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recelved no mcome or oth e ;
1989. They did, however, recelve rcyaltres on the sae of the Mark I, LCS ankley
manufactured by DePuy. = :

Endotec has provided no

authors of articles reportin

Endotec product. It shoul

their authors have recelved some
royalties. o

All patents on the B-P ankle

enough to cover most of the
States, including those m
are making a device simi
would also benefit from thi

Vi. Introduction

It has been found from exten
part of users of the Buect
~encountered where repla indicated is as , :

corresponding distal tibial ar ng surface. The CU!ahons_are usually
viable as are the ank!e;ligamen. i o L

For such pathology it seems undeswable to remove any vrable articulation and
structure and desirable to them and their function. Further it is desirable to
minimize bone loss associ it y procedure to implant a replacement. Thusa
resurfacing device that repla tlaﬂy only the degenerated superior surface of
the talar dome and its corres onding distal tibial articulating erace seems, most
appropriate. ‘ R CERET

Further to prowde suffi cnent Ioad bearmg capaczty a congruent moblle ‘bearing is :
needed if the joint is to pmv;de needed congruent . articulation and yet avo:d over
constraint by provrdmg needed mctions such as axial ratatson '

Endotec has tned ~without success to obtain c!eara"“ io make avax!ab|e ltS B-P
Ankle through the use of the 510(k) exemptions; The FDA has designated this device |

~as Class Il based on its stability charactenstacs They consider the device an
unconstramed joint. The rejectlon of Endotec’s 510(k) apphcatnon and appeals arise
from the lnterpretatlon of the. deﬂmtlon of semi-constrained by the FDA. They do not
consider the effect of the co stramt of the natural surfaces retamed by a device but
consider only the mechamcal c@nstramts provnded by the dewce



,consrdered in evaluatlng whether an ankle devrce is rkeiy‘

Where the natural stabmzrng structures are serrousiy compromised such an
interpretation is reasonabie Where\ however, viable mallioli and ankle Irgaments are
present, as is the case in al 3l patients requiring an ankle replacement if the
device, after rmplantatron provides: eesentlally natural stability this stability is achieved
without resorting to unnecessary mechanical constraints. Such constraints are well
known to produce increased risks of component Ioesenmg..Thus the absence of the
constraints required by the FDA for class Il designation reduce: rather than increases
safety. Under such conditions the current FDA mterpretatren Whrch rgnores the effect
of the natural stabilizing structures does not make sense f

The current mterpretatren of the class:ﬁcatrcn def mtlen fencourages the use of
devices with constraints that are unnecessary and undesr ble in almost all patrents
while preventing the. general sale of devices wrthcut _esrrab!e features. The
proposed reclassification would desrgnate devrces whleh are anatomrcally semi-
constrained as Class II. L E

A reclassification is really not n ‘cessary to ccrrect this probtem A reasonable
interpretation of the current classification criteria for devices for use ‘where vrable '
mallioli and ligaments are present would be suﬁ” crent e

Stabrhty ‘although of great mportence is not the only ,cntenen that needs to be
 safe. Its ability to carry
rly true in the superior
tlblotalar 10|nt where lcads are cemparabre to those the hip and knee, while the
articulating surface area is much: less. Thus the pr osed ‘new classrr“ cation
description includes a requrrement ef artrculatmg surface e grurty wrth the mobmty to
allowneeded axral rotatron , i ,

The current classmcatlon was. deveioped more than hrventyfyears ago based on the
assumption that devices that fit the mechanrcaily semr-cons’t-, 3ined criteria were safe
and those that fit the non~ccnst‘a|ned definition were not safe." Since that time a great
deal of new data has been generated. This data shows that the long-term success of
those devices that were used t sy pert the classification of semi-constrained devices
as Class Il is generaﬂy uns :actory Ncne of these devrces are in: general use
today ‘ ; . IR

F urther new mechanlcally unconstrarned de\nces have been developed and.
extensrvely used clinically.> ® These devices are funda ny drfferent than the cnl¥
unconstrained device cited i m the classrflcatron actior > than twenty years ago.

The results of studies on these new devices indicate: that n
which are congruent and which. substantrally retain norn ab

are sufficiently safe

‘and effective to be desrgnated as Class H Sty Thus a new classrfrcetrcn for ankles is

needed.

Endotec will present clinical data that is, at least as screntrf' ca!ly valld as the data
used to support the current ankle ciassrﬁcatlen criteria to demonstrate the safety and
effectiveness of devices falhng within this new: classification description. Further it will
show that such devices are, at Ieast as safe as commercial devices in current and
past use. ~ :

onstrained devices



> reconstructive device

d corresponding
¢ ritis, post-trauma
- and hgaments are

ic‘falfexperience with
heric sub-type for ankle

The name of this sub’-typé

Ankle jomt metal/polyg

pc:hshozad1 aftlcUIar and sintered bead p
CFR 888.3358 ar M F ~ e fixatior rfaces and an
intermediate, con ‘ at 'presswe ioadmg
fimitations of the 1 the talus are prov 'by the natural
- malleolar artlculattons' l igaments and ot by the prosthetlc
- :elements :
- This. devnce conssts of ‘tlblal and tata
molybdenum alloy ¢ ,
- an ultra-high | molec
the subcondral bone : ‘
flxatlon augments ‘ , -on the su urface of the plate
to cff—center Ioads The inferior surface of the
| nd ated with the superior, flat, surface of the,
o™ mtermedlate mo earing. both these articulating surfaces are flat

they offer minimal, fric na!,f're31stanc’ medial-lateral, antenor—postenor
translation and axial r tation. Constraint against ‘the‘se mottons is provided

g



fpnmarlly by the mal!eol irjarttculat:ons and ank!e lxgaments that must be
present and viable to | de needed norrnal stabxhty :

revolution whose
of the lateral aspec
‘replace The gen :

‘r the actton of
hose inferior surface is
ate: ‘that of the talar E

shape to the tlb:al c
dimensions of the b
the expected relata/

trauma ar’chntls and avascul eCrosxs provuded t aﬂéﬁﬁ and ligaments
are present. e ~ ' s A

Vi. The Prototype, The Buec appas Ankle Replacement System ;:,i:] :
Description

1. Number of components

The Buechel Pappas Total Ankie Replacement ‘System®™® consists of three
components a tibial compon nt |

2. 'Ilescnptlon ’of;,e:’ac |
Summary
porous coating meetih’gf 58‘ and ASTM F1‘!47 per Endotec

specification S-010. The‘eht ; ent surface i is covered wnth a ceramic tltamum,
nitride (TiN) coating per Er -ation S-01



from ram extruded Hostalen GUR 415 Ultra ngh Molecular Welght Polyethylene“
(UHMWPE) per Endotec spec:rfrcatron 8-017 Parts are cleaned as per Endotec
specification S-024. The me components are Gamma sterilized as per Endoteo :
specification S-023 and the polymer component sterilized by ETO acoordrng to
Endotec “specification S~022 and packaged per Endotec specrtrcatron 8-021 AII'
manufacturing specrfrcatrons are glven in Appendrx B

' The tibial component : o s

The tibial component consists of a flat plate with a short, i egrally attached, tapered
flxatron stem on the superior face. The fixation stem and superior surface of the plate
are porous coated. The rnfenor surface and edges of th p > are pohshed

The talar component ' : '

The primary talar component rs an onlay where the artxcular surtace is formed by
revolving a common generatrng curve about a srngle radius. The common generating
curve is composed of two con\re curves wrth one, mterlymg convex curve or sulcus.
The inferior surface of the compc contains two integrally attached, short fi xation -
fins. A porous. coatmg is appl o these fi ns and the entire _tnferror mterface of the
prosthesis. This superior surface and edges are then hrghty polished. In cases where
talar erosion is significant, erther in revision cases or patients normal pathology, an
alternate thick talar component rs avaﬂable Rt MR

Thebeanngcomponent R e S
The bearing is placed between these two componen” : supenor surface is ﬂat
and mates with the fiat tibial component The inferior bearing surface utilizes the
same common generating curve as the talar component. Thus the beanng is fully
congruent on both artrcutatrng surfaces. The bearings ,
match the talar component.  Each size beanng is avartabte in W|th a minimum
thickness of3,5,7,9 and 11mm : ,

3. Functional descnptien of each mmponent

- The tibial/ talar component ] :

The tibial component's mfenor surface or load plate ge; ’
mimic the natural tibial geometry The talar compone faces’ the dome of the
talus. The thick talar component is to be used wh ,e‘i  insufficient talar bone
stock to provide an adequate base tor support of the o y_type talar mponent

try tapers posteriorly to

The bearing component ‘

This design allows the Ioadrng surtaces {o be congruent throughout all ranges of
motion. When properly rnstalled ‘the bearing resists ira_t-taterai dislocation by
~ engaging the deep sulcus of the talar component This congruency erI lower the
contact stress while allowing for rotational and translational motions. Total ankle
~ replacements have been plagued by torsronal loosening of the components due to the
ankles “corkscrew” type motior patterns. By allowing the bearing to “float” between
the two components, the only tor onal loads transmitted to the prosthesrs are through
friction that is minimal. : e

11

avarlable in six sizes to -



4, Descnptlon of mterconnect!on mechamsm between components

There are no mterconnectlon mechanisms or hnkages between components

5. Manner of devnce f' xation

The fixation is. cementless usmg biological means ‘The fixation surfaces are three-
layer commermally pure tital "um (CPTi) smtered;_ ad porous coating; per ASTN
F1147 or 21CFR 888.3358 ona tutamum aHoy S| e. The sintered porous
coating beads have a 350-mloron pore size and a poro: 35%. The coating is
substantially equivalent to that used on other orthopedic mplants sold by Endotec (i.e.
Buechel - Pappas Resurfacmg Hip K904870, Buechel-Pz ppa Extended Collar Stem
K904870 and Buechel- Pappas Femoral Head K89205 S '

Flg 1 The B-P ankle ﬁxat:on geometry

The dual fin fixation (See Fig. 1 ) of the taiar component is for. the purpose of obtaining
fixation on both sides of the talus so as to eliminate the resorption, and associated
talar component tilt, encou" : ', ysmgle fin design. Ineddmon the dual- -
fin fixation minimizes dzsruptzon of the central talar blood supply produoed by the
single, central fin. The short fixation peg of the tnbiai component zs designed to help
resist tilting forces on the talus resumng from off-center loads

6. Kmematlc propertles of the dev:ce

The kmematlc and stabmty propemes of the xmp!anteds B~P ankle replacement are
illustrated in Fig. 2. . e

12



lnternal—
Exterr

Medlal L" tera‘ = terior-Posterior

lnversuon- g
Eversion -
Stablhty

Fig.-2 The components and ank!e motlons of the B P Totai Ankle Rep%aoement System

Mednal—Latera! stablhty is pnmanly prov;ded by the na' ral malleoh only. The ankle
ligaments provide anterior-posterior tibiotalar stability althc e ,postenor inclination
of the talar component plate provides some resistance posterio ‘shearmg forces on
the talus. The lmpianted devuce' prowdes near normal mvew on»eversmn stablhty

The device allows plantar—dors: ﬂexmn WIthm normal ltm;ts Axnal rotation and,

 translation are limited only by the action of the natural maleolli and ligaments.

Komistek et al ® show that th Stablflty and axrai rotatlonal propertles of thls dewce are ;
essentially nomal. ; , . '

Surglcal procedure and Instrumentatmn L .

The surglcal procedure and mstruments used are descnbedo ':'?Appendlx C.




Vil. Historical Baﬁ%@mm z:’ll

1.  Early Problems w

Early experimentation with- : : eplacement was ly unst ssful leading to the
abandonment of ankle development and use.”' T, roblems with the early
desxgns (1970-1980) lncluded 5 ‘ : g e

- EXCESSIVEWEAR _
% EXCESSIVE CONSTRAINT

These problems produced chmcal‘loosenmg, paln and loss of functlon leading to the
failure of almost all the early desic :

2, n of the P PTotalAnIdeReplacemeﬂ*SYstem

The first ankle developed by E appas ;,dri({;sj:;l{des:igﬁh with congruent‘
articulating surfaces firstim T :

motlon produces exoessnve

talar components. In other vice's

constraint. Curiously, this de , e curl A class ns could be legally
marketed today as a class Il devi et as ack as 1976, ,;Drs Buechel and
Pappas were convinced that thls over—constram. - WOL :

effectiveness concerns. :

Shortly thereafter, a design , ,
implanted in 1975 (Fig. 4, Sp ,slgn prowdes needed axtal rotatron butis
inferior to the natural ankl i 1-eversion stability since the pivot is at the
center of the sphere and thus th nt lever arm is much. shorter than normal, as
shown in Fig. 5. This lack of stabill .produces loss uf functlon and pam leading to
failure. : s L e

14



 LIGAMENT

| - TENSION ~_
-~ ‘SHORT
e LEVER ARM

-Fig 6 Trunnion‘Anki_e R ‘ac\ ent \ Flg 7 Mark I Meniscal Beanng Ank!e Rep!acement

developed This problem is ill istrat dm Fig.8.

15



lNITlAL POST!ON S S’UESIDENCE ~‘

Flg 8 Farlure of Mode ofthe Mark !

The problem was solved by a Mark ll devrce that uses tw ) ﬁxatron f ins on the talar
component, rather than the smgle longer fin of the Mark |. This _dual fin arrangement
may reduce the tendency ofa  transfer load distally and thu may reduce stress
protection resulting from development of trabecula from the inferior aspect of the talus
to the distal edge of the fin. ' :
supply, which enters the inferior aspect of the talus thus possrbly reducing talar
necrosis. (See Appendlx G) The sulcus of the Mark ll rs also made deeper to better
resist the effect of any trltmg that rnay oecur due to component m‘rgratron "

9. The Mark | (LCS)

The drfferences between the Mark I, and 1l are shown
n (I P) wrth the following

ankle made by DePuy was substantraily rdentrcal to th‘ > Ma
exceptrons ‘ :

1. The LCS metalhc components where Co~Cr alloy usmg a porous coating with a
somewhat smaller pore size. ,, ~ S

f»MARKl Sty _MARK:;’:

SHAL LOW SULCUS | DEEP:SULCUS
Fig 9 leferences between the Mark 1 and Mark 1

2. Finite Element analysis'® of""‘the; Mark I drsclosed a weakness in the tibial
component plate and thus the plate, vas made thrcker on the Mark 1 devrce

3. The sides of the su!cus of the LCS has a 10" mchne from honzontal while the B-P
has curved side walls with a';25° tangent makrng 1t orere f'st”\ nt to mrsahgnment

may also reduce disruption of the talar blood |



4. The LCS uses a SOmewﬁatfi | ;centra! smgie ﬁn wh:!e the B P uses medlal and
lateral dual fins for more balang i '

The Mark Il device is shown in Fig. 10.

1.“

The current CFR Identifi catlon i Lséiﬁéatiohffor-‘ oint nfrietai/po‘lymer non-
constrained prostheses (888 3120 IS5 - Do Rl e LY :

Current: _
888.3120 Ankle joiht‘-metal'/ ymer 1 :constralned oemented prosthes:s

(a) Identification. An ankle ]Olr g

is a device intended to be

minimally (less than norma!ﬁa
has no linkage across-theqomt.
have tibial components made
talar component made of ultre
those prostheses: mtended for- u vith bone cement.

CIassnf ca’ﬂon Class n |
Endotec proposes a cha.nge;to the fciiowihg\s(zbftypé; :

Proposed:

- 888.3120 Ankle jomt metal/p mer/metal anatomlcally seml—constralned congruent,

mobile bearing, porous-coatex unéemented prosthesns Sk



, Ident:fcat/on A three—part partral ankle jornt metal/polymer/metal anatomlcally semi-

constrained uncemented prosthesrs is a device intended to be implanted for the
surface replacement of the s jerlor amculatmg surface of the talus and the
corresponding surface of th ,'r.rbra his generic type of device includes prostheses
that have a metal trbral componen, a metal talar component wrth polrshed articular
surfaces and sintered bead porous coatmg, falling within 21 CFR 888.3358 and ASTM
F1147 on the fixation surfaces and an intermediate, congruent, ultra- hrgh molecular
‘weight polyethylene beanng The device has no lmkag S s~the»_lornt The device
under compressive loading, limits only rotation in the lane between the talar
and tibial components and provrdes only rotation in teral plane between the
beanng and the talar component by their respectrve ulatmg surfaces, limited by
the action of the mallioli and ankle ligaments and wher 'répestenor and medial-
lateral translation and axial rotation limitations of the bi -to the talus are also
provided by the natural malleolar artrculatlons and the ankle:ajlrgaments and not by the

prosthetrc elements. : : ~ : ‘

Classn‘ucatron Class Il (Speolal Contrels)

2. The Basis for Dlsagmeement wrth the Cun'ent classrf'eahon

The current FDA classrﬁcatron system of 888 31 10 and 888. 31‘20 ‘for ankle devroes is
deficient and antiquated. It was developed more tha twenty years ago based on
reports of relatively short-term clinical data. Later experi a shown, 2* that this
early data presented an overly optrmrstlc plcture of the erformance of the designs
used to justify the olassrfloatlon criteria. - L AT '

Drs Buechel and Pappas desonbe the state of the art in ereplacement more than:
twenty-five years ago in a talk given before the‘t” inth annual meeting of the Foot and

Ankle socrety - They conclude that ankle replace nents of the ‘period are

unsatisfactory. Not much has changed as can be seen fro n the recent surveys of
Buechel® and Nuefeld and Lee'®, which draw essentrally the same conclusion for most
designs. The exceptron rs mobr _baanng ankles that were rntroduced in 1978

The FDA based its ourrenl classrﬁcatlon ratronale pnmanly on the relatlvely early
- results of the clinical performance of the Oregon, UCI, and Beck-Stefee (Conaxial) -
devices as described in the Federal Register Vol. 47, No 128 »lday, July 2, 1982, p
29070, Section 888.3110." Later clinical studies, however, demonstrate that these
early results presented an overly optrmrstr’ pi of the expected  clinical
performance of these devices, ‘Wynn and Wilde ¢ at the Conaxial ankle
should not be used 2. Groth and Fitch draw a similar ¢ ion for the Oregon ankle

® Kitoaka et al * show that the early optrmrsm for the Mayo ankle mentioned in the
888. 3110 is unwarranted *. Tables | and Il of Ref. 15 provide an excellent comparison -
of the early promising results on whrch the curren‘t olas ification | is b based with the later
disastrous results , e '

‘kjs now: abandoned all of these early designs. Most of
88.3110 were over constrained. Raikin et al 2
. The classification of ankle devrces based on

The orthopaedic communlty
these early devices that fel
discuss the problems of over

888.3110 and 888.3120, partlcularly as lnterpreted by the FDA, ‘accept and encourage |

- over constraint. Thus, the criteria of 888.3110 have far ed They have been shown not
to produce reasonably safe dewces : . . o ,

N



'Both 888.3110 and 888. 3120 have several addrtrcnat ma}or defrcrencres They are not
definitive. Since a device can limit motion in one plane and not another it is possrble
for such a device to fall wrthrn both 888 31 10 and 888.8120. :

The FDA interpretation of these defmrtrons has accepted and encouraged the use of ’

over constrained devices. The current FDA rationale requires the use of unnecessary

mechanrcal constraints where vrable natural constraints are resent if the ankle device
is to be defined as Class ll. It is preferable, however to use natural, rather than
mechamcal structures to provrde needed funotron: sr suc use reduces risk

belleve that unneeded me hanical constrarnts sa reduce nsk Just the
opposite is true and is demonstrated by the clinical results cited here. Thus the
interpretation of 888.3110 ‘at retarned anatomical structures provrdmg needed
constraint should not be co idered is fi ndamentally flawed for most patients. The
classification criteria for Clas
normal stability after rmptantatre
hands. :

her. than def ine its stabrlrty when held in one's

atron in the frontal plane
lity }'noreasmg risk of ankle '

~ Further, the current classrfrcatron cntena allow unnat”‘ ral ro
which produces less than normal inversion-eversio
Irgament injuries. Pappas M.J. drscusses this i rssue in Ref

:nt artrculatrons which
“in their. papers on
Ioad beanng capacrty of, t

The current classrﬁcatron alse aﬂows the use of ir
unnecessarily increases risk associated with wear. |
surface damage and conformrty drscuss the rssue of th

contact stresses in rncong rUe
Excessive contact stresses ar

evrces to be worse.
ntact stresses are

' available in the Unlted Sta es £ As a‘ result the : dev e “typef ﬁthat we request

reclassrf cation for must be congruent

Wynn et al®, Groth and Fitch®, Kofoed27 and Buechelt nd appas demonstrate that
even congruent ankle devices that have unnec constramt have a high
loosening and wear risk assocrated wrth them Thus he device type that Endotec
requests reclassification for must also allow the natural retained structures to function
where they are present and viable thus eliminating or reducrng undesirable and
unneeded loading of the fi xatrOn--bone rnterfaces and thus reducmg rrsks associated

with loosening.

The current c!assrﬁcatron de’r“ nmons or specral controts ignore the issue of adequate B
fixation. Clinical experience has shown that proper fi xatton is an important element of
risk. management Buechel et al and Keblrsh et at demonstrate that ﬁxatron is an

719 :

define the device so that it provides essentratty i



important element in clinical ess. These studies show 1a -'unexpected ﬂxataon
problems that may not de op i ‘relatwely short-term clinical use can significantly
degrade device perform lo rm use. Thus tt seems proper to mclude e
fixation elements as well ' i '
the fixation criteria were no

28 the LCS NJ ankle, would dc

design IS however, not as safe - success( \thus should not ~
be used °. o ' i

3 1X. Regulatory Histo

1. Regu!atoryH-stowofthea

On Friday, July 2, 1982, in th
the proposed Rules for 888,312

- non-constrained prost i
Classification Panel's ndatic 1at fo ; ,
evidence to support a Cla s | lesignation. he only | genenc type :
the Newton, had 50 device olante : ed fai Thus the
FDA qonctuded that. 888 31

<%
. “

high pnonty

s Summary of reasonsf ‘r?the recommend

 will be adequate
feffecttveness of t
premarket approv

< The panel based
' knowledge of thed vice

072
0'0

RlSkS to health mcludéedf:' L

(a) Loss or reductlon of . Jomt functlcn lmproper des;gn or madequate \
mechanical pmpemes of the device such as, its lack of strength and
resistance to wear, may result in a loss or reduction of jomt function due
to excessive wear, fracture, deformatlon of the dev;ce or loosening of -
the device from the surgncal cavsty '

: 20 iR



(b) Adverse tissue reactlon Inadequate bxeloglca! or mechamca! ‘properties
of the devuce such as its lack of blecompatzbihty and resxstance to wear
may result in an adVerse tissue reaction due to dissolution or wearing
away of the s he device and the release of matenals from the
devnce into the surroundlng txssues and systemlc curcutetxon

(c) Infection: The presence ofthe proetheme w;thm the body may lead to-an
mcreased rlsk of mfectlon . - S

The FDA agreed W|th the panel that the uses. fer the devic
‘substantial importance in preventmg smpatrment to hu
that insufficient clinical experience exists to fully es bli
benefit the devices are intended and the pre-conditior
that the probable benefit to heatth for use of the devices d
with the tlkehhood of lllness or mjury resultmg from thelr use.

¢ descnbed above are of
lth. The. FDA believes
he persons for whose
“ ‘The agency believed
s not cempare favorably

This decision was based on. the onlyfchmcal study aval!able Wthh was performed by' .
S.E. Newton.” This ankle joint m ‘
(20 of a 50 patient pepuiatte ailure rate. This fact convinced the FDA that
“insufficient information exists to support the conclus:on that general ‘controls or
performance standards will prevxde reasonabte ,assurance ef the safety and

,effectzveness of these deVIces : , - B

echamcal scrutiny was
sthesis was 262 N

stivity. Durmg level
d of about 1,050 N

This statement is a falr one. The Newton prosthe
found wanting. The maximum load that could be appli
(59 lbs). This is substantially below the loads exerted
walking, @ man weighing 700 N (157 Ibs) would prod
(236 Ibs). -and as much as 2, 800 N (629 lbs) in stair
characteristics in inversion-eversion were insufficient, and led to a relatively high -
incidence of ankle sprains. ‘Thus ts failure rate can be exp' ined by incongruent
~ contact resulting in excessw W deformat:on and poor stability as a result of
normal activity. However, th » ~ent in concurrencefw th ‘The Orthopedic
Classification Panel’ was ma 1982. It is now 2005, and all these issues have

e
:3"

olymer non-constrained prosthesis had a 40%

hermere its stabmtyf -

been addressed by the proposed genenc type (See" ‘XII Controt of Rlsks 3. Primary

Safety ConSIderations)

e }'8'97 called for PMAs or
e joints in commercial
niti ally equwalent after ,

On September 27 1996, the Federal Regaster Vol. 61‘
PDPs (by December 26, 1996) for any non-constrai
dlstrtbuuon pnor to May 28,1976 or that was determ
May 28, 1976. After December 28, 1996 all other a
constrained cemented, will have an approved PMA o
eﬁect prior-to commermal dts’mbutlen : .

o .completed PDP in

On August 31,1999 a 510(k) was submxtted for the Buech’ ppas Total Ankle. It
was found to be NSE on October 19, 1999. From that date un it December 1, 2000

Endotec attempted in vam to persuade the F DA to change its mmd but to no avail.

It is now felt that the subsequen three-plece constructaon uncemented devxce has

developed sufficient scientific evidence to merit a Class Il desngnatlon Thus, itis

proposed that a sub—genenc dewce ankle JOtﬁt metal/petymerlmetal anatomlcaﬂy‘



seml-constralned congruent moblle' bearmg ‘porou coated uncemented prosthesis,
be added to 888. 3120 and on th ight of nt  evidence be show nto be Class il

8/31/99 | Replacement Syst | given number
: | k992944, N ‘

ring technology of
: at, s articulating, ce of infi al component and
921/00 | thesupe of th bearing, whether there are any significant
N : W ri 1 Dr P; - Endotec representative spoke
s” explanation that
int, Our expectation

10/19/99

10/25/99

1 cructal concession

10728199 hat the devi '"'d,notmeetme

11/17/99

11/29/99

- _ : finitely me .3120. He tepéats
12/10/99 | : f SE sti _od. Hesuggeste’d

12/20/99




We have offe red scxentlﬁcaliy based reasons why Endotec beheves that this
device should be considered a semi-constrained device, why it better fits the
deﬁmtlon containe 11121 CFR 888 3110. The ODE representatlve m hxs three -

offered 110 explanetmn, m scxennfically bdsed reasons why our devxce
demonstrates constraints that are less than the normal anatomical constraints of -
the surface that it replaees ‘Endotec closed by requestmg a meetLg

~150/00

4/17/00

' Endotec filed a formal petition for a ‘de nc
1/24/00 1| The petition was acknowle, ed. :
- 2/8/00 | Since the decisi ted that the device ed a ‘new’ non-constrained
: dev1ce, and it seemed that the hltemal R v appeal might take a very long
time to resolve, Endetec wrote to the ‘O yedics and Rehabilitation Devices
| Panel of the Medical Devices Advisory nittee” to petition for a
o | reclassification of Class III ankle devices. e
3/7/00 | Endotec queried for the of the Internal Re G '
E , An ODE representatzve reJects the petmon for recla551ﬁcatmn under his authonty
novo’ Class HI exemptlons in his letter, detenmnmg that because
3/21/00 1 efinition contained in 888.3110, which he quotes in full. He,
~ | however mis ers to the deﬁmtion to 888. 3 120 and therefore the dev1ce
| is considered.to be an ‘old’ device. £
Endotec replied, “After careful revsew and anaiys;s our petmen fGr evaluatlon
under automatic Class III demgnauon the Buech a'ppaé Total Ankle
e Replacement System K992944, has been ecause our device fitthe
3/4/00 | definition °...a device intended to be implanted to replace an ankle joint. ‘and
S - that our devwe, ....limits translation and ota jon in-one or more planes via the
geometry ofits. artxculatmg surfaces and h no nkage a ross~the—30mt ‘
“‘We are m the fullest agreement thh : i
| Class H S : -
| The ODE‘representanve rephes to our Intema] Revxew request for K992944 in
which he st i
4/3/00 - 'mtrmsm '
| of a semi-
‘| denies our. 'req : , :
| would help to resolve the scxennﬁc dlsp
1 As they had never offered any selentlﬁc e
‘" substantiate theirs, Endotec did not. kno ‘
| Asa result of the ODE'representanve S eet thh"us and hlS decxsmn :
‘ ‘concernmg our petition for a ‘de novo’ rec 10f the B-P Ankle device,
o 4/4/00 an Endotec representanve enmaﬂed The D ,the ClRH _protesting the
‘ = | decisions of the ODE and the manner inw ndotec was treated. e
" |'AnODE representatwe replies to our lette 100 (13 above) that he meant
| we do fit 888.3120; therefore the B-P Ank nota ‘new’ device. The
1 FDA pos;tlon can be surrmsed as is: 51 s refused because the
4/6/00 “device is a ‘new’ device 10/19/99), and ‘de novo’ reclassification is refused
' because the device is an ‘old’ dev1ce (3/21/00) In his decision on our Internal
| Review (4/3/09 e agrees ‘with the original finding that the device is a ‘new’
1 »'dev1ce in the second pat agraph, and in his last paragraph rexteratee hlS ﬂndmg on
| ‘de novo’ reclassification that the device is an ‘old” device.
| Endotec sent a letter of appeal to the CDRH Ombudsman; outlining the unfaxr
treatment by the ODE, thwarted at every turn, and how m()bl le bearing devices,

: especzaliy ones hke the B-P Ankle dewce were sorely needed for the pubhc well-
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being,

The meeting y thh FDA was set. for 7/25/00 Endotec was asked tosetthe

: 'agenda Endpteq sle,tter roposed, the mobile bearing ankle (1(992944),

7/14/00
' mobile beari dewges in general. - Dr Pappas also wrote a letter. explaining the 1
origin and evolution of mobile beamng devices, and why‘?such devices were
| needed and safe. Desplte two weeks advance notification, they came prepared to |
| discuss only Rotatmg Bearmg Ankle, K000436. Endotec was grateful that they
reversed their arbatrary wathdrawai of K004 tion from. their records, -
and reinstated it at the meetmg on 7/25/00 3 O days from that dateto
respond to deficiencies. - :
| Endotec submltted the add1t1onal mforma_ I 00()436 and that devxce 1s
| currently being reviewed. Also, letters were
R | and the CDRH Ombudsman to report of 7/25/00 Tt was felt that
7/27/00  the primary error was that the definition of 21 8.3110, which is the
; , ‘generic type for Class I ankle devxces, was never d ctly applied. Could the
| device or could the devme not meet that deﬁmtl n of seml-constramed This is
till the i 1ssue i
. ' r meetmg w1th the Dlrector thhe CDRH and others
10/4/00 fter the meetmg Endotec presented the Statement
- addressed to The Director and to the ombudsman. =
12/1/00 ( he rejection by The Director of the CDRH, which admits that we
‘ do 1nhwu tran s, ation and rotatlon in the ﬁontal pfane Ve have “...one semi-
R S constramed articulation. .. e SIS AL ,
12/7/00 ~We replied to this re_;ectlon S
1/17/01 -~ | We submitted the reclassification docu‘ T
- 212/01  The Director of the CDRH saxd he' was aware eclassification and would
S | aidusinit, AR o
3/21/01 Dr. Pappas asked wha:t the delay was.
- 3/31/01 | Letter written to D lgal askmg for upd ot tus of pentlon ;
~5/21/01 We received an answer to our reclassification effort of 1/ 17/00. The FDA ;
,determmed thereclassrf ca‘uon pentlon _5be adm1mstrat1vely moomplete and
6/25/01
6/28/01 FDA clted e'm ue where the reclasmﬁcat:on petmon was deﬁcxent Thxs
being, Endotec’s failure in presentmg a generlwtype for reclassification. As of
now, Endotec i 1s compx]mg a reply to the FDA letter dated May 21 2001 with
S this in mind. ,
9/3/01 | Amended Rec [assxﬁcahon petmon submmae, ver ;«;qmremems‘stated in last
letter from FDA, . L S
~ 2/14/02 | Received AIP Let.te!.‘» ,Jus,*susmndzng 16 wwf submittals to and at the FDA.
3/06/02 | Responded and appealed the applying of A o
- 3/26/02 Amended Reclassification petition submi requirements stated in last
e letterfromFDA, o
12/20/02 | Submitted CAPto FDA toresolve AIP.
6/14/03 | Re-submitted CAP to FDA to resolve AIP.
7/17/03 | Re-submitted CAP to FDA to resolve AIP. ,
9/16/03 | Received ph@n'c m the FDA Ombudsman ofﬁce from Laurle Lenkel
10/08/03 ‘| Submitted Citiz zens’ .pentlon Faxed cover letter and Seotlons 10 30 c and eto
| Jenny Butler. =
3/19/04

| Spoke to Ms L, enkeI she assured me that they are WOY kmg on the petmon

: andthat;we,wll ggtaresponse sogn 3 i




427704

. Spoke to Laurle Lenkel she lnformed me that the fi nal response is in its last

stages and should be sent in the next few weeks .

‘Lenkel and she mformed me that she has seen in the form

6/9/04 gl Spoke tol
of emails anc ‘memos, a high level of activity on the: appeal and is very
optlmlstlc that this i issue will be resolved soon. However she was reluctant
i to give me a date of resolution =~
9/13/04 Teleconference held between Dr Pappas and FDA regardmg the ﬁlmg of -
. the. Reclassxﬁcatmn petmon e i
-9/27/04 Received letter from the F DA regardx : o“‘ﬁle petmon but the need |
o for additional mfermatlon would be needed fo urther review.
- 10/13/04 - Received letter from the FDA confirr Reclassification Petmon
B | for the Buechel-Pappas Ankle Prosthesis e and a531gned docket
L number 2004P-0457/CCP 1. ' :
10/21/04 Submitted Special Controls SR ;
- 12/21/04 | Sentemail and received reply reoardmg stams of the reclassxﬁcaﬂon petmon 0
: | Holly Saas  stated that it was under continued review. i
2/3/05 i Sent emaﬂ status on "reclassxf’ ication petition ~ |
2/17/05 : Rece:ved emad fo m Holly Rhodes statm g that they were stlll rev1ewmg the
: | petition ey :
4/15/05 | Spoke Laurie Lenkel she stated that she ic ‘} know ’hy there were two citizen
| petmons (1 1/03 and : }'0/04) and why the 03 losed and the 04
s g ;'Rhodes atthe CDR,;:
- 5/06/05 ' ,Leﬁ message with Laurie L
- 5/11/05
6/20/05 | Received deficien o
7/8/05 ' Asked Laurie Lenkei to adange conference call
regarding items on the June 20th letter.
7/13/05 Spoke to L. enkel (laurie. Ienkel@fda gov) regardmg Reclasmﬁcatwn -
conference St spoke to Mark Melkerson and asked that I email her
| the issues that. | to raise and she will distribute to the relevant personnel.
| She stated that Mlchael Courtney w:ill be coordmatmg everyone to arrange the
o conference call. G G
7/18/05 , Forwarded agenda of pmnts for dlSCUSS n:to the FDA

8/3/05

’ 'thh the FD A
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i X. Control of Risks

Endotec recognizes the pot |

~has presented 'controls, under

f:éz; Regulatory contro

+ Potential Risks (V
Device Classif c
Specna! Controls

1. Regulatory control of risks |

Endotec proposes the foll tory control of fsks. Davise riské‘can be
controlled through mate 'al tandards. Pa -Surgi can be reducedm

g . th :
through the 510(k) process, as well as 3l at “ovel mtsbrandmg andj
adulteration to impose c garding ~areas. Ad 'mnally, guldance |
documents are utilized to pro o , ‘ :

Iabelmg Endotec acknowi
or minimize them and has |de~

Sectlon 9 and 10 - Sﬁenlrty, Labelngg

1 Component Loosennng/Subssdence ~~510(k) Requxrement "S

Misb ‘randmg Authonty-, be
tio

Sections 7, 8 and 10 Pre-Cli

| Dislocation/Subluxation

, Sectionsrs' and 10 COﬁtrOIS,f"Labeling;f e

Revision of Components -

| Sectlons 8and 10 Controls Labehng

lmplantFatlure/Fracture/ Wear C)steolysrs oy (
Sensmvnty to Implant Matenals -

Section 10 - Labeling -

Nerve lmpmgement/damage Pam o Misb
Vascular Disorders, Pulmonary Embehsm e

Surgical Error R e it Mlsbranding Authority — Labelmg :
, i .fndlcatlons/Contratndgcatlons/WarnmgslPrecautxons
Section 10 - Labelmg e i ‘Tramln_g_-LabelmQ :

Please Note: Bolded/ Itallcs items rnctude specml controls
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In addition to the above hsted ltems Endotec |dentlf ed 10 standards from the
American Society for Testing and vatenals (ASTM) and 6 FDA gutdance documents
as specific special controis., ably assure the safety and effectiveness of the
ankle joint metal/polymer/; anatomfcauy semx-constramed oongruent mobtle
bearing prosthesrs , , . \

etal

ASTM Standards

R b. ASTM F67 Standard Specnf catlon for Unatloyed Ttan: mfo : ,urgacat lmplant Apphcanons

- ASTM F75 Standard Speafoatvon for Cast Cobait

./um-Mofybdenum Alloy for
: Surglcal ImplantAppllcattons e

0:~ ASTM F136 Standard Spec:lf' catlon for Wrought T;tantumv/ ;’A!umm;umwzl Venadnum ELI :
~ v(Extra Lowlnterst:ttal) Aﬂcy for Surg:ca! implants Apphcat:i Sp . o

% ASTM F565 Practace for the Case and Handlmg of Onhopedtc Implants and Instruments

| ecnf c:atzon for U!tra~Hrgh-Moiecular—Werght Polyethy!ene F’owder' /
f ﬂ Implants

% ASTM F648 Standar
and Fabncated Form

e ~ASTM F1044 Standard Test Metnod for Shear Testmg of Porous Meta! Coatmgs L

% ASTMF1 108 Standard Specrﬁcat:on for Trtamum—d A!um um-4 Vanadlum Alloy Castmgs
- for Surgical Implants : Gl ,

ASTM F1147 Standard Test Method for Tensson Testmg of Porous Meta{ Coatmgs

O
R RN

R

“ASTM F1 377 Standard Specrﬁcatlon for Cobait—28 Chromum—ﬁ Molybdenum Powder for
Coating of Orthopedlc Implants : o

ASTM - F1 580 Standard Specmcatzon for Tltamum and Tttamum»d% Alummum-4%
'Vanadlum AHoy Powders for Coatmg of Surgtcal Implants

o
R

FDA Gmdance noc' ’""entsf; g3

X Gwdance Document for. Testing Orthopedrc Imp!ants WIth Modrﬁed Metalhc Surfacesv ‘
apposing Bone or Bone Cemeni B :

K7
N

* Draft Guidance Documen’t for the Preparatfon of Prema K Not:ﬁcat;on 51 O(,k)‘AppiicatiOns

for Orthopedlc Dewces The Basuc Elements;

% Data Requirements for- Ultra-ngh MoiecuianWe:gn*;Polyethylene (UHMWPe) Used m,
- ,‘Orthopedlc Devices; (. : s :

< Use of lntematsonai Standard ISO = 10993 B:ologlcal"Evaluatlon of the Medlcal Devrces '
Partl: Eva!uatxon and Testmg : _, . ,

< 51 O(k) Sterility Revnew Guzdance and Rev:suons of 1 1/1 8/94 and GRDB 7/3!97 (KQO 1)

% 180 13485 1996 Medacaj Dewces = Quahty management systems = Requtrements for
regulatory purposed \ o ‘ ‘
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| - replacement system, and may occur with: any total joi

2. Potential Risks

> are nsks mvolved in total JOlt‘l’t replacement in
general. Compltcatxons t evelep include: early or late infection that may
result in device removal and Jjoint fusion , blood vesseis and nerves may be damaged i
bones may be fractured dunng e procedure, and the' evice may loosen or subside.

The device may break dislocation of the. beanng or ccur, allerglc reactlens
to the metallic components may occeur, ph!eb;trs may dev nd cause possible lung
problems long term swelling may occur, and there r eiayed wound healing. -
Wear products may produce ostealysxs with asso ponent ngratlon and
loosening. Some comphcatlons may cause protonge draining wound, a
need for blood transfusions, a need for further majol ifor permanent pain,

deforrmty -and inconvenience. Very rarely some compli s may be fatal. These
possible complications are not  unique to the proposed - generic-type ankle
joint replacement operation.
irect use of this implant will be analyzed here with -
“particular relevance to all of _eted by ‘The Orthopedrc,Devxce Classification
Panel'. A further dlscuseron w reductions are made is also prevxded (For
incidence rates see XIV. Summa / of Cllnlcal Flndlngs Sectrons 4—5 ) ,

As in any surgical procedu' 5,

Therefore, the risks resulting fror

3 B:ologlcal hazards ~

1 Bio- mcompattbmty of the matenale used
May cause the followmg , o
a. Destruction of bone and surroundmg tzseues - A
“b. Rejection of implant ‘ St
¢ Allergic reactions to materzais S
2, Toxucnty of the materials ' ’
~ ‘May cause similar to he above
‘3. Infection due to. implant stenhty or fack of |t
May cause the fo[lowmg
a. Bone 'destrdqt;
b. Device loosening
c. Skin healing probiems
4. Degradation of the materials
- May cause the fo wing 5
a. Limit expected performance S ..
b. Related i injuries due to prosthetic fractur
C. Osteolysus and assocaated proethe’tr
Ioosemng '

Qan ent migration 'e,nd |

< Hazards related to the use of the dewce .

1. Improper placement of compenents due to madequate surglcal techmque
: May cause the foﬂewmg ; ;

a. Dislocation of componer

b. Improper toadun  of con

“and wear L

~¢. Improper bone/prosthes:s Ioadmg

~d. Peri prosthetic fracture s

\pdnents wnth assoctated Ioosemng, mlgratmn- |

»



: problems '

technology and articular surfaces,

2. F racture of bones and/ar; tsssue damage dunng surgery

May cause the folt_o‘ ng

g“ ;'
a. Dlslocatlon of components , i
b ;lmproper bone/prosthesss ioadlng wnth aesocxated Ieosenlng, m;gratlon
: andwear :
¢ Peri-prosthetic fracture ;
~d. Nerve and/or tissue damage
e. Improper ahgnment of components
f.  Improper t|ssue balancmg
4. !nadequate labeling ,
May cause the foHowmg et
, Mlsuse of the dex

Non-traceabltll L : :
~Improper combmatlons of components (1 €. sxze 2 talar component and
t size 3 beanng) KRR e S e :

e lnfectlon ‘

aoow

% Hazards arising fromfu'netiona!ifailﬁure"~ 5

Unknown (ong-term durabmty of the devxce '
Loosening of the device components =
Failure of b:ologrcal fixation to occur
‘Increased pain and/or deformlty

Dislocation of components
Fracture of the components o
Decreased range of motion o

: e e ‘,mt and/er decreased patfent meblhty

Possible need for revxs:on ,surgery, such as an altematlve prosthesxs or

arthrodesis.

Inadequate packag:ng resultmg in contaminatlon and/or detenoratlon ;

. Osteolysis from increased polyethylene wear sbris and associated
‘component Ioosenmg or migratwon - i N :

‘11. Unforeseeable surgical ~~nsks or ccmphcatnons (te =
cardiac arrest) . :

@N@mewwﬁ
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putmOnary femboli’sm or

nponents, permanent
mbulation problems, .
__fs and/or other medical

Al of the above may result in early revisions
damageldefonnatlon to natural jomt They may. als
leg length dlscrepanCIes mechamcal ax;s ahgnment probt:

e devace wnll be dnscussed on how reductions e
1 e"aproposed generic- type utilize the same
‘most of the risks ‘and hence reduction of these
risks, are common to all c‘om‘pé ents. If a difference i Jn the deSign preduces a risk or
additional risk, it will be noted ; :

Below, all of the nsks assoma”d Nith 1
are made. Since, all of th i




~ <% Biological hazards
1. Bio-incompatibility of the ’mé’tﬁéﬁatefu“s\ed |

- Bio-incompatibility - may cause destructlon cf bene and surrcundmg tlssues or
rejection of the implant and in rare cases, there c: lergic reaction to the

 material. This comphcatron has. not been well understoo d has only recently
recelved the attention it deserves. Clinical exp ’|e nce indicates that about one
percent of joint replacement patlents may be ser one of the alloying
elements of Co-Cr or stainless steel attoys Suc y can produce swelling
and pain in the joint. Thus, joint functton can be adv. /_ affected and the need g
.for rmplant removal can develop LR L -

To combat thrs bro—lncompatrbrhty Endotec recommends the fottowrng proced ures:

Flrstty, all patients who expect' to?'have a Ce Cr or stamtess steel implant shoutd
have their physician che 3 ivity to the alloying elements of the matenals ;
before rmplantmg them (See:Appendrx H- Surgeon Trarnmg Ceurse) e

- Secondly, to reduce the nsk of metathc brc—
: drsplayed by the prototype atl thefmetalhc cem’

rncompattbmty substantrally, as
' hes'constructed from-
ceramic coating applied
rial® Titanium has been
compatible and more
rnative in the cases of
vied by certifications
Manual and ASTM‘ '

mckel sensrtrve patlents Matenas purcha'sed are acc
‘and must mest specifications as drctated in the Quah;
“standards to assure thrs cntenon S S

Lastly, all bearmgs shoutd\ bef constructed of Ultra- Htgh Motecutar Weight
Polyethylene (UHMWPe’ i -ccmpatlble mert material. Thzs too, is a. wrdely‘ :
used material in the o
certifications and checked

: same manner as trtamum

- 2. Toxicity of the matenals

Only brocompatlble, ANSI ASTM standard mateﬂalsra‘-.- ’/ :_bé,,used: in the implant ,

’systems

3. Infectr’on oy

Infection may cause destructton of the bone dﬁ 'Vemng or skinfwound

~ healing problems. This problem is partrcularly acute in the ankle since it is the foot
is furthest from the heart and thus the most dsff cutt regton for whrch to supply
blood. i o :

0

lc' commumty and is- atso accompamed by' o



The main causes of lnfectton are as follows

Infection due to skin s/oughi~ , R
Skin sloughs can be pre ‘sound surglcal techntque and post~operatwe -
care. As the main cause | n sloughs is early motion, a short-leg cast is
' recommended for 6 weeks to prevent sheanng of skm mcrs:on :

lnfectlon due fo systemlc seedmg of bactena no open wound :

- Systemic seeding of bacteria can be prevented by avoiding local mfectlons_
altogether or when they do occur treatlng them early revent bacterial seeding
~oflmplants e [ S

. Infect;on due fo. lmplant sterlllty or Iack of /t

All metalllc components are stenlszed by exposu  to Gam a:f.lradiattony per spec o

components

Also, to date older products have been tested to valldateithe stenllzatlon cycle to
- assure that the |tems wﬂl stay stenle for at least 9;‘”
process ~ : ;

4, Degradatlon of the matenals ;‘ '_

the TlN coatlng, ,when S
tested agamst UHMWPe resulted m extren ely : ow we _Jr Thus sngnlf“cantly
* reducing the affect of degradatlon on these matenals

g ethylene oxnde W|thout alterlng the polyethylene structure“'
Hazards related to the use of the clevrce Coa oS

1. lmproper placement of. components due to madequate; fr’g.idaléftechnlque

’ Mal—posmonlng of the lmplants can cause problems ltf "dtslocatton of the :mplants T
improper loading of components resultmg m lrregular wear and perl—prosthetlc

fractures. : i 2 . '
To assure proper placement of the « omponents several lnstruments are deSIgned 0
to aid in orienting the tibi; ni
templates are also used 0. pro ,fashlon the talar dome and tibial canal to
accept the prosthesis and sup ly ac equate fit. Although with the proposed generic
“type, minor mlsallgnments‘W!ll not affect stablllty since the memscal bearing will

,31; SATE

)ning the components. Rasps, burrs and



| line up wrth the talar component and the flat srde of the bearrng and trbrat wrll allow

~ the surgery, additional procedures will be impleme
~medical conferences comptete with surgical workshop

- Such means may also be used to reduce the nsk

-Federal Law drctates that only a quahﬂed physm
- All personnel entitled to purchase these items, ar
_Orthopedrc or podratnc surgery ~ e

‘informing (See AppendrxD Insert and Labehng) e

for congruency.

The surgical techmque Isffp vrded to famrhanze the surgeons wrth the use of the :
implants and instruments. (si’document has been prepared using 20 years of
experience, by Dr. Frederrck F. Buechel, an Orthopedrc Surgeon who co-
developed the system. The surgrcal procedures are reteased controlted‘
documents to mrnrmrze the effects of errors S :

s has led Endotec to the
vided to the surgeons
_curve associated with
=ndotec plans to host
d experts on hand to
help the surgeons to hone therr skrlls (See Appendrx H.o= Surgeon Tramrng :

Furthermore tessons tearned from our chnlcat exp‘
conclusion that although adequate guidance has be
with regard to surgical technique, due to the fsteep

Course).

2. Fracture of bones and/or trssue damage durrng surgery

- Fracture of the medral malteolus is the prrncrpal risk. This. nsk‘ may be reduced by

the design of the instruments and by proper surgical instructions and training.
‘ atl.«trssues in the operative -

site.

3 Use of system by unskrlled personnel

urchase these devices. -
d; experts in the t" eld of

4. Inadequate Iabellng

LLabeling requrrements A t;by Endotec SLP 0015 (refer to Appendrx B),
which requires the identification of part numbers and fot numbers on all boxes.
Also, a certificate of conformanoe must be accompamed wrth the product from

, packagmg to assure the appropnate labets are apptred

}.Aiso package rnserts are provrded in the,{;boxes Irstmg alt rndrcatrons
~ contraindications, warnmgs and precautrons for tt

e surgeons (or other qualn‘" ied

hospital personnel), to provrde another source ¢ ons for assurance of

Hazards ansrng from functronat farlure

1. Unknown long term durab:hty ofthe devrce ok :

Although Iong-term durabrh
cumulative survrv0rshrp of !
the durabrlrty of the impla

is not. known c[rmcal stud:es over ten Xears reporta
years ® Also, simulator studies® *% display
~coatings and matenals and provrde an adequate\

predrctron on the life of the rmpiants

2. Loosenrng of the devrce components TS e S



” Aseptrc Loosemng s
~ All items in general, are place \
device mrtlally, reducmg the

'rth precrse lnstrumentatron assurmg the fit of the
for loosenlng The desxgn IS such that as"- '

the STAR prosthesns have shownthat loosenrng' rs nota r 'ert'comphcatron

Septic Loosening : S
Meticulous wound care mtra and postoperatxve!y‘»{f mg
 an effective preventatrve agamst septic Ioosenmg

: Ioosemng a detailed complication reporting s)

, momtored to assure safety and to rdentrfy trends

. phyiactrc antibiotics is
r, in the event of any
is alntarned and closely

3 Fatlure of brologrcal ﬁxataon to oceur

ented rmptants have better everall results than

® These studies report that cemented
prostheses have had higher eptrc_!oosemng rates and poorer results than
uncemented ones. The studies > concluded that patie! ts without osteoporosrs,
: ,undergomg ankle replacement should recelve cementle’ pl-a‘_nts. '

~ Clinical studies lndlca;te_ihat;un en
those implanted with ce

sab!ef experience with
ble biological rngro\Arth
specifications given in
diological zone and
it S,tabmty Thus these

, Refs 5,10 and 41 crte chmcal studses that prowde»‘:? ov
similar types of prostheses that have also
These studies all use a- porous coatmg falling Wi
CFR 21 888.3358. Appenchx | provides the res
migration study that shows successful ;ngrowth al
: references indicate that such ceattng s safe ‘

To ensure proper blologrcal, ﬁxatron the FDA drctates that porous coatmg must fall
within the followmg rangej’ for ¢ ceptable mgrowth per CFR21 888. 3358

<> Porosrty between 30 - 70% e ~

% Average pore size between 100 and 1000 mlcrens

~++ Interconnecting porosrty ' R
o Thrckness between 500 and 1500 mfcrons L o

The porous coa‘cmg on the Mark I and Mark II devrces Is wrthm thrs cntenon
’4 Increased paln and/or deforrmty

The nsk of mcreased paln and/or deformrty can be redueed by sound surglcal i
techmque adequate fixation and minimal wear. Sound isurglcal “technique
safeguards the patient agarnst ‘deformlty caused by surgrc ,errar and adequate
fixation reduces risk of deformity caused by subsidence or sinkage. Yet,
subsidence and wear. redustro
is in itself a safeguard againsf *Sl:lb Side

nce and unacceptable wear

: With regards to the risk of rncreased paln cemenﬂess ankle repiacements and the
use of mobile: memscal bearings have been shown to reduce pam '® and restore

33, L

ally an issue of design. A good, sound desrgn -



- function.® Furthermore, the use of more ﬂexrble propemes of titanium alloy‘12
results in reduced bone/prost esis interface stress and therefore decreased pam
Consolidated, well-alrgnedj‘;fl' _,mponents do not produce pain.

5.  Dislocation and subluxatron of components ,

Since the polyethylene is not mechamcally f” xed to the trbra component thereisa
chance of drslocatron and subluxatron of the bea om. the components. ‘Such

is r ; 0 ical structures. (medial

nts) These structuresf

dial or laterally.”® The

al-lateral and antenor—u ,
ety Co rderatlons 2. The
rst which display that -

o date no reports of
rndependent of trbral or talar ‘component
or improper placement have been received. In

otypes mrtral series of 49 cases remforce this

memscal beanng drslocatron«
malpositioning due to subsrden
addition, a ten-year study of the
stability statement.*?

6. Fracture of the components .

Fracture of the metallrc components should not be
desrgned and'rmplanted components k Fracture_ fthe

anical fatigue testing. In
f the trbral plete and the

partrcular one needs to b 3
k thinnest sectron ofa talar on

ncemed wrth the stren
lay i s

Fracture of the beanng should also not be a complrcatro for ‘properly desrgned :
“and implanted components Fractu e,of the bearrng may be controlled by analysis
and testlng A conformrng bea i ‘g-j lS preferred smce this type“ .‘bearrng reduces ;

~stresses. , T . _

7. Decreased range of motron of the jOIﬂ‘[ and/or decreased patrent mobrhty

Decreased range of motron and epatrent mobrlrty is ot roblem in well-alrgned o
properly affixed components aobrle bearings : d’»to increase and
_restore mobility. An in-vivo z,study ‘shows that ype agls rdentrcalto the

natural, unaffected ankle in the respect of ROM and galt;;'/.;_, :

lacement can result in
s can be reduced by
urgical procedures
) mrmmrze the effects '

However rmproper surgrcal technrque and rm' ‘lant‘
~decreased range of motion and patient mobrlr ‘
sound surgical technigue a: dictated by the expert user

are released, controlled documents rssued wrth the functro 11
of errors. « :

8. Possible need for revlslon surgery, such as an alternatrve prosthesrs or
arthrodesis. e ) :

mplroatron for properly |
allic components can be



‘The need for revision is marnly necessary as a result of wear or component
loosening. As overconstraint is a major cause of loosenrng and mcreased contact
stress causes wear, meniscal bearmg types produce less wear debris and are not
overconstrained. Thus, eed for revision surgery is minimized. Revision would
- also likely to be needed ,lnthe'unllkely event of component fracture

It should be noted that in the event revrsron is needed 1l e 1
requires less than a centimeter of reseotlon much less
: 'commercrally avarlable Agllrty devrce ‘

retetype devrce usually
n n that. required with the

ost—'operatlvecare can
n ce‘of revision surgery. -

~ In addition, sound surgical technrque and vrgllant pf' a nd
prevent infection and mal—allgnment and reduce the ~er

“ However, this risk is still evrdent but it should be-»noted that itis by no means‘ '
unique to the proposed generrc type but to all orlhopedrc rmplants

9. lnadequate packagmg, resultmg in contamrnatlon and/or detenoratron

\SLPO@M 0015 0016, 0021, and 0022 in Appendrx. ;
the lntegnty of ’packagrng matenal manufacture and

Endotec standard proced' "’
B are in place to. assur_

2 mandated by AAMI TlRZ‘if.éOOlrn con}uynctron
sterrhty is marntarned over trme G

10. Osteolysrs from polyethylene wear debrls

debrrs wrll occur itis less lrkely wrth congruent the ngruent desrgns Studles
have shown that lncongruent contact betwee pelyethyl ne and metal results in
| _rm use. Tde Congruency allows

al*? records only one (2°/' stan (
years. Furthermore thls comy _: ation fﬁas;due to a mal—alrgned devrce
‘Additionally, wear debrrs can be further reduced by the rmprovements in TiN
coating, which subsequently reduces the incidence :}oste.ol Laboratory
. testlng shows the wear reductron when these coatrng are used. :

11. Unpredlctable surgrcal nsks or oomplrcatrons (re pulmonary embollsm or
~cardiac arrest) , -

Proper screenmg of patlents by experrenced medrcal personnel reduces
unpredictable surglcal rlsks _ :



“Refs. 5, 2-13, 28, 41 and 43—47 are chnrcat studte

“available device, the DePuy. “Agility” ‘ankle that has bee
_given 510(k) clearance, to the B-P device. This ‘compariso

3. Primary safety consnderatlons -
Statement of Reasons L -

In addition, to the risks recogmzed by ‘The Orthopaedic Device Ctassnﬁcatron Panel,

- Endotec feels that there is a subset of risks that are assecuated with the generic
~ device type that requires more detailed exammatton.; Thi

risks ‘-are best addressed

by five fundamental safety consuderatlons

These consrderatlons are ~

1) The stabllrty of the ank/e jomt after replacement

2) The stablllty of the ankle beanng

3 The load carrymg capablllty of the ankle replacement
4) The undesrrablllty of unnecessary constramt |

5) Fixation | i

1 ) The stablllty of the ankle after repfacement

eﬂer replacement is not a
5 within the proposed
‘stramt and ktnematlc

stability. It may be seen from them that stability of the
problem with the Buechel- Pappas device, whi
classification, or the STAR devrce whlch has srmltar
characteristics. Komistek et al® and Nehssen et ai“ﬁ
which show essentlally normal
Garde and Kofoed*' and Magn ussen et at is to ;
device. The stability report by Pappas is a theoretlcat analys;s of the stabthty
characteristics of the predecessor to the B P dev:ce It drscusses the need of :
maintaining essentially normal inversior .
whole are adequate in demmst,n ting ,"’reasonable assurance that the proposed ‘
device classification produces a sa nkle joint (with respect to stabmty) and that it -
does not have any new ankle stability problems associated the relative lack of
constraint connected wrth memscat bearmg jomts fat mg wnthm the scope of the
proposed new class : . P

che ’f'cterléttcs of a currently

classified as class Il and
is to show that the Agility -
ankle, which fits 888.3110, and is. therefore conSIde  be reasonably safe and
effective has abnormal stabﬂlty characteristics. The,,..;, ankle; which the ODE claims
fits 888.3120, and therefore: cannot be considered to be safe and effective enough to

It is useful to consrder a companson of the stabth

~ be considered class II, has, on the other hand normat stabltlty propert:es that appear
to be relatively free of risk. | A

Medial-Lateral: Such stabmty in the nermal ankle is atmost enttrely provnded by the
ankle mortise. In the B—P devrce the ankte mortsse is retamed and thus stability is

- essentially unatfected

3%



The Agility ankle, however, resects the mertrse as |llustrated |n Frg 12. It replaces the
mortise with tibial component srdewalls, which are much shallower than the mortlse
they replace. Due to this sh “lle gement and the large lateral comer radn on its
talar component the Agrllty. provides much less medial-lateral resistance than the
normal mortise. This is partlcularly true where inversion or eversion is present

Furthennore the lateral clearance of about Gmm;- between the talar and trbral ‘

" nly reduces stability but '
ther, the fibular resection
tlblal_nonunron 4630 5 nsk, '

also has an addmonal risk of medre ”rnalleolar 'frectu
and syndesmosrs fusion mtrodur:es substantral rrsk‘ 'o
not present in the B-P ankle

In the Agility ankle medlal lateral stablllty assoctated wath the mortrse is replaced by
prosthetic constraints. This results in medial-lateral shearing loads being supported by
the prosthesis-bone interface rather than by the natural bony structures. Thus, -
unnecessary shearlng loads ”‘hedf} to the prosthes;s~bone rnterface Itis well

known that unnecessary loads resent an unnecessary rlsk to the patrent
’ associated with rncreased possrbrlrty of loosenrng :

Summanj The B-P desrgn provrdes superior and‘“more»nonnal stabllrty than the
Agility. It reduces or eliminates risks associated wi e resectron and fusion in
the Agility. Further, it also reduc;es Ioesemng risk by ng unnecessary shearing
loads. Thls is an rmportant charactenstrc of mobrle bea & t

d m{the normal ankle by the
W. As described in detail

Anterlor-Posterlor Such stabrlrty?rs_ pnmarrly pro
ankle ligaments since the tibial retaining arc is relative
in Ref. 23, due to the inclination of the B- P flat plat and fects of friction the
difference in A-P. stabllrty between the B-P. device and a normal ankle is not great.
Further this difference is easrly resrsted by the ankle lrgaments,,whrch are well
adapted to resist such shea 'ce th “’t;ts what they normaly do : :

The Agility ankle has substantral rntnnsrc A—P stabrllty much more S0 than the normal
ankle. Thus the Agility is over constrarned 1t is well knswn that unnecessary
constraints represent an unnecessary rrsk to the patr» @ ‘chated with increased
possrbrlrty of loosening assocrated wrth unnecessary heanng‘ leads resulting from
such constramts B ~ L :

Summary The B P desrgn provrdes more normal stabllrtyi;than the Agllrty Further it
also reduces loosening risk by ellmrnatrng unnecessary o tralnts

- Axial- Rotatron Such stabrllty in the normal ankle is. almest entrrely provnded by the
ankle mortise. In the B-P devrce the ankle mortrse is retamed and thus stabrllty is
essentially unaffected L : .

The resection of the ankle mnrtrse wrth the Agrlrty produces a loss of stabrhty and; |
increase of risk very srmrlar to! that assocxated wrth the loss and rrsk associated with
medial-lateral stability. " , . ,



Summary: The B-P deSIgn \pmvrdes supenor and more normal stabllity than the:
Agility. It reduces or elimine S ‘assomated with mortise resection and fusion in
the Agility. Further, it also reduces loosening risk by ehmmatmg unnecessary shearing
loads This is an |mportant charactenstlc of mobile bearmgs

CLIGAMENT _
CTENSION N\

:LEVER ARM

PIVOT |

INHIBITS M»L, TRANSLATI,ON;“:; i i oo - ,

 LIGAMENT
o TENSION ~__

a) Medial-Lateral Stabifty b)lnverSmnEvers:on Stability

Fig. 11 Normal Inversion-Eversion and Medial-Lateral Stability
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- Summary: The B-P desrgn“

Invers:on-Eversron' Such Letabllty in the normal ankle !S‘ 'manly intrinsic. Ankle

rque on the an ‘present. Since
onent is the same as h_e natural taius;‘ ‘

essentnafly unaffected Th:s is i
ankle has normal ankle stabilit

The taiar component of the Agnkty ankle is, however; }’,

talus. Further, due to the Iarge lateral corner radii-use
artlcu[ar surface of the tafar component is consnderabf

Inversnon—eversnon ankle ijerS are very common. us, a _ubetanttal vreductfon in
such stability poses a substantlaf risk to the patfent since it can much more easily
produce overloading of the ankt hgements and therefore ankle sprain or stram

’v'des supenor and more normal stablhty than the ‘
Agility. Further it reduces
normal rather than: much less than normal inversion-eversion stability. The Agility is
more dependent on vrable hgaments to provxde I E stabxhty than the B-P dewce '

39

of ankle strain and sprain by providing - essentlaliy =



talar component artlculatton resrsts lateral movemen_v of

a fundamental dzlemma of k, , ( ,
“between the conflicting requcrementsffor mobility and “congru'

flaw.

allowed the mobile bearing LCS to be sold under a &

2) The stability of the ankle becanng k

| The stability of the Mark | dewce wh:ch 1s s:mllar to the Mark Il is descrlbed in detail in -

Ref. 23. It may be seen that the eonformmg shapes of the beanng-tatar articulation
and the surroundlng tissue res;sts dislocatton of the beanng :

It may also be seen ‘that Iateral movement of thebearmg’ muet be associated with

{ ﬁguratxcn of the sulcus of
atients with viable ankle
wvement of the beanng relative
‘eparahon since such

separation of the talar and t:btat components due to t
the talar component and conformmg fit of the bea
ligaments, as required for the subject devices, Iatera
to the talar component would require a force to prodi
separation would produce stretchmg of a ligament

] «e;,beatnng relative to the

Any A-P movement br axial. rotatl 1 C _“the beanng re]atlve to talus must also producef
separation of the talar and tib nents. Thus these motlons are also res:sted by
virtue of the shape of the bearmg-ta ar component amcu|atton ‘

~ The position that the FDA ongmatly took thh regard :'-o{mobtle beanngs based on

what they probably knew at the time, ‘appeared to be dent. Certainly, we thought
so at the time. It was our feehng that mobile beari roduced beanng stabmty :
ISSUGS that could only be adequatety addressed by a c tcat s

Vtewed in hindsight, from a base of knowtedge avalf
to have been one that prebabty produced more har, ‘
including those with either inadequate mobility or excessive contact stress could be
sold based on a 510(k) submission. Mobile bearing knees, which were capable of
providing both mobility and congruity, could not. They could only e sold after a long
and expensive clinical trial and PMA submission. Thus, the effect of the FDA position
on mobile bearings was to discou use of designs that were capable of solving
rers. The dilemma of ﬁndmg a compromise
| fixed bearing knees.

superior knee concept
ja-., serlous fundamental

: ay;;.ttite#position appears |
ood. Fixed bearing knees,

This position greatly inhibited the elopment and use
and thus encouraged and sansctt@ned the use of kn_ s witl

’ "ment Ifthe FDA had
d had the FDA used a
policy of insisting that knees could only be sold if th c;entif ically. sound fixed
bearing knees would not have been used as exten _vet, as they are today. As a
result, many thousands of patlents with knees that failed due to overloading of their
articulating surfaces would have been spared the dlsastrous resulte of such common
replacement knee fauure : :

Wear is the most serious long-term comphcatlen in kne > ept

The fallacy of a posmon that requ.tres a PMA approval for a mcblle bearing, but allows .

a 510(k) clearance for fi xed':b; anng desngns is particularly clear in the case of ankle

prostheses. The problem of overloadmg is even more acute than in the knee since thev
ankle is very much smaller than the knee yet has Ioads of very Simllal‘ magnitude. %

shape of the bearing-



This is one of the most Important reasons for hxgh fatture rates in ankte replacement.
Due to excessive failures, ankle replacement has fallen into disrepute w:th :
orthopaedic surgeons who norrhalty use fusnon as the preferred treatment method

The most serious risk assomated w:th moblte bearmgs is the nsk of beanng dzslocatron
or subluxation. Although in knees such stability issues have been -a problem, they
have been solved. Such problems have not been seen with current
~ankles. History mdncates that for knees the rnsk associated
than risk associated with' beanng stablltty and mobile
fixed bearings. This is much ‘more true for the ankte whi
even hngher and the nsks assocxated wuth beanng stab;

verloadmg is hsgher :
ys seem preferable to
isks of overloadmg are
jvery much less. ?

The study by Kebhsh etal®isan unpublished paper on the results of part of a clinical
study of a few hundred pattents on the predecessor‘ﬁt , the""current B-P device. This -
“study did disclose some probtems with bearing subluxation. These problems were,
however, secondary to talar necrosis and collapse a fixation de51gn problem. There
was no reported case of bearmg -subluxation ‘when the talar component did not
subside. This problem'is elsof ed in Buechel et al. ® Correctlon of this fixation
problem in the current B~P dev s minimized this subluxation.” From Refs 5,13
and 47, one can see that t'[ is 'not a ma;or comphcatton thhetther the B-P or STAR
mobile beanng desngns ‘ , , R ~

3) The load carrying capablllty of the ankle replacement

._nkle bearing of the B-P
alysis’. It may be seen
vr\ecemmended limit of

The computation of the contact stress in the mtermef
device is given in X, Summary of Preclinical Testing
that the stress of 5 MPa is wel below the manufa it
10MPa. % :

4) The undes;rab/hty of unnecessary constramt

The B-P device does not haveunnecessary constramts as demonstrated in Ref 8
(See also Xlil. Summary of P .al;.testmg and Analysxs) a

-5 leat/on
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Buechel et at 5 and Keblish et & demonstrate that tlbt fatzon in the current B-P
ankle device is safe. In Ref. 28 a study of 237 cases shows a low incidence of lucent
zones and a low (2%) tibial component—loosenmg rat for cementless dev:ces The
_same is true for the 90 cases of Ref 5 ' ey

Details on: the tibial ﬂxat:on results are gwen in Ref heseresults show that the

tibial component i is safe for cementless use

Mlgratlon of the talar component was reiatnvety h:gh for the predecessor device
primarily due to talar subsidence as: descnbed in Ref. 5. It is, however, lower for the
current device that uses a dual fin rather than a smg!e fin fixation to augment fixation
of the talar onlay. The rationa 3
fins minimizes the intrusion into the biood.supply to the talus. An ontay greatly reduces
talar bone loss on |mplantation aﬂowmg the preservation of much subcondral bone on
the proximal talus. No talar component of the current type as been revised for
loosening although one case of partlat talar coﬂapse in the 49 cases studned has been

a1 o

ange is discussed in Ref. 5. The use of dual - _'



observed. Details on the talar ﬁxatien resu!ts are also g!ven in Ref. 5. The results of a
radiological zonal and mxgratton, study of the B-P ankle are shown in Appendix |. This

study also shows acceptable bio ologi ation of the B-P device and porous coating.
tblal;components are safe for oemenﬂess use

These results show that the, talar an

Summaiy of the five ive pomts

The first four points have been mcorpcrated into the’fclas
description has been ’ughﬂy drawn so as to includ
information indicates are necessary to produce a device comparable to currently
~commerc1a|ly available ankle replacement devices in safety and efficacy. Since there
are many ways adequate fixation can be achieved it that the last point on
fixation is best handled by specxal controls. Such ¢ can be developed after
reclassification so as to allow the evaiuatlon of other dewcesf,' whtch fall within the. new

reclassmcatlon definition. ~ v : v '

,tlc;‘m description. The

,,5 11 13 28 and 51-53 with th@se of 2-4, 49, 54
and 55 one may see that a nt Jjoint ﬂttmg this. descnptton is at least as. safe i
as devices that are, or were, comm la!ly available. For examples compare Table 2
of Ref. 5 with Tables | and Il of Ref 15. 1t may be seen that the survivorship of the
meniscal bearing designs of Ref. 5 for moderate length use of 5:6 years is at least
comparable to the shori-term survtvcrshxp of the dewces e fitype used to justify the

class Il deSIQnatlon of 888. 31‘!0 i R ‘ :

Finally comparing the results-of Refs,»

: "‘hose discussed in Ref.
ed with replacement

Compaﬂng the results of Refs., 5 11~13 28 and 51- 5 3
15 and 56 for arthrodesis demonstrates that the rish :
that fit the description appear. acceptable particularly '»‘!mproved functional
performance of replacement is considered. Kofoed nd . urup in their Iong-tenn ‘
comparison of arthroplasty and arthrodesxs draw a s:mﬁar cenclusncm o7
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which best current



E XI. Summary of Preclin

All preclinical and In vivo te
the Buechel- Pappas Ankle

a. Blocompatlbmty

The materials used are. Identr:‘ |

systems for which 510(k) cleara
K904870 Modified New Jersey
Humeral Head Resurfacmg and
Knee system ~ ;

b. UHMWPe Be,a:ring *

i) Contact AreaIStress i

The Buechel-Pappas Ankle Contact Stress Calculatfon

expenmental techmque IS

sensitive film is placed bet
load is placed on the comp
in the film. The beads cor.

patch ot well as the co‘ntact

This type of test is however
replacement: system.. ThlS is

controlled once ptaced b

" needed in order to determir
statement, Fig. 13 d,lsplays,
two to be in congruent cont
concave radius (Ry), as is's
thickness introduced. In th
thickness of the film. Next ¢
of the fi Im must be dlfferent
contact cannot oceur.

eeiing :md Anaﬁy&ie

lysis is apphcabie to o “was performed on

‘. Deep Sulcus) -

: hip and shoulder

abular Component,
Buechel-Pappas

earing New Jersey,

ntat methods One
roach, a pressure

txt,a tatic, compressive
' 4re sens:trve beads‘

S’Ide radlus s an ft‘occur congruent




Fig. 13 . L e

Therefore analytrcal methods are used here in order' _calculate the contact stress

The equations for the contact stress of two curved surfaces of different radii pressing
against each other (point contact) are ‘ocumented in For congruent shallow
~cup contact, it is reasonable to assume that the co, ss is uniform over the
contact area. This result is, mEe ‘

o == 1

o > { )

where o is the contact stress P is the load apphed and A ;s the pro;ected contact
area in the pIane perpendlcufar to the apphed !oad

CONTACTAREA e W
The minimum prolected oontact area for the ankle devrce between the beanng/tatus
couple as shown in Fig. 15 o L



{ || Projected articulating

7] Sideview
) crosssection

and triangles. . As can be seen from Fig. 16, if the bearing is divided in half, the
resultant figure is broken into 4 triangles and 2 rectangles. = 3

069 E

AATATATATA

43,665

13461“{"! -

o

Fig. 16 > .

Fromine ahove. the P‘ro}ectédé%reéfﬁi:ra‘s*fcandard;fsizéi bea ng becomés; |

_FOrar"ea"-']; LS ee 2 e ’
A-ton-tososmanme @

Forarea2:



4 =(182)13.61)=10643mm> @3
Forarea3: | | |
A3‘,=-;_f(11'3.6‘1)(2;51é),-,.=’ 17.08mm® @

~Forarea 4:

w]»——n‘

asloapesame @
For area 5: | o

A4 =(722)0074)=1895m (@
For area 6. ’

4 2";:(251)(1074)=1348mm2 . ’, ;1 | -: . ™ :

Therefofé the total*proje'c;ted aféa‘is" =
m,-z(A TYREY R0 +A A) S f S ®
A _2(270+10643 1708+3151+18495 1348) 59006mm ©)
 ANKLEFORCES
The tibiotalar compress:vek‘f‘ c,es" h

weight dunng normal walkmg an e posterior shear forces a
bodywenght 8(SeeFlg 17). T R R e

: been estimated to exceed four times body
_\roxlmately 80% of
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HEELY
[STRIKE -

AXIAL COMPRESSIONFORCE -

S

¥

; /SHEAameroecs i

- TIMES BODY WEIGHT

§
2 Y-A«‘ .

T ResULTANT

AXAL :
oeMPRE%sONFORCt

COMPRESS!ON r-oreoc

For the standard size 3, component used for the ,pro
weight is assumed to be 150 Ibs (68 1 kgs) Ther__,ore
force is given from: g

ontact area, the body ;
he resultant compress ve

Fcompre.vsive =\/(4 'BW)2 = 08 BW)2 ’

‘ _ (10 ,'
=\’/(4-681-)\2‘4—(08‘-‘63 b’ “mg L

The compressive load is therefore 278kg or 2 42 kN Usmg equatron (1) yrelds a
contact stress : T

(1)

The knee is used here as a comparrson since: the srtua _in the ankle is similar.
However the ankle is smaller in size, and hence pro;e' smaller articular surface.
The manufacturer of the UHMWPe recommends e contact stress in
applications having a compressrve ﬂuctuatrng load is 10MPa, : Frg 18 drsptays the
computed contact stress for area, point, line and quasr hne contact of severat knee

designs and the prototype B—P ankle

 '47t .



60T
50‘_

Top sl S il .
e COMPRESSIVE YIELD STRENGTH

20 s
MFGS LT
DESIGN LIMIT

CONTACT STRESS MPa

1€

AR LINE  QUASI-LINE
LCSKNEE B-P e

Frg 18 Surface Contact Stresses for the B P Ankle and vanous knee components

The data for the knee desxgns was taken from the study of Ref. 25, which
demonstrated the adequacy of classrcal analytlcal methods for such stress estrmates

it should be noted that the estrmated stress on both fa} es ef 'the LCS and B-P ankles
isa fractron of that measured ln the Agllrty26 and ,computed for a 28mm femoral
head f ; ;

; u) Wear

- Wear is a major late compllcatlon wrth total joint replacement As patrent longevrty is

increasing, it is not unreasonable tofassume that an active lzfespan of some patients
could be in excess of 35 yes nplantation. Thus, the need for a harder, more
abrasion resistant, counte ”'paramount Refs. 20 and. 35 provrde wear_
testing using both ceramlc tl m  nitride ~coating (TiN) and Cobalt-chromium-
molybdenum (Co-Cr). These references detail a ‘comparison of Co-Cr and TrN
femoral heads as well asa 48—l\/lrllron oycle hlp-resurfacmg test :

ed by TiN over cobalt
ngruent sliding relative
on test for application in
.etudy concludes that the -

The testrng revealed that a lower wear rate Was

companng femoral components of ; :,ee replacements
TiN coatlng appears supenor for long—term use.

The authors thus conclude that bone clestructlon frol ""-,wear debr;s can be reduced
notably by using long-term simulation to identify deslgns and materials capable of low
wear in long-term service, and by usmg advanced artlculatmg surface matenals that :
greatly reduce wear’. : : ;

Most importantly the clmlcal results from hundreds of cases over a 25 year penod'l
shows that wear is not a srgmf cant problem wrth the B—P or predecessor LCS ankles.




Wear is expected to be row m the B-P ankle It uses ceramrc ‘articulation surfaces
which have excellent wear charactenetrcs The contact stress is low compared to the
hip devices. The shdrng distance per \ alkmg;,cycle is low compared to knee devices.
Backside wear is not expected to be a si
distances associated with the seconc ary: artrculatron are so small. Thus condmons are
more conducive to low wear rn the ank!e than they are in hrp or knee devrces

iii) UHMWPe Materral Property charactenzatmn

The UHMWPe bearrng is made of materral accordm“ ‘?_; ~"‘-vFDA guidance, Data
' Requrrements for Ultrahigh Molecular Werght Polyethylene (UHMWPe) Used in

Orthopedic Devices, dated March 28, 1995 Th ‘guidance is avarlable at
http:/fwww. fda‘ “ov/cdrh/ode/:lso'{jdf \ e

iv)< UHMWPe aeairing:rhidkness e

The thinnest section of the thrnne \ rrng of the B-P ankle is 3mm

~¢. Range of Motlon and Constramt

The total range of motion of the B-P ank!e before edge contact occurs is:

Flexron " 'k o i = & 520 . ﬁ‘ \
Axial rotation | £ if__?unresﬁrrcted
Medial - lateral trene'ietic;n Mg j'-:;;:1 Bmm

Anterior-costeriorftrénelaﬁon : iy 1-17’1”7“7" 2

With respect to the stabrlrty of the BaP ankle

Four total ankle replacement\’devrcee' rncrudrng the S T.AR. and B-P ankle ‘were
chosen in the study of Ref. 22, characterizing these in terms of force generated during
prescribed displacement. A dynamrc testmg system of applyrng.: braxral loads was
utrhzed to assess the rntrrnsrc performance characterr :

e

e determrned for: each
ng gart A compressive
spresent a position of

Antenor posterror medrai latera! and rotatronal cons’cramts
design under a compressive load consrstent wrth norm
load of 5x body weight and. 10 fdegrees flexion was chose
gart where maximum shear forces act in the posterrcr. ‘
in rotation. Anterior and medial shear forces are. presented at the same gait position

for completeness. A body werght of 163 Ib was used in this evaluation, which
corresponds to the average for a 60-year—old 5 8” male subject ‘

Rotational ( Torsron) test/ng ‘ : : ‘

Under an in vivo compressrve ;load;-ﬂ the system was rotated both internally and
externally in the transverse ‘plane and under torque versus angular displacement
recorded Three trbral components were eva!uated for each system The study’s

significant source of wear since s!rdrng e

lateral directions as well as



£

components should not srgmﬁcantly affect the expe-"‘ "

The Buechel- -Pappas Total Ankle Replacement system

flndlngs were rndrcatrve of the ablllty of the ankte deslgn to constram rotation during
gait. PN £

Antenor—Postenor and Medtalel.ateraf Shear Testing : -
Under an in vivo compressive load, sheanng dlsplaoements were applred to the

- system until implant subluxation. The study’s fi ndlngs revealed that “these designs

should allow the torques and shear forces of gait to be transf
to the soft trssues ina fashlon srmrlar to the normal an '

}:rred via drsplacements

Furthermore with partlcular reference to the prototype fl:he study notecl that “the

device. In addition, this compliance to position, the mobllrty drsplacement ,
envelope svhould allow these desrgns to functron in patlents Wlth m:nor aberrant gait

patterns.”

In conclusion, the study noteol that; “Within envelopes of normal displacement the
systems studied demonstrate rela_ ely low force and torque values whlch should
contribute to therr in wvo longevzty :

“ ‘exammed using an in ;
j otlons between implant

vivo, weight-bearing. methodology, to determme rela
components under dynamic condmons 8 Ry
The study mvolved the analysm of ten ankles ally successful without
ligamentous instability or pain. The post—operatlve 1 1l was 5 years. Under
weight bearing each patlents affected and unaffectec ‘was examined in both
plantar and dorsiflexion for. maxrmum range of motroni;a aly: vs a ,ol_’drgmzed with video
fluoroscopy. B ‘ : ~ ,

The following biornechanfica‘lob?s rva Lonswere {observed: i

“Contact positions of medral and ,'late'r,al L'oondyler}»conta‘ot: are similar to non-
implanted ankles.” | S S SR o

“The present fluoroscopic evaluatton has conﬁrmed, ’ucldated the complex‘
three-drmensronal rotatton and artlcular slrdrng of thef.‘ ankl :ﬁ omt in motion.” o

“(The) total ankle desrgn must make some accommodatton"for the normal rotation of
the ankle joint. The axis of rotation of the moblle bearing ankle used in this study is
mrdllne but it is unknown where that rotatronat axrs ma_-_,: ir ‘he normal ankle i

“Krnematrc patterns of motron were srmllar for normal and the tested ;mplantede
‘ankles in this study, Wthh isa mobrle rotatxonally unconstramed lmplant’ £

“The mildly postenor locatlon of the ; 'bral and talar contact of the TAA (Total Ankle
Arthroplasty) could reflect. l!game S deﬁcxency from degenerative disease, pre—
operatrve trauma, or postenor surgrcal placement of the talar component e

‘56



“Horizontal rotatron of the ankle jomt was clearly ldentrﬁed wrth trbra external rotation
‘when moving from dorsrﬂexzen to piantar ﬂexron oo

d. Dev:ce and Bearmg.l tabi iy'

- The stability of the device is discussed in section Xill ¢. above and the device and
bearing stability in Ref. 23. | noted that the ility provided by the malleoli
and ligaments needed to p intation can readily be
estabiished from x~rays an linical manipulation b on of the preoperative

e. Porous COatihg‘s 5

K884888 NJ Modlf“ed A
Femoral Resurfacmg H'

ose used on
The TiN coatmg is applred to t~ > Ti-BAI- cal vapor deposition,
using the cathodrc arc depo i ron process as descrlb“ ! 9, - : -
Coatmg hardness values are typ kally 3000-3200 HV o

Coating roughness is a resuit thelpre/post—pohshmg precess and typlcatly in the" '
range of 25 - 50 nm. 8

The coating thlckness is ‘related te duratron of coatrng cycle and has a typrcal”
thickness of 6-10 microns. i ; ; e

: Adhesron of the coatlng is af nctaon of surface punty and conditi nmg Wiih acceptable
“values ef 50 N upper cntlcal a , T ~

Ceeszsrzg Type Hamm Roughness
{Raj

g- Mechanical‘Strengih‘eofﬁlvletallm or Ceramlc Components o

A finite element analysns was performed on the critical tibial comp.nent of the =
original Mark | device desxgn As aresuilt the thickness of the tibial plate was
increased to insure safety The sa j,thlckness is used in the Mark ﬂ device which
uses a matenal wrth hrgher fatlgue strength (80 000 VS, 4 : OQI psr)

,51'




h. Bone Resect:on and
Bone resectnon should be_e. ept f

of Appéhdlx C. The ‘thorﬁt‘
providing balanced fixation
as shown in Appendxx G.

COnclusmn

Mechanical testing and ana
may offer a reasonable pr
However, extensive clinic
efficacy than of mechanicz
light of the long-term clinical histo
reported clinical studies, in vitro t
analytical and test methods of
expected in vivo, performancef

Xil Sa,smmas’y af clin

In the studles cited here the p '
specuf caliy stated other\mse

On Friday, July 2, 1982, i

the proposed Rules for 8t
semi-constrained prosthe
recommendations found th
Class Il designation. (See s
ankle  joint metal/polymer. |
recommendatlon on four oral

sruption of the Blood Supply

um fo prowde as much bone stock as
or arthrodesas Further dnsruptlon of the

r each study unless

i The Oregon ankle prosthes:s presented b‘

. The Irvine ankle. prosth951s presented by Dr Theodore Waugh

. The Beck-Steffee

theSlS presented by Dr Arthur Steffee

. The TPR ankle pros-,_esas-presented by Dr. Paul Thompson




VN
£ ey

~ procedure” to a painful ankle fusion. Pa
~ tend to develop bilateral ankle involvement as !

- cementless fixation of the Scholz fotal
- appears to offer a new dimensmn in the success

characteristics of :
through an anterior approach. Full weight-bearing is well tolerated withina

The FDA agreed w:th the panel S recommendatlons and sought addmonai data and
information on the safety and eff octiveness of these devices. The FDA cited the
following studies on two addatrc al ¢ ‘

X mces Forthe Mayo ankle prosthesas

60. Stauffer RN Tota! ;mnt arthroptasty The arkle. Mayo Clm Proc 1979

Sep;54(9): 570-5 |

The Mayo clinic: deveiaped a prosthetic angk ‘ jomt replacement The Mayo
total ankle repiacement is a metal-on- poiye{' ,
prosthesis. Ama!ysxs of 94 patients (102 ankl

theses) revealed good

- clinical results in patients with rheumatoid rthritis and in older persons with
; posttraumatlc degenerative disease. Young
latter category had more. disappomtmg resul

re active patients in the
er design development
is under way to rmprove rang&ofumoho racteristics, decrease
constramt forces, and lmpmve bone f‘ xation of the progthe”hc (.:omponents

For the Scholz ankle prosthesxs

Scholz KC Tota ankie arthroplasty using biological ﬁxatlon components ,
compafed to ankle. arthrodesxs On‘hoped:cs 1987 Jan 10(1) 125—31

When conservatwe measures fail to anewate pam and dxsabmty of ankle
joint disease, tibiotalar arthrodesis is the present -accepted surgical
- treatment. Unfortunately, ankle arthrodesis al

- complications and the success rate does

ies a significant rate of

knee joint arthroplashes A large percemag of ankle arthrodeses remain
painful, and function is not normal. Tt : no satsfactory ‘salvage
with primary ankle arthritis
‘as involvement of the
subtalar and midtarsal jomts bilateral ankle fus:on results in a severe

- handicap to gait and functien Total ankle arthrop!asty using cement fixation

remains  controversi
additional desngnc .
joint repiacement

o {:c:»ntmued use of polymethyimethacrylate and
ges do not appear to be the answerto possxble ankle =

He concluded ‘that the mmai success usmgf‘ the PCA concept of biologrca! '
e prosthetic components
;tmai ankle arthroplasty :

The FDA also ssted c;;ted an addztnonai reference on theiwme ankie :

62 ‘Waugh TR Evanskl PM McMaster W{)‘: iwme ankle arthroplasty.

Prosthetic des:gn and “surgical techmqu_/ _\{}CIm Orz‘hop 1976 Jan-

Feb;(114): 180-4.

The Irvine total ankle arthrap!asty is presented fcr haghiy seieoted cases
The design stems fr estigations on the anatomical and biomechanical
human ankle joint. The proatheses are inserted

few days. The ;mmediate resufts on 20 anktes are mest encouragmg

ne, congruent, constrained

ﬂet‘;the results of hip and



It may be seen that the decmons of the pene} and the FDA to designate semi-

constrained ankles as class Il were founded on refatively short-term encouraging
f results of early ‘ankle deszgns ‘based on presentatsons and publlcatlons of the
L developers of these ankles. Lenge, erm studles however clearly demonstrate that
the ankle types are failures. . , ;

Consider the Ionger—term expenence thh the Mayo ankle prosthesfs based on reports
by severat authors mciudmg ' - . 7

- B63. Stauffer RN; Segal NM: Total ankle arthrepiasty four years expenence
Clin Orthop 1981 Oct(160) 217—~21 e

ties : "peffbhhed during a four-
ed in 41%. 22% with

A review of 102 Mayo tetal ankle arthropl”
_year period revealed that comphcatron 3
impingement of various types 6.9% w'th-‘ g and 2.9% with deep
~sepsis. The best results were obtained  patie 1 rheumatoid arthritis
and those w:th posttraumat&c osfeoarthntls who were older than 60 years of
age. \ a . ; “

They concluded that total ankle arthroplasiy currenﬂy should not be
considered in pat:ents with posttraumatl osteoarthntts who are younger»v
g than 60 Years oid Aleo ‘?a; hro remains the o .~aceeptable method of

s REL degeneration Whese physmal demahds are hm:f d. '

64. Lachiewicz PF; |nghs AE Ranawat CS Total’ fankie replacement in
theumatoid arthntls JBone Jomt Surg Am 1984 »Mar 66(3) 340-3 -

: eplast»es were |mplanted in pat:ents suffenng from

Flfteen single- -axis :
n were of the Mayo type and one was of the

rheumatoid arthritis
Buchholz type. Aft
ankles were ratedﬁ xcellent and eight, good. The relief of pain was
»gratlfymg in all of th pataents only four patients havmg reStdual shght pain
with starting activity. The average gain the range of motion was 9
~degrees. No patie t had ioosemng that re reoperation, although
' radzolucent lines were seen in eleven ankles. '
~had moderate to severe arthrmc change n tt
other lntertarsal jemts They concluded" tha
‘ encouragmg . :

alonavicular, subtalar, or
e early results were

4 Kltaoka HB et al Surwvorshlp Analysrs af the Mayc Total Ankle
Arthroplasty The Joumel of Bone and Joint Surgety 76—A 974-979, July
1994. : ﬂ \

From 1974 unt:l the end of 1988 204 prtmary Mayo total ankle
arthroplasties were performed at the Mayo Clinic. By means of actuarial
’ analysus the study determmed that the cumulative rates of survival with

‘an average follow—up of thnty nine months seven

en of the fifteen ankles



P had had previous eperatwe treatment of |
~per cent for those who were more than ¢ 57 ye:

65. Kitaoka HB; Patzer G’

~fair for fifty-five (
_seven arthroplasties §(36 per cent) were ¢
~as removal of the imp

~ The study concluded that ankle arthropias"'
; ‘{constramed Mayo tmplant for rheumatcld i

failure (deﬂned as removal of the lmplant) as the end pomt The average

duration of fo!low—up ‘was nine years (range two to seventeen years). By

applying the Cox pmporhonal-hazards general linear -model, two
independent vanabia' Y

lant being in situ at ten
ars old or less and who

psilateral ankle orfootand 73
rs ,d fand who had had no

years was 42 per cant for patlents who w

such prevrous operattve treatment

The study concluded that zt IS not recommende" to use the Mayo total

~ankle arthroplasty, partlcularly in younger patients wh _ahave had a prev;ous

operatlve procedure o the lpsﬂateral ankle or foot.

Clinical resuits cf the Mayo tota ankle
arthroplasty. J Bone Joint Surg Am 1996 Nov; 78(1 1) 1658—64

‘Two hundred and four prlmary Mayc tctalfiankle arthroplastnes weref‘

974 through 1988. The

performed in 179 patlents at the Mayo Clin

~clinical result was evaluated after 160 arthroplasties in 143 patients who
~ had been followed for two years or more 1

ne years; range, two to
one ‘ankles (19 per cent),
en (11 per cent); fifty-

dered to be a failure (defined
implant). Adequate preoperative and follow-up -
radiographs were availabte for 101 ankles (eighty-nine patients). There was
radiographic evndence cf@‘tcosenmg of eigh  tibial ccmponents (8 per cent)
and fifty-eight talar OMPC \
between the clinic: graphic results. Complications occurred after
nineteen (12 per "Oaarthroplasiies and nmety—four addmonalg

reoperatlons were cessary after snxty snx (41 per cent)

seventeen years). The result was good for
per cent) and poor fo

*not reccmmended witha
:trs"’ or osteoarthroms ofthe

ntified and associated with a s:gmfncanﬂy‘ o
higher risk of failure. These variables were, a previous operatlve procedure
~on the lpsnateral foot or ankle and an age of 57 Yyears or less. The overall
‘cumulative rate of survival at five, ten, an en

: _ ars was 79, 65, and 61
-per cent, respectivaly.ﬁ.'rhe apmbabuity’ )

: ts (57 per ceht) but we found no association



trauma, rheumatoid arthrms aseptac necros;s

66. UngerAS; lnghs AE Mow CS; Figgie HE: Total ankie arthroplasty in

rheumatoid arthritis: a long-term follow-up study. Foot Ankle 1988 Feb;
8(4): 173-9 SRR

Twenty-one patlents wnth rheumatond arthritis were 1mplanted with Mayo,

total ankle arthroplasties and had a minimum_ of 2 yr follow-up were
reported. Of the original 21 patients, 17 were available for review. Twenty-
three ankle replacements with an average foi}ow—up of 5.6 yr were studied.

On follow-up 2 ankles were rated excellent, 13 were rated good, 4 were
rated fair, and 4 were rated poor. Thus, 83% were satisfactory on follow-up.
Radiographic -analysis revealed migration and - settling of the talar
component in 14 of 15 cases. Bone cement radiolucenmes were found in
14 of 15 cases. Bone cement radiolucencies were found in 14 of 15 tibial
components with tilting in 12 of these ‘components. The postoperative
position of the implant did not correlate wsth the ~development  of
radiolucencies or mlgrat:on of the :mplant .

Thus, clearly the Mayo: ankle- prosthea:s mus_t becons;dered afailure.
Next consider the Irvine devnce ‘

62. Waugh TR; Evanskt PM McMaster WC: irvme Total Ankie Arthroplasty

Prosthetic des:gn and surglcal techmque Clm Qrth Jaan eb;(1 14) 180-4,
1976.

‘ Twenty—elght lrvme ankle arthroplast es were tmpianted and evaluated on a

100-point ankle analysis scale preoperat;vely and postoperatlvely The
average preoperatlve score was 35 and the average postoperahve score
was 74. Significant !mprovement occurred in function, pain relief and range
of motion. The average follow-up: period for these patients was 9 months.
Complications included wound-healing problems in 3 patients. Mal-
alignment of the prosthests occurred in 2 other patients; one required
revision. Ankle replacement fafled in 2 patients. One patient required a

fusion; the other an amputatton foHowmg occiusson of the posterior tibial
_artery after surgery. , s ‘

They concluded that at the present tlme ankle replacement appears to be

an acceptable alternative to ankle arthrodesis. Yet warned that the number
in each group is small and that it does not appeart at the procedure has
merit for the treatment of ankle arthntts from such diverse causes as

f the talus and talectomy.
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The Beck-Steffee devrce was srmrlarly unsuccessful as demonstrated in:

2. WynnAH. et al: Long-term Fouow-up of Conaxial (Beck—Stefee) Total
Ankle Arthroptasty Foot and Ankle 13 303—306 Jul/Aug 1992,

Between 1975 and 1977 30 patients with traumatrc arthritis or rheumatondf
arthritis underwent 36 Beck-Steffee Conaxia "kte replacements Thirty-
~two were primary replacements and four were revisions of previous ankle
arthroplasties. Twelve patients had traumat osteearthrrtrs and 18 patients
‘had rheumatold arthnﬂs The average age eratnon of patrents wrth ~

_was 10. 8 years wrth a range of 10 to 13 years Earty postOperatrve ‘
complications included wound dehiscence in 39% of patrents (14 patients),
deep wound mfectro" in 6% fractures of the medral or Iateral malieolus rn

of the ankle replaoements were Ioose erty percent were Ioose at5 years
and 90% were loose at the 10-year follow—up Ten patrents had implant

removal and aftempted fusion. Six, or 60
‘months. Of those patrents who achieved
~ fixation and, iliac crest auto graftmg, one had
~apparatus wrth allograft bone and one ha,
bone ' :

n an average of 5
fusron four had internal
- Charnley compression
rnternat ﬂxatron with: allograft

~ The study conctuded that the constramed Cenaxral ankle replacement
should no ionger be rmplanted because of a 90% ioosemng rate at 10
years and an overall comphcatron rate of 60%

The TPR ankle prosthesis‘is:ga't_’e;o notétgu\cgesefu_lias démonstratedfby:”

68. Jensen NC KronerK Total ankle Jornt repiacement a clmrcal follow-up
Orthopedlcs 1992 Feb 15(2) 236- 9 Rk S

The TPR total ankie jornt replacement system (Smrth & Nephew chhards)
- was rmplanted in 30 ankies in 25 patients ;Twenty~three ankles in 18
_patients were followed: 21 had theumatoid arthritis and two had
osteoarthritis. The average age at surgery was 62 years (range 37 to 77),
~and the average follow up was 59 months.,(:range 37 to 89). The
- improvement was especrally obvious with respect fo pain - and function. The
average walking dlstance rmproved from 260 m preoperatrveiy to 975 m
postoperatrvely % . _

The study conoluded 'that even though there was some rmprovement with
respect to pain ‘and function, the results of the study are drsapporntmg in
comparrson to studres of ankle arthrodesrs \ :
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In addltlon several other semr-constramed enkle prostheses have been unsuccessful
These include the ICLH ankle devrce the ollmcal expenence of wh;ch is reported by

69. HerbertsP Goldre lF KornerL Larsson U; Lindborg G; Zachnsson BE
Endoprosthetrc arthrop asty of the ankle joint: A clinical and radiological -
follow-up. Acta Orthop Scand 1982 Aug, 53(4) 687 96

Erghteen lCLH ankle arthroplastles were“:r-*-” Iz *‘ted in 16 patients. They
were followed up after 15 to 52 months postoperativ
by a review of the records, and clinical and radi logical examinations. Five
arthroplasties were perfon*ned for. osteoarthrosne nd 13 for rheumatoid
arthritis. The overall clinical result was rated tin2, ‘good in 8, fair in

6, and poor in 2 jOll’ltS In osteoarthritic

poorer, no patlent obl:almng a ratlng of excellent but 2 of good, 2 of fair, and

one of poor. Radiolucent zones greater than 2 millimeters were seen
around the tibial component in 7 cases. Loosenmg defined as radlographlc ~
signs of movement between l:he prosthetlc components and bone was

present |n4cases :;, i

They concluded that the hrgh oocurrence of obvious loosenmg and large
radiolucent zones mdlcatesthat mechanical problems will be encountered
frequently in the future and 'hat ankle ar’thropl‘ sty has a definite place in

: the treatment of severe erthrrtrs in rheumato;d pa ;nts oy |

70. Helm R; Stevens J: Longwterm results of totel ankle replacement J
- Arthroplasty 1986; 1(4) 271-7 ~

, valneteen lCLH total ankle replaoements werelm‘” ”rrted ln 18 patlents with

- rheumatoid or other mflammatory arthritis. After a mean follow-up period of

544 months (m mmum 24 months) three eﬂhroplashes had failed, all
because of loosemng i fe

The study concluded that although all of the remalmng patrents were
improved in terms of pain. ‘and function, there was radlographlc evrdence of
Ioosenlng m a further erght patlents ' . '

- 71, Bolton—Maggs BG Sudlow RA Freeman MA"‘T ‘tal ankle arthroplasty: A
: long-term review of the London Hospltal exp ience. J Bone Jomt Surg Br
1985 Nov; 67(5) 785»90 : - 5 ~

rformed : between 1972
ed ‘cnmcany al‘ter an

Sixty-two ICLH tolal ankle arthroplastles wer“‘ c
“and 1981. Forty-one of these have been T
' average follcw-up of ﬁve and a half yea‘

talar collapse an 4
already been remo 6
compllcatlons is dlscussed

- The study concluded that In view of the:;hlgh com'pllcatron rate and the
ﬁ generally poor long—term chmcal results llg'{ ‘ ,;ended that arthrodesis

ely (mean 36 months)

esulls were somewhat



be the treatment of chorce for the parnful sttff arthrmc ankle regardless of
the underlyrng patholegtcal process ; ,

And the Smith ankle and other seml~constramed devrces reported by:

72. Dini AA; Bassett FH Evaluatren of the early result of Smrth total ankle
Replacement Clm Orthop 1980 Jan—Feb (146) 228 30 : :

The Smrth total ankle: replacement was perfermed.m 21 jelnts Durmg a3-
‘year period, the function was good in 50% o the 1 atlen ‘with traumatic
degeneratrve arthntrs and 40% with rheuma oid arth : ,

~ The study concluded that rmproper techmque rnfectron and component
~ loosening were the most common causes cf ferlure m 11 patrents with fair
to poor prognosrs ~ : :

. Takakura Y Taneka 'trY 'Sugrmoto K Tamar S; Masuhara K Ankle
arthroplastyA comparat e study of cemented metai and uncemented
ceramic prostheses Clrn Orthcp Mar(252) 209 16 1990

From 1975 to 1980 Thrrty Takakura cementedftota , ankle arthroplastles
were implanted uerng metal/polyethylene prcsth rn'twenty eight patients
with painful arthritis. However, because loosening and sinking of the
prosthesrs were srgnlﬂcant a ceramrc total prosthesis was. designed in
1 087, 39 ankles in 35
v s, and hemophrlrc arthritis
were replaced usrng e :ceramrc prosthesrs (f)ﬂ -39 ankles, nine were
replaced with cement ,and 30 without cement. The follow-up perrod for the
cemented metal and ceramic cases ranged from 134 to 6.2 years, with an
average of 8. 1 years, and;«for,uncemented ceramic cases from 1.2 to 6.4
years, with an av‘erage i ..‘l;years Based on a rating scale for ankle_
evaluation, 27% of the cemented cases and 67% of the uncemented cases
are satrsfactory Five metal ankles and one ceramic enkle were reoperated :
upon, wrth one revrsron and five arthrodeses performed

. —\-

_j‘farthroplasty performed
eltent stable results.

The study concluded that ceramic tota"*""“"
without cernent hae to date provrded mostly

74. Kofoed H; Sorensen TS Anke arthroplas y for rheumatord arthritis and
_ osteoarthritis: prospective long-term study .cemented replacements J
Bone Jornt Surg Br1998 Mar 80(2) 328*32 i i

Frfty—two cemented ankle arthroplastles were 1mplarrted fcr painful
osteoarthritis (OA) (25) or theumatoid arthritis (RA) (27) using an ankle
prosthesis with a 'tomloal design. The patients were assessed -
/forup to 14 years using an ankle scoring
system. The precperatlve:medran scores were 29 for the OA group and 25
for the RA group and at ten years were 93,5 and 83, respectrvely Six
ankles in the OA group and fi ve m the RA group requrred revision or




‘arthrodesis. Survnvor‘ ‘h analysis of the two groups showed no mgmﬁcant
differences with 72. ival fer the OA group and 75. 5% for the RA
- group at 14 years. R

27. Kofoed H Cyhndnc , ' ted ankle arthroplasty: a ~prcaspectwe series
wuth long—term fmﬂow— ootAnkle n .995 Aug, &l (; _):474-9

€ implanted usmg

15 cases:and rhéum

The chmcal resuits

‘up show that an
improve functlon i

Stauffer & Segal

Hebersetal™  IGLH 21 RA*(M);éAf(Z)Ti‘ T3y

Newton ' T Newton | 50 A o, oA 3y (60,38, 0
| 0 , o (34 8A) a '
Dini & Bassett ' ~ Smith 5 RA() 25yr 80
B e eyt TS
Evanski & Waugh © rvine 16 »".’RA(5) OA'(23') . 9mtns 9%

Stauffer & Segal *° T Mayo S 28"‘5 S SA &), RA  19yr 93
gt e e OA(S)

\"604 :



Early opttmlsm soon gave way to faﬂure as shown below

;U&Gi’S

Longer Term Fo

Device*

| Wz«ggnss »

Sumva Rai:e (%) 1

Jensen and Kroner: % TPR 5 RA (21) OA (2)‘ 48
L RA(125) - o ,
Kitaoka et al 2 Mayo : CSA (65), OA (»143;} 5yr, 10yr, 15yr 79, 65,61
Kitaoka & Patzer o ‘Mayo 5 168 ;’RA(%) SA (54) s 93" 64
L | CAB). .. oo
Wynn & Wilde 2 Beck-Steffee 30 'RA(18) SA (12) f 2 y'rfsyr.myr 73, 40,10
Helm and Stevens '~ ICLH e ’ ’1591\\ ! "RA(19) 45yr ' - .83
‘Bolton-Maggs etal /" CtH | 62 |[RAGH), ORTT3] 55yr AT
b Isapsy ;
Unger etal Mayo | 23 |RA(23) 56yr ~ 65
Takakara otal 73 “Takakua | 33 | OA (20), RAm) 88yr (metal) 6.7 15
U | Cemented | =~~~ SA@2) yr(ceramlc) ;
Kofoed & Sorensen '+ | 2 piece (early) | 52 | ‘OA (29), RA(27>~)‘; . f‘ tdyr o 75.5 (RA)
o ~3-piece(later) [ ':fji' 72.7(0A)
" | Kofoed " Cylindrical2- | = 28 ;f’RA(13) ‘12~,yr~ 70
‘ piece | | OA(15) T
‘;Cemenﬁed A e

Mayo =Mayo-Clinic ankle (Rochester MNY); ICLH impenal College London Hospltal (!.ondon England) Newton (Howmednca
Rutherford, NJ); Smith (Dow Cornmg anht Ar mgton TN Invine (Howmedxca Rutherford, NJ) ot

Although early ankle repiacemen"”‘___;jslgns were fallures this fact drd not dlscourage

designers.

Ankle arthrodesis is not a perfect solutlon It can be fraught wrth comphcatlons hke
non-union and mal-union and n in perfect. ahgnment zt has been proven to put
increased stress on the knee subtalar and midfeot regzons ‘

Furthermare Neufeld states’ the dlmmlshed overan mohon and» mcreased stresses on
_the remaining joints may leadtoa poor result in an ankle hrodesrs After a pan-talar
arthrodesis, dorsiflexion is diminished by approximately 63! and plantar flexion by
about 82%...an ankle fusron is helpful only initially and that eventual failure due to the
subtalar or talocalcaneal jomts ‘bemmg overstressed is inevitable. Therefore, a
reliable ankle replacement system would be a welcome addmen to orthopedic
practice”. *° The early ankte des;gns did not prov;de this.




After earty successes, the Ionger-term resu!ts bred farture “Lachrewrcz and colleagues
reported in 15 patients, with one of the most wudely used prostheses the Mayo ankle,
with an average follow-up of{ “years and excellent results. When Unger and
coworkers reported in the sante patients with a longer follow—up of 6.2 years,
deterioration in their chnrcat scores and radrographs was apparent” 19

“Several reasons for the ong-term falture of the }early prostheses have been
suggested Frrst many ongrnal,,deSI S requrred exoes one resections and relied -

, d prostheses placed
ksequentty the main
d - prostheses. . .failure -
ore,ﬁthe failure of early
or.xt,:e; anatomy, kmematlcs

desrgns may have been caused by,he lack bf'résp
~alignment and stability of the ankte jomt” 19 -

Also the early, constrarnedﬁ devrcee?!that failed suffered from hrgh contact stresses
“Therefore, an implant should mini ze ensile or shear toads and transmrt forces by‘ :
compression...the Buechel- ppas prosthesis attempt(s) to achieve this goal by
using broad, congruent surfaces and both tibial and talar components and allowrng f
axral rotation and medroiateral and anteropostenor shdmg” L

Furthermore “They (early constramed desrgns) hevf : 'falied to mcorporate the
biomechanical characteristics of the ankle joint...The 5ign of the implant should
permit effective transfer of jomt loads, be inherent ble, allow ease of surgical
lmplantatlon/removal with minimum bone loss, and ave resistance to wear, creep,
fatigue failure and compressive. shear !oadlng .The newer se 'indfgeneratron (e.9. B-
P ankle, Agjlity'andSTAR); U‘I?,Cfémented; ~semi+oon~s_trel _,,;;:.*porous—coated designs
seem promising”. I ;

Therefore despite enoouragmg early results Iong—term studres proved that
constrained ankle devices were no :rable_and were subsequently abandoned by the
orthopaedic community in favor of ‘
system they can still be manufac
~ preliminary evidence of these early studtes that the Orthopedic [
Panel in July 1982 were correct in classifying these devices as
the long-term studles th|s rs clearly no Ionger the case today

Iese ll, yet based on

62

desis. Yet, under the present classification
‘and sold today. It may be true that, given the
vice Classification



2.

Endotec has chosen the follo
complications. assoc:ated wrch a em;-con-atralned device that is’ c!eared by the FDA L

g artlcles as examples of the high rate. of ‘

and legally marketed throughout the Umteci States

54. Saltzman CL etal: Surgeon Trammg and*?" empl»lcatmnsm Total Ankle

The study assessed the problems W|th the
3 Groups were observed; Group 1 assesse

- below the knee amputatm

13 Rtppsteln PF Chmca expenences thh three d:fferent desagns of ankle

A total of 27 ankles were tmplanted in2 o
- age 56.9 years. Mean follow-up 14.‘
seriously migrated. Two removed and

‘The author admltted that the hagh comphc

Arthroplasty Foot and Ankle Int. VoI 24 A

observing the surgeon/mventor Group
completed a structured, hands-on surgical

'surgeons who were trained during a 1-—year;f00t" ahd:a" kie fellowshlp The

combined 3 groups
Intraoperative - complica
arthrodeses and 14 of

;reported 28 Syndesmosis non-unions, 19
s, 7 Ma}er revisions, 8 Syndesmosm Re-
ecendary operatlons 3 Pa’uents recelved a

‘The authors admltted that due to the smal! sample*snze the study had clear
limitations. However, a reiatrvely htgh cemp,ﬁ,y
- ofa ‘hngh |earn|ng curve : :

;n»‘,rate c;quld be the result

prostheses Foot Ankle Clm N Am 7 817—

replacement, anctherv was asymptomatxc and leftf-
deep infection suc { >
tibial nerve neurop
resected talus area, wh
during: dorsal ‘extensior

“medial ankle pain due to a varue maipo__ taoh fme,,he prewously fused |

subtalar jomt

fion rate could be improved with
further surgical experlence yet expres ous concerns about the
dlfﬁculty of performmg any future potentta! fusion. : '

&3



. axial ‘malalignment (40) component replacel

49. Pyevich, MT et al-: Tctai ankte arthroplasty A umque de3|gn 5 Bone Jount
Surg. 80 1410—1.4‘0 \1998‘; B .

There were 100 ankles were lmpianted ln 95 patlents 12 patlents dled
leaving 86 ank!es The average age was 63 years. Average follow-up 4.8
years. Five revisions. ‘~Twenty one. (24%) 4cemponents had ‘migrated.

' les ' idesmosis fusion and
lysis around the tibial
also associated with the
al resulted in ankle fusion.

3% were satisfactory

nine non-unions associate

component. Non-um@n of*%the syndesmosx

‘migration of the tibial component. One re

- 55% of ankles were not pamful 28% m{ldly_
to the pattents

The author conc!uded that early chmcal resu!ts wnth the Agrhty were -
encouraging, althougt rad graphic findings remame a cause for concern.
Long-term studies ‘as to whether delayed union or non-union of
the. syndesmoms is assoca (= ,w;th an mcreased rate of cllmcal}y lmportant ‘
problems T , ~

75. SpirtAAet ai Comphcaﬂons and Failure a'" er T tai Ankle Replacement g

Bone Jomt Surg Am 86-A(6) 1 172 1 178{

306 ankles were 1mp|anted in 303 pa’uents '
127 reoperailons for debridement of heterot

frvwéréhlp with ‘
failure as an endpomt was 8@% Wrth reoperat on ,yf_,vf;he,fe,ndpqmt was

54%.

The authors concluded that there was a relatwely hlgh rate of reoperat:on ;
due to comphc«. ‘
reoperation and failure.




The four studies are summarize

Device

E as fo;ﬂows{ o

" Spirt (75)

O Agility TAR

Number of cases

306

M/F

Male = 52%
Female =49%

Age (mean)

53

Diagnoses -

RA =17 (199

PA=1(1%)

PTA= 198 (65%)
OA= 77(25%)
Fusion Takedown
=17(5. 6%)
RA=13(4.2%)
"PTARA=1(0.3%)

Follow-up

e 1 ye:arf ;; 

Mean 15 mths' ?};;
(5—22 mths) e

" Average 48
o "fyears (3—

12 years)

‘Average 2.5 Years 26
years)

Delayed union of
syndesmosis

T e T
GP2=1326(50%) |
lepa=smo07%) |

_28:%(29"/??) .

14(5%)

“Revision fusion of
syndesmosis

GP1=2126(8%) |
GP2=3/26(10%) |
GP3=3/26(12%) |

T vem

TaG%)

Wound

'GP 1=6/30(20%) |

T Zen

. g - 69(23%)
Dehiscence/ LGP 2= 3/30 (10%) S ,
Debridement ' {30 :
| Achilles tendon - =

_lengthening

lep3=

Component’ -

exchange/ removal

GP 1= 3/30 (10%) |
GP2=430(13%) |

Taasw |

ST ‘:i; —

31(10%)

Below Knee "GP 1= 1730 (3%) : : B(3%)
Amputation GP 2 = 2/30 (7%)
= GP3= 0 |
GP1=6/30(20%) | - - -

Malleolar fracture

GP2=330(10%) |
GP3=7/30(23%) |

Infection

TGP 1=3/30(10%) |
| GP2=130(3%) |
| GP3=3m0(12%) |

Tawm |

To0%

11(4%)

Survivorship (%)

68 (usmg revnsnon.«:’,r ;

for any reas

an endpomt) atﬁyr""‘

“l80 { revismn arthtodesrs
or amputatuon as end.
point) at6'yrs

54 (reoperation as an end
point) at Byrs:”




Of these studies, Spiritetal s/ the most |mportant since itis done by an rndependent
group and has the Iargest number of cases. From these studres the Agrhty seems
- unacceptable for use rn ankle repiacement rn the hands of many surgeons %

Somewhat better results are ported m a study of somewhat older patrents of the
developer of the Agrhty device (a mean 63 years of age vs. 53 in Spirt et al) by
compensated evaluators not involved in_patient treatmen t76 Thrs study reports a
survival rate (revision or arthrodesis as an end poin
88% at 9 years and abour,ea% at 1 2’iyeare.‘-Azslight valuation, in Ref. 77, of
the results of these same patrents shows a survival rate (revrsron as an endpoint) of
about 90% at 5 years, 80% at 9 years and 61% at 12 y rs. ,

3. The s.T.A.R. Total Ank;e_; tem o

~ Clinical expenence wrth what the’?FDA consrders non—constramed” devices  are
however favorable. Conside the s udres of the STAR device. These studies
present the clinical result of the S ‘.jAV.R prosthesrs over a ten-year trme span. Four
studles are as follows: : ' .

78. Valderrabano V Hxntennann B & Drck W'»‘-‘Scandrnawan Total Ankle 7

65 patients representing 6¢ /ere reviewed for 2-6
years. No rnfectron occurred no patrents die the follow-up. Early
experience with the STAR. is encouraging, ¢ ugh more complications

- have been encountered than prevrously repor’ted,:.; e

43, Schernberg F: Current results of Ankle Arthropia Y j__.,European Multi-
center Study of Cemenﬂess Ankle Arthroplasty pter 9, Current
Status of Ankle Adhropfa , ty,ribBerim Spnnger 1998, Kofoed H., ed

des wel ~;5-Ianted in a multi-center study covering six
European sites. There were erght failures after 1-year and 5 failures after 2
years. No failures Were seen after the 2«year follow-up mark. The good
results. depended ‘upon  good pattent seleotron and ~good | technrcal
management of the procedure i .

I

ain it 95% at 5 years, about



6. Kofoed H Scan

i Tota! Ankle Repiacement (STAR) Clinical

Orthop. 424 73-79 004 e

58 patrents wrth erther rheumatoxd arthrrtrs or Osteoarthntrs were rmplanted
with the STAR menisca
~and Cemenﬂess for 25 and the mean foliow’ s 94 years. In the
-/cemented group 9 patle its faﬁed and ‘were revised or fused. In the
- cementless group 1 pateent had revision sur
tables showed a 70% survival rate at ars and 95.4% for the
“cementless group. Ave ‘age clinical score: ] atth ates’t failew up were 74.2
~ £19.3and 91 9% 74 respectlve!y L .

The authors conc!uded that unconstrarned memscal beanng ankle
prostheses should be uncemented’ 5 -

45. Kofoed H Ankle Arthmp asty Incfmatrons Alignment, Stab:lrty and Gainin
Mobility: ChapteM Cunre‘_ \_,_Latus ofAnkle Arthroplasty, Berlin, Sprrnger"
1998, KofoedH ed s 5 e '

76 STAR devices were rmplanted 44 had 08
- rheumatoid arthntrs 4 talar necrosis, 4 _psori
~of a previous fusion. Five failed of the OA
AVN sufferers. Yet, despite the failures
- with the best results of arthrodesrs wrtho
problems ‘ Lo f

eoarthrcisis 22 had ~
is «fand a conversion
mg oses and all four of the'
results are competitive
ng secondary sub-talar

‘The author concluded that for good and lastrng resuits alrgnment and
stabrhty are mandat@ryf The early designs were 100 constrained to give
stability resuitmg in a transfer all stresses to the bone-cement interface,
leading to excessiv 0@"“ ng Also the spheroid desrgn led to reliance on
ligaments without certai intaining the ankle axis. Conversely, the 3-
part design offers both alignment and stability without over constraint. They
preserve both the axis of the ankle cylrndncal motlon and remain as
~anatomical as possrble - ~

earing ankle Cement was used for 33 patrents Ly

ry urvivorship based on life |



The four studies are summanzed as foﬂows

Study

‘Device

| aiﬁermbaa 10

IO

; Moblle Beanng

Kofoed h

Moblle Bearmg
TAR

Number of cases

T ea@bPaterts) | 1

76

MIF

“Male =31 48%);;

Female =34
(52%)

"~ Niale = 35 (46%)
Female =41(54%)

E Age (mean)

I Cementfess = 58

56

Diaghosisf'

PTA=48 (11%) |

RA = 11(16%)

OA=9(13%) b o

Cemented RA =13

Cemented OA 20
Cemenﬂess RA =

~OA = 44 (58%)

RA = 22(29%)

PA=4(6%)
AUN=4(6%)

- Failed Fusion = 1(1%)

: Follow-up

10 yrs

(24-6.2 years)

Delayed Wound | - - -
Healing - bt

“Talar Subsidence A@%) - - -

Bearing subluxation @) ToomE et :

Severe  bearing ‘3(13%')' T - [ Cementiess 12%) :

wear ’ " SRR e

Malleolar fracture 0 (0%) - - -
Infection 0(0%) i 5

Reflex sympafhic , o ;‘ 1:(6%) ; B S Cemented1(2%) B -
Dystrophy gt Cal i

Tibial component L2(9%) - ol ,;Ce ented 6(10%) -

loosening

C_ en'dess 1 (2%)

Survivoiship (%)

87 (After
component

| related revision)at |
S Byrs

873

At6 yrs

| ";,:J,(Kofced 1936) | e

any reason) at 9 yrs .

86.7 -
(Kofoed, 1986)
(Revision for any
reason) at10yrs

Average Clinical
~ Score Overall
(Percentage)

8%
(AOFAS) -

85

i " | Cemented=742%
, _-ta(Kofoed 1986)

1930emenﬂess~— :
: 919+74




4. The predecessor' B-P thal Ankle Syswm (Shal!ow Sulcus)

\ 'mplanted in 1978 was more successful than _
the typical semi-constrained nfrartunately it suffered from a problem, which
although unrelated to constrar; caused the device to be abandoned and redesigned.
Endotec has summarized six mobr,  pearing clinical studies associated with this early
‘mobile bearing design. These studre represent. th predecessor overa
twenty-year time span. Studies 5, and 17 as well as 42 and 79 by Dr.
Buechel use elements of the populatron group of Re 3 different periods
of time. Further the study of Ref. 28 uses Dr. ‘Buechel's p 1S 'part of the study
group. The study of Doets is mdependent of the other st tudie f of thrs group of studres
The four studies are as fouows ‘ . ‘

The predecessor for the B-P-

5. Buechel FF Buechel FF Jr., and Pappas M "wenty Year Evaluation of
Cementless Mobrte—Beanng Total Ankle Repiacements Clmlcal On‘hop '
424: 19—26 2004 r e , , : ,

There were 38 p tients img anted wrth 40 Mark | (shanow sulous) anktes 1
over an erghteen—yea ; span. Mean age was 55 years. Using a strict
ankle scoring system, twenty-eight (70%) patients reported good/excellent

~ results. One patient developed a fracture of the loading plate Two patients
~had tibial- components revised as a re / ssive wear No trbral'
- components were noted as cllmcally loos '
: were stabie at trme of revrsron Beanng

surgeons to repiace anktes whde 'rmmmrzrng wear and Ioosemng problems
en ,x»deepemng the sulous whlle mamtammg

of the devrce ’ A , ‘ ‘
17. Buechel Fi F and Pappas MJ et al.: NewfJersey:Low~Contact Stress Ankle

'Replacement: Biochemical Rationale
Cases: Amencan Oﬂhopedlc Foot and Ankle .

ciety, 1988, 279-290

There were' 21 patlents rmplanted wrth
-years. The follow-up period ranged. from iths
mean of 35.3 months. The pre-operative rc was 15 to 24 degrees.

- Post-operatively mean arc was 25 10 34 deg 'Postoperatrvely 87% of

“ankles had no pain or, at most mild pam and all had an |mprovement on

their preoperattve condmon , ‘

l/i_g:,}‘The mean age was 56
hs to 64 months with a

The author conctuded'
trochlear désrgn appear:
period. e

on_stramed congruent bearmg elements of the?
,xwork well in patlents throughout the 5—year‘

8



28. Keblish PA: Cementiess Meniscal Bearlng (Shallcw Sulcus) TAR

51.

failure rate ‘

Mult/center Climcal Tnal of 237 Unpublrshed

There were 237 pallents : planted in 72 months. The mean age was 57 o
years. Survivorship was 90.7% and goad to excellent results of 81.5% and
77% of patients had no/sllght pam 25 ankles were removed and 14
requrred arthrodesrs : R 4

- The author concluded “ln order fcr total ankle; re“laeement to gain general
: acceptance asa v:able sufglcal optron severa/ riteria must be met:

onlact stress at the
ferably blolcgrcal)

< Prosthetrc deSIQn must pennlt l
artlculatlng surfaces and optlmal fi xat :

R Stabllrty must be en hanced wrthout compromlsmg rnobrlrty,

< Stnct cntena for surgrcal lndrcatlons must be establrshed

- Arthrcdesrs*f t be ,:*'reasonable optron asa salvage procedure ‘
(e.g. mlmma gcne resectlon) :

Cementless memscal beanng ankle systems fit these cntena

sed sensmvd:y in patlent
'the compllcatlons and

Furthermore, “The cempltcatron rate is hlgh :
selection and surgrcal techntque should. _’? €

Doets HC: 6 (2-13) Year Resuls with the :L ' echelPappas Mobile

Bearmg Prosthesrs ERASS 2002

- There were 58 prostheses lmplanted in50 patlents of these 20 were

~ for a varus or a valgus deformity: and 3 for a
- component and one for an early deep mfectlen ean st-operatNe score
~ improved from 37 to 74/1 00 e

: .The author concluded that for pclyarthntls the_'
- give good chmcal results :f correct alrgnmen s‘a

shallow-sulcus thefremal‘
42 were women ’

g number with the Buechel-f
and 8 were men, 54 were dlagnosed with
rheumatoid arthri "emle chronic arthritis and 1 with psoriatic
arthritis. Mean age was 22-77). Six patlents (seven ankles) died of c
causes unrelated to the device. Ten had to be ccnvertedgto Arthrodesis, six
ase ing of the tibial

” lBuechel—Pappas TAP
ved in surgery.

70

ppas prosthesrsf Y



 Three patients (four ankles) died of cause: uni

- operative score was 84/1 0.

As can be seen from the table
and bearing subluxation (See
prototype, B-P Total Ankle Fi
complications. The dominant cor

12. Doets 'HC Th"e Low ?Centact Stress/Bueche!~Pappas Total Ankle\
Prosthesis: Chapt r 6 Cument Status of Ankle Arthroplasty Berimr
Spnnger 1998 KofoedH', ed '

“There were 30 prostheses lmptanted in 28‘,;pat;ents 20 shal!ow—sulcus the
remaining number with the Buechel—Pappa pr thes:s'{'The average age
~was 56 years. 25 of the number were dia theumatoid arthritis
~ the rest with juvemle chronic arthritis; pser s and osteoarthrosis.
ed to the device. Four
failed and were successfulty ,converted ’m arthro ,ems Average post-

The author concluded “Compared wzth two-component deslgns the mobile
bearing LCS/Buechel~Pappas TAP. provrdes much better results, with low
incidence of mechani loosenmg ‘Furthermore, “With the STAR, also a
three~component g deStgn .similar  good results have been
reported. This demonstrates that in the ankle joint there is only place for a
TAP, which uses a mobﬁefbeanng, and that the use of the two—component
desngn is no Ionger tndlca’ted” ' 3

52, San G:ovanns T. etval Leng-term fo!iow—up wrth.second;.generatlon
~ cementless Total Ankle Replacement. An g.of the Amencan
On‘hopedlc Foot and Ankle Socrez‘y (A OF /

lld pam 3/21 had
t'ents suffered talar

subluxatlon was noted ';Three ;prostheses were co ered failures. One
prosthesis was removed secondary to deep infection (presthems revised).
One had a poly thyle hange for painful talar subsidence. A third
prosthes:s dlsplayedgtib mpenent leosenmg and will require revision or
arthrodesis. The authors concluded: “The present. study with intermediate-
term fo!iow—up demonstrates encouragmg results with the use of a
cementless, mmlmally constramed total ankle reptacement .The overall
patient satlsfachon was hrgh B i B : :

' bjems of talar subsidence
ound: 2. Evolution of the
- are few device related
| and surgioai whxch can be

below puttmg aslde the

dealt with by improvement in nnstrumentaﬂen and surgxcal techmques




The four studies are summarizefd as ‘féllpws: L

NILCSTAR

(Shallow Sulcus)

18): (Sha{low SNC‘}S} R ‘k :

(Shal low

- Sulcus)

'NJILCS TAR:

* (Shallow Sulcus)

Number of cases

40 (38 Patients)

| 58 i

30 (,28‘kpatikenté)

21

M/E

- Male=20
- Female =

T Mak-2

Age (mean)

55

5

56

Diagnosis -

PTA=21 (52.5%)

0A=7(17.5%)
RA=9 (22.%)
Fusion=3 (7.5%)

PTA= 10 (43 %) |
OA=4(174%) |
RA=6(26.1%) |
 AVN=28.7%) |

Fusion= '1(4. 3%)

PTA,OA,RA | RA

\ | RA=25(88%)
| ICA=1 (4%)
| PA=1(4%)

| OA=1(4%)

Followkup

Mean 10-Yrs
(2 -20 Yrs)

Mean 35 rn,th
(24 64 mths)

Mean 45 mths
| (8-72mths)

Avg.6Yrs
(2 13 Yrs)

Ave 6 Yrs

b (3-9Yrs)

i , Maan 5.5yrs

(3.39.0yrs)

Delayed Wound
Healing

9 (23%)

4(19% g

20%) i;f »

0(0%)  ; o

3 (10%)

Talar Subsidence )

6 (15%)

- ‘0_(0%)‘ ——

3(2%) 8 i

0 (0%)

2 (10%)

Bearmg
l1xation

4 (10%)

T3 (10%)

IR

Severebearing
wear

4 (10%)

0(0%)

T wowm | 26%

0 (0%)

1 (5%)

Malleolar fracture

3 (8%)

—iER |

s |

- 5'“7%)

Infection

2 (5%)

E (5%) oy

To%

1(3%) :

2 (10%)

Reflex sympathic
Dystrophy

2 (5%)

50 0%‘\; \"

B

0(0%)

0 (0%)

Varus/ Valgus
Deformity

T

Tibial component
loosering

O

| 0@%‘) 7

N

%)

Survivorship
(Percentage)

742
(Kaplan-Meier)

Revision for any -

_ reason
at20yrs

100

o (Kaplan—Mexer)
| Revision for rany |

reason

907

any reason

atByrs o S b

|  (Kaplan-Meier) | -
- Revision for

Average Overall
Clinical Score
(Percentage)

70
(NJOHAEF)

Tea

; (NJ’QHA@‘EQF),;

815

(NIOHAEF)

Goe Es
(NJOHAEF)

84

3 ,.‘(NJGHAEF,’)

87
(AOFAS)

*Thess references contain the same patient popuiation reporied at diferent tme infervals



5. B-P Total Ankle System (Deep smcus)

The original desrgn was medrﬁed l:c=rmprove talar frxatron Thrs mcdrﬁcatron reduced
talar subsidence and the risk. g subluxation and subsequently limited severe
’ bearmg wear. The results of thrsrmodrl‘ catron are grven in: : ,,

,Yeer Evaluation of
cements Clinical Orthop.

5. Buechel FF, Buechel EE. Jr., and Pappas MJ: Twen“
‘ Cementless Mobrle—Bearmg Total Anklej; : epla
424: 19 26 2004 : '

‘nkles lmplanted overa
 system, the system had

jThere were 74 patlents (75 rmplants) Mark ll—rB‘
 twelve-year time ! span. Usmg a strict ankle ori
good/excellent results in 88% of the case

- an endpornt of revrslon of any component;was,.c 2%

ankle replacement by‘m‘ 'rmrzrng wear and loosemng p blems

Consrderrng the curren tus' of ankle fusron and progressrve hmd foot ,
arthritis known to follov ,cementless mebrle—bearmg ankle replacement,
‘with the abrllty to exvhange worn beanngs if needed oﬁers a reasonable

, alternatrve in properly selected patrents ' R

53 Doets HC Brand R Nelrssen R: Tctal Anld’ Qplasty in Inﬂammatcry‘
~ Joint Disease: Five to erteen Resu, with Two Mobrle —Bearing
- Designs. Accepted JBJS(Am) : ,

4~I“B P ankles and 19
5 (95% confidence
e V,_gl; _rd nct oceur.

o A 2-center observatronal study en results o

obrle»bearmg ankle replacement is a valid
atoid ankle if proper indications are applred
per_,stent deformrty were the most rmpcrtant modes ,

Aseptic Ioosenrng
of farlure ‘

80. SuEP, Kahn B, and Flggle MP:Total Ankle Replacer nt in Patients with
: Rheumatord Ar‘thntls Cllmcal Orthop 4. 5 Tt

The authors concluded that the early to rntermedrate results in patrents with
end~stage RA show that‘:vthey are. dcmg well. cheVer trblal ‘osteolysis

*Also see reference 51! Doets H C 6 (2-—1 3) Year Results wrth the l.CS/Buechel—Pappas Mobile
Beanng Prosthesis. ERASS 2002 L , e

wilative. survrvorshlp usmg A



10. Keblish DJ et al Eight Year of a minimally Constrained Total Ankle

Arthroplasty, Unpu

There were 31 ankle

1990 and 1997. 28

The authors ‘oncl I

Device

:radiographlcally thh n av

; quate term results« mf

" Keblish (10)

| Buechel-Pappas

" TAR

Number of cases

75 (74 F*atiemg o5 CoogmeTane

Beproew

31 (23 patients)

M/F

Male=34

. "‘Male‘ v

'*Female = 17 '

Male=2 -
Female =21

Age‘ (mean)

49

Female 40

- 50

61

Diagnosis

PTA=55 (73%'
OA=8(11%) |
RA=9(12%) |
ON=3(4%) |

T RA=74(100%)

RA=19(1 QO%)“"

" RA=231(100%)

Foliow-up

Mean 5 Years

 WemnsYeas

Mean 5 Years

Mean 8;3ﬁyrs

} ‘<ran9_e.§;_.__.12vrs_)._,

Delayed Wound Healing |

s |

T (4%

'*O(O%)”

4(3%)

Talar Subsidence

3@0%)

TR

7] (13%)

Bearing subluxation

10 (0%)

%

o (5%)7

0(0%)

Severe bearing wear

3(4%))' T

s CO%) : -

A1 (3%):'

Malleolar fracture

5(6%);

g oEe ';’:0(0%)' —

10 (32%)

Infection

YA

6EA%) :

A (5%); =

0(0%)

Reflex sympathic B
Dystrophy

- 0 (O%).~

00%)

Tibial component -
loosening

3;(4%): e g

20T, 5%)

-3 (10%) -

Survivorship (%)

, (Kaplan-Mexer)
Revision forany |-

o

ST
1 ;Revasmn for any reason
at 10 yrs

: 95, _
Revision for any

93

nforany | Revision for any
reason at 6 yaéars :

reason at 8 yrs

Average Overail Chmcai

‘reasonat 12 yrs," Poin

88

(NJOHAEF) |

81 :
(AOFAS}

NCRE
 (AOFAS)

Score (%)




‘et al ®° presents good resuilts wi

- compare malleolar fractures in th

~ Leardini et al** describe newer mobrle bearrng ankle d y

From Ref. 5 it may e seen that tals "_,;:Subsrdence is greatly reduced compared to the
original design and that b : luxation was completely elrmlnated “The single
case of severe beanng wear Ref. 5 was the result of a tibial component!

» malposrtromng In this case, “only. half of the bearrng engaged the tsblal component'

articulating surface plate This auc
contact stresses and accelerated the eanng wear duj e
wiping over the bearing durrng ankle motron ‘

In comparmg the performence of
in the U.S., the Agility, it should be n
wrthaBPankle(Ref 5) are sig \,
76 and 77) being 49 and 63 \ s‘;, ‘respectively.
dlagnoses are srmllar bemg 19% and 12% rheumatoid, res|

6. Additional references . T

devrces and find that they, wrth

effect of the Agility device on ankle ligam
to reduce syndesmosas nonun 1 commg

ahd ‘.cbnc’lude it may e ‘1p~re‘rérab

complication in ankle replacement and suggest "m;
treatment. : ST G :

replacement of the ankle rn rheu

generally good performance

Thus these additional references remforce conclusro_n_‘ ‘ h car ‘_
on the basis of the references and clata cited in the earlle ections.




the Endotec complamt revre,,
packagmg was a result of h

the error The personne! mvolvk;

Eight (8) complannts were rec
cases the Talar componen

additional guidance regardmg

surgical procedure.

Three (3) complaint,s‘ were rec

~ severe component ~liooseni~ng or mal

Two (2) complalnts were receive
of tibial malahgnment The
‘ lnvest;gatlon

| XW. Srsecai ﬁemtmﬁe

Experience with menlscai;.be
special controls to minimize
Thus such a control based on t

on lntroductuon backgro
- are included as they pertai
knee.

The section on contact stress i
maximum peak stress an
secondary (backside) artic
recommendations and a
ankle Wthh has. been

 knee. Further these values are;;t fr

device. -

knee. The primary dlffere,
about a quarter of those

ne Was' the result
fter an extensive

hou!d therefore

; 5t protocol for knee




wear. Thus if wear testmg centrols for knees are sat:sfactory for the estabhshment of

clinical safety with regard to.
considered satisfactory.

The guide on fatigue testlng

provide information on the fatigue:

in addition to the tibial com
clinically expected ﬂuct'ua’tlng

safety with regard to fracture ord

The subsectlons on “Ran '
Stability” require that unn

hen a s:mllar ankle fest procedwe should also be

e loadmg of the enttre ‘prosthems SO as to '

‘natural stabilizers are present but '

controlied by the device. Fu
bearing be resistant to
misalignment. If a device p
to dislocation it must be ¢
device and bearing.

Where analysis is usec
“clinical perfon‘nan‘ce is the sa

“The Drrectlons for Use foffthe:

cautions and wammgs
alignment, wound healing,
medical-surgical risks.

the Class Il Aglht;} ankle-
best of our knowledge 1

£ XVE ﬁonc!uemn

The data presented hek .
certamty such that one can r{

R The scxent‘lﬁc‘ vali
- performance
~proposed in thi

used to obtain a Clas

. Devices fitting th
888.3120 do
with them, than com

of ‘Ccmponent
‘and resistance

J.S.A. in the 886. ,category since
ress on dev;ces fitting 888.3120. Only
;-31 1ﬁ0 is now available | inthe USA, tothe

rable dev:ces in the Umted States




3. The B-P device fits th' s or posed ldentmcatlon and de c;nptzon and satlsﬁes i
the spemal controls ] < :

888. 3110 the petmo Nis new s Sit shouid be ¢
Ankledevxce reclassified intt that surgeons in the Unite V'S‘,tates,‘wall have a

1

2. Wynn AH et al Long-term'~
. and Ankle 13: 303-308, Jul/A‘

= 3. - Groth HE and Fiteh,
Clln/cal Orthopaedlcs 224

4. *,Kitaoka HB et al:,‘Sprvivor
Am 76-A: 974-979, IJu1y1 )

of the American Academy

-8 tKomistek RD etia!j; A;,dete;
'In'temational 21, 4f343‘-350 ‘»

9. Buechel FF Total Ankle R
12687, W.B. Saunders 19

10. Keblish DJ et al: E!ght Year; ]
2005 ‘

11.: Tillman K. et al Cemerzted and Uncemented Ankle Endoprosthesas ‘Clinical: and
Pedobarographic Resutts ; Current Status of Ankle Arthmplasty, Berhn Sprmger
Kofoed H ed, 1998 , : ,

12.-Doets HC: The Low Contaé

hel-Pappas Total Ankie Prosthems Chapter 6 Current
ger 1998, .



13. Rippstein PF: Clinical expenences wath three dnﬁerent desagns of ankle prostheses Foot Ankle
Clin N Am. 7:817-931, 2002 s i
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19.
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23: Pappas MJ: Stablllty of the mpfanted NJ Ankle TechmcafReport 1983
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