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DEFECTS IN CHROME-COBALT IMPLANTS 

The use of roentgen-rays in the investigation of various metal 
castings has been observed to be a reliable method of discovering 
defects. The penetrating power of roentgen-rays has been known 
for a long time, but their utilization in dental research has been 
largely confined to the study of light materials. The penetrating 
power of the rays depends on the voltage used: a low voltage 
produces poorly penetrating, "soft" radiation of a long wave- 
length, whereas high voltages produce "hard" radiation of shor- 
ter wavelengths and greater penetrating power. Only radiation of 
the latter kind is capable of penetrating metals. In ordinary den- 
tal roentgenography the apparatus generally used is a 50-60 
kV half-wave unit in which the X-ray tube radiates only when 
the sine curve is in its upper position. The radiation generated 
suffices, however, for ordinary roentgenographic purposes, in 
which the object under examination is light and thus easy to 
penetrate. Where heavier materials are involved, it is advisable 
to use a so-called D. C. machine, enabling the half-waves left un- 
utilized in the half-wave unit to be reversed with a rectifier so 
that the whole voltage wave can be utilized. Provided thn voltage 
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is sufficiently increased, even thick pieces of metal can be radio- 
graphed. The intensity of radiation to be applied in any given 
case may be calcul:tted by means of the following formula (4) : 

I = I,, * e-pd 
where I =intensity of radiation after penetration of the ~ n i t -  

terial, i.e., that which principally brings about ex- 
posure of the film; 

= intensity of radiation before penetration of the ma- 
terial; 

= the base of a natural logarithm; 
= absorption coefficient, which depends on the ato- 

mic weight of the material and the wavelength of 
the radiation; 

= the thickness of the layer of niaterial being radio- 
graphed. 
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Knowing the above quantities, one can calciilate the intensity 
of the radiation required, provided the layer of material is re- 
latively homogenous and of unvarying thickness. If, however, the 
material under investigation varies in thickness at very small 
intervals, determining the correct exposure would require the 
aid of a fluorescent screen; or, then, several trial exposures 
would be needed to ascertain the correct intensity of radiation. 

So far as is known, roentgen-rays have not previously been 
applied in this country to check the quality of metal structures 
used in dentistry. This is mainly due, probably, to the fact that 
the X-ray tubes in use have been considered ineffective for pur- 
poses of radiographing nietals. Since, however, broken dentures 
occur in cases where carelessness on the part of the patient can- 
not be blamed, the present author decided to undertake a rocnt- 
genological study aimed a t  discovering possible structural de- 
fects in chrome-cobalt iniplants and partial dentures. No study 
of this nature is on record in the literature available to the 
author ( 3 ) .  

MATERIAL AND ROEN'I'GENOLOGICAI, MEI'HOI) 

Material was provided by four dental laboratories in Helsinki, 
which put chroine-cobalt castings of dentures at the author's 
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disposal for radiogr:iphic study. Table I represents :I ( p i n t i -  
tative breakdown of the material studied. 

I'ahle I. 

.\'iinlbers o/ skeleton dentirres, cltrsps ctnd ( i rms,  diriiiied beiroeen irpper trnd 
lower j tr tos,  ttrc.ordiny lo nicrteritrls studied. 

The laboratories were selected on the basis of each one's using 
:I different alloy in the production of castings. Accordingly, the 
letters in Table 1 denoting the :illoys likewise represent the re- 
spective 1:iborntories. The cl:isps were designated separately a s  
7'-clasps, E-clasps, L-clasps, Honwillclasps, ctc. Designated a s  
"arms" branching off the prosthetic bars are the clasp arms, 
lingual Cuninier arms, raised parts of continuous clasps, etc. 
The implants included in the stlldy belong to the chrome-cobalt 
category D. 

Upon undertaking his roentgenographic investigation of the 
castings, the author proposed t o  the laboratories that some of 
the defective ones be broken at  the sites of defects disclosed by 
the pictures s o  that the fracture surfaces could be examined 
under the microscope. Permission to do this was granted with 
certain reservations. 

The roentgenograms were taken with a I). C. machine belong- 
ing to the State Technical Research Institute. It involved use of 
70 k\' anode voltage and 20 niA anode current. Exposure time 
varied from four to five niiniites, depending on the thickness 
of the castings. The focus-film distance was 800 m n .  The  film 
was the very slow Gevaert D-2, which is extremely well adapted 
for the purpose at hand. The developer was Cevaert G 230 and 
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the fixer 305 A. N o  filtering of the rays was used outside that  
of the tube itself, which, according to the manufacturer's infor- 
niation, was 0.6 inn1 capper. 

II ESI'L'I'S 

The very first pictures indicated that the results of the inves- 
tigation would be surprising. In T:dde I1 :ire collected the defects 
in the castings clearly disclosed by the X-rays; the defrcls :ire 

classified according to the places where they occurred. 

Tahle 11. 

l'ht. d i s l r i b r t l i o n  01 i l i r  roc'rilBt.nfiBrfiI'Iii(' / ~ I I ~ ~ I I ~ S  rrcvwrciiny Iri  l l i r  si lc . .  I 
occirrreItce. 

The nature of the defects disclosed by X-rays is shown plainly 
by Figs. 1, 2, 3, and 4. The sites where flaws arc located 011  thc 
films are marked with arrows. 

Fig. 1 .  Fig. 2. 

Fig. 1 .  C r w k  at site A.  

Fig. 2. Crack at site A, "l~ulhle" ;it s i te  13. 
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Fig. 3. Fig. 4. 

Fig. 3. One "bubble" in  the chsp ,  several at the junction of arm and bar. 
Fig. 4. Implant. Flaw in the casting marked with ail arrow. 

Magnification X 5 .  

Tuble 111. 
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As flawless were regarded such castings as have been revealed 
in the roentgenograms to be consistently sound and homogenous 
in structure. Defects include, in the view of the author, any in- 
ternal cracks, "bubbles", inclusions, continuous poroiis areas, 
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etc., or, in general, any casting flaw liable to weaken the den- 
ture to an  extent niaking it susceptible to hreak under biling 
pressure. The largest nuniber of such flaws appearing in :I singlc 
denture was seven (Figs. 5 and 6) .  

‘I’o prove the existence o f  lhe defects appearing in l l ie  rocnl- 
gmograiiis, a few o f  the castings were hroltcn by twisting tlicni 
by hand. l’hotoiiiicrogr~i~hs of the surf:ices :ilon;: e x h  1)re;ik were 
tnlten at the LJniversity Instilute o f  1’hotogr:iphy. and lhr I‘lnws 

Fig. 7 a. Photomicrograph of fracture surface, ct)rrespiiiiding to  site A i i i  

Fig. 1 .  Magnification x 90. The smooth crystal structuw appeal iiig oil ihc 
surfnce is due, according to experts, to  the effect of hydrogen. 
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Fig. 7 ti. Photomicrograph of fracture surface eorrespondiiig to site €3 in 
Fig. 1 .  The crystal structure of the surface is smooth and Ii~imogeiious in 

appearance. 

in the castings could be clearly seen in the pictures. Figs. 7, 8, 
9, and 10 show the photomicrographs of the defects seen in Figs. 
1, 2, 3, and 4 after the castings were broken. The linear magni- 
fication is approxiniately 30 times. 

Fig. 8 I). Photomicrograph of site R of portion of bar shown ii i  Fig. 2. 
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Fig. 9. Photomicrograph of flaw in casting nf clasp after beiiig hrokcii 
(see Fig. 3 ) .  

Fig. 10. Photomicrograph of defect in bur of implnnt, as disclosed 
by roentgenogram in Fig. 4. 

Fig. 1 1  contains a roentgenogram of one denture which w a s  
broken afterwards at the point where flaws were revealed, photo- 
micrographs of the defective siirfaces being shown alongsidc. 
Further a photograph was taken of the broken denture t o  cle- 
monstrate that the breaches are in the same places as the flaws 
disclosed by the X-rays. 



Fig. 1 1  I). Fig. I I  c. 
Fig. 1 1  b. Pliotomicrograph o f  the junctioii o f  the clasp at site A .  

Crystal structure u~icveii .  
Fig. 1 1  c. Pliotomicrogr:ipli o f  site B :ippenring i n  roentgenogram. 
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Pig. 11 d. Photograph of har after being Iirokeii. 

I)ISCPSSION 

To obtain as complete a picture as possible of the defects 
occurring in castings, at least two projections should he used in 
each case. The reason is that certain parts overlap to sonic rxtrnt 
and thus prevent detection of flaws occurring in the parts hidden 
from view. In the present study only a single projection was 
used in the niain, so the results obtained bring out only :I li- 
in i  ted number of the defects contained in the castings. 

If we conipare the readings in  Table I1 to  the corresponding 
figures in Table I, we find that one out of every ten clasps in 
lhe material investigated was defective. The points o f  atttich- 
iiient of the arms disclosed proportionally slightly more flaws, 
while n o r e  than half the castings revealed defects in parts of 
the bars proper. 

On the basis of Table 111 we niny conclude that only about one- 
quarter (15) of the total number of dentures (61)  proved to be 
flawless. Castings with a single defect (19) accounted for some- 
what more than a quarter of the total and castings with two 
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defects ( 1 3 )  slightly under a quarter. Castings with three or iiiorc 
flaws (14 )  imde  up just :t trifle less than one quarter of the 
total material. 

The durability of dental appliances depends on the number 
of flaws in the castings insofar as the danger of breakage in- 
creases in direct proportion to the number of defects. The sitr 
of  the flaws in castings has been taken into account as a decisive 
factor in estimating the strength of dentures, for a single flaw 
a t  a critical spot is apt to cause a fracture. In clasps thinner 
than the bar, even a tiny cavity in the casting can be responsihlc 
for a failure. The classification of castings as good or bad on the 
basis of the number, location or size of the flaws without a de- 
termination of tensile strength depends, in the final analysis, 011 

subjective factors. The significance of every flaw in a casting 
depends, in addition to the aforementioned considerations, on 
the structural design of the supporting bar and the stress and 
strain to which it is subjected in the patient's mouth. It was 
endeavored to take all these matters into account in evaluating 
flaws in the castings dealt with in the present study. In the light 
of roentgenological evidence, the chrome-cobalt casting of den- 
tures for the lower jaw generally succeeds inore often than for 
the upper jaw. It is possible by the use of radiography to eli- 
minate defective castings in time and thereby preclude fractu- 
ring of prosthetic and other dental appliances. 

The flaws pin-pointed by roentgen-rays could be easily veri- 
fied by breaking the castings at the sites indicated and examin- 
ing the fracture surfaces under the microscope. It generally 
proved easy to break the castings manually, and only in the case 
of a small implant appliance were wire nippers required. Failure 
invariably occurred at the site of a defect. The sound made by 
the break varied from a crack to a clink, depending on the na- 
tiire of the defect. Voids and inclusions caused a cracking sound 
when the break came, while flaws in the crystal structure pro- 
duced a clinking sound. An examination of the fracture siir- 
faces generally brought to light "bubbles" and pits a s  well :IS 

various inclusions hut also quite smooth, shiny surfaces, where 
streams of molten metal had come together from different di- 
rections in a state of parti:il solidification. Such flaws can he (111e 
to wrong casting techniques, a faulty heating apparatus, iiiois- 
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ture in thc air, the layer of protective substances that forms over 
the molten metal, etc. Thc casting material can also producc de- 
fects if it is used so sparingly that it is always necessary Lo add 
residue buttons, which previously melted down scveral times 
with the result that foreign bodies introduced during other heat- 
ings are perforce included in the casting. Investigations in which 
the fracture surfaces of broken bars and clasps have heen 
examined under the microscope makc it clear that the came of  
failure in most cases consists of structural defects attributable 
to careless casting (1, 2) .  The results o f  the present study coin- 
cide with respect to the different alloys, which indicates that the 
defects have been caused either by carelessness in casting or by 
impurities contained in the metals used. 

It is purposed to carry out an additional investigation in order 
to learn inore about the reasons for the defects discussed in the 
foregoing and a t  the same t h e  to find ways of eliminating them. 
It is thereby hoped to produce castings beyond reproach both 
cxternally and internally. 

Acknowledgements 

The author wishes to acknowledge his dept to Professor Kn-  
leruo K. Koiuutnnn for the many kind suggestions he made dur- 
ing various stages of this investigation. He is also grateful to 
Mr. J.-E. Holmstriini, Dipl. Ing., and Mrs. Else-lllcij Nyberg for 
the kind cooperative attitude they took toward his work. Finally, 
he should like to express his appreciation to the contributing 
la bora tories. 

This work has been financially supported by the Finnish 
Dental Society. 

Radiography can he successfully applied in the investigation 
of the internal structure of chrome-cobalt dental appliances. 
Flaws peculiar of any one of the cast-alloys investigated were not 
ohserved in the roentgenograms. 
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H BS Ll BI F, 

ETUDE RADIOGRAPHIQUE DES DEFAUTS INTERNES DANS LES IM- 
PLANTS ET LES PROTHESES PARTIELLES EN ALLIAGE CHROME-COBALT 

Cette 4tude a etC faite siir un total de 61 pibces coulkes en 
alliage chrome-cobalt. Chacune des pibces a CtP radiographice en 
utilisant line tension-anode de 70 k V  et un courant-anode de 
20 niA. Les temps de pose ont variC entre quatre et cinq minutes, 
suivant 1’Cpaisseur des pibces. La distance foyer-film Ctait de 800 
nini. On a employ4 le film Gevaert D-2, le rCv6lateur G 230 et le 
fixateur 305 A. Le filtre du tube consistait en 0,5 nini de cuivre. 

L’examen a niis en lumibre 15 pibces sans dCfauts sur le total 
des 61 pieces exaniinCes. Dix-neuf des pibces contenaient iin seul 
dCfaut, 13 autres pibces contenaient deux dCfauts et 14 pibces 
en contenaient trois ou plus. 

Pour niettre en Cvidence I’existence des dPfauts dCcelPs par les 
rayons X, quelques-nnes des pibces ont 4tC fracturCes par pliage 
et des microphotographies des surfaces de fracture ont CtC prises. 
11 est apparu que les dkfauts Ctaient en gCnCral dus a des poro- 
sites et a des impuretPs, dans I’ensenible sans rapport avec le 
niatdriau utilisC. Dans la suite des recherches, l’auteur se pro- 
pose d’approfondir la question du processus de coulCe hi-mihie, 
dans le but de dCcouvrir des nioyens d’Cviter les dkfauts. 

Z P S A hi  hl EN F ASS LING 

RONTGENOLOGISCHE UNTERSUCHUNG OBER INNERE STRUKTUR- 
FEHLER BE1 TEILPROTHESEN UND IMPLANTATTEILEN AUS 

CHROM-KOBALT-LEGIERUNGEN 

Die Untersuchung unifasst insgesanit 61 Chrom-Kobalt-Guss- 
prothesen, die saiiitlich init einer Anodenspannung von 70 kV 
und eineni Anodenstroni von 20 mA gerontgt wurden. Die Be- 
leuchtungszeit schwankte zwischen 4 und 5 Min. je nach Starke 
der Giissteile. Die Fokus-Filni-Entfernung betrug 800 mm. Als 
Film wurde Gevaert D-2, als Entwickler G 230 und als Fixativ 
305 A verwendet. Die Filterung der Rohre war 0,5 mm Kupfer. 

Laut Untersuchung waren 15 Gussteile fehlerfrei, 19 wiesen 
einen Fehler auf, bei 13 fanden sich zwei, und 14 zeigten mehr 
als zwei Fehler. 
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Uni die Existenz der ini Rhtgenverfahren entdeckten Fehler 
nachzuweisen, wiirden einige Arbeiten entzweigebogen iind von 
den so erhaltenen Hruchflachen inikroskopische Aufnahmen gca- 
macht. Dabei machte man die Beobachtung, dass die Fehler, so- 
zusagen unabhangig voni verwendeten Material, in1 allgenieinen 
auf Poriisitat iind Verunreinigungen zuriirkfiihren sind. Einr 
Fortfiihrung der Untersuchung sol1 in erster Linie der Aus- 
schaltung der nun aufgedeckten gusstechnischen Fehler diencn. 
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