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Chapter 2 

Literature Review 

The scope of the literature [<,vicw C()]"'''lltratl>H oil e()ll~Lraill('d [oLat ShOllldC']' 

rCl,iaccmCllts (CTSR) and the facton; that infillPIlce Lheir design. The field 

of CTSR is spocialired, ,~, th" ,jpmand [or tlli~ eta .. ,;>; of joim replacement 

is low and in Dlany cas<,~ custoIIl pU)Hth">;I:>; arC implanted. Ii. is &sumcd 

that few companies have undertttkeu the cask of d",,'etoping improved GTSft 

prostheses due to the Hlllall 11laI'k"i,. 

A direct re.;ult of a proximal hllmeral Harcoma i~ the rellloval of th" ('alll'C[()u~ 

Lis>;,w, In the light of this, a short llltrOOllctioIl to the ~h()uld"r joint is gi"Cll, 

which cOll(:cnlratc8 on structur€'S that may r"main aftp], U1(' ns{x,Lim, of a 

tumour. One al,;o I1,,(~IH to llnderstand the desi~n limil,aLioll~ of materials 

llS<u in orthop"lie implants, the design problems that n".,.j to be oo[ved and 

de[ermine why past designs have failed. 

2.1 The Shoulder Joint 

The g[Pllo)muwral jOilli" abo known as the shoulder joint, is mooe up of a 

~hallow ball al1d 8()(:ke[. This allows the joint to prooUC<' not 011[" rotational 

motion but a lso H[iding and rolling motion. The combinatioll of th" abov" 

fartors n:>;ulw ill a highly mobile joint, stabilized in e,,"'Wllce by UlUHt:Ulatur". 

7 
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CHAPTER 2. LITERATURE REVIEW 

Figure 2.1- The glenoid (a) and a section taken 5mlll medial to the glvlloid 
showing the internal bmw structure (b). 

The main muscles that take up this siabilizing function are the rotator cuff 

group which consists of four muscles and the deltoid muscle. 

The glenohumeral joint links the S('apula and humerus. The S(:apula needs 

only minimal structure (Fig. 2.1), as applied loads are mainly supported by 

musculature. This lack of cortical bone is a prosthesis de;igner's greatest 

challenge. The hwnerus on the other halld has good bone stock. 

The shoulder generates its mobility from two SOIll"lY8; the glenohumeral and 

scapulothoracic joinh. Scapulohum ... ral rhythm is defined as the ratio of mo­

tion produced by both joints when working synergistically. This is a complex 

interaction with an oVf'rail glenohumeral to scapulothoracic motion ratio of 

2:1. A 4:1 ratio is produced in the first 25 degrees of elevation followed by a 

5:4 rotation ratio for ~ul::6equent elevation (Poppen and \Valker, 1976). 

\Vhen dL'Siglling aTOm") the human body, one of the prominent design issues 

is variability; the size, shape and quality of a specific bone structure if; unique 

for ewry individuaL Thi~ thesis deals with two important structures located 
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2.3, fLXIS'-l/i'/G COiVSTfL1INEIJ 'ISH 15 

FigllT''' 2.f;, The flr6L TSR hy Pean in 1893 (Lugli, 19(8) . 

illlllll and rubber and as 8, ["suIt th" prosthe~;~ faikd d,,,, to '1Il overwhelmiug 

lis/Hie readion. 

Fe-nlin TSR 1915 

TIl(' r"ver~e hall-iu-"ockel TSR designed by Hllllin has 8X1 unc"m"nt",1 ,,~,dg~ 

,h'i"-,,a ;ato the "",al'"la fm fn.w.ioll and a rod pla~ed down th" axilla.ry hord"r 

of the f'-Ca.pllla (F<."Illiu Jr, 197,~). The rod appears to be placed within the 

medullary cavity of t,h" axill"ry hold,,!'. A large polyethylene (PE) ball IS 

9C,mw",j oato the gleuoid flxalioll and a.r:linuates with a m~wl cup. 

Mich<lel RHese TSR 1977 

The Mkhael Reese total should~r r"pla.cement w"~ once the mo~t widely u""xl 

mnstrained joint. syst-llm in North Au",r;"" (Fig, 2 .. ~(,,) ,md 2.7(e}}. A di8-

location tol~rance WI'" iut.mdllced iut,o I',he tlll: 8y61'em whkh l',,"ult,ed in a 

controlled compOllent diHlocat,iou t,o a\~)id glenoid fradure following trallma. 

Dihioc"tioll would t,heu H>(jllil'e open 6U1'gery and reassembly of the compo­

nenth. ThiH IJl'oethf'lli8 has he"n abandoll(:ci dlle to the high incidence of 

COI1lpli,",lt.ion~ (\V"lsou, 1990), The poor performance of this pr05the5i~ ih 
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16 CHAPTER 2. LITERATURE REVIEW 

• 

I 

(e) (b) (" ) 

Figure 2.7: The trisphcrical TSR is designed around two spheres held captive 
in a spherica.l housing (Bayley and Kessel, 1982) (a.), the model B).,fE TSR 
is an early captive ball-ill-socket design (Zippel, 1975) (b) and th" Wehael 
Reese TSR (Cofield, 1977) (e). 

underutandable as designing around a controlled dislocation is virtually im­

possible. As every patient is different, no surgeon can go into an operating 

theatre gua.ranteeing t.he quality of glenoid fixation. 

Bickel TSrr 1\0177 

Coneld (1977) describoo the design rationale, stating that a very small ball. 

was used to <iocTeaoo the friction b€tween components and that. the glMoid 

component was designed to be incorporated entirely within the glenoid cavity. 

One of the reasons for this was to maximize the prosthesis-bone contact area 

(Fig. 2.8(8.)). The use of a small ball increases the contact load on the PE 

liner which may result in incrca.'!Cd wear. Another negative of this design is 

that it does not utilize enough of the avuiluble bone. The author suspects 
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2.3. KX1"'T1NG COilt'''''lK1nV1:::!J 'l'SH 17 

Fi~IJte 2./l; The Bickel TSIl (Cofield. 1977) H ')THi the Liverpool TSR {"'­
hilJiting I,he reverse ball-in-so"ket. design (B<lyley and KeHsel, 1982) (h) 

the design faile<.! due to pOQC glenoid fixation. 

Stanmore TSR 1977 

The glenoid compon ent. relied soldy on " l~[g" "mOlln I, of polymel,hy lmdany­

late (rldlvIA) fOT fixation (Cofidd, lfl771. whi"h is a dau~enJlls situation in 

I he long term, as cement fixahon hre'J.ks dUWll over time. Th" (:omponenk; 

were snappoo together "ft<o'r Ileing impiant."l. 

Floating-Socket TSR 1978 

This implant cont"ins "dll~j spherical hearin g H}l<I,{ml (Fig. 2.9), which allows 

the prosthesi.~ to have a large rung" o[motioll (RO'\-I), (Dueehel et al., 1978). 

The design B.JlJleWH to hav~' a low diHlocal ion I,hmshold aud no dininu results 

were gIven. 
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Figure 2.9: Floating-Sorkct TSR (Buechel et al., 1978). 

Kessel TSR 19~2 

The d~sign is nmde up of a large 50mm screw which is first implanted into 

the glenoid without the 1lS<' of cement. A polyethylene (PE) stem containing 

the socket is then cemented into the humeral canal, followed by the ball aJld 

SO<:'ht being snapped together. This j8 known as a reverse ball-in-sorket 

design (Fig. 2.1O(a)). The KcAAcl prosthesis resulted in a pain-free joint. but 

was a,'lS<X'iated "'ith a high incidence of loosening (BIU';trom et al., 1992). 

Bayley. ill "long term review of the Kcs>lI'J TSR obSl'-Iwd that in an original 

group of 31 p"ti~nts there WeTe four rases of CHrly failuTC and there was only 

one further failure after 11 yeaTS of mean follow-up time (Zadeh and Calvert, 

1098). \\'hether failure is d"fincd as the IX'.cd for relllovnl or a loosening of 

the prosthc.i. i~ not stated. There have alw be('.1l instances of the prosthesis 

unscrev;ing. particularly in the right. shoulder. In a study done by Po~t and 

Haskell (1980), out of the .13 patient. in the group, 15 (35%) had to undergo 
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2.J, EXISTING CONSTRAINED TSR. 19 

(a) (b) 

Fj~ute 2.10: The Kcso.el TSR is a reverse ball,·in,·socket de'Jign, where t.he 
~lenoid component is o.crewed in and t.he humeral component. is cement.ed in 
(Da.yley and K=L 1982) (a), the dC3ign was thcn improwlci in lat.er j-ears 
and bocarne known as t.he Bayley-WalkerC' TSIl (Ahir lOt. a!., 2(04) (b). 

cc-operat ion. 

T,iv"rpooi TSR 1982 

The only glenoid fixation the 'fA rewrse ball-in-suci;:et TSR ha., is a st€m iIL-

serted approximat.ely ,)(hnm dOWlL t,h" 1l1f,dullary cavity of U", axillkU"y bord"r 

(Fig, 2.8(b)). 1\0 clinici,l fC311IIS wCre found. 

TriHph"ricai TSR 1982 

fuignetl by Gri3tillil, Lhi3 captive system had two sphere3 free to rotate in 

a PE lining wit.hin a huger "phere, allov.'ing for i' greaLer ran~e of motion 

(D'WI"y and K,,,,scL 1982). ~ot.ke the small kcclusetl in thc glcnoid fixation 
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20 CffAPTRR 2. UTERATURE REVIEW 

Figure 2.11: KblbelTSR showing a Range bolt"d to til" bas" of th,' sca.pula 
spine (Kolbel et al., 1987)_ 

(Fig. 2_7(3.)), ::<0 Clini~aj re;ult.~ were jound. 

Kolbel TSn. 1987 

Utili7.iug the n'ver",e ball-iIH;{ld""t (h~ig]j, Kiill~ ,l produced a compact pros­

lh,,~is with H flaIl);" b,,]l,.:ilo th" 1m.'!" of the scapula's spine (Fig. 2.11). 

(Kiill~,l d aI., ElR7). ThL~ ap]xms to bo., <l.ll excellent design, however any 

shoulder surgeon will ask how one gains access to the area wher" the "eww 

needs to be inserted without being overly invllsive 

Bayley-Walker"" TSR 1992 

The Rayley-\Valkel'''" is all upgraded wrsioll of th" K"s. ... ,] T'SR ami is only 

supplied to The ltDya! i\ational Ort.llOpedic Hospit.al Trust ill England {LmH' 

2(1eJ5, l"'l'SOIlHi <X>IIlIIlllllicflt,jOUj. The deSigIl (X)]lSiHts of H mlmll dmmw ar-

UeulaliIl)( head wilh H h .... droxyflpfltil" (HA) coaled tita.nium screw inserted 

without cement (Fig. 2.1O{b)). The humeral comp<JDent haH a titaniuIIl 
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2.4. CURRK"lT ORTHOPEDIC IN,"lOVAnON 21 

stem ",ith a polyethylene-lined socket and is cemented in pla.ce (Zadeh and 

Calverl, 19!1S). There arc plOblem~ a.,soeial.oo wiLh Ihe lJ"yle.l-\Valkcr®. 

lj()we\~'r repOllb on its dinkal perfonnanee arc conflidiTlg. The majurity 

of the praise eumfJb directly from t.he designers in a paper t.hey published 

toget.her wit.h ut.her rewsrchelO (ref. Ahir et al.. 2OI}t). The n'~lbml~ the prus­

the~s is not favoured by surgeons are that there is the possibility of splitting 

the glenoid and that large amOlwts of bone stock are removed. The nood 

for I""s bone stock is a po",it.i"e in casc~ of revi~on surgery where the screw 

tills the (,~lVit.y l<Cit by the prosl.hesib. In casm of PIlS, where il is imp(,.lalive 

remaiTling Tll1lbde i~ lltili/ .. ed t.o plOmotc fWldion, t.he surgoon r"qui.rc~ al.­

ta<.,hment puint~ un t.he prusthesis 'lTld the li"yley-\Valkell/!l do"" not. contain 

any. In a peTb<mal CUHlTlIunieaticlTl with Dr. K. HoskiTlg, hi~ opinion was Umt 

the prosthfJbib does nut. perfurm. 

The glenoid compmlent utilizes t.he <'urtieal hone at I.he w,"li of t.he glenoid hy 

using threads which protnlde thruugh the anteriur burface uf the ,;capllia. The 

reason the component does not utili~e <.'ement. tixat.iun i~ it hab been sh(Jl'iIl 

to produce inadequate fi-xat.iun of cunstmiTlHd devi<'es (Ahir et al., 2004). 

'l'hi~ i~ a fairly complet~ listing of impurtant TSrr designs used ill the PflHt 

aJwj presellt. lI"",ny of the desiglls incorporated in dewloping t.he TSR in 

Chapter 4 are rC£en'wx~1 to t.he de~igns mentioned above. 

2.4 Current Orthopedic Innovation 

In the V&'it field of urthupedies une must· a.wayb be current with new imlO­

"ations &'i it may be possible t,.l apply these 'leW emlCept.~ t,.l the problem at 

hand. 

An up-to-date louk intu the are8S of modularity, oonstrailled mtieulation. 
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Figure 2.12: TIlt! Biomd I'II06aic™ is a limb salvagn prosth(>sis demollStrat~ 
ing built in modularity. 

fixation and materials is carried out in this section. All of these field>< tlrR 

applied to the dpsigns generated in this report, whether directly or indirectly 

aud should always be kept in mind for future work. 

2.4.1 ~1odularity 

A taper lock system, used to connect moot modular components, is an ex­

cellent solution; the simplicity makes it easy for the surgeon to assemble and 

disassemble comlX'uents when choosing the correct size. The connoction is 

self locking when it is compression loaded in the axial direction. The system 

produces minimal surface area for corrosion to take plaNl and them are no 

stress concentration points generated, unlike screw threads which may suffer 

from fatigue. 

Shown in Fig. 2.12, is the modular systnm usnd in tilt! Biomd ),[osaic™ 

limb salvage prosthnsis. Kotico that th(> two tapNs on the stmli havo mating 

points where two components interlock to prnvnnt rotation. Tho system 

comes with optional collars. which are porous coated to promote increa>;(">(} 

fixation. which in turn promot(>S longovity. The colla.s and suture holes on 

tho proximal body!)I(> uSi'd to attach any remaining mllS("le to the prosthesis 
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• • 
'''''' .,. 

1C~ 
C',L!:-) 
_.,_ I~"","" 

(h) 

Figure 2.13: The Biomet Bi-Polar unconstrained shoulder replacement (a) 
and the asoombly of Hi-Polar system (b). 

ill order to increase the fundionality of the saved limb. See Appendix D for 

the brochure supplied by Bwmet. 

2.4.2 Constrained Articulation 

.\n ('[cetiy(' ~onstraim'd articulation sYbtem, t.hat pwvides adequate ROll! 

and streugth in both t~ll9ion and bending, remains elusive. The design uood 

in the Ihome! Bi-Pola.r should~'T replarmllellt (Fig. 2.13) is a simple yet 

effediv~ "y"tem for low ROM application~. The Bi-Polar axial sepwatioll 

strengt.h is over 75(1.'" and has a rantilever strength of over 5.1N",; t.he 

ROi\·! is not given (Appendix D). A similar design WaS tested in this project, 

the results can be fomld in Appendix C. 

2.4.3 Fixation 

Fixation is the COre issue of this project as the loads transferred to the glenoid 

are high. As a result, looseuing (I('curs followed hy failure, or simply catas­

trophic fracture of the glenoid. A design utilizing a novel fixation system 

, 
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I'i Ihj 

Figure 2.14: The Delta® (Depuy lr!temahonal Ltd) SySI€Dl expanded (a), 
with k:>cking inferior and superior glenoid I>CreWS ShOWIl Illlchoring the re" 
versed ball (b), (Boileau f"t Ill" 200.5). 

with success is the Delta® manufactured by Depuy (Fig. 2.11). The original 

designer (Garmmollt) found that he had many failures with c~rncntrd glenoid 

components and decided to geaerate the un-cememed oonc~pt us.ffi today. 

The latest model on the market is the Delta III launched in 1991 (Boileau 

et ill., 20(5), The glenoid fixation is made up of a HA coated c~nlral stem, 

sUlTound!"d by four corticfl.\ ,;crews with the superior and inferior 5Cr~W5 b<J-­

ing locked in place by thr~ad on the titanium base plate, the angles of which 

are fix~d. Ther~ an' two shorter cortical ..crews anterior and :pc:>bterior of the 

stem and their insertion angle!! can vary by 15 degrees. Combined with a me­

diallized center of rotation thi5 make~ for Il. robust tle:sign. DctailoJ clinical 

results are gi\,llll by Boileau et aL (2005). 

The locking compres8ion plflte (Lep) shown in Fig. 2.15 is a recent devel­

opment surgeons use to stabilize fractures. The plates and screws form onc 
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2.4. CURRf':!'JT ORTHOPEDIC L'i.'iOVATION 25 

Figure 2.15: Locking compre5sion plate (LCP) with lrxking 8(rew manufac­
t.un..::! by SynthfS. 

stabl., system and the stability 01' th~ fractuw is depenw.nt on the stillness 

of th~ construd. Thus LCP's are an improypm~nt. on past syst.~ms t hat. were 

not locked tog~ther. The tapered thread on t.he head of the 5Cr~W allo'l'{f; t.h~ 

screw to lock into the compression plate even though the pitch 01' the cort.ical 

thread is larger t.han that. On the LCP. The ta.per III essence allows a gradual 

meshing of th~ thwaU5 (Appendix D). 

2AA TmpJun1. Nlaterial 

Implant materials promote the formation of a fibrous capsule around the ma­

terial separating it from the bone (Collins, 1953). The factors that influence 

the thickness of the capsure ar~ th~ chemical reactivity and corrosion of the 

implant material (Scales et aI., 1970) and the size, sha.pe. and mechanical 

movement of the implant (Wood et a.l.. 1970). Even wh~n using titanium 

and inwring the component has rounded COITwrs and is rigidly fixed to the 

bone, a minimal ca.psule thickness of 1 - lOpm is produced (Hench and 

Ethridge, 1982). Creating an interface on which bone can bond has been a 
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m3.jor f<x'al poi"t. i" ,-c"ea.,-,:h; t.he bt.L'st. oiIel'in~~ have boon porous coated 

surfac€s using 3. high temperature pb~ma ~1.lray t.ccimique, depot'itin~ tiny 

beads or wire sinteroo to the surface of the metal. 

Hydroxyapatite (HA) coatin~s have also boon used over the IMt. few ycar~, 

where the surface of the material i~ coatoo ""ith this bone reactive ~ub~talLce, 

HA h>l.> been identified as a bone [7owth factor, stimulating the gTowt,h of lLeW 

bone onto wrbccs where it has boon depooitffi, The r€sl.1lt is the fOrTnat,iOlL 

of il. stron~ bone-implant interface early on in re<:<.nrery, HA pl'€;;ent,ly ha~ CE 

approval, however the FDA has revoked its prior approval. Poor HA rewlt", 

have boon reported by Field et al, (19\17). 

2.5 Standard Implant Materials 

A uumber of pl'o\'cu implaut mat.cria.ls exist and the one!' applicable to this 

project are discussed in tenns of th€ir material properties, biocompil.til~lit.y 

and failme modes. 

2.5.1 Titanium (Ti~6Al~4V) 

Titanilun alloys arc one of the materials of choice in orthoj.l€di<:s t<x13.y, 

Titanilllll has the advantage of lower density and lower €lastic mod\llu~, 

clJllJllecl with high t'trengt,h and a V('%,I' low rate of corrosion (Hench and 

~J,hridge, 1882). The lo"w den~ity roollce!' the patients awaren€ss of t.h€ 

pn*'thc>;i~ awl t.J,e lower da~t.ie modulu~ reduct;S ~tre!'re!' around the implant 

by flexing wit,h the llOlLe. 

One negatiw in ll~ing titanium i~ it!' poor wear pmpertiE'S, howeV€r, reeent 

advanc€s in the Ca8€ hardening of Ti-6AI-4V have produced .50 - loopm 

weal'-re~i~talLt. oxid€ lay€r~ (Vicat .... , 200.5, pel'~onal collUllllnication), This is 
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promising for wCar applicMion whcn, [at.iglw is llot. pref'<~llt. Grover (1966) 

[rJllml t.hc fatigLlC limit o[ a. heilt_tn~m.iXl t.iWlli 11m alloy' t.O hi, aho .... i' .';0% of it~ 

teIL~ilc strdlgt.h. Thc fatiglW ~t]"(~jgth~ of or.hd- hiomcdical material~ rallge 

from .35% to 45% of their tenbile btrength, 

Ti-6AI--1V ~how~ two ordcrs of ma~t.11,k lc&< corro~iou t,lL;m :116L st.aiu­

Ie-, btl\el (AragOll ~Jl(l Hulbert. 1972) ~lld the latter become~ pitted while 

the titanium corrode~ Ulliformly. Titauium owe; itb corrObi"e re;ibtance to a 

tightly adherent oxide layer which p~bbjyllJe~ the ~urface. If this oxide layer 

ib continu~lly rubbed off by coutact with allother hard ~urface. fretting corro­

sion (>ccur~, Thib ~hould be avoided. Chemic~l ~terilization appear~ to have 

no dfocl on corrosion rates, while dry heal and steam do affect titanium. 

significantly reducing the corrosion rates by producing a thicker oxide I~yer 

(Hench and Ethridge, 1982), 

2.5.2 Cobalt Chrome Molybdenum (Co-Cr-Mo) 

Cobalt dmlme Ilwiyt"lcIlLlIIl i~ llHe<1 ill orthop"licH maillly [or it.H excdlellt 

wear re>;i~tauce: iu some C&~i~ it, is 11tili/.,,1 ill high ltJild applicatiou~. The 

Jllilterial ii' extremely hard an,l is diffieilit t,O machinc. Tlw rate of corrosion 

is low and uniform (Hench and Ethridge, 1982). 

2.5.3 Ultra High Molecular Weighl Polyelhylene 
(UHMWPE) 

The inuivo problems &s.s<wiatoo with UH/l-f\VPE 'Me abrklSive wear, polymer 

degradation and cold cr....,p. We&r particles have a l'Mge surf",;e to volume 

rkltio when compared to their parellt material. A~ a re>;ult , tibSue reactb more 

readily wit-h the mAterial, crew,ing An irritAtion and lo"-S of f,md-inl1 whi"h 

N)IlStitut,,,," i' fa.iluri' of t.he pn)f;t.Jw!<i~. Thc polymcr ,kgradi1< Over t.ime; lip 
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to a 30% loss of tflmil~ ~tr~Tlgth ''''IS reported in a 17 month in l,>ivo ~tudr 

on polyethylene sutures (Leininger, 1965) 

lJU/>.lWPE i~ how<"ver, the primary bparing burfac~ \I~ed in ,,,mjlllletion with 

O.l-Cr-\Io_ 01.1o"r inn()vatiollH aPP<"aring Oil Ih" market to<.lav arc, md.;J 

on metal b"ariIl~ ~1lr[a'~"8 and ceramic on cf"ramie waring ~\Ilf'l(~"8. Theil 

manufact.ure iH ~p,,~i,Ji~(xI and have been ruled out for uS<' in tloi~ proje'~t. 

2.5.4 Polymethyl Metacrylate (PMMA) Bone Cement 

Pl\Il\IA i.~ polymcd"ed in situ, creating a ehemical readiuTl thaI. produe& 

tlocrIwll tmllllJa riu!" to the polymer f<laehing temp<'nlt.lln'" CIS hi~h as U(,"C 

(Ulllt€l1<.ehlager <"I aL 1974) _ 111P otlopr immcdi"t.c problcIIl" ,ue th", chemical 

and mechanical trauma which (){'Cur WhPIl the '~"mellt i~ pr<"8Sllri~ed onto thp 

bone_ 

Po",~iblr the wOlOt problem wit.h bone ,~em",nts is th", dpwrioratiou of thp 

polymer-bone or polymer-m",tal interface, l",ading to meci'auical in~tabilit.y 

(Heneh and Ethrid;>:e, 1~8'2). Th", reas0115 behind thib are tloe ~tren);th and 

atlhesion prop"'rties of oone cpments_ P".f\.fA i~ rdatively stron~ in com­

pression but weak in tension. 1'lop fatig'.1P Ht.re,,;>:th o[ t.he polymer IInd",r 

physiological conditions is in the order of 5 7M}'" (l)a"i~ el al" 1987) 

'with Lee and Turner (HJ77) rf'poniUIS a t.cnHi]e stren~th of '25MPa, 1'his 

is Ih", main f<lason why therp i~ a poor long-t.crm ~llr\'ival rate for glenoid 

componpnt~ whieh rely heel"ily Or! bone Cement [or fixation, 

P:\-I"-IA c~mpnt has no adhf'.~ive properties and >Ids as a gluuling b",twet'n 

tlop prOi;t.hAAiH 'mu bone, It merely fill" space 10 create a ridged link l.,.,twet'n 

t.he bone and prosthesis (Hench and Ethridge, 1982) _ The e'lIl~"'lII""ee of thiH 

physical prop<"rty i~ that undprcuts, Ioolc;; 'md fllrrows nc~,d to be designed 
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into th" prObtil!'Si8. A good 8nrgi",J pro<,,,iurc rdi"b on th" PMMA dough 

being pressurized benveen t,he bone and implam whidl result.s in a filling of 

any avaibble c,wiLies. This is what produces a good interlo~king of P111lA 

with both the hone Hnd metal ~m[ace!< with which it i~ in wnt·ad, (~eating 

a ridged link bctw,,~. the two_ 

2.6 Implant Failure Modes 

One mu~t remember t,hill joim rel,lacement is one of the most demanding o[ 

all body implam applicaLions, bet:ause of the exlent of loading. lhe severity 

of the chemical elwironment,. and t,he complexilY of joim function (Lisagor, 

H175). 

Glenoid li..x,1Lion is t,he weakest, link in any tOLal shoulder replacement,_ In a 

FEA ~t,ud'y done on UHMWPE linings used in an anaLOmical TSR Gupta 

el al. (2()04) showed lhat, if subdlOndral b<me along the longit,udinal axis of 

the ~lenoid c,wit,y is I,resenoo. glenoid fixation &rength is impro,'ed. Rea­

~on~ [Of component loosening are lhe design of the implant" poor surgical 

t.ochnique, limit.ations in quality and quanlily of bone for fixation, LiESue re­

action to debrib, and high Imt.icnt. adivity kv,'l~ (Boyd d. a.L , 1!J9(l: \Vilde 

et '11., 19S4: Dunett eL aL. 1987: Kellyet, aI ., 1987) . The presence of one 

or more of t,he above fHctor~ may result in aseptic looooning_ BoileHu et HI. 

(2005) btawd Uwt r"verse ball-in-socket I'fo<;t.h",.o; t.end to filiI bCCim,.., their 

d,-,"ign ","mit.,; in cxc",,~ivc t.oeque and ~heiH' [orce!< being apl,lied to the ~lenoid 

cumponent dllC to the center o[ rolation being placed oUl.side o[ t,he ocapub, 

,,~,..,.,n in Fi~. 2.S(b). One mUSl ,uso kccl' in mind that the holding 1Xlwer o[ 

~'n'w~ genccally dec.-ea.<>0.< wilh lime rHenm and Et,hridge, 1982). 

The othee majoe mode o[ failure for constrained TSR is an lnlControlied 
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Figure 2.16: The Delt.a® cup is shown impinging on the lower border of the 
glenoid (a), a radiograph of an impingement taking place (b) and a retrieved 
polyethylene cup demonstrating wear (e), (Boileau d ai. , 2(05). 

dislocation of the link betv,~n the humeral and glenoid fixation eomponents. 

This results in the 1l€'.ld for revision surgery and there i~ a high )X)8Ribility 

of limb amputation. One may argue the patient should take care of his/her 

arm and not load it excessively. Dislocation of constrained TSRs have taken 

place when patk,nts have rolled on their side while asleep (Lane 2005, peroonal 

communication). 

Impingement of a proothesis on surrounding structures or itsdf is undesirable 

and falls under design failure. In ortbopeciiClS every case mn~t be taken on 

merit as t.here are many VllriablelS to every outcome. An example of impinge­

ment is given in Fig. 2.16. Other a:reas of fuilure al'e corrosion and wear and 

these modes of failure are goverTJ(~1 by t.he designer' s choice of material. In 

this project the materials have I)(~'n sp<~cified and therefore failure modelS of 

corrosion and "WII :n(~~1 not b.~ diocussed. 

2.7 Summary 

In closing, a list ill given of the important points p<~rtaining to problem~ that 

remain in the fidd of con~trained TSR. 
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• Poor glenoid fixation, due to qlllilltity and quality of bone. 

• The uncontrolled dislocation of the link between the glenoid component 

and the humeral component. 

• Space constraints as a result of k'88 skin available to close the wound 

after !l. biopsy. 

• Low mobility of the shoulder is due to r<JS!JCtlon of the abductor muscl<JS. 

• 1\0 c()n~IJ"lined TSR with muscle attachment points available on the 

markeL. 
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Chapter 3 

Specifications 

The obj(x,t.;,'e of this thesis Wa.'> to generate >l CT8H. cieffign. TIU"!~ ,'bble de­

sigHs wert' generatoo: t.he Qtwd-Point 1'811, Hyhrid-Serew TSR and Central­

Peg TSn. (Fig. 3_1)_ A quantitative t.almlar summary of all thrfle desigIl~ and 

the dffiign target. i~ given ill this ehapter. 

Specilleations haw two f\1Ildi()Il~, the first is to darify t.he design problem and 

set a quantifiable de~i)SIl t<lrget, the ~()e()Il(I is to pro"ide a means of comparing 

designs_ The specific;ltiol1s have boon di"ideu up into categori"'l b,,~~l OIl tlw 

oomponent~ that make IIp t.he [mal prosthHsis "lid the;/' component" lJrl\~~ 

b()tm ident.ilIed as glenoid fixation, hunoenlJ 'l,;;;;crnhly and t.he hall-il1-socket. 

A general and joint mnge of mohility (RO]"l) cat.egory is also giWll. Realistic 

target ""lue", have heen generat.ed for each spflCifi"kll;ion when po~ihle >l!HI 

>lTC ;o;iveu ill t.he eolwllll labtoled 'Desired' in T"hle 3.1. The adll,,1 VallIes 

att.ained by the Quad-Point, Hybrid-S"n~w >l!H 1 Ccntml.-Pe;o; TSn. designs 

(Fig. 3_1) "re given in tlwir respect.ivc oolunws (TablH 3_1)_ 

A detailed explanation of how e"d, d(""ign fUIlet.i()lls L~ given in Chapter 4 

aud Chapter ~ will highlight the dpsi)Slls strellRths and weaknesses. 

33 
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(a) (hi (e) 

Figur~ 3.1: The Quad-Point TSR (a), Hybrid-Screw TSR (b) and Central­
Peg TSR (e) design side views. 
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) ~ .. , , , Tall~ 3 l' Desig11 ~p"t'ifintion~ 
No, Requirement Desired Actual Actual Adual 

Quw- Hybrid- C"nt.r;li-
Point Screw Peg 

-
Glenoid Fixation 

1 i :iumber of screw ",- m;lX , , 1 
t.a.chment. points 

2 I 
:iumber of cemellted ;ltr ''''LX 1 " " t.l1.cllmPAlt. points 

., ---, Volume of JJolle mIll 2.S7crn 4.G7cm 5.16cm 
rem,-"",lt 

4 Contw:'l Mea of cement m" 
-

92mm-' 1l.7mm 1l.7mm 
on bonet 

, Contact ;lTell of ,-",mem "",X 5.2mm fiAmm GAmm 
on pnlSth,>;ib 

6 COllt,l('l i!J.'"" of pro61_he_ m" 14.1mm 17 7mrr." lS.7mm 
~i~ On bone 

7 Strp.ngth of t.he in;t.;,," Ill"X - - -
, 

fiXIl,tioll 
-

8 Cent.er of roLlt.ion from mm 18mm 24-mm 24mm 
gl"uoid face 

y Distance from humenll min 4fimm 41.4mm 41Amm 
shaft. axis to glenoid fll"" 

-
10 U;;e of 11Ot.h cement and / / / 

, bOil" ingrowth [ix1ll-ion 
-

I HUIIlp.ral Assembly 

11 All wpm; to be lockerl 
i / / / 

with II tim""bl section 
I -

12 _\-linimum number of su- 4 5 , 
i 

1i 
lure holes I 

14 _\-linimnm di"mel-er of 4mm 3.5mm 3mm 

I 
:Imm 

I 6ulure holes 
15 \iillimum nmul,er of 2 2 2 i 2 I , 

for the "Ua.ch- I gr(jO\~-"; , 
m"nt of 1)""",.,i'" 

- -

t Cakulatoo for II Imm t.hick c"ment. ma.llt.eL 
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De8i~n specificadons table r'£mt. 

No. R.equirement Desired Aetnall Actual Actual 
Quad- HybTid- Central-
Point Serew p,,~ 

Humeral Assembly I 
, 
; 

cont ... , 
--

1(; Diameter of grooves 2m'" 2m", 2mm 2mm 

"ero'" to attad, 
Dacl'Oll® with wire 

-
17 Bllilt ill lIlodulari(,I' / / / 

--
Ball-in-Socket 

-- --

" _\IinilIllllIl ran~e of mG- IlJ()" 90' !l(r 90" 

lion 
151xl .. V----

f()]'c" f( Xlllinxi " Axial -- U,OOJ\' IG{Xl:V 
to diH\O(;aW tlw gleno-
hUI1l('mllink 

20 Axial force requiT'e<l. to lQOO .. V DI)[),'..' DOG;\' !J{)'!:Y 
produce plasti" defor-
mation '" the gl"",.>- , 
humemllillk 

--
21 1I.\()IIlellt reqllireci W -- 4,'5N", 4,'5iVm 4,"Vm 

separate the gi,"llo-
hllillerallillk 

22 1I-10IIWllt required to 2"J\'m 1511,'m 1 ,'5.1,'m I 1 ,'5.1,'m 
produce piaHtic defor- , 
Illatioil in die rocket, ; 

lip 
, 

General , 
--

2:; OIlly liSe IllMerials Ti -- ,- / / 
b1\I-4V, UII.\IWPE and 
Co-Cr-.\Io 

-
24 Impingement tolerauC<" 2mm 2mm 2mm 2mm 

2° " Locatin~ window for 20' 200 20' 20' 
conical ocrBW8 I - --
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Design specifications tabl€ coni, 

No. Requirement De~ired Aetna! Adna! , 
Qllad- Hybrid-

I Point Sere,v 
-

.Toint Range of 
Mobility (ROM)! 

-
2:; Elevation 160' 160' 1600 

26 Exten",ion {,if {ilf (;()" 

,--, Exteruru rotation in 60" 5T 52" 
Alxlll(:tion 

-
28 Internal rotation m 60' ,lie :18" 

f-29 
abduction 
A lxill(:tion' 140" pC' 12.5c' -" 

-
29 Poot-erior reach Sl non€ non~ 

t All calcll1ation~ ll~ a 7" glenoid retroversion and 5c' glenoid tilt. 

~ Abduction indllde« a gl€IlOhumeral rhythm of 2:1. 

37 

Aetna! 
Central-

Peg 

1 (iI)' 

{iO" 

.52' 

?.!l' 

125" 

none 

Some of the ~p<'cifications have be!!n listed with €ither a maximum or milli-

mum valu€ at; WlTiability invo!v(xl in the hllman sholilder and sllrgery prevents 

Hl€ g€nemt.ion of Jlx<'(! target values. 

A flltUT€ ~tI1dy may u~e this illformatioll to help e)'.'plain why a concept SllC­

G€€d€d !!xj;erinwnt,ally ill the areas of the glenohllmeral link and gl!!noid fix-

ation, 

• 
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Chapter 4 

Final Designs 

On ,iw h,sis of the desired spocifiea tions laid out in Chapter S, concept~ 

were gencIatoo >l,nd <UHllyzed. Of tho&e concept~, three of the most promising 

were de\'eloped int.o th" Quad-Poillt, Hyhrid-Sen"" 'md th" C;',ntrnl-P"I'; TSR 

design~_ A Sillgl« g]«"OhllUWTl'.i link wah d(w«]OJl"d ll~illg bot.h ,>xT",rirn«nt.al 

and fulite element aM,lysis (FEA). Th" fllndion 'md m;~;mIlbly of thiH link 

will be< ,>,xplain«d in thi~ e/HlJltm tngdhcl' with ,!Je function 'llld m;smnbly of 

the Quad-Point, Hyhrid-~",,,w 'md C«nLml-P"g TS.H. dp;;i811~, 1t i~ lllHocrtain 

which of t,h" t,hm" d«signs will h'lVe it sllp<~rior glenoid flxal ion. To ,.seer! "in 

tjti~. eXl'cIimentHl work wOlild imve to be ciurioo om. In Ch,.pLer [; only the 

possible superiority of «lI"h dpsigllS gh<llOid fixation iH di~""s~,d_ 

A list of t,h" d(.,;i~~ follows <illd >Ill I echnical dr"wings can be fonnd in Ap­

pendix E. 

• Quad-Point TSR 

• Hybrid-Screw TSR 

• o.~ll.ral-Pcg 'T'Sl-l 
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Soc~t Bottom 
Full-Ol-OS 

'op 
Full-Ol-06 

CHAPTER 4. FINAL DESIG1VS 

I Socket Locking Clip 
,. Full-0l·07 

! 
/ 

B~II ,~, ~~.~:/ 
Ful l-03-04 

Figure 4.1: Socket assembly. ISIQU Orthopedics. 

4.1 Design Similarities 

Design similarities are firtit dh;cu!iWd, fol1o"'"1.'<1 by a detail<XI explanation of 

eacb TSR's assembly and fimction. 

4.1.1 Ball-in-Sncke t Syst.em 

Tbe UHII IWPE wcJu>t is ~plit in two balves to facilitate the insertion of a 

Co-Cr-Mo ball and ~tem (Fig. 4.1). However, the socket iti not bplit on the 

equat.orialline of the ~l'herical cavity. Thiti U. done in order for the ball to clip 

into the top half of tbe socket. Tbe rationale is a reduction in wear may be 

possible on the inside of the UH11\VPE "oeMt, Illi stre»ti concentrations will 

not lie on th~ fault/split Iin~. Th~ bottom half of the sock~t i:; insertf'<i into 

a titanium housing followed by the coupled ball and upper half of the socket. 

The ~y~tem is then locked in ploce by a titanium caLle placed into a groove 

created in both the top half of the ~ocket and the in~ide of tbe housing. 

The RO/Il of the ball-in-socket joint is 90 degrees (Fig. 4.2). The socket 
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Figure 4.2: Range of llIotiou (ROM) of the ball-in·socket. 

can withHtand a nlliXimum axial force of gOON and a maximum cantilever 

force of 15Nm. The maxilllli are based on the onset of plastic defonnation 

(Appendix C). 

4.1.2 HUilieral Fixat.ion System 

Humeral stem fixation is robuHt aud clinical reKultH have shown an illmost 

zero failure rate. The design giveu for all th,w TSR'H is a Htandard tapered 

Htem with three flutes (Fig. 4.3). The stem is fitted with a male taper and 

thread section on its proximal end. which locks together with a humeral stem 

extension; the thread inti1lfe~ that the tap€r will uot diHengage. Plate!< are 

incorporated into the distill end of the hlUlleral stem extension (Fig. 4.3). 

The1)e plate~ lllay be required in cases where an extended proximal humeral 

resection (Fig. 2.3) is necessary or poor oone stock is present. The surface 

of the plates is roughened to allow for bone ingl"owth and groove< are pro­

vider! for the use of sllTgical k>cking wire, thuti increasing the Htability of the 

attachment. 
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CHAPTER 4. PINAL DESIGNS 

HUI1l~fal Stern r " Full-Ol- ll 

sectiOn on A-A 

Fig'lle 4.3: Humeral fixation acrording 1.0 ISIQU orthop€dics. 

ret 01 11 

FIgure 4.'1: :\Iodular humeral extension system l>emnJing to ISJQU orthope­
dics. 
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4,2. QUAD-POINT TSR 

4.1.3 Modularity 

It is pce;ible to use various length humeral stems and humeral stem exten­

sions, The tapers in shoulder p1ltients with large muscle loss are nol Wlder 

constant compression and ,lS a result, a catastrophic unlocking of the l<lperS 

lllliy DeCUL To prevenl this, ew::h laper is badi:",lu" wilh n thr""d"d "x;t.ion 

(Fig. 4,:l), A surgeon will normally requir(' lhre., ~i~,'lS of ('adl com"",,,,nt fo!" 

,;j~ing in t.l",ntr!' awl th" "waH ~i~" is d,os(;], 011 th" b,~~iH of a radiograph 

takl'H of t.lw "ati!'nt.'H hUTIlmus. S"'Il"t.im!'~ ,,,ldit.ioHal Hi7''j; are al<;() supplied 

iH ca.,*'~ ",lwH' t.IM' !'''SN,t.ion "u"'gin is HOt. w"jj ddir",d and TIlore bone has to 

1:><, Tl's>-'chxl. 

4.2 Quad-Point TSR 

The designs of the glenoid fIxation are partly b,lSCd on Depuy'. DdLlI;\' TSR 

(Appendix D), Fig, 4.5 shows the Quad-Point TSR design in lhree vic'W-,;. 

The Quad-Poim TSR cemwl slem is cemented into the glenoid, Onec t.he 

cement h,lS fully polymerized, two cortical screws with spherical he,lds ,lIe 

inserted inlo the glenoid. Both screws have the flexibility of being located 

iH a 20 d"grH' window: t.h" TII"an loention !\Jlg1e of each screw is 35 degrees 

either inferiorly or superiorly (Fig. 4.6). '1'h" ~up('rior HCn'Vi i~ Hhmt;,I' thaH 

the inferior screw, which is designed to loc1lte in the medullary c,lVil,1 on the 

axilla!'y border of tIl" scapula. 

Om:!' th" ';(K;hl h()lL~iHg i~ fix",1 to th" gl"noirl; the conwoid plate can be bent 

into a ~Imp(' that. confo.-m~ with th" (;OI'H<.nid IH'O""""L '1'1", coracoid plat" iH 

then lightly ",;rcwed to the "",Jed housing using two tim, thr('",1 ""n,ws with 

"olyethylene in.eli,s. which insure t.he "';r<'w~ an, lochd in "lac('. Th" "lat., 

is trum ",",nmlllHnl.l,1 Gx.xl to til>-, "on,,'oid pnK"s.~ llHing OIl<' wrtical 8('1'(''''. 
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Figure 4.5, The Quad-Point TSR ~mhly 

,<.i,~g .. ;;;a.d A-{ 

SectlOO 00 A-A 

figure 4.6: Quad_Point TSR glenoid fixation. 
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4.3. HYHRfI)-SCRE\V TSR. 45 

Once thi.s is c.omplet" the two ",TtW" on tin, hOll"ing flH' finaUy t.iKhttll(~L 

The humcml components are then as..."fflllbled: fiI'st the top half of the socket 

i6 dipped outo thc Co-Cr-)'lo ball, The distal end of the ball has a male taper 

whidl matc6 with a t"pel' on the proximal hnmeral COm[lOn"nt. The tapfT is 

locktxl iu plH.c" by a screw, thc thre"d of which is fitted with a [lOlyethylene 

in"fft. t,o iusurc pCl1ua.tlellt lockillg of the thre"d. The stem is cemented into 

tIll.' )mm"I'lJ Cflll ,d awl wire lllfly "lso bc usee: to fix the hUmet'"l component in 

pi",,,. O'1(T t.his is achieved. the l~lU-iu-wdwt is "ssembled (Section 4.1.1), 

The a"'-"lllbly of the pr06thesi6 i6 now complete and the surgeon attach",., 

flS m1K:h rCll111iuiug mllicle a8 possible to the suture holes on the humeral 

compoucllt. A Dac.ron® mesh may alw be used and ih fix(~l to till.' humeral 

compouellt Ilsiug wire and the two grooves providtd (Fig. '1.,1), T)", final hkp 

is thc closure of the wound. 

4.3 Hybrid-Screw TSR 

K,.,"scl origiually Ilsed a large un-cemented sc.rew which filled the glelloid 

Cflvity (Fig. 2.10). The Bayley-\Valker®, which is t.he next ge''''I'atiOIl of 

Kessel's design. improved on tht thr"ad SllflP" fllld whid. ut,ili~ •. ," t)", ""rt,ical 

bOlW at t.he vault. of the gleuoid (Fig. 4,9). The lIybrid-&:rcw dmign has 

pllrt,ialty imoorpomtcd tlut dmign and combinoo it with cement fi.xation in a 

reverse ball-in-wcket system (Fig. 4 7) 

Tht gitnoid fiXflt.iOIl plat" ih scrtwed iuLo the Klelloid cavity (Fig. 4.8). Om", 

iI, is tight. 011 1.1..., glenoid, t.wo or t.hroe of I,he cight tlu'!Cw:k-.:l holes arc cho..."-Cu 

for t)", illf;cI'tion of celllellLed &:rews (Fig. 4.12). Threa<:k-.:l studs will first 

b" uSl.,d to locat" t,he p(IHit.ion of t.he mmcoid plate a.tld the surgcoll 6hapes 

I,he platt 1,0 ""nfonn wit.h the corarooid proCC6S. The plate is theu &',rewed 
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CHAPTER 4. Flr.,'AL DESIGNS 

Figure 4.7: The Hybrid-Screw TSR assemhly. 

---{oraooid 
plate 

ceme!ltino 
~"W 

Slot used to-­
M]Ust coracoid 

pldle anQle 

COitical 

screw 

Co-Cr-Mo 0.," 
femille lapel 

SeeMll on A-A 

Figure 4.8: Hyhrid-Screw TSR glenoid fixation. 
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4.4. CENTRAL-PEG TSR 47 

Figure 4.9: The Bayley-Walker® glenoid oomponent im\Jianted in the scapula 
(Ahir et 31., 20(4). Note the threM protmding through the vault of the 
glenoid. 

into the ("orB(:Oid peoce"" and the two tlrreaded studs ...re removed from the 

glenoid fixation plate. The screws are then cemented into the glenoid, with 

the thread 100'king both the pegs and comooid plate in position, resnlting in 

a rigid system. 

The humeral tomponont is then assembled and cemented into the humeral 

canal as des.;ribed in Section 5.2. The next step is to assemble the top half 

of the UH/lIWPE sockM with the Co-Cr-/llo ball. One<> this is oomplete the 

the taper Oil the prOXlmlll end of til<' ball is locked into place by the thre&cl 

at the proximal end of the taper (Fig, 4.7). The ball-in-socket system is then 

a.N.'mbled and locked in place with a titanium cable as described in Section 

4,1.l. The surgeon follows the same procedure as undertaken in the final 

steps of the Quad-Point TSR implantation and finally closes the ,,·ound. 
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Figure 4.10: The Central-Peg TSR assembly. 

_ ..... -- Coracoid 
plate 

cernenting 
screw 

So, """"" . 
adjust ccxacOld 

plate angle 

coracOId 
~"W 

stem 

female taper 

Section on A-A 

FiRUre 4.11: Central-PeR TSR R1enoid flxa.tioll 
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4.4. CENTRAL-PEG TSR 

Central-PC<) TSR 
glcno<d fixatioll pL3tE 

Full'02-0l 

• ., • 
., . -. . -.-.!:' 

Figure 4.12: The difference in glenoid fixation plates. 

-1..1 Central-Peg TSR 

fhe Central-Peg TSR (Fig. 4.1O) is very similar to the Hybrid-Screw TSR in 

de,;lgn. The only component t.hat differ~ i~ the glenoid fixJ.tion plate where 

all un-ccmented stem is used instead of a Rcrew (Fig. 4.11). The result is the 

need for only three threaded holes on the glenoid fixation plat.e (Fig. 4.12), 

as the plate is not rotated. A central hole is drilled int.o the glenoid J.l1d the 

ridged st-em is fitted into th!' glenoid. This is followed by the same procedure 

us the Hybrid-Sen·w TSR (Section 4.3). 

4.5 Summary 

In this chapter, th~ a.ssembl.Y a.nd function of the thn~ TSR designs have 

been discussed. The next. dlll.pter discusses the rationale behind the designs 

and the po~itiv" and negative points of ea.ch design have been highlighted . 
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Chapter 8 

Future Work 

There is potential for future work on thi~ project. The work dcscribed in 

this report j~ predominantly for the dc::dgn phase of the project. There is 

still work to be done in the areas of prosthesis testing and the development 

col' custom tooling needed to implant the prosthesis 8ucttssfully. 

8 .1 Testing Glenoid Fixation 

The design process of this thesis culminated in two ext.remely viable glenoid 

fixation designs. I"ow the perlonnancc of each oosign with rc~pcct t.o an 

f'.xisting standard needs to be quantified. Depuy's O€lta® reverse shoulder 

replacement woold be a good ~tandard with which to compare rcsllltS. The 

prosthesis has been on lhe market since 1991, and it is possible 10 obtain a 

used prosthesis for the pllrp06e of reverse engineering. 

In vit'O studies are complex and there are ethical concems, but the most 

gianng problem is subject variability. Cadaveric testing is possible but the 

testing would not be carried out on a fixed geometry as evcry scapula is 

unique. Complex FEA ean be carried out incorporating bonc remodeling. 

The&! model8 are computationally cxpeni:dve and in some CMCl; only give 

an insight into stress OOIloontrations and bonc remodeling pattcTll~, not thc 

67 
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CHAPTER 8. FUTURE WORK 

Figure 8.1: TIle scapula fixation test rig designed to mouut onto a Zwick 
materials tester. The arrows show an iuferklr and a superior load on the 
glenoid. 

loads at failure. 

The author proposes the use of synthetic materials to simulate the scapula 

bone structure as this approach has been used to test implants in both syn­

thetic femurs and tibias of the lower limb. Sawbones Pacific Laboratories 

produces both the femur and t ibia commercially. UnfortUllately they do not 

produce a synthetic scapula which simulates bone, but the company would 

huwever split the costs of manufacturing a mould for this purpose. Another 

alternative is to make one's O"lIl mould: all the materials required to do 00 

aJ:e stltndard. 
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8.2. METHOD 

Brass ball 

Copper 
locking ring 

UHMWPE 
sod,l,t 

Mild steel 
cup housing 

D' , 

Figure B.l: Cross section of the ball-ill-socket test joint held in the place by 
a wire locking ring and the rigid steel housing. 

aim il; to filld a suitable linking componrnt for Ilf;C ill a coru;trained hllOuider 

jOillt that will fartify the oncologil;t 's arsenal ill fadlitatillg limb H8hage where 

ruu,;,;le loss in the joint area is a major factor. 

B,2 r..lcthod 

As ~pa.ce (:on~t.TIl.int~ arc one of the drciding ff!.Ctor~ in the design of a shoulder 

prOh1hesis, a 020mm dilllllCter spherical ball was chOl;Cn as the test standard. 

This is the smalil'St commercially available eo.er-ilIo ball for use in medical 

implants. The material u,;ed for the ~ockets Wall UHIIIWPE, all this is the 

only biologically compatible material ~uited for the det'ign due to its good 

,,-car properties. The design was generated as follows; first rough caiclllatiolll< 

were carried out using interference fit theory (Shigly and .Mischke, 1989) 

and then these values were used to formulate an analytical model using the 

Fillite Element Analysis (FEA) package ABAQUS (HKS, USA). Computer 
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B4 APPENDIX E, PHt:SS-FIT SOCHET H../o'PORT 

¢ 19.20"," ¢19.30 ... )")19.40 .... ¢19.50,"," 

I , 
UHMWPE socket 

FigUT~ B.2: Th~ change in shape of the Hock"t ai, HI<, "nl ry diwnder illcre,"-""s. 

simulations were carried out keo?ping the ov"r-all dim"'k~im." of the socket 

constant, while changing the inlet dimn",t.er (Fig. H.2). ThiK dmlll,:<,1 the 

degrE'<? of plasticity HIe mckd und"rgo<'" nmil !til entry dbmet.er was found 

where t.h" initial prffi~ing in of th" han [(,,,"It(~l in Hlighl or zero residual 

HtreH"""', Til" ,lat.a from til" f'EA KiIImblioilH was tlWll used to design the 

sockets that ,,-ere later experimentally tested on the Zwick tensile tester ill 

the UCT Materials Engineering Department. 

B.2.1 Interference Fit Calculations 

When two cylindrical parts are assembled by shrinking or press-fitting one 

part. upon anot.her, a cont.act pressure is created bet."'~"l H,e r;vm partH (~higly 

and )"fh,ehke, 1 ml9), Tlw HtWS."'" rt:salti1lg from the <:011[&:, pn,;;""w can tlwn 

be calculated using the equations found in Shigly and IIlischke (lmm), pg.(j2 
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B.2. METHOD 

Step 3 

:::"'v.:","~- Rigid ball 
Ui-f\fV.,'PE 

- - socket 

_ __ Rigid socket 

housing 

Figure B.3: The PEA modeling set-up. 

R.'j 

& 63. It is assumed that the the socket and ball are cylinders. The results 

showed the UH::'1WPE would experience plasticity at an inner diameter of 

019.4Omm. Tlils information was thc-n used in formulating t,he FEA uU)deL 

B.2.2 FEA l\-lodel 

The model was made up of three components; a ball and housing both mod­

elled as rigid and the s.;ckrt moddled IlS UHiI.!WPE, wit h a Y')lJng's modulus 

and Poisson's ratio of 0.8GPa and 0.25, respcctiYf'jy. The point at which the 

UH::'!WPE experienced plasticity was 22MPa (Hench and Ethridge, 1982). 

The system was modelled as quasi-st.atic where no dynamic influences ",-ere 

taken into account. The analysis procedure can be seen in Fig. B.3 where the 

bali is pushed into the socket in Step 1. In Step 2 the rigid housing is moved 

up to ince.se the socket and finally in Step 3 the ball begins to dislocate. The 

points that were monitored on the model v,ere the reaction force on the ball 

and tbe ball's position relative to the center of the socket. A temperature 
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APPENDIX B. PRESS-FIT SOCKET REPORT 

(3. '; (bj 

Figure B.4: insertion of a ball into a SOC'ket using the Zwick compression 
cradle (a) and the set-up of an empty cradle on the Zwick (b). 

variation was not modelled. 

B.2.3 Expl'rillll'lJi-al l'vTodd 

Once the FEA mooel was cowplete. an inlet di8.llleter range between 018.85mm 

and 0l9.55mm wM selected for testing, as this would cover the range in 

which plMticity WM taking place in the FEA wodel. This range would also 

give some extra room to explore what would happen ,,·hen the UHllWPE 

was experiencing plasticity on the initial insertion of the ball. 

The manufacture of the "ocket. proved to be difficult. as a high machining 

tolerance of five microns was necessary. This WM achieved using the the 

BURCUS 2000 PC lathe, in the Department of Mechanical Engineering at 

VCT . A single extrusion of UH]I,!\VPE 030mm roo was used in the UlilJl­

ufacture, a specially designed lathe cutter WM also needed (Appendix E). 
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B.2. METHOD 

"rt>"heaJ 
plate 

Zwick base 
plate 

• 

" 
Socka: 
hrlll,jng 

Ii 

FiguTC B.5: Th{' Zwkk tcst sct-np. 

L,,,,king ring 

lIHMWPE 
Socket 

H; 

Thr eutt-e-r made it possible to produce the undercut on the socket and it 

was mannfactun~ iJ}' Schuunnan Engmeering using wire {'msion to a.ehicw: 

the high accuracy nccessary. A 020.00mm spherical brass ball was also ma­

chined on the HURCUS 2000 PC lathe. Brass was the chosen material a~ 

it would he rigid enough for the testing and the softness of the brass would 

ease the manufacture process and facilitate the high toleranCffl nf'Ce6Sary. 

The te~ting wa,; carried ont in two stages during B. singi{' wC{'k tv limit testing 

error. All t{'sts W{,Ie carried out on the Zwick t-e-nsile tester in the VeT 

Materials Engineering Department using the lOkN load cell. The test set-up 

consistocd of a compression cradl" for the insertion of the ball into a socket 

(Fig. BAl. The compf€ssion crarlle allows the tester to be able to test in 

tensile mod{' at all timcs. Testing in compression is more complicatctl and 

ran CallS{' pd<tIancous crrors to rreep into the data, especially when loads as 
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BH ArrE2'WIX Jj. J>RPSS-FIT SOCKET RFTORT 

Table B l ' FEA disio{'atioTl forceti 

~et diameter mm Dislocation forre "'-i , 
019.30 ,1H 
019.40 :)00 
01!),50 

low 8.~ a ]00'",' al"B being meastll"Bd. The ball is dipp"d into saline solut.ion 

prior to being insert.fJ(i into t.he socket.. This is to lubricate t.he system and 

prev.mt UIlTl!JC<olSSary tihemin,.; damage 0Tl the 1j(;ckHt duriTlg iIlsertiOTl_ OTlce 

the ball is iIlsert",,!, the ~Jcket ami ball link me nm,ovwi from the ('oIrlprc&;im. 

"radle. The ball is then rotated in the SIJ,:kct to make sure that the inside 

of the >lO"ket is full,1 "oated with saline solution as this replicates in vivo 

C:()llditiollS. The ball-in-socket is then inserted into a mild steel housing, 

follov.w by the wire clip (Fig. B_5). The C'OlllPJete link system is t.hen fitted 

to the Zwick using specifically designed couplings (App.mdix E). Thc ball 

is thcn dL~located from the socket. and t.he two rrWaBureIllcnts t.aken are the 

tensile force given by the load cell and the displacerr"mt of the Zwick (1"(N; 

head. 

13.3 Results 

The results ~howed a good correlation bet.ween the analyti<:ai FEA modd and 

experimental data. There wure however, mal'ked ditrerenr"", in comparing 

the shape of curves. The experimental results will always be explai",,,,, with 

regard to the FEA results as t.he FEA retiulw haVIJ fe"",r extemal fadors 

infineT"'iHjI; the outcome. The external fa<:t.OTti present in the experimcntal 

sct_up arc the tCHt rig, fridion a.nd the pl'CSCncc of air. 
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8.3. RE;SULTS R9 

B.3.1 FEA Results 

The re;;ults showed a 301]'70. im:w;'ll,e in holding ~Ll'engt.h when Ll"" rigid hous­

ing W8.l< ill place. 'fhr"" simulat.ions w<'re carrioo out. for too following inlet 

dianwters: 019.3Omm. 019.4Omm and 019.50mm. The 019.40rllln was the 

ma..ximum cakulated inlet. dianleter oofore plasticity occurroo on inserLion 

(Fig. B.2). There is 5211," increase in the forct' nocessary to disloeale 1110 

ball from Lhe socket by decreasing the inlN dimneler from 019.50",,,, to 

019.40mm and another increase of 4i!,N from 019.40mm 10 019.30mm (~ 

T"hle B.l) Thi" is an almo;;t liuear trend for tl><£e throe LesL puin\.>;. 

The visual analysis of au aualytieal modd is wr.Y l""lpful in t.he design proCffiS. 

as long as U10 limil atious awl modd are well uudernto<Jd. Tn Fig. 8.6 one can 

see tilt' lip of the socket uwiergoing piasl ie ddormnl.ion at. I he central area 

wherB LlJoC soek,", has a light grey color. The image was captured fol' au inlet. 

diameter of 019.40mm aL the point of disltx:aLion. A vi~ual rcPI'e;;elltat.ion 

of the stress distribution tliroughoUL LI10 soekcc i~ lJoClpful in impl'Oving tl"" 

design of socket shaPffi. 

B.3.2 Exper imental R esults 

Tl"" didocat.iou forces attailled by the <'xperiment.al r<'sults were in good cor­

rdatiou WiLli U10 FEA simulations. The fact()]' thaL ereat.cd the di""imilariLi'lS 

in the curve shapBs was thB presence of air in the eXpBrimenLal set-up. Air 

trapp€d inside the socket during thB insertion of the ball becomBs prcssur­

i7.e<l, which iucr<'asffi the in,;ert.ion force IHJCessary and shifts the eXpBrimentai 

curve dowu. \Vhile di~locatiug t.he ball a mcuum is formed in t.he socket. 

Thi~ i~ shown iu Lhe experimental rCt<ultH \'Y a dramat.ic increa><e in tlw re--­

aetioo forC€ ill t.he first. millimct,cl' of Ihe ball's displae<'ment (Fig. 8.8). The 

other factol' neatillg dilferenC€H in the reHl\lts, is that in the rEA model the 
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Rll) APPE,'WIX B. PRESS-FIT SOCKET REPORT 

Figure E.G: A closer look at the sockets lip shows the FEA results as the ball 
experiences its m&XllnUIU reoction force (generated in ABAQUS). 

bali-ill-socket is modelled aB frictkln]"AA, wh"rP!ls frictiou plays a role in the 

physical (lXperirwmt. NpVPlthejpss, the author does not believe friction is the 

primary contrihuting factor to the discrepancies between the FEA and phys­

ical results. Once the inlet diameter drops bdow 019.2Omm t.here is a drop 

of between lOON and 50N in the reaction force during the first millimeter of 

displacement after which the normal shape of the curve resumes (Fig. E. 7). 

This may be explained by the presence of a sheer plane occurring and giv­

ing way, creating a reduction in the reaction force. Once this has occurr<><i, 

lllrge sca l" plHl>tic d,,[ormation takes placp and the reaction force OnCe again 

incre<J&>s. This occurs due to the larger lip which would transfer the reaction 

force onto a hypothetical sheer plane lying on a lOmm radius taken from the 

centre of the sock".. 
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H,,3. RESULTS 
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Figure R.7: Th" "i~pLJ.(,,,menl of the b,til "s. Ihe rea,etion force experienced 
hy t,h" hH11 

13.3.3 Comparison of Results 

\Vhen comparing the FF.A and ',-"p"riUlental ,bLa in FiK, D.Ii, there is a 

negatiY", lOON l'eHction fOJ'ce On th" hall in Ihe FEA simulations. however, 

th i~ i~ not prc.;cnt, in I he cxperimenLalsimulMion. The negatiy-e reaction force 

in FEA can only be from the reflCtion forc", the UH\TWPF. i~ applying On til(' 

ball due to the eh5tic. ""'''"BY it hklS gain"d dlll'in:;: th" ,Ii~lo"ation sl ep. The 

aboonc" of t.hi~ n"gHt,j,,, r,,~djon for"" in the e.,,-perimenlal rcsults could he 

explaiJl(~1 hy t.he play in Lhe l(':lc sec-up. When the ball is in tension the play 

i~ t.ak"n up and dt"'" noc infiuenec Lhe r(':luILs. howeY-er, a5 tIl'" &<;cket exerts H 

nCKilti,'C readion foree, only ~mm of play needs t'l exist. in th" Hp;teUl for th" 

neKati\'C read ion force noc Lo register on che load c",ll. T Il(' IUHin C0T",eHl in 

thi~ experiment is the maximum l'ea.dion force on t.he ball during di~l(.>CHtion, 
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APN~''''''/)/X H, PRr~SS-t'lT SOCKET REPORT 

, , 
Displocement [mIIll 

------, ----------- -- --"- -- -- -------- ---1 
r------- ' 
, -"" ~_30 FEll , 
I --'""HOFEA , 

---: 
_. ""9,50 FEll 

-""9:l(1 E'po.-im . ntai 

..... 1<l19,~O Exporim' ",ai 

----""~,50 Experimenl", 

---I 

I 
! 

Fi~ll[e Ri;; Displa<::ement " s. reaction force bhowilLg I,oth FEA and experi­
m(~\'al result~ . 

tlnlli no attempt W>l~ m,,,]e t.o r"m",'e \'he play in the system alLd lll>lke the 

tebt bl"t-lIP rigid_ 

1'iw FE A data for the maximulll readi,,,, fm'" during \'he bwak-out btep 

lie>< WIthin the experimental data a.s b(>{,n i" Fig_ R!), This is fill excellelLt 

""lidation of the PEA model. Due t-o th" PT<:st"l"" of a ir in the experiment-al 

set-up, the increased forl"" nel'BSSary for th" ilk""rtion step can ]x. explained 

by a pressurized pocket of air fOHni"g ilL th" lJlllIlWP E socket There ib 

too little data present- in th" 018.85mm and 01!),mmm range to lllake alLY 

eonclush-e assertionb fOT the fiattelLing of th" ma.ximum rea~\'ion foree at 

dislocation. 

The displlieemelltthe ball unc\ergo~ rd>ltiw to th" ""nt.re of \'he socket gives 

ilLbight ilLt.O th" ""n~i."t.cncy of the experimemal data, whik "ot. (lilly looking 
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B.3. RESULTS 
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Figure B.9: Comp~ring t1.., nH)'xinmrn r"act.ion force uuring the dislocation 
of t,he lMll, wit.h the ma...umum fon" ",,,,kd t.o p110h tJw lMll into t,he socket. 

at the maximum ore,)'k Ollt forc"" iTl Fig. I3.10 ont' can set' a consistent. ore"k 

out point. at ~ m",),n diopb<.""""nt of 1.25mm from t1.., C>"nter of the wcket. ,),t. 

entranC>" diailleter~ 1.><0']0"" 01!l.30mm, The i<Cattering of the dkl.t~ for ]klrg"r 

entrance dialllekr~ eonld lw ,,,,pbincd by the longer inlet wall prodU(",i ~t 

larger uiameters see Fig. R.2, In t.he FEA ~imulation the ball clisloc~ko 

consist.ently kl.t "diopb<.""""nt. of 1.7[jmm from the center of the socket. As 

t1wr" i~ a vacuum fOfming in the experiment~l ooeket. t1w break 011t point, is 

not, as distinct as the FEA bre,)'k out pointo and inman), imt,a.nccs is dragged 

out to ,,,bout th" ~,).fJw point, aH t.hc FEA break out points ~s S<"eTl in Fig. R.S. 

As d", keyl is pushed into thA i'DCket" the 1",11 "xp<'ri,~.e"s a negative rt'ae­

t.ion force. There is "t.nm~itioTl ')'l""a whew the fOfce goes from ]X>Sitive to 

negative, This is th" point. kl.l which t.he socket begil1s to pull the o~l1 into 

the hOllsing as the lip clips t1w 1".11 into place ,md fin,:tlly, t1.., positive ,e~c­

tion force dissip,),te~ klmi go"s t.o 7.cro a~ the ball i~ centralized in the sodwt. 
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B14 APPENDIX B. PRESS-FIT SOCKET REPORT 
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Figure B.lO: The point at which dislocation takes place relative to the center 
of the ball vs the inlet diameter of the socket. 

(Fig. B.ll). The diiferICllce:s in t.he exp<Jrimental data and the FEA model are 

hard to explaiu as there are many factors involved. The use of a r:ompresHion 

cradle, the porket of trapped air being pressurized in the wcket and the play 

that iH present in the te8t rig could all influence the outcome of the data in 

some way. 

B.4 Discussion 

When valid.ating an FEA model in future, the model could include air. This 

is however. computationally expensive aud time-consuming. The otiler alter­

native would be to drill a hole in the base of the socket and housing small 

enough not to influence the structural strength of either component and t.his 

would allow the air to esca.pe with eaoo. An increase ill the otrength of a 
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Figm'e I3.11: The reaction force experienced on the 1IEA rigid ball, 

press-fit 50Cket c»n ,uso be ,).chi,'v(xl by healing the UHlv!\VPE socket before 

t.he in~"rtion of tlw Iml!. 

Temperature vari"t.ion h,,_" not be,'n t"k"u iut.o il.l:conul. as an inlernal pro..<.­

t.hesis functions "t, t.he in ·"w" t"ml,emture of :JTC. The testing has been 

",)."ri"l onl at. 21"C, thus the prosthesis would undergo" 16"C temp"mt,1lr" 

rise under in t~t'o conditions_ The I,h(,,-nml "Xp,l.llhlOU lUay iuilneuc" l.lw re-

suits dmmaticklily klkl I,he si"" of Ihe lip Duly makes up '2'"10 of t.he out-side 

diameter of 1,1", w<:ket_ It is possib]" t.o model t.his change in temperature 

usin)l; FEA sinmlatious aud in the fut.ure redesign of the N:>Cket, t.his will be 

f,).do.-"d iulo th" simulalion. The dislocation due to a momenl, will "IN) be 

calculated and a.::commodated for. as there is no need fo.-!.he fnll mobility of 

a heall.hy anatomical shoulder as the muscle is not presenl, 1,0 "ceorrnn()(hlte 

t.his movement., 
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B.5 

ilPPEIVIJIX D, PHESS-FIl' SOCKET REPOHT 

Conclusions 

The UH::.nVPE press-fit ball-in-S<JCket does not have enough retaining force 

to 1)(, applied ill " ulIlHI,r"ined total ~houlder rcplll<x~nent. An alternativc 

dNi~n is testcd ill Appclldix C IIHiIlg FEA. The rxmdal.ioll bdweell the FEA 

model awl experirneIlI,aJ rt>;ulu; wa.' exl,rcrndy good. a!HI fllllm~ dcsi;o:ns will 

be tested Hsin;o: oIlly FEll. 
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APPENDIX C. C01'·rSTRMNED SOCKET REPORT 

C.l i ntroduction 

In the previou~ prcss fit sock<'t r('port it wll8 concluded that a dislocatiou 

force of 400N was not sufficient for a constraincd total shoulder r('placement 

(TSR). A new con~ept ,,1).1; generated to increase the dislocation fDrC<', the 

idea was to split the UH~IWPE socket in two halve..~ with the Co-Cr-lo.lo ball 

being inserted from below instead of pres&ed in from above M Been Fig. C.l. 

"" 

Rigid 
CoCrMo 
Sail 

UHMWPE 

}--,~ . .., " .wl'o" .. ll "" 
,~._~., ", ' 0" , ~. • '''' 
" ~T"~ >."'-m 

Rigid 
'--Locking 

Wire 

Rigid 
Socket 
Housing 

"'o~" ,.c" '",~.r'" , • ••. ~"' '- "" .. " 

Figure C.l: Axisymmetric model at the start of the simulation. 

In uoing thi~ m~thod one NIJ1 increll$ the ~i7.e of the lip and in so doing, 

innelllSe the force needed to dislo~ate the ball. There are however drawbacks 

to using this design. The first being a reduction in the range of motion of 

the sYbtem and secondly, the split line creates a point of weakness at which 

wear rould be inc:reawd on the UH~IWPE socket. Appendix B compare13 

experimental results with FEA models. Qne of the conclu~iollS reached is 
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C.2. METHOD 

I.hat I,h" corrdal.ion betwccn FEA and the experiment.al data i~ good and 

therefor" iI, Wllii d""i,bl 1,0 <:on"'~l.ral." on the rEA modeling, 

The new (:Qneept b modelled in bot.h fLXi~}'lrmwt.ric fmd f;(}lid FEll. demcnt.~, 

Th" axi~ymmetric model in(:Qrpomted the tempemhu'" inc.r"l'.S<' due to I,h,' 

bodv b"ing al. ;;rc. While the oolid model was generated to simull'.k t.h" ball­

rmd-iiOCkd. di~lo"at.ing lIn,ler fl moment, "s this is the most lUlsbble condition 

In whi"h t)w b.,II-an,I-,;(."ket b subjected, Moment dislcx,ation can not be 

modelled u~ing axisymmetI'ic e]',menl«, a.., the problem is not sYllllnetric"i 

Mound tl'" ""lltm) axis. U~ing a 'J:llid modd incre,,8eS the (:Qmplexity of 

the simulation and on" n"'~t. ~implify t.he mu,let to redm:c computation"i 

e:q)eI1<;C, All assumrtion~ fmd ~implifi"al.ion~ "r" given in scct.km C.2, 

C.2 Method 

The fom m(),ld~ genen,ted are listed in Table C. L The eife<:u; of in Vil'O 

temperatun, on th,' syst.cm wn.s modelled using a ~imrle Hxbymme\.I'ic uHxieL 

The I'"sllit WflS " 2% increr= in dislocation force needed t.) prod"':e yiel<ling 

in I,he UH/I'IWPE socket. In Fig, C.2 the reaction force on the ball "all be 

SI'''Il al. a room tempcmtlue of 21°C and an in vivo temperature of 3?C 

simuir,tion. Including tempeI'l'.l.\m, doang,,;; iw:waf;(,S th,' <:omplcxity of the 

model and i~ UIln""%'l<lI',)' in t.hb "aHl' "~ the iniluenee of temperature on the 

di~lo"ation force is only 20/,:. Thu~ temperature WHi; neglect-ed in ~Uh'j(''lll''''l, 

Hulid nwdels. 

C.2.! Tensile Dislocation Models 

The mflted"l properties used for the model~ are given in Tl'.hle G2 and if mow 

inforIrlfll.ion iH fO'luired, the m,lterird data ~heet.s can be found in Appendix 

I). 
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FiglUe C'.2: In t·j.vo temperature effect~ on a con~t.mined L1I:"-1 WPE SOCkN. 

A~ .he mlIlpui.ationai cost o[ runnillg the a..;;isYIl1metric mO<iel W8.~ low. it 

""k, possihle 10 modd the illt~l"adions betl'i€ell the rigid locking wire and 

the LHlvlWPE socket as seell h Fig. C3. The I",:king dip i~ mmle up of 

analytically rigid elemellts alld i~~ prll'it,iOTI iH fixed, The inferllci ion bet.",~ell 

the UHl>-l\VPF: sockef Il-nd the IOl:kin)': dip are modelled as [rictioule:>s, 8.~ 

this is the TlIost se"ere condition t.he t.,,~) could illterlld und~r; [rieLion I'iould 

add rigidity to tlw ~ystcrn. The Hinmill-t.ion iH made up of three steps: in step 

1 the ball i~ iIlHert.ed int.o the "ocket. from hdow. ill stel-' 2 the housing is 

moved int.o l""it,ion and j",:kerL ill ~t.ep ::; the ball is dislocated by movillg it 

'faille> C l' FF:A m("kl~ IITnemted 

II10del Type System Mr>delled Include Temperature F:ffed~ 
Axisynnndric 
Axi~'ylIlIl1~i.ri(, 

,1D Solid 
3D Solid 

Pull out 
Pull out 
Pull out 
H.oll Out 

So 
Yes 
:\'0 
:\'0 
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G.2. METHOD 

... J..,,, ",.t,..,." Af< 

FiguT<: C.3: Cl"" er look. at the modeling of the locking clip in the in vivo 
axisymmetric model. 

\'crtically 6mm and during this linear motion the reaction force on the ball is 

cakulated (Fig. CAl. The interadiou between the housiug surface and the 

socket is tllso modell,.,J AA frictiouless contact, IJ..~ is the intcmctiou between 

the ball·and-socket. 

An axisymmetric simubtion carried out tlt room temperature was used to 

locate a nodal point in the socket where yieldiug of the macerial takes place 

first. Once this point waslocatcd, data was extracted from the nodal point. 

Using this information and the fCtlrtion force on the ball. one ctln determine 

at which reactiOil force yielding of the mtlterial takes pbce. 

The solid mooel, used to simulate a dislocatiou under au applied moment, 

WHZ< also used to modd dislocation of the ball and socket under tension. 
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c; , APPENDIX C. CONSTRAINED SOCKET REPORT 

Step 3 t 
Step 1 t 

Socket and 
___ locking ring 

are fixed in 
~pac", 

t Step 2 

Figure C.4: Axisymmetric temperature model at the begilmirrg of simulation. 

~~~~P~o:f~""~_::.:~:n~"~~~~f1.6 x 10-4 

Young's Modulus E 0.8 116 
Possions JW.tio II 0.25 0.3 

MPa 22 892 

200 
0.3 
830 

This was doue to compare the solid model aoo the axisyrnmetric model a~ 

the latter had already b€€n validated experimentally. The same interactions 

,' .. ere used in both tension and moment dblocation simulations. 

C.2.2 Moment Dislocation Model 

To reduce the complexity of the moment dislocation model. the interaction 

betv .. een t he rigid locking wire and the socket was not modelled. The sim­

ulation was also carried out in one step. The ball, housing and oocket were 

all preassembled and the single step carried out was the ball being rotated 

O.2rad,ans. The ball was able to move vertically and laterally only; all other 
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G.3. RESULTS C7 

degrN~ of m<~ ion were cOllStrainoo. This limit.ed to what. point t.he ball cOllld 

be dislocated ~.~ it. wOllld bemnw a fn.e body once it lost contact with the 

socket and the model would be come l1n~t.abk. The inkracl,i<til bet.ween the 

sod«'t awl halL as well as the int-eradion between the hOll~iJlg awl sock"l, 

w"re H](~ldlNl as hard frictionless contact. The lower outer wall of the t.op 

half of t.he UHrv1\VPE enp was fIXed to the housing. This was be<:,ause t.he 

locking ring Wkl-~ not mocldled. 

C.3 Results 

The split oocket had ~ 125% iJlereasc in the fom, needed to produce }ielding 

in the socket. C~ing Fig:. C.5 the calenlal,ed fom, at which yield would take 

place was 900N in comparison to th,. pn'Ss fil, sod:et system which dislocated 

at 4lXIN. The constrained socket ami pr"8-, fil, soeket systems produce a 9(r' 

and 104" window of mobility re;pcd;ively and I,he U.fi% nxillcl,ion in mohility 

is the trade off for a larger dis]ocatioJl forc". r.1al,eria.l yidd 1 <~>k place at I,he 

~ame time around the lcwking: ring and uo,k> C (Fi~. C.fi(a)). If friction was 

modelled, it is ~S5umoo th~t. Jlode C WOllid be the firsl, to experience yielding. 

In Fig. C.fi(b) OJ'" ean ~e" what the final shape- of a full dislocatoo soc.,ket 

h,ko like in a a."i~ymmetric FEA modeL 

There were two point-s of iDtere~t on the mome"t model: the poinl where 

the stem COJltacu> t)", rim of the ~od,d Node 13, and Node A where the ball 

pushes ag:~iJlst t.he lip oft.he sod«'t (Fi~. G7(a) and C.!J(a)). Only 2.5} .. 'm 

wa~ IHcNI"d t" (;;'].(,,;e the UIIlv]\VPE- to "ield. Once the stem make., cont-lJd:· 

with the Ti-fiAl-·JV hOllsin~ rim it ber';ins to pivot OIl it (Fig. C.8(b)). Kode 

A reache-, ph~tie yidd al 15Nm (Fi~. C.9). 
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C8 APPENDIX C. CONSTRA!!'[ED SOCKET REPORT 

.~ 

r-----______________________ ------------. 2.~001 

.~ 

.m 

- .= < 
• " ~ , 
" 
! = 
! , •• 

m 

0 

_2':/.! ' 

0 

- '--- --- - --- -t-

~~' ---''' I R. oc1,,"] F",,", , 1-"" , I 
No;* C " I"'n.,', .. 
"""'09 

1 , .. " 

-.----.---:-----c--------~----J 4.UE«I$ 
, , • • I 

Dd p,,,,,,,,,, . n'imm] 

Figure C.5, Finding the tensile load lit. whid, Node C (F ig. e.G) {'-xprricnces 
plutic yield. 

Figure C.6: Location of Node C (a) and /l.1s.ximuill defoTIlmtion of thi' 8..'(­

isymmctric model (bl. 
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G.3. RESULTS OJ 

L-:- .-~-.~~ - -~-..... 
. ~-o;;~:.;;::::; .:.-_ .. ,, _ .. 

Figure C.7: 3D tensile model with resi,iuai VOll )"Iises stresses shown (a) and 
3D moment model (b). 

Figure G.8: 3D moment modelshowiug pivoting ou tbe edge of the Ti-6Al-4V 
hoU8iug, beforp pivot begins (a) a.ud duriug pivotiug (b). 
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CIO APPENDIX C. CnVSTRUNED SOCKET REPORT 

' .. " .. 
,."_ c, .. , "" 

, L "", ,,_ ....... ""'_" .. 1.1. •• 

, .. ,' " .... -"'" .... "'. 
,~,-- "'-•.. , ,,-- - .. ... 
::l~::"r;;, '0 Kil:l~",,_ '001 . .. "'." 

,--~-~~---~--------,-- , '''''0' 

R • • « .. , 
".~-.,.. ;., 
~' ",,,''' ~ 

Angulor RQt.t ion [rodi .., , ) 

- RooetlCl1 FOI'CO 

, , 
'''' '':''~ 

~ , 
. ""'0.' ~ , 

1 
• . 00+015 

Figure e.9: Finding die mOlllelli ~()ad at which N"t\C6 A &: B cXp<Cricnr" 
pla'tic yield 
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C.4. CONCLUSIOI';'S AND RECOM.I,[E!'WATIO;';'S C11 

C.4 Conclusions and Recommendations 

The split s(wket concept is tlll improvement on the press-fit c:oncept, however 

thc low lllOlllent of 15h'm needed to produce plastic: ridding on thc lip is 

v,urrying. Vsing a split socket it is possible i.() aHScmble fl metfll on metitl 

prootheHis. Thi" may holve thc problem HSf;ociflteci with VHMWPE and the 

low moment di"location forces a.~ a relatively ~mitillip would produce a strong 

constrain",,! link. However, there would b(, other COllcerns regitrding impflct 

weitr on the lip and stcm of the ~ocket itnd ball, re;;pectively . 
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Introduction 

F;g"'" 1 

The Deb erA ,. ~~ Shoulder 

br.>tcm i> indicalCJ fonn., t"""n""" 

of. gknuhumcnd orthriti' w""" it .. 
.S>OCi"'cd with irTepa"'blc """toc cuff 

darrtogc:and ",n.,,,, rurwcIltio:Jorn\l toool 

,boulder orthropl.,ty moy !lQt be fully 

cffoo:tivc in T">tuoing PIlt ;tabikty _h 

an ><l«rJatC ""'gc of. <r<>"cmcnt. 

n-." _!grI avoids high >hear for<::cs 

... ~>CWed with "",r:"lIe 00ffi'"",1orlaI 

or hom~""hrul'l.sty. tl .. , un "'-'-"'" the 

Implant to w= aoo loo>cn. 

The Del .. erA - p<",thetlc ~<y 

<eve""" the ",n",,1 <dation'hip 

b<;tw= """I>.#r ond hume<a] 

"""""on,,,,,,. """'ng tJ)<, ""ottre of 

rot."O" ,hoO(IoaUy .,>;) d""dly to 

ir.=:"-'C the l= .. m kngth of tho 

deltoid """"Ie (~igute' 1 .00 2)-

, 

n-x. oJl<, ... , ,ho" thtu m"""",, in the 

del u,jJ 8""'1' to ",:.npe'''''''' ~ .. ",,,,-to< 

cuff deficiency, ""' ....... g the ."i<ubting 

'u<face< together to ,,",,,I,,c tho joint 

.nd oll""' .... ",,,,,. ......-.,01 funct;un 

'" !X>S>","e_ 
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Pre-operative Planning 

~ in ,he '"IXOLl<x Md inlenoc 

:>.'ra'"' c;.; ,I>< gl""'01, u""'g 

"I. (k:t~rnljn<- ,b<,: >Climb,j ,), oj tl>< 

pmlo", 10,' Ic<>m>enl. Tho ~"O d: ll'" 

0"'''';'] "'ul1 ;" ,,,,..,,,,,," LO e n,,, .,, 11X't 

,II '.t>-mcr,,!(k.'l1c ,crc·,,~ mn b< l>laced 

wi""n gj<n()[d 1",.-.. 

Pro-"l"'!'2I;' ,'e fila-nning is .l'o ,"" ~ .. d 

001, usirtA AI' and "".,,-,J ,I~",)("" 

.~d)(W~P!" ri known 'nog<\.r. "" ,,,, 
,n.:! t ho 'vallai'll" 1 ",,,,)[,,.. I" ,-, "r.'", 

tile ,Ii,," an.:! .lig",,",," " II", in>pl""L 

(l'i~.",,, 3) 

Surgical Approach and Patient Positioning 

, 

~~--­
~~~~ 

The pa""m ,hcruld b< in Ihe dock ch.;U, 

I" __ ,,i"", .. <th th<- lfu1W ..-m '''''>p<''--+'­
m-", ,,>1 "'''iJ'll "" ","'PI" 0'1. (H~" .... .j) 

• 
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Superior Lateral Approach 

/ 
I 

\ , 

~ 

The quolity ,"><.1 ""'" c(",'pWltabOn 

l"C~' C<l • "'pcrIDr latCI-.! approacn 

(F;gun, S)_ A <id[o-.,.,..tO!"Jl.pproach is 

abo apprOpriate M<l tl,<, c"-"'-" ,lel""d< 

ffi2in1y 00 'urgeo<l prelcrcncc am 

clinic," patOn"".",_ ,"",,<,100 .<urgery b< 

lnlltancc usuol~- dict .. ", a ucito-p<:<toral 

"PPf'."Ch AA ;t oIIow, lor. long<;" 

humerallod5!on wIK" faced with a 

,liftkult """"""I of .he hUrt""'" "em_ 

Used fat- classje rocatoc cuff repair>, the 

,upc<lor Ioteral appro.d. dow, • c\e;>, 

v;swIi="-", of the glenojd md 

d-.ctdoc€ fucilitatc> gr~- the 

;rnp<an"""'" of .1", gIeo>OO1 

rompoocn" of the proothesi>, 

, 
\ 

The Inrision " ",,,,ted .. the I""", of the 

;.c jOOl', _ tho, on"",,-," .. .,.,... of 

the ocrorrMon and fini>hcs vcrt;c,liy 

<\CW;Il=ni, lOt ;; em (Figure 6), 

rolJo""ng "",10<.-",,,,,,.,,-.,,, u""""""', tho, 

..-.ted<>< and millie del,oid musdc 

bun<1Ics ate ""p'''''OOllf>lXl5i,e .1", 

lat..-.l nurgIn of the "",romiao., "-'in;! 

blunt u;=<.,"'" (the u",""""", .1""",," 

.-.ot =eoo t>eyooo. em from the 

e<t<rrull .,;peet of the ocrom"'" in 

o.-de.- "-' pre"""", tt.., otiIlary nerve), 

'lI'hen the .ubocrami:ol rum. i> visible, 

gen,le bngi""linal '""",",' jn Un., w;.h 

,t-.e Wmh will allow a rem>cta< to be 

pIoce<l in the 'Ub>,CTom;aI >pace, 

Thc ""tena< clckDld is rclcoocd 

,ubpe<"",te:illy from II< r-"'<lll2l 

in><rtion up to .he AC pnt. 

The humct:d he:Kl is t!-.eo _bI€ ., ,he 

''''d'ic<-~ o<.he """""klo,_ d", 

,ubacraml<ti bu"" is rcm"""<J, 

If ""==y, ""1'''''''' m.,. 0CNl be 

imprOl'Cd 1»- di-ooing the AC ligomcnt 

.,><.1 P<"'"""'8 .cm.-nlopl....-y 

The limb is then CJ<tcmaily routed .00 

the 1"",," "' ,U,Ioc&,ed "" •• "",uperlo.-ly 

to n.ciliratc positioning cf d", cutting 

gu~lc, If the bicep' " >till prc><nt, it 

,hould be cenodenlsed in the 1>Idpi<2l 

gro<l"C_ Retain the r..-cs minco<.oo 

inf .... 'p4naru< when pre!.ent 
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Humeral Head Resection 

F.,ure 7 

lin mlti1l "m,", I>oIe i, m .. de .\ ,!>e 

I"""'mal humen", uoing ,n ~ ... I, 

'100 .wl tip i> ccntrro 0"0'Cf and in J;nc 

with me Ion!< >XIs of the humc",,", at 

the juoctlon nI' d", /ntranbercular 

gcoo", .nd 'he '"",,ulaung ,uriiltt of 

tl>o hUfTl<'rnl hc-ad (Figuf<' 7). 

The onenuo.i<"n p4n "' ,!>en P'-~=I 

,hroo.!gh ,m, l-<k in til<> "'"""'"'" 

!1;Ui<Ic corr>O>JX>rldm~ '0 ,he de'lfro 

""""""""'n (Figure SA), Prcfcrab/y, dili 

";11 ",st"", joN\l rota",,", ~lIy.\ 

imcrn.! mt:ItIon. llotroYC",bn i> 

caiculat<d with ref""""", tn ,t.. _ nl 

in lhoo "'''ry role .. old l!>e guo;" i< 

p=t:d down tm, hu""",] G,n.] \.\tol 

it re,,,, 00 the hurncnl hcod. 

\!lth the humeral re.>ccrIoo guide !1m 

Ir.-::lled (lo\ tile hum",," t.eo.d, 'h" 

oomIation pin;" .\oj;nt:d with om, 

n-.rucondyl:K _ (Figure ilL" 
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I \ 
I 
\ 
\ 

i 
\ , , , 
\ \ \ \ 

\ -f<~, \ 

The oomern head =,i(Jol "init"",rt 

III line with the inlorior "'I'<'t of ,I" 

hllmor:ll cmting guKJ<, (H~") , ~"" 

humer:li cutting guide i> rerIl'.JVt'<i ""d 

tl>e re<edion rompkted (figure 9). 

The "'kill reoe<,ian re~ " rrunimal 

_mount rI. ""'><. ~ bone m,y be 

, 

A {~ "" .. do< l> f4""d under <he 

""'p"I>. !O Ic>o=r lh. humeru~ If du" 

1""""""'" • cIe3t .Ygh< of the gIeodd 

,umce, ,he ,~,ectloo i<vell, 00ITeC[. 

If noI, • f"ttlle<" ,,,-,,,,,,,;m fi\2)' be 

corried "ut. 

Humeral Reaming 

Starting with the >maIlest diomete' 

""""I ream,,' .. "",hed to ttle T-Il""",", 

the di>'ol hlllner:1I conal i> ~ in 

Jin<, with the Ioog """' cf the humeru, 

(Figure 10). The fin:li reamer >I1<>'1k1 

I>ClI ~(Ud the rempbted pca<lmal 

&.m",ot (up ro ,m, 4J. Rooarnlng ,top< 

wl",n ~'" n""8< cf ~'" ,..,:uneo' "' ~j 

w;,b ~"" re>ec~Q\_ 

I'mva" ",aming .boul<l "'" be """.. 

to ""am ,he bumcro •. 
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Distal Humeral Reaming (Revision Surgery) 

f igxe 11 

If a long "om ~< [0 he I~nled, 

l:SO mm anti HlO mm Ji'phl"""ll 

R'Ii>"", "':>Iller.> should t.. used ill 

conja>cr<oo with tho ritl1d "''''nel~ that 

.'" Ind~ ",.;,JOn ~., [)eIta eTA'" 

.. 
r 

.>cwmpanyiIlg tobie, 5 mm >.nd 6 mm 

diametor ""mer> ~ pro<'ided '" 

",,,,_up """ne" 

~i'" 1, length 180 mm (ref. DHRl181i1D1ICUOO) 

~ mm Jiamder (rd. AUt OOJ) 

9 mm Jl''''''ter (rd. AUt (j())) 

Proximal Reamer Guide Assembly 

/ ;,tIi 
J 

i: 
lj , , 

Tho proximal ..e>mlo\g gul<le, 36 mm '" 

,2 mm, eo<re>pOOOtng to tk ttmpI:o<ed 

"plphY'"' &!:e, .. screwed tu [he rrtol 

dioph)""ol .,'<'" thai: m"e]"" ~,. c!l<ul 

[earne' diamet<oT"_ l'he "''''mbIy I< 

mounted Oll tk huIll<T.ll ,,= irnpo<1OC 

.00 Introduced in ~n~ with [he Ioog 

.. ;" of ~'" h\~", (F1g, .. e 12). 
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Proximal Humeral Reaming 

/11--
, -

, 

F~rc 13 

1he CJrieoi:>OC01 pin i.> 1'l",eJ 'hrough 

,he hale In the impoctor hondk aoo 

,he prel'lou>Jy ,elected """ion angle 

" ci>eck<Od 

n., ... ""mh/j'!o ;,npacted 10'0 'he 

hun,=! can>! umillhe .ppropdate 

,II!Irl< OS om\ ",42 rrm) 00 d",fn¥ocIox 

"""''''''' ,r.;, hoi of me """,,000 

(FigufC B). 

, 

Ret"""",,,,,,, !o "!¢n ci>ecked.oo 

,he "npOoC''''''' re,noved, """ioR the 

r<:Omiflg guo\< On place 

"he "W"Ol"'"'" "'" of proxlmol nun-..ru 
""'""", (36.1, 36,2 oc 42.2 ,non) " 

mountro '-'" tho "'''''1'><110. 

Tho humcru:; i, thrn """""'\ ,",,;1 

the ~c of the r=nor i> level "ith 

,he ""eot«n~ and cootoct "' m.oc 

worn ~ bone \FIRute J4), 

If ""=>My, lhe !'<'aming guide c.n to<: 

lNened more docply W """\lI<: thot 

the ~ r<=Iff rcocheo the level 

ri ""teoc«ny 

Rellffilng l' now ccxnplete and the 

"""'""", ~ Ruide and trial stem 

"., "","""",d from m. htIIneru'l, 
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Trial Humeral Implantation 

/'" . , , , 
\ , , , 

• , , , , , 
• 

The tri2I cplph~ comp<X>CIlt is 

at<ached !O [he tri2I ditphys<al,,,an, 

and !he a,sembly l< ffi(llJ<lIed OflIO [h. 

hlJ'~ "''''' Omf<'C'C<" (Fogure 1~ 

I[ "'OY be "e.:e,~ury '" """"'" " we.Js< 

of "crtloiJ """" to .. ",,)lffi((!a[e the 

10.,.,.... 6rt {Ml til< <f>Il*ll"""l ,-"llptMl"" 
11", ""eonbly" imf><'C'ed into ,he 

humeml GUW, crnlrtlg the cliaph)'>COl 

fin do<:> nO< "'ping< UpOn ,he laTeral 

c<:rn::>; 0{ ,1>0 hUm<rus. The humo'" 

"em im_ is ohen I<1OC"'cd, leaving 

the ttlal humcr:d canpaocnt< k:t p!xc. 

Exposure of the Glenoid 

o po 16 

A fortcd rctlXtOr is pooitianed on [he 

axill:Iry ~ col the =1"'10, under 

!he Wenor glenoid J.txum, to r«lc<[ 

[he hun"""" dcMn Of hackw>td, 

depeOO"'S Oft [he "ppmlcil uIcefl. 

The lab:um i, "x:",,,,d and "" ""[,,,,~'e 

peng\<noi<l "'fA'''''''''''y I< p«JO,:,n"d 

A"y penphe'" ,-,"'~h)'tes ,hoo.lk.l be 

",m,-",,,oJ to r<:>t"-e 'he n.,untJ 

.... ,"";c .hap< 0{ 'he gknoid 

(Figure 1~). 
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• 

r""c liA 

1"" mair>' .nd minot ~< of ,toe 

g)<~ '"" <heft m",\:ed ""!fig 

diatmmy_ The 2,1 mm ~ 1,m I< 

• tt.d",d tu II><: ~ ~,,~ ao,d '"' en")' 

paint i. ",eo'oo jtl.<t IXJOIen,~' .ad 

inlmoc tu tl>c int=ticMl of the ""'" 

(Figu'" 17A). 1"" iocatioo foc tl>!> entry 

pdn< m"l' be checloJd u>i'l! ~pI>i<­

..-.:I cr!mogl<ls ooml>'no::ll"i<hXrny 

t<mfla""'. It .'oh<>uId I>e .. , Werio< .. 

poo>ibk, .. "'de "",uring ,1>01 ,toW.",,,,, 
.pace Is available to place tt>e inkrloc 

""""" in cancellorn bone for ii, enlire 

k:ngtll. 

Preparation of the Glenoid 

Glonold Co>ntO<i "" Ho le 

The c:mnulaled "OIl doiJI " at'a<h<od 

to tho power >oorc<: and tt>e glenoKl 

cenrodng hole Is completed ovo, ,he 

gulde pin (FI)lure lIE) . 

Th" glenCOd "",met is aI""l>eU to ,I>e 

POW"'- "<luou: .nd tl", "",me' p;1<~ 

>hoft ., intro<hxe<l into ,I><; glend.<! 

centring hole. In ="" ol ~j(; 

bone, 11m<! l=rnlnil ,h<XJId be U>Cd. 

En,un" ,h~t ,h<, ", ... "",'r;, nn' in 

comacl will>. bone before appl~ing 

'I'll<' ~I ;, th<:n """""", Ufl'~ • 

,mOOlh platform <bui<1 of ,~";Iag<: 

i> =,,<0<1 fur tl>c M=gb-<:, with 

.ufficicnl depth tu """unmOOot~ it> 

perlph=oi rlm (Fil(Uno 18). 1"" d<:pth 

>hould be checkro before implantation 

ci tho pcO!!!hesls. If .ufficicnt periphernl 

<Iep<ll l> not~, the g1eno>p/lere 

will not l<lIly eng:>ge ",;,h ,I\e "I"'" an 

tl><: Metog""", ""', futtl>eo' """nJog 
,I>oold be corn<o<i out urd tl>c ''''y ;, 

fu lly .. ,ted 
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Implantation of the Metaglene 

no, ~ .. "vai!:ohIe In r:<>e """ h 

hc<l, Yi mm"oo 42 """ Glen"'phe"" 

,noJ ;, Onpl.ntctl ";,h",,, (eme"". 

Ini'iol, prim.ry ",,,d"01"",,,,1 M,u!;,y;, 

proo.;dcd bribe .. ~ mm cIiometer >ere...,., 

When correcriy pooitiaocd, the angled, 

~dcd ",,,, . .. 1><*' in ,oc Me<aglene 

.9OOuld he ollgruod ."'p<r!orij' >r.:I 

Infe.iotIy 00 'he gleoo<d (F;gu,", 19). 

h """""". Me"'>!)"",,;, "",;!>lk .noJ 

""'Y he >clccrc~11\x CAA<S uf "''''''''< 
"""""" uf ,I,., gle'",",1 .,,;;,y <1m. 

Inferior and Superior Screw Placement 

The dellni<lve Mernglene 11 """cbed 

to ,t., 1>oIdet, wilh the dOll gukle 

""'-'tIfog Ih" Inle ...... Ih<eiided -"""" .. 

"* 00 'he imp """ O>e<k ,hat the 

Mt'ttlgieoc i> lOCCUo'Jltcly """ctI 00 the -'!be aMembly Is if=rled Into d", 

P"'l"",,d glemid "ith ,I>e >uper\or and 

Inferior hole< oJ!g<>ed wrn II>e ~ """ 

cl,heglertij. 

C-tioo>., h io imp<~ to ~ th~ 

~"gIene bolder.o iruo<rt the 

inferior and .uj><ri<or """'_. 

The ,'14" angle _ t_ twO 

"""""" ;. __ ~ be 01""""" 

Fig u," 21 

Dr!. n~ d J11erb" Hde 

()nc" the MerngIeoc ha> been ",,"wily 

~ned, the holder 11 """",d firmly"" 

tbo., the =y l> o-np.cred Hat Oll[O ,I>e 

p"'P"-",d 'uri' .. ", ri lhe g1emid, 

It i. i",(>o'1"'" to eru...-e lh>l. ,1000 

Metaglenc I. fully ,""'~d, flat 

on <he p",p"",d glenoid, bdo.., ;. 

io ..,""""" 10'0 polOW01l. 

A drill hush 2 oc 2.~ mm in di:llnelC"r, 

~ an ,t>c quolity cXOOnc, 

11 then inot"rtcd into the dtill gui<Ic. 

The corre.<pondlng ~ drill 

(h5273/A5274) 11 ,eIec,ed, p;=cd 

,r.ough ,he bu<h, and ,I>e iflIerIor 

", .. ;00 Irle I.< a!lled (Flgll1" 21) 

-
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f .. ..... 22 

OepthM~ 

''''''''" e,eted depth marld,,&, "" the 

'oo\g tin, .. C-lltl he'p "',.", ehoo,J"g [he 

mo'" "Pf"'Up,;_ ocrew longth. 

A depth s<Uge is al80 J"'U"<Ied 10 u.., 
it, the dnU bu,h >!>wid b< "",\""ed ,0 

che<:k the dep,h of the >crew hoIo 

(F~n). 

Threoded head """""'" ffi"'" b< used b: 

Lhe inle<io< Ofld ,upet!or hcOe>. The 

'phericl\l held """"'" ...., de>igned lor 

me <d)-with ooteOOr _I ~ f'de<. 

Inferior and Superior Screw Placement 

A d=atled beod >crf!W of ~ 

length to ~ m...."ed depth ts pa;!sed 

thmugh the drill guide .00 screwed 

'mo the OnIeoo.. Ii:<:Kloo hole. 

11>< """"" obould be fody 

ligbffl><d at Ibis stage (F1!11l"" 23). 

1'l:te M<tlgjene holder io then gently 

cleta.:-h.d from the bcoring troy ontI 

,umed 100' to 1=1'= the ,upcrior 

fixation hole in [oc >arne way,., the 

inierlo< hole. 

I" dep<h l> m<"-",,,,d ontI ~ 

apptoptWe thre><Jed h""d ",rew l> 

.,.,.ewe<! io,o poo<kloo\ (I'lgu'" 24), 

ogoln ""',,"ng it " fu l y bghte,~ 
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Anterior and Posterior Screw Placem ent 

r ..... " ;>(\ "'_ior fld. [)!i l .". 

'I"'" M.~"" hddcr iI; removed .nd 

'~frooe ham dnli guide ohpp:opriate 

.!ze, •. 0 or 2.5 mm, l< toc-'l<ed oft th<­

mleoo, flu""" "-*. ><oth .nteTI,-" 

.oJ po>t<:ri<Jr ,"-7C1<' p<.»i-'" aJao" 

angulation cf '" lO degrees, The drill 

)!Ilklc .. u>ed '0 ~!he moo< "f>I~ 

:mgIe [[) eo.<1"'" <hot eoch "'''''''' i< lo::at",1 

io1 ,..li.1* bo",,, "ock (figure 25), 

f'r-d<,,,,,,,,,,, jlO>ition "' usulily d>O>Cll 

1»- [l>lp'''"'.g ,~ .n,.ri<Jr am """'["_ 
""pett> cf ,h. ><:apula "" well "" 

"",mining 'he lI-rnl'" and cr >C:tnS. 

The 1I1"'rIor ho/" i.< drilOed "';''il ''''' 

''''"' (!oill, ",,'h d"l"h morking> 

(Ml'OOlOl MI'G(25), The driH guKlc .. 

l'Omm'O<i """ <he hole dopth melI."-""<i 

usOng me ""p,h gaug< (Figlk'O 26) 

FiQ,n 27 

Sc"""F'I~ 

• 

A >pherirui heod >ettof i.> introJu.:",I, 

.00 pm ';gh<encd (flgurc 27). 

The """" proccdUf< " ~ i>f!he 

f'O"'''- <CreW. Ilo<h w""" ...., thon 

alIO ....... ""lv Mlv tigl~"""~ (l<8tl",:l8j , 
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Trial Red uction 

l,,""~~ ""'~ 

(l6 , ... " <JO' (l """) .... _ '" 

'hc.~Th!'~ 

b>~<up""''',~ 

iolIl> "'" """"""1tiaI a< .... ohIy 

!be ,,"",,,Icb .. ,heo' ~·"" .Ad 

:waoru b aluD ~ cl......-eolem. 

S<#t. .w.u. -..;"" I< c:tlOY«I, .. toen 

H .., 0""" P.oIInI!l(:oo»l .t\OJ 

00_, .ppmtim>tclY Sm.., cl 

humor.l! ~ contf>"'lC1!' 

.<q>o>r.>t'ooo .. ~ 

- n.. ;<:Vl' , hook.! <'t<u:U" .,.hIe "'!l<n 

the .nn " add""tt'<I , wit" lit) 
Indlcauon of .uhiU>2l""" ()nIy' 

....... dqu"=<!f ... ~ 1dl.<Jlf D 

apcct<d In atR:r.lc oddumao 

\~ "" The liIt-d h l'lll 

d~ du.OQjc d-.: "' ... ""-",,,,'ion 

,_ .o.be rkllDid ronIlXtIurl 

~ the """" ....aoc ... be 
pomaIy <<l<fSIU<'ru ,~ .jO) 

1I>odl_ioom.~ ,hc 101._ <up it :w;Ubbio in thrrc 

.tlI<k"._ ,+j "loll. +6 mm, +9 mml_ 

lffutt h.,,- 00/, _ue ",,,,Ion ;. tt<juired, 

• I ~ mm mctaIIio: h u"",r>l >Jl"'.'" may 

r", put 1:l ~ d;c cpip/l)~" and 

tr", <:up. I. , Muld ,r.", boo . t""ha:i to 

the ttl.) "J'IrI>)'>t"a1 ' '-''''poole" t, ""<inS 

..... ~ -- .. ..,.". ........ '''''­
or <rJU>C>Ob:t """"_'''110 ""'''''' 
""_ I>.>nc """"-,.,.. ...,.... .... 

pab-....u. AdoJij",>;oI juon< ....,..,,) 

""'l" b< .... ...,.".. br lol'...,.w,...,. 
",cnlioc. "",,,, ~t.-....J c-up , +0 

,,-",CO'.tIVC. + 6 . rtuo'ioc) 

u~ ,!>oK "', ...... ,1, .. ""PO 

...,dd oaIy be:~..ro lD f'C"UIon 

Hutabiliry. [tll.~ bu"",toJ "". 10 

1Nkq",,"'. a la,cnoUoed <"U p "",,n "" 

.ufflcIent In the ""'joriry '" <",e.. 
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Glenosphere Placement 

A I.S min ~""' .. ~in" in.mod rhrough 

m., «0'10\011><>10 <>I" ''''~ 

(~31& \2). 

The ~., rnrn <"""~"t"" "-~vt"f" 

~ in "'" <I.,fln",." GIa"""""""c 

..... gtlldod ........ ~e L~ <Un 11'-*1< ph 

oIl' ....... <II" ,h_ ,~ ...... "'" ~ 
~ ........... 4::>11""J.aOO "'" 

~ ~ .",,,,,I;ed ro~ 

tIuo." ~aI¥n<d. 

n.e <=ntil>tod ~_r .. thm 

"'''''8~ 1'-'; tIH! <of1th<e >c"""" 
'i~h""'<d "",M 'h~ ~ b<.oog 

<~.;on (h~ "I"'" r;( "'" 1J<:o"i<'8 ""y. 

1\II11la I ............. '" ,I>< 1~"'-1ioo .. 

""'" ~ brll<'ttly .. 1JI*t.II "'" 

~"""'S ""'~ 
-.-"" ..noJ "III.~ _ , I", 

........... "". "...noI ..... ... 

c..~ """"Id be taI<m '0 ....... < .h. the 

1Ii"""*''''''''''' " fully loo:kaI ""roth<: 
~ ",y(r""",.I.1). 

" 
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Humeral Implant Insertion 

Fk;ju[o 34 

The uW h""",,,r:U .. <eml)ly '" ",,=c[ocI 

from the h=u." n", 00<""'f"X'd1ns 

_I[~ humef'OJ eplphY'd 

(F;gure 34). '11-., dotlnk",e dbph~ 

C'-""P<J<'<>'It " ""'woo to th<: 

ep<phy~ COOlpone!lt. 'L\,e two 

component> '"" then locked tight, 

u>in.il the wr=ch....:1 driver (Figure 35). 

J[ Is lmpom,,[ [0 , n,'llte [he lWD 

coo-.poo>ent>.te [.gI'Uy Ioded tog<:th<" 

to ",doc<: [he chme< of po>[ ope,-..<iv~ 

~rrtJly 

If cement"" cornponen" ,re ,.eIec[ed, 

th<: """",bly "' irnrudoced in [he 

'l'l""l~"" ,et~ ... d 'he 

"""mbIy Is i_[ocI into ,he 

hUffier"i ",.-..I. 

(fthe imp<>n[ .. "-' be cemented, 

~ .<ynlhel>: Cement r~ or bone 

piug ;, ;nttudocOO into the <1;,,,,1 

humenU canal to = rric[ the pass_ of 

=-neIlt. Cement Is IOlec[ed fOlD the 

htlITle'f:l! c:an.>l and, .men the cemem Is 

at it>! "I'P"'P'i"'e viscuSi.,.. 'he MnpI:\J\[ 

,,"""mbIy i> inttoou<'eJ in I;n<: .. Uh the 

Ioog",", eX the humeru, and in the 

d"""n ver>loo. angle. Pres,ure Is 

nuJmalned on the .... ,rod""", U'l[~ 'he 

u:m<:nt is fully poIymeru;od. 
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Humeral Implant Insertion 

n,., <kfinit;'e hUi1J<U1 cup " irnpOct<:d 

"''''II me cup impocto< (FiF;ure 56). 

11>< jokK " ...,,;[uc<d :>00 , Anal 

"""''''''''''' cJ joiot ''''1~1ir)'.00_ 

of IIlO"ement i> c,ni<xI "ut, 

Hemi-arlhroplasty 

In <"""" of Mll/'a-<>pe<:ltlY< frocrure 

of tk sId""l <ovir)', "'" rrn<ion of 

the llclra CfA - !denood, roc ''''''\ple, 

a hemi .. rthroplasty may be """Kl<:rW, 

Inlef"""llat< m<tallic he.a. m: 

prt"'Kf"d with"' the Deb eTA" 'l"'em 

to oompkte <hi> "ro",:dUI<:, 

~ epjph~ cIiamc[<n, J.6 ami ,l men, 

ore o,""Jo.i)k Ml .",,,dard ~OO + " mm 

",",,,, (I'sure 37). 11>< h~ hem """ 

be "",.,,,-,i)je,! either ,=tly oo.to [he 

cp;pr,y"" c< "m" [he meu/Iic 'f"'C<r, 

'!1>e>e ,h",,1<! be ",lfooll(:e<l u.<4ng !h~ 

I>u"", ... l head Irnp:>c[OC (FigllIT 38), 
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Closure 

Ora the jW>t sp><e i, irngate:l 0fI(I 

cleared <:L debru, the ,nteri< .- ddll>W 

" Hrmly.uturoo ,. ,he fIbrou., ocromlal 

pern.ct<:I or u>ing moo""'''''''' 8Iilcl1e!. 

A dr:On L> Ie/Un (>bee_ 

t..)Ut'<l """",-", <:L the.\Oft 1;"',.,. 

OOIn:Wly ""'do to ,n :odcquatc ~ 

nf flXltioo, " ilmul ""~_ 

Post-operative Management 

Appropri><o pc«1 _<>per:I<l"" phy>lttho=py 

~ .n ;tnp<"""" """n.", ,he cu«ome <:L 

~ proc«b-o, since Mobility:tnd 

n-.;i>j~'Y ""'" rlepen<1 0.-. the cIeltol<l 

alme, '!k ph)'>iOlhcnPf JXU!!<"Mtlrne, 

"fllctl <hoold he ?-~ 10 suit lhe 

indiYi<lu.t P"ti<nt, o::oos;m of ''"'' pt<>. .. " 

e:orIy (6~) ml1>.w, 

'&'0 d.f'l :tire< the op=.tlon the patient 

Glrl be ",,*,le_ Th~ early I""",,, ;S 

dedlClted to ~"",Ie :tOO gr.Kiu;<1 IC<"""'Y 

of the poL«ive '""!IO of <OOuldec motion, 

~ of the 8C>pu'" .",:ono. 
~_ aoo mocbl:tIKi iatcrnll'OO!tion, 

An :Ibructlon ru,hlon moy he u""d 10 

"'''''''' pte"'''''' on tho cleitol<l 
Ph)'>iOlhcfapy iii m.inly pctfo<me<l with 

tho p.tictt ,upore, """tv<; :tnd ~ both 

Il>n<h hoIdns a h,.. thal" monIpul:tted 

hy the <O<\tnOl .. oraI bond, ... <l<oc_d 

hyNe.,. 

The I'",i"", ;, enooumge<110 u"" <he 

,ffe<;ted orm to eat and write 001 >hcoJld 

001 mi. ... the arm. In conjunctloo with 

111= "".<Usc> k>r >Ctptllohurnmll 

""""""'l', ~ "important to ''''''ngtben 

rnuocle """""",;0.-. .,.;th <he .!Cap"l. 

In ord:r 10 ladIit3:e rrosde and imp<mt 
t'uocr>ori, __ .,,,,"' ... in lho _ng 

pool", """"""en<le<l .. , """" .. """" 

begin 10 hrn. 

Mer the <i:tth or ...... "'h weeIr, :octlve 

81""'!;the"ing rno.ern<nts rn>y he 

~mlu~y.u±d to the pru;;rrnnme, 

Th""" "".,<1= , whldl dooely fojJoo.; 

e",,)<hy octivitie!, .... ["'IfCl<'l"l'>O<J i<1 • 

>ittirlg Of ,,,,roJirlg po,;tDn, u"ng 

corwentlonol rnOlhod!;. rih ~ 

.".,.,,;. ... and re<l""""", mO'""m,,,,t. 
i)eo;om;og 1~i<1gly i "V"'"''''-

A """'" "1=<="",, b ,hyth_ 
,taWi""'lOIl of the upper""" ",,-.d] 

.. ".:c",.lI';: .. cdlng 00 Iowertng tho 

:orm, complete lhe ""'«gtl>entng nf 

the rro •• d"" Ph)'>iOlhcmpy ~kl 

be pcrrormc<i O'i'cr' ",,00<1 of", leo>! 

,il:monIru, 
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Implants 

lliH361H 
lliH362H 
lli~122H 

llHCOllll 

llHClllll 

llHClllll 

OOC3100 
1JH0i100 

rn~ 

OHRllOH 

DHRZIOH 

DHR3IOH 

DHR410H 

1CHL336 
+::Hl636 
+::HL936 
4CIl!.342 
+::HI.642 
1CHL912 

+::H>036I< 
4CIl>042R 
4ClIl636R 
4CHI.642R 

~'" 
RlB212 

'J\H036 

='" =M, 
11H442 

MGCOO2H 

YFM'524 
YFM4530 
YFM4~36 

YFM4~42 

VFM4~4B 

vs.\1t~l~ 

VS,.\14~21 

VS)M~3O 

VSM4~36 

VSM4~42 

Cem",Ked Hum."." Eplphy<", 36.1 
Cefl",nted H""",.-.J Epiph)"i.>, 362 
'..,,,,,,nted H~ Epiph)"i.>, 42.2 

Cementk::rs Hum"",] t;pi!ily,;s, 36.1 
Ccmentb, Humer,] t;pi!il»i>, 36,2 
Ccmentb, Humer,] t;p;Jilym, 12,2 

!l'imm Ccrocnted Hurner,] Ui:.Jil»i.>, Size 0 
!l6mm Ccmrnted Hurner,] Ui:.Jil»i.>, Size 1 

88mm Cerocnted Hurner,] Ui:.Jil»i.>, S"" 2 
&;Imm Cemented Humer.u l.);aphj'!il<, SJ"" 3 
9imm Celnent<x] Hume.-.J Diap/lj'!il<, $"" 4 

9'Smm C<mefll"" Hum<Oll Obp/ly<Io, 511:< 0 
?6mm Cemenl""" Humeral DI.p/ly<~, 511:< I 
r;&nm C<m"",I" .. Humern DI1p/ly<Io, 511:< 2 
99mm C<",omles, Humeral DlaJilY<"" Size 3 
lOOmm C<mentle" Hm-.ern Dlap/l.."i>, Size 1 

i<lt=~."d Hu,"""" Cup, ,,"", + 3 mm 
i.o.t=tIi=] Hun""'" Cup, ,,36, + 6 mm 
Lo.cer"'fie(\ Hume,. .. r.up, ~36, + 9 mm 
Lo.",,' .. ],ed liumer" r.up, .... , + 3 mm 
i.o.ter.!li=1 HumeI:II Cup, "12, + 6 mm 
Ll-=li><d lIumeI:11 Cup, 012, + 9 mm 

Mewdised ~e"'"t"'" Hume.-.J Cup, 036, + 0 mm/ R 
Medi.I'"",1 Retentive Hurne"'] Cup,,,,c, + 0 mm/ R 

i.o.cer>i'""l Rete"'''''' IIume.-.J Cup, ~36, + 6 mm/ R 
i.o.""'>i"ed Relemwe IIum<rn Cup, 042_ + 6 mm/ R 

lium<rn >pacer, .. 36. + 9 mm 
1i:JlIlCf'.u >poccr, ",2, + 9 IIIIII 

Ihm<T,1 HeoJ, <\J.6, + 0 mm 
lIume.-.J H<ooJ, <'06, + 4 mm 
lIufl .. "'] He><!, 042, + 0 mm 
Hume.-.J Heac!, ,;42, + 4 mm 

Glm~ 011. 36 mm 
GIm""p/>cr< Ilia. 12 mm 

Mc<>gicnc Screws, w_ 4,~ x 24 mm (ll",:,d<Xl He.d) 
MrtogJcne Scr=~, l)oa, 4,~ x 30 mm U"","d<Xll k:ar:l) 
Merngime Scr""~, l)oQ. 4,~ x 36 mm (11""",it:d 1 k:ar:l) 
Merng""'" Sc"",~, 0;., ... ~ x 42 mm (11"""ded Head) 
Me'aglene Screw_', Dtl, 1.~ x 1!! mm (Tho-cacled llead) 
Mernglme \.crew>, 0;., 4 ~ x lH mm (Spherical Heod) 
Mctogknc &",""" w, 4,~ x 24 mm ($pheriulllle!ld) 
Meugkne &r=~, 0;., 4,~. 30 mm (SJlheriull Heod) 

~~'aglefle """"'~, 0;,,_ 4.~ x 36 mm (Spheri<21 Heod) 
Met1g1e.-.e Screw_'_ oc.. 4.~ x 42 mm (Spherl.:'>1 H<od) 
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Humeral Preparation Instruments 

G$l1oo2 

PPH36! 

FPHl<i2 

FP11422 

I'fllHlYiN 

FD!!l36 

I'flH2J6 

I'flILB6 
I'flH436 

PDlI)42 

I'fllI24:l 

PD!l342 

FDII"'2 

GFP!56 
GFP!42 

G.lEOH 

DHPOIU.~ 

DHFllO 
DHP2lO 

DH~:110 

D1iP410 

EHF561 

EHF562 
EliF422 

HRlI2J6 

HR!!242 

M,69 
~,~ 

""" ~5467 

M26i 

""M 
M265 
M;r6;r 
M263 

M'W 

TEH036 

l'EH042 
l'E1I436 

TW442 

Or\<:"tation l'in 

l'ruKirnoIlilImcr:1I Reamer, Yi.! 
Pcmifry,jj lIummli Reamer, 36.2 

PcQ>:imalliumer:l1 ReamCT, 42.2 

[lI.'tal Humerall!eaInor. Size O. Ilia, 36 mm 

DI<ta1 Hun>eral Reamor. Siu 1. Ilia, 36 mm 

Di.=l Hun>e,-"J Re:lfner. = 2. Ilia, 36 mm 

Di.<taIlIumeral Reamer. = 3. Ilia, 36 mm 

DI<t<>IlIumef'1l Reamer. = '. Ilia. 36 mm 
lX<tallIumeral Roamer. Size I. Di>." mm 

DOstaIlIumef'1l Reamer. SIze 2. Ilia." mm 

DOstaIlIume",1 Relfl>ef. SIze 3. Di>." mm 

DOstaIlIun.,,,,1 Re>mer. SIze '. Ilia ... mm 

lIun>eral Stem Impacror 

I'orkai Retrocroc 

Proximal Rcarnor Guide. Dia, 56 men 
Pcmifry,jj Reornor Guide. Dio, ,2 men 

Humeral [J;ap/lj'>i, T,.,.I, SIze 0 

Hume",1 Diaphl"'IS Triol, Sl>.e 1 

Hun.,,,,1 Diap/ly;IS THai, Sl", 2 

lIun.,,,,1 Diaphy;i< THai, SUe 3 
lIun.,,,,1 DiopIlJ"i< 'IH1l, Size .. 

Humeral Eptp/l)"i> 'llI:II, 36.1 
Humeral Epiph)· ... 1haI, 36,2 

Hun.,ral "P'phy8iS TtUI. 4l.2 
lIun.,,,,1 Space< TNI. ~36. + 9 mm 

Humeral Spacer '!lUI, 0>12, + 9 mm 

Lott:r:l~;ed Hume<al Cup '1n.1. 036. + j mOl 

Lat .... ~sed lIun.,,,,1 Cup Tn". ~36. + 6 mm 

La"""w.."o lIumeral Cup Thal. 036. + 9 mm 

Lateralised Humeral Cup 'llI:II •• "2, • 3 mm 

Lot=hsed Humeral Cup Th:II, ";2, + 6 mm 
Later.dised 11umeru Cup Thai, ";2, + 9 mOl 

Mc-dio~sed Retentive HUffi<:r:l1 Cup THaI. e36. + 0 mm I R 

Medialised Retentive H",.,...."I Cup ll'W. "'2. + 0 mOl I R 

i<ltcrali,ed Retentive jj""""",1 Cup Tn.l, <'36, + 6 mOl I R 

i<lt"",li>ed Retentive 11",.,....,,1 Cup llial, ,,",2. + 6 mOl I R 

HumerallIea<! Tria!. 036. + 0 mOl 

Hun.,,,,1 lIeod Tno!. "'2. + 0 mOl 

lIun>erallIeod Tno!. W. + .. mm 

lIume",1 lIeod TfW. "i2. + 4 rum 

• 

- - ""', 
_ ""'-";'1IO 

-T*'-I~I 
~ 

I 
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Glenoid Preparation Instruments 

PA.\\OOI 

A5DI 

MD2 

GPMU20 

GPM025 

AS273 
AS2,4 

9E03011 

GuiUe Pin, Dlo, 2. ~ mm 

C,onnul=.l Swp <InN 

Glcrtid Surfacin!;; Rasp, Dia, 36 mm 
Glenoid Surf'ocing Rasp, Di., ~2 mm 

Y·HID<ie 

DrilllIuoh, Ill .. 2.U mm 

DrilllIuoh, DIa. 2.5 rnm 

Drill Guide, 0;,." 2,U mm 

Dril Guide, 0;,." 2. ~ mm 

Loog M DrullJiI. 0;,." 2,0 mm (170 mm t.<cngth) 

lDoog SII Dnlllit, D: .. 1, S mm (170 mrt'l J..t:ngth) 

Shor, AlP DrJl.lllil, lA>.. 2.0 mm (100 mm L<ngm) 

Shot" AlP DrJl.lIlit, D<L 2,5 rnm (100 mm Leng!h) 

GkOO>phcre Thal, 0; .. 36 mm 
Gkn<JOj}here '10.1, 0; •. 42 nY"l 

A531l7 Screw Depch Gauge 

PI<1001 

Humeral He;[d 1"'1''''''''" 
H~"" Cup Impocro< 

A'\O'H 1.~mmGuidcW\rc 

T"'l" 
A~7 

'''''" A'I812 

A'I81~ 

~n 

A58lU 
A'I814 

A'I819 

Metag]= Hukler 

Gkrti<! 'Ir"l' Ba>e 

Gkrv<! 'llay I"""" 
Gle>oiU 'Ir"l' Lid 
Gletid T,..y Sc,"", Rock 

Hum",'" 1hly 1 Ilo.<e 
Hu"",,'" T",y I In.,,,,, 
Hume",l1hly IUd 

HUmer:al nay 2 Ilo.<e 

flumeral'fray 2 lruert 
lIumcml1r,y 2 Lill 

nay''''''''' lor Cui'" 

=--j( 

~ 
==c 

- ... .. 
---
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Delta eTA n. Revision 

Imphots 
DHCll~B 

DHC21~B 

DH01SB 
DllC118B 

DHC218B 
DHC}18B 

DllRllSH 

DHR21Sl1 

DHR31SH 
DHRllSlI 
l)HlU1SlI 
DHR3ISH 

MROl Wl 

lnstrum<nts 
~oo, 

MOOOOI 
~oo, 

n'lfOO3 
TEP03~ 

TEP02~ 

ALROO~ 

~.~ 

~~, 

&~ 

&0000 

DHFll~ 

Dl1F21~ 

DHF31~ 

DHFllH 
DHF21H 
DHF318 

150 rom Ile\islon Cemenled Hume .... Di.ph)~I1. SIze 1 
150 rom 1le\1s1on ~fflted Humer:al Di.ph)~I1, sa" 2 
150 rom Ile\ism Cemfflted Humer:al Diophy"", Size 3 
180 rom Ile\isb:t r.ement",j Humer:al Dilphy,"" ,...., 1 

180 mm &5i.!b:t r.emen",d Hum.=] Dilph)"i>. SOze 2 
180 mm &e"isb:t r . .,mem",J Hum.=] DiJphyA 5<>" } 

150 mm &5i.!b:t r.ememle<, 11u,""",] Di,phy,l<, Size 1 

1';0 mm &eml"n Gem",tless Hu,",,"'] Di"ph)'8l<, Size 2 
1';0 mm &emion Gem",",,"s Hu,""m] Di"physl<, Size 3 
180 mm &e",ion Gementbs Hu,""",] Di"physl<, Size 1 
180 mm &e",lon r.ementl<:S; Hu,""r>l Di"phy .... , S"" 2 
180 mm &e",lon r.ementk:<s Hu,",,"'] Di,phy.<l.!, Scr" 3 

StonJanl Humeral Pr=I>e5" Iottr;oc'or 
E:<tracbon RO':I 
Slap ]-fu11lJ1le< 

Stem F.x""""", 
3,~ mm Hex, H~S<",wd'ke' 
2_~ mm lI"x, He><! S<",wd",,,, 

l);,phy.'H] &e.me" DIl 5 mm 
Dlaphy.'H] Re,me" DIl 6 mm 
Diaph=] Reo.mer, DI<i" 7.~ mm 
[Mphy"",,]lk:o.mer, DJo., 8 mm 
l);,physeo.] &".mer, Dla 9 mm 

150 rom lD<lg Humernl Diaphysis 'ill>!, SOl. 1 
150 rom Lotlg HUffier:U Dilph)'>is 1l:Ial, SOl. 2 
150 rom l.oog IIUffier:U Di.phym llial SOl. :l 
100 mm Lotlg Humeral Diaph)"j> Thai, 51l. 1 
100 mm l.oog lIumemi Diaphj'>j, llial Size 2 
180 mm 1-<0'8 lIumetai Dhph)'8i' Trial, 5<>. 3 
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, n 1 
c..mpIa , ............ ..-.d ,,"'''''''<0. 
""IP"' .... prf"O'll .... ,qcno ( .... II~ 

indudir>l ~ifIg fOI'l "'''If!" pmpeoly 
~ "'e!d~ loioII. ~ 
_ ... i""" Funa..,... The ___ 

Sy<Iom ~..,. ........ ~""" ... _ \O,IiI • 
lht.."".,..e rnodub! humer.l ....... p!O>"\di/lS 
.. """,jmum ...... "'" of "" ....... i._ In a 

~'d.ll .... r>' ..... 

--................. -._, ..... ,_ .... 
, ... ---_ ........ .. 
__ .... _"""'-. "D 

" ..... -~-.,-........ -_ '*"- b<r W- ""'''-.... 0. 1_ .. __ .... -•. _ ... _,"" 
,..t"""' .... _ ... "" __ ",, '" "'I _ 

'" ..... ,-.. -.... ~~ ... - ,'" 
........, .. ",..;om. "" ...,.,....... • _'"'" 
jy",,_.~..-:J d,." .... __ _ .... '"" , ... .,. """" .......... ,,.. .... -.. ~ __ , -... I.~_ .. t"" __ " ... """ 
",~" 10. ",II,,," ~'" ...... _ , ""~'" 

rJ 
I 
I' 

! 

MOSAIC 

• '-f , 
'. , 

....!.' 

Un"l""JMlr........o. 
b"" "'I(OW> jnr or> 

",ruralt '111«1''''' 
, .... PI "",,01,_ 
I().i"'e .,.,oIi"ll SWI!'M 

.. "lin", "'1<lC'..t1'd 
f ...... _ 
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"urSlco] overvl~w J 
"'<or I 
P~"'-iwly pi" .. ,,;il1l Ih" '-'C.y ,,,,~';"'o" 
'''''IJiflg ifl ",il~i 11".11],,, ",pl""'Mfl! r"n~o 
i; 3O--1&OrlHfl io 1C<11m il1e",O('n". 

step I 

P""orm. q"",I ... ci ~<ton<tl. oocolD)<ic 
"f'PIO.ch to to.- pro"ml hurnell~ alu 

silo ul ""'. 

"t'-'I~ .. 
,......,i. the ""I",;()[ local;"" "" II,,, r....., pti'" 
kl r."""tiGfl, U;iflg th .. fl"'t,1 I",,~)I'IO to 
"'" avaii<tbi<o """,-,ti(l<1 ",nglh" r~"',.t the 
il"'"lvoo 00.", IrigLJ., 1:, 

st e p + 
R~'m to.- """Iull"ry c,,,,,: with the 
"I)<'rea ~'me" ifi~ure 2J (l/2llHfl di,,,,et~r 
'"x:rem"flt; wilh ,iepl.h~lg" Imr'~lIilO the 
,ie>i,,,,i di"'r",l", (~,5. ~.3, 10,3, 0( 11.'mm) 
,.,ci length (30, 1iH), 150, or :!OOmmi oi 
in""mooull", ,'',,' (ri~ur~ 2,;,. 

I"" I"f" (not ,r.:.,m\ ""'\" b. ,,;00 tu P"'I"'r~ 
''''' d i"",1 hu"",,,,, "" Ihe ",,,,,-,, fl ic I'-I=-'" 01 Ie., 
ifllra",oo"I1"" "'"" ,muld il ",.ch tl", di<t,,1 i"""",,,,, Th..-... di<t"; Itom r"f" h,vo cicptl 
geL,%" 01"'''''''' as w,,1 "" ;'X"""",t i .. ,"",,_r 
by lm;n ,:the i",pl .. ~ i .. cr"'H"'~' by 2mm, 
,;0 p .. , ""C<JIJ il'lglyl. Wheo "siog" ,"'m 
em"oIiz",", """'0 i1.:lt the conal i, pr.p,<ed Iu 

I", 2rl"" I"rgol' Ih'.fl lb. imp.nlheing ,.;",1. 

steT :' 
C~ ,e., dpprup'ialely ';2<'(1 Irial, SiIX~ 
all 1,;.1, are ";''''1 ~",l1tic.!ly with to.- men, __ 
Sf>OO<ling ':mplont, when "lIe,wing lor a 2",,,, 
"";n,,,,1 ;r,afll:~, "'" 11", .. "xl >i,~ I.rg", tri,,1 

SOlOW lh.lri.1 ,I"", "'~_ (I<1to tr.,. dClir",1 
tri,,1 stom "nd pi""e in the L'M "cld Ifig",," 
, & ,<0. II rn,'-ir<'(l, te., i""," ,.,.n,.,.- ma,. I,.. 
lM(i "'...,. te., tri,.1 ""~:tcr '" ",,,,,..,t ,ny 
Iml,lignmont in th.e initial hlmeroJ ~1"':li(}(1 

If;~lI"" ,j & ",,), R"'HOYe Ih. 12.'" "'''',,''' 
d<lG 'o:i8.j)l"' ('" II,. I.."t '1<'1), 

~ tel-~ b 
U,. 11", 3, 501m h., &ivOl" 10 .n'.ch ,h.e 
,,,lor-<,r>OO:-llh~~ I:, "~m Icd,~o to to.­
corre,ponding tr: . ! ,ter" ,:ri~ure }I. 

rigLre 5 

Dian,ot.r 

6.5"'01 
5.5""" 

10.50101 
1l.5mm 
1<.0""" 

T.b., I 

fig",~ "" 

, 
, 
II .. 

I : jl , 
i >, , , , 

fi~,,'" 4 III 

------ -- -- ..... 

Color 

~'''~r 
Goki 
&1 .. 1 

Solmoo 
era,' 



Univ
ers

ity
 of

  C
ap

e T
ow

n

.. teop 7 
Attach the desi=J >egmeol1Jiol to t~ ,tern 
trial """""*'Iy by using tt-.. thLmb whOO (000 
breit<er bar if """essary) (Figure U. III"t>?n lIIing 
tl1<' optional >Oft tis,,,, ~rl 01_. lise 
111<' sIoove trials to OO""i"" the kxaIion 0( 

>uture ilItachment ,i~. To do ,hi" ,I!do the 
>lee.etrial """"the~, trial l.,til u.., dist..1 
boll plunger ""I!og<!S into t~ cir<:umiererliol 
gro<l'>". AI i i!"ffi""I iOOer(al>ons {o!\Iety 45') 
""" be lelt .. tI1~ ~~e tria l i, turned on lhe 
"'~ (ri.;J1. 11M", correspood 10 dinlPle< 
00 the f.,al impl ant to ~""ilr ~i<ote lho> 
trlolorlentation.! 

ste p 8 

Anoch me o.,.ired prox;mal body trial to the 
,tem or ""gm<!nt trial u.ing the l.5mm ho>x 
dri¥",. IFiS"" iL On .hort~r =oction5, tI1~ 
><1ltllOOt will not be used, In the", c'","" 
the ~ro,i"",1 My tri.1 will be """"'*"00 
d;~ly \0 tt-.. >tern trnl. 

Ptac" on appropri.tely ,iz."j h~od u-ial 00 

the pro,;"",1 body lnal ",,,,,,,tHy aM per­
iorm a trial r<doctioo (Fi~ 8). 

11_, Th~ dim~l~ on the 'riolled~ ;ndic.>leS 
onle<ior orientatioo and i. aligned with tI>o 
an<ltomic taper .t the di'tal end of the stem. 
~ 1~ _ aI,~ with t"" anterior mati. 
on t~ ~LJS, the impJarf ~ po.itione<J.t 
400 lei"""""",, The ~ 00 the 6,Smm 
0Ind 8.5rrrn""mett< ~ indicate ~/_1O° 
whjle .,., corner> 00 the 1O.5rrrn and 11.5mm 

diameter ledges indlciit" +1- S", 

st.,p ;? 

"''''mbi e "'" li",,1 !mpIom to mocch lhe r ial 
",ing the respective impado" 10 == t~ 
laper j,",,-Iion:;, [ockifllr saews """ ""P,rro >JI 
all ~ jUnc\ioos, Tho- &moll locking !IO'ew 
j, u>od.l tI>o <UmI<egmeol junction and the 
Ioirge locking screw js u>ed lor II-.. segme~ 
F"o,imol body junction (figure 9). The &m.11 
. nd r.rge [erling .'"'' ....... ''' p~with 
"om of tho >e!!""',",- \I\Ihen • ~ ~ no! 
"<eel • Big t-le<dI5mall Thread iodlng SCrew 
,.,ttes tho .\lffi>"proxi"",,1 bOOy jco>ction (Figuoe 
90). This id'ew i'J pad:ased wilh ~odl stem, 

Cr.x...e an approprialely sized ""'" c"nrraliz",. 
am oppI Qble =nenting te<hnrqu" This '*"'ic<J 
" intended (Of (~ed appIk-",-,om only. 

\ _ it 

Fig,,~ 1 

, 
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SIl\<X>th, ,,,,,,><led 
,"I",. ho'" 0[1 '00 
proximal My 

Acij""abl. , .... "'ve,,;"" 
(40 0 I /' 10" fo< je., 

b .. lmm ""d 8.jmm 
(iia,"",!er' and 40" ~ /­

.\ 0 0-" ,r", 1 O.5mm ."d 

lL5mm d<om"",,,j 

All' too\ ;c-,. Iy ,,,,,,,,I'd 
jlllr.", .. dllll,,)' &tollm 

betltor ilCC()(l"",X.li!c~ 

the di>!" he""","1 
"n, 1 ~Nlm,,"y 

r"""" n;_A"glJl,," 

h,,&! si"", 

-- ,",,,","'~ ":1",, [>O<o(J' 

cu'ling promot", ;"'.ro.<OO 

fiMliolt .nd I"ngo'"it\, 

r h "'''"P iee" n'<J<J u I ",it \' 
,.."1..:,,, 50 - I &On"" ill 
IOmm increment, 

[ircum!"",,,,i.! puruLe 

maHnx Of1 the ledKe u( 

tile in",rr=Jul1<l1)' ,te'" 

four intran,.,Jull.,y ,tern 

",n~lh'I.OO_l00.1>Oand 

lOOmm);n 10m di,m""'" 

Ih .. ', H .. I, 'I O_S .;nd 12.5mmi 

f"(,.,.i~ a jo!al of 16 ""m q>ti<J," 
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o rd e ng . '" 

111003 40:;(B7 R01.~ 

111004 4O.0()38 nOm1O 

... ~'~~:' ___ ~"'c~"""_-'::::"':>:':':"::::~ 
Mosak~ '"tramedullar, Siom 

r.rt No. 
'Om 

[)e""iptioo 

",006 40:>{)]5 6 .. 1 , .0On<11 
111007 4O.00()f, 6,.1' 'OOrl"" 
111 OO~ 4Oj()()7 0.',150n,n 
111 OO~ ~= 0.,,2(01"" 

111010 405DJI ~.5 , :;()mrn 

111011 40.1{)J'I ~ __ I, 'IT)""n 
1110,2 40.10)'1 C., , 1 ,On,n 
II lOU 40.10)1 C.l' JWn,n 

1110" 40-'01.'1 405032 10,,,, XImm 
111015 4()j()14 40SWl HLI, IUTffl"n 
1110H. 4()j()1.0 4o.l(H2 10 __ 1,1.1011011 
111017 41)5()1f> 40.0032 10.0, .'COrnrn 

, 11018 -IOJJI7 405(3) 12.5 x "iOmrn 
111019 4if.>OI8 405I.H3 lL:;,10(,'m m 
111020 4if"o,9 4{)j():l3 1Lo x l.ICmm 
11102, 40"iOlO 4()j()j.'j 1] .. 0 x lOCmm 

-105021 H." j(}n-rn 
40,022 14.:>,IOO r", 
405{)Ll 14 .. 0 x 150r<11 
40.1024 14.0 , 200r,m 

,---

P." '" I Ii. I, D<ocrip!ioo 
lUfiL1 414422 -IO",,,"n 
1140LCJ 41-1-125 40x IYmm 

114Q'il 4'144'15 44,I,rnm 
lHOS:! -11-1-119 44xl9mm 
1140." 414421 44,2Jmm 

1140U 414424 4~, 191m1 
114Ql! 41442~ 48,2Jm1O 
114029 414421 48,17".." 

11402'0 41442() 52' 19m1O 
,'401f. 41442& 52 x 23mll 
114017 -114427 .,2 x 27mrn 

on 

Mo"i,'· Stenl c..-.t,.!iz~, 

Po .. Nfl. 

111012 
I1lfil:' 
111014 
ll1fi2" 

0,';"'" 
~ .. o",~ 

\O,omn 
IL:>mrn 

Tri.1 St ... "<btlt .. 

ro<. Roo""" 

405059 

T·HaodI. f", I",n",,, 

31-47%20 

CP4(,036f. 
"Jl-47'247 

475807 
47~008 
47,009 
47,3'1fi 

4753 " 
075811 
'7~813 
47~814 
47.~31;' 
47531. 
"1~ 17 
H'iR13 
475819 

4fi'i0'il 

IU .. Orrlm 
IU)llm 
I Lon"" 
12.l)ml 
12,on"" 
LHrnm 
H .. omm 
14,On"" 
145n"" 
15.!rnm 
15.'imm 

X-l!ay T."",loI .. 

S,u""r B .. 

Part No. 

150481 1.>.-.47, 

_05041 
40~042 
40,043 
40>044 
_05045 
405046 
405047 
4fioon 
4fi'iMQ 

4fi'iO,,1 

o.",;"tioo 

II i4'i ,"",,' 1 
B:g I+orii 

.Imoll TI~_I 

6,5(1"" 
7,'imm 
8.'imm 
9-'>n.-n 
10,om n 
II.:>mrn 
ILomm 
lJ"omm 
14 .. omm 

Mo",k'~iOS5 SI..-. """",·tor 
4fi'iOn 

Tap'r Hol"'r 

40.".'4 

M.-.;oi<; ~.'055 51"'" HoIdo, 

4fi'i055 

Mos.k".'OSS P,o,jrn.oi Body 
I",.,t., 

In''''''''''nl Ca.e, 

,;Q~147 """'.~,"_ 
5%148 " .. l!P & S>em '1"' 0 
5%14~ Bod-:'i"-'3/~",,"'1 ,,,;oj T,~f. 
,Q51'i0 1m,..."", 
'Q.~ 1'i 1 "",·, IL,n,,,,, I"", 

DRTHUI'ED1CS.1NC, 

'.0 "'" "" .. W","W, IN '608H"'/ • ;;".26/.""10 ""." ,.,nO< Or!_~< ,>C .. "-'1 "'.", ".,~wJ 
_+ '~'" ~~.'~·>"'''i.".n • ,~,~ :, I. "'''', ..... '''.,,'~TI 

,,'~, '0. Y_~'1T_' ... '.,'.~".,., 
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Bio-Modular® IBi -Polar 
Shoulder Arthroplast 

T"" (Ij f\oI",- ,,,,,,,,. ' '_'" 

"","",,,,, r", "'''' 'n "',",.,.,. """ of 
",-",·",n"""'''t<>'1 _"'011"" JOI<~ 
",,,, ... , ,'_"",tud art"'"". 
,,,,,,,,,,000' of "''"<. func'""",, 
""''''_y """ ,,,"''''''- ''''' _>co ~ 
I 01 ,,""'" ''''" "W w,," • ,'-' ........ J ","Th 
;,,,,,"e" ""''', ""'''' "',,"',.,. (l)';A) 

Bk> Mu< .. " .. , "'8'''''''0 ,,,,,,,,n.orl 
uf~_, ." 

Bi-PoJar Features 
• CDr>O<!ntric contact with ,1"'OUlcler cavity, both 

sliJacromial and glenoid. 

• Poten[j~lIy K", gl,,,,,,,id,anom;al w"ar cIu<, to 
t:>i-rottltio"al h<..'Cd/.r.c'1I motiOI1. 

• Enhanced lensionin\l of deltoid lever arm in 
r oL'llOf curf derlCient sh<Julder>. 

I 
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Hi-Polar l-lelOt Arthroplasty 
P<"fIII'" the numonol c.on~1 ~> '1J." " ried in l ho> l1ilJ·M<ICIUI~" T<>lJII Shaul"'" 
¥tern "'"" ,"1<1 ..... ('f .IIMI · ?60II) ....... Iioo lhe ul~1 re.o<l dod oneil cumpo< .... llS 
00 Ina l<1~1 humo<ioI " om oc actual hum " ... 1 ,l ...... ' m pl",' , W <IPt..-"",.., 11>0 
PfCIPC" r..a.I"'oglh . ,'" ,'~ I >i,~, n ,.. I~ or n ,. ' '''' ~ " M,., pmj <!Ct """"'" the 
'i# . ' L ... w~lty t() p' .... nt nJOO<"'iity •. ""mrnl., I~ "9""10" 1. AOO4u. l . ", [\ 
li .. Ol " I..-'s.\or, mu" 01"" be ,"'_00 , fie"",_. ,h<o w mP<>". '" sh<.><M root "'1 
100 ~'OIJd U' '~ '1Q<! ,,[ "",liun may "" """"'~, ",,,JIt Ing 111 I"" l h • .,., opti", . , 
c r>o',.C\ t)O>\w""" t.ho> lIi · PoI", "'.11 " ,ld t h<>!rOO gI ~'''' 'd, 

Hi -Polar Hea<l A<;setnblv 
D,,,,e , .... ''''I"opri~1e Bi·PoI..- h,,~d di " mel"' ''1<1 ''''''~ 1.' oQl h hav" r:- n 
. ,,;1I)1r0Ma. " "", cn~ """'mlJ ly c:>" ""w Do p..-' ..,.."",<1 '" ' oIlow>; 

1. IO"I$I!O'T I" e """' ~I Io.>d<'ng ring mtn Ih. qJI>lWrI In , two 11,· Pni:>, ,..,.11. (Thi. ;. 
....... lIy", ,,·._.) 

2. Afl'" tn ..... >gI',y d ...... 'ng a n<1 <I<yw>g l hot "'_ ""'1"$'11.111>""_ pbcf> tho 
polyelnyl_ loc~'ng nng over "'" cull., 01 "'" . .. m. . o.tlng un the hum",.' _ ;.,n I , ,,~ 

3. PI."" U ... 12 2mm ,n...,.- (Jj ·PoIar re.od ""Ough "'" IlUlye"'ylcco> lodi , 'Y ri,,!! 
" 1Id i",,,, In.. .......- " "'1"$'1 1~1l"'" Imp<><:llh. n"", in,,,, t ho> I~P"'" 

4 . PI""" thc pUl ,.....n~""" ;,.,,,.- Ii",,, 0....- U .. ?2,2mm ,"'..,. 
5 . PltI(:fI 1M "'''''' _1 ""'., &.. Iod<ing ri"gfin_lI l1a, .,,..,,1I!Iy . M "'''' P 

\og<rU,,,.-, TilO ."., .. , Io cl<i ''9 ri n g oT "'" "",tat . noll w ll l .,"Iap i"to the "", l.,,­
grO,WR on 1.1", pn l,....il.,........ locking ril'9 

6. Sr,w ld \1 .. ,,,,,,l,,.,';' ~; .. " ,,,,,,d lu I>e , ,,,,,,,""d , "'" tt .. 1,,,:ki''9 ,i nl) re mu.al t."", Tn d l"'I"" ", I. , h<! lIi·PoI" r ~n "'fl'l<"'W't5 , •• " d !.h<! ",,,,,",vo l romp '0 
"" '''' il<Kl't th<o mod ul o, ".00, 

Rea'I»"" U", "ll>!.o;.p.Jlor;' with nu,,· »I>oorOOlll o ",tu",~ Ti",,, e.tr<"" lIy ,ol"'~ 
tho ... m In ..... ~t """",- dog"'" of ~" ... n:>1 ......... Irm"'" wt~ rR Ii". 0""'"' ,,00"­
, ..,"""" ,,," "' ill be U., m""imum ~mou"t '" e~",, "OI '<.>U>tluo> "'" m,lIe<! 
111.1';"0 II", nISI ,i. _ , following "''9O''Y 

" r 1 -

e.~ ·Modul.,,"'/B; ."""", _1<0, 11_ 
(~ _ _ T_) 

91 ·PoI.- Shel l f ri a l. 
0,0/1.0. (mm) 
" 09" 00 ~ O. 2l.2nwn 
.08402 H , 2l. 2m m 
408404 ~B , 22. 2nwn 
408406 52 , 22,~m'" 

Bi- PoI ... I.ncking Ring 
Rc..-a l Took 
0 '4 (......:I 
408.35 
408H 6 
408H7 
408"38 

I. .-
I I 

~ .: /" ~" 

1000 ... M'" .""'-.: ...... ~ ,. , ..... ,, _ "" ""lit ~,,,,,,,",", ""_~ 
." __ "'11'" '''''_ ,O' ... "' . 
_ ........ , ,,.'<goo" -...-"" --_. __ ... -. --".-.... ~.,- ... _ ..... - .. _--.-"" ... ~- ... -..... _ ................... .. .......... _;r._ 
...... _ ..... ,'"01 ... __ ,,_ .. ,,_,uu __ _ 
.-.0. .... _ 

'13,.3 
113'" 
11 3H 6 

n.~mln I Sta "cI¥d 
22. ~m l'" , ~ 
22.2mm < 4 

P." "'" "'. w~~ ........ ' "W • ., ..... , ,..'" 
. , .. , ,~ " ••. I, ~ ... , ..... ,. _ ",,," 

_ ." '"_4' .', ......... ' .. "' ... 0",· ..... . ...,..« • ..,. .... ." .. , 
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LCP: The Locking 
Compression Plate System 
~, Frill. A. f .. nk..lI P H" U • R • • "",o; 

BUn< lractUf<! leo<! '" • ".""ple. 
ti,,,,,< inju'Y ;,,.,-,,>-;ng bo<h 'll< 
bon< ",d til< ,umlllnJing "->11 Ii,­
" •• ", Tr<.ted in 0 ,,,,,,,,,,,.liv< ""'"Y. 
f"ctu",. ufl<n ""u~ In maklUgn_ 
malt or non-uni"", 0, wo!! 0' 
k"" to ,Lilt""" of """,con' )o!n". 
10 ",uu« Ihe "'CU"'''''''' of the .. 
pwblems, ,-"""n ,<duatnn ond Inter· 
n , I fi~""H.>n of tho bono ,on bo car· 
<ku ""'. TIlo AO ha, d<volnj>«l 
(h"", ",chntqu"' ond ""fino<! Iho 
,,~, p'indple< 0/ Intem. llIx.tfon. 
An.tomlal ,<duatnn and "ablo 
lntorn.ll fi •• tfon ..t,h p"'t .. IUld 
'"""." na, born 0 vory surr=ful 
",ennlqu< for tbo tro.m>rn' of bono 
r ... cturo<. 

Good !>on< hooling GUlol", ",,,,It 
jrnm ,<l>llvo ,"'billty. a. known 
f",m a""""",ti"" tro"m'''''~ "" 
we~ a, from oxp"'-;""", wfth intra· 
m<dul1>ry nai". Tho diDical 0<1" 
COO"" j, dependont on oblainiIlil 
correct J.'WIL .>xi. ""d rotation 
0/ tho fr>ctu",d bon< Tat!tor than 
on p«_ on01omkoJ redu&on 
ond abutut< >tobility. To . dli<v< 
thi~ at tho samo tim< minir1llziIlil 
tho omouDt of additionoJ >oft-t;,>u< 
trauma, DO'" ,url!lcol'eduriq= lor 
,!to 'r<"m,,," of mukHr.grn<nt<u 
m"~ -~ diaVhy>< M Ir.>ctur<> wfth 
pia'" ~ OlU,., were ut"Y<loped. 
Thn" indudc tbe bridg<-p",clng 
tnhniqm ' fld tbe Minin,alJy loW'-

f". 1. lISS p~", ;nl "",,"' to <i"~" 
tI""lfed 11010/""",.,- I,,," 

,;y< P"", OStec>synU,<.i, (Mj P(»), 

.,ld nO .. b«n u",d ",I'h IltOffil<lng 
,,",ul,, [1-31-

I{o""""" '''''lOproblem,ln Int<r· 
naI fixallOfl..t1h Ilia'" and IC1'€W' 

r"'mlned umolv<d. 11>r", of tho .. 
wu< Impl.nt ",l.whnd, ther<iO£o, 
ptimarlly technicol Im]<" primary 
lou 01 roduct;on, ,oamdary lou 0/ 
rrouction. and comp=<ion 01 tho 
prno>t oum leodirJi (0 • distUTbonc< 
01 tho e()£tic.ll bluod >UW1Y. >e< Fll\. 
10---< • 

.... [0 and """''''' 'Y"""" who", 
tbe """'w can b< Iocko<! in (h. 
piato, 5(j·edlod Locked lntornol fIx­
ator>. were ""en "" • ,olutH.on to 
th""e probl""", Fig. 1. The I""to 
and wow< lorm nne ",.bJ. 'Y'lem 
and the "abll!'y of tho froctur< i> 
del"'ndant on m. .tiffn.,. of tho 
eorutruct. No comp"''''ion 01 tbe 
pl.ott unto tho bon< ;, requir<d. 
whkh rrou"",,; tIl< <isk '" prim.>'Y 
1"" of 'roUcti"" .nd P'''''''''"' til< 
bone blood ,upply. Locking 'he 
,.",,,. ;fl,n (ho plotOlO .nml'< angu_ 
I.r . , ",ell 0< ald.1 >labili'y olim!· 
n.", (ho llOOribUlty for the ,en"" 
'n '''!l!ll<, .Wdo, or bo dlsIodgro and 
lhereby "'''''gly rNlue .. tho ri,k 
ot po<toper.tfv< 10>, of reduction. 
B"",d on tho O'l"'rimce. zain<d 
",Ilh m. PC·FIx 'yltrnl [4]. tho 
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LlSS 11" , nO llSS PlT 'yw:m, w,',,' 
""'eIop<J 'nO bo,'e .hown "'I' 
promi<lng clinical r,",ull> 15- 7] 

5"",,,.1 <urgeon •• in pornru"r 
Prof. Dr, M, WOlin", frcm Vienna. 
txpm .. d the d.,ir. to htlve on. 
plate ,y>1em with til< jXmibilHy 
for ,lo,' ,u!B,'on '" c!Joo>l. iotn­
O!><,,"';Hiy wh,·,h", \0 uS< It whh 
<on""ntkm,1 """""', with I""k<d 
<cre"". or w;lh • oomb!n"\o,, 0/ 
ooth . Thi' problem Wa! r.>d:kd by 
AO and kd IO the d<v<loJm><nt 01 
the Combination Hole of tho Lock· 
IDi Ccmj>fe .. kI:t Plate.I«!'ii. ].a-c. 

nte Ii"'t holf of tho bol. comprt .. , 
• l)ynomic COIIlj>r<:"ion Uni, .mj 
i. intt'11(\<:d for. " . na.,J cort,·. or 
<' n<ellnu< I>o"e l<Ie",. A, in • ",n_ 
d, m l)yn , m!c cnmp"~<km PI"". 
««'''lrio; p'e-dolllinil , 1Iow> , .;'1 
romp",,,lo,, 01 'he' rrOd"'e \0 IX' 
•• :hie"ed. ~u"h,·n)}()"'. the scr<w 
"" b< ,n!lulo",d. OOth 1, ,,,,,Uy 
ond 10n,;ltudln.Uy. "'~t!v< to th< 
pia" .xi •. nte thr .. det! half of the 
hok i. ".m;';al ant! p<'mtit> ,10,' Iod­
ing of !I>: 'f'l-ci, 1 l""'kin~ He, t! 
screW. (l . ~ mm I" d!ameter I", the 
LCP <mall fragmmt «t .nd 5.0 mm 
in m.m<1er for til< LCP lori:' frill:' 
mrot >etl. 

Th,' AO feehn",,1 COIlWni.';on 
dt-citl<"ti in Ii", phtl,,· '" imp!.:m,'n! 
thio >:Te' on ,ill' I''!!e , nO ,mon I<og­
mlTI' pi , ,,: 'y"em'. w;,hov, moo_ 
irying 'he' o,·,~,ll d<sign 01 tho 
". ;"I"!: f>I"'~. Thi' W", v<ry cbo.l_ 
kn811_"" ,u.",,,lul_te.mwork 
bet ... "" [10,· AO expo" g'''''P' .nd 
re,hnlall Comrnl<<lon •• nd the pro· 
dum., nte AOTK h" . pprov<d 
000~ tbe LCP 4 ,~I~.O laJ]!e fmgm<:nt 
'y"em'nO lCP 3. ~ .man I<og""'<ll 
'Y'''m • • " , ,><I.rd prodUd .• . A ""w 
mil<!to""from the AO In th< deve!· 
opm<nt of vi"" ",,:1 1lCUW< foc til< 
n< .. miilrnniuml e 

hI. I. -c. Cu",bi·hole, C(:<nbi­
hoi • .,.,;ti, SI""II<,,,,,', Com bi 
hoi . ",iti, lu,ki"X Ije",1 Sr.,."" 

!!ODe LODe 
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UPPER EXTREMITY 

~.lrt II Ik>smption Price 

Clavlde 

, , , . 

Part 1/ Dcsrription Price 

1020_20 -_ .......... . 
$'.l5 
Si,l5 

Models CJn be fractured or deformed to your sp~cifications. Price, dVilllablc upon request. 

26 
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COMPOSITE BONES 

Comp0'iite Bones are designed to simulate the physical behavior of a human bone, providillg an alternatiYe 
for cadaver bones in testil'l9 and research. Mechankal behaviQr of the comrosite horte material falls within 

the range for cadaveric specimens. Composite hones have ,hown significantly lower v.riability in testing 
compared to cadavetic specimens for aU lQading regimens, offering a more reliable test tled"' . Other 
advantages of testing with Composite Bones include unlimited sample sizes with 00 special handling or 
preservation requirements. 

3rd Generation Campf)Slte Bones 

S;::;:'::i 3m GenNation Composite BOlle mQdellkltural cortical bone using a mixture of glass fiber> arid 
€ resin pressure injected around a foam core. The midshaft area has an intramedullary canal. Standard 

mr>dels are manufactured with a solid rigid polyurethane foam cancellous core material. The dense cell 
",""",,,ofthe solid rigid polyurethane foam makes it slightly more uniform in properties_ The Ixm~\ can be 
manufactured using cellular rigid polyurethane foam upon sp~cial re~uest. Cellular rigid polyurethane foam is 

II comparable to natural canc~llous ixlne with cell size ranging from 0.5-1.0 mm. Both the solid 
rigid and c~llular rigid polyurethane foams haw 95"10 dOled cell structure. 

A-.o.qe m.t.ri"" prop.rot>: 

ell.tom Bone Mod~ls 

The 3rd Generation Composit~ Bone wal deYeioped to improve the composite bone phY'iical b~havior, increal~ 
anatomic detail in the cortical wall and eas~ manufacturing difficulties of the 2nd Generation bone. The 2nd 
generation bone will still tie manufactured upon special request. 

Supporting Composite Bone Data 

For '«0" 10 CAD modo!> 01 """" or our compO'ile till;;'5 ,,1<1 I.,n,,,,, pl~". "'" In. followiog Wet> ,it.. 
www.cill ..... itji>o.t"d/LTM-IORjbackln<tjlSS_". ... .ii.b_mo ••. hlml 

Sub,torrtial. 1.,1 dal. , "'!J2Idin9 lho m"'.n;<iIl Ydlidolion of lI .. r""ur dlld libi. ",oMs is iIIIail.t>le ill til< lalO:Jwing documellt;, 
I.(n'lololini, Leu (Univ<r;ily of Bulogll', It.l~); l'ic<oo<lli, Moreo; C,ppel". Angelo ,rid Toni, ~l'o. M~<h.ni<i.1 volid.lion of 

whole bon. compo.ile f.mur ",od~I,. Joomoi of B'-om""llon", Vol. 29 (1996), 525-535, 

2. (n,lolalini, lLX:. (Uni,m;ii~ of Bologn . , ll.l~) .lld Y>:"""li. Maroo_ Mechanical .. lid.tio" of whole bone <ornposit. libl. 
models. Journal of 8.0rn.chonks Vol, 33 (2000). pr. 279·2BE. 

•• Hei ""r. An,,,"-i.,,, ,nd Brown, Thom,,_ (Uni"""ity of low. , Us.A). Siructuritl propertj~s of • new de,ig" '" composite 
r~plical. femu" "nd tibias. Journai of Biomedwoi[" Voi. 34 (1001), pp. 777-781. 

72 
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1 
ANNUAL BOOK OF 
ASTM STANDARDS 

Medical Devices 

13.01 Medical Devices 

Includes standards of the foJ/owing commilfees: 

F-4 on Medical and Surgical Materials and DevICes 
F-29 on Anesthetic and Respiratory Equipment 
F-30 Ofl Emergerey Med~al Services 
F-31 OIl Health GaIe ServICeS and Equipment 
F-32 on Search and Rescue 

ASTM 1'16 R;ac. Stf~e1. Ph.adoMpl'Ii, . PA t910J·1187 USA . ,2151 m·54OO • TW~:10·0;O·IOJ7 • " '"'X 2'~·9H · ')0.,;'1 
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~DI~ DeSignation: F 543 - 92 

Siandard Specification lor 
Cortical Bone Screws 1 

, .~ M ......... ~ _ ' ....... "" r.,.. ""'_ F,.l ... ",..... ._. ",_ .. , .. _"" •• _ "" "".,.t 
..... "",...."..... >t. '" "" ,' ''' 0(,,, ....... ... ...,.,(~ .. ......,.,. ~ __ ;,. ............. ...b< .... u" ><" "' .. ",_ ... ~ 
"""'''"P' rplil" ,.j ",,",,"',, .. "'" ...... ''-'' ~ ... ~ , ... 1&0< ....... ...,. '" "'W""I 

r:<t~ "",·Uk·,,,,,, ..... ' " ..... ,,,,,,,!<N .. ,"", "'" OJ" .,,,,,1,, "'" ~I,"'" .flJ<!ino.", ""~w I;",; •.• i. , • .r'. 1> I..J" ufS-~'i<o/;',." 
""" $I."""", 

1. Sc"P'! 
1. 1 Thu ~lfiC:lljon oo,m the aca:!X~bJ< nlate<lo1ll, 

tin llh, \do:oliflc:llU'n. d'mcru''' .... and tn! .. anccs f"r met~1 
corliul boM ~ in lentied fOr ~ so gjIYaJ implanu.. 

1.2 Th~ vaJu~ lUTed in U.s. WSIOD"W}· ~ni" :ut to b< 
ftP..dedu,lIesundin:!andSI (welnel "'lui.UN. appn>~. 
,malo (Of Thread Types I, II. m. aDd IV. T he ¥~1ue:J5"'1e;J in 
SI unj,s are 10 ~ repnlcd '"' the Sl~nd:lni inc! Us. 
<U\IOnury ¢qu ,njCnlS appr,""m31( for Thmld TYJ)t V. 

2. lI~f.ref)<.:td l>U<urn.nl~ 

1.1 " ST'" Sumdards. 
F S~ Sj:IeC ' fi~ation fa. Stainless Sled Bar ~nd Wire for 

SUr;l<~) Implant!' 
F 67 Spc:cificanon for Unalloy.d Titanium for Surgical 

Implant App],c~tion,' 
F 7S Speclroeal1un for Ca't C~ball--C ~romlu"'.Molybd~. 

num Alloy fOI SUfilQllmpbnl AppHcation.' 
F 86 Pra.::!icc ftor S .. "fatt f're!>aration I Dd Mul<.iq of 
MtI~l" SUf8jCIIllmphna' 

F 90 Speclfoe"uQn for Wrought Cobal(..cnromjum.T~ na. 
$ocn ·~icl;el Alloy (or SUJpcal lrnpbnl Applica tion!! 

F 116 $peolic~I.OP for Mro.cai Soewdn..." 8IT~: 
F 117 Tel.! MeThod (or DrM,,& Tmque nf &If.·hppm, 

Medi .... 1 &ne s.:n:...~! 
F 1.16 Spetlfoealion for WlOuglll Titanium M I-<lV Ell 

Alloy fru- Sl!t8,c:d !mplin, AppIoc:tt;om' 
F 13S Specification lor 5ta,nles, Steel Sar .. nd Wi!~ fl\f 
Sur6i~ Im plams (Spcc~11 Quality)' 

3. C!aplnOlil on 
J. i Thi! ~;fic~li(>n i""lu<ios tho following head-! for 

bone SCf1lWJ: 

3.1.1 T;",'-Sjl\ll~ ,=:I:> ",,~l head. 
.l.U r.·1'e lI--CruciJle =< ovallocJd. 

n. , __ • _, ................ of A5l" <::0 ___ , .. ... 

""""'" ... ~."p<>I M>otNb .... (ko."",,- ...... "'" "'- _1<01 ... ~ s.. __ FOU, --.. U..,,.,,,-. 
'o.m:., _"'" >r.JO>'''' ~~ 'J. .0'1 P-'N~_ h .... ,".; ~ ,. .... _ .. F ,.,!_.; UIt _._ f "'] _ ll. : '_ .. »I- . ~'\T.IS _ ... ~ Vol . lj;. 

" 

3.1.] hp;: IlI-SlotocO PhillLp< r~; ~v~l h""d 
1.1.-l Tyli<' IV- PhillIp. Jeo:-esJ o¥al head . 
lLS nil" V-H",,",ona! r~ n'allwtd 
3.2 Tit" spoci rocation indudts lhe folluw,"i tmead; ror 

110"" K","-': 
32.1 GassA- No 4M bolleK~ thlU<i. 
3 2.2 CIDn B-No. 6M bone $l;:f"tW lh"~d. 
3 2.3 cr. ... C- :>Io. 6.jM bone SCI'tW lllrcad. 
32.4 OQ$.I D-Nn. 1M ~ ~ Ih!""d. 
3.1.5 CIQ$.I f.-No. RM rone screw lhre2d. 
3.1.6 Cltw F-Mtlnr ih'ea,.. 

~ . j\\.{~,;"l 

4. 1 80~ "'''''WI' confQrminl to lIU6 speo;i!i.:anon ,ball b. 
suppl ied from muterialo confomung In the f!)!lowing ,pec.fi­
catio n.: F ~5. F 67. F 75, F 90. F \ 36. and F 1.18. 

5. DlmeD.ion, and Tul~,.""", 

Sol Bor.:·\Cnw ~ad. co nfClfmtl\l tn thi' specifi .. -atian 
.hlil bt: rahriCltL<! in ."ro"bn~ wilh Ihe d.me""""" and 
lol.c:no.ott1i .baWD In II", tespe<:ti~ f$lrQ Illdi""tcd. 

~ 1.1 TJJ1d-Fi~ I. 
~.12 1)"f'I! lI_ Fig. 2. 
l.U Typdll-Ft&- 3. 
~.1 4 1)J'f" IV- Fo&. 4. 
.s.1 j TJ]Jt' V-F ... j. 
5.2 Be"., <C>'l'''. lh,,-:ads confotmlill 10 Ihl> Spe<ifio::mcn 

stull ~ f~bri rnt«l in accorda noe .. ith 1110: oi!mcll$;<m$ 1M 
tolcr.lJl= ' hown in Ih" Ia~ Indic:ued. 

'-l.1 Cia .. A. B. C. D. and £- Table I. 
U.2 Class F--Table :1. 
S.) Tol~ra"ceJ 
5.3. \ Un.pec ificd tol.!"3.ncel fo r RS'. Ihrnugh 5 a~"-, 

foI1o", •. 

D.c'm>J " 0."'1 '" fQ OJ ",.i 
f""'"", ~ 1<.. ". (0. ' .... \ 

. ...... ~:~ "un< • ~j .... t1)J)(t .. t 

0). filll5b and lderu;rIQciooo 

~.I Be""..:rewo; coofurmi", U-, Ihi, ~~c~tion w ll Ix­
(i RL'Iht;-U ,n accor.Jana. ,..j,h Prac1.~ F 86 

~.1 Bone 'ICre""", <I-... Jl h,,,c n.o $h,,,, .~l(O'-" cd#> aapl 
"M,e ~ sh;lrp o.lt<: ~roYtJt:I ~ fl,HltlionoIl Pllrpo..-
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~fill F 543 

I I 

»0" ,-Slot Oo«~-$I¢t ..,.. pon<nto to 30" odgo "",II 1"""""""1 Out 0IlaI no< 41""0<' be"", oon"", of t<l<Jo 
No ... _ '" ~.~_ ShOII'~ oquoI'j '0 C"", A, 6, C, 0, ...... E _ ""cow._ 

FIG, 1 OV:M H •• d Si"gl" ~O! Re<; .. ss CI .. s fJ" !, C. O. on41': Bone Screw. 

".!i::-
.' , n om ~ ~.,_ .. _ 

".,,~. -,,-.--~ 

'''". '_Ci",~t. "'" ..... (JO' ~t«=1 ,,"U' ootl"" cl odo;Je_ 
No" ~_'" _O_~"''''WI oquoIIy '0 C .... ~, 8 , C, D . ...., E 8«!0 .cr"". 
, .. ". J_Sc< _t .. ~"'\o ,,0.001 5 ~_ iO,O<O""",I ...... _ .. «I to ,,0.010 ~_ {'l.25C mmt 

~IG. 2 0.., Head C",~a!e Reoes. Clos ..... !I. C. O • • r>d E lion. Screw_ 

_ .. ~_'m'.~." 
'_'_."~._MQ~ 

.~ .. 

'''''' ,--SJo/ DopI"_~KIgIo ..." ..... ponek ... '" J() ~ ..... ","", i~1 "-' _ no' .... _, """"" """"'" of """" 
Ne,. 2-A1_"""" ,,,",,,, "'oil • • pIy -.- '0 0." A, S, C, 0, om E BcoI "",.m 

~IG. 3 0 ... , ~~.d ~ottoe<l Ph,llipsl!e<;e .. r;, .. s A, !I. C, D, ,,"d I': Bon .. So,e ... 

"",,._AI: _ ...... 'l" ......... oppi)' 0"'"'''' 10 V "'m, H """, me1<1c '"'_ "",ewo, 
FIG_ ( 0..' H@ad PhiHip. A~cltS. 2,1 mm, 3.~ rn'" !lone Sc'ew. 
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1ff~ F 543 

No" .. • 11<>< ,,,," ,,., "'" 1"'"""'" me ... '" !l ~ '" .",." "« """ P"''''''''O .. ~." ~J ~ " ".,. _ """', 
FIG. 5 Ovol He.d H ... gon.1 Rece .. 4.S m", 

T.lBlE , loch TlIread.-Oim~n .. "" • • nd T"e,.nee . {.oe Fig. ~I fABLE , ~e'rio TIvNd.-o;m.~..,.,. and T GIe<.nce. .-
C~" 

• 
• 
I 

, 
, 

" ,"", D<>".,,, '-"'" """"'"' ( .. ~ F;g. ~I 
T"' • ..., s.,. 
-~ "")0' 0..,.,.,.' ,,:"'" c;..,,.,,.. 

" •• , - ,.,. -'" u'2 I . U:41 t.'1/! " 
o. - • -.. __ .... ._-_ .... --

IrTfil 0~ rno H;'l V a flO '" C.~·'" •. 10 ," ~,<~ '.00 ~ 1 0< .... nJ2 ~,loi ,. o:m ,." 
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Appendix E 

Drawings 

E.1 Equipment 

Drawing Number Drawing Title Part Descriptio" I 
Equipment-Ol-Ol UH}.,[WPE Socket Cutter L-~}..rWPE Socket Cllt,(cr_! 
Eq Iliplllcnt,-()2-IXI 'i'Cllhl()1l TL-"';, Sd-ll P Asc;cmh!.y ! 

Eqllipmcnt,-1l2-0 1 Zwick Couplings Comprc~ioll COl1pling 
Equipmellt,-()2-()~ Zwick Couplings Top Tell~ioll COllplinp; 
Equipment,-02--03 Zwick Couplings Lower T0mion Coupling 
Equipment-02-04 Test Housing for Soeket Test Housing for Socket 
Eqllipment"02-05 Zwiek Test Ball Zwick Test Ball 
Equipment-02-06 Socket T '()ckillg Ring Socket Locking Ring 
Eql1ipm"nt~02-07 Pr"H&-tit T,,~t Socket. Pn,,*fit Test Socket 
Equipment-Il3-00 Scapula Test Rig Assembly 
F.q u i pI [] (",t.-O 3-0 1 Scapula TPc;t Ri.o; Ili" R""" 
F.q \1 i I" [] (",t ~O 3-0 2 Smpnb '['cst Hi.o; Ri~ La1'I\e Sick 
Eq Ilipmcnl.113--()'1 Scapula Tmt, Big Hig Small Sidc 
Eq lIipmclll_O:.J_04 Scapula Test, Rig Rig Top 
Equipment"O:.J-05 Scapula Test Rig Rig Top Slider 
Equipm"nt-03-06 , Scapula Tmt Rig Rig Supraspinous Bar 

: Equipm"nt-03-07 Scapula T,,,,t Rig All"n ::VUOx70mm Ball 
, F.quipn '''nt~03-08 i Scapula T,,,,t Rig Rig Top Slider I\ut , 

! Scapula Tmt Ri" Equipn '''nt~03-09 Ri;o: Sid" Clamp Fa.c" 
F"111ipm{'nt~03-10 Scapula 'n",t Ri" Ri;o: 90 B\)ot 
Eql1ipn ,cIlt~().1-11 Scapula TL-.,.;t Hi" H.i" COlllp[CSHioIl Foot 
Equipn '''nt~03-12 i Scapula T,,,,t R1" All"n _\'1Sx70mlll RaJI 

El 
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E2 APPENDIX E. DRAW1NGS 

E.2 Full Designs 

Dr <lwing Number Drawing T itle Part Description 
FUll 01·00 Hyb£id·Screw TSR ASI1embly 
FUlI-OI-01 Hybrid-Screw TSR Glenoid Fixation Plate 
FWl-0l-02 Hybrid-Screw TSR Ball and Tapered Stem 

, FUll-0l-03 Hybrid-Screw TSR Cemented Glenoid Pcg 
FUll-Ol-04 Hybrid-Screw TSR Coracoid Plate 
f\ill-Ol-05 Hybrid-Screw TSR UIDIIWPE Socket Bottom 
FulI-01-06 Hybrid-Screw TSR UH!vIWPE Socket Top 
Full-Ol-07 Hybrid-Screw TSR Socket Locking Clip 
Pull-01-08 Hybrid-Screw TSR Coracoid Screw 
Pull-Ol-09 Hybrid-Screw TSR Pcg Stop Rotation 
Full-01-l0 Hybrid-Screw TSR Humeral Housing 
Full-Ol-ll Hybrid-Screw TSR Humeral Stem ExteIll1ion 
f\ill-Ol-12 Hybrid-Screw TSR Humeral Stem 
f\ill 02-00 Cmtral Peg TSR Assembly 
Full-02-01 Central-Peg TSR Glenoid Cent.ral Peg 

~~~-03-00 Quad Point TSR Assembly 
f\ill-OJ-Ol Quad-Point TSR Housing 
Full-03-02 Quad-Point TSR Coracoid Plate 
PulI-03-03 Quad-Point TSR Coracoid Plate Screw 
f\ill-OJ-04 Quad-Point TSR Ball and Stem 
Full-03-05 Quad-Point TSR HUIIleral Component 
FUlI-03-06 Quad-Point TSR Ball Locking Screw 
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