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INTRODUCTION 



A survey by the United States Public liealth Service
1 

shov1ed that 98 

percent of the population has either had or \·Vi 11 have dental caries. 

Another recent survey
2 

indicated that there are four mi 11 ion nm·J untreated 

cavities per year in the United States. In lJGJ Phillips, s~,-,artz, and 

Norman
3 

reported that dental amalgam sti 11 accounted for 80 percent of 

all dental restora tions used. Amalgam is a yery popular restorative 

material because it is relatively simple to manipulate, versatile, and 

uniquely capable of r e ducing marginal leakage. Thus, unless a better 

restorative material is de veloped in the future, am~l gam wi 11 be a much 

used r.1aterial for the restoration of decayed teeth. 

4 
Demaar reported that the Cra\,Jcour brothers in 1333 \·Jere the first 

to use silver amalgam in dental practice. Extensive research has been 

conducted in an effort to imp rove ama 1 gam. A 1 on g vJi t~1 improvements in 

the material itself, the operator has been given a better understanding 

of tile properties and mani~J ulative techni q ues \Jhich \·li 11 produce the 

best results. 

The placement of an amalgam restoration requires several integrated 

steps, and success of the final restoration depends upon hm·1 carefully 

each step is carried out. The amalgam restoration is not considered 

complete until it is finished and polished. 

In spite o f the 1 a rge amount of research that has been comr 1 e ted 

on dental materials, the beneficial effects of polishing amalgam 

restorations have been a largely neglected area of study. The present 
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investigation was undertaken to ascertain the effects of the polishing 

and finishing of dental amalgam in relation to its marginal breakdovm, 

and to make a clinical comparison of the marginal integr·ity of Dispersalloy 

restorations and TvJenticth Century Fine Cut Alloy restorations in both the 

polished and non-polished state. 



RE \fIE\-/ 0 F THE Ll TE RATURE 



3 

The setting reaction of amalgam alloy \•lith r.1ercury may be expressed 

a s f o 1 l Ov/ s : 

/\g.., + llg ' ,L\g
3

Sn + /\g2H93 I Sn
3

ilg 
) ---r 

(aamma) (gamma 1) (gamma 
r 

In 1973 Phi 11 ips :J st<Jted: 

The major defect in structure of dental amalgam is that it is 
multiphase in nature. Such a structure ~esults in poor tensi lc 
properties and inferior resistance to corrosion. The physical 
properties of set amalgam are most dependent upon the relative 
percentages of each of these components. The strongest phase 
is that v1hich is dominant in the original alloy, the Ag

3
Sn. 

The r:1ore of the gc:l mma phase \·Jh i ch is rc tn i ned in the f ina 1 
structure t the s t ron oe r vii 1 1 be the ama 1 gam. The \·Jeakes t 
component is the gamma 2. 

Phi 11 ipsG defined corrosion as not merely a surface deposit but as 

an actual deterioration of a metal by reaction with its environment. 

. 7-12 
Uumerous stud1es have si1m·m that the ga mma 2 phase of amalgam is 

the most susceptible to corrosion. 

Phil1ips 5 stated that the clinical significance of the corrosion 

2) 

phenomenon of dental amalgam is much greater than simply a discoloration 

of t1e ex~Josed surface. The degradation offect of the corrosion process 

is of particular concern <Jt the margins, and may rell be the primary 

cause for marginal 11 ditching11 so cor.monly seen in dental amalgam 

restorations. 

1 3 Jorgensen related corrosion and the marginal fracture of amalg<Jm 

f i 1 1 i n g s accord i n g to the f o 1 1 o\·d n g the o r1 • The e 1 e c t r o p o ten t i a 1 

differences v1hich exist betHeen dissimi lar · metols in the oral c<:lvity, or 
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even bet\veen the various phases t·li th ama 1 gam i tse 1 f, initiate the 

corrosion process. Oxidation is centered on the gamma 2 phase, and 

a pparently in time tin ions are released. These ions migrate to form 

corrosion products at the margins. When the tin is released from the 

ga rrr.w 2 phase, free mercury is left behind. This mercury can then react 

~ tit h the residual alloy particles to form additional gamma 1 and ga mma 2 

phuses. A resulting expansion (referred to as mercuroscopic expansion) 

in or near the amalgam-tooth interface produces a protrusion of the 

restoration away from the supporting tooth structure. Being unsupporte d 

and \.Jeakened by corrosion rroducts, these margins muy be easily fractured 

by occlusal stress. 

nateer and Reitz8 in 1372 explained corrosion as the galvanic 

degradation of amalgam. According to their theory, amal gam restorations 

are influenced by t wo e lectrolytes, saliva, and tissue fluid of the 

dentin. The amalgam-dentin interface develops a ne gative charge ~·Jhich 

p reduce s decomposition of t ~1e ga rnma 2 phase and mi g ration of tin in to 

t e dentin. A positive galvanic current exists through the body-tissue 

saliva circuit to the oral amalgam inte rface. Cor:rnon cavity liners do 

not bloc k this current flo\ J. The corrosion process destroys the inter

connected gamma 2 phase and deposits tin-rich compounds. Over a ~eriod 

of years, the corrosion process progresses toward the center of the 

restoration, causing a degeneration of the matrix structure. Prospects 

for increasing the life of amal gam restorations derend upon the 

reduction of the corrosion process. The solution should be found through 

a reduction in the amount and degree of interconnection of gamma 2 

particles, and through better liners to bl.ock the galvanic circuit. 
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Stoner) Lawless, and Warner 10 stated that to stop the destructive 

corrosion of ama 1 gams the gamma 2 phase must be eliminated. 

lL~ 
Innes and Youclelis introduced the concept of the disrersion 

strengthened den ta 1 a~a 1 gam a 11 oys \.·Jh i ch inc 1 uded eutectic fi 11 i ngs 

composed of 71.9 percent silver and 28.1 percent cop~er. This alloy 

had a 30 rercent increase in compressive strength and a 600 percent 

decrease in fl m·J. 

Today, the dispersion strengthened dental amalgam, Dispersalloy,a 

contains silver/copper eutectic spheres in combination \'tith the conventional 

cut alloy. The composition of Dispersal loy is: 70 percent silver, 16 

percent tin, 13 percent copper, and 1 percent zinc. 

Since the corrosion of den ta 1 ama 1 gam has novJ been 1 inked to the 

garrma 2 phase, 7- 12 the addition of s pheres of silver/copper eutectic to 

conventional amalgum alloy replaces l~O percent of the tin. During the 

amalgaoation process, the copper attracts and locks virtually all of the 

. 15 
unreactcd tin responsible for corrosion. 

h 1 d • 16 • l • • 1 d I h th • 1-1a cr an assoc1ates tn a c tn1ca stu y nCJve s , ovm sat t11e 

cr'""ep values of the amalgam appear to be more indicative of r.1arginal 

fracture than any other physical prorert'j. In their study the dispersed 

phase alloy, v1hich had the 1m·Jest creep value, provided superior to the 

t\·/O other alloys evaluated in relation to marginal fracture. Duperon, 

17 
'leville, and Kasloff in another clinical study indicated that the 

dispersion type alloy had less marginal breakdatn than either a conventional 

alloy or spherical alloy. 

aDispersalloy, Dental Products Company, Johnson and Johnson, East \lindsor, 
ifev-1 Jersey. 



Proper polishing of a dental amalgam is generally considered essential 

to the durability of the restoration. It is important not only for the 

appearance of the dental amalgam but also for its contribution to the 

mechanical and biological properties of the restoration. 

It is generally believed that amalgam restorations should not be 

polished until ' at least 21• hours after insertion. This time lapse is 

considered necessary to allow the amalgam surface to reach a hardness 

18 1° necessary for good and lasting pol ish. ' J Polishing amalgam before 24 

hours will produce burnishing of the material which wi 11 bring mercury 

13 
to the surface. 

1 . h . I . h b d · h 1 · l 8- 2 7 /~any po 1s. 1ng tec1n1ques ave een reporte 1n t e 1teraturc. 

The lack of agreement as to the best agent and correct manner of progression 

indicates that there is no one ideal polishing procedure. It is commonly 

agreed that at least three to four agents of different but close degrees 

of abrasiveness should be used and in a descending order of abrasiveness. 

28 
t1ahler has reported thnt rough surfaces of dental amalgam wi 11 

cause a concentration of stress in mastication, and an increased 

susceptibility to fracture. 

Sv1artz and Phi1lips29 have reported that rough surfaces are difficult 

to clean and tend to collect bacterial plaque. These rough surfaces thus 

d . . f . 11 . 7,30 provide very favorable con 1t1ons or concentration ce corros1on. 

Besides leading to possible fracture of an overhanging margin, rough 

surfaces of a restoration may increase the chances for a recurrence of 

dental caries about the margins through acid formation due to fermentation 

f . d f d 31 '32 o the retatne oo • An amalgam that is properly polished will have 

its margins brought to the level of the cavity margins. 33 



7 

P.esearch3 4- 41 has indicated that poor polish or lack of polish of 

dental amalgam restorations is often an etiological factor in periodontal 

disease. The proposed cause of this condition is the retention of 

bacterial plaque which irritates the soft tissue.42 ,43,44 

1+5 
11arkley stated that polishing a dental amalgam produces a homo-

geneous layer, the 3eilby layer, over its entire surface. This layer is 

composed of highly condensed and burnished particles and is quite 

resistive to local factors. 

Hing 46 reported in 19G5· that polishing umalgam does not make the 

surface structurally homogeneous but does make it smoother, thus reducing 

the active surface area and hence the potential for turnish and corrosion, 

as well as debris retention. 

A polished amalgam has a greater resistance to tarnish and 

corrosion. 47,l~B This decrease in corrosion potential has been attributed 

49 to the reduction in electric couples in the polished amalgam. 

Improper P.olishing of dental amalgam can produce a degeneration of 

its p·hysical properties. It is considered hazardous to overheat amalgam 

by friction 1:1hi le polishing. 

-o Black~· stated in 1895 that dental amulgam, upon being heated to the 

temperatures of boi 1 ing 'dater, underv1ent a noticeable and permanent change 

in its surface crystallization. This was manifested as a permanent change 

in both the surface appearance and volume of the amalgam. This phenomenon 

could be attributed to something other than ordinary thermal expansion. 

51 
Mitchell, Dickson, and Schoonover reported in 1955 on the influence 

of excessive heat generated in amalgam by polishing procedures. They 

found that heat in excess of 65° C. (140° .F.) caused residual mercury to 
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be attracted to the surface and margins. The increased mercury causes 

a loss of strength in the amalgam and makes it more susceptible to 

f r a c t u re • 52 

53 
Gray studied the effects of temperature changes on the physical 

properties of silver amal garn. He found that 1:1hen a temrerature of 70° C. 

was reached, a decrease in the physical properties occurred. 
t:l.t 

Cannon:J · 

believed that this amount of heat could be generated from polishing 

procedures. He also stated that the decrease in physical properties is due 

to the excessive heat 'llhich brings the residual mercury to the surface. 

Keys
55 

studied the metallurgical phenomenon of polishing the amalgam 

restoration. He likewise reported that excessive frictional heat from 

polishing will bring the ~ercury to the surface and marginal areas, which 

produces a loss of strength and surface appearance of the restoration. 

Kilpatrik5
6 

maintained that an important cause of marginal ditching and 

failure is the overheating of the amalgam during polishing which brings 

mercury to the surface and margins. 

El- Bahloul
57 

in 1963 studied the effect of polishing procedures on 

the distribution of residual mercury in dental amalgam. !lis mercury 

determination procedures sho\Jed excessive amounts of mercury at the 

surface of silver amalga m •1hen certain polishing agents and procedures 

\vere used. The effects of these agents on the mercury distribution 'dere 

found to be limited to the ~ost superficial layer of amalgam. The author 

stated that the rubber \·theel discs impregnated \lith pumice brought the 

greatest concentration of mercury to the surface of the amalgam restorations. 

Fine sand paper discs produced similar but less pronounced effects. :·lo 

appreciable change in mercury content \Jas found \·Jhen finishing burs, 

carborundum stones and coarse sandpaper discs were used. 
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The recent literature casts considerable light on hmv to avoid the 

generation of excessive frictional heat during the polishing of dental 

amalgam restorations. Using e poxy steel teeth and a thermocouple as a 

5'~ 
thermal detector, Alpin ° found that when moisture was excluded from the 

polishing procedure with dental amal9am, a substantial increa se in 

temperature was noted. 
59 

Grajov.Jer and associates reported that higher 

temperatures ~,Jere observed \tlhen there \'las continuous polishing \'lith 

appliances made of rubber than v.Jhen there \vas intermittent polishing vlith 

cup brushes. 

GO 
Christensen and Dilts constructed an experimental device to 

determine the increase in heat rise within the pulp chamber \r.Jhile dental 

amalgam was being polished. They 1 isted the following group 'of instruments 

in order of increasing tendency to produce heat in the dental pul p : 

(1) stones and brushes, (2) coarse and fine cuttle disl~s and rubber cups 

with moist pumice, (3) dry rubber cups with polishing material, and (4) 

ru bber disks. 

Eames, Minnock, and Wasden
61 

studi e d the therm~l response 9f amalgam 

to polishing instruments and reached the follm·;ing conslusions: 

a. Polishin g temperatures exceeding 150° F. produce an immediate 

surface softening of amalga m vJith a subsequent hardening surpassing the 

o r iginal hardness. 

b. Temperatures above 1S0° F. produce a surface graininess without 

1 us te r. 

c. Polishing instruments, used at continuous high speed, can produce 

excessively high temperatures. 

d. lntcrmi ttent polishing techniques ·using disks or brushes for 

short pe riods result in lower temperatures that do not influence initial 
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surface harness or reflection. Intermittent polishing \lith rubber \·vheel 

disl~s impregnated vlith pumice produces hioh temperatures quickly, which 

initially causes a surface softenino of amalgam uith subsequent increased 

hardening and graininess. 

~esearch has shm•m that the polishing of a dental amalgam restoration 

does not necessarily improve al 1 of its properties. 62 
Charbeneau found 

that all carved amalgam surfaces, whether burnished or not, were found 

to have a loHer surface hardness as a result of ?Olishing. 

I, . 6 3 . h. d f h f. . h. f 1 . ,antorm·ncz, 111 IS stu yo t e 1n1s. tng o ama gam restorations, 

explained hm·1 the corrosion process can still occur v1ith a polished 

amalgam restoration. 

An amalgam filling vJith most of its surface polished, and part 
not polished, is as susceptible to corrosion as one which has 
not been polished at all. In such cases, the unpolished and 
the polished surfaces act as electrodes in a voltaic cell vlith 
the saliva acting as the electrolyte. The polished surface 
thus corrodes. When this surface is corroded more than the 
unpolished surface, the polarity reverses and the process 
continues, the unpolished surface becomes the negative 
electrode and corrodes further. 

6LJ 
Russo and co-t'iorkers in 1970 studied the influence of burnishing 

and poliihing on the marginal infiltration of radioactive sodium iodide 

solution (l3lliJa) in silver amalgam restorations. Their results shm,Ied 

that burnishing done immediately after carving reduced the amount of 

marginal leakage, both in specimens stored for short periods (48 hours) 

and longer ones (78 days). Polishing did not alter the results. 

65 
Ottolengui reported in 1925 that 5 rercent of the amalgam 

1. I d E GG • • • 1 d restorations that he examined were po 1s1e • aston 111 a s1m1 ar stu y 

in 1941 report~d that 11 percent of the amalgam restorations vJere polished. 
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This reviev.J of the literature contains many references to the 

techniques of polishing dental amalgam restorations and the possible 

hazards from the excessive frictional heat generated during polishing 

procedures. f.lo scientific data v1ere found to relate the polishing of 

dental amalgam restorations and their marginal breakdown. That VIas the 

purpose of this investigation. 
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Patient Selection 

The experimental group was selected from patients registered at the 

Indiana University School of Dentistry. Patients were chosen who 1 ived 

within a reasonable distance from the School and stated that they would 

be available for evaluation during a three-year period. 

Patients were screened for their cooperation and interest. They 

ranged in age from 4 to 29 years, ~lith an average age of 15. t1ost v;ere 

of school age and from varied backgrounds~ Individual oral hygiene was 

not a factor in the selection of patients and was not monitored during 

the investigation. 

A total of 40 patients having at least one pair of Class I carious 

lesions were used for the study sample. Restorations were limited to 

maxillary and mandibular permanent molars, bicuspids, and primary molars. 

Posterior bitewing radiographs of the study teeth were taken to sub-

stantiate that the selected lesions \'/ere confined to the occlusal surface. 

A record v/uS completed prior to cavity preparation as to \·/hether the 

tooth was in occlusion. Each pair consisted of one Dispersalloya 

b restoration and one Tv;entieth Century Fine Cut Alloy restoration. The 

follm·ling plan \vas designed for this study. 

Group I 40 Dispersal loy restorations polished 
40 Dispersalloy restorations unpolished 

aDispersalloy, Dental Products Company, Johnson and Johnson, East Windsor, 
14e\,·J Jersey. 

b 
T\·Jentieth Century Fine Cut 1\lloy, L. D. Caulk Company, 11ilford, Delaware. 
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Group II LlO Tv·Jentieth Century Fine Cut 1\lloy restorations polished 
40 T\·•Jentieth Century Fine Cut Alloy restorations unpolished 

Clinical Procedure 

1. Cavity Preparation 

The follo· .. Jing principles of cavity preparation as outlined by 

u D 1 d6 7 
i 1C ona "''ere used. 

a. Cavity preparations should be extended sufficiently to 
include all pits and fissures. The preparation should 
include those areas that have carious involvement and 
in addition, those that will retain food and plaque 
material and may be considered as areas of potential 
carious involvement. 

b. The cavity walls and base of the preparation should 
be essentially parallel and perpendicular to a flat 
pulpal floor. 

c. Rounded angles throughout the preparation \vi 11 rcsul t 
in less concentration of stresses and wi 11 permit more 
complete condensation of the amalgam restorative 
rnateri al into the extremities of the preparations. 

d. The depth of the occlusal portion of the rreparation 
should be carried approximately .5 mm. pul:Jally from 
the dentinoenam~l junction. 

e. Enamel walls are that portion of the lateral cavity 
walls that are in or are composed of enamel. These 
walls are to be supported by sound dentin and are to 
be composed of complete enamel rods from the cave
surface angle to the dentinoenamel junction. 

The technique of the operator who pl~ced the restorations was 

standardized in the laboratory with respect to cavity preparation and 

amalgam condensation prior to the start of the clinical study. 

Following the administration of a local anesthetic, preparations 

1.11ere made by the same clinician, with the rubber dam in place at all 

times. Air cooling from the air turbine handpiece v1as uti 1 ized. The 

follo\Aiing carbide burs v/ere used for the cavity preparations. 
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A Number 245 fissure bur ~tlith the high speed air turbine handpiece 

was positioned perpendicular to the preparation base, and the lateral 

cavity walls were reduced and extended to the desired plane and location. 

A Humber 2 or 4 round bur \..,ras used vii t!l the s lm·J speed contra-angle 

han.dpiece to remove any remaining carious material. 

The f.lumber 2L~5 fissure bur \·Jas used \•lith the slo\•/ speed air turbine 

contra-angle handpiece to remove any overhanging enamel and ensure that 

the walls of the preparation were essentially parallel and perpendicular 

to a flat pulpal floor. 

If pulpal protection was necessary in deep-seated cavities, a calcium 

a 
hydroxide base was placed. 

All . d . h . . hb d 1. d preparations v1ere coate \'Jit c::1 cav1ty varn1s an re-app 1e 

once, using a cotton pellet to apply the material, prior to the placement 

and condensation of the alloy. The cavity varnish \vas permitted to coat 

the cavosurface angle. 

2. Determination of the Alloy to be Placed 

The choice of \vhich alloy to be used for each pair of preparations 

was determined by the dental assistant, who used a random table. The 

res tarat ions v1e re p 1 aced by the same c 1 in i c ian, and he \·Jas una\'va re of 

which material he was using. The random table was also used to determine 

which restorations would be polished. 

a Dyca 1, L. D. Cau 1 k Company, /·1i 1 ford, De 1 aware. 

°Copal i te, H. J. Bosv;orth Corporation, Chicago, 111 inois. 
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3. Material Preparation and Placement 

The mercury/a] loy ratio was 1:1 for both al Joys. Trituration was 

12-14 seconds using a capsule and a cylindrical metal pestlea in a high 

d 
speed amalgamator. No mercury was expressed from the mass and the alloy 

was placed in a metal well to facilitate handling with the amalgam 

carrier. If one mix Has not sufficient to restore the tooth, a second 

mix V·Jas made. The amalgam was condensed by hand using Glack 1 s number 

and 2 condensers. The preparation \·tas overfilled. The amalgam v1as 

burnished vlith an 11 appleseed 11 ball burnisher and the back of the size 0 

condenser until it appeared homogeneous and smooth. 

4. Carving and Finish of the Restoration 

The restorations V·Jere carved to ideal occlusal form vlith small 

discoids, cleoids, and blade carvers. The margins were then reburnished 

\'lith the back of the size 0 condenser. Hhen the restorations \·Jere 

completed, the rubber dam \·Jas removed and the restorations Here carefully 

c h c c ked an d ad j us ted fo r p rope r o c c 1 us i on us i n g a r t i c u 1 a t i n g p ape r • /\n Y 

dark blue records on the freshly carved amalgam vJerc eliminated \•lith a 

carver. The restorations v1cre then smoothed \'lith a \·Jet cotton roll. A 

record v1as made at this time and at every future evaluation as to '-vhether 

the restoration was in occlusion at the margins. 

5. Polish of the Restorations 

P..estorations '/Jere polished not earlier than 48 hours after insertion. 

The rubber dam vJas in p 1 ace through out the po 1 ish ill g procedure· The 

as. S. White Company, green nylon c~psule and metal pestle. 

b\.fig-L-Bug, Crescent Dental !ianufactur.ing, Chicago, Illinois. 
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pairs of restorations to be polished \'/ere determined from a random 

table. In Group I, l1J of the Dispers<Jlloy restorations "'Jere polished 

and 39 v1ere not polished. In Group II, 44 of the Fine Cut alloy 

restorations were polished and 40 were not polished. Every effort was 

mad.e for each patient to have one Dispersal loy restoration polished 

and one not polished, and also to have one Tv1entieth Century Fine Cut 

alloy restoration polished and one not polished. 

The follovdng standardized technique ~·.Jas used for polishing all 

selected restorations, v;ith care being taken not to overheat the alloy: 

a. Number 4 round finishing burs (6 flutes) were used both to 

establish the final margins and to create the contour and direction of 

cusp planes. 

b. tlumbers l/2 or 1 finishing burs vJere used to accentuate or 

produce grooves in the restorations and obtain anatomic harmony with the 

opposing teeth. 

c. Slurries of a mixture of flour of pumice and -water were then 

applied with a rubber cup and pointed brush. The restorations were 

considered smooth after al 1 scratches were removed. 

d. Slurries of a mixture of amalgloss and water ~t!ith rubber cups 

were the final polishing agent. 

l1ethod of Clinical Evaluation 

The restorations \'Jere evaluated at one year. Ulack and v1hite 

photographs were taken of each restoration at the evaluation period by 

the investigator. All pictures v1ere taken v;ith a Hedical-Nikkora 

al·likon Incorporated, Garden City, 1 -Je~·J York. 
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Auto 200 mm. f/5.6 lens at 1.5x magnification, using 35 nm. film. The 

pictures were then enlarged to a standard 4 x 5 inch print (Figure 1), 

and trimmed so that only one restoration appeared on each photograph. 

The photographs were coded on the back as to patient, alloy, pol ish or 

non-polish, and the evaluation period. 

The photographs were examined and evaluated for marginal breakdown. 

All restorations v.Jere first evaluated for marginal breakdown by the Ridit 

Analysis. The method of analysis was descri~ed by Mahler, Terkla, 

16 
Van Eysden, and Reisbick. Each examiner compared each photograph with 

a series of five photographs depicting restorations with increasing 

degrees of marginal deterioration (Figure 2). He then placed each 

photograph into one of four groups of marginal breakdown. 

The photographs , .. ,ere also examined and evaluated by the Rank Ordering 

Analysis. All photographs v1ere ranked in descending order on the basis 

of the marginal breakdm·m of the restoration. In other Hords, the best 

was 1, next best was 2, and so on. Ti1ree examiners ranked the restorations, 

vtithout knov1ledge of study group identification or one another's evaluation. 



RESULTS 
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Ridit Analysis 

The results of the photographic evaluation are shovm in Table I. 

Some photographs \•Je re of poor qua 1 i ty and cou 1 d not be used for eva 1 uat ion 

and a fevJ patients did not respond to recall appointments. Therefore, of 

the 164 total restorations placed, 33 were eliminated from the study 

resulting in a total of 131 photographs for analysis. This explains the 

discrepancy in the number of restorations used in the study and the 

number used in the evaluation. The distribution of the two alloy 

systems and the polish and unpolished techniques were determined by 

use of the Ridit Analysis. 
16 

The results of this analysis are shown in 

Tab 1 es I I and I I I • 

Student's t-test ~.-,as aprlied to the Ridit means to shov/ si ·gnificant 

differences in r.~arginal brea!'dm,m betvJeen the t\10 alloy systems and to 

compare the pol ish and nonpol ish technique. 

For statistically significant differences using the t-test, at of 

2.05 was required at the .05 level, and 2.76 at the .01 level with 29 

degrees of freedom (number of pairs minus one, 30 pairs= 29 d.f.). At 

G3 d~f. at value of 2.00 was required at the .05 level, and 2.65 at 

the .01 level. 

The results of the Ridit Analysis are as follows. There It/as no 

significant difference bet\·.Jeen the Dispersalloy restorations in the 

polished and unpolished state in regard to marginal breakdmm. Also, 

there 1:1as no significant difference in marginal breakdovm of the 
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T\Jentieth Century Fine Cut Alloy restorations in the polished and 

unpolished state. In comparing the relished and unpolished restorations 

overall, no significant difference was noted. 

The Dispersalloy restorations were superior to the Fine Cut Alloy 

restorations overall, at the .01 level. 

In regard to marginal breakdown, the inference to be drawn from 

these data is that polishing of the amalgam restorations is not critical. 

The important factor is the choice of alloy systems. 

At the one-year evaluation, the Dispersal loy restorations exhibited 

less marginal breakdovm than the T\.-tentieth Century Fine Cut alloy 

restorations. Polishing did not enhance marginal integrity of either the 

Dispersal loy or the Fine Cut Alloy restorations one year after placement. 

Rank Ordering Analysis 

The results of the Rank Ordering analysis are shovm by evaluator in 

Tables IV, V and VI. The Spearman Rho Rank Order Correlation comparison 

\ •Jas used to check the agreement among evaluators on the results. The 

formula is p (rho) = 1 - ~6 o2 v.Jhere D is the difference in ranking 

'J (N
2

- 1) 
i' 

of subjects by t',·to evaluators and ~ ~ refers to number of pairs. The 

procedure was to assign a rank for each score, ta~e one set of scores and 

two evaluators at a time, square the difference and do the computations. 

Correlations were performed for each type of alloy and technique 

comparing each pair of evaluators: Evaluator .lumber 1 versus 2, 

Evaluator Number 1 versus 3, and Evaluator ilu .1ber 2 versus 3. The 

differences in rank are shovm in Table VII. The coefficients of 

correlation betv·Jeen evaiuators on each category usin~ the Spearman Rho 
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Rank Order Correlation are shovm in Table 'JII. Tile correlations extend 

from .1571 \'!hich is not significant, to .791•7, VJhich is significant 

we 11 beyond the • 01 1 eve 1. A 11 but t\·Jo V·Je re sign i fi cant. Thus there 

was a high level of agreement between the evaluators. 
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FIGURE 1. Occlusal view of amalgam restorations. 
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FIGURE 2. Series of photographs used for the Ridit Analysis. 



2A 28 2C 20 2E 
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TABLE 

PHOTOGRAPHIC EVALUATION 

RIDIT ANALYSIS 

11ARGI NAL FRACTURE Dl STRI B!JTI ON 

Alloy Technique Evaluator Categories N 

2 3 4 

D i s pe rs a 11 oy Polished 1 7 17 r 1 30 ::> 
2 6 lG 3 0 30 
3 8 18 4 0 30 

D i s pe rs a 1 1 oy Unpo 1 i shed 1 7 21 6 0 34 
2 7 21 6 0 34 
3 9 21 4 0 34 

Fine Cut Polis hed 2 17 15 2 36 
2 0 18 1) 3 36 
3 3 18 13 2 36 

Fine Cut Unpolished 2 17 9 3 31 
2 0 16 13 2 31 
3 2 15 12 2 31 
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TABLE II 

R I D I T ANAL Y S I S RESULTS 

Alloy Technique ~I x s sx 

Di spe rsa lloy Po 1 i shed 30 • 4136 .2521 • 04811J 
Dis pe rs a 11 oy Unpolished 34 • 396 7 . 2307 • Oi~O 16 
Fine Cut Polished 36 .5944 .2462 • Olf 162 
Fine Cut Unpo 1 i shed 31 . 5381 .2460 .04491 

Both Polished 66 .5036 • 1884 .02337 
3oth Unpo 1 i shed 65 • 4323 . 2875 .03594 
Dispersa11oy Both 6lt . 4203 .2405 .03029 

Fine Cut Both 67 .5887 .2455 .03022 

TABLE I I I 

R I D I T ANAL Y S I S C 0 t·1 PAR I S 0 r J S 

Alloy and Technique s D t S i gn i f i can ce 

DP vs DUnP 
FP vs DP 
FUnP vs DP 
FP vs DUnP 
FUnP vs uUnP 
FP vs FUnP 

Pol ish vs Unpol ish 
Fine Cut vs Disp. 

DX 

.06163 
• 06264 
.06488 
• 05 784 
.06025 
.06123 

• Olf2 37 
• 0 42 79 

* significant at the .05 level 
-~-·- significant at the e01 level 

v 
,\ 

.0169 
• 1 80 8 
• 1745 
• 1977 
• 1914 
.0063 

.0213 
• 1634 

DP - Dispersalloy restorations polished 
DUnP- Dispersalloy restorations unpolished 

0. 2 7lfQ N. s . 
2.3863 ;'~ -;"; 

2. 6897 ;': 

3.lf 183 -,':;': 

3.1768 -;':..,': 

0. l 029 N. s. 

0.4968 il. s. 
3.9353 ;':;': 

FP - Tv.Jentieth Century Fine Cut Alloy restor<Jtions polished 
FUnP- T1.·1enti e th Century Fine Cut Alloy restorations unpolished 
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TABLE IV 

RAf'JK ORDERING OF EVALUATOR 

Dis pc rs a 11 oy Poi i shed Dis pe rs a 11 oy Unpo 1 i shed 

1 29 64 2 38 66 97 
G 31 G8 3 40 67 10 1 
7 32 85 4 42 71 115 

10 34 98 13 46 72 120 
1 } 45 100 15 49 73 
18 48 102 16 51 75 
21 50 105 1 7 Go 76 
24 52 106 30 61 78 
26 55 110 33 62 90 
27 59 122 37 63 91 

l·iean score= 51.53 l~ean score = 55. 1 

Fine Cut Po 1 i shed Fine Cut Unpo 1 i shed 

8 54 88 118 5 74 99 128 
14 56 93 119 9 77 107 
23 57 96 123 12 80 108 
35 G5 103 129 19 33 1 1 1 
36 69 10 1-t 130 20 84 114 
39 70 109 131 22 87 121 

41 79 112 25 89 124 
43 81 113 28 92 125 
1~4 ()') 116 53 94 126 u .... 

47 3G 117 58 95 127 

He an score = 73.6 1·\ean score = 77.3 

;'~The highest qua 1 i ty res tor at ion regardless of type was ranked 

number 11' the second highest was number 2, through the total 

of 131 restorations. 
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TABLE V 

RAUK ORDERING OF EVALUATOR 2 

~ersalloy Pol ishcd D i s pe rs a 11 oy Unpolished 

1 32 81 2 23 69 118 
5 39 33 3 29 71 119 
6 40 95 4 34 72 12 L~ 
8 41 97 7 4G 73 126 

11 43 101 9 48 ]L~ 

13 51 102 10 53 75 
14 63 104 12 55 76 
15 61+ 109 21 56 79 
19 70 120 23 57 107 
25 78 125 27 59 1 11• 

/ · ~ean score = 55.2 l ~ean score= 55.3 

Fine Cut Polished Fine Cut Unpolished 

16 50 87 113 13 62 105 131 
17 52 39 J 1 G 22 65 108 
20 54 91 122 31 66 110 
24 58 92 123 35 68 111 
26 60 93 127 37 77 112 
30 67 96 129 38 86 115 
33 so 98 42 88 117 
36 82 99 44 90 121 

45 84 103 J.,r7 94 128 

49 85 106 61 100 130 

nean score = 73.7 t-\ean score = 79.3 
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TABLE VI 

RANK ORDER! NG OF EVALUATOR 3 

Dis persa11oy Po 1 i shed Di spersa 11 oy Unpo1 i shed 

l ll 1 69 2 25 54 121~ 

4 47 7Lt 3 26 62 125 
5 49 80 8 27 70 127 
6 52 83 10 23 71 129 
7 57 85 12 30 75 
9 59 88 14 33 76 

21 60 110 16 39 77 
22 61 11 7 17 40 78 
32 63 118 19 43 82 
38 67 121 2ll 50 94 

He an score = 54.9 f~ean score= 50.3 

Fine Cut Po 1 i shed Fine Cut Un P. o 1 i shed 

13 65 93 1 12 1 1 53 103 128 
18 66 95 114 15 55 104 
20 68 96 122 29 56 105 
23 73 97 123 3lf 72 106 
31 79 99 130 36 86 113 
35 81 100 131 37 87 115 
46 34 107 42 91 11 G 
51 89 108 44 93 119 
58 90 109 45 101 120 
64 92 1 1 1 48 102 126 

t·1ean score = 80.4 t·1ean score = 77.3 
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TABLE VII 

S P E ARt·1At l RHO RANK ORDER COEFFICIENTS OF CO RRE LAT I ON BETI·/EEN EVALUATORS 

Alloy and Techni~ue Evaluator Total {D2 Coefficient Significance 

1-2 2047 A • 5 4lt6 ;~;'-: 

Dispersalloy Polished 1-3 2812 B • 3744 ., .. 
2-3 2437 c • lt46 7 ;':~t: 

l-2 2524 D .6144 -.':-1: 

Dispersalloy Unpolished 1-3 4801 E ~2665 il. s. 
2-3 3397 F • 4810 ";': ;': 

1-2 1864 G .7389 .;,.,., 

Fine Cut Polished 1-3 1972 li .7233 -;':-;~ 

2-3 2881; I .5961 ';~'";': 

1-2 2777 J • 3822 ;': 

Fine Cut Unpo 1 i shed 1-3 3789 K . 1571 H • s. 
2-3 923 L . 7947 ;':;': 

* significance at the .05 level 
** significance at the ~01 level 
N. S. - nonsignificant 
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At least one study2 hus indicated that there are four mi Ilion ne~'' 

untreated cavities that occur each year in the United States. Phi ]]ips 

and associates 3 have reported that dental amalgam sti 11 accounts for 80 

percent of al 1 the dental restorations. Much research has been conducted 

with dental amalgam in attempts to improve it as a restorative material. 

One factor that has not received much attention in the past is the 

correlation between polishing amalgam restorations and marginal integrity. 

Polishing amalgam restorations is advocated by many experts and taught 

in the dental schools of the United States. A clinical study to evaluate 

the effectiveness of polishing amalgam restorations in relation to 

marginal integrity vJould be a contribution to dental scientific knovJledge. 

One of the first items to be considered in conducting a clinical 

study v1as patient selection. Tile patients have to be dependable and 

available for future evaluation. The patients chosen for this study 

lived ~:tithin a reasonable distance from the dental school. They all 

had jobs or backgrounds that \,Jould enable them to be living in the 

community for three years. 

In an investigation of this kind, the technique of restoring the 

teeth vlith dental amalgam and the polish of the restorations must be 

standardized. Every tooth was prepared and restored in as similar a 

fashion as possible. The same types of instruments and burs \'Jere used 

for each toothe A standard technique was used for amalgam placement and 

carving. The restorations to be polished all received the same order of 
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abrasives to produce the desired finish. In this study a tray set up 

system was used so that the same type of instruments could be used for 

each patient. 

68 
Osborne and co-workers have reported success in using the photo-

graphic evaluation of dental amalgam restorations. Hmvever, using it as 

the measure of marginal breakdmvn has its disadvantages. First, the 

photogl~aph i c equipment is expensive, and better than average photographic 

ski 11s are required. Taking these pictures requires a trained dental 

assistant to retract the oral tissues and maintain the tooth in a dry 

condition. The last point deserves emphasis: The tooth and restoration 

must be absolutely dry before a photograph of the quality necessary for 

proper evaluation can be produced. 

The alloys selected for this study Here Dispersalloy and Tv~entieth 

16 17 69 70 
Century Fine Cut Alloy. Dispersalloy has been reported ' ' ' to be 

a clinically superior alloy V·Jhich exhibits 1ov.J marginal breakdm,m. The 

T\,Jentieth Century Fine Cut Alloy has a higher creep value than Dispersalloy 

and thus is generc:llly associated v.Jith more marginal breakdm·m. The study 

could have been expanded to use several other alloys and to see what part 

the selection of alloys may have played. 

71 Osborne and Gale in a clinical study compared the marginal break-

dovm of t\,IO dental amalgam alloys over a period of three years. The 

results shovJed comparable marginal breakdO\·m rates for the two alloy 

systems. Hov1ever, the three dentists v;ho placed the restorations had 

notable differences in marginal breakdown rates for their restorations. 

This study probably would have benefitted by the addition of one or two 

dentists. 
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The two correlations between evaluators that were not significant 

can be explained by the fact that one of the evaluators was a novice. 

The results of this study show that the Dispersalloy system is 

superior to the Tv1entieth Century Fine Cut Alloy. Polishing the 

restorations did not significantly influence their subsequent marginal 

b reakdm.,m. 

Hm·:ever, this does not justify the inference thot polishing procedures 

should be discontinued for dental amalgam restorations. On the issue of 

polishing amalgams, there are other factors to be considered besides 

marginal breakdovm. Polishing certainly contributes to the periodontal 

health of the patient in many instances. Also, the occlusion can be 

corrected for high spots that can occur as a result of the restoration. 

A critical look at this study suggests avenues of further investigation 

that should be considered before the benefits of polishing amalgam 

restorations can be resolved. One such avenue would be a clinical study 

of Class 11 amalgam restorations, pre ferably a clinical study of at least 

three years. 



SU11~1ARY AND COi-I CLUSIOi'JS 
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The effect of polishing procedures on the marginal breakdown of two 

dental amalgams, Dispersal loy and Twentieth Century Fine Cut Alloy, was . 

investigated. Class I cavity preparations were used as the type of 

restoration for the evaluation, t,Jhich \·.Jas performed by examining enlarged 

black and white photographs of the restorations. 

The results of the clinical study at the one-year evaluation are as 

fo 11 O't'JS : 

(1) The Dispersalloy restorations had less marginal breakdovm 

than the Twenti e t h Century Fine Cut Al Joy restorations. 

(2) The Dispersalloy restorations shovJed no significant 

difference in marginal breakdovm v1hen they v1ere polished 

or unpolishe d . 

(3) The Tv1entieth Ce ntury Fine Cut t\lloy restorations shO\•Jed 

no significant difference in marginal breakdovm vJhen they 

\·Jere po 1 i shed or unpo 1 i shed. 

(L}) In comparing the polished and unpolished restorations 

overall, no significant difference vias noted in marginal 

b rea kd o~vn. 
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ABSTRACT 



A CLINICAL EVALUATION OF THE EFFECT 

OF POLISHING PROCEDURES ON THE 

r'IARGINAL BREAKDO'v/N OF THO DENTAL AfviALGAt1S 

by 

George A. Adams 

The investigation v.Jas undertaken to determine the effects of the 

polishing and finishing of dental amalgam in relation to its marginal 

breakdov-m. The study was also conducted to make a clinical comparison 

of the marginal integrity of Dis~ersal loy restorations as compared to 

l\··Jentieth Century Fi ne Cut ll.lloy restorations in both the polished and 

unpo 1 i shed state. 

Forty patients with a total of 131 Class I amalgam restorations 

v.1ere used as the study group. The t~·JO alloy systems and polish or 

unpolish techniques were selected from a random table. Photographic 

evaluation of the restorations was used to judge the degree of marginal 

b rea kdovm. 

The results of the study at the one-year evaluation show two main 

findings: (1) the Dispersalloy restorations shoHed less marginal break-

dO\·Jn than the T\ventieth Century Fine Cut Alloy restorations, and (2) 

, there was no significant difference bet~Jcen the polished and unpolished 

res tor at ions ove. ra 11. 
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