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Very ea.i·ly in the history of nurgery n.nd when surgeons 

wore more concerned with the closuro of ounrta than in their 

ma.kin~ , metal wa.e being implanted in the tiaeuee. Fabr1ciua 

in 1847 wrote Lt leAAth upon the use of iron ire euturea, 

lim1tina their uee however to the noft parte . Surviving with 

the blind progress of the times, iron wire 1o a.gain me~or1al-

1zed by Ioart who in 1775 out down upon a fractured bone 

nnd approx1m~lted the enda by suture. Lt>loy Ill no ralates the 

practise of 11·e sutures by Flaubert of Rouen a.nd the 

11 t(?rn.ture of the period records varioua s 1m1lttr reports . 

However, 1 t remnint?d for Levert to make the first 1elibera.te 

inquiry into the method an<l in 1829 he performed a rqther 

extended aeries of experiments on dogs to determine the 

toler nee to met 1110 sutures , using golri, R1 l vsr, lead A.nd 

pl tinum . The la.At he found to be the lea.st irritating . From 

this time until that ot• Lister nnd the •1clvent of a no 

surgery the literature merely records the dull comment of 

a few ambitious but unor1 (l1nal workers in thin p rt1culn.r 

field . 

With the oomin~ of antinepoio and later of a,,qepsis , 

improvement wao rapid . Lister had auoceasfully employed buried 

silver w1ro uturee for fracture, and Kittredge nd olff 

were ua1n metul rivets in bone. Late in the nineteenth 

century IJ1?le h d been un1mr wire n.nd nore·10 :r1 th varying 

auoce e and as on bin way to perfect the f1xnt1on of fr•ioturee 

by mean of ateel plntea , hioh he reported in 1905 . In the 

e e deoa.de Ste1nbu.ch hnd employed silver plates and ~ lvn.nir.ed 

iron nore s with v~ryinp ouooeaa while L~mbotte reported ood 

reAults with braoo platen and copper and iron wire . From 

thia rrround ork,but chiefly by re non of the lrdent championing 
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of L'lne , there aroae the tremendous vogue of the buried met ll 

plate> a. vogue , perh'lPB more notable in th1o country than a.broad . 

It hl\s been the observation of medical hiatorio.na that 

the 11fe oyole of an idea 1e predeterrn1ned; 1 t arises firat on 

a wave of enthu.iasm only to sink into an obscurity from which 

it 1a rescued by oome rRtional individual who reoognizea its 

11m1 tatione and r;utu 1 t to its proper uae . 

N tural ly then, the f1rot reporto nuoh a.o Sampson • A , who 

reoorded a.n unbroken oer1 es of 104 oucoenoeo , were 1 nv·•ria.bly 

favorable , nnd aurgeons good and bnd µroceedad to insure t heir 

future employment by bur1ng metallic subatanoee in some form. 

The reaction swiftly follo ed and in 19 __ was authorized the 

Br1t1eh Frn.oture Oommiasion whoee report formulated the 

already growing doubt of the propriety of treatin~ fr~otureo 

in this manner . Once well begun the oontrov0rsy elicited a 

V:'lriety of opinions :i.nd d'lteo . John B. Uurphy , always an 

unbiased observer , rem~rked upon the frequency of non- union ao 

00111pared with the preoperu.ti ve period . Others , notably Albee , 

Hesaert , Lexer, und Brickner , maintained that buried metal 

pieceo not only failed in fixntion but were noxiouA to the 

tiesuee involved n.nd 1nh1b1ted their rc~en rnt1on; while 

Hallopenu , Duj r1er , !t"redet • nd Alj:rla.ve prool imed them, not 

only li. rmless and ·ell toler tad, but n.otuo.l a.;i:entn for good . 

More recently fe h ve attempted to vn.rify thoAe clinical 

obaerv tionu by e.xper1mental menns . Trout insert d steel acrew 

into bones of youn r l;bi ta u.nd noted n rreet in bone 

growth , ind Albee in another pt per presented aim1Vir conclusions 

but fro. rather in dequ•1te ma.teri!ll . Stanley u.nd Gitell1cr in 

n extenct d t1ole with conniderable ol1n101l and X- R y 

evidence developed oom points of conA1derPble value , 1naemuoh 

a their ork a. lmo t entirely oonoernerl .,,1th the Parham b d . 



Their obeervntionn ere. th·t in contact 1th the band rly 

oas1f1o ti on H.A delaye but th t no necro 1 s " a diRoernable 

nor aa there any cv1denoo of oxidation or the toxic action of 

iron salts . Lericha and Polio d, by h1ntolog1c examin tion 

nd cllemic~l na.lyo1s of the ti auee involved. determined th t 

not only iA the bon dj cent toahur1ed tel pl•te noorotio 

an r r1f1ed , but th t tlere like iAe ooourred m· rked 1mpreg-

nation of the underlying truoture with iron salts . 

M:mn in ohort cr1eo ox experiments on do a to determine 

the tolernnoe of joints to steel nails nnd acrewn . found them 

well 1~bedded at four 1eek nct aho ·ing only a light rarer ot1on 

of the surroundinR bone . But by f r the m~jor reRenrch as 

performed by Hey GroveR . To arrive nt the comp r~tive merit 

of the var1ou methods of f1x.i.t1on of fr tureA he nmplo ed 
v 

large eriee of xp r1ment l anim~lH over oonoider ble period 

of time .nd pl ntod v 1ou .tnlo in the for of pl t I 

ferrule 1 d 1ntr~ medull y pcaa . His oonclueion , b aad 

upon micro copio observa ion are an follown : 

l . Nickel plated steel hae no 1rr1t tin erreot on tisnuea . 

2 . Ungne 1WD 1e r 1dly boorbed nnd ots 

timula.nt to bone form t1on . 

n po e ... ful 

3 . Indi f rent 

by the tis u 

t1o foreign bo 1eo ~re re d1ly tolerated 

From th fore oin it ay be seen th t much of the research 

bile prim rily 1 ed t n cvalu tion of fr oture pro then1o 

h'l. not been y te t1o lly oonduoted . There baa b en .uff1c1ent 

observ 1 tion of nd renulto but the l ok of uniformity of 

mat ri 1 m ke · .n·1lyei~ d1ff1oul t , nrt th1A e 1 ok ot 

un1for ity nrl boence of noour~te controla detr ots from the 

v lue o the exp~r1ment l d1ta . In determ1n1n th merit of 
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a g1ven prooedure it seems only logical to examine closely the 

rnateria.le employed a.nd to ascertn.in the de'1'l'ee to h1oh their 

inherent qual1t1os vill modify their utility . 

The object of the fo~l.owinf.!. research is to determine 

•heth r metal per ae , ·hen impl~nted in bone , exerts an influence 

other than th~.t of rmy foreip;n body ·1nd if so , fihether th1e ia 

a property common to many metals or varying '•1th e ch 1nd1 vi dual . 

To ttain thin ~1th1n re sonablc limits of error it 1o 

obvioua that modifying faotors must be rigidly excluded . To 

th if end m:'l.ture do~s h1Ve been employed an the moat sui t•1ble 

laboratory animals , nnd in each series o.n effort wue made to 

use animals of the same nizo and condition . 

To r11.~r.e the d:l.ta. more comprehenei ve and observe the 

reactions of d1 fferent type rinct ntruoturas of bone the 

e,·perimonte included the okull , tibia., nnd the rib , the 

obAarva.t1on t 1 e ra.nring from tv10 to oi.= eaka 1 n the different 

Rer1ee . 

In order to obtain a bony ctef ect herein to place a metal 

1n~l9.rlt unaffected by prenaure or mobility , boles were drilled 

1 n the var1 oue p rts u.nd metal pl· t n of t he exact depth nd 

diameter wore inserted . This ~na v~ried aomewh~t in the akull 

and 1bo • 11 be noted l1Lter in the operative record, but 

11th the orementioned intent in mind . Aqeptic procedure 

neoess rily obtained throughout and as checked by cul tura and 

me r at utopoy ; the infected npnoimeno being reject d . 

Al though ound hemoet sis wna uniform and ea.oily obtn.inod , 

medullary bleed1mt 1 . n n. v r1·~ble factor nnd A. few A.n1rnqla era 

axlud.d rom tho rooorcle bee une of large hemotomrt • 

Aftor oone1der ble e eriment ·1th fixativeA ·md ti rnue 

ot ins it w o founct that c1eca.lc1f1c 1.t1on ~ s more uniform and 
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rapid with 5 per oent nitric acid , and that preliminary fixation 

in ten per cent formalin 1a.a adequate for the Rt'-.\ins required . 

W1th Hemntoxylin · d eouin 1t was pooslble to d1fferent1~te 

the ntruoturea quite a.a ·ell A.O with the speoinl ota.i ns, al tl10ugh 

Van Gicoona was employed routinely to emphnaize the oonneot1ve 

tis ue ob ges , nnd )!, lory•u hem()s1<larin eta.in was used to 

oel1neate the iron pigment . Some difficulty 1~s exoerienoed 

in obtaining thin ueotiom1 intact nd finully ten mu . celloidin 

seotiono wero out for orient· tion and th1nnor fra~menta for 

detailed study . 

The follo1ing on.taloguc includes the details of the 

operative procedure: 

Under ether , nix t eries of rnature norrna.1 cioga were 

operated upon ~1th the unual aurgic· 1 a. eptio precautions . 

Series I. Ten dof!:B · 

Prelimina.ry , to rectify technical procedure 1nd determine 

optimum time of ol:>ta.1n1ng gpeo1rneno . 

Series II. Fifteen dogo . 

The middle third of the tibia wnn expoRed t~rough a 

11.b ree inoh 1no1n1on o.nd R. five mm . hole drilled th1·ough the 

oortex . A metal implant five mm . by eight mm . by . 5 mm . in.a 

inserted in the hole , .flush 1th the eurfaoe of the bon and 

fitting oxn.otly but •1thout prennure . The overlying fn.no1a. 

aa olo od with 00 o •tFtUt -mcl the al< in n.. olooed 1th 1nterrup-

ted linen '.1ut ure • lfo dress inf!' . In the control a.n1m ls , the 

ound e.1 oloeed after drilling the bone vr1 thout the 1mplant

t1on of metal . In the remn1nder th folloring metaln ere 

1mpl nted: 

l. Gold 

2 . Silver 

4 • Zinc 
5. Lead 

7. Nic ke l 
8. Hi gh carbon s t ee l 

6. Cop er 9 • Low carbon a t ee l 
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10 . Stell1te 

11 . Copper Alumi ni um Al l oy 

ia. Magneo1um 

13 . I ron 

At the end of o1x eeks the dogs ere killed, the tibiae 

removed and eotioned 11th a. fine saw under runninF' water . The 

metnl impl nts were withdrawn from the out end of the bon~ and 

~e~ion of the implant out ( ae bef ore) into t o rnm . oroe< 

Aeot1onn . These eeot1one wero fixed in formalin for five d~YR , 

then u1ohed and pl ccd 1n !i ve per cent ni trio n.c1d '"ind left 

until decnloif ed, the oolution being changed cnily . After 

1mbedd1ng in celloidin sections ·rnre cut e.ncl stained. 

Series III. Fifteen dogn . 

The knee joint wno exponed by a three inch skin 1noie1on, 

parallel to the long ax.is of the leg and the joint co.vi ty 

opened by a. two 1noh l •i.ter 1il incision . The p telln ~as 

disloo!l.ted medially a.nd the oondyle of the femur exposed by 

flex1on of the knee . A hole 2 mm . in di~ .eter and 3 mm . deep 

as drilled direotly in tho long axis of the femur nd a metnl 

implant 2 mm . by 3 om. inserted flush vii th the a.rt1oul r 

C\rt1lage . 

The patella. ae th n repl oed and the joint capsule closed 

with linen outures . The skin was closed 11th interrupted linen 

suture • Be 1de the controls in hich there ere no 1mpl nte , 

thA f ollo ing motnl ere implanted: Silver, gold , aluminum, 

zino , le d, ooppor , nickel , hight carbon oteel , low cu.rbon 

teel , et l l ito , copper ali1m1num alloy, magnesium, iron . 

At the end of two nlte the animals iere ki lled and the f emora. 

removed . Th la · er re.oved ~nd the region of the implant 

out with fine naw into 2 mm . cro sections . Thesa seotiona 

ere fixed for five days in .en par cent formalin , then removed, 

w Ahed n pl od in iv per cont nitrio acid , rnd allo ed to 
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dee a.loi fy . L ter after 1mbedd1ng in oelloidin sections 1erc 

cut anrt et 1ned . 

Series IV. Four dogs . 

A oix inch akin incision exposed the lo•er r1ba in the 

ax111'nry line . The uporfioi '1-1 f·-ioc1a and muacu 1 ture ere 

divided and the m1d portion of the 1xth, eventh , eight and 

ninth ribs exponed . A "' mm . hole w s drilled throur:h t .1 e 

cortex of each rib and met l 1mr lrtntH 4 mm . by 4 mm . by . 5 mm . 

insertect , flunh ·1 th the surface of the rib . 0 erlyinp mu.cle 

an··· fascia ere oloAed i th number t. o pl~ in c· tp.:ut and the 8k1n 

olo~eti with interrupted linen 9uturoo . t the .nd of four 

weeks the animala iere killed .nd the rib~ removej . At ~utopoy 

1 t :is found th E1t the rib , beco.uoe of its aize o.nct st rue tu re , 

as not sui t~ble for thia type o! 11c.pl nt 'lllrt th 'l t the f otor 

of error due to mobility , fr oture an1 oper t1ve tr1um 

so Rre~t to make the r~oulto v lueleas . Grose obeerv~t1one 

only ere reoorrled • 

. Series v. Fifteen do a . 

A skin 1no1e1on is maoe over th mid- temporal region 

extending from the o·~ '71 tta.l Auture for two inohen . 

lying te ornl n.no1 • •~o 1nci eed 1 n the s me 11 ne 

The un er

nd the 

munc le retracted to nxpoo1. n area on the akull of nbout 2 om. 

in di meter . A button of bona 1 . 5 om . in (i meter removed 

·1th trephinc and the dura. uxpoaed . A metal disk ex otly 

fil11n the opening YJa 1nGerted n.nd the de p tempornl f aso 1 

nd p rior "ium olo ed 1th 1nterru tert 00 ohromin catgut . The 

outer terr:por 1 fasc1 n oloeed w1 th interrupt ,d lin n 

suture ao . th~ kin . The follo ling met l ere implnntect : 

o1lver , ol d , aluminum , zino , lead, copp r , nickel , hi~h c~rbon 

nteel , l o carbon steel , atell1te , copper ~luminu :tlloy, 

m Jne 1um and i ron . 
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Series VI. Four doge . 

A Rix inoh okin 1no1u1on 1n thG ~x1llary lino and 1nc1n1on 

of the uncl rly1ng, auperf1c1 l muncula.ture exrosed t e fifth , 

sixth , seventh, eighth and ninth ribo . The perionteum was 

ino1eed in the lonp axia of the ribs for a diotanoe of 3 cm . 

tith a periosteal elevator, the periooteum aa loosened from 

the upper half of the rib and retractore inserted . Uith hnrp 

ch1eele n section of the upper border of the rib wnR removed, 

1 . 5 mm . by . 5 cm . by .I cm, and a metal i mpl~nt inserted in 

such manner ao to hf\Ve its ends buried in the medullary bone 

substance thus , The u~ma.l controlR n.nd metals 

were implanted . The per10Elteumw1~ olmied with 00 chromic 

C'ltgut and th. overlyinP" ti -·nue cloned i th plo.in catrrut . Tha 

skin 1 s cloned ith 1nterruptod linen . uturea . 

At tho end of four weeks the denirod rib ere ~emoved 

and X-R y photo~ra.pha taken . 
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Animal Experiment - Dog. 

Series I. Control - Tibia. ·aix ·;eeks . 

There 1A a. Alight amount of soar t1l~sue over the ound . 

The pE?I'iosteum 1s continuous over a ~lightly raised fusiform 

protubera.noe . There 1a no evidence of infection . 

I I. Gold - Tibia. aix weekn . 

There is no infl·unn.a.tory re!iction . There in n. cl1rrht 

umount of scar ti trnue over the boru~ . 51 if it fuoi form JI'Otu 

e1u.noe over implcnt , pcroept1ble as a 11light oulp;e in contour . 

The per1osteum is continuoua ove1· th;1 1mpl~!.nt . 

III . Zinc - Ti bi f'\. 1 aix week A . 

There is ~ moder~ta imount of ecar tiague overlyin- the 

implant area. Muddy diocolor tion to aof"t t19 ue for an '1.rea 

of one om . There 1s ·i slip-ht protubernnce over the area of Jthe 

impln.nt 1th an oval or·1.tex- like ctep:tess1on 1n the o 'nter . 

The perionteum does not cover the implant . The metal 19 

markedly corrocterl and h lf Rbaorbnrl . There 1~ no evi~cnce of 

1nfeot1on . 

IV. Copper - Tib1· , six cekn . 

There noem to be a m•rked bony pro11ferat1on . A moderate 

~mount of ao!' .. l ti sue overlies the re ion of the 1mpl,·nt . 

The1e is a bluioh diaoolorution of t he imol nt re for a 

diotance of t o om . The re ion of the implant 1a tho center 

of a very l!U'ge fusiform bony enlargement . Tho P' r1osteum 1s 

continuous over tlle 1mpl nt 'hich is bri ht a.nd sho n ev1rlenoe 

or abaorption . There is no evidence of infection . 

V. N1 tel - Tib1n, e1x weeko . 

There 1 n Al1~ht 1noreane in the fibrous oonnect1ve 

t1osue overly1n~ t ~ implant , a.n~ a li ht protub~r nee over 

th area of the 1rnpl nt with an oval central depress1on . Dark 

d1eoolora.t1on oxtends for an area. of five om. !\bout tho 
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implant . The periosteum is continuous over the 1mpln.nt . The 

metal io discolored and corroded . There is no evictenoe of 

1nf1ect1on. 

VI. Aluminum Bronze ... Tibia., a1x •1•eek • 

There 10 a ol1ght increaoc in fibrous conncc ~ ive tissue 

over the area of the implant . D rk discoloration extendo over 

an aren of one cm . The per1osteum does not cover the 1mpl11.n~. 

Tl e area. of the implant in noticeably depreAscd . There 1 no 

evidence of 1nfeotion . 

VII . Magnesium - Tibia, oix eeks . 

There io t.i. al1 ht :fu iform protuberance ''11~h a centr l 

depreasion over tho e.rea of the impl· nt . The pariosteuro 1 

oonti nuous over the 1molnnt . The met 1 1a thrne-fourth a.boorbed . 

There i ~ n. cli, .. ht gr~yinh d1scolo1·~tion ahout the 1mril nt for 

five om. There is no mirked uroductive ch n~e nnd no evinence 

of infection . 

VIII . Aluminum - Tibia, o1x eekn . 

Theru is a very al1~ht fu ifor protubermce over the 

implant, ano thl!l per1osteu 1B intn.ct . The met l 1 not tiis

colored or bsorbert . There 1s n very light productivo oh n e 

1th no evidence of infection . 

X. Silver - Tibl , o1x ·1eeks . 

There 1 a slight 1nore e of overlyin~ fibrous connective 

t1 nue . The per1osteum 1 intact . Thero 1 a 11 ht 

protuber·mce . The m t·il is ark and 11 htly oorro ed . The 

eurroundinr, tiooue 1a not ·ii coloted . Ther ia . 11p,-ht 

procuctive oh9.nRe and no evidence of infection . 

XI . Hi h Carbon Steel - Tibia, six eeks . 

There ion nl1v.ht depreoa1on o•er th area of 1mpl nt . 

The perioeteum in not int ct over the 1mpl nt . Tho area 

urrou din~ the metnl ie d1ncolo1 .d for one om . The metal in 
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rk dly d1 co l o nd o ro re 1 0 le truo t-

ive oh n Tho 1 no inteo ion . 

XII. Lo c rbon l .. Ti 1 ' six e • 

Th r 1 1 ht in h 0 lyi !1 rou 

con o iv ti u • Th r 1 notic bl r ion in th r 

0 th 1 l t . Th rio int the i l nt. 

ti BU u roundin h e l for on 0 • 

Th tel 1 ly 1 co 0 ed n cor Th re 1 no 

Vi .nee o in ti on . T 11 h d tru ti ch e . 

XII I. L 1b1 ' ix 

h r 1 1 h nor n th 0 rly1n 1b 

ti ue . 11 ht pro uh c 1te 

of th 1 l 0 h u 1 

1 no 1 co th t u ho h 

00 ore • 1 0 0 v oh n • 

IV . l ro 1b1 ' 1 

Th re 1 1 h inor 0 th 0 rl 1 i rou 

c onn o t u , o ub r oe o r th r ion 

0 l l c n r l 1 n. 

h r 1 no ion 

ltho h 1 00 0 h r 11 ro 

ch 

VI. s 111 • 

l 0 ov r r 

1 l t . p rio oon in OU 0 h 
' 

hie 

1 br h 0 cor Th r 1 11 0 or 
y o ion . 
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Periea II. Control , four \eeko . 

There 1 moderate !uniform nl rgement at th. sit of 

the drill hole . Th pcr1osteum is thick n d . 

II . Gold - Rib~ , four eaku . 

There 1o a. rao<!cra.t fu i form ewellin t aitw of the 

1rr~l nt . The met~l 1~ covero 1th thicken .... d periosteum. 

Tlrnre is no d1Gcolorat1on . 

III . Silver - Ribs , four ;eeks . 

There ia ~ moder te fu,iform H•ellin at the ~ ite of the 

impl nt . The metal is covered 1th ·thickened peri on~;eum . 

There is no d1£ooloration. 

IV . Z1no Ribo , four eeks . 

There in a large fuaiform s ·elling, nct tl1a periosteum 

is much thickened over the re ion of the metal . The1e is 

alight cu color•ttion e.lthou h the met 1 1 pArtly orbed 

and di colore • Tho A 1ell1nR c n be cut .1th nife , nd 

in friabl, on section . Th!re 1 dcf1n1tP. r~oture t the 

it of the impl nt tion . 

V. Copper - Ribs , fou1 .eeks . 

There in 1 ge !uniform e ellin _, n the ie ion of 

the i~pl t 10 ov rl 1~ :ith moder tely th1okeno perio -

teum . Th.re ia a . 5 c • ~on of diocolor t1on . Them t l 

1 bri ht nd rou hencd . 

VI. oiwn - R1 o, four eek • 

There 1R a lai·ge nodul r oll1 at the sit of the 

i~plant . Th met 1 1 covered by th1o p r1os~eu , and in 

ne rly b orbed . The discoloration 1o slight . The ti~ ue 

1 f rt ble on oect1on . The par1osteum 1e rkedly wh1oken.d . 

There is dct'1n1t fracture ~ t the point of injury . 
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VII. Aluminum - R1bo , fOUJ: eeko. 

There 1 a moder .• te fusiform et1 ll1ni:t u.t the site of the 

impl~nt . The metal is bright , anct th re 1s no evidence of 

absorption . Tle periostaum is moderately thicken d and 

covers the implant . 

VIII . Lead - Ribs , four •eekn . 

There 1e n l~rge fus1~orm swelling nt the nite of the 

implant . The p~'!riosteum io moderately thickened . The metn.l 

is corroded but covere· . There io slig-ht ri1ocolor~t1on . There 

1 ft fra cturc a t tho s1 te of tho i mplant . 

IX . Iron - Ribo , four .eeks . 

There is i8. modci· te fun iforoo v.elli1 , J.t t l1e i tc of 

the irnpl 1nt . The r.'ietnl is Jir..colo1 ad . The perio tom. ia 

rooctaru.tely thi()l:ened , ancl ali htly di;-;colo1·e:t about the 

1rnplnnt . 

x. Hi~h C·rbon Steel - Ribs , four eeka . 

There 1~ n o<le a.to fua1for swell in ·~t the ci te of the 

i mplant . The metal 1n not oovc1ect 1Uld 1s markodly corroded . 

There is.a nmrked rea.ct1on of th. rn1rroun 1ng conn .... ctive tissue . 

XI . Nickel - Rib, four .eko . 

There 1 s. mo ernte fus1 form a ell 1 n., : t the s 1 t !? o... tha 

implnnt . The mot 1 is not oovere , and the surrounding 

porioateum ia 1 octerataly thicken ct . The metal ill 001·rorted , d 

there 1 mo e. t di colorat1on at the ti. uc . 

XII . Al Bronze - Rib , !'our cekn . 

There i e. uli~ht funiforro well1n With ocntrfll depree-

ion t tlie s 1 te of tho ir.rola nt . The m tal i a not oov"lrod .• 

The per1ooteum is filigh tly th1okcnen . Tije metal 1a b ivht , but 

the ourfo.oe 1 rou hened . Th ,x·e 1 ~11 rht di color ti on . 

XIII . Lo Carbon Steel - Rib , four eAka . 

There 1n a moier te uoiform ll1ng t t e oit o: the 
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implant . The t l 1 not covered nnd 1 m0 kedly corrorled . 

There 10 a nrked reaction of th, eurroun 1ng oonnoctive tis ue . 

XIV . Stellitc - Rib, four eoks . 

There 1 a moderate fusiform swelling t the 1te of the 

implant . Th metal is covered 1th thickened porio teum . 

There 1o no discoloration . 

Series III . Control, two weeks . 

There 10 ~i. alight di soolo1 ct ion bout th.; drill hole, C\nd 

a thin l.yer of c rtil.ge over the op n1ng . 

II . Gold - Kneo, t o ee·e . 

There io oli ht di ,color tion bout the 1rnpl nt hich 1o 

covered 1th n thin l yer of den e oonneot1ve tioRue . 

III Silver - Kneo, tvo ~oe· • 

Th re it a moderate discolor tion about he 1 pl nt hioh 

ia covered 1th thin 1 yer of dense conn ct1ve ti ue . 

IV . Aluminum - Kneo, t ·o e • 

There 1 light di colornt1on out the 1mpl nt hich 1 

oovere 1th thin l yer of den conn otive t1r.suo . 

V. Co er - Kne , t o •eeko . 

Th re 1 VOl y M. rk, ' "'1coolor ion bou... th 1 l'" nt . 

the .n of hi ch 1 R not covnrnc!. 

VI . Copp r A uminum - Kn e , t 0 ce n. 

There 19 v ry i.rked di 1;oolor tion about the impl nt , 

the nnd of. hich 1 not covered. 

VII . Zinc - Kn .e , two e .kr. . 

There iA very m rke diP.COlOT tion n.bout he 1mpl nt, 

th .. end of h1ch 1 not covered . 
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VIII . Kagneoium - Knee , two eeks . 

There is very m~rked discolor·t1on about the impl~nt , the end 

of h1oh is not oovered . 

IX. Stell1te - Knee , t o eeks . 

There io very olight diacolora.tion n.bout the 1mpl nt, thn 

end of ~hioh io covered 1th a thin layer of rlenae connective 

tissue . 

X. Lead - ·Knee , two weeko . 

There 1e moder t inoolor tion about the impltnt , the end 

of which 1 not covered . 

XI . Iron - Knee , t o eek • 

There is moder·ite discolor •t ion about the implP.nt , the end 

Of 

XII . 

h1oh in not cover d. 

Nickel - Knee , t o eeks . 

There i s m rkeci diaooloration bout the 1rnpl. nt , tl . end of 

Which io not covered . 

XIII. High Carbon Steel - Knee , t wo eeks . 

There 1 marked d iec~olor t1on bout the impl nt , tho end of 

h1oh isnot covered . 

XIV . Lo Carbon Steel - Kne , t o eeko . 

There 1 ked di coloration about the implant , the ond 

of hioh ie not covered . 

Series IV . 

There i 

SKULL 

Control , oix eekn . 

nli ht inore ee 1n ftbroua ti 

of the trephine openin re slightly rounded 

ue . The m rgin 

nd smooth . The 

perioeteum is oontinuoua over the bony dnteot hioh 1 

oov red by bone but by den e f1brou ti sue . Ne~ t1v 

not 

to culture . 

II . Gol - Skull , ix eekn . 

Thore io 11 ht fibrou ti ue 1ncren~e . The met 1 1& 
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covered by a dense f'ibrou ti nue layer one mm . thick . The over

lying perio teum in oontinuou • The met 1 is not corroded . There 

is el1eht reaction . 

III . Silver - Skull , nix ee e . 

There is a light fibrous ti nue 1nore1 e . The perioeteum 

1 continuouo over the metal . The metal is covered by a one mm . 

layer of dtmne fibroua tioeue Which cont . ins no bony tis ue . There 

i e a zone of bluish d1ooolor tion over tho etal and t o or three 

mm . from the oiroumference . The rneta.l 1 slightly corrocted . 

IV . Zino - Skull , ix weeko . 

Tho met 1 1 lyi xposed under the superfioinl fanoi • The 

periosteum i s not continuou over the met l but only to the ed~e 

of the bony defect . There ie a .5 mm . ?.one of mt rked connective 

ti eAue increLse bout the metal . Th6 met l is b dly corroded nd 

ol1ghtly baorbed . The m 

!ibrous t1anue 1ncre se . 

in of the bony defect ohow m rke 

V. Ma lenium - qkull , e1x ee a . 

There 1 mo er te inore o in the oonneot1vo tissue over 

the m,tnl d 1n a aono cxtend1n one om . or more fro the m rgins 

of the bony defect . The met l is ovorl id by a en Re fibrous 

ti oeue layer two or thre mm . thic , ont 1ning no bony ti u • 

There 1 a not•lble protuber noo of t1n ue over the met l. The 

met· l 1s h lf boorbed . 

VI . l inum Copper - Skull , 1 x eekn . 

The et l 1 ly1 n exposed under the auperficial f scia. 

There 1 mo er te 1nore ee in th connoot1ve t1a ue . There 

1s an re of d:irk 1 color tion for on c • 11bout the m t l. 

et 1 1 very olightly 1noolored anct the pol1 h 1A rlullerl . 

VII. Co p r - Skull , ffi.X w 0 • 

The et l 1 lyinP: o 0 t1 under the 11pBrf1o1 .1.l f soi • 
The er1oeteu. i not oont1nuouo . There is zone of od rate 

The 
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cOhnootive tio ue inoreae e . There ia a zone of dieoolor~tion for 

.5 om . The meta.l 1a bright , but sho 1ng signs of 11b orption. 

VIII . Hickel - Skull , oix weeks . 

There 1o a slight 1noreaqe in t?1e connective tiasue , and a. 

zone of 1scolor tion of one om . There 1 r- thin l yer of 

fibrous tiooue over the metal wh1.oh is di colored nd corroded . 

IX . Aluminum - Skull , eix eek • 

There 10 a alight 1ncrense in the connective ti au • There 

is a. bridge of bono . 5 oo . irle and 1 mm . thiok acroea the 

center of the met l h1oh ie bright Md not corroded . There is 

no discoloration . 

X. Stellite - Skull , six eeks . 

There io a EJlight increnoo in the oonneotive t1eoue . There 

is no disoolotat1on . The met&l ie covered by a one mm . layer or 

very den e fibrous tiosue , and 1o bright s..nd not corroded . Th re 

1 e Rl1ght reno ti cm . 

XI . Lo~d - Skull , o1x we kn . 

There is not1oeable 1norense in the connective tieoue . The 

metal 1 •covered by a 2 mm . layer of den e fibrous ti sue , ·n 

there ia a zone of oonnective tioaue prolifer tion for . 5 cm. 

Ther 1 alight eurroundi dieoolor t1on . The met l is 

discolored nd corroded . 

XII . Iron - Skull , ix weeks . 

Thora 1 a al1 ht inoreu.ee in the connective ti uo . The 

zone Qf ocnneot1ve ti ue 1nore se is . 5 cm ., nd there i 

mo er t di color t1on tor a d1ntnnce of . 5 cm. The m t l 1s 

covered by on mm . l•J.yer of donoe fibrous ti ue . The met l 

1e cl1 htly diocolorod . 

XIII . Hi h C rbon ~teel - Skull , six eek • 

Th met·.Ll is ly1n exposed un er the superf1oi l fa.nc1 • 
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Th r 1 moderote oonnect1ve tinau 1ncre for a zone of . 5 •• 

a.nd a. moder•i.te di color ti.on for 

discolor d n cor~oded . 

zone of one o • The m tnl io 

XIV. Lo O bon Stoel - Skull , nix ieek • 

The metal ia only puti Ll ly covered by n rro thin zone of 

f1brou connective tineuc . There ie rnoder e d1soolorn.t1on for a 

ct1et nee of t o om . Tha met l 1a cUooolored and corrocied . 

Serie V. Oontrol , four eek • 

X-Ray of the injured portion of t he rib ho a the defect 

ne rly filled with bone of the B!i e denoity n nor al . There io 

Alight eh llow deprcsD1on at this point nd no callu for a t1on 

1 to be seen . 

Alumint1m: About tha re ion of the 1 pl nt 1 moder te 

fusiform bony overRro th 1h1oh 1o more m rked on th£, oi de oppos1 te 

the point of injury . Directly throu h th a.r .. iA thin line 

of r . f ct ion ih10h 1 ht h, 1ndio ti of frn.oture . Tl1 , t l 

1 ll nO'l.T ula.te in one of nor l nsity na there 1 no 

di oernible o llU"l form ti on. 

Hi l : Th.., bone of the o1m n p e r r rof 1ed 

throu hout its length nd p rt1oul rly in the ne1 ghbbrhood of 

the diAt l en~ of th m t Ll . There i very 11 mount of 

o llu a hort di t noe fro the prox1 l nrt , but th1R 1 

b rely notioenbl . • 

th et l only 

end or t e 1 l nt . 

hr 1 no attempt at bony encap ul.tion of 

v r~ 11 ht bone re ener t1on t either 

z • bout tho r ion of the impl t 10 11 ht fusiform 

th1c en n , more not1o bl on the aide o poRite to the injury , 

wher it pp r n . b erio e l . About tl e ncte of the met11l 
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there is e al l mount of o lluo 1hich ia p rtly o lcit1ed . The 

met'.\l 10 not eno pnul ted by bone but near tl1e ende there is some 

evidonoe of regeneration. 

Silver: I n the region of t he impl nt thore ie a f u iform mnso 

of oa.llue which 1 nome~h t nxceRnive . Oppo 1te the point of 

injury there 1e oneritely thick l yor of ubper1o te 1 bone . 

The metal 1 covered by bone 1n its di t 1 half but in the proxim~l 

portion this is dofiolent , probably beoaune the 1mpl nt i 'Cnt 

no th t t e tip pointo out 1 d . ThAre in conf1 er blo bone 

re ~ener t 1on nd a. d f1n1 tc t ndency to enc p rnl .ti on . 

M. nesium: About tle region of the 1 pl nt is a large ueiform 

eiaoe o callus ib1ch oho a but little videnc o c lc1f1o tion . 

There is no bone illln the defect · nd the metal h~ en 1rely 

abRorbed . The rib 1 r l t1vely ct nae in otructurc but app ntly 

nctual bone gro th is negl1 ible . 

Co er • The re i on of th i l nt ho oder te fu 1for 

enlar ement h1ch on i t ohic!ly o. nc u 10 al bon ivhioh 

1 as dense n the nor structure . Th et 1 lie :ell 1 dded 

n 00 letely eno poul ted in ne dense bone . 

0 teel : Over t he r1 e ect io - 11 ht ount of o lluo 

oho ing no evidence of c o1f 1c ti on . There 1 no bone ov.rlyin 

the met 1 o.nd p~rently there 1 no tte t t ne bon for. 

The rib a re 11 tly r rcf1 d to rd its proxir 1 end . 

Clc § l e At cith r end o tie met l r m 11 o· llu B 

n.ppe·i.r to b under oi o lcit1c· tion . Ot the op o 1 A 9 rle 

rib 1 f u 1 orm m of o llus not c lcif1 The t l 1 

oov red by bone but t the xtreme enda t 1are LppEm.rs • light 

evidence o bone ro th . 

L < : Over the re ion of the 1rnpl nt 1 mod r • tely th1c 

1 tion . 

hi oh 

of the 

not 



fusiform mas of oalluo which 1 nlightly o loi fied ne~r the metal 

ends . One end of the metal is displaced out rd and held in hat 

a.ppe· rs as nevi bone gro1ffth . There is 'lli .ht bone reri:en ration and 

no tendency to bony encnpoul t1on . 

Stell1 te; The bony contour is normal , and there 1 no O!llluo or 

bone over. row th . Tho n:etal is deeply imbcdded ':l.nd covered i th 

ne\ ' bony slightly leBn denoe than normal . 

Gold : There io a very nli~ht shallow dopreErnion n.t the it) of 

the i vpl nt , and a. large ma~m of callus nc~1r one end . Tho c·J.llus 

1a not o loified . The metal l1ea cov red vith +-hin l•yer of 

bone of the El e dcnni y ~n norr?l l . T c Hhol bona and p·i.rticularly 

that portion un<lerly1ng tho implant appears d.ene i~ than norrr.· 1 . 

I roa: There 1a sha.1101 depre aion t the ai te of tha implant 

and on the opponite aide of the bone a. n'.rro f'u iform maan of 

uncaloitied oalluo . There 1a a nmall mas of ne bone n t either 

end o ... the met J.l , but th er is no tendency to enc·i: Rulation . 

Copner luminum: There ie C)Oder ta :tu 1 orm a of uno·lo1f1ed 

c· llus ·ibout the recton of tho 1 r:ipl a.nt . At ither end of the met 

there l a moder te 1~ hump of eu erio~teal bone ne 4rly a 

d nae o. norrn No bone oovets tha bre Yer p1rt or the rec~ 1 

there ls no bony onoapnul tion . 

Ser1eo I . 

H1oro oop1o Findings 

Silver - Tibi~. six eek • 

The implant 1 surrounded by 

ot denae fibrous ti au • 

closely ppli d n rro zone 

Medul l The quadr nt opponite the 1mpl nt is filled 1th 

thick tr becul e of ne bone nd lnr e ainu e n ,or d 1th red 

cl 

blood cell s . The 1nterst1oea a.re filled 1th a fe nhrunken nd 

small fat oell , upported by fine ret1oulum of connective t1R ue 

oella . The marrow cello re chiefly of conn ot1ve t19eue nd 

1 
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endothelial type • The re t of the edull and cort1cnl defect 1s 

!11lod 1th nc1 bone interspe Red 1th larg irregular ffq,vereian 

epa.cea and ell illed blood Rinuseo . The cortical bone is normal 

except opposite tho internal end of the impl~nt and nt the m rg1n 

of tho oortion.l d feet V1ha1·e rn ny enlarged H1 vcu·s1an cunal re 

found i·ned 11th onteoblast • 

Pe1iosteum - The qua.dz· t of the region of the oort1oal 

de""eot overlies a thick ore crent of nu subpcr1or.teal hono 

oontinuou over the impl nt . A th1n layor of aubper1o teal bone 

completely surrounds th oeot1on . The per1osteum is thick nd lined 

witn oateobla t • 

Zinc - Tibia, nix e k • 

The 1mpl nt in eurrounrted b•, a thin l yer of d n e fi brouo 

connective ti sue hioh 1e oloBely a proxirn t ~ by ne bone . 

Uedull - The medull ry oav1t· contains a fe thin tr~beoulne 

of new bone h1oh re more numerous in tl1 rea;t1on of the imol nt . 

Internper ed are a fe f t oellA d · ult connective ti sue cells 

and a see of marro• b lla of leucooyt1c nd endothel1 typo • 

Cortex - The re 1on or th cortex 1u fill d ffith ne ban 

with rel~t1vely emall HavAroian op cee , fill d 1th t e 1oul un of 

connective tit u nnrl ootoobla ts . There nre numerous bloo 

Co rt ex el ewhere 1 e nor oal . 

inunee . 

P rio teu - The er1oet um 1 all htly thicken d ov r the 

region of tho 1mpl nt nd dip 

1rapl nt . Th re 1 odor tel 

don to me.t the outer end of the 

thick m sa of subpcr1o t bone 

on eith r ide of the 1mpl t but not oovorin~ it . 

Copper - Tib1 , oi eekc . 

The implant i aurrotmded by a thin , clonely appliod zone of · 

fibrous oonneotive ti eue 1hich in turn 10 completely nurrounoed by 

r ther dense ne bone . 



22 . 

Medulla - The modullary portion 1a nlmort co lately filled :1th 

oderately dense ne bone interaper.ed 1th a fe fat cells and 

ma.asee of marro cells chiefly of the enclot eli l type and connective 

t1aaue cells to form n network of colla.gon fibrils . Tle ~hole 

medullnry cavity ie more completely fille than in other eot1ona . 

Cortex - The revion of the cortical cfeot 1 filled ·1th ne 

bone of the nmo character s tb t in th medu l , and compl tely 

covers the outer end of the implant . Th~ re ~nder of tho cortex 

is norrr.a.l except for gen .r l increA.Se in the 1zc of th H erei 

o·n~ls which oontain m ny onteobl tA ~nd n f ~ 1 nt cl • 

P r1o to m - Tho per1oat u ov r the h lf oonta1nin~ tho 

im lqnt 1e moderately thiokenad anct underJyin it is • very th1ok 

crescent of ne ub er1onte l bone h1ch lrnoRt oomple ly 

eurroun o the oortex . In the outer ort1on of thi ere oent -ire 

several are a ade up of denfl !'!I e of o rt11 ~e. The p r1 ooteum 

dipe do·n in the r io of th cor ic dar o to orm 

f1broua conn ctiv ti uo . 

M neeium - Tibi • Ri~ e · • 

The implant 1 ro n d by th~c yer of fibro s connective 

ti sue inter persed 1th ~EU"ron c 1 of the en ot~el1 1 yp • 

Medulla - The medull 1e de of nAe ea of rr 

cell oh1 fly of th ndotheli 1 yne inter per rl 1 h .~a.r 0te 

numb r of t t cells . Ne bon 1 pr ent in thin an nto otio 

trn ecula. nd 1 cl ti v ly m l 1n ount . 

Cortex - The r ion o. the oo tic , d f ot in filled 1 h 

th1o , o t o io tr oul e of n vt bone o n 

n ao fill d 1th conn ct.iv i e o 11 and fine 

coll tioul nd lined 1th ont obl a· • The ne bone oe 

not olo ely proxim t tho 1mpl nt nor coe 1t oover th outer 

end . Th rem inder or thr. ortex 1 norm l . 

P .rtooteum - The q r .nt verlr1n he 1 an i moderat ly 



thic'en·d, th remai er bin nor. 1 . There i thio we h ped 

area of new cubp-Iio.t _ bone on either 1 of th out en· of 

tte~l nt . 

lucinum - Tib1' , e1l: · eel·' . 

The implant io r:1r ounde by th1n l y r of fibbouo corr ctive 

fe , rgo el e of the en~nthelial t ne . 

Medulla. - Th~ raedui lary o v1 ty 1 filled !or tho granter p rt 

1th l rge clear f~t oell~ 

th~ endothel1 u.l type . The1 e 1 

masses of arro· cell ol1i ~ fly of 

loose reticulum or 00 ,ctive 

t19su cells •1th fine coll· .n fibril • Ne bone 1o present in the 

for of thin m ~tor.ot1c tr· bcou e l lch o. nore < necly .~r~n d 

~ the oortioal e ct 1R , p oao e<\ . 

Cortex - Tho ~ort 1 111,1 tt1.t} n bon. h v1n~ 

od.r t ly ln.r c H·vcr 1 n a c.'S f1 llt"' 1th 0 t obl nt nd 

conn ctive t1 r ticuiu • The out r rt Of the 1 mpln.nt 1 not 

cov re by na bone but in cloo l pro. 1 tact . The i e indor f 

t 1e cortex 1B t)r:r. l . 

Per'o t - The pcrio eu ifl f l htly t11~'an.d in th 

quudr nt ov,rl)in the 1mpl t hlch it <Sov re • Un erl 1%\P' 110 

l t o t 1 .. n of I u p r1o . e l bone . El e her he 

rioot or 1 . 

1o l - 1b1 ' 
1 el; • 

The 1 pl it 1 u1 rounrl d by 1 e zon of den ly :irr , e 

r 0 T eel •1 l1 tl)' of th ul 1 con t c t pe in ~r£ pe B d 

1th ·e .. 0 1brou conr. otivo 1 he .• <ull ry 

n:i re . f 0 11 • 

e ull - Th . ... o .1. ll t ith e1al l rn-e ro eo of 

n : h n 1th 0 11 Cr\i •P e 1 . Th ·pnceo ~re 111 ti th 

ot~oul conn.ct ve d J r o rro c: l of the ul r 

l ucocyt ... c ty o . 0'l r nu e u. ·n t er~ ir ooc ion l 
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i·nt cell • Th intar t1oe b ten tho 1 ~s c o n oon co in 

:fin ret1oul oonn ot.vo ti u holdin cellR o! 

~ riou type nd 

Cort x - Tb 

r tl r nB ne 

ro 

ny run en o que fn.t cell • 

1on of th co t1o l efeot 1 fill 1th 

nA 1th m 11 H v r 1 n in h1ch re 

aello o the endoth 11 l yp n c nneotive l . 

ti 

r. 

1· in l d 

ue cell· i th 

ne bo,e do 

on coll en ibr11 , loo h u unl o teobl 

not clouely pproxi te ... h 1 pl nt nr1 oon it 

~ h ou~e1 en but roun of , l it h d r ct 

f1lle ·1th co n oti 1 ue c .Jl nu. ro ' o 11 • Th 

in r of th cortex 1 nor l . 

P rio t u - 1he po 10 t f h t ovcxlyir t 

l 

l 

l nt in r cdly th o c ed nd 

1 nt by h lf o ooen of n 

d 

ub e11oot 

ol 

bon • 

or tlie 

he 

C'e inde1 a 1 o r l . 

~t ll' o1 ue 

Tl1e 1 pl nt 1 ur1oundo 

r1brouo con eo iv ~1 ue . In 

nc th or h n 

olo ly 

t t • 

ull - Th d l y p c 1 lle h t 

1th id l p o bu - 11 p ooe o no : on I. In the 

'lei hbor oo of 

re fill d 1th 

n e of 

Cortex - Th 

h n n 

h nt 

1on o 

n 

o o r co ... l , 

o l o! ... n 

o . 

ch 

h int r 

ly it 

h 11 l ty • 

th cor ia l d f ct 1 .il 

n • l in... r 1t1 1 p c 

n 

to 

t • 

ork of 

t !in r tio l of oonnec 1 1 u • 

Hnu e 

Ln olo 

:e 1 in 

e ol .. f 1.lod . The n bone 1 

ly Pl i d to th o t r h ~ of th 1 

oo t 1 or • 

P 1io tu - Tt p iio t u 1 nor .. x 

eo1 lly d n e 

l· n,. T 

t or l ht 



thickening i n the quud1· nt overlytn!I" the 1mol t . Tller, 1 a 

moder!l.tely thio cro oent1o area of n. nubper1o te l bcme in 

thi rogion . 

Le. d - Tibia, ix weeke . 

Th implant 1a nurrounrie by clo ely plie th1c lay r 

or fi broua connect~ ve i ouo inta Emc:raod ~1th leuoocy 1o . rrt' i 

o -:.l lu . 

e ulln. - The me ulln.ry o·\: i ty ~ u fi l le<l i th ·h ort thick 

bu ·r11 n~ t1· ul e cf no\'/ bone :!. ntcrnne"'tH!d ~"th 1 · l'F:e ·ell .. l ed 

)loon iimrn c ·inc! r...rro 1 onll. oh1c ·ly o ~e oonnccti e ti ue 

type . Tea P. e n. fe normal fa~ cello . 

Co1·t x - The ·(? ,ion of t w c a·t c ... l do:ect is il~ed. · ... .;h 

lonµ- ant stomotio tr booul o of no oone 1unni for ti1e o t rt 

p t1. :1 l 1th the m · l nd not oo pletely oovar1r he extrotue 

nt • Th inter t · ce r filled 1th m0 rro• cello o th en 

tnel 1.l type a blood :nus • T e cortex ot.e i . normal . 

Tllo cndof't<.urn iu thick d prolL r t ng . 

P iouteu - Th per osteum ovff th. 1 l nt o only :1 ·. ly 

tl 1ck nefl and tl1ere 16 .--. nn o· · era. c .... '" :1c zone or . o 1,b er1oate l 

bone . Th. re. 1n1n poition o the per1os mi nor 1 . 

Iron - T1 1 , a a . 

The 1 1 nt 1 ~urround by a co, or ~t ly hick zone o 

ibrou o eotlve t1 au • A a e po1n close to th met.l nre 

1 nt _,lls r ·ot1ng to ut in for hemo ~ orin . Tho e 

e ory fe. in nu. er n oo. re to he hl h cnrbon l 

a ct1on r not f o n 1n the surroundi ti u s . 

Uodu l - Th gr tcr por•ion of the rne ull l}' cavity 1 

ll id ly ~o thin tr beoul or na. bon , th 1nte -

flt 1 tl 'l.l p!l.C e bo1n !11 led ··1th r. mall nor .I. t C3ll. 'Uld 

d n e y c' d r o. c~ll or the l ucoc ytio type . Blood lnu 0 
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are not nu~erou nor lnrge . Thl end nteum 1a thin nd in otive . 

Corto~ - The cortical e eot in r lled bot1t the ir.?pln.nt '1th 

rather den _ ne bon.. 1th small Hn.vernian ep~ceo . The ne bone 

cl~eely ~µprox1ro~te th. ~et. l t ever~l pointe but does not 

covo1 the ~xtern l enti .'1her. 1 ct1v1 r1ea into .o ·e r;e· nh ... ned 

m~nocs . Th corte· ls oth r iae norm 1 l . 

P ,r1o~ teum - The ner1osteum doeo bot co.,,~er the 1mpl·· nt but 

1~ s l1 htly thio·ened n t ·t region . nie iera1ning portion 19 

only 3lig. ly thic. ~r han norm 1 . On el tl1e1· side of , e impl t 

.... :&.·e t\''o mo1erately thick edge~ of subp9rios1,e l bone . 

Gold - Tibi~, six :oe·u . 

Tre ire. lent is ocmplotaly "'urrounded by ne ioh i 

orr !t by a very thin l'Y '· of r.ibrour conr ectiva 1 sue . 

ecull .. - Greater orttion filled .1th th1ok bud r nd 

tr~beoul~e of n.~ b n~ . T10 ro 1 n a' out th 1nt rn l en ot 

the 1m . n con ins numerouo l·u er op ~~o tilled · 1th ahtunk n 

fn.t Cfll.£ , ... ?'O' c 11s o .. the connective tiesue type , nd el 

fille .; i, o,., n me • ~ ie on o ... c · t iroUR'ho lt if. thick ned, 

t .. o r ion t 0 C<'rtiC"'l de cot 1G pro· ch the ne b e 

b~cc- . e rJ n -r ·m .. j II vor111an o > ce ller . he 1 c: rkcd " 
ov ... rgro1'1t.l) o"' n~. bone o·er th ex t .tn l OfH o: he mpl nt . 

/ 

Co t x - The cort1cn bon·. 1 no rri , .xcep tor fg, enl rged ... 

nvern4nn c~ l • In he r 1on of he dof ct rno 0 he re 

ille to ,. b t ~e con ... in fnt oallff . 

Pwr1 tau - v r he cortic ~ e ot n l e or to ntio 
,..A ... .,, no-r. bon ~io. t. c crio tcu~ 1 I thic ~med 

~ d ·cti • ri stcl it: orly 1 htl;; tldoken d • 

Co p~r A u ... n - Tib .l , nix 

The 1 ul·nt 1 Aurroundcd xce t fot the xt o 

tllicl· , 1onr.e zon ... of' <.;onneoti vc tis ue . 

end b. 
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Cont ol - Ti 1 , o x week • 

M dull - Th h lf opposite th oortlc l of o 1 111 d 

with thin a oto ot1o tr beoul e of n bone , inter 1 h 

m rrot o lle of the ndoth 11 1 typo l roupe o ~ r e ole r 

f t cell • Th n o teu 1 hick n oovero thin l y r of 

ubendo te bone . h oort1o l do ot 1 illc .th ne n 

tr becul e , hich 10 con lnuoue i h or o ntic re o u 

per101te lb ne ov rt re ton oft e defeat . 

Cortex - Th r to n 11 ht 1nore o in the nu ber or 1 

H vcr 1 n o n ls . On t e bordore o th eteot d in th aortic l 

bon di cotly o pooit n enJ rged H v r 1 n ea 

lined 1th oeteobll)JltG . 

Pcrioetc - The pcriosteum 1e nor l except or th third 

overl 1n t r on of the de ct h re it is much th1okcn d . 



as. 
H1 h Cnrb~n S e l - T1b1 , 1x e k • 

Th 1 l nt u ound d by od r ely th1ok zone or 

oellul r connect ve tioou 1nt.rm1n le «1th l rgo pigmented 

celJR · hioh e ot trcn ly to ttp o1!1o t 1n for h mo 1derin. 

Medull - The ertull ry portion cont ins f n 11 burl 

of n n b n ut for th ~o t p3.X't 1 of fat eel a nd 

a.rro c, lo of' the lcuoocytic nd endoth 1 l typen . ny of 

the fat c , la nrc .. hrunken n op qu • 

Cortex~ Thero ion a~ ·he ccrte 11 only artly i el 

'i th ne bone i: ·d U"> of r ;her tl in · na to ·1.tio t abccu e d 

1 · rge int .. J cti ti 1 apace 1 f llocl . 1 tl · ret1culw:i of conn cti ve 

ti ccuc r. rn°..rro c, 1. . Or tho olc ,he n bon i'o ed 1.e 

very f)m 11 in noun. nd n no pl' n c oes 1 t np ro ·i. r. te l 

1rnpJ mt . flt the o tor d it thinn out n alo c u. y fie; 

t, ~ mpl "nt . The t.::orte cl c he1 1 nor ·• • 

P r1o tu - The er~ tcu. hil 11 htly thicl n d in h 

re 1.,n ov rly1n tl c 1 . l nt JCG not .civ r • bu o on 

ther ei Th e 1 n ro lf ere cent o 

one ~ "th r 1 • of th l·nt . 

Low C rbon 1bi~, i . ck • 
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~h~ doreot hioh 1 filled with tomotio t r beculn of n 

bone. The ~unt of one io rel t1 e y m l nd do n not 

"· .. ro?c the nt clonely . The cortex h veral 1 rge 

n .. vers1nn op c 0 oppoei te the point of 1 l ntat1 on . They 

oont:'.l.1n Rome fat cello to ather "i ~h con eot1v t1 11 oelin nnd 

tt f ~ . oateobl i~ t~ . 

Per ooteu he ~rio ~e 1 

qun.d r~nt of e inml nt u~ in not .ontinuo 

th c ned ov r th 

~ ror.~ it . Th~Te 

a.re ~v10 nn.rro aegm'lnt or n nn per1o n e1 h.r nide 

of the 1mpl nt, hut not con 1 uoua OVv~ the tcr end of the 

1m. l :mt . The r etta nrt r of the erio teum 1a nor ... . 

Series III . Uioroscopto F ndi s . 

Il1 7 h C"r rm St - F ,!Ti r . 

Zon l . Th ~ !l ·1r OU d hv r . t1v ly .1 zon 

Of d.n~el A 
' 

J:"trg ' 
a e:-r, 1 c~ 1 With ec n r1o 

VO 1cu f'l.r nuo1.1 . e ny oon entr1o lly 'l.r ed 

fuaLor 0 ls W1. OV nuo 1 . A o 1n t !\ imb r 

('. l:i.r e i n 0 ar ro n h to .. y 1n "'n 

o 1n, nnd r ot co1 ;t in for h .moai '!~rin . T type 

Of cell 1 ounc1 1; r un-h ut for nom con~i 

rt r,t~no fro th 1 nt . Don tr b cul r 0 

th1cl· n bu "e 0 t, r n • tr , ,lJ:t' 1 I 

.. :ell t 1 • 11tt1 c 04" b ne f"'r .'1. tion . 

T a n c:; h 1 t d in f e pl• c 
' 

s , 

or th mo~+ p rt, nor • T er no f t cell r n n 

th1 re ion. 

7one I I. non t; r 0) . e . r - ;,rm • P. 1 ntcr. tic e 

l ~ h cl r 1nF?l: -r nul r c lln th roun~c , 
ve cul r nucl 1 . Th ~ , ll n "lar t . n norm l . 



30. 

Zone III . Thio region in normal except for a deoreaee •• tle 

number and size of the f t oella, and a oli ht predominance of 

the ltrge clear cells noted in zone two . 

M~ne ium - Femur . 

Zone l . Tbe implant is surrounded by thick lay .r of conoentri-

cally ~rranged fusiform oells with ovnl nuclei . Interspersed 

are numbers of llrge poly onal cello with finely gr nul~r cyto

plasm and round denne nuole1 . The bone tr becul e are thick, 

numerous and anastomotic . ere re mnny budding rojeotione 

of new bone . The enciosteum is thick q.nd m de up of t o or 

three l~yer. of cello . There nro no f tt cells pre ent in this 

region . 

Zone 11 . The bone tr beoul e are ral,tively thick and anns

tomot1o . The 1nolud1d bone cell are lnrge nd ov 1 . The 

l m1nated otructure in not well cf1nea . There re no buddin 

projeot1ona of new bonff, but the cndoRteum in thick and in 

places m de up of t o or thre l ¥era of cells . Th - inter t1tial 

marrow bells are in 

l rge, polygon~l , nd 

dense round nucleua . 

than normal . 

on e mao a, tho predomin ting t e being 

1th finely gr~nul~r cytoplnem and n 

The f t cello re few in number and AM ller 

Zone 111 . This re ion approx1rnate1 tho nor ~l exceot for 

slightly th1oker bone tr beoul e nnd m<lller 1nteret1 ti l 

apace • '1t one point there >p re an irregul U' ring o.t' cartilage . 

Zinc - Femur . 

Zon l . The 1mplint 1 surround d by olo oly plied den e 

zone oona1stin of aever l oonccntr1o l yor of spindle h ped 

o llo wt th elong•tte cnne nuelei . Thi a i'.On oontn1n a number 

of sinunes ell f1lled 1th red blood oell • 
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The hone trabeoul e a.re thick, hort ·ind an tomct1o . Ne l yere 

of bon are well d1fterent1 ted . ny l rge included bone cella 

are preaent ~nd many budding projeotion ot ro inp bone . 

The endoateum 1 a thick single l yor of ov oell 1th 

oval vesicul~r nuclei . There are rn ny onteobl ntn nd numerous 

~1ant cello . The sinuses are m rke ly en or ed 1th red blood 

cells . Of the fnt cell th fe prenont are el runken, d formed 

nd oloucy . he interotiti l cello oona1~t of man ov1 l nd 

Rpinrtle ,h ned cell 1th cl nr oytopl R net ov~l v eSJicul r 

nuclei . There are m!lny rounded and poly-·on 1 cells w1 th fin ly 

~r nultr oytopla· m •nd roun rel 1 tively denBc nuclei . There 

are many s1m1lir oelln with polymorphonuolear form , IUld a 

fe l ge ov 1 nd 1rregul r cell 1th coar.ely gr nul!'l.r 

oyatoplaem nd ocentric round nuolei . A fAW red blood ocll 

l.re pre ent . 

Zone 11 . The bony tr bcoul e re 11 htly thickened nd 

annatomotio 'ln the l in t d utruoture 1o ell defined . There 

re m ny included elon ted bon cells . The ndoateum oone1 ts 

of a thick nin le 1 .yer of pindle h ped coll with rel t1vely 

dense , ov 1 nuclei . Thero rA n few o teobln te nd an 

ocoaa1on l s;t n.nt cell . The inuaeo ar fe nd ell fill d 1th 

red bloo o lls . The f t oelln e few in number , am 11, 

clenr nd di tended . Of the 1ntcrnt1t1 l oellA the predominat i n 

typeo e l r o irr 1 r cell 1tll ol cytopl nc! l 

ov l ve icular nuclei. y oly onl'll and rounde cells 1th 

finely r nular cyto l m n round rel tively don e nuclei re 

se n . A fe red blood cello d few large 1rregul r cells 

With ooarsely gr nulnr cytopluem id round rel tively dense 

nuclei re pr ent . 

Zon lll . Norm 1 xoept for the inter t1t1 l oello , of h1oh 



thooc oredomin ting are l r e 1rr 

and oval ve t~ul nuclei . 

Nickel - Fe • 

Zone l . There is a. den e oellul 

oon 1at1ng of m ny oly orpbonuolc 

l r oella 1th ole r oytopl am 

exu t about the 1 pl nt , 

leyoo yte • M ny lnrge 

1rr gul r c lla 1th eocentrio, roun , rel tiv~ n nucl 1 a.nd 

f 1nely granul cytopl e to e rl1 tin 1 hed to ether .1th 

num .roue l rge polygonal cells of a clear cytool om n oval 

vonicular nuclei . Th r •tre numeroun r d bloo o 11 • Naxt to 

theat:! is thick den e zon of elon ated oelle 1th cle oyto-

pl am ~nd oval ve 1 r nuolni an djo1n1ng th1 r ooo ion l 

bud or ro ing bon • 

The bony r b cul 4 are irtely r t~1. hin nd hort , 1th 

their lam1n ted truoture ell defined . Numerou ov l , 1ool te 

bone o lls are to be seen in the n bon~ m Y teo >la ta 

borrter1n th bud 1 n. bone r th . 

Th en o t um con 1 t ot in l ni1 ctoubl 1 y r ot l r 

c lla it ov l nuolei . F t c 11 not pree nt . 

O! the lntcrAtit1 oell th predomin 1t1 typ 1 1 r , 
fueifor , nc\ ith n ov l V Bi"' r nucleus . Th r r ny 

l rg poly on al cell 1th cle cytopl am nd round ve ioul r 

nuclei ; n nu ber of l rg , irr l r cell 1th f 1nely ul r 

cytopl m nd ecoen ric rolativ ly en nu 1 . A f red 

r to een1 nd the inu ro en or d . blood J ll 

Zone 11 . 

tomotic 1th 

The tr becul1e e thin, idely p r ted, 

ct.finite l in e truoture . Th re r 

d n -

f 

budd1n proj otion ot gro in bone and 1 ol ted bon c 11 in 

the ueu 1 nu ber, nm 11 nd ov l . 0 teobl st re f c • 

The en o _tftum con 1 ts of thin, in le layer of cells 1th 



-- 33. 

small , elon ated , denoe nuole1 . The fat oells are very few in 

number, small , round and clenr . The n1nusee are engorged . 

Of the 1nterot1t1nl oella the predom1n ting type 1s of l~rge 

polygon~l oello With clear or finely ~rruiuln.r oytopl~em nnd 

large, round or ov l ve tCUlar nuclei . Thero rire 

nuclear forma and n fell red blood oella. 

ny polymorpho-

Zone 111 . Zone III is the e as zone ll , except th tt there 

are more and larger ft cell and fe er polymorphonuol~ar forms . 

Aluminum - Femur . 

Zone l. The 1mpl t iA aurroun1ed by clo ely pplied enoe 

zone of spin le sh~ ed oonneotive tiA u c 11 arr ed in three 

or four l y r • But for th ne bone , tho conncctivo tis ue 1 yer 

co es very clo . to cont t 1th the 1 lfl.llt . 

The bony tr beoulne r s roe h t th1o n ... rt, hort , n<1 nno-

tomotic . JL~ny buddi proj .otion of n bono r e n n tho 

l ell::ir _ t ucturo in not well d fin d . .re e m ny ov l , 

l rg~, 1 ol t d bone oell • Onteobl ste nr numerou , 

, i n.nt cells . 

re lAo , 

Th ndosteu con 1 to for the mo t pn t o thin, "'in le 

l yer o c lls 1th longaterl den a nuol 1 . In pl l r r 

cello r pre nt but in n n lo 1 y r . h, 1nu es r 

mo er tely f 111 .d . F·lt o lle re fe in number 

n.n di ten ed . 

The predomin ting typn of in .ernti tinl coll 1 

1z , p l ygonn.l. , t round VA 1ou r nuolcu d 

m 11 , clear 

<>i.1 rat ly 

r l tiv ly 
cl ~r cyt l • Th re r few oly or honuol ar l uoocyte 
!\t rt tra.n i ti on l y n n f l 1r·re ul r c 11 1 h ooara 

ule to thcr with f r.d bloo ce 1 • 

Z ne 11. Th. bony t · nd ft o lls re 11 ltly ller 

th n nor l . Th~ endo t u 1 nor l , e l.o the 1nu e • 
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Of the int er stit i l cells Which OCCUr in slightly gre~ter 

mo.Aaas than normal , nhout h lf re morterately .ized and poly on~l 

with olen.r oytoplasm nd r ound voRioulnr nuole1 . Some h ve a 

finely granular oytoplaam a.nd relatively rtenee nuola1 . There are 

a fe red blood cells and • few l rge cells with coarse gr ules . 

Zone tit. Zone 111 1 normal . 

Lead - Femur . 

Zone l . The 1mpl :.nt ie nurrounded by ·l. ol oaely applied rtense 

zone of sever l l~yers of concentrically arrm ed spindle o 11 • 

In a zone between th1 a and the urrounding bony tr becul :ie are 

many smn.ll sinuses engorged 1th red blood cell • 

The bony tr >beoultie r. thiok and idely o epa.r·tted and tl1ere 

are many buddin projectionn of growing bone ln h1oh the 1 inated 

structure 10 ell defi ned . M·•ny ovnl include bone oelln ar to 

be s en . 

The enrlonteu oona1nte for th ost "irt of n thin EJ1ngle 

1< yer of opindle celln with el on ated dense nuclei , al' houp-h r11~ny 

·reaR of Aingle and double l yere of oval cells ith oval 

relut1vely dense nuclei ·re to be noted . Ther6 re num rouo oateo

bl~eto in the growing ar o, rnd ocoaeion lly ~1 nt cell • The 

sinuoca a.re numerous nd en orged with red blood oell • The 

f~t oellR e shrunken nd di torted nd sl1 4 htly op Que . 

The predomin?tin type of interet1t1 l cell 1e rounc1cd and 

h a finely r nul oytopl s nd n. rel ti vely enn. roun'1 or 

polymorphic nuoleuo . Thor. · em y l ge oell 1th clear oyto

pl o o.nd oval vesicular nuclei nd many op1nrtle cello . 

Zone 11 . The bony tr booul e md endo teum ·re nor l . The 

sinuse re ny nd engor ed 1th red blood cells . Th f< t cell 

are normal in numben, but lightly m llcr th n normRl , round , 

Zone l l l i o norm l . 
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projaoti~ns o nc on • Tle 1nolu o bone o 11 r nd 
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~e .. 
Of the j ntet·Gti tiH. C 11 ht. p. edo in.1 • 1 t t e 1R 

fu ifor , with n oval , o noe n~oleuo . h nu~ber of poly~onal 

cells wit cl· ar cytopl am nd roumtec vo 1ou!t. r nuclei u.nd 

c:c. r ev red b oo:i cells. l·e notc'1 . 

Z(Jlle l . mt.e b0ny tr ·becul·io O.T€ t?.1n , .n· .t omot1c · nel tl·e 

lcuuellru str icturc 1o c:!'~ r.cd . I .o l ted bon. ca n occur 1n 

norn al num (;;J: , elomrttnd · no o a l • 

The endoote 1s of o. thin Ging1C? h"y r cf celln it 

elon~ntoct dent\c nuclei . The f t t cello a.r ~l r.:i 11 , ole r, din

tcrtod und not nu e1ous . Q_ t he 4 llt r ~1t1al oells he 

;redcr:1n:it1 type is l t ·f;e , l01y c·n , d ·1th cJ e .r cyt 

.1 ... or. ~nd t r C'Jun , 'em·c nucle o . ,~ .. c th n rr.b r of 

J.oly _on'l.l oe l v;1t? • inely r nul· r oy .op ·1e a nd .i.o t , 

r enve nucl 1 . 

Zc>n Ei t 1 o norm • 

Gold - Fe ur . 

Zo cl . The 1rr.pl'nt iB sun·ounrad b thre nd four 1-y,..r 

of ccnocntric' lly l o Hi connoct1vo ti GUC ca , a ht v1r 

olon~ tod, fu·ifor , fibrill~r for~, n el ong .od 

rel!:.ti ~lY dcnf o nuclei . 

The bone ,r bccu ·a a.re ·or tho .o t p"rt , t 1n, t 

" i tti . 1 t c o e . Tl e n .t.o o 10 l . n tcd 

tl'uoture 1n 

on c l l ~ 

bud'11n 

r1ne1 y £ c11 t1on of nc ion • t 

re rol tively ~ 11 n. el n •tw 

of ne ~ b c oovorc 1th a nvl 

· bon 1 1 s ~-n ·ct 1~h the 

~lant in . 1~~ny l .• o 

t o b · OCf • 

hero i n o~o sion l gi~ t c ,,l 

The n o teum or th oet "'.r t in a up f 1 l 

1 r of fuoifor collA 1 ·11 elo , ted nucl 1 , but bout the 



now bone there in ith~r a n1le l·yer of youn~ col_ or in 

plaoes double one . A f w 1nclu ed ~1.nt col 'l.. a to h 

seen in th thiolt r n, tr:ihaoulae . 

The f~t oelln ro olo r nd l1 tend d, but te 1er nnd 

aomowhat nm· ller than norm l . The ainuten e en orgoc 1th 

re rt blood cello . 

Tho inters ti t1a.l cell a.re chi ... r:y 

elon:fut-,d cello 'i th cl r or f inol:· :r nul r cytopl,:; u ""nd 

rounded vea1c1.ilnr nu lei . A f · dult d blood c lln "1.re 

to b i:.rnen . 

Zo.e ll . The oone t1•:ibcou1· .e ~r thin nd _n11atornot10 and 

the la.oinaterl tructuta :l .. ined . Th 1uol t bone oell 

:lr !usi form and there a e no bu .:.n:t ro tho or nc T bone 

ln.yer • 

Th9 cndonteum conaist o! thin, sin le l yvr o~ clo ely 

n:pli .d c lln 11th elon t d done nuc! 1 . Th fnt cell 

··re clear ct distended ut lightly sm 11 

th n norrnn.1 . Th . !. nu" og c en o red 'th re b!ood cell • 

Th in~erst1t1 1 cell n ndc up of fe · 1 rge cell 

1th finely r nulnr c 1 topl . and i·ela tively ctenac n cleue , 

~nd n fe. red blood oolla . The pr o in it o 11 ty is 

l r e 1th cle .r cytopl nd ov· l or rounc'~d vc oulir nuol u • 

Zone 111 . Zone 111 io nntc.;h the fl u l..b Z n l., I :o t for 

t ! .. collo hi ch e l• r CI nd o·e nu rouu , ·u o the 

in 2 cs ro lean en" r d , n t n er ti l 

l h ve pol -·Ol'Phonuolo or • 

Copp r - Ii~ • 

Zone l . Tb 1 lnnt i ::.urround' b th o:· concen•r10 

l ¥er of cpi l l ... ith en e lon te uol 1 . . bone L tr becnl· .re th1c ... ed and h I:> _ny u roJ otion ., • 

T e l mo l r tructure i not e 1 ined l d th re r many 
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large inolu ed bone cell • 

The ndoeteum ta thick and oonii t of oin l t1 ctouble 

ln.yora o l g cell. 11th ov'l.l , ve 1oul r nuole1 . There 

are num roun 1 nt cell 1n th1a r. 1on, hut f r he most 

part the oellul r tiasue 1 rn d up of f1bro 1 < t in ar1o 

developmental Ht e. , tog0th~r 11th n f polymor honuolenr 

leucocy tea ·t.nd 

celln re~H.nt . 

f rd blood cells . Th.re re no f 

Zone 11 . T?.1c: r ,f!1 n i v ry imi r t') the _ ir t , H t'fcring 

only n de )ree . The p e o in"t1n typ .. o interstiti ~ l cell 

1 l ru- e and poly onql 1 ·:11 h :\ fin ly r ul J.' cytopla m and 

a ln.rge, ecc.m tric, l' .. la.tively en .. e nuclou!'l . 

The f t oelln re fe>: in number nd "'r F'lhrunk n, 

def or e n.nd cloucty . Th. lood CJinusea r m or i h 

rea blood o 11 • 

Zon 111 . Tl bone trn.boculae nr nr-i·"m~l but t!1 int .rs t i t1 al 

~ r1 o • cell!\ .pp r D 11 .r th·1n umnl • 

Normal Bone - F ur . 

The bon t~ becul e ·ire o~ d !1n1t. 1mo·1 I t lcture 

with inolu·od boa. cells . 

Th. e rtos ... u 1s cl.o '1cly · ppli ed in usu 11 · ono t,_ in l rer 

of 011 R ith .lon ) t.d d n lls 

o teob Reen . ·i.t c llri i. e num .... nu , l rg , 

cl .r · d 1 G ended . Th · · nua. "!.r l t. ndul t .red 

blood celll • Th i 01 Gticc ct eon he f t c l ' e filled 

1th " ase cte up o lar c , ir o u nr r_nd oly on • cell 1th 

p le , f n l r nul.r cytopl sm ~~'' • !'O <10 ' 
.cc nt.:ic , 

v 0 cul u- nuolei , poly onal ce ln 1 h cl · r cyto 1 om 

nd l r e , round , en ~ nucl 1 , "'nd l a r , irr .gul• r 0 11 

cl oo ntric v icul r nuol u • 
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Control . Femur . 

Zone l . The rc~encr tin nrea oho the ne 

in shorter fra mente than norm.land not an 

bone tr1.beoula.o 

tomotic . The 

lamell r structure 1o not 2lefin1te and there are many 1 r e 

nolygonal included bone cells . The endooteum oonaiste o single 

and of double 1 yer of arge cell with v 1ou ~r nuol 1 . The 

budd1n~ cnde of the tr beoul e nhow m ny osteoblqstn nd a few 

giant cells . The fat cellH are te er d srn ller th n norm~l , 

nnd the sinuses are engorge~ 1th red blood cells . The inter

stices are oro~ded 1th ma.rro oolle, chiefly of the 1 rge 

finely p.-rrtnul r tyoe . 

Zone 11 ia normal . 

Zone lll 1B normal . 

Stell1te - Femur . 

Zone l . The 1 l nt in surrounded by ~ dense , n rrow rinr; 

of connective ti oue . 

The trabeoul•e of bone re Ai il1 r to those urroundi 

the re~ener tin~ re in the control , but thinner nd n e

tomotia . The included bone oells a.re moderately sized d 

ov 1 . There o numerous budding proceno A of new bone 

covered with osteobl ot • 

The bony net ork olooely pprox1 ~te the connective 

tioeue he th of the 1 pl nt . 

The endoetour!I in rel t1vely th1n d in otive xccpt at 

the points of ne gro th • 

F t cell re prAeent , olc r nnd 1ot ndo , but slightly 

smaller than normal . The sinu as A.re en or ed 1th red blood 

oells . 

The 1nterot1t1 l oelle occur in masacs or the a e nnture 

The P edomin tin type o! cell 1 l r e and 
a the control . 
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non- granular, lthough th smaller ones are present as arc ome 

coa rsely granular . 

Zone 11 is normal . 

Zone 111 io normal. 

Lo" Carbon Stoel - Femur. 

Zone 1 . The implant is ourrounded by loo!lcly rr n ed zone 

of connective tin ue made up of ov 1 nd fus1for call • Inter

spersed ~re numbers of l ge cello 11th clear oytopl m nd 

eocentr1o n~lei togeth r with number o iant cells which 

reaot to apeci 1 at in for hemonidor1n . Th se 1~nt cello are 

oh1efly 1n the region of the 1mpl~nt , lthou~h fe are 

scattered throu h the tissue a ! r the second zone . 

The bone trnbeoulae , nre 1f anythin , leaA in evirtence th 

in the control . There are f cw budrl1nQ.' ea.a of new ro th nd 

the endosteum 10 thin 1tld in ct1ve . No f t cell are pree nt . 

Zone 11 . This re,1on in norm l cxc t for decre ae in the 

aize nd number of fnt cello IUld ali ht excess or the 

connective tienue type of arro cell . 

Zone lll ia normal . 
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In an an y io of the fore~oing ob ervat1one it io obvious 

th nt a too inute scrutiny of 11 the v r1'l.ble fn.otore involved 

u ill le d to oonfuoion and a. loe of tho points at isAue . The 

normal v ri t1on in the r '1.0tion of 11v1n ti oue 1R gr ·1.t , • d 

this 1 m gnified y the in bility to ex<totly repe t exp rim .nt l 

conditions . 

The m1orouoop1c f1nd1ngo in the control peo1men of 

Ser1eo I exhibit the phenomen of norm l re ction to injury . 

The \ ounrl of the akin nd underlying oft tinsu s resento the 

usual evidence of repair . 

The ac r tinsue in not oxtru.ordin~ry in amount or extent . 

Innpection of the a· .e tioeue in the rem ini?lf': npeoimens of 

the erieo nho e m:'Lrkod un1formi ty in beh vio17 . In the control 

pecim n th ito of the bone injury is merely a Amooth h1te 

swelling . Thi o con 1 ti on i _ proxi · ted by only f1 ve member 

of the oerieo ; those be rin the gold, t . ll1te, s11 er , led 

nd nluminu • These vary olightly .on thema lv , but the 

v ·1 t1on 1 rell 1 thin norm l l1m1 ts . In the rem in r or 
the ries th re ia evidence th t th 1 l nt d .et ls 

d f1n1t ly interfere 1th the u ual proceos of r ener tion . 

01 colo1· tion of the 011rround1ng t1naueo, or t r like de ro ions 

in the protuber ces over the 1 1 nt , or fr nk failure to 

cover tho m t,l, ooour 

hi h o bon atoel , lo 

pcoimeno . 

in ly or to 

o rbon eel, 

th or 1n the o se ot 

nd cop r alu. nu lloy 

The oopp r speoir n trhil h dly di colore , 1n te of 

9.rke ov r-hoting n intolcr nee to the etai,exhibite 

ro th or the r ion . In faot eo reat the reaction th t 

1m l to obncrve the expcri ent ·a r pc t d in t o oth r 

the oonnt noy . 
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like those previously ontioned , the ohief di feronoe 

ooourrin ln the t 1lure of the bone to oo l a tely oover the 

extern·i.l ond of t 1mpl nt . Al o, the no ul t1on of the 

et 1 tends to be T throne of 1'1 rou oonn .ot1ve ti ue 

th n of bone . 

In the c AC of the £1no 1 1 nt the r 1lure of the 

aubporioste l bon(. nd the new bon of th cort1o l e eat to 

cover the 1 pl nt is rk d nd y be 1dcnt11'1ed e the 

oentr l depre f1on not u in t h gro Althou h t l er 1 no 

ttempt n.t bony eno ul t1on, there 1 t1nt1nct fibrou 

connective ti nuc envelop d bout the et l nd 11ttl ev1 noe 

of tu l tendency to xtruRion . 

In the m ne 1u eootion the proo 1 o rr1ed . t p 

f rther ln th t the n eloping oonneo iv ti u 1 ore 

cellul r thicker . In f ot 00 r to t .ino oot1on 

the new oonneot1ve ti ue is ore in ev1 nee t n he n w on • 
• 

Here , in the tr nd 1 to rd fibr uo t1 u eno p ul tion 

1th but indifferent r pon e fro the b ny truotur • 

The oopp r , copp r lu 1nu 

hile gros ly diaei 11 r, houl 

loy , nd nick l p oi n , 

y cl n d to th r 

they p r in 1t!eren our th h no en o 1rrit tion 

nd ti 11 t1on . 

The coppor action 1o uni u in th t it 1 he only o e 

hioh ho exo aniv over ro h o bone nd bon one p ul t1on 

or the 1mpl n • I thi otion th ull ry one 1 ore 

c1 n e mo e uni or h n in ny oth r, hil h u .r-

1oat ro th 1 tr ndou • ven the oor in e r ion 

of the tetect, 1 h 1 n nl r cd H vor 1 n c n ls t k 1 on 

tho ppe rn co ot the ourroundin ne er structure . 

In the p ripher y be oeen ever l o e a of o rt11 
' 
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the eign1f1cance of h1ch is difficult to determ ne and 

~hioh mi~ht bo ttributed to the t1mul t1on ot the copper . 

In a y the ect1on nppo~rs ao a process of 1nver ion to the 

embryonic type of bone . 

In the nickel eot1on , while the ntimul~tion ie ev1ctent , 

1 t ia not eo intense nd u 1 1hort of bon no psul ti on 

of the metal . From tl1P. p ce bout the 1mpL nt and the ount 

of oellultr t1 nue ourrounding it , it my re son bly be 

concluded th t the prooeoa ie a slo er one than th t of oopp 

In 11 eventa there in ev1denoe of 1rr1trt1on nd m ked 

re ot1on of the t1onue . 

• 

The co per alu 1num alloy aeot1on whi le cl ed with the 

copper nd n1o el neotions re omblea them only sli htly . The 

at1 ul tion of the medull~ry bone gr th 1 m rk d d the bone 

ot t he cort1o l defect 1a relatively den e but the aubper1ootenl 

gro th 1s ·ell within norm l l1m1tA . Moreover , there 1e 

neither bony nor f ibrous t1saue no psul tion of the et l , the 

r gion of he 1 l nt bcin a 1de open V. St1mlll t on ther 

undoubtedly 1 , but not 1n auffioient de ree to in ure the 

retention of t~e met l . 

Th teelo nnd iron h ve been left for se r te con i er

tion in th t thy h ve c o ph.nom n pooul1°r to thomsolv s 

lone . The iron eeotion ho 1 l nt urroun by a 

rel "tiv ly th1o1c 1broun tis u lnynr in 1bich ··re nt oell 

ho ing bro n to he toxyl1n nd eosin . n stain1 d oply 

ith peoi 10 he o 1 erin stain . Th e cello lie no r to 

the et l and e not nc ttei:ed throu h the ourrounding t1 aue . 

Th m dull ry bon nd th b'm of the oortior l le eot re 

r ther dense and unifor , d the aubper1onte l bon 1 well 

within nor~al 11 its . There 1s no tendency to over r . th nd 
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no tendency to bony enca.pa\ la.t1on or the t l , hile the 

1e ener tive prooes is not stimulated, neither 1 1t rently 

interfered 1th . 

Both high o rbon nd low oarbon steel hen 1mpl"Ulted in 

bone provoke the nn.e type of re otion . T e m ( 1 i 1ncornpletely 

ourrounded by thicl: zo e of cellul· r oonneot1 ve tio u , 1 t 

outer end free and uncovered by 1ny per1oateum. I1 th1 

connective tioaue d for a short di t noe in the urround1ng 

tinaue are to be found many 1 t cells t ining e ec icnlly 

for hemo iderin . The ne bon pro uotion in tho 

negl1~1ble , ·11ile in le oort1o l defect 1 t 1 rnore oo nty then 

in any of tl . other a ec1 eno, ff 111ng to :>pro· oh the met tl by 

a consideriblc diotnr.ce . 

Thcae aover l roa nd uioro 00 ic obs ·ti one of ... his 

aer1eo y b enciorcd oo o ht t ore oomprehen 1ve in t bul r 

orm aa follo a: S e T ble I. 

Th econd .r1e o ex ri en al ""ho h not of 

th 1· l tiv er1 t of the 

v· riou 1 l nt , xhibit some i11tcr n ti nv. f e tur. hi ch m Y 

id n the n ly 1 of oth r oimil r ork . The intent o to 

e 10}' th rib of do in tl A r1nn ti 1 nd 

coaro .re th, fin in o of the t 0 0 on • Th 

teohn1 cal di-! icultieu ho.e r , d thi 1 0 1 the 

m.1nten noe o th e p oportion b t een metal bo e d 

the u ot piece o et·l euf iciently l· rge to be ork ble 

a often ollo ed by 1acture . 

Ex in tion o the ross a eoi ene r ve l , not d 

in CJ r1e I , i 11 rity in r ct1on e+. e n th control nd 

th gold, sllvo., alu 1num nd tellite 1 pl nt , ll n1r nt1 

only moder ta fusiform cnl rgem nt t th Ai te of injur , , 
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he 1ron 

Durround1ng th 

Co per 1 

s form enl 

Pt ion . 

en 1 

ti u i 

l nt tion 

ge nt o 

l o ot th1 oh r·•o r ut t 

1 color c1 . 

1n S r1 l 1 tend d b 

the re ion 1 .. h 1 o tho 

b ne 

m~ ed 

color-

Th hi h o r on n 

co pe lu 1nu loy 

lo o·rbon t 

nickel 11 v 

l o • h r .h th 

1 eno of th 1r 

1rr1t nt u 11 1e b 

aoco 1 d by lit 1 

ri ncovere 

ti ion . 

by nd 

The atr1kin l 

be vior o! th. z1no, 

the p 01 na he 

nd 11 evi enc 

on 

n ri h v r, l in ~h 

n n iu 

tr otured 

if or bony 

1 

th 

l n 

1 

in th t n 

or r t1on 

th1 oin 

ui e in o ntr 

The three 

t to th r 

1 0 

in th o ncellou true 

unde to.k n t ter ne Jh 

n itive 1u • 

tron ly ti 

x in t1on of h 

In t 1 

or toxic 

ut p 

ro h 

ol r e 1n 

nt in olv 

the end or th 

ly of r 

1 

1 

Ii 

ht 

i oolo. t1on h nt d r io 

:ro 

11 

01 

c p ul n o rlyin 

of r o nt ound . 

p cl 

1 

Th co trol , th 

n e hi 1 

1 nt i 

ti e 

ol , th 

d re 

un 

0 1 h 

u 1n , d 

of d1 oolo 

thin 1 y r of 

l 

h ti 1 

t l 1 

e or n 

ot1on in 

h 

Cro 

1 x 

r 

11 

ti u • The lv oi n 1 11 r but for o 

r d di color t1 n . 

• 

ion 

v ry 

or 

t or 

on 

OV r 

1 e 

he n 1 ron 1 l nt l o o r t 

di color ion, ut th nd r rn 1ned u cover d b y t1 sue • 

Thi l tter o ocrv tion a de in th re inder of th er1 
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of hich e oh ~ m. rke ly di colored . 

A in th first a riee , the groo .v1deno in not o r -

·ble ae to the hi tolo lo and rvea erely very rou h 

me no of cl~an1!1o tion . The 1oro oop1o turtieo , ho ever , 

e ttended by some cono1der ble di ff1cul t1 en of wh1oh the 

technical are by no m n he le st . Te ti.sue n olved is 

br1 .fly a net ork of bony tr beculno inter eroed 1th m rro 

onbstano , . To obt'1in bone a ot1on uf fioiently thin to allo 

of tiatnctory tudy of the m rro celln , nd y t of thick-

ne n th1t ou4d oerve tor orient tion, proved task hich 

ended in co ro 1 c . ..ho f1n r o ll ructure cr1f 1oed 

1 n order th t the rel 1 onnh1pn of the v rt oun part a mi ht be 

ma1nt 1ned, ~nd a reoult the ecord d findin ~.rely 

enurner t th ~eneral cl ni!ic tion of rro · oell ty s 

1th out t ternpt1n a. fin r d1v1 s1o , hi oh 1 d if 1 11 t v n 

ith film pre · r tions . 

In nterin upon ~h 1ncu oi n of 

by oonfl1o in op1n·one it 1• rot nly 

ubj .o so ob cured 

vis bl but nooe s ry 

that omn bitr ry nrt rd of ol 1f1c t1on nd no encl ture 

b 

coordin ly the Olt lo ~ oh er •tion h vc n de 

ch pooo1 le in c· rn 1 Ole Hone mono r h 

on the one rro • I n thi h h 1 en 1f1ed oel of the 

ollo 1 order : 

I. Le cooy ~eri 

on- gr 
l . 
2 . 

a. Gr nul 
• a. 

3 . 

r cell • 
N u roph l 
Eooinph11 
B oph le 

my locyt o . 
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II. He o lob n S ri 

• or obl t • 

B. M lobl t • 

I II. Gi .nt Ce l • 

A. Me k yoooyte • 

D. Polyk.ryocyte . 

I V. Cello or the Connective Ti ue e . 

A. Fat o 11 • 

B. Ret i culu cell • 

c. V riou ocyt1o c ll • 

D. Or ry oonnootiva 1 u c.ll • 

V. Endoth 11 Cell • 

Ex in tion of the eotion or no bon 

of the f . or 1 1phy 1 ho o n or of 

cul e covered th thin , in c en o u • 

nu erous, l r e , ol r n 1 · ,n ed , nd tl1 

11 111 d tt l rd b o oe • Tlo 

the f t o 1 n re fill d n of 

r nul r cello, 0 l c 11 

h .UCOC • iC SC 1 • 0 0 

ooyt.n , r to e en lon~ w1 

In the coitrol upcoi 

of th 

l 1 

r l t 0 th 

pe; 

0 

1 do •10 l 11'h + ic oh c n b h 

zon o the njury 1 of 

Then, ban p in 10 t n - t 

r on 

r 

b t e 

l non-

0 

1 

• 

l ot 

y-

on 

di te 

nd t n o t 1 oov r _ n c n i t -.<> o r 

o o , nd 01t t n o t re 

nt o 1 • The blood r 

th boo o,llo , bu th t l 

tJ n no 1, lthou h ol r n di e • Th nt r it1 l 
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arrow oo lR re pre nt in la~ r m~ se th n in normal bone 

n.nd con i t·t oh1 'fl" of th l r e non- nul r type . 

All thio 1 .ui te in oep1n w1 th our oonoept1on o 

repnr1 tive procen ea aloe here~ the un1 • ue fe·1turo b 1 the 

increase in m .. 1rro cello . Ho ev r , this 1 to to be expected 

tis Dickson found tl1e quant1 ty of f t present to v ry 1nver ely 

with the . ot1v1ty of tho t1onue. 

An in the fi t oer1eo , t'O npeoim ns b ·ri n~ the 

Aluminum, gold, nd stellite 1rnpl nt may be grouped to .ther 

for oonnid r a tion, their indiv1 ual diffe one b in i ht 

nnd chiefly of de P.e r·!.ther th n u 11 ty . 

In o ch t e·met 1 1 ur roun('I .d by enee ~one of 

conneotive tis ue of thr o o:r four l y r , olo cly nproxi tad 

by new bona . Periphcr. lly from th o p 1 t th oh nge re 

el l ,,1 thin the limitn of th orm l re ct1on ·ho·.n 1n 

t e control,. 

tlext, 1n ord.r of' vnri nc co 99 .. h ne 1u 01 en. 

In this th oonnective t16SU •one aurround1n the t 1 1 

slightly more oellul r nd mor loo .ly r eel el 

be-n definitely thicker . Th1o or too, more ot1vely 

prolif r tin are th ny oh 

pcr1nhe y 

nd!t 

ell into the 1ntc ed1ute Ron , th e tre 

be1n norm l . 

Prooecdin further on th no 1 of otivity the 1mpl nt 

or ilvcr, lerul id z na r n e the elv . in a olo ely 

rel ted group . The bon rolif r 1on in ch 1s om h t 

in exoesn of norm l 

r rther A.dv nc.d . 

d th. t o of T ~ n r t1on e om 

H~reover, bile tho on ot r t t do rture ro th 

normal 1 th•t in tho 1mmed1 te v1c1n1ty of th et 1, it 
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d finitely e.tendn into nd involven the rroun 1ng are • 

The 1 nteret1t1a.l arrow c lln e of. the rrmul r nd. non-

gr ulnr typ9o 1th fe polyrnorphonuole r for • Throughout 

the primary zone , however, nd to le er de ree the 

secondary zone, are found nu erou coll of the oonnoctive 

t1saue type o~ hioh vary f •re pr.sent in ·h control . 

The most interE.ntin change oc;ourr: 1n he fa.t c lls hioh :ir 

n runken and cloudy t nd pp ent.i.1r iv .• :or. • Thi 

condi ion 10 prob'J.bly o! tho n c n ture i 1 t d cr-b .d 

by Bi~zoz ro , J~ck. on, le· "nn · nd othcro . I 00011r in 

in : 01 o m~rk d rte r ,e in otho1· o Jc 1 ono , 10tahly the oopp r, 

nd m~y be con 1dored. o de .na tiv pr oeoo oi 11• to 

that oocurri .n toxc 1 u nd in st rv ion. 

In th oa e of th 1 1num bron.o t nd nick l 1 lnnt 

thiu ume c.oeuu of conn ct ve ti oue i to 0 oen, but the 

bony re an. · t1on io lo r ed . ho r o 1 n xt ndo from 

the it of t y zon h re :t 1 

l nota l , lso th .n c.1 

.. one nd on y 1 11 .1tly 

.nt proc • 10 

• nt in th. prirr.~ry 

d to rd t 1 p riphery . he 

1 p.1r in~o hich h bon 

do.o not ent r to the d 

In ~ y e p ot th 

re 

con 

n the con rol . 

1 11 to th r brou 

rro. resulting fro ohronio di pr oe c , s no d by 

Die on. Th con otiv t u el n • p obably d rived 

fro th ret1oul o lla d cr1bed by J ok on . 

In the copper peoi en 1 the os t 

of the riea . h ban n co n ot1v ti u 

e e u lly x g er te t the xp n e ot th 

th~ blood o 11 of t e r o • he o ivity 

to rd the eriphery nd .v n t o e di t nc 

the f t lle ocourr n in d in !or 

rkect r t1on 

prol1f'er tion 

f t cell. and 

·ell 

ro th 1 1 nt , 

Thro hout the 



greater pa.rt of the otion thero is vi enc h t the ti sue 

1v1t • ha• been at1 l t d to a tro .n ou 

The speoim n bearing the iron 1 l nt pre nt 

phenomen very 11 e tho c exhibited bn th eot1ona of tho 

tibi·e . I n ll , the 1m l nt 1 enveloped by r l t1vely 

thiok layer o oonnective tin u urroun in~ h1oh o tho 

pigruen gi .nt cello . .t; not betl , the e occur in re ter 

nurn )CJr bout tl .... high cll.rb:m nd lo· c r on te l!l,, th 

iron o; )parent y bein lo n. 11, nf ctect . 

A ::i.in , in th p1ev1ou~· s .r.a.eA, b n p oli er ti on 1n 

tlia .eel ect1o do no. uu... , t .i.1 , cont ol , h1le 

in th:.. 11·011 :ipeo .n it f 11; q .a.t. ith n nor• ;il limi • 

In c , in those l e ct l of th th 9 norie. th 1el tive 

v l i ·ti on of ho iron 1 ch le s tk n 1n tllo ov1ou ly 

dencr!b d S ~iea l . 

Con crnin he J t 'O er of c.... i·1 on.. li ttlo , 1f 

nythin , no d bt, dd to t o racor ed ob e1·v t1onr. . In 

Seri IV the re~tion it ch1 ly oti t ouo o nd 

r u t oh· •in, r u ly o !liou to re r no 

further , pl 1 fie' ti on . • i 

of the l t series h._o.n 

b def nitely n.nJu ed 1ro 

ho , v r , o to at ch too 

leo i 

h d r 

r.... t 

rue o 

of c l 

·h X-R y in in 

o.. t on o n 

I 11 , 

h . bp 

bone o o po it tie in t111 er1 
' 

G zzot i ' .rimen •1 ort oul too ~ht t1e 

n oe s ry ex en 1ve l v .... t on of th. porio te .r the 

o1ro fr nee of th on ou n it·el: b .uff c n o u e 

for e u rio tnl ro b . 

From th fo 

obnerv. h t 1 

un r r 1 ty · l 

oin revi o 

h 

h ... ni n t 

a o ionu 

r ,, 1 no in th 

y b 

h re 1 

d grec of 

e 
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e~otion to vbe v· r1oua met l 1mpl to exoeptin in th eoond 

ser1 cs 1nvolvin t le rib • Here f1· oturo of the bono t the 

point of injury hn added a ne ~nd od1fyin factor in t e 

mobility of the parts , and 1t well to note th t e ch inRt noe 

of fr· 1 otur 1 a at tenrled by n exoeeoi ve bony over~ro th , h1oh 

doe. not oorreaponrl to tho ftn 1n~e in the other Aerie • Conne

quen tly, 1 t mfiy be ta.ken .. hu.t the · ovement of the ·1rt 1. 

rt3uoon ible for he oone sti ul tion nd not the pr enoe of the 

met :1.l . This may serve to expl in tne f~nd' n of. Grove , ho 

noted excens1 ve bony ov rgro th hen · neaiu intramedull y 

pega ere u d in e~·psrim ,nt l fra.oturee, ina 1ruch a in th e 

c ··sea the · ' .. or tii:>n of th meta. e· rly allo ed con idorable 

mob111 y to rep rt • 

Exel ing thi fir t rib e ioa ur tru t orthy nd 

technic• ll defective, the rom inin eXp~r1m nt con1t ntly pre ent 

one o ... t of f ·tu , viz . , th t bone iH indiff rent to the 1 l nt-

. tion of . o e wat· lu d n itivc to o her • In h roup 

th 1 et l 1 ui·U.nn u c.;h ed durin it pl oem •nt in the ti u , 

bile in t'le ec nct roup there 1 dof1nit evidenoe of v ry1n 

de ree of corrooion . Al other experiment l f ctoru bein 

unifor the only oonolu ion er iRo ble 1A, tb·t the ti ue 

r ction dencnd ,, re· t extent uoon th d1 inte r t1on of 

th t i . 

I t t of cou be reco niaed th t the !oro1 n body 

pur ly uoh , nffeo the re r ;ive prooc see to ome egreo , 

but the !indin in the tore oin bone action ho 1 to b e 

much le a · rke th n 1n the oonneot1ve ti ue l e here . The 

en:loth 11 l cell proliC r t1on n rri nt o 11 form t1on not.d 

by M llo y 1 cert inly poorly repre ented, althou h thi 1 t 

occu.t ere the et f noly di vi ed . o ooea 1 t ooinoid fully 
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1th the obs 1•vl "'ions or H rzo , M roh nd, d others , 1n r rd 

to the leucooyt1o infiltr tion, perh pa·t¥ re on 0.1. the dinp r1ty 

of -+;he med1 nd 

LeFort • obAerv tiona on thA toler nee of ti ue to met~llio 

manAes .van thourrh concorned wi h the o t tin uo o incl with 

the preooedin obqervitionu on bon , He y " hen tho m:i 1 

non-septic , non- 1· ritat1 u its iato io loo tion or orm or 
Ch.!r:liC.F~l nr tui·e, t, 01, 1 m tandu +o ignore it an th phenomena 

of def~mse do not app0 r . uaual reaction 1a th eno· Aul .t1on 

in a d n e wall or ibrou ti ue . " 

Therefore , .hen the r .action exoacdD t ii n,J involve t e 

more remote ti uen it .u t pe by re· oon of 1 o..::o •. h · n 7 otb r th n 

t e rn ... 1 e pre1 noe of ci.!l in .rt orei n bo Y• 

It io ax o tic 'h t, in I as '"'t'1 l y modi y 

other el ,fl nt only ·t th xpen 0 " ... -.. o n ub t no • In 

eleotrolyte th i fl cco li h by the 19 o .. 1 t1on of Ul t llio 

1onA to the c1d th t col oid 1 olution ia or con orm1 

to the olu .. ion pre a of tha t 1. T i roe n rl1 

th henomenon hico term oorroo1on, r rec ntly A· i. riend 

h adv need it in rolttlon to tel n iron .po e tn he 

ot1on of . otrolyte • 

Gol n platlnu c no n o non-corro iv t 1 

o not p s into oolu .. ion in thiff a ' as h o b en ho n by 

Nae el1 and 0 h rs . Th s 1 c 1 d for .. allite . 

The r ce 1 e cri ert series ho eve:- , VO .xpo e 

the ever l met lo to he aotion o l'vin t1 ue h r 1n t y 

e subj ct , not only to tl inor n1c olu ea, hut to their 

prot in oo bin tion• · Acoordin to Deni 1centi n R ell Alve 

on lt !ro b in olut1one 1 h m.t· llic , iron, 

copper , 1 d, nickel , 01 lu 1nu , portion of th c et la o 

• 
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into solution anrl e ound by al u in in rr.as ed or unreoo n zed 

forr. . Beohhold also t t o that in th pre" noe of o lte , lbumin 

forms 1th hO'tvy met 1'"' • ,r .ci 1 tate ho e che io l oo o 1t1on 

1n not conntant b • icpcn is on the concentr ti on of the component 

ut the ti~c of prec1pit1t1on . Thi give intim t1on t le et of 

the complex1 ticG ~h1 h m•.y n.ri e fro cont ct o metallic ion 

1 tl 11 v1n. cellu . Salu believes the influence of met~ls on 

11 vi n - cell to cc pi: c on•l .r· t 1 ly cctruct1 ve , bi;t that 1 n some 

in 'tnceo 1t n:ay be; ro1th ot1n.ul·nt . 

Rob1n on the co ltr· ry 'c '!li vcs the action to b only 

tiraul·ttive , 'i i le l·.c"'e l1 r h<U co. rtJ' ineH the tter by n yin 

t~rt diff rvnt c•ll I ·c t different met A.nd in ~iffer nt 

manner • 

Ad .1 tt dl t, l'O 1 much ccnfu ion d the n ture of the 

. Ctivi ty 1G not cl rly un .r tood • 13·u ·ait , T,u er, nd 

other a , holdtn~ f!> t to pu ely chcrr.ic· l xp n tion, nd 

Saxl, tQf~e or 1th y, cl 1. in it to b 1.hy 1c l 

pt eno enon. 

Sut, 1th tever the proc ' tb e pe11 nt re r cord d 

p c r to 'be' r out ... ell• oonclua1one , th mo t not bl 

e le bei ·~ . IJO ar nd . 1gt c •bon et Al > he or. r . tt nd 

by n exce siv bony o e ro an t11e l t t em r ble tor 

it inhibitory !\Ction . 

CO 1CLUSI O S 

I n oonclu ion, but f t tem ntn can b m e on cl 

ct lo~e of tle ind1v1<lu l I ctionn no tollo • . 
Gold , lu 1nu nt l l ite r readily toler t bon 

and tend to beoomn enc p.ul ted 1th but lit .. l hindr nee to the 
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re ~r tive proc ones . Th • re inert m~t ri ls , un ffeot ly 

the living cells nd body lu1ds . This is cor.tr ry to tho 

findings of Duval , El b.rg, an D born, tsho ob ervcd th~t 

lur inum s baorb.d pl nt d in th ti ues . 

Silv r an le d · r nly ligt tly leB tol rnblc to bone , 

but are .a 11} c orroacd m evoke 

ti. eue 2·e ponPe . 

11 htl y rc·.ter conncc 1 ve 

Z1 no oas ir .. to solution ree.di ly nnc:. c 0 uscH 

iv ti .sue '3 imulc.:..tion . It also 1 nterf erei:- 1 tt, bone ra ene c.t1m 

nd doe not eco - e Epsu .tod b it . 

Contrary to Grove'n findin ' 
ic.el a a istinctly 

ir jurious feet on bone gr .t • It is oluble in the tis u 

hich ro ke little tte t to ret in 1 • 

lso oppo e to Giove• vbe:eiv .. tio r, 

ium . I n h re. nt one. xper i met ta 1 ta b 1h v1or 

'01 OV 11 to have ... it .L ti on otlrnr th n connect1v t1 uo 

1.1 t . If ntin , 1tr d r her t n ·ccel to 

bon pl: 0 u t on . 

c p I O! h ot 1 ,r h n c def1nit i ul tion to 

bo: oQ pl oduct on l though hein 1 bRO b • >01 e p Ci na 

u th t y b to~ 1c to tin ue in the i d ~ ·e 

Vi 1n1ty , bu ·ti VO fJ i .ul nt t 1o e . 

lloy n nc lu inu ema to p etuate thi toxic 

ct1on i r i· ci 11 i rit nt vff ct , for copp r 

lu n b onz ly nt I cro 11th one o ener ti on n<1 

t n o to b co1 e trudo • 

St el , n to le ere , iron. I in tely inh1J1t bone 

r n r tion . Poorl • tole tod d r cii l. sol uhl • nt l oem 

l, at u1t ble ot 11 0 e lo e in one pro the i • 
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