR T 2 EBZ MRS 5 & v 9o 2RIz,
ﬁﬁ CEBMEAIT> TREMZEET 2L WVWIDNRBHLEFELNTWD, T4bb, £
WEEDZEICL> THRBEROIERZ LV, S5, TOWMEBET D Z LIk - TH
BA~ORNE XSV R THEVIFHATH D, FIFT, Hex~Vv=T%22THHET
HZ ek L BEBIEIC iélf&ﬁfnﬁkﬁ“ﬁifﬁ’? BRRLS D2 EH %<,
Z OFEWRTIRIE & EE O WE % FKI2AT O B GBREBEWRITA 2 E 525,
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7228

3. BHE A7 B [ E i AT 61 0 45 By S

FMEIEMER BEE ], BoHMEL THOBMICE YV FMAEI LT T2, A5 BRER

EMT (C5-C6) 2N HifT S iz, ARG CIXEs-FHeHMMEMARIE L CEFBETE2BM. &5
WL — b EHWCTHEEEITo 7=, ITTIE, BEBEORDY I —Y 2 A WTCHEHTET
LR NL L o T 5,

(FEmig) FHEE L% CTRRE G, HEHHER T O MIC L TS L E %

FTWD,  (hRAEBETR) Mg AE G, (PRAEG) IHEREHEXRERS.
%) itk CTH 53k & O 6HME &AL,
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B. ZFHE R 5 BRI [ % 0 B B HE ] B

A7 BRIEE EM ORI R G OHE & L CEHEMEMESE A2 T o5, 2, BEN
TN HERNC B L T D HERNICAUVENE IS KRR AR SN 0 . HERIAR O 28 M AN 4T3
HT-HIZAEL D,

S 5%, FEHERT T RRIE B EN &2 1T L7110 0 i % 1048 0L L oo B k@@ g . 24
TREBEHERNIC BMXMR EO AL E2RB D7 & LTWB 18], @ Sk, ZHMERT T B E [E & #7
714961 D10 LA oo RIRkmBleE . 2861 (57%) TMRI L, BEEEHEMIHZ I K 2 FHE
~OFEBEERDIZE LTS, 2L, BB LORER, L7 L bAEROBEICER L2
WZ B iER L TV 5 [14],

ARITNZ I 0T 2 BAMERT J5 b 1 [ 1 % 00 B HE R BE F 1T L 2 BRI RI2-DO VT, 20024 %
TOWREEZFTLEHDH E1.4%0H18% Th - 7= (#2) [13,15-22], 5%FEENH T ICE -
EEZBND,

#2. (3CHk13,15~22)

211 75 BRI & 5E i & 0D B 45 HERS P SR

IZ&kHBFiHE
R (1986) 1.4%
M4 (1992) 3.1%
{£i% (1992) 6.7%
=3 (1988 ) 1.7%
%% (1988 ) 3.8%
BA (1994) 8%
=M (1994 ) 18%
¥rHE ( 2000 ) 5.6%
& (2002) 3%

ARIRNZ BT, FAMERTH BRIEFEER X EICHFREICR L TIThbhTWna, Ziicxt L,
FRK T EATHRRIRIE IZ KT L TIT b T D, Led - T, ARFR & Bk o ZEHERT 7 BRI [
EM% OMEMERMEEICL2TRINEL, A UERMTHEKRT LI EIETE RN,

FROE O % Clx, THEEKREL2 6T 200 CHEMEMEEIC XLV EIRE%ICHEBEED
FEANRESLT VI ERH LTSN TE R, 20054F 2 HAR S v TR HEREVE 3 B IE 2
WA RTA4 0] Tid, THFREET%E13mm LT O RE G AT 7 B E B E 42 5173 % 5
Ak, BEHERMEEIC L DIEROFHEICEE LRBEZ AL ENDH D) LEEMRE LT
W5 [28], Lo T, ARITIL2005F LA, FAHE ATZ A 13mmPL F O %E 5112 28 HE i 7
BRIEEER DS RIS N DB TE Y, TSV EEIC X 2 5T E L

gﬁ

5
v

(:%i
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ML TWDAEEEREZ OND, FHIEMICE O CHEOHEMREEE A, & ORE DR
EAICEAET 2020 TIE, 6O THRIEDLETH L,

(4) HHEANTHERIARIZDOWT
A, HHEN THEFIAR OBFE O H K
FAMEN THERIA B #29f (cervical artificial disc replacement: cervical ADR) TiX. HERM
Wzt L%, NLHERRZ /AT 2, T7hbb, BREIIT S NEEITET. MR
AIEE A RFFT D Z Ik o TR EO R AL < &V ) B THZ S v7-[24,25],

B. KEFDAIZ X % ZHEAN THERI R OFE AT (X14~9)

@O PRESTIGE® Cervical Disc System (Medtronic Sofamor Danek) # #"]20074E7H 16
H

http://www.accessdata.fda.gov/cdrh docs/pdf6/P060018c.pdf

http://www.medtronic.com/patients/cervical-herniated-discs/device/our-artificial-disc/

prestige/

<l

X4.

@ ProDisc™-C Total Disc Replacement (Synthes Spine) # 7[20074:12H 17H
http://www.synthes.com/MediaBin/US%20DATA/Product%20Support%20Materials/Br
ochures/SPBROProdDisc-CJ8414D.pdf
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http://www.accessdata.fda.gov/cdrh_docs/pdf6/P060018c.pdf
http://www.medtronic.com/patients/cervical-herniated-discs/device/our-artificial-disc/prestige/
http://www.medtronic.com/patients/cervical-herniated-discs/device/our-artificial-disc/prestige/
http://www.synthes.com/MediaBin/US%20DATA/Product%20Support%20Materials/Brochures/SPBROProdDisc-CJ8414D.pdf
http://www.synthes.com/MediaBin/US%20DATA/Product%20Support%20Materials/Brochures/SPBROProdDisc-CJ8414D.pdf

X5.

3 BRYAN® Cervical Disc (Medtronic Sofamor Danek) 7200945 H 12 H
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMA/pma.cfm?1d=17401

http://www.accessdata.fda.gov/cdrh docs/pdf6/P060023a.pdf

X6.

@ SECURE®-C Cervical Artificial Disc (Globus Medical, Inc.) 8 F[20124£9H 28 H

http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsa

ndClearances/Recently-ApprovedDevices/ucm322270.htm
http://www.accessdata.fda.gov/cdrh docs/pdf10/p100003a.pdf

- 28 -


http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMA/pma.cfm?id=17401
http://www.accessdata.fda.gov/cdrh_docs/pdf6/P060023a.pdf
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm322270.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm322270.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf10/p100003a.pdf

s

:

® PCMP® Cervical Disc (NuVasive®, Inc.) #27[20124£10H 26 H

http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsa

ndClearances/Recently-ApprovedDevices/ucm327487.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf10/p100012a.pdf

8.

® Mobi-C® Cervical Disc Prosthesis (LDR Spine USA, Inc) 7 7201348 H 7H

http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsa

ndClearances/Recently-ApprovedDevices/ucm366047.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf11/P110002a.pdf

X9.
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http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm327487.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm327487.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf10/p100012a.pdf
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm366047.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/Recently-ApprovedDevices/ucm366047.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf11/P110002a.pdf

C. KEFDAZDHELE 9 2 A THE R A 1 #a087 oD il IR SR F

PN T PR A4 1 46 At 1 9 TR s A8 e 2 oD 18 S 50 B (IDE) R G5 E R D AR & A )
(http://www.fda.gov/medicaldevices/deviceregulationandguidance/guidancedocuments/
ucm071154.htm) & BT 5EREB L OFDAR 4 v 7 [ F5l#FiC, FDABHESE 4 25 K5
THA L RO, RERSIMERE . FRAEENTFEMICRRH I A TWD, ZOF T, K
(ZEAHE N THERI AR E I O IR L CURFICEE E b 2 FH A L TR FIZRT,
PrOMEMEL L CORFMIE. OFHEE O TR OKEL L OMGEHORAE, @FHEO AL
EME, @FHOLR., OFREHCEEL 52 2RHEDIRR. s Ttnd, o
DORAFLEIZY TEXELRWIHREL L TIL, MBRENET NS, =72 L, FEMEEM
FRARIE DS A3, KED OB CTHEREE OMIGTEHORAEZE D T2, IS & I1E7R 570,
L7223 > T, FDAMZMEN THEFI MR EHIN O )S & U THELE T S0 RBIE, £ ER b OR
PEAMEMERI R~ L =TSR D MRRIRIE ] Th D EEBE A BN D,

D. EHNDRH

AITIXBIRE A CTA THEMB IR AT SN TR 579, R CREHE A TAE B B i %
DT EIXTERY,

A=y P TOMRKRT, BEZKT E*ﬁAI*ﬁFﬁ*ﬁEﬁ%ﬁ?ﬁf%ﬁ/)fn Hiti 5% 73 AR F
WCFET D Z L BHERTE 5(20144F2H 23 A BUE), £ OMERE DR — LA—
(http://www.itoortho.jp/spine/cmiss/acnr/) Tix. 3JAAFE. 1705 O E H CHHE A THE
MR ERIFZZ TN 2 2GR L TWD, £ LT, A THERMMGESRINT2S TRAART
UBED RO TIN THHZ L EMAL TV D, I 5T, Z Oligk O TIX, BLE.
AARTITONTWDETFBEEMIL RO FIE] L3, [NRICEPENRL D] &
SNTWD, HIFEENZRIC HEEZRIC26%DEHE S AT ETOMHEMBRICEAENDD
BlezBENELTCEET) LoRBLH D,

INETOENIDOLNOELRET D L, AMOBHKEBE OBBKITIB T, HHEA
T TR T A8 23 ZEHE T 5 BB E A IC L L CHI S MITEN T WD LIS 3 5 O 1T R i 7 &
Bbhsd, BEMEMEEIL b ETERBLETIX, DOIBREOCHETALDIN, TNADBL
FTLHIEROBHICHE RS LIEFE 2R, Lo T, Eidha o FHE N THER AR B
THMBEANEYI NG L TiX, RiEBASLELEEDbN S,

E. KES2IZHT D BN THERI R O #s

2013412 H (2 K [EH v ¥ B v A1 TR S 172 Cervical Spine Research Society (CK[E
FHEAA L) TIE, SHEITRE60BEDO AEE RN D o1, TOH TALHEMMBOE v~
a UBAIoMER, AEOAEERNI LS Tz (1¥10) .
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FOUN DED 1973 Program Chairs — John M. Rhee, MD and
Justin S. Smith, MD, PhD
President — K. Daniel Riew, MD
Session Il ARTHROPLASTY
Moderators: Neill Wright, MD and Kyung-Jin Song, MD
7:50-7:56 am Clinical and Radiographic Analysis of an Artificial Cervical Disc: Seven-Year Clinical and
Paper #5 Radiographic Outcomes from a Prospective Randomized Controlled Clinical Trial

Vincent Traynelis, MD; Praveen Mummaneni, MD; J. Kenneth Burkus, MD; Regis Haid, MD

7:57-8:03 am Costs of Cervical Disc Replacement versus Anterior Cervical Discectomy and Fusion for
Paper #6 Treatment of Single-Level Cervical Disc Disease: An Analysis of the Blue Health Intelligence
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Kris E. Radcliff, MD; Jeffrey D. Zigler, JD; Jack E. Zigler, MD

8:04-8:10 am Acute Complications following ACDF and TDA for Cervical Degenerative Disease: An Analysis
Paper #7 of 77,318 Cases
Michael Kelly, MD; Claire Eliasberg, BA; Ronald A. Lehman, MD; Zack Ray, MD; Lukas P. Zebala,
MD; Nelson Soohoo, MD

8:11-8:17 am Revision Strategies in Cervical Disc Arthroplasty Failures
Paper #8 Ronald Lehman, MD; Daniel Kang, MD; K. Daniel Riew, MD
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treatment of cervical radiculopathy from degenerative disorders” CTi& Clinical
question “Does ACD (#i7 5B®JE77) and reconstruction with total disc replacement result
in better outcomes (clinical or radiographic) than ACDF (i 5 BR/E[E EF) in the
treatment of cervical radiculopathy from degenerative disorders?”{Zxf L T,
RECOMMENDATION“ACDF and total disc arthroplasty (TDA) are suggested as
comparable treatments, resulting in similarly successful short term outcomes, for
single level degenerative cervical radiculopathy.”(Grade B; fair evidence, level II or III
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CHB TR ER &I BV CHE SO ICEXMEEL 2T 52 b5 (h) .

K@2)—2 Av7FF7 o bveRAWEE#ZTEENRBEOXHREE
AT T MR EMRERS 7 [ E M Tl aRE Lo HERT AR 2 BIBR L. R N T8 & fF
ML7-AFEBHEZ L (5H) | REEEEHL TS SEREEN D, REEME
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HEWZXF 92 BT CTIEA 77 > b & W T MEMER 5 E M A T4 ik b — R0
1oL LTERL, BHRBEEENRE SN TS,

— T, GAHERRE NTE L AFREICERT D 2 L3k @32 A T o RO AT
Btz RS, LIh-o T, BEEA OB OHERR T & 2 B HER 1 130 B 72 A 23
MY R RIS T DR GEATZY . HEEO TR ELLEV TS H
60

B@2)—8 A v 7FJ v bERWEMSL G EEMR I CBERBRELE LIES OXRR

o BEEMER (k) (ICBEEET 2 BIMI O HERIAR (B RHED 13 BEEHEE 816k L 0 b %
HiZFnTnwd, 4 BEEHER (k) ICEEET 2 RBAOHER K OfFEIC X v EE Lo
MATHF~Y 7 B LTWaD (BEH)  TUHOEFTIEHEFNEZEMT L0727
W, FRICHEEEEH SIS T IXZE OB ABEEILERICR D,

(3) ®BHaR Iz >O>NT
PLFICEWNA O B%E « AR R BRI S W THIZET 5,

19904 ARIT 1T NEMERL J7 B EIN 12 O BRHEHEM R 42 T84 2 B & | ke L 72 HEI AR o
BIEREAL IS % L C Charité (v U 7)) MEHMEN THERIARE HA AT 28 2l ic ¥ e L7z, AREET
I OHER WTEIME A MR S L eI EMMEEZ /T 54 7T o FARET D EBIN 72
TATT Db EHKRBAGITEANI N, WEROEHER TEEMRDO FBEEs KRE<EZD
T oMTFIZ o T,
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B(8)—1 REHEN T EIAR B #adiv
FEER s DA THERI R 2 UIBR L, [FEsIic @it 2 A9 25 AN THERIR 2R B 5,
(http://jeffreydgrossmd.com/pages/artificial_disc.html

Hochschuler SH., et al. Artificial disc: preliminary results of a prospective study in the

United States, Eur Spine J 11 (Suppl. 2): S106-110, 2002)

SHIEMER FEER OB v FORDVICHR Y = 27 VA2 VT, HEfM T8
PE % MER 9 2 Graffil B iy 2N B R B I A S ivc, AT o R, HEMBIE oL ek &
EHEDOMBRATORBEZAEL L TWVWOIRTH D, FARAAH1990FR IV EXL, 5T
(T EREGI BT L TV NEIEZEATERBSNTND, S6IT, HEFOBMEERIZ
AT T M ERET DI LK VEHEOMERMN (KO3 (2K FIEERAEZ T
U MR <0 T B 70 & O PSR 2 AR 4 2 MRS M HI B 1 > 7T v RARKISH S Tw
%o AT BEAMERE 5 [EEMT % O BHEHER RS 2 T+ 2 AR THRES AN ATH D,
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X (38)—2 Graf\y FiZ &k % &HHeEI B

X(3)—3 WEEMHEIEA T b

(Bowers C., et al. Dynamic interspinous process stabilization: review of

complications associated with the X-Stop device, Neurosurg Focus 28 (6): E8, 2010)

LU B> &5 (S REME [ E Ay & 13 FRAGICHER AT B 2 MERF 32 1 > 77 T > b ol lid sk
Z WA ST E 2, FRICHEHE N THER AR BN 13 O XA > 77 > b o e
JF IR TR OB R S WOK T < A L B AENOBEKRISHIZ RIS, Bk TH AR
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LT 7r>TW5b, E£72, Graffil#ifiCo2ELMEE 1 > 77 » MIENICE
ANSHTZD, Z OISR FEEORKRBLY TR 7B ER 2 2 BIE<fThhTw
5o

A B CITMEHE N THERI AR E#L T O R E 2 Bk 2 720 . G A ZHEMBGAR I TR F L. HE
MORZEEZHETZEFTIHMT 2O T T FORERED LN TS, 2 b
DA T T2 MEIRMTOERBIZZIT TWDEH, FDAL BARTIIRARTH Y, BITERIK
RN EE S TWd,

WL O EATANEBRETHRNT D,

X (3)—4 Total Posterior-element System (TOPS™, Implant Ltd., Israel)
(McAfee et al., Neurosurg Focus, 22(1):E13, 2007)

X(3)—5 Stabilimax NZ Dynamic Spine

Stabilization System
(Timm, “Stabilimax NZ™ A Dynamic Lumber Spine Internal Fixation System”,

Applied Spine Technologies Inc.)
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il ’
oa 5 h | " .
X(3)—6 Total Facet Arthroplasty System (TFAS; Archus Orthopedics)

(Phillips et al., The Spine Journal, 9, 96-102, 2009, Palmer et al., The Spine Journal

11, el5-e19, 2011)

X (3)—17 Anatomic Facet Replacement System (AFRS) (Carl et al., “Anatomic Facet

Replacement System (AFRS)” in Yue et al., “Motion Preservation Surgery of the Spine”,
p577-580, 2008)
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X (3)—8 The FlexSuRe™ posterior dynamic
motion restoration system

(http://babel.byu.edu/content/motion-preservation-devices?destination=node%2F31)

X (3)—9 Dynesys Spinal Stablization System
(http://www.zimmer.com/en-US/hcp/spine/product/dynesys-dynamic-stabilization-sy

stem.jspx)
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(3)—10
(https://www.google.co.jp/search?q=Spinal+Stabilization+System&hl=ja&rlz=1T4GUE

A_jadP565JP565&tbm=isch&tbo=u&source=univ&sa=X&ei=gpQQU7HYIMilkQWHz4
CIDw&ved=0CDcQsAQ&biw=1280&bih=858)

DSS™ Coflex™ TOPS™ Int. Fix.

laser
sensor

laser \
specimen i profile \

H(B)—11 KHOR—IiTkEL
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Flexion of 7.5 Nm Right lateral bending of 7.5 Nm

disc bulge € oer ow € oer cow € fier max disc bulge € fiber cw € fiber cCOW € fiber max

15 12 08 05 02 02 05 08 12 15 0 1 2 3 4 5 6 712-08-05-02 02 05 08 12 15 0 1 2 3 4 5 6 7
Disc bulging in mm Fiber strains in % Disc bulging in mm Fiber strains in %

K@) —11 4 oDBEH%GHIBIA 7T v b &Rtk EHER% B EWN O Lk
Kim L TIEADDOHIE A > 7T M B WERDEEM & A A A B =TV EZITV, W
THONEMER FHlEN A 7 Z > b b EEM & bl U CHERI B IR & B BRS040
FHCToOZEEZ R L7z eHmMEINTWS, (Heuer et al., Clinical Biomechanics, 27,
218-225, 2012)

—J7C. Total Facet Arthroplasty System (TFAS; Archus Orthopedics)?® i 5112
FoA 7T MR OJEFINRE S, X TIREFOMESEA 7 Y 2 —PriBIFE L
LR FICEDBRTHA ) EHH L TWEN, RKRFICHERLZNNAF A D=V
Study & BB D MLEEPERFER S LTV D,

K(3)—12 JEMI 1 : 555 B, BMI 40kg/m2, ZEMH4 -~V 5 (1)
L. FMEHER 5 [ &M 2 hidfT,

Witk 94 A TR
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X(38)—13 JEH] 2 : 605k B, BMI 31kg/m2, ZME+ v i (1) : k1427 H TH
B L. MEHERR J7 [ E I & HiA T,
(Palmer et al., The Spine Journal 11, e15-e19, 2011)

(4) FRIR=—X

NEHER B A > 7 Z o o B - BIR - BT ZHEThOHEA S THY | RIETIT
HFETEZOND FIARIEBRREICHOWTIHRARD, HEMRAE AT Z & (HERIARZEME)
2 & D HEI AL BRI & 2 R E O R AR E (FIEOM) & 59 2 IR ME RO . IEHEHE H
B~V =7 BUEERTFINE (MOB) | HEH CHERM BET O L IT K 2 M A1 P 220 72
Clicxoisnd s EEbnsd, W h motion preservation Z AWM &L LT, AH
YIRS D, EOICARMTITEERtSE I, 20X RBITHEEME IR ET D
JEGNEA % BEIMEMICH D EEZBND, — T, W ODEMEEZGHEN A 7T
MIBEKIN TIX CE ~—72 OFBFENHF LN TN TH, FDAIZTERINTNDA T T b
FHFEL TRV, BEOKECOMMEANTHEBRKOKEZ#EVIRS RN EDIZEH, BIfE
18 5 70 B R BRBR 28 FDA FLCEES T\ 5,

(5) FHlFEEIC NS 72> COEE MR

1) FiiFHictEs> VR

— MY IR MEHERS 7 FINICE D @0 U 27 | TR bR G, TR YL iR aE A,
MmAE, ARG, BN ERE., FIMBESE2ZETI2LERD D, o, I8, BX
Lo2H 5 IEERERFIFICED L MRNEAPICIB T A 7T FORENERZ.,
MRBEE R ERFEELLT VA, KERESIBMICEVTHLRBROEERLETH D,

2ZXHt
® Sclafani JA, Kim CW. Complications associated with the initial
learning curve of minimally invasive spine surgery: A systematic

review. Clin Orthop Relat Res 2014 Feb. [Epub ahead of print]
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MG

A7 7 ML, FEEEFOFICEL T, &5 WITEWNITHIA L THRE
T5, TOH, FEFOMBRBICIVHREEZEBET L2V X735,
HRIE, 1 KoMBEROLE (MRIREE) »oBRakzE0he (GBRE

%

i) FTEALOND, HEREICL - TE, —FBHREETHKETLIHE
Mh ., EERBEO OIS E LR b\%é}if“@%fzfﬁ?ﬁ{%fifﬁiﬁﬁﬁéﬂ
e UAZIE, A 7T v FEREAE P FRFEIC Tz EEmE 5, #i

ﬁ@iﬁ%ﬁiﬁbfiﬁ¢é®f\%%ﬁxﬁjz~meﬁﬁ%UXO
MHEIEFEFLI LN T HEBRRAZ Y 2 — & B L L=#lE i Cix
ELICERRET D,

I % e
H AT L B B B #1114 ?%%%ﬁ4P§4ym;5&§m%ﬂ
Wi YR IT ., 0.9%~11.9% & . Fi TldZevy, FBAERFHIC X ﬁ%lﬁ%

ity THEIE T D BHUEGLIE & | 1512 1 2~ 3 DURRIZ R IE S S B %mmr
i, F7o, BLEBREIZL - T, %@@%k‘%@mk:%igméoéﬁ
BB N AT H L, BEOERE ., TUCEIN D EFRERIZER
nbD LD,

2 Z it

® Mangram AdJ, Horan TC, Pearsonn ML, et al. Guideline for the
prevention of surgical site infection 1999. Infect Control Hosp
Epidemiol 20:250-78, 1999.

® HABIARFTRLEIA NTA U ZRES - HHAMINEREETHTA NZ
A CBHEEBR. B - BEIRRERTHATA FTA > ML, 2006.

i 1% A 52 44 i, i

fir A MR IS Ch o8, —ERAET L LM AZBEET DML &
Lo BAHBMICEN TS, REEOY 270355 LB T, INBREHELT
DIRT LR B0,

2ZXEHt
® Amiri AR, et al. Postoperative spinal epidural hematoma (SEH):
incidence, risk factors, onset, and management . Spine J 13:134-40,

2013.
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v HHERG
MERIETIE, WML ES, ZThzBAldk CERICES MR LoD, Fiir
2T 9, ZOBMEZ. WIS 5 EHE &R R E L T, R, O
WTEBOEMEZS SR I, ZORGEEZBBT L7023, B

RNTH, HRDBOIMRELFMEZLNITDZENEE L,

2EZXH
® Kawaguchi Y, et al. Back muscle injury after posterior lumbar
spine surgery. Part 1: Histologic and histochemical analyses in

rats. Spine 19:2590-7, 1994.

v EEnEEE
HEFRAR A Z UV 2 — R 7 U o —PHERSMTH|L T 2 & IR & < ISHER
THICHEET 2 RMEZEET L2V A7 B85, @F, 227U a2 —NMEIC
BELI-E T biX, ZORRTIHEFIZA TR0, FRRICERI T
DERAICENRE R EOMERENEEL TSRS, RIRTOFH
T, FRERICEORMEBEBRT D Z LIXTE RV, LER-> T, fiif X#
BERLTFT T =g R EOMBFRAEIM T 2560850,

B EZ X

® Parker SL, et al. Incidence and clinical significance of vascular
encroachment resulting from free hand placement of pedicle
screws In the thoracic and lumbar spine: analysis of 6,816

consecutive screws. Spine 2014 Jan. [Epub ahead of print]

2) AT Z L MNICEET LY R

JEHE DB & 2 70 < L CKBM RGN R EZG L O & T HHEMEEN & 2 v | HIE IR I,
B XA LOOMEEMEFAEOHRE BTN TH 5, RHIRRIE 2 BLEE L7z 2031 B
LTV B EERIC T, @i EHREICBE T 213 7 < RO RN Z 0,
BRI ORL T, BIEBETRBLHFEL TP AT T MR ED K I ITHFN, B
FICZEL L T < T L3> Ty, Graffil@iffitg, M H. 7THH. 2340 HIZHH
LRV ZF LNy RESEMTHBIZEL TH D &, IFY BIZHH L 72bandIZIZPED K2
BRI M oo, WHRTH BB X OS5 % ICH Lzband TiX, WIh b I < bk
Y TF U DR & B ORI IC X 2Rk &2 & & 7z, i1 234H HIC
i L7zband Tik, REICE LWHFIEFERZRDZ OO, PEROP G 2722 M 24158
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72 0o 12 (E(5)—1),

F7. #Wmik2348BIZHKRELL
bandSEME
a. original magnification X20

' _S8g) g H B b. original magnification X500
B. E&E T HMEE

X (5)—1 Graf /X2 KO 1% 1 H #l

LRt

EW)N 7 SEERL % L 72 Graf band OfE#kR M0 F L OV F M
AHARBHEA VA Ny L AT —32 g 543k 2004;3:21-25.

PLEDE DI, R HERIR A U o — % L U=klEhiii. Esmic
X+ RRE L LM EAETHIEEZLNDS N, 10 EU Lo RHRBICRBIT S
AT POEMIZOWVWTIIRMTHY, HELARBBARENILETH D,

v e

—WZ, AT T NEFHATLASA A Ny VAT — 2 3 CRIT T,
AT T MEFHALROFEMICHEAST, BYERIIELS 2D, 61
T v MEET D LR GHITE R b LT < <
N DLEEITIE, LV EREERVED,

AT
XHIIEDA T T Mz EE
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v A5 NEDEOFT
> AT T NOZITILE R D ENMET2GEW - BHRIE). *ET D5
W, BEBICERENELDY 273 H 5 (X(5B)—2),

B. F i iE % Xar A i 5

C.fir 1% 24F MR D. & 2FEXMME R, 227 U 2 —f AHEAR D
GEINCNE)

X (5)—2 Graf 27 U = — il AMER D 53745

> EEICEERIATL A T DA T T F T, BRI SR AE
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v

v

v

v

TL2VARIDBD D,
2ZXHt
® Zang L, et al. Device related complications of the Coflex interspinous

process implant for the lumbar spine. CMdJ 126:2517-22, 2013.

A 7T MR, Biis

> HERWRAZ Y 2a—%2LET50 AT L0GEICIE. A7 U 2 —IZAMD
DN ERT AT, PTHROY 27 B3 5 (R(3)—12,18).

IN— A= 0 k

> MEBBAIZVa2—2HERLT 5302708 TC, 27 a—NHFBE LA
e, A7V a—LREBEEOEFIITAMMB LN EIT D722,
DENEMELCA LT Ty FOL—RA= TRWBERAEL DY 27 BNh 5D

LRt

® Zang L, et al. Device related complications of the Coflex interspinous

process implant for the lumbar spine. CMJ 126:2517-22, 2013.

HELH] B 200 &

% EIE L. MR B REE LoD, FOREME LTS LA HI
ELTWS, L2L, Rl LICHBBRBEAEDNBET DARERND D, %
HE I (Graf FHDICIB VT, i 10 FOREBILE T, 32.6% DIEF] T FiliHE
MOAKBENELTZE VI RERD D,

2Z Xt
® Kanayama M, et al. A minimum 10-year follow-up of posterior dynamic
stabilization using Graf artificial ligament. Spine 32:1992-6, 2007.
® Tian NF, et al. Fusion after interspinous device placement.

Osrthopedics 35 :€1822-5, 2012.

EEREIC K 2 RIE G
?ﬁ@ﬁ%@%@ﬁiof%i?é%ﬁ Iz, 477 MEET D E D,
SICHEMEEZET LA 770 FOBARICIE, BREDNEET S, #2012
N LHERIAR I #52Aw%7n—AAA®ﬁﬁ%i FHET 7 I AFAE Lifse 1T
RIERICEBETHY AT B3 d D,
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BZXH
® Hallab NJ, et al. Quantifying subtle but persistent peri-spine
inflammation in vivo to submicron cobalt—chromium alloy particles. Eur

Spine J 21:2649-58, 2012.

V WTE®DIB, AT T MMORZICHT LT VAR RIS b REAELED,
AT T ROBBESICLDREESOMBEDLH Y55,

3) IBHOEZ T

bY@ LrA T T MIEBEOFRELE LT, KEOEEBE LT IE b2, EHb
TR SN, BB LZEOANEEZEEL LTRSS TWHIDOT, 20
HRCeEEICEACcEs LiEBx bR, BE, BRENTREEN TS Z OFH
AT Z o ME, ESTHEESATZLEDOTHY, HRANIZE > TE, A4 IR KEN, B
FHORKIZH L TRV EWVICKRERY A ZXDA T T Va2l & A7 T2 Ml
METIZERBLRT VW, i, BHEOZEM LIcEiE CIIBEICR Y B8 ORI
%(K(B)—8), ZDE TFIZEH LI EAINTE L L, BMRICoeny K& e
5,

A, S E AT AL

B. lif% X #rA i 14
B(5)—3 MEHEE EWRAMETIRA 7 UV 2 —D—FA K FICZEW LTORAD, @D E
AR TWD

- 56 -



PLEDORER AFEAEICHE S IR O EITER T WA TR S/ Tik,
HARENIZCRWTHMEOERBRZIT) ZERLE LY,

v IRBROFEE LTCE, EARMICKE FDA O FiEE#BELCHL R, 27
L., BBRRAFF T o3, AATHEFHATFSRBEREELLOZD
RETHERFE O P 1S, YFHEBIRTIZBWTH 2R A2 AT 5 ik
BBETHONEE LU,

2 EZIH

® U.S. Department of Health and Human Services Food and Drug
Administration, Center for Devices and Radiological Health, Orthopedic
Spinal Devices Branch, Division of General, Restorative, and
Neurological Devices Office of Device evaluation. Guidance for Industry
and FDA Staff: Preparation and Review of Investigational Device
Exemption Applications (IDEs) for Total Artificial Discs: Document
issued on: April 11, 2008

-57 -



4. JEHEN THE R BY 6
BERBRE EFH BEABNZEE WHER
A ST
EIREM KPR #R
(NI 2N

(1) Hix
JEEHE DA IE & R AR

FHET R SR & L TEHERER Z2HW, FHOERMRELRELRNL, ok
AENE AR OREE A AT S, BRI EESOOHEE L VR S, HEE L HEE R (HER)

WCAFAET D MEMI BT IEHERT T . NS AL E T D MER B 1T IEME: 5 o "l #hE & ZEMEDHE
HEH->TW\5b,

HERTBE E I IBATME LIS K D 8CE DM « IR 2 IRk 2 k72 L, HER
PRI (R L-ClIBEZR &) &4 U %, HER BET 28 % 13 BE & nT Bl dul ] PRS0 5 2 Ao 6 0 o
PEARMETE 2 0 & | MEHEZEVE 9™~ 0 JE O BEAHEZE MR AE 72 & OJER B AEDIRIAIZ 2 5,

A N
%ﬂ (//,%%%m
A b 'Q
» \\\—;:l'x e .
oY | */<//// _
; ‘15 _— __I , %ﬂij’tj@ :.-.-..:._ ........

Iﬁf\\\ﬁ@%m%
BB - R MR

08 £ 5 7 4

B(D)—1 BEHEORE L #FHE
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Fibrous capsule

Articular cartilage

(1) —2 B HE R B o> 3 & AR

(http://www.spineuniverse.com/professional/pathology/anatomy/lumbosacral-spino

pelvic-anatomy-pathology-isthmic-0)

(2) HE LB TOBRKIE S OB

JEMER (BT 38 1 % MEHI BEER O BEREARHE 13, MEER AL B IRAIE . BEHEEME I~ D, MEME
ZEPEMPEIE 72 & CTBIR SN D, WEROIFHITRIR I, £ L 7 HERM B O F o 81BRIC X %
MRRERIEZ BRY & LIEHERBIBRIN, H D WX Z b ORERE DL  VXMEHERT S O "B &
LEME A O HEBIA DO EME S RIFFIC R L TWH I, HESIRA 7 U 2 — %0 L 72 Mk
T A 5 IE61 T A 0 MELAE % 7 A A T 181 G A 72 & D IEHERR 07 [EE AT 23T by T B

Lumbar Laminectomy
Dmc -, ,f ———
Spinal Coed - - -";_'-“‘-,
e LY = --.LJ
Spiral Nerve )

B(2)—1 FEHEME S B BRI
HNEHEHE = B BRI CIXHEF % T OMER Z8IBr L, HERIBIEI O —H 2 IR LR 2 RET 5,
(http://healthcare.utah.edu/healthlibrary/library/tests/ortho/doc.php?type=92&id=P
07681)
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1E 1 ] A X
JEHESR 7 B E R TIX A IHERIBAE 2 B0FR L (2 © A) | FERIARCERIE & (2B Bl & S5 ht 3
D FiE (BEHER G HEM RIS E) & D v id. miHE R B & o — #8215 77 LHER PR IE & &
H AL HEA] BI & B0 IS B 2 i 9 F 15 (BEHER MG EEN) R EREMS N TND,
‘ #

fitr % X 1 5
(2)—2 [EH:% 5 EEW O FIHFE
(Salehi SA., et al. Transforaminal lumbar interbody fusion: surgical technique and

results in 24 patients, Neurosurg, 54: 368-374, 2004)

JEEHEHE = BIBRIN O BT RUIX BT 72 723 D JiE < RZBE - AMEEIEDRER ENH D,
FEHE £ A0 7 [ 72 Aty <0 MEEME 2 7 HE (A T [ 2 A 7 & oD BEEHER J7 [ 72 ity oD R IS, B ME T
WAEDEAELRENZEFT NS (3. EHERGHIBIC AT LA0HZEZMR) |

(3) B EITONT
EINA OB 3 - RSB SRR DWW TR T 5,
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NTHEI BRI A > Z > MiZ. 1) Replacement (MEFIRHEIUIBRIELIZA 7T F & &
#i: 3. BHEZ HFHIE S X T AOHSM) | 2) Spacer (HERIBAGIEIC A _X— % — 25X E) |
3) Resurfacing (MEMBIEI DB 2 EH) D3OI HFHEIND,

FACET concepts
Y Y \i
Articular Articular Articular

replacement spacer resurfacing

\ Y Y Y Y

AFRS- TFAS- TOPS- Zyre-Spinal FENIX-
facet solution Archus Implant Elements Gerraspine
R(3)—1

SpacerD X FW A 7 F » k)3 Zyre Facet Replacement Device T, Resurfacing® {t3&
HA > 77 » N FENIX Facet Resurfacing Implant T %,

X (3)—2 Zyre Facet Replacement Device (Lauryssen et al., “The Zyre Facet
Replacement Device” in Yue et al., “Motion Preservation Surgery of the Spine”,
p581-584, 2008)
BAHERBES OBESEIC F—2Bo A 7T FEki,
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X (3)—3 FENIX Facet Resurfacing Implant (Fagerstrom et al., “FENIX Facet
Resurfacing Implant” in Yue et al., “Motion Preservation Surgery of the Spine”,
p585-592, 2008.. Hale et al., United States Patent 7,988,712, 2011)
GATEHEM B S OB fimi a2 A 77 P TEBET D,

(4) BER=—X

AETITEE IS 2z BITHEEA L 2 B & 3 2 HE R B EVE o SE N e Ic &
HEBRbN D, FERAICITIHERBIE © resurfacing <° spacer 1%, HE WM B HE <01 H 28 iE 0
FENEYIFRZ IS L CHM TR SN D fRetEIEH 5, MBS PR2E 72 & O HES DI BRIFE
DOPFFIC L D2HIEICONWTIERB AT 720, TOMESICOW TIEEICHREFT X
xThD,

(5) FEMFEIEIC Y7 > TOHE A

N LTHEFEI BE G O FEMFE IR IS T o TORE AL, BEHER THE A 77 v P ed@md 2
e, 3. BEHERSHE Y AT L0HE (FIRFRIZHES VR 2 477 MIEAET S
UAZ  BBROZEZ ) ICE LD TRHML I,
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5. FHeA 7T v b OREENE KOV B ERHmTA
SERPRFGE T AR T Bd%
fiZg e

(1) IZLwic

THEA 7T 0 MIZIR DT, B-OME 1T, IR P, flEx ORI L T2 aIs 2 O
B2 RIS R TUT R BV, T2 TERLIT, ZOWBHEY X+ BEZFA L TWnDH 2
L Thbb, MEMEALTHA V7T bOHE HESCHELE) Lt n) 2R
R, SRECIZRI L TId, ARFEGFEIED THRAYGREE, EhAYSRES) DIHE TREND L 912, ASTM
F1717. ASTM F2346, ASTM F2624, ASTM F2790 %% 25 |25l S v, £ ORBRITEICA >
7T v NEUROFHMERER & 72D, 5, BEEL 1T, TR ETEEHA LT T ML T
X, REEL ST HEMEZBETETHHENEHET DI L. HDHVITIER IV A8 & f R L CIHE
ETELZEaBWRL. TORBICIZEEOFHEIZ IS LR TOMER ATEiE (LU ROM,
Range of motion) DOFHfiFRERSME L 72D,

DX O REERNSARBETIE, A T T 2 N OREEMR L ORTEEEHEE O —# & LT,
UAFFEE TIT > T2 W EFHEZ HV 72 ROM fHlERER OBEEE I KOG B4 2 5 RSOV TREIT
T2,

(2) ROM FFflizkiER O 2

2-1 HAER{E  ROM FHlRERICIHNT, RBEICITE MFHEA WD ZENREE LY, L
L. & FEHEIAFARNETH 52720, BHFHENMUT S D, TS Tl L <FH s T
WHEMNEI T Y, TH BV VETHLN, AR T, BRESROZOICHE S L ERICHE S
NIZA 7V BEIOVAEZERAL TS, K1ICe b, A /2B I IEHEORERER TR HER
£z (BLF FSU, Functional spinal unit) %, 7% 1 (Z#iFRAEBRICTHONZE M, 4/ V08
KO W EHE FSU @ ROM B X O bR 4777, FRICHBVT, ROM 1 hL” 3 [NmlATfRE
DIETH Y ZBLRIZER T VKT 2H5E 7 138 LTV PS (Pedicle screw and rod system)
EEET /LD ROM ZbETHDH, £ 1I1T-T L9, ROM OfEIxe b, A /v AT
B0, A4 /vy BLOVAO ROM It MIHERKEWVEZRTHOO, ZBERITONFHROHK
HEGIZIERRE TH D Z R0 d, 2O b, A4/ VT BIOVIEHEE AW TEREA ~
7F v b OEEN: - TEWEE 21T 9 BE . ROM O kR, b bEEET VO ROM % IEF
HOLWTHREETT VLR LU CHiT 2 Z ENEEL LE I LD,
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X1 b b, A/ BIORHEHE FSU

#1 b b A TTBILOTHEREFSU © ROM I L OZE(LHR

Ebk(n=4) A4/ (n=5) 2 Hh(n=7)
ROM [deg.] | Z1E3& [%] | ROM [deg.] | Z1E 3R [%] | ROM [deg.] | Z1bL 2 [%]
EE 3.4 — 6.1 — 7.5 —
BiE 5.0 47 8.9 46 9.8 31
PSEIE 1.1 -68 1.6 -74 2.0 -73
22 HEHEBIOFE  AWFETIE, K2 IR THEHERERTH 6 fibr e 1.2 445 A

LT, BHEA 77 > b OEENE - WEhEZ2sHld 5 D5l a1 > T D, ARBREEIL, 2 K1
FHDOEEN Y 7 F 22— % 120°/FRICIATEOE L 72 EEEEIRL ST LL A ) = X L0885 &
NTHEY, Zb 6 ROBRENRZMSL L CTHIET 5 2 LIk v ZEMFT TEED 6 B HEES) 44
T DI ENTEL, F T R T =2 7 R IHE—F— AL b EUVHZHZTWVAHTD x
z BT DS LAY O MV Y ERET D2 ENTE, &5IC, B LZEEHIERICT 4 —
KRR 7 F52 L2 E>TH/ MAZICLDHIEEITY Z L L AMRETH D,

R ORBEICRBR A 2 0 £, b b oEB 2 E LSRR, B TRTRE - 2R RS

71 ph T RRERSCEE R » OEERBRE A I T 5, IO A )FRBRICTEL N vy
—[EHs AR LD . BTED MLy ARRFORELAE A2 ROM & EF%E L. ROM Z3HMiiEE & LT
BHEA 77 > FNOEEM: - TEiEZBRErd 5,
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EFRT7HOF1I—42

IVRITTHAR
(fArEE—F— AV AHE)

2 FHERERIEM 6 dhirpE s I Ol IR DAY

(3) ROM ¥R s

ROM FHAlEABRIZ L 0 BHEA 7T o S OREEM - vEiEZ G L7l E LT, PS & Al A
\ZEEET 2 Al PS EEMT O EEMEREMm B, 3 X OFFHESIENTDO—>TdH 5 segmental spinal
correction system (LLF SSCS) o @5 [ o 54 LLFIZaR,

3+1 A PS BEWOEEMEE 4, FHEEEIFICBE LT, BE~0ABERET 5 H
H TR EFHAAEA SN TR Y . T OO — DI HERIFLIR FIEHEHEA R E & (LLF TLIF) 23
&5, TLIF (X, RHEM ALY S HEN LR RO HER] BIET 2 BB L CRRIEMT S OALE 2170, £ DI
PS (T & 2 3FHER B 2 0 2 FHHE Th 5, ZHUE. GERO% It AMEHEREARRI R S T
PLIF) & X 51 WHAIOHERI BRI 2 B16Rd 2 MBS 72 < | LIRS I ¢ B AT B E DS B b
EEINTVWD, S HITHEIETIE, TLIF 2, @ ITmENCiEd PS [EE 2 |l A &3 D= ff
M&i, 2o TLIF &l PS 2 0FH Lo EEME, Hifl ECFMrREf o RIc B W TRIZERTH
D, TOEMBERBREIIRFTHD EEN TS, Lo, Al PS BEEROBFHEORIMEIZ S
THHIB R L0 RE LG 130720, 2T, A 7 UV EHED FSU Wk L, iR, Z 41
. BEXOZh bR/ G RO 8 Hm o Falig Ehiid 25 Z L2k, RIFoFHERE e
DWW TEBRINTHRAE LT,

X 3(a)F L VM, Zh 2 PLIF—ifl PS §fH €7 /L3 L OV TLIF— 5l PS €T L0

- 65 -



PR OFERZ <7, FXIZ, Fr7 3 [INmlAMKO ROM %, ~L7 Aff L& 27 e
vy hL, BT AT ELICEE L7 7 Thb, K 3@IZRT X512, PLIF &l PS Z0ff L7-
EF7 LD ROM X, T X TOHMIZEBWTHEGEET AN RELSFD L TEFET VT ERD
ZERbD, ZOZ LD, Wil PS BEEMITT X TOH IO THRE B EEEZ A LT
LHEEZLND, —J7, K 30IRT X 92, TLIFIZHHM PS Z0ff L7=&5 /10 ROM 1%, Hi
%I, ZEAME, ZRiBIOAEZO 6 AR L CIBREET AL 6D L TEFEET LVUT &
BN, AR L OEHRTETIIREETANLIEE A EEET, T HmIci o TRESE
RHZERDLND, ZOZ e, A PS BEENT, S IC L o TEREMREZRD | KRS
PSfEAORHI7E (ARiAE% SR OFEEENRTFHOIRIZ LB 2 b5,

HIE mean (n=10) HIlE mean (n=7)
ROM 14 —.— % ROM 14 —.— %
—— 15 —— B
—— @fIPS == F{alPs

I " H0E  EEE\ \ | HRIE

Ay
#®IE ®IE "
(@) PLIF—MEIPSHAETIL (b) TLIF—HFEIPSEERAETIL

3 A U MERE FSU o hiF akBafs 5

3+2 SSCS Ow[EhEFEM  HfE, BAEFHERE B OARIIREIZIL, PS & AW 7o HERE E M A3
IEIR<ATOINTEY | S F I ERFHEEBOIREIZIH T PS O BAF BN R I T D,

LorL, REIOEIREGE S LT, FEELHER GEAEHER) (CBEEET D HERM (BEEHER) (2dkun
THERIREMERT RO AL D, Wb L BEHEMEE DR EFN L RESHTWD, £D7
DRI FE O LA B & LT, BEEZIThRWEMEHRIBEITNRIREND Z 2 hdh b, Z0D
EICHWD A T T b d—2 & LT, SSCS ZAWEZEENRNH D, =D SSCS 1%, A7
Ua—tnoy KOBFERIC S BEHEOTERMITHEIC 20 [deg. ] alEhME 2R T 22 H L TR0,
M DR MEITRFTH D L SN TS, LinL, SSCS MBHEHEMIC KITT 284 11502
P LIz 137, 22T A 7 U UBERED 3 HERIICKE L, Rt JE s K OV A g J5 10 o ih
TRBRZ ST 5 2 LIk AT OFHEFEEME R J OMHEHER I KT T BIZ O\ T HERI
WA LT,
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M 4(a)3 XN, EHELRIE I L ORGP RBROE R 279, FRIE,
ROHMER 2 FTHMER & LC. 3 HERI A Tx13 [deg |OAEN % 5 2 72D HER O ROM [deg.]
AN B 4@QBLUOOITRT Lo, AigEBLOELAMEDO EH S 0IFTREBRIZEI L T,
PS EEET /L0 ROM 1%, ELHEF CIHHBEET AL REBALTNDE L BILO R -
TOLOBEBHER] CIFM L T D Z Enbnd, 202 b, PSIC X D5REREEIL, Mk
D ROM ZHMESED L Wo T BE RKIFLTWD EEZBNRD, [ARkIZ, SSCS BEET /L
@ ROM &, EfEHMER CITHBREET A bRE D L. EAL - FALOBEEEHER CI3Mm L <
HZEBLOZEDEIZIPSEEET NVERBETHL Z ENbND, ZOZ EMDH, SSCS OFH
T2 TR T DB, AT KOV AR S o d T IEENCR L TRz A CHEEL T 5
TR BEE MR L ORI METRETI PSEER L RETHDL L EXBND,

15 - mean==SD (n=8) 15 - mean=SD (n=8)
L O#8fs @mPS mSSCS L D48 @PS mSSCS
[ % I i ; T ]
510 - % glo -
> i >
S 5| S 5|
0 [ 1 %' 1 0 [ 1 %i 1
LIk EEMRE TR LIt EEMRE TR
() HIREAM (b) EGRIEAM
X4 A/ NEHE 3 HER O fh T FRERRE SR
(4) Bbbviz

RWETIE, THaEA 77 o P OREENE - ATEMERHIEO—F & LT, B E v/ ROM
FEAMRRER OBEEL IS L OERIZHOW TR Lz, BiRER TlL, AFREEZ v MEHEORD Y IZEWY
FHEZ AV ROM OFHiERERIL, FHEA > 7T > N OREEME W B2 -l 5 L CH e+
BEThoHEBEZ LD, TVRER, MEIOBINEE (Yo 7087 Y ) B8O 3 o
TR B MFHEL R Th HHEFE BB S L. ZOROFHERERN D L THARSICFEMTE
HEITDZEEMFELTZ,
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[1] M. Fujiwara, T. Masuda, T. Inaba, T. Katoh, Y. Kasai, S. Ito, Development of 6-Axis
Material Tester for Measuring Mechanical Spine Properties, Journal of Robotics and
Mechatronics, Vol.18, No.2, pp.160-165, 2006.

(2] SEARDR, FAEELR], S —, ERMeE, ks, Smgm, RRAY, fEEE*%, 6
HAEHABREE 2 O - HES T 2B O SEERAVARIA (56 1 ), FHEREIE FIBREEDOBHTE), AA
PR U AR, 7478, 740 %, pp.621-627, 2008.

(3] FREERER], AR —, EEMER], MRS, HIEIE, 6 brpaEE 4 1 - FHEA T 2 8)
ORERAER (5 2 ¥, H PS BEEMOFHEEEVEICEE T 25 H2Ea0at i), B AR 25w Sk
A, 76%, 7705, pp.1373-1378, 2010.

[4] P E R, W By, i, 5)1EE, FREEER], %% —, Segmental spinal correction
system (ZB3 2 AR RO, ERIRMEEREEANVEL, 64 %, 1175, pp.1213-1216, 2013.
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6. BFHEA 7T N OBWHZ 2R OE 2 )5
WHRERER KT AEE T2 2d%
mAGH Fik

(1) Frdic

HHeA 7T 2 hTOREMRHUEIZI T L W DI REEZ O3 L &I b 2 METH
. HEERNTYRL &b 10 FRREDIMAME, Lied <I1X 20 FFEOIMAMEZ IR Lo, A
7T SO KD D OB e T FHIEREE FIZE LD & O TIERHIAIITE 2 A U 5l
REMER B D, ZD X9 REMICOI DAMEE T 2 2 & I3 BRI CIXRE# T H
0, XUFTAN, TROLAERDITOREME EIZBWCONERBR 21T > CTRHMliT 5 2 & 23
BUIRD.

(2) s St
BIEEDT=DODEHEET A Ao D WIHEHEETONEX T —Y DL 50,4 T T FTh
AUE, BIPEET2ETH LATBBENE T2 £ TITMENEREIN DA, ZHLRE T
AR ESNDHMEORKE SIIHREICHEDTD. Lo THREMRTAME~OER & L TiE 1 4ERH
LV o BV 2 EETHIZR V. Loy U aEiE 2R L oo ENE 2 RO S FE O
HeA 7T 0 bCIR, EBIENCE A S D N TR & RERICIRN TRER VI AR 2 3 0 el) 5.
Z D101 10 [ & Vo o B 221 ANE 2] 5 2>O B THELR L7e < TUXR B 720,
ZDEDIFADEZ A, EEOITORERE FICIBWTIERER A 1T > THREM 2B T
RS FIEEZ2 K DICT B L. 2oL &, EERNTODZNRRNEZERECHET S LD
ICRRETHUENDH L. Loy LAEKRANTO I FERZRRBUZ DN THD H 5 7L S RE ST
WC, FEREYRHERE, EERIH D WVITMEE 2B ICES SHEEIC R D, HEE S NS L IR
WESLE—A LV N THIHAELHD L, BUSLAEOHELHVES.
ZITRERMENR29HD. —2I, TO XD ITHEE ST ) FREITAEBN 2 ELFIZB N T
ROGNTZHEDTHLHDOT, MESNTZA VT T2 MZOWTHEYTEELINE I M é v ) 8
Thb. ZLTH I =20, EENTA V7T FREPNZ RN ERE CHIETE 5
MEIMENSIETH S, HlxiE, EREOEEIE A F>14 77 M CIEEEEA R ST
20O TRV M EICK U CTIAMEZ G 2 LEER 2N WS BRAH D05, MERWINE S
PNEHBITIEZRRW., NI DOX DA T T OFEBREFER TR L Y A & W BARFIC S
AL ETLHRBITMNTHLoTE—AVMEHELTERT L LRV, TOHLEICIXEER
b X ER T D 2T B 22 IR — 9™ 5 O TIMAGRBRIZIRIT & A EERDB 2. L LI DA~
77 v NEA OEERR S AR O RIELES Ofh & —B LT i, ARR TRt b oEE)
KoTA T T MTAMMBIID . EENREERE S A 7T o b OEERES —B LR WiGE
IZEIRDDITEHETH L0, U — A N —AWITHE Z VLTRGBS AT S RRE AR
B2EldsE E DV ICAE TRESNEEEGEE A V7T ME 2 TIHAMEZ I 5 2 & A
RONH LNV, HLE D THL2LIEERETORBR T LY AREZA RIS 2
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1372 5 72 W OIZAMNBAYIC [BIRH A2 58 & L CRERAEZBIE L THEREZITH 2 L2, £0DE
R 2N R O ARl & — B LR WX D ICERET DO TH I 0 LEEE ICBW IR E e AW
DMER L Chiaed Cmis 72 it A PERRBRIZ 72 5

WU KRN TOMBESRMZRT 2R 2 FRETEY S RIER LRV, ok
ELZMOEH > X 2 L—F O K ) RIEE A TUET AU RN OB B 2R ET D T &N
AREIC 72D . L LAl O 72 DIiZ S5O EHZ W TR BIMICGEIR S ¥ 5 2 & N ER kY
ICHEECTHD. LR TEKANTORMERREZHFT LT, 177 hOBGIIRE EET
LRF AR U CHMAMESRMFERE L, WHOmERBREZEH L TERM RS L oICL
R TUE R B, BARAICIZEMAMIR LERERR R E2ET 4 774 L, @HEIZ1HHET
%< EH 2 HHEICHIR LB R CEREBREITH Z L1/ D,

(3) M L%

Mt ANE 2 8D D DITMELOWE FE G Th H L E 2 L, FEINITH AR KD UK L O
H, TRbbEINRAMOEENRRENIEDMONTNEZ LD, RUFTANTIEA T
7 v MR U E 2 AR L T AMZ G5 2 L1272 5. b HAARERTOEERKE W

I, FNUCOWTORE S ER S5, FEBRE TOER T 24 FFH T b I AR 5
ZENHRD L, GAICE o TIMEAMDEEEREZ®mSEET H 2 L RHRD 2 &b
BRNFEHCE, ERNTO 10 ERFREOMHEH 2 & L COMAMERHERS fIREIZ /25, 20 L &1
HAM A AEFRRE E TR IREIZRWVOPRETH L. F2hE L TE 1000 SEHWETT
HIUTFEMATRETH Y, Fx DA K74 78T 500 FEldH 50 % 1000 SR & Vo 7 [
EHELET S Z L.

2 CTHEKRNOREORIICOWVWTE R THD L, MEMICITRE RAMIIR T, /NS AN
FHEERE VL I ICEDID. LN THREIZOWTIE, KAM « EKHEE, PAam - Pk,
/AT - mﬁfkwotior“ﬁbf%ﬁwfkéo ?6&1%03@&“5%L LA
WO DX, 20 FOHIMAEEZHE 1 HT—THEENCZRD Z LD HEAEIE CTOlEMIZHA
THHEOWEE W) Z IS T LI ICEbRS. $72—FHTlX, —H—HEso22Ln
LML T @1m0ﬁﬁi*<&wotﬁﬁﬁﬁﬁff%ﬁilmoa LR B, T
W 7 E B O — @ ] T ENE & O @A TH AL 1000 SEIE 200 F5555 L & THEWH
FICHY 352 Ltk d.

wLLﬁ®§ﬁikw’%b<,EW%&?N%X%ﬁﬁbﬁ%mfwwﬁﬁﬂéﬁﬁbﬁw

Lmm RN O TH DA, M TTTENEE OEAREMEE AR 2 BET 5O ThHE 20
Fhy & LT 100 HERRETHSTHDH. 1 HT—TEERRRE O H HA7E T O gz AR T
HHEE O EIMEIRO LN TH D EBET L0 THIIE, FEH N 500 HEEH 50T 1000 HE &
W T [BHCOERIZAR D . F T ARATR B 0O fif 8 C ORI EE AL DO IME D FIHE TRV BR Y
FhiRATEEZR DT, AR TOMAMERER: & &2 552 L TEBOTREMEIZ W TRETT 5 L
TENRTRN, 2B OB OFE LMK LEIZ O T, %Biko (5) 2) BT 2#Embs
BlzEniu.

&
4-7'“:
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(4) MHEEfE

AR TORBEIRMEBLT 2 L VIR F TR MITA v ENDP, MAERENERS
MDA ORBREN LI 22 ) FERRECH L. 20 X5 a2 id— iy e A fico
WTHEFEEZZ(LSERDBLIERAR L TR THRHT 2 EREL LN, T TIHHEY
WZSEBRIOFHIIZ /e > TLE D . W biREITHREITEHOER L AME 273, SHOMERE
FE 1T & S8 T OIS IR BBIZ SR S 4L 2 OIS — Bl 72 ff B & [FIRFOFAAEATE & TIIEIIREEDS
BRRY, LR TEEEREE LR >TLEI DL THD.

EH LTHMAEMEOFHMENLE O ThHIUE, —HiR8mEICD 5 —HhOFHIMEE
HETHFENRBEZLND. ERIC—HE AWM DGE Th > T b FRYR 5 IRM HE 2N BIA) 72 faf
HicHERADLEOLND &, TROERDIMEIND Z ENMLN TS, ZHULE RO
0L CEHEERFENMT -0 THLN, Z0OXHIRRAEE2EZEDLED L, RSN
BRI TEHOERZHEE L, ZOZREmIBITHIIRENR b b LI RD XD
BT A T HRETHD.

(5) #EDHK

NFERBRTH-TH 0.2% MO0 LS iR TlE, —2OEBROEMIZLY —DDT —%
NEFHI, HEIOER L FEOFEHMECES >E LMD 2 ERHKD. b EFALT
FRBHEE O [ CHRE 2 LA FMIC IR 5 2 L B RRETH H. ZhIUCHE L THETRBRO X 9 7efitA
PERBRIC B W CIIHBEOEE TERBK T INDL Z b, —ODOEROEN TH LD DITFE
ELTEEREFEO T CTHIEE L DEE L2 WO T =2 L b, ZDOX I RERELORIC
B L THEREOIIS SEITB A FEHMEOR M S 2 Hikew, £ MIZ OV Tt
FHERIZRILE H o THEST 5 2 L b kAR, T2 TZo L) R AMRRT 50O FEL
U CEEICHE 2 O FEMRE SN TN D, BUR CRUBHEER] O B 72 il 2 Bk 9~ 2 By Tl e &
WO ZEENSDTA RTA LR EICIFEENTWRNE I THLR, FEERIIRDOL DT
H5.

1) JEI7IREE
I 77 ROl AR IE & MR LR A 3 E L CTERZIT, BREIDIIET S, Lanokiiz
b LA E - FHa MR EERT S, ZOERFIECOWT, flzidh Ciho JIS Mk VTR
DRI ITFHEH I TN D.

[S-N iR OMERNE 2R E T D721, 4 ISIRIBEME T 2 E9> GF 8 ) ZHwv, K¥
HARET 572012 6 HOMEREEZ AW TOHOMERKIC L 2 AT 7 r—AEE#HAT 50T,
Dl L 14 HOMERENREBRICVLETH D, )

CDOAT T —RAIEIZ LY, BREOMBE L TORFBESCEDIXDL DX HHEET 5 2 & 3 AlHE
ThHV, FINbLOMEEHWT, BRI RED 95% FEHIRAE 2Z KD D Z L3k,
JZ 5 RBR CILATRE /R PR 0 B 2 I D L2 0As, & UIRFTRESS T 20 20O THIUE, i
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H— A HROBERTOT — X IIARETH L. TR TITEUEREZBEL TWDH DI RO T,
WHREDOHLZLHHITTTHD. LEEN>T 6 HOREHLT LD L S AT T r—RAEICT
EBREAT > TR RE LT T D Z LITEHNTH S,

2) KAFTEOBEE DN FmI TS REOR

il — F M HROMEERTIZOWTH A RTA VR ETERINTHNT VR, HHICL->TZ
FUTFEFICEBE R ENZ 22 5. &0 9 O B ARN TIE—EOMIE LAFENAM S Db T
172, WANWARRKRESIOMENMEH L TWAIZT THD. HHREEZRDDZOICHELT
WME LD BEREBIIIRE RMEMEAT 20 THILUE, T<ERPRE X TlEd b8 DRE
ZIRODEOIZLUTHEET D Z &3 HRD.

WE or Db & THEMB N, THDH2HIE, 1 BOWEAN AL LHBEITEICEST 285D
1UN; ThD & RMED. MBREEITHEGH (47— LHHIN TN ZOREDH & T
I, T8 07 28 ni [ 72T MR &5 720 HIEZ IS K D HEEITE IR ~D nil N D H R E 2,
BRE L [ TOIZOR D RERIBA~DF G LR ORFIN 11272 o o R CRAMEIR 2 4
Lo EHETED.

MEDORE SIZHONWTY—RA Mr—2AOFRAIZEHT 2 &, RERMEISHEEIIFEN T 2RE
ML R VP ITRERINCA 7T v P RNEBARARBICR D RN S D, DX D RIGEITIEE
FTHREOFMESHENIERAT 5 & L TEFIREL KD, KEEIZOW IR LaMER L
W E LT RO ETIAME~DO B % M U CARRN TOM A rl eI 2 832 FiEN %Y
Thd. bbAAME—Fmilfiz Z oL 5 IZFAT 20 THLHFROBRERIZ OV T HIEHH
DBEITLHLORUNELZRY, EFEO &5 ITHEAHERZT TRIK TS 8 HOEHHNEREND.

ZE 3R

1. BATZEHM JIS B 1081: 1997 (ISO 3800: 1993) 42 Uil — 595 77 akk — 3R 5 15
e OVt SR 0 FAM

2. Lipson C, Sheath NJ. Engineering Experiments. McGraw-Hill. p.270-274.

3. PAARGMMER. JITMET. A — Ltt. p.231.

-72 -



7. ITHEA T RO,
HARZ RHTLEE
" EE

FHA 7T v MEHIEOEEIZE T
B ERBI I >V O & 5. I

(1) ISO cToHEhx Implants for surgery

E PR it AR A 7T v R
¥4 (ISO/TC150) »/hEE 2 SC5

(Osteosynthesis and spinal devices) T

ISOMC 150EC 5

IIEEES WG2 (Spinal devices) Z&x\T Osteosynthesis and Spinal Devices
o o s e Chair: Dr. Gragory A Brown (USA)
T, BHEA 770 FOBKEEFRH LT (Until 2013-12-30)

Wan, (K1)
ZAVE TREIZHATH A ISO Hik& i3 ;
@O ISO 12189:2008 Implants for
ISONTC 150/SC 5IWGE 1
surgery — Mechanical testing of Osteosynthesis devices
Convener: Dr. Gregory A. Brown (USA)
implantable spinal devices — Fatigue test
method for spinal implant assemblies

using an anterior support
© ISO 18192-1:2011 Implants for
surgery — Wear of total intervertebral Ep?n’:ﬁ,;fﬁf se e

spinal disc prostheses — Part 1: Loading Convener: Mr. Jonathan Peck (USA)
and displacement parameters for wear

testing and corresponding 1 ISO/TC150/SChH DfHfkIEE
environmental conditions for test

@ ISO 18192-2:2010 Implants for surgery — Wear of total intervertebral spinal disc

prostheses — Part 2: Nucleus replacements

72 ETHY . WG1 (Osteosynthesis devices) (Z31F DG 21 & DHMEHIEEICH~RS L. Zh
FTOREHARTM TH o7, Ll ZTOEPITERICHERE LTV, 2013 4 9 H® London
MR TOMFIICED &

KIE L Cuv/=@ ISO/TR 13077-1, Implants for surgery — Flexibility testing of spinal segments
— Part 1: Hybrid protocol. 23 F4AE) 3% Z L1272 5 7=,

%7z, future work & L C, (® Minimal performance requirements for spinal constructs 3 #£%%
Z#L, 512, ® an ad hoc project team to draft new work item proposals for spinal cages and

pedicle screws7MEH 172, (D) wear testing of spinal devices!Z P L C ISO/TC 150/SC 4 (Bone
and joint replacement) & OH#&{% (Liaison Officer) & L C/NEEEZfEA LTS,
FER~ORFIEBFHRE LT,
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Impingement testing of artificial spinal disks 3¢V EiF &4, HEMBIE AN IZ 31 2
impingement testing (289 2 A IIAR /0028 FDA THEH S v TV o ilBrik s E 254 L <.
BFHFEERR LT DRI ED D Z LilhhoTz,

© An extrusion test for spinal cages(Z OV TlE, BfE ASTM THHE#EF THY ., ZnbEL
WD H Z LTl oTe

(2) ASTM ToOE)x

KER RS (ASTM: American Society for Testing and Materials) TOEHEE
2 Committee FO04 (Medical and Surgical Materials and Devices) @ HIZ/N&E B &
Subcommittee F04.25 (Spinal Devices) 723i% (T} Hav, {HFEZMEIEEN 21T > TV D,

BUE, WNef L TODHKIZLLTO 13 HZDIED ;

O F1582-98(2011) Standard Terminology Relating to Spinal Implants

@ F1717-13 Standard Test Methods for Spinal Implant Constructs in a Vertebrectomy Model

® F1798-13 Standard Test Method for Evaluating the Static and Fatigue Properties of

Interconnection Mechanisms and Subassemblies Used in Spinal Arthrodesis Implants

@ F2077-11 Test Methods For Intervertebral Body Fusion Devices

® F2193-02(2007) Standard Specifications and Test Methods for Components Used in the
Surgical Fixation of the Spinal Skeletal System

® F2267-04(2011) Standard Test Method for Measuring Load Induced Subsidence of

Intervertebral Body Fusion Device Under Static Axial Compression

(@ F2346-05(2011) Standard Test Methods for Static and Dynamic Characterization of Spinal
Artificial Discs

F2423-11 Standard Guide for Functional, Kinematic, and Wear Assessment of Total Disc

Prostheses

© F2624-12 Standard Test Method for Static, Dynamic, and Wear Assessment of
Extra-Discal Single Level Spinal Constructs

F2694-07(2013) Standard Practice for Functional and Wear Evaluation of
Motion-Preserving Lumbar Total Facet Prostheses
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http://www.astm.org/COMMITTEE/F04.htm
http://www.astm.org/Standards/F1582.htm
http://www.astm.org/Standards/F1717.htm
http://www.astm.org/Standards/F1798.htm
http://www.astm.org/Standards/F1798.htm
http://www.astm.org/Standards/F2077.htm
http://www.astm.org/Standards/F2193.htm
http://www.astm.org/Standards/F2193.htm
http://www.astm.org/Standards/F2267.htm
http://www.astm.org/Standards/F2267.htm
http://www.astm.org/Standards/F2346.htm
http://www.astm.org/Standards/F2346.htm
http://www.astm.org/Standards/F2423.htm
http://www.astm.org/Standards/F2423.htm
http://www.astm.org/Standards/F2624.htm
http://www.astm.org/Standards/F2624.htm
http://www.astm.org/Standards/F2694.htm
http://www.astm.org/Standards/F2694.htm

1 F2706-08 Standard Test Methods for Occipital-Cervical and Occipital-Cervical-Thoracic
Spinal Implant Constructs in a Vertebrectomy Model

1 F2789-10 Standard Guide for Mechanical and Functional Characterization of Nucleus

Devices

@ F2790-10 Standard Practice for Static and Dynamic Characterization of Motion

Preserving Lumbar Total Facet Prostheses

HAE, FHTPTOFRBIIUTO8HTH S ;

WK45142 New Practice for Mechanical Characterization of Spinous Process Plates

1 WKB39467 New Practice for Dynamic load verification of medical device test systems.

WK28841 New Test Methods for Durability testing of non-articulating intervertebral disc

prostheses

@ WK30925 New Test Method for Wear Assessment of Articulating Total Disc Prostheses

WK39085 New Test Method for In Vitro Comparison of Bone Implant Interface for Spinal
Implants

WK33006 New Guide for Impingement Testing of Lumbar Total Disc Prostheses

WKS33008 New Guide for the mechanical characterization of cervical and lumbar total disc
prostheses

¢) WK34549 New Test Methods for Intervertebral Body Fusion Devices with Integrated

Fixation Components

(3) Poraklrre &5 et oo il & £ iilEk (FEA: Finite Element Analysis)
PARIZRZ X9 I ORNEITIE, %%@ﬁﬁ4/77/k%%wtﬁ%%ﬁﬁﬁ%#%*é
NTWD, PTHEITFARIZE N TIE 1000 HREIOMY IR LAREBRAER SN TEY . £DOIFMIC
132 K72 W5 & 55 DS HE S, %ﬁ&%%&ﬁof“ o BhER(LE R DINEHRER T, HE
BRA B ~DIRE EHO BB PR E S, 1Hz U EOFEBROEFEGITHIRS N TV 5D, KFH
DEBRITREL O BT b TR0 LT HIE T 2R TmES e84 726 Ll Lo,
B OBAFEERIZI N T, 72& 2D LORGHER TH TR G752 3246 L TR L 20
TR 5720 O TIE, LB & R TR ERITR Y,
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http://www.astm.org/Standards/F2706.htm
http://www.astm.org/Standards/F2706.htm
http://www.astm.org/Standards/F2789.htm
http://www.astm.org/Standards/F2789.htm
http://www.astm.org/Standards/F2790.htm
http://www.astm.org/Standards/F2790.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK45142.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK39467.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK28841.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK30925.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK39085.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK33006.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK33008.htm
http://www.astm.org/DATABASE.CART/WORKITEMS/WK34549.htm

Z 2T, RTERGOAFEERICEN TIERRICRA T, 32— X 2 5EERN)
ZHENTND L O, ERESRICBOTH RO 720 EERORFK & L TOHRE
ST (FEA) RSN D K127 > T&E 7o, FEA ITERBR TORE O EIESM:, i Seft,
B EOENL - (EBHGRIE72 E OBRENRES TIIe WA I EBHAR S ICEA TE 2080835 5, #
ST, A7V hO XD ITERRDFEFHEIC FEA £ 2821355 (ASTM F2514-08:
Standard Guide for Finite Element Analysis (FEA) of Metallic Vascular Stents Subjected to
Uniform Radial Loading) , ASTM & HAE OH[E 7y =2 k& UTEERIHD B AN T A
T LOWEITRE A HEE T D FEA OB HZ BRIV & T HMEREER T 28 &2k C&Elon, £
LT FDA IZPTIR T 5 ZEROMWERIT L o T, FA&HINTIE 57 Fan OREE 2 BRIV L §y - B
S TIFEMTICBRIE U7z FEA HUES SHEAERE S 7z« ASTM F2996-18 :  Standard Practice for
Finite Element Analysis (FEA) of Non-Modular Metallic Orthopaedic Hip Femoral Stems,

A 2725 ISO/TC150/SC4 ~[AEED FEA 12 K& A N TR BI A 7 2 095 57 58 FE Rl O BUAS IR R %
ToC, EERETCEZ OEOEMRELSGTN, FDARET AU H72 EORKINEL, BFE, +
Wi LT\ 5, EREERLSN D58 CO FEA OMABMSZHRET 5 & LTO X 9128 < OEEER
FEIZFBUNT, B2 DMERRAT O X 5 72 AR 22 Tl 7o 4 —TF 4 TRt L D ISR
D& ER I TF B R & RN T 5 12D OBUS TFET 5

@ ISO 7905-2:1995: Plain bearings - Bearing fatigue - Part 2: Test with a cylindrical

specimen of a metallic bearing material

@ BS ISO 18437-5:2011: Mechanical vibration and shock. Characterization of the dynamic

mechanical properties of visco-elastic materials. Poisson ratio based on comparison between

measurements and finite element analysis (ISO-British Standard)

3 IS0 22889:2013: Metallic materials - Method of test for the determination of resistance to

stable crack extension using specimens of low constraint

@ BS EN ISO 26203-1:2010: Metallic materials. Tensile testing at high strain rates.
Elastic-bar-type systems (British Standard)

® DIN EN 14869-1:2011: Structural adhesives - Determination of shear behaviour of

structural bonds - Part 1: Torsion test method using butt-bonded hollow cylinders (ISO
11003-1:2001, modified); German version EN 14869-1:2011 (Foreign Standard)

ZD L 57 FEA OEHADIEN DI, TV R, EEEESRICBWTHLERET S L Hiffsin b, Bl
(2, #[E FDA TIZREIC FEA 28 A GEHER 5 el BPEE S O W BN - RO FHEREE O 71 R
Z 4 > 11-1470000-002648-01) LTWA L9 Th 5,
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FHEA 77 o B S

(1) JEAGBE @

1.

WR2UFE3A6 A AHT  SEAEIEE0306007 7 R AT 14 5 5K A i Jm) g A A BRI
s E AR EREN [FHENEEHROFEET A BT A 250 T
PERUESH6 AT RSB AR b R A B R R e i A B R
# [HFHENEEREOFEET A 74 BT 2 BEIGEHE(Q&A)]

(2) FDA WA 2> A

1.
2.

Guidance for Industry and FDA Staff: Spinal System 510(k)s (May 3, 2004)
Guidance for Industry and/or FDA Staff: Guidance Document for the
Preparation of IDEs for Spinal Systems (January 13, 2000)

Guidance for Industry and FDA Staff: Preparation and Review of Investigational
Device Exemption Applications (IDEs) for Total Artificial Discs (April 11, 2008)
Guidance for Industry and FDA Staff: Class IT Special Controls Guidance
Document: Intervertebral Body Fusion Device (June 12, 2007)

Guidance for Industry and FDA Staff - Clinical Trial Considerations: Vertebral
Augmentation Devices to Treat Spinal Insufficiency Fractures (October 24,
2004)

(3) JIS Hikk
ML,

(4) ISO Hi#s (ISO TC150 SC5 Osteosynthesis and spinal devices)

1.

ISO 12189:2008 Implants for surgery -- Mechanical testing of implantable spinal
devices -- Fatigue test method for spinal implant assemblies using an anterior
support

ISO 18192-1:2011 Implants for surgery -- Wear of total intervertebral spinal disc
prostheses -- Part 1: Loading and displacement parameters for wear testing and
corresponding environmental conditions for test

ISO 18192-2:2010 Implants for surgery -- Wear of total intervertebral spinal disc

prostheses -- Part 2: Nucleus replacements
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(5) ASTM #it% (F04.25 Spinal Devices)

1.
2.

10.

11.

12.

13.

F1582-98(2011) Standard Terminology Relating to Spinal Implants

F1717-13 Standard Test Methods for Spinal Implant Constructs in a
Vertebrectomy Model

F1798-97(2008) Standard Guide for Evaluating the Static and Fatigue
Properties of Interconnection Mechanisms and Subassemblies Used in Spinal
Arthrodesis Implants

F2077-11 Test Methods For Intervertebral Body Fusion Devices
F2193-02(2007) Standard Specifications and Test Methods for Components Used
in the Surgical Fixation of the Spinal Skeletal System

F2267-04(2011) Standard Test Method for Measuring Load Induced Subsidence
of Intervertebral Body Fusion Device Under Static Axial Compression
F2346-05(2011) Standard Test Methods for Static and Dynamic
Characterization of Spinal Artificial Discs

F2423-11 Standard Guide for Functional, Kinematic, and Wear Assessment of
Total Disc Prostheses

F2624-12 Standard Test Method for Static, Dynamic, and Wear Assessment of
Extra-Discal Single Level Spinal Constructs

F2694-07(2013) Standard Practice for Functional and Wear Evaluation of
Motion-Preserving Lumbar Total Facet Prostheses

F2706-08 Standard Test Methods for Occipital-Cervical and
Occipital-Cervical-Thoracic Spinal Implant Constructs in a Vertebrectomy
Model

F2789-10 Standard Guide for Mechanical and Functional Characterization of
Nucleus Devices

F2790-10 Standard Practice for Static and Dynamic Characterization of Motion

Preserving Lumbar Total Facet Prostheses
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BIRE 1

1.

FHENEE S E  SaHmT 0 B 7 A >

51 B
REATFHIAT A FZ A %, LT OB ATERE, T4 22 (LT, THRE] Lwvo,) %5l

M3 %,

1.1 FEREEh USRI LA - RUEE 2R 0D kg 5

1.1.1 ISO 14630 Non—active surgical implants —General requirements

1.2 PRy BR S IE O RER )7 15 O L FS 5

1.2.1 ASTM F1717 Standard Test Methods for Spinal Implant Constructs in a Vertebrectomy Model

1.2.2 ASTM F1798 Standard Guide for Evaluating the Static and Fatigue Properties of
Interconnection Mechanisms and Subassemblies Used in Spinal Arthrodesis Implants

1.3 EMrAry e

1.3.1 SFA 16 4F 2 A 13 AT EIEFEHE 0213001 5 TEFREALORE (BA) AL
LW R A MERRER D FEARZE 2 oY

1.3.2 JIS T 0993-1 PEFHERR DLW FHIFHE-55 1350 « 370 & OB

1.3.3 ISO 10993-1~18 Biological evaluation of medical devices— partl-18

L4 AR

1.4.1 JIS H 4600 F % > KOF ¥ B8O ML D%

1.4.2 JIS H 4650 F % KOF X o HEOKE

1.4.3 ISO 5832-2 Implants for surgery —— Metallic materials — Part 2: Unalloyed titanium

1.4.4 ASTM F67 Standard Specification for Unalloyed Titanium for Surgical Implant
Applications (UNS R50250, UNS R50400, UNS R50550, UNS R50700)

1.4.5 ISO 5832-3 Implants for surgery —— Metallic materials —— Part 3: Wrought titanium
6-—aluminium 4-vanadium alloy

1.4.6 ASTM F136 Standard Specification for Wrought Titanium—6 Aluminum—4 Vanadium ELI (Extra
Low Interstitial) Alloy for Surgical Implant Applications (UNS R56401)

1.4.7 ASTM F1108 Standard Specification for Titanium—6 Aluminum—4 Vanadium Alloy Castings
for Surgical Implants (UNS R56406)

1.4.8 ASTM F1472 Standard Specification for Wrought Titanium—6 Aluminum—4 Vanadium Alloy for
Surgical Implant Applications (UNS R56400)

1.4.9 ISO 5832-11 Implants for surgery —— Metallic materials —— Part 11: Wrought titanium
6-—aluminium 7-niobium alloy

1.4.10J1IS G 4303 AT > L A§fijfE

1.4, 11JIS G 4305 mRHEREA T > L A il K OVl

1.4.121S0 5832-1 Implants for surgery —— Metallic materials —— Part 1: Wrought stainless
steel

1.4.13ASTM F138 Standard Specification for Wrought 18 Chromium—14 Nickel-2.5 Molybdenum
Stainless Steel Bar and Wire for Surgical Implants (UNS S31673)

1.4.141S0 5832-9 Implants for surgery — Metallic materials — Part 9: Wrought high nitrogen
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stainless steel

. 4. 15ASTM F1314 Standard Specification for Wrought Nitrogen Strengthened 22 Chromium—13
Nickel-5 Manganese—2.5 Molybdenum Stainless Steel Alloy Bar and Wire for Surgical
Implants (UNS $20910)

.4. 16 ASTM F562 Standard Specification for Wrought 35 Cobalt-35 Nickel-20 Chromium—10
Molybdenum Alloy for Surgical Implant Applications (UNS R30035)

.5 JRE

5.1 K 1745 3 7 30 B AN SEABEIRIESE 0330001 5 T3 F ORI K UMk do > A SEHRA
EO—¥ % WIET DIEAORATIC 5 A | FER R S o SIS B OV S BE (GMP/QUS)
AR DB TR OEROBIE R PLEICONT] 45 K- M2 Qs B F4 WHE
WY F— g L%

5.2 SERE 19 4 6 H 12 BATT IS 0612005 75 [ EEHERR O U HRIBEE O IR B AR B3k E OAR
LB 2 EAEIZONT Y, AL 19 426 A 12 HIEEEERRIEE 0612008 5 TEEFREBERR O HUR B
WHEANY T —va vy A RTA4 L OBIRNZDNT

5.3 SRR 10 45 3 H 31 AfHTESRESR 353 5 [mF Lo A4 RUABEEICHIT 280 AR
JE£ O R EEAE D B AN Z-DW T

.5.4 ISO 10993-7 Biological evaluation of medical devices —— Part 7: Ethylene oxide

sterilization residuals

E#R
1 KEINFM AT A RT A THO LIS HEEDOERILASTMF1582 OV 1S0 14630 2 S MRT 5,
L2 REANFM T A R A4 L CHOWONL DG OAFROERIT, LTD LB L2,
23 HHERE AR
T HE [ PR AT (A 22 2R TR E ~ DB 5128 U CLLFICK T %,
A FARRE R
1 FHER R
FHeE —EOIRICEERFFT 2 Z L2 BICHERT 2, FHEa v RUSOFHERE E M
kA S b THERT 5,
A2 BHEZL— T
FE LT, FHELZEERRTL2ZEZHMICERT S, FHEAZ Y 2—E0FHT 5,
A3 BHEAZ U a— (BEIER)
FHer v K, BHEZ L— N UIEHEa R 7 ¥ —2BFHICEET 2 Z &2 BICHERT 5,
A7V 2 — R A E) - FEHOBRER WS D LT 5,
A4 FHEA 7Y a— (A[EpRY)
FHem v B, HHET L — b UIFHEa 37 ¥ —2FHECEE T2 2 L2 BMICHEAT 5,
27V 2 —ARRIZA[E) - [EHOKENDDL D LT D,
FHTR - BEBERRESE
5.1 HER T v 7
FHEw > R ASITHEMTHHECE T 5 2 2 BRI 5,
5.2 FHgax s ¥ —
BHOFHED v FEER EISERET 52 L UTHFRHER v REHEHERT v 7 UIHEHERA 7 U 2
— NI =T NV EERET D2 L2 BRIEHRT 5,
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BHEOFRED v R, HEOFHT L — N UIEROTHEA 7 ) 2 — %25
LEET S HBTHERT S,

2.5.4 MR T —T L
BROTEIRE B L TR Y | iz HERICEIA L TEMRT 2,

2.5.5 EAEREM B
LR AR AE T U TR HEe v K, L7 X2 o AR Ee v R BMEn v REHET L
— . FTURAN—REEGMEERT v 7 FEE G LD LT D,

2.5.6 f1JEdn
EREAMEHCIE, oML E A bE D TOOf B EEDL LD LT D,

2.6 JARFREED

2.6.1 HE(KD v v —
BTHEAZ VU a— P SN BFHEEEHBEHOMECH D, PREICILEG LEREAZ U
a— PP LCHERT 2,

2. 6.2 FKFRHELPHER &
BE\CAA KT A > Ol BALER 23 H U CHAGR S U= e O ~THEHBH O R .,

2.7 VATADERIL, LTFTOLBY ET5,

2.7.1 BMERT G v AT & 0 FAMERT A BEEWICEH T2 2 L 2 BiY & LIFHEREE & 2T A DORRFR,

2.7.2 BMER TV AT I BMER TEENT (R8EE DO EAIRMHER) (SERT 222 A E L
FHEFEE S 2T b DRFR,

2. 7.3 IEBMERTTT > AT I MakE B OV SUIREME D R F EEMICER T2 2 & 2 B & L7 3FHERE E
AT DOFRFR,

2.7.4 IEBMELTT > AT I JEFMERL J7 [ EIN (WaHED HALKE R OY/ SUIIFE W) ICBERT 52 L%
By L Lo BHEREIE > AT L ORI,

5 B R, BEESIIZIR
FEH B, ZhRESUIZIRIT TFHED — B R B E, SCRFULT T4 A > MlIEZ BRYICHEH 2 )
L9 5,

B S~ DEREIF

an FAERRIT, JRAIE LT 4230, 4.3. 130, 5. 13 (EERMICRD) &5, 2L, "ol
AEP, ERRPISEC TR EARERETE 2005, ZNOHOGE, MREFEMGIZ S L 7=
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X5HDLT 5,

BEAGERTEIA B OBIRA S TS EHT, 4.1 THE O 4. 2 THITHOWTed TR I - 3T
VERIRWEMECTH D,
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N JERE B RS 0 700 SUXFFHEE A AGERTH O 22 WIFERBHZ DWW T, 45%FA B o P Bt
NI (= SO A VA G- 2

4.2 HEWFRR RN
Rk 15 42 A 13 AN EIRERE 0213001 5 TEHRABORE (HA) ARHFEICLERAEY
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B EE R N AT MR 2B, AR 5551, 2.4, 2.5 HH, 2.6 HOX3IZ
it CCRHIE3 5,

2.4 1A, 2.5 THOMR L, 4.3, 1 L4 3. 2 T 4. 3. 3 THIZHE - CRHlid %,

2.6 O GMIL, FREHIZE T 237221 U e d TR O M BB 72 &R T 5,

FIEH OFHIL, BHARURILIC RS EEBREHRAEMICERE LI 2w 7o 77, SRR
Zr L RIS EOBAITEE T 5,

AR, AR AL, AT EIL, BHERRILC RS W T8 E IR ET 5.

. 3. 1 B il R R

AGRBRIL, ASTM F 1717 (2L U CEYAJEAR T RBR 2179 & &, FHAIE LT 2 BRIEBA VT
b 5,000, 000 VA 27 VA 2 5 faf B 2 54l 5,

. 3.2 FRRIR L D AR

ARRBRIL, ASTMF 1717 ICYEIL L THAUR U VB 2179 & &, FAIE LT 5 BIADRKRR -
v OB & RS 5,

. 3.3 BEim bR

ASTM F1798 Z1Z X » THERR S DR 1B L C i 5,
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R LTt d 5,

L3040 fifise iR
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R

PR ST SAL 109 2R L TV D 2 & 2RI 5,
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(FEREENRL AN EL F HLA Z BB a5 D BIAE 5)
IS0 14602 Non—active surgical implants —Implants for Osteosynthesis—-Particular requirements

FDA Guidance for Spinal System 510 (k)

(W B BR HIE O R 5 1R D AR5
ASTM E8 Standard Test Methods for Tension Testing of Metallic Materials
ASTM F543 Standard Specification and Test Methods for Metallic Medical Bone Screws

(AR

JIS T 7401-1 SBA 7T > T Z URB—5 1B

JIS T 7401-2 SEB A 7T > NHFZ URB—5 2 5

JIS T 7401-5 S EBA 7T v NHFZ URBE—5 5 4

ASTM F1295 Standard Specification for Wrought Titanium—6 Aluminum—7 Niobium Alloy for
Surgical Implant Applications

JIS T 7403-1 S ElA 77 v MISEGE -5 14
JIS T 7403-2 Sl 77 v MSEGE—5 24
ASTM F139 Standard Specification for Wrought-18 Chromium—14Nickel-2. 5bMolybdenum Stainless

puis

puls

Steel Sheet and Strip for Surgical Implants

ASTM F899 Standard Specification for Wrought Stainless Steels for Surgical Instruments
ASTM F1350 Standard Specification for Wrought 18 Chromium—14 Nickel—-2.5 Molybdenum Stainless
Steel Surgical Fixation Wire (UNS S31673)

ASTM F1586 Standard Specification for Wrought Nitrogen Strengthened 21 Chromium—10 Nickel-3
Manganese—2.5 Molybdenum Stainless Steel Bar for Surgical Implants (UNS S31675)

ASTM F2229 Standard Specification for Wrought, Nitrogen Strengthened 23 Manganese—21
Chromium—1 Molybdenum Low—Nickel Stainless Steel Alloy Bar and Wire for Surgical Implants
(UNS $29108)
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IS0 13485, Medical devices — Quality management systems — Requirements for regulatory purposes
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F o - JIS H4600 F % » Kk ONF X L BaOR M UG
- JIS H4650 F 4 v RONF X v BbDlk
- ISO 5832-2 Implants for surgery —— Metallic materials —— Part 2: Unalloyed
titanium
+ ASTM F67 Standard Specification for Unalloyed Titanium for Surgical Implant
Applications (UNS R50250, UNS R50400, UNS R50550, UNS R50700)
FH B + IS0 5832-3 Implants for surgery — Metallic materials —— Part 3: Wrought titanium
6—aluminium 4-vanadium alloy
+ ISO 5832-11 Implants for surgery —— Metallic materials —— Part 11: Wrought
titanium 6—aluminium 7-niobium alloy
+ ASTM F136 Standard Specification for Wrought Titanium—6 Aluminum—4 Vanadium ELI
(Extra Low Interstitial) Alloy for Surgical Implant Applications (UNS R56401)
« ASTM F1108 Standard Specification for Titanium—6 Aluminum—4 Vanadium Alloy
Castings for Surgical Implants (UNS R56406)
+ ASTM F1472 Standard Specification for Wrought Titanium —6Aluminum —4Vanadium
Alloy for Surgical Implant Applications (UNS R56400)
BIEE 4 - JIS 64303 AT L AffiEE

- JIS G4305 RFEIERE R T o L A SR M O &5

+ IS0 5832-1 Implants for surgery — Metallic materials —— Part 1: Wrought stainless
steel

+ IS0 5832-9 Implants for surgery — Metallic materials —— Part 9: Wrought high
nitrogen stainless steel

+ ASTM F138 Standard Specification for Wrought 18 Chromium—14 Nickel-2.5
Molybdenum Stainless Steel Bar and Wire for Surgical Implants (UNS S31673)

+ ASTM F1314 Standard Specification for Wrought Nitrogen Strengthened 22 Chromium
— 13 Nickel - 5 Manganese — 2.5 Molybdenum Stainless Steel Alloy Bar and Wire
for Surgical Implants (UNS S20910)

aN)L 7 e A
B

+ ASTM F562 Standard Specification for Wrought 35 Cobalt—35 Nickel—-20 Chromium—10
Molybdenum Alloy for Surgical Implant Applications (UNS R30035)
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Preface

Public Comment

Written comments and suggestions may be submitted at any time for Agency consideration to the Division
of Dockets Management, Food and Drug Administration, 5630 Fishers Lane, Room 1061, (HFA-305),
Rockville, MD, 20852. When submitting comments, please refer to the exact title of this guidance
document. Comments may not be acted upon by the Agency until the document is next revised or updated.

Additional Copies

Additional copies are available from the Internet at:
http://www.fda.gov/cdrh/ode/guidance/1637.html. You may also send an e-mail request to
dsmica@fda.hhs.gov to receive an electronic copy of the guidance or send a fax request to
240-276-3151 to receive a hard copy. Please use the document number (1637) to identify the
guidance you are requesting.
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Guidancefor Industry and FDA Staff

Preparation and Review of |nvestigational
Device Exemption Applications (IDEs) for
Total Artificial Discs

This guidance represents the Food and Drug Administration’'s (FDA's) current thinking
on thistopic. It does not create or confer any rightsfor or on any person and does not
operate to bind FDA or the public. You can use an alternative approach if the approach

satisfies the requirements of the applicable statutes and regulations. |f you want to discuss
an alternative approach, contact the FDA staff responsible for implementing this
guidance. If you cannot identify the appropriate FDA staff, call the appropriate number
listed on the title page of this guidance.

A. Introduction

This document was developed to describe our recommendations for IDE applications for
total artificial disc devices. It provides guidance for developers on the appropriate pre-
clinical tests and clinical trial designs to adequately evaluate the safety of these devices as
well as their effectiveness to relieve symptoms of spinal etiology and improve quality of life.
This document makes additional recommendations and supplements “Guidance Document
for the Preparation of IDEs for Spinal Systems” (i.e., Spinal Systems Guidance).'

The purpose of this document is to provide guidance to industry sponsors and FDA staff
about important preclinical and clinical information, which should be presented in an
Investigational Device Exemption (IDE) application for total intervertebral disc replacement
systems (i.e., total artificial discs). FDA is issuing this document to help ensure consistency
and understanding between FDA and sponsors when developing IDE submissions for total
artificial discs. We hope this guidance will conserve FDA and industry resources and
facilitate timely review.

This IDE guidance document is applicable only to total artificial discs. This guidance
document is not applicable to other types of spinal systems that are designed to allow some
degree of motion in the spine, such as spinal stabilization systems using pedicle screws or
other flexible implants without fusion, disc nucleus replacements, partial intervertebral disc
replacements, any spinal joint replacements (e.g., facet joint replacement), any other joint
motion sparing or replacing implants, and combination products that may include biologic or

! http://www.fda.gov/cdrh/ode/87.html
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pharmaceutical materials. Because of the complexity of such devices and design-specific
issues, sponsors are encouraged to submit pre-IDE submissions to the Orthopedic Spine
Devices Branch (OSDB) to facilitate discussion regarding the important preclinical and
clinical information required for an IDE application. Please contact the OSDB Branch Chief for
additional information regarding the pre-IDE submission process.

This guidance does not pertain to spinal implant devices that are intended for intervertebral
body fusion, which may include cages, vertebral body replacement devices, or spinal
vertebral body augmentation devices for vertebroplasty. For information about the
preclinical testing FDA recommends for other spinal systems, please see the Spinal Systems
Guidance,” “Clinical Trial Considerations: Vertebral Augmentation Devices to Treat Spinal
Insufficiency Fractures,” and “Class IT Special Controls Guidance Document: Intervertebral
Body Fusion Device.*

In this guidance, a spinal “system” is defined here as the complete implant configuration. A
“component” is a single element in a system. “Construct” references are typically made when
discussing testing. For the purposes of this guidance, “system” and “device” are used
interchangeably.

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency's current thinking on a topic and
should be viewed only as recommendations, unless specific regulatory or statutory
requirements are cited. The use of the word should in Agency guidances means that
something is suggested or recommended, but not required.

THE LEAST BURDENSOME APPROACH

The issues identified in this guidance document represent those that we believe need to
be addressed. In developing the guidance, we carefully considered the relevant statutory
criteria for Agency decision-making. We also considered the burden that may be
incurred in your attempt to comply with the guidance and address the issues we have
identified. We believe that we have considered the least burdensome approach to
resolving the issues presented in the guidance document. If, however, you believe that
there is a less burdensome way to address the issues, you should follow the procedures
outlined in the “A Suggested Approach to Resolving Least Burdensome Issues”
document. It is available on our Center web page at:
www.fda.gov/cdrh/modact/leastburdensome.html.

B. Device Description

In accordance with 21 CFR 812.25, your investigational plan must include a device
description, which should include the following:

2 http://www.fda.gov/cdrh/ode/87.html
3 http://www.fda.gov/cdrh/ode/guidance/1543 . html
4 http://www.fda.egov/cdrh/ode/guidance/1540.html
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e the device’s intended use and indications for use;

e supporting magnified sketches or photographs of the total artificial disc attached to a
spinal model;

e atable that includes each component name and corresponding part number;

e acomplete written description of the individual components, including how any
components interconnect;

e complete mechanical drawings with all dimensions and tolerances of each individual
component and, if applicable, of the total system;

e alist of all instruments unique to the implantation of the subject system and
supporting magnified sketches or photographs of them; and

¢ identification of the materials from which the device components are manufactured
and any voluntary material standards to which these materials conform.

C. Report of Prior Investigations

Please refer to the Report of Prior Investigations section of the spinal systems guidance on
preparing reports of prior investigations. In addition to the information in the spinal system
guidance, you must indicate whether all non-clinical tests comply with Good Laboratory
Practices (GLP) (21 CFR Part 58). (21 CFR 812.27(b)(3)) Otherwise, we recommend you
explain why you believe the GLP requirements do not apply.

1. Clinical Data

Please refer to Item 1 of the Report of Prior Investigations section of the spinal systems
guidance for information about this section.

A description of how the prior investigations have influenced subsequent changes in
device design, patient selection and/or surgical technique and instrumentation should be
included within clinical data reports, where applicable. (21 CFR 812.27(a))

Refer to the “Clinical Data Presentations for Orthopedic Device Applications” (Clinical
Data Presentations Guidance)’ for detailed descriptions of and sample tables for
information concerning the items requested in this section.

2 Animal Data

Animal data used to establish the relative safety of your total artificial disc prior to
initiating human clinical studies must also be included. (21 CFR 812.27(a)) Reasons for
conducting animal studies could include:

« providing proof of concept;

« evaluating different design concepts, surgical instrumentation, or technique;

> http://www.fda.gov/cdrh/ode/guidance/1542.html
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o identifying failure mechanisms;

o conducting functional studies (such as maintenance of motion and/or disc height
without fusion or subsidence);

« addressing biologic response to particle and substrate materials; and

» assessing biocompatibility or toxicity.

In accordance with 21 CFR 812.27(a), you must include complete reports of any animal
testing conducted on the device or its components, whether adverse or supportive, that
are relevant to the evaluation of the safety or effectiveness of your system. The animal
report must specify the purpose of the study and provide any supporting pathological,
histological, and radiological evaluations. The animal report should also include an
executive summary of the evaluation by a pathologist.® If testing was not done on the final,
sterilized version of the system included in the IDE, describe the differences between that
system and the version of the system used in your animal studies, and explain why you
consider the testing and the results to be meaningful.

Your report of any animal testing should include:

e identification of the animal model and a rationale for the choice of animal model
(e.g., relevance to human anatomy or disease);

¢ identification of the device components or materials (e.g., particles) used in the
study and a rationale for why these were selected;

e the evaluation timepoints of the study and a rationale for choosing these
timepoints;

e the number of animals evaluated at each timepoint and rationale for the number of
animals chosen;

e identification of the test control;
e the results; and

e a discussion of the results in terms of the expected in vivo and clinical behavior of
the device.

We recognize that choosing and validating an animal model may be difficult because there
is no perfect model. Many animal studies have involved sheep, goats, primates, dogs, or
kangaroos. In choosing an animal model for evaluating your device or system, you should
ensure the model you select addresses the anatomy, physiology, biomechanics, and in vivo
loads expected in clinical use. Each animal model should be appropriate to the purpose of
the study.

6 Cunningham BW, Orbegoso CM, Dmitriev AE, Hallab NJ, Sefter JC, and PC McAfee. The
effect of titanium particulate on development and maintenance of a posterolateral spinal
arthrodesis: an in vivo rabbit model. Spine 15: 1971-1981, 2002.
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Functional Animal Study

For functional animal testing, we recommend that you perform all testing on
sterilized components of the final device design. You should use a control for your
functional animal testing to establish a frame of reference for the performance of your
device and materials.

The functional animal model should reflect the intended use of the device. In
particular, your test model and the levels of implantation in the animals should reflect
the intended use of your device.

Particulate Animal Study

If the wear particles of any material in your device or system have not been
comprehensively evaluated in the spine or at the indicated spinal level, FDA may
recommend you conduct a study using a small animal model (e.g., rabbit). The
objective of this study is to evaluate the local and systemic responses (e.g.,
biocompatibility, neurologic response, tissue response, and toxicity) to the wear
debris.

The wear particles used in the study should represent the size, shape, amount, and
chemical composition of those expected from in vivo use (i.e., representative of
particles generated from durability and/or wear testing). Regardless of the amount of
wear debris generated from bench-top testing, one group of animals should receive a
sufficient dose so that particles can be located during histologic analysis. If wear
particles cannot be identified and located, it may not be possible to draw conclusions
about either particle transport or the local tissue reaction to particles from your
device. We recommend 10 million particles for the high-dose group, although a
larger amount may be necessary depending on particle size and composition. The
histology results should account for the total amount of wear particles injected into
the animal. For instance, if the particulates are injected into the lumbar spine, these
particles should be observed at the injection site and/or in other parts of the body.

FDA recommends you document physical and neurological observations throughout
the study. Animals should be sacrificed at 3 and 6 month time points, though longer
time points might be needed depending on the material or device. You should harvest
three (3) samples from three (3) different points of each organ/tissue evaluated in the
following areas: spinal region, paraspinal region, dura, and local lymph nodes.
Depending on the materials and the level the implant is indicated, FDA may
recommend you evaluate additional tissues or organs such as spleen, kidneys, heart,
liver, lung, and pancreas. An independent toxicologist should harvest all samples and
analyze the pathological slides generated from the samples.

References to animal studies in the literature may be appropriate for evaluating the
biological response to wear particles. If you cite the literature to support the
biological response of your device, explain how the particles in the literature studies
are representative of the particles expected from in vivo use of your device (e.g.,
representative of wear particles generated from durability and/or wear testing).
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Cytokine Analysis

It may be appropriate to assess the potential for osteolysis by evaluating the cytokine
response to wear debris. This testing may be accomplished through evaluation of the
cytokine response during either a small animal particle implantation study or a
functional animal study using, for example, the methods described by Cunningham et
al.

3. Mechanical Data

FDA recommends you characterize your total artificial disc by preclinical mechanical
testing. Alternatively, you may submit a rationale explaining why you believe such
testing is not necessary to establish the relative safety of your device. Identification of
appropriate mechanical testing influenced by the design, material, method of attachment
to the spine, and target patient population must be included. (21 CFR 812.27(a)).

Your IDE must include complete reports for each test for all mechanical testing conducted
on your system or its components, whether adverse or supportive, that is relevant to the
evaluation of the safety or effectiveness of your total artificial disc. (21 CFR.278(a))
You must also include a comprehensive summary of all mechanical testing. (21
CFR812.(b)(3)) Each test report should include:

¢ an identification of the components that comprised the constructs or subconstructs
tested;

¢ an identification of any test standard(s) to which the testing conforms, including
identification and justification of all deviations from the test standard;

o the testing set-up;
o the testing procedures;

e arationale supporting that the testing you conducted represents the worst case
design;

e arationale for the loading modes chosen (axial, bending, torsional, shear, etc.);
e the results, including the failure modes; and

o adiscussion of the results in terms of the clinical requirements of the system (with
reference to expected physiological loads and any supporting literature).

Unless you provide an adequate rationale, all mechanical testing should represent a worst
case construct design of the total system and not mechanical testing of individual
components. The device components that comprise the chosen worst case construct
should be final, sterilized components. When there are differences between the system
tested and your system, we recommend you explain how or why the results are relevant
in establishing the relative safety of your system.

The test environment is dependent on the type of mechanical test being conducted. Some
tests may be done under ambient conditions, while it may be necessary for other tests to
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be conducted in a simulated physiologic solution (e.g., dynamic and wear debris testing).
We recommend you include the rationale supporting the test environment you select for
each type of mechanical testing.

All testing should be well-described and summarized with a clear, detailed rationale
supporting that the testing and results are appropriate and clinically relevant.

Test standards are currently being developed by the American Society for Testing and
Materials (ASTM) and the International Organization for Standardization (ISO) for static
and dynamic characterization and wear assessment of total artificial discs. Two of these
standards are published (ASTM Standard F2345-05: Standard Test Methods for Static
and Dynamic Characterization of Spinal Artificial Discs; ASTM Standard F2423:
Standard Guide for Functional, Kinematic, and Wear Assessment of Total Disc
Prostheses) and we recommend that you refer to these standards when devising a test
protocol.’

Static and Dynamic Characterization

We recommend static and dynamic mechanical testing to characterize the device
fully. For most artificial disc designs, we recommend you conduct axial compression
and compression shear testing. Depending on the design of your device, FDA may
recommend additional testing.

Static testing should involve six samples of a worst case construct. Fatigue testing
should also involve six samples of the worst case construct to generate an Applied
Force vs. Number of Cycles (AF/N) curve. Two or more samples should survive ten
million cycles at a specific load. If the frequency of the dynamic testing exceeds 1-2
Hz, then you should explain the test frequency in terms of its effects on the device
materials, test environment, test temperature, and machine accuracy. For example, if
your device contains viscoelastic materials, such as ultra high molecular weight
polyethylene (UHMWPE), your explanation should address how the chosen test
frequency will affect these materials.

We recommend you conduct compression-shear testing using the device’s maximum
theoretical range of motion (ROM) in one or more of the directions of motion (e.g.,
full flexion/extension, full lateral bending). For any direction you did not test, we
recommend you include the rationale that supports omitting that testing.

Many total artificial discs are unconstrained in rotation. Therefore, torsional testing
may not be applicable. Nonetheless, a rationale for not providing torsional testing
should be included.

Durability and Wear
We recommend you describe the theoretical range of motion (ROM) for your device
in the various directions of motion (i.e., flexion, extension, lateral bending, axial

7 http://www.fda.gov/cdr/ost/guidance/321 .html
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rotation) to adequately characterize the device. You should also describe the method
through which you determined the ROM of your device.

The objective of the durability testing is to establish wear generation potential for the
device as well as to possibly assess the stability. The durability or wear testing
should involve cyclic loading that incorporates all directions of motion. This testing
should be combined to incorporate all directions of motion into one test. Because
most devices will be subjected to coupled motions (simultaneous motion about
multiple axes) in vivo, FDA recommends you couple two or more of the motions
during durability testing. We recommend subjecting each test specimen, regardless
of test method used, to ten million cycles in all directions. If one or more motions are
tested separately, you should vary the order of the motions among different test
specimens to determine if there is any effect by the order of testing.

Because different areas of the spine have different ROMs, the parameters for the
durability testing will depend on the intended locations (i.e., cervical or lumbar) for
the device. The table below outlines test parameters FDA recommends for cervical
and lumbar disc replacements. These parameters have been chosen based on testing
that has been reported for various total artificial discs. If you chose different
parameters, we recommend you provide a rationale supporting your choice, which
may include evaluation of the device in simulated motion studies in cadaver spines.
Because the motion of the device can depend on the level of implantation and the test
methods employed, if you provide cadaver testing results, we recommend you explain
how the results from cadaver testing represent worst case ROMs for your device.

Recommended Durability and Wear Test Parameters

Spinal Flexion/ Lateral Axial Frequency | Test Duration Preload

Region Extension | Bending Rotation (Hz) (N)
(degrees) | (degrees) | (degrees)

Cervical +7.5 +6 16 <2 10 million cycles | 100

Lumbar 7.5 +6 3 <2 1200

You should perform all durability and wear testing in a physiological solution (e.g.,
bovine calf serum) and extract the wear debris from the test solution for
characterization. Wear debris should be extracted from the solution using a filter
with a pore size that allows collection of sub-micron particles. You should include a
complete description of the debris extraction or filtering procedure. In addition, you
should characterize the wear debris in terms of size distribution, shape, and chemical
composition and retain the wear debris for future analysis. The methods described in
ASTM F561 and ASTM F1877 or equivalent methods may be helpful in collecting
and characterizing the wear debris.

FDA recommends you collect and characterize wear debris at least once every
million cycles to determine if wear is increasing, decreasing, or remaining the same.
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Some artificial disc devices are constrained (i.e., have limited ROMs) and alternative
testing may be needed to evaluate the device at the upper limits of the device’s
ROMs. Testing at the upper limits of the ROMs should demonstrate that the device
does not break down or generate excessive wear debris when the device reaches these
limits.

Depending on the amount of data that you submit in an IDE for your device (e.g.,
animal data and/or clinical data collected outside the U.S.), durability and wear
testing may not be necessary when you submit your IDE. In some cases, it may be
possible to perform this testing concurrent with the clinical study and report the
results in your IDE’s annual reports and in your premarket approval (PMA)
application. We recommend you contact the OSDB to discuss your plans to address
the biological response to wear debris.

Subluxation and Expulsion

We recommend you assess the risk of subluxation of the superior components,
inferior components, and any disc spacer used in the system. You should include a
rationale to support that the testing conducted was adequate. The device should be
tested in shear (or compression-shear) to expected in vivo loads that include an
appropriate factor of safety. Depending on the design of the device, FDA may
recommend you evaluate the risk of subluxation and expulsion in more than one
loading direction.

Creep and Stress Relaxation

Because many disc replacement devices include viscoelastic materials that may be
subject to creep and stress relaxation, we recommend you provide testing to assess
this behavior and your rationale to support that the testing conducted was adequate.
You should conduct creep testing under continuous compressive loading on the final,
sterilized device to demonstrate that the disc height can be maintained over the life of
the device. You should also include an accompanying hysteresis analysis.

Subsidence

We recommend you address the risk of subsidence of device components into the
vertebral bodies through appropriate testing. You should include a rationale to
support the test method used.

Kinematic Testing

We recommend you conduct a cadaver study evaluating the range of motion of the
device in vivo compared to a normal spine. Please explain how the chosen number of
cadaver specimens supports statistically significant results.

Device Migration

Sometimes, total artificial discs rely on press-fitting, ligamentotaxis, and rapid bony
ingrowth into the endplates of the device to achieve adequate fixation. The rationales
supporting your selection of tests and conclusions based on the test results should
establish that the risk of device migration is minimal. Generally, we recommend
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testing in an in vivo animal model to demonstrate that the surfaces of the endplates
allow for rapid bone ingrowth and adequate fixation. We also recommend you
provide complete test reports including a rationale for the test model selected,
histology, characterization of ingrowth, and time to achieve ingrowth.

Durability of Coatings

We recommend you provide results from testing (e.g., shear, tension, abrasion) to
characterize the stability and durability of any coatings on your device. You should
also include a rationale explaining how your testing supports your conclusions. In
addition, we recommend you describe the coatings in terms of materials, physical
characteristics (e.g., thickness, morphology, pore size), and how the coating is
applied to the device surface. Testing should include an evaluation of the device
coatings under expected in vivo conditions to demonstrate that the coatings do not
shear off. Methods described in ASTM F1044, F1147, F1160 and F1978 or
equivalent methods may be appropriate for these tests. If the coating is not
permanent, we recommend you describe any potential in vivo by-products, including:

o the degradation mechanism;
 the type of chemical reaction, if any; and

o whether the coating or any of its degradation products causes any damage to
surrounding tissues.

We believe testing in a functional animal model with appropriate histological analysis
may provide the best characterization and evaluation of any coating.

4. Biocompatibility Data

FDA may recommend biocompatibility testing depending on the materials used to
comprise your system. Please refer to the guidance entitled “Use of International
Standard ISO-10993, Biological Evaluation of Medical Devices Part 1: Evaluation and
Testing”® for additional information. We suggest you reference AAMI/ANSI/ISO
10993-1 or an equivalent method for a description of the type of information you should
provide to address biocompatibility.

In addition, FDA may recommend animal data describing the response to the device
material(s) in the spine (see Section C.2. - Animal Data).

If any of the total artificial disc components is manufactured from a polymer, we
recommend that you provide the following information to characterize the final, sterilized
material:

. information describing leachables
« average molecular weight

8 http://www .fda.gov/cdrh/e951 html
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« molecular weight distribution

« chemical and crystal structures

« percent of crystallinity

« degree of cross-linking of that polymer.

For any materials manufactured from polymers or that have the potential for leachables,
we recommend that you provide an exhaustive extraction analysis of the final, sterilized
device. Extractions should be done using both a polar (e.g., saline) and a non-polar
solvent (e.g., hexane, acetonitrile). We recommend that you provide your rationale for
the solvents you select for the extraction tests. The test report should include:

« the instrument sensitivities
« the type of solvent used
. the amount of leachables and impurities detected at part-per-billion (ppb) levels.

We recommend that you identify each leachable and impurity, whether detected
qualitatively or quantitatively, examples of which include:

« any low molecular weight materials
« residual monomers

« solvent

« sulfur contents

. catalysts

« initiators

« lubricants.

5. Shdlf LifeData

We recommend you evaluate all devices that can be affected by shelf life, sterilization, or
aging (e.g., those with polymers or resorbable compounds). You should characterize the
material of the final, sterilized device before and after aging to determine whether aging
altered the material structure (e.g., molecular weight distribution, crystallinity, cross-
linking) or the mechanical properties of the device. If shelf life or aging affects the
component’s material, you should perform the same mechanical testing of that
component or system before and after aging.

D. Clinical Investigational Plan

The clinical studies submitted to support PMA applications should be designed and
conducted in a manner that provides data that constitutes valid scientific evidence within the
meaning of 21 CFR 860.7(c)(2). For FDA’s recommendations about data presentation,
please refer to the clinical data presentations guidance.
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Much of the information provided in the spinal systems guidance is directly applicable to
IDE:s for total artificial discs. For the sake of brevity, only information specific to total
artificial discs is presented in this guidance.

1. Choosing a Clinical Investigation Plan. Feasbility or Pilot Study vs.
Pivotal Study

Unlike IDEs for many orthopedic implants, IDEs for total artificial discs often involve
the introduction of new device designs or technologies or new clinical endpoints or
assessments. Therefore, protocols for total artificial discs may vary in scope from a
feasibility or pilot study to a pivotal study used to support the safety and effectiveness of
the device for a future PMA application. These various types of studies are intended to
address different questions and collect different types and amounts of safety and
effectiveness information.

Your investigational plan must contain the elements listed in 21 CFR 812.25. In addition
to the information in this section, please refer to Item 1 in the Investigational Plan section
of the Spinal Systems Guidance for recommendations about information you should
include in your investigational plan.

2. Purpose or Objective of the Protocol

The clinical protocol should begin with one or more clearly defined objectives and one or
more clearly defined hypotheses. Please refer to Item 2 in the Investigational Plan
section of the Spinal Systems Guidance for additional recommendations about
information you should include in your protocol.

3. Study Design

FDA’s regulations implementing section 513(a)(3) of the Food Drug and Cosmetics Act
allow for FDA to determine whether other evidence submitted or otherwise available
constitutes valid scientific evidence for the purpose of determining the safety or
effectiveness of a particular device. The implementing regulations also allow for FDA to
determine whether the available evidence, when taken as a whole, is adequate to support
a determination that there is reasonable assurance that the device is safe and effective for
its conditions of use for PMA submissions based on data provided from IDE studies. 21
CFR 860.7(c)(2) identifies the following sources of valid scientific evidence:

o well-controlled investigations

o partially controlled studies

« studies and objective trials without matched controls

o well documented case histories conducted by qualified experts

« reports of significant human experience with a marketed device from which it can
be fairly and responsibly be determined by qualified experts that there is
reasonable assurance of the safety and effectiveness of a device under its
conditions of use.
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While uncontrolled studies may be appropriate in some cases for feasibility studies, (e.g.
to establish safety, to evaluate surgical technique, and/or endpoint, subject enrollment
criteria and design appropriateness), when developing a future pivotal trial to
demonstrate safety and effectiveness for artificial disc systems, FDA recommends that a
multi-center, randomized, prospective, concurrently controlled clinical trial is
appropriate. Such a study design offers the benefits of prospectively acquired data. It
also provides advantages over other types of study designs by offering greater control of
all parameters and by addressing some of the biases introduced by the other study
designs.

Depending upon the specific situation, randomized concurrently controlled studies, non-
randomized concurrently controlled studies, or historical-based studies may be
appropriate so long as the chosen study design provides data that adequately supports the
safety and effectiveness of the spinal system and minimizes inherent biases. Because
artificial disc devices are novel and not currently in wide usage, it may be difficult to
establish validated objective performance criteria in place of clinical outcomes.
Regardless of the type of control you incorporate into your protocol, you should provide
a complete description of the investigational and control groups as described below. You
should also provide a rationale for your study design based on established scientifically
sound clinical and statistical principles. Your rationale should describe how your
protocol addresses inherent biases and accurately reflects the intended use of your device.

Please refer to Item 3 in the Investigational Plan section of the spinal systems guidance
for additional recommendations about information you should include about your study
design.

4. Choiceof Control

Regardless of the type of control you plan to incorporate into the protocol, you should
provide a complete description of the investigational and control groups. Please refer to
Items 3.1 and 3.2 in the Investigational Plan section of the spinal systems guidance for
additional recommendations about the choice of controls.

If you plan to use a control based on a literature control, i.e., a meta-analysis, we
recommend you provide a rationale that supports pooling of patients into a single control
cohort from published studies. You should demonstrate that any meta-analysis you
provide is statistically valid. We encourage you to consult with the review branch about
literature controls.

5. Inclusion Criteria

We recommend you provide a complete list of your inclusion criteria. Your inclusion
criteria should adequately define the patient group you plan to investigate. The inclusion
criteria appropriate for your study depend on your device, the target (disease) population,
and the anatomic location of the disease process (i.e., cervical, lumbar). Please refer to
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Item 4 in the Investigational Plan section of the spinal systems guidance for additional
recommendations about inclusion criteria.

In addition to the inclusion criteria listed in the spinal systems guidance, we recommend
the following additional criteria for total artificial disc studies:

e description of any restrictions regarding prior fusion, non-fusion, or adjacent level
surgeries;

e description of the status of the adjacent spinal levels both radiographically and
clinically (facet degeneration, disc height, osteophytes, etc.);

e scoliosis of less than 5 degrees;
e conditions of minimum bone density or quality for bony ingrowth or fixation;

o condition of instability or presence of stability defined by accepted parameters;
and

¢ Minimum and maximum scores on baseline assessment scales.

Because of the inherent instability of the spine that may occur from the resection of
primary or metastatic tumors, the use of some non-fusion spinal systems may not be
appropriate in patients with spinal tumors. Information specific to tumors metastatic to
the spine is described below in 17. Spinal Tumors.

Studies involving patients with more than one level of fusion have typically demonstrated
poorer outcomes than patients with single level of fusion. Since little is known about the
treatment of multiple levels with motion sparing devices if you plan to include an
evaluation of the use of your device at two or more levels, you should include a
statistically significant sample size and a clinical relevance explanation that supports
actual clinical use or accurately reflects the intended use of your device or target
population. We also recommend you stratify the results from multiple level fusion
separately from subjects with single level fusion. FDA also recommends that you limit
any multiple fusion level study subjects to subjects with disease confined to one or two
adjacent levels for study consistency.

The next sections address specific disease processes and anatomic spinal regions
individually.

Degenerative Disc Disease (DDD)

Please refer to Items 4.1 (lumbar DDD) 4.6 (cervical DDD) in the Investigational
Plan section of the spinal systems guidance for recommendations about including
subjects with these conditions.

Scoliosis

Currently, diagnosis of pediatric congenital and adolescent scoliosis may be
considered contraindications for total artificial discs. Axial, translational, and
rotational forces of the spine in these patient populations may lead to early failure of
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these types of devices. Please refer to Item 4.2 in the Investigational Plan section of
the spinal systems guidance for recommendations about including subjects with these
conditions.

Fractures Secondary to Trauma

FDA believes the principles of acute fracture treatment contradict allowing
immediate motion if fracture healing is desired. You should provide a rationale
supporting that the safe use of total artificial discs for the treatment of fractures
secondary to trauma. Please refer to Item 4.3 in the spinal systems guidance for
recommendations about including subjects with these conditions.

Spondylolisthesis

FDA believes that patients with moderate to severe (Myerding Grade II, III, IV and
V) cases of spondylolisthesis, related instability or both are not appropriate
candidates for total artificial discs. If you plan to include subjects with mild
spondylolisthesis (Grade I), however, you should provide a rationale supporting that
your device is safe for the treatment of Grade I spondylolisthesis. Please refer to Item
4.4 in the Investigational Plan section the spinal systems guidance for
recommendations about including subjects with these conditions.

Revision Surgery for Pseudoarthrosis

FDA believes that it is appropriate to contraindicate total artificial discs for patients
undergoing revision surgery for failed fusions used to previously treat
pseudoarthrosis.

6. Exclusion Criteria

We recommend you provide a complete list of your exclusion criteria. Your exclusion
criteria should adequately define the patient group you plan to investigate. Exclusion
criteria may address a safety concern associated with a specific type of subject or exclude
subjects who may negatively impact the study results or data analyses. Please refer to
Item 5 in the Investigational Plan section of the spinal systems guidance for additional
recommendations about exclusion criteria.

In addition to the exclusion criteria listed in the spinal systems guidance, we recommend
the additional exclusion criteria discussed below.

Exclusion Criteria That Address Safety Concerns
Your exclusion criteria should address safety concerns by excluding subjects:
e with less than 5 mm of disc space remaining (We recommend, however, you
identify subjects with a remaining disc space of 5-7 mm because it may be

appropriate to modify this criterion based on the particular intended use or
mechanics of your device.);
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e with an additional spinal condition, other than the condition you plan to study,
that may increase symptoms with additional motion or preclude insertion of
the device (You should clearly define and list the excluded conditions.);

¢ on chronic medication affecting bone metabolism (steroids, osteoclast
inhibitors, etc.);

e who have congenital stenosis or acquired degenerative stenosis with central,
lateral, or combined central/lateral stenosis of the spinal canal or cord in
whom treatment that destabilizes the spine or in whom increased motion may
increase symptoms;

¢ with myelopathy (If you include subjects with myelopathy, you should
provide a rationale supporting using your device design in these subjects and
include a stratification of diagnostic groups);

o with severe spondylolisthesis of greater than 3mm (> Myerding Grade I);

e with severe degenerative disease, including facet degenerative arthrosis and
adjacent level degeneration, which precludes safe implantation of the device
without significant destabilization of any portion of the spinal column,

e with an anatomic deformity that inherently renders instability of the spine or
facet joints

e who have undergone or will undergo any procedure that will leave the patient
with deficient postoperative deficiency of the posterior elements or
postoperative instability of the middle or anterior columns occurs, (e.g. with
facet arthroplasty devices.); and

e with any other spinal deformity, instability, scoliosis, or kyphosis that
precludes safe use of your device or other surgical intervention. (You should
indicate and clearly define the range of radiographic measurements or clinical
symptoms on which these diagnoses are made and which would exclude
patients from your study; e.g., Cobb angle >10.)

Exclusion Criteria That Simplify or Clarify the Study Design

To help simplify the study design and to allow for interpretation of the study results,
we recommend that you exclude subjects:

e with multiple involved levels in the spine; and

e with prior surgery at the surgical level you plan to study. (If you include
subjects with prior surgery, however, we recommend you provide a rationale
supporting pooling these subjects with subjects who have had no prior
surgeries.)
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7. Number of Investigators, I nvestigational Sites, and Subjects

We recommend you specify the number of investigators, investigational sites, and
subjects. Please refer to Item 6 in the Investigational Plan section of the spinal systems
guidance for additional recommendations about investigators, investigational sites, and
subjects.

8 Study Duration and Follow-up Schedule

In order to properly assess all safety and primary effectiveness outcomes, your study
should be designed to include 2 or more years of follow-up data. Please refer to Item 7 in
the Investigational Plan section of the spinal systems guidance for additional
recommendations.

Because novel spinal devices are often developed to address spinal disorders in younger,
more active populations, we recommend that you design your study to address the
possibility of a post approval study that may continue 5-10 years after implantation (i.e.,
studies FDA may require as a condition of the approval of your PMA application”).
Therefore, we recommend that your IDE protocol include consent by all subjects to long
term follow-up. In addition, you should enroll a sufficient initial number of subjects to
submit long term data on a statistically significant number of subjects remaining after
unexpected loss to follow-up.

9. Post-gperative Regimen

We recommend you describe in detail any additional patient care procedures you plan to
employ during the treatment period, e.g., surgery, rehabilitation, immobilization, weight
bearing ambulation.

10. Safety and Effectiveness Enapoints

For the primary and secondary evaluation parameters that are measured at each
timepoint, you should describe the specific parameter scales and methods of
interpretation (i.e., success and failure criteria) along with your rationale and any
validation of these measures. Please refer to Item 8 in the Investigational Plan section of
the spinal systems guidance for additional recommendations.

Recommended endpoints for total artificial disc studies are summarized below, and are
discussed in more detail in the sections that follow.

For lumbar spinal studies, primary evaluation parameters should include
e back and/or leg pain; and

? See also the guidance entitled “Procedures or Handling Post-Approval Studies Imposed by
PMA Order: available at http://www.fda.gov/cdrh/osb/guidance/1561.html
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e patient activities of daily living (ADL) function.

For cervical spinal studies, primary evaluation parameters should include:
¢ neck and arm pain; and
e patient ADL function.

FDA recommends you evaluate and document for each spinal level treated and the
adjacent “normal” spinal levels, the clinical and radiographic:

e absence of device migration;
e absence of device failure;
e absence of fusion; and

e presence and amount of motion.

Depending on the design of your device, FDA may also recommend you evaluate as
study endpoints:

e bone ingrowth;
e adequacy or stability of fixation; or

e other applicable parameters.

The choice of the following parameters as primary or secondary depends on the intended
use. We recommend that you assess :

¢ neurologic status, which should be evaluated at each time point;
e disc height and vertebral height maintenance assessment;

e range of motion at the treated level;

e health-related quality of life;

e patient satisfaction; and

e return to work status.

The success criteria for each of the individual primary evaluation parameters will differ
depending upon the design of the system, the patient population, and the goals of the
treatment. (See Section D.10 Study Success)

Radiographic Success

For total artificial discs, the radiological assessments depend on the patient
population and study goals. These assessments may include integrity of implant,
maintenance of correction, maintenance of spinal segment stability, lack of migration,
and maintenance or improvement of range of motion.

Radiographic evaluation should provide both safety information and effectiveness
information about the investigational artificial disc device. Measurement of the same
radiographic parameter can often provide both safety and effectiveness information.
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Please refer to Item 8.1 in the Investigational Plan section of the spinal systems
guidance for additional recommendations about radiographic endpoints.

Radiographic Safety Success

We recommend you provide evidence that the operative level and adjacent levels are
stable and do not allow slippage in any direction in Situ. We also recommend you
document the degree of motion in each plane of potential motion for the operative
and adjacent levels.

There are two distinct purposes for radiographic evaluation of implant location,
evaluation of the initial placement, and evaluation of any subsequent migration of the
device. You should determine and document whether the implant was successfully
placed in the intended location at the time of surgery or immediately after the
procedure. At each follow-up interval visit you should clearly assess and document
the position of the device in relation to the initial implantation location and in relation
to the ideally desired location. A radiographic report should include, but is not
limited to, the position relative to the initial implantation, the position relative to the
desired location, and the position during flexion and extension.

In addition to the above measurements, you should report your radiographic
evaluation of the adjacent segment degeneration and general status of those segments.

FDA believes that for implant fixation to be considered stable, depending on the
design of the device, the bone ingrowth area should exceed 75% of the bone to
implant interface area intended for ingrowth.

Radiographic Effectiveness Success

For devices intended to maintain motion, we recommend you radiographically
document maintained or improved motion. Radiographic motion as determined from
flexion/extension plain radiographs, MRIs, or other specialized radiographic methods
may be appropriate to estimate both preservation of motion at both the operative and
at the adjacent levels. You should include an explanation of how motion is measured
in your radiographic protocol.

Radiographic effectiveness endpoints that we recommend you evaluate include:

e successful preservation or improvement of motion (rotational, flexion,
extension, lateral bending, translational, and angular motion or coupled
motion of two or more of these) based on the physiology of the anatomic level
being treated and levels adjacent to it; and the preoperative motion at the
treated level as well as the design of your device;

e absence of evidence of bridging trabecular bone between the involved motion
segments; and

For two-level treatment with the device, both levels should maintain motion to be
considered a success.
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Pain and Function

In addition to the information below, please refer to Item 8.2 in the Investigational
Plan section of the spinal systems guidance for general recommendations regarding
pain and function assessments.

We recommend you assess the subjects’ severity and frequency of pain pre-
operatively and post-operatively at specific follow-up times using a pain assessment
score. You should attempt to distinguish pain due to problems with the spine, e.g.,
nerve root impingement, from the general pain that subjects might experience as the
result of their overall medical condition, both at enrollment and post-operatively.
You should also attempt to account for the type of analgesic medication the subject is
using and how that may affect the pain assessment score.

Evaluation of function should focus on the post-operative ability of subjects to
function independently, e.g., how does their ability to move around the house or
neighborhood, dress themselves, or accomplish other daily activities compare to their
pre-operative status. Evaluation may also include, depending on the population
studied, the subjects’ return to recreational activities. Return to work is also a
parameter of interest in the working population.

When determining criteria for patient success for pain and function improvement, you
should take into account the potential for a placebo effect'®'" and use a consistent
numerical value [such as 15/50 on the Oswestry Disability Index (ODI)] for patient
success determination on each subjective assessment scale. You should clearly
specify the clinically meaningful level of improvement, which may be different than
the statistical level of improvement.

Because one of the purported mechanisms of pain relief is preservation of motion at
the spinal level treated with a total artificial disc, you should include an analysis to
evaluate any correlation between range of motion and pain and function outcomes (in
your final analysis only).

Disc and Vertebral Height Assessment

In addition to the information below, please refer to Item 8.3 in the Investigational
Plan section of the spinal systems guidance for additional recommendations about
disc and vertebral height assessment.

' Moseley JB, O'Malley K, Petersen NJ, Menke TJ, Brody BA, Kuykendall DH,
Hollingsworth JC, Ashton CM, Wray NP. A controlled trial of arthroscopic surgery for
osteoarthritis of the knee. N Engl J Med. 2002 Jul 11;347(2):81-8. Summary for patients in:
J Fam Pract. 2002 Oct;51(10):813.

" Harris W.H: Traumatic arthritis of the hip after dislocation and acetabular fractures:
Treatment by mould arthroplasty J Bone Joint Surg p.737, 51-A, No.4, June 1969.
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We recommend you measure disc heights adjacent to the operative level and follow
the stability of disc height measurements over time. FDA does not necessarily
recommend specific success criteria for this parameter, as these will depend on the
intended use and expected performance of your device.

Health-Related Quality of Life

Please refer to Item 8.4 in the Investigational Plan section of the spinal systems
guidance for FDA’s recommendations about health related quality of life in these
studies.

Safety Endpoints
Please refer to Item 9 in the Investigational Plan section of the spinal systems
guidance for additional recommendations about safety evaluations.

We recommend you report and categorize as a supplemental fixation, any subsequent
procedures related to the index level. This includes posterior fusion (whether
removing the device or leaving it in place), decompression, facet rhizotomy, at the
same, adjacent, or distant levels. Other surgical interventions should be reported
separately.

We recommend you also include signs of myelopathy and gait disturbances as
adverse events, particularly for cervical implant investigations. Cervical tension
signs (Spurling’s sign) and gait analysis may be appropriate assessments to determine
the presence of these signs for cervical implants that allow semi-constrained or
unconstrained range of motion.

Metal 1on Release

Published information for use of hip implants using metal-metal articulating surfaces
has raised safety concerns, e.g., the risk of tumor formation, chromosomal
aberrations, carcinogenesis potential in human patients.'? Although retrieval
analyses may be able to address some safety issues regarding metal-on-metal wear
debris, FDA believes that metal ion release is an issue for devices implanted in the
spine. FDA believes that all investigational protocols for metal-on-metal articulating
devices intended to maintain motion in the any part of the human spine should
include serum metal ion level analyses. You may wish to refer to the
recommendations published in the literature to evaluate metal ion release levels in
patients with metal-on-metal total artificial discs. Your investigation should evaluate
the potential for the risk of tumor formation and carcinogenesis. Alternatively, you
should provide a rationale with supporting references that either indicates that

12 Doherty AT, Howell RT, Ellis LA, Bisbinas I, Learmonth ID, Newson R, Case CP.
Increased chromosome translocations and aneuploidy in peripheral blood lymphocytes of
patients having revision arthroplasty of the hip. J Bone Joint Surg Br. 2001; 83(7):1075-
1081.
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additional safety testing is not needed or that you have adequately addressed these
with other testing.

11. Subject Success

Subject success may include a combination of objective and subjective criteria. You
should take into account the placebo effect (typically 20-30%"**'*) when determining the
amount of clinically significant improvement that constitutes subject success in
subjective self-administered assessment scales.

Subject success should be based on success in the:
o primary evaluation parameter of pain;
o primary evaluation parameter of function;
« absence of permanent neurological deficit;
« absence of secondary surgical intervention; and

o absence of serious adverse events.

Depending on the target population, study design, and study goals, it may be appropriate
to include other assessments. You should count subjects who undergo certain secondary
surgical interventions or experience serious adverse events or neurological deficits as
failures of treatment. Improvement in pain and function should indicate clinically
significant benefit, such as improvement of at least one subjective severity category to
justify the risks of surgery (such as “marked disability to moderate disability,” or “severe
pain to moderate or mild pain”).

Please refer to Item 10 in the Investigational Plan section of the spinal systems guidance
for additional recommendations about subject success.

12 Study Success

You should also define study success for your clinical trial which takes into consideration
the purpose of the treatment and comparison to a control group as well as the study goals
(e.g., superiority or equivalency). All primary endpoint parameters, as well as safety
information, should be accounted for in the definition of study success. You should
clearly identify and justify the pre-specified allowable difference (delta) used to define
differences between study arms.

13 Moseley JB, O'Malley K, Petersen NJ, Menke TJ, Brody BA, Kuykendall DH,
Hollingsworth JC, Ashton CM, Wray NP. A controlled trial of arthroscopic surgery for
osteoarthritis of the knee. N Engl J Med. 2002 Jul 11;347(2):81-8. Summary for patients in: J
Fam Pract. 2002 Oct;51(10):813.

"* Harris W.H: Traumatic arthritis of the hip after dislocation and acetabular fractures:
Treatment by mould arthroplasty J Bone Joint Surg p.737 , 51-A,No.4,June 1969.
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Study success rates should be provided at each postoperative time point, but there will be
particular focus on the results at the study primary endpoint (e.g., 2 years).

Please refer to Item 10 in the Investigational Plan section of the spinal systems guidance
for additional recommendations about subject success.

13 Statistical Analyses and Data Presentations

We recommend you define the type of statistical analysis that you intend to perform
before the study commences. Either Bayesian or frequentist statistical methods of
analysis may be appropriate. Please see “Statistical Guidance for Clinical Trials of Non
Diagnostic Medical Devices”"® and “Guidance for the Use of Bayesian Statistics in
Medical Device Clinical Trials.”'®

If you switch methods after the study begins, we recommend you explain and model the
reasons for the switch in order to avoid possible biases. We also recommend that you
discuss with FDA any proposal to switch statistical methods before such a change is
implemented.

We believe statistical methods are not an adequate substitute for completing your study
(i.e., following patients through the entire study or for ending the IDE prematurely). You
should provide statistical plans to account or adjust for missing data in your initial IDE.

Subgroup analyses may help you and FDA better understand the behavior of the
subpopulations for which the device is indicated. Therefore, when you submit your PMA
application, FDA may request further subgroup analyses to assess the safety and
effectiveness of the investigational device in these subpopulations. However, post-hoc
subgroup analyses should not be used to demonstrate effectiveness in the absence of a
statistically and clinically significant effect in the total population.

In order to better assure that the study collects adequate data, your protocol should reflect
the types of data presentations you plan to submit in your PMA application.

Please refer to Item 11 in the Investigational Plan section of the spinal systems guidance
for additional recommendations about statistical analyses.

14. Patient Data Report Forms (Case Report Forms (CRF))

The CRFs that you develop should capture all relevant information from the protocol.
Please refer to the spinal systems guidance for recommendations about CRFs. Original
source documents (such as doctor’s office notes, operative notes, radiographs or patient
self-assessment questionnaires) must be consistent with the data recorded on these CRFs.
(21 CFR 812.140(a))

15 http://www.fda.egov/cdrh/ode/odeot476.html
16 http://www.fda.eov/cdrh/osb/guidance/1601.html
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We also recommend your IDE include the forms and information described below.

The operative data form should document implant type, size, number used, and any
intraoperative observations or adverse events. The adverse event form should identify all
potential risks associated with implantation of your device. The form should also provide
space for reporting of other adverse events, device related or not, and include spaces for
the date, action taken, and date of resolution of the event. Where applicable, you should
include the severity and association of the event to the device or procedure in the
documentation.

We recommend you submit copies of each of the clinical evaluation scales or assessment
questionnaires, e.g., Visual Analog Scale (VAS), Oswestry Disability Index, Short Form-
36, patient satisfaction, work status.

We recommend you include a separate CRF for the independent radiographic review.

The study exit form should document the patient’s reason for exiting the study, e.g.,
study completion, withdrawal, or loss to follow-up.

We recommend you include a special testing report form for reporting the results of any
additional assessments specific to your investigational protocol (e.g., blood metal ion
results).

Please refer to Items 12 in the Investigational Plan section of the spinal systems guidance
for full details.

When using computerized or internet-based patient assessment forms, we recommend

you follow the FDA guidance entitled “Computerized Systems Used in Clinical Trials.”"”

15. Risk Analysis

In accordance with 21 CFR 812.25(c), your IDE must include a description and analysis
of all increased risks to which subjects will be exposed by the investigation; the manner
in which these risks will be minimized; a justification for the investigation; and a
description of the patient population, including the number, age, sex, and condition.

You should include information adequate to determine that the benefits and knowledge to
be gained outweigh the risks and potential complications the subjects may experience. In
listing all of the potential risks, you should stratify the risks according to whether they
are general to spinal surgery or specific to the device. Please refer to Item 13 in the
Investigational Plan section of the spinal systems guidance for additional
recommendations.

7 http://www.fda.gov/ora/compliance_ref/bimo/ffinalcct.htm
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Examples of potential risks related to device related complications include, but are not
limited to:

loss of function;

fracture, subluxation, subsidence, or dislocation of the device;

fracture of the adjacent bony structures;

heterotopic ossification or segmental fusion (as relates to loss of motion);

excessive wear or migration of the device or any of its components, even if such
failure does not lead immediately to revision surgery or symptoms;

facet degeneration at same level,

adjacent segment degeneration;

adjacent disc degeneration or intravertebral space height loss;
infection at the level of the device;

neurovascular compromise secondary to device impingement of these structures;
and

toxicity, carcinogenic potential or other biologic local or distant tissue or systemic
effects due to by-products, debris (metal ion release) or breakdown products
related to the device functioning in situ under physiologic conditions.

Examples of potential risks associated with the surgical approach include, but are not
limited to:

neurological complications, temporary and permanent
vascular injury

sympathetic disturbance

painful or numb scar

hematoma

local drainage

new pain or pain progression

retrograde ejaculation

dysphagia

hoarseness/vocal cord dysfunction

abdominal adhesions.

Examples of potential risks considered to be general complications of surgery include,
but are not limited to:

visceral dysfunction
abdominal pain

disturbance of urinary function
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e urinary tract infection

e deep vein thrombosis

e phlebitis

e pulmonary embolism

e myocardial infarction

e cerebrovascular accident
e (death.

16. Retrieval Study

We recommend you incorporate a plan to conduct retrieval analyses of explanted devices
into your protocol, because the long term performance of total artificial discs is not well
characterized. Please refer to Item 15 in the Investigational Plan section of the spinal
systems guidance for additional recommendations about retrieval studies.

In addition to the recommendations about retrieval studies presented in the spinal systems
guidance, we recommend you analyze a biopsy (within the limits of safety) of
surrounding bony and soft (neurovascular) tissue for any inflammatory or other reaction
to the device, and, where appropriate, metal ion or material debris content in surrounding
tissue. Your protocol, labeling, and surgical technique manual should include specific
instructions for the handling and returning explanted devices. Investigator training
should also address this aspect of the investigation.

17. Spinal Tumors

Devices that maintain motion may not be appropriate for use in subjects with primary or
metastatic neoplastic disease, due to the disease processes and adjunctive treatments that
affect bone quality, spinal stability, and subject longevity. If you choose, however, to use
a motion retaining device in patients with spinal neoplastic disease, you should provide a
rationale explaining why such an investigation is scientifically sound and how the
anticipated benefits to the subjects outweigh the risks to the subjects. Please refer to Item
16 in the Investigational Plan section of the spinal systems guidance for additional
recommendations about devices intended to stabilize the spine when treating spinal
tumors.

E. Monitoring

Your investigational plan must include your written procedures'® for monitoring the
investigation and the name and address of any monitor. (21 CFR 812.25(¢c)). Your monitor
must be qualified by training and experience to monitor the investigational study in
accordance with this part and other applicable FDA regulations. (21 CFR 812.43(d)). Please
refer to the Monitoring section of the spinal systems guidance for additional

'8 These procedures should address the response to noncompliance, as described in 21 CFR
812.46.
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recommendations about the monitoring procedures to be included in your IDE.
Your comprehensive monitoring plan must include the following:

e selecting qualified monitors (21 CFR 812.43(d));

e ensuring investigator adherence to the investigational plan and requirements (21 CFR
812.43(c)(4)); and

e ensuring investigator compliance in regard to record keeping and reporting (21 CFR
812.25())).

F. Labeling

In accordance with 21 CFR 812.20(b)(10), your IDE must include copies of all labeling"® for
the system. Please refer to the Labeling section of the spinal systems guidance for
recommendations about labeling content.

In addition to the information recommended in the spinal systems guidance, your surgical
technique manual for an artificial disc system should include:

« intended uses and indications;
e device description;

« contraindications;

e precautions;

e warnings; and

« potential risks associated with the subject system or a reference to the product insert
for this information.

You should highlight or bold the text of instructions that affect the safety of use or are
uncommon in current practice for emphasis.

FDA also recommends you include information in the surgical technique manual for
explanting the device and revising the original procedure. In addition, your surgical
technique manual should describe a salvage procedure alternative to revision or
reimplantation.

G. Informed Consent

In accordance with 21 CFR 812.20(b)(11), your IDE must include copies of all forms and
informational materials to be provided to the subjects to obtain informed consent. In
accordance with 21 CFR Part 50, you must obtain and document the informed consent of the
subject before the subject may enter the study. Your protocol should explain how you ensure
that investigators properly obtain and document informed consent.

" Labeling for an investigational device must meet the requirements of 21 CFR 812.5.

27
- 130 -



Contains Nonbinding Recommendations

In addition, the informed consent document must contain the elements described in 21 CFR
50.25. Please refer to the Informed Consent section of the spinal systems guidance for
additional recommendations about informed consent documents.
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