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INTRODUCTICH

The polighing of a restoration has become accepted as a beneficisl
£inishing phase of operative dentistry. The presence of a sizable
cuaatity of heat resulting from the polishing of certain restorative
mstals can be appreciated by anyane having vigorously polished a gold
crown waile holding it in his hand. The phenomencn of heat productica
in dental amalgam is nob as readily noticeable clinically, bubt has been
chserved to same degree experimentally (1).

The practice of overhesating amalgam by polishing is cansidered o
result in the freeing of mercury fram the mass amd undesirable altera-
tions of the physical properties of the material (2-6)e Such changes
are teiieved to render the restoration less resistant to marginal frac-
ture @ad carrosion (4=5)e. The release of mercury at the amalgam surface
is felt to be reflected in changes of surface finish (5) or the produc-
ticn of surface volds following the rebinding of freed mercury (3).

The release of mercury frcm the mass of hardened amalgam has been
stated o occur between the temperatures of 65—1000 Ce (7=13)e The
specifications by which a given polishing procedure is to effect the
release of this mercury have not been published, although the camparative
case of its commission has been cited (L). Gray (9) has demonstrated
the pessibility of inmediate weakening of the restoration, as manifested
by a decrease in campressive strength of samples, abt temperatures above
the trensition temperature of amalgam. Also, the inability of the

restoration to maintain its polished lustre has been recorded as an
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aftermath of thermogenic polishing of amalgam (5)e Nevertheless, only

limited clinical or laboratory evidence is awvailable to support the

above contentims of delayed structural weakening (ee.ge, after 24 hours)
and dscreased resistance to corrosion of thermogenically polished amal-
gan suxfaces.

It is the purpose of this investigatia to seek specific informa~
tion regarding the effect of thermogenic polishing procedures upon the
surface properties of dental amalgam. The investigabive approach used
to accomplish this purpose will involve the use of ceriain in vitro tesv
measurements of the surface in an abtempt to demonstrate the existence
of these effects of structural weakening and decreased resistance to
carrosion attributed to thermogenic polishing of analgam.

The mode of polishing selected offers conditions which are experi-
mentally convenient and possible in the mouth. Since the effects of
this polishing are most likely to be found near the surface, it seems
reascnable to employ those tests which either directly or indirectly
assess the integrity of this region. The tests chosen for this purpose
were Knoop micro-indentation hardness, transverse strength, and observa-
tion of corrosion in electrolyte solution. The properities or qualities
measured by these tests will be camsidered here only briefly, and the
resder is directed to Appendix II for a more detalled exposition justify-
ing their use, as well as that of the polishing procedures employéd.

Tndentation hardness represents the resistance of the surface to
penetration by an indenter acting under a given load. The depth of
penetration or cbservation beneath the surface ls influenced by the load
employed., Al'bhoughv this resistance is not clearly defined as a wnigue

property (14~17), it has been offered to reflect a quality like strength



or resistance to wear or deformation (1L, 16-17)e More practically,
hardness has been menticned as having a bearing on the c¢linical perform—
ance of amalgam (17-18).

The limitiry resistance of freely supported material to flexural
rupture by a centrally applied load can be taken as a prospective meas-
sure of the property of transverse strength (L-p. 23). This property
embodies the resistance to stresses which are felt to be important in
marginal failure (19) and to offer a better indicabion of amalgeam faile-
ure than the more widely used index of ccmpressive strength (20).

The process of amalgam corrosicn is not clearly understoode The
progress of this reaction presents a picture of deterioration of the
surface and, o some extent, the body of this material (21-22). The
Tactors of surface roughness and fluid environment of the restoration
are believed to influence this carrcsion reaction (21). Other condi-
ticns of the metallic restoration, such as stress concentration, surface
inmpurities, and other heterogeneities of the metal, are also fellt to be
of importence in this reactien (L=p. 3L45-8).

The observatica of this in vitro reaction between amalgam and its
electrolyte enviroment does not offer sufficient information to predict
the behavior of this polished material in the mouthe In lieu of a test
which provides such information (23), the purpose of this observation is
to discern differences in the overall extent of surface reaction under
conditions reported to allow discriminaticn (21).

rom the foregoing, it can be appreciated that these tests may not
presently measure properties known to predich the clinical behavior of
analgam alloy. However, some evidence of their usefulness in evaluating

certain changes measured has and/or will be presented. In addition, they
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appear to be among the best of the 'besﬁs avallable by which an In vitro

study such as this might be undertalken.,



BACKGROUND INFORMATIOCN

The reader is referred to Appendix I and IIT for details of litera-
ture review of the topics of polishing, mercury release and corrosicn
and for preliminary temperature measurements of amalgam. The ccwnelu-
sions drawn from these preliminary cbservations of the effect of
temperature on the release of mercury fran seb amalgam are: (1) that
release ccours at a surface temperature of amalgam near 177° F.

(80.50 C.); (2) that polishing in a thermally abusive manner can result

in teuperatwe increases at the amalgam surface in excess of Il.'i"i0 Foj

(3) that polishing with a prophylaxis cup can be con'hro]_'].ed, for specified
conditicns of time, load and speed of applicabion, to effect relsase;

and (l;) that the amalgan swface, having been heated or polished to
release mereury, and then allowed to cool, evidenced a frosty appearance

different fram the criginal.
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METHOLDS AND MATERTALS

This experiment was divided into two parts, each of which was in—-
wended to contribute to our understanding of the amalgam surface after
thermogenic polishing.

The first and majar portion to be presented had as its objective an
evaluation of the amalgam surface polished by procedures Pl’ P2 s and P3
(to be defined) and measured by the tests of Knoop hardness, transverse
strength, and the observation of corrosimn. The basic plan for this
evaluation is cutlined in Fige 1o The sequence of presentation of the
factors outlined will be that of polishing procedures followed by the
surface tests, in the order listed. Eeccause of the difference in
experimental designs employed, a detailed account of each design will be
ieferred witil the introduction of the appropriate test.

The minor portion will be presented last under the heading of
#"Obher Tests". This part was intended to supply additional informaticn
about: (1) changes in amalgan hardness pertaining to its mercury composi-
ticn and clinical behavior; and (2) changes in fhe amalgam surface that

relate to time and polishing.

Polishing Procedures

Initial Surface Preparaticn. The amalgam suiface preparation to be

described was camon to all amalgan surfaces employed in this study.
Lny polishing procedure to be examined was superimposed over this

initially prepared surface.
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Initial surface abrasion and rcugh polishing was accomplished by
using a sequence of 600-A carbide, L/0 emery, and micro-cutl papers,
followed by sluwrries of XX{=-silex and amalgloss powders applied to the
micro~cut paper backing., The specimen was drawn back and forth (e
stroke) across these agents, in the order presented, and in an increasing
numerical pattern of 3, U, S} 6, and 7 strokes, respectively. Following
each of these specified number of strckes, the specimen was rotated 90°
clockwise until a complete cycle with each abrasive was obtained. ' The
terminal sirokes of abrasion and initial polishing were arranged to be
ab right angles %o the major axis of Knoop indentaticns and along this
axis of the transverse strength specimen. All conditions of preliminary
meparation, save that of emery paper, were conducted in the wet state.
Thae epplicetion of emery paper was carried oub with considerable caution
4o minimize the production of heat and surface distorition (21;); Each
specimen was washed with detergent, rinsed with roamn temperature tap

water, and examined under 10 X magnification between each abrasive and

polishing stage.

Standard Polishing (Pl) o Following the initial surface preparatica,
all specimens received what is here to be defined as a "standard polish"
of wet amalgleoss applied with a prophylaxis cup. This was considered to
be the con{,rol polishe

. The force and spaed of sbrasive application was L ocunces or less at
a rotary speed of 1,000 to 1,500 r.p.ies The duraticn of polishing was
15 seconds. The force of applicatimm of the prophylaxis cup was '

indicated by the flexion of the rubber cup during rotation. The rotary

1
Scientific Supply Cempany, Division of Van Waters and Rogers, Inc.,
Poryland, Oregen ~
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speed of the applicator was checked periodically with a Jagabi tachame-
1

ter o This polishing time was the sams for all polishing procedures,

and represented -a useful pericd within which the abrasive remained in

the rubber cup during polishing.

Lrusive Polishing Procedure (P,). The themogenic polishing proce-

Cure wivich was defined as sbusive employed the app]icatibn of a dry
prophylaxis cup to the amalgam surface to release mercury. This release
wzs achieved by applying the prophylaxis in a robary manner at a load of
application of 6 to 8 ownces and a speedof 10,500 .2 500 r.p.me for a
duratica of 15 seconds. The methed used to control the rotary speed of
the wukber cup was the same as that employed with stendard polishing.
The specimen beiny polished was thermally insulated in a supporting
cradle and was in cantact at two lateral surface edges with small crys—
tals of tempileq® paigt (175° F.) |

The control of this procedure has been representeci as the most con-
sistent compromise between the factors cartribubing to farce and heat.
The use of the ‘tempilaqo crystels was included as a precaution to assuz"e
that no épec:lmen surface should have failed to exceed 1750 Feo The
monitoring of the load of application of the prophylaxis cup was accom—
plished using the loading platform described elsevhere (25)e The
specimen subjected to this type of polishing procedure was observed to
assume a wniformly frosty appearance, after a few secands of cooling,

unlike the original polished suxface.

1
Janes G. Biddle Company, Philadelphia, Pemnsylvania.

2 Tempil Corporation, New York, New Ycrk.
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ibhusive Polish Follawed by Standard Repolishing Procedures (Pg) .

This procedure differed from Py oy the addition of a standard repolish-
ing procedure after a momentary delay. A1l specifications described for

the standard polich were employed for this procedure.

Physical Property Tesbs

Knoop Fardness Test. This experiment employed a factorial design

which included the factors of polishing procedire and indenter load on
the hardness of amalgam. The polishing treatments used were those
lofined as Py, Pp, and P3e Five indenter loads of 10, 25, 50, 100, and
300 grams were used to determine surface hardness. Fig. 2 illustrates
the basic plan of usage for the different polishes and indenter loads.

Fifteen amalganm specimens were fabricated, mounted in acrylic, and
their surfaces prepared as described. After suitsble randanization,
these specimens were divided into three equal groups, accofding to the
polishing treatment to be administered. Twenty four hours after polish=-
ing, each specimen surface was indented. In order to balance the dis-
srivution of indenter loads over the specimen, each amalgam surface was
d¢ivided into 5 equally spaced, vertical zcnes, as shown in Fig. 3. The
five indenter loads (Ll“"'L;) were applied to 5 specimens according %o
a 5 x § Latin square shown in Fig. L. In this way, indentation at a
given load and in a given zone appsared cnly once for any polishing treabt-
nent. Twenty indentations were obtained for each zone of each specimen
tested. A tobal of 1,500 observaticns was obtained.

The indentation test was performed on a Kentrm miero-hardness

'E:es’oerl using a duration of indenter descent and dwell for all indenter

L Torsion Balance Coampany, Clifton, New Jersey. .
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loads of 20 and 7 secands, respectively. The surface of the mounted
caalgem specimen was levelsd on the specimen stage, orlented in the
optical field, and subdivided into rectangular zones by producing a
scratch using a 10 gram indenter load, as illustreted in Fige 3. The
commencenent and spacing of indenbations within any zwme, irrespective
of indsnter load, was controlled by the micrometer travel of the specimen
stage. No indentations were made closer than twice the diagonal length
of an indentatioca to any edge of the specimen surface, or more than one
diagonal lenzth for each others The criterim far rejenction of any
indentation was that of indistinct diagonal terminals, loccal or general
gecmetric assymebry, discontinuily within the indentation, or interier-
egnce with itist swrface discontinuities. Unless otherwise specified, all
indenting procedures were undertaken 2k hours after the final polishing
procedires were applied.

Knoop indentatian hardness numbers were calculated according to the
expression: EHEN = L/dZCp, where L represents the indenter load in kilo-
Zrams, Gp represents the indenter constant; and d denotes the length of
the dizgenal of the rhomboid indentaticn in millimeters. The length d
is expressed as the product of filar lengbth end an appropriate optical
magnification factor specific foi- the testing systeme The particular
iodGeater canstant ewployed with this instrument allowed a =0.3% correc—
tion for all hardness values calculated on the basis of Cp = 7:008 x 10—2.

Transverse Strength Test. This wes a randanized block experiment

with three replications. The effect of replication was considered to be
the day~to-day variaticn in the preparation of amalgam specimens used in.
this Zest. Sixty three specimens of amalgem were cbltained in a manner

to be described. Twenty one specimens are prepared wr each of three
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suctessive days and the daily cutpub was assigned, at random, to receive
one of the polisking treatments (P, Pp, and PB)" Each specimen was
stored La physiolegic saline at 38O C. during the 2l hour interval
bebween the goplication of polishing zad transverse fracture.

Tae method used for securing transverse fracture of the specimen
has been described by Mahler, et al. (25). The fracturing procedure,
from immsrsion bath to fracture, was conducted as rapidly as conditions
would permit in oxder to allow for a reasonable consistency in the
tempersture change of the specimen prior to fracture. The.immersed

specimaen was blobted dry and held bebween the fingers prior to trem&.e-

t.b

ntc the testbing apparstus. The polished surface of the specimen was
placed in the testing apparatus so as to fracture in tension. Transverse
Tracture was effected in an Inst'rml “esting machine at a headspeed of
.05 inchss/minute. The load at frachure was ubilized in determining the
trensverse strength of the specimen according to the equation:
=3 T'.T'/2r.>h » Where;

S = Transverse strength,

W = Load at freacture,

Distence between supports,

Width of specimen,

T
i

= Tiickness of specimen.

The measurement of tbe veriables of b and h was obtained using a microme-
ter (£2x ZI.O"LL inch) as the mean of two readings for each of the frac—
tured ends of each specimen.,

Corrcesion. Thirty acceptable specimens of buccolingual profile

¥ Instron Engineering Corporation, Canton, Massachusetis.
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were sealéd in polyurethane, mounted in acyylic, as illustrated in
Fig. 5, and divided into six groups by systematic randamization. Fur-
ther assignment to cpe of three polisking treatments and two i:mne;'sion
baths was accamplished by a similar random process., The immersion media
consisted of 50 ml. of physiologic saline and molar equivalent NapS
solubions placed in c¢apped Brlemmeyer flasks. Ths temperature of these
soluticns was kept at 38° C., except for slort periods of observaticn.
Gross observabtion at 1~10 X magnification wes accomplished umder
conditions of immersion through the neck of the container by cblique
illumination. lMHcroscopic exeminaticn was performed on an awlliary
series of amalgam specimens passing all criteria of selecticn for this
teste The 125, 250, and 625 X magnification and vertical lighting
facilities of the Kentron optical system were employed for the above
examination. Iach specimen surface was washed in laboratory glassware
detergent, rinsed in distilled water, and patbed dry with paper tissue
pricr to each microscopic examination. The frequency of dboservation was
deily for the first week and then weekly for a period of 65 days.
Every effort was exerted to maintain the moistened status of these
amalgan surfaces during handling or polishing prior to immersian. Just
prior Yo immersion, each specimen was washed, r:inseds and examined at
10 X magnificatioa o eliminate the carry-—over of any visible abrasive
residuum from previous polishing procedures into the immersion bath.
New immersion solubions were prepared weekly fram reagent grade NaCl
and Ne,S<9H,0, The scolvent employed was distilled watér at laboratory
tenmperatire. In the case of the sulfide sdlutica, it was necessaxy to
dissolve the sulfide crystals in spproximately one sixth of the total

solution volume of heated dis*ti‘lled wabtere. This concentrate was



27

subsequenitly cooled to room temperature prior to transfer and dilution
in a volimetric flask.e Oxyzen replenishment and soluticn agitation were
limited %o a daily swirling of five revolutions, with the centainer cap
off, fclloved by 5 cantainer inversions, with the cap an. No spepimen

was allowed to remain in the solution with its polished surface touching

Amalgam Specimen Preparabtim
Specimens of amalgan were prepared from S. Se Vhite New True
Teatalloy (batch No. 1715288) using a precondensation mercury alloy
ratio of 1.11/1. The appromriste amownts of alloy filing were weighed

using 2 Crandall balanece and then incorporated with the required volume
of mercury. The mixbure was triturated for 9 seconds in a Wig-I~Bug .
Vo precondersation expressicn of mercury was abttempbed. Hand condensa-

ion of small increments at a pressure of 2,000 74 500 pe.s.i. was employed

i

for this proportioning of allcy and mercurye. The methoed of ménitoring
and recording condensation pressure has been described elsewhere (25). |
Two Ltyces of specimens were cbiained. Specimens used for transverse
strength testing have been described (25). Specimens for the dbserva-
tion of coxrosion and micro-indentation hardness were obitained from a
chrare~-plated mold in the shape of a buccolingﬁal proximal profile as
shom in Figs. 6 and 7. The total time of condensation for transverse
strength and proximel profile specimens were 3.0 Ho 3.5 minutes and 6.0
to 6.5 minubes, respectively. The profile sectians shown in Fige 3

required two mixes of amalgam to fill the mold.

e

Crescent Demtal Menufacturing Company, Chicago, Illinois.
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Figure 6.
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Srecimens of amalgam for tests other than far transverse strength
were ccated with a single applicatica of a polyurethans resin pricr to
mownbing in quick-curing acrylic resine. The urethane resin was applied
to mask 21l but the test swrface of amalgame. The completed specimen is
illustrated in Fige 5. The initial polymerization of the acrylic case=~
ment ebout the amslgam specimen was retarded by cooling to avoid heating
of the specimen and Yo minimize surface porosity of the polymerized
acrylic, which might otherwise coll‘,cu abré sive particles capable of

affecting the corrcsim reaction. Unless otherwise specified, the age

2 a}l specimens at the time of polishing and testing was 7 and 8 days,

O

respectively. During the 2L hour interval between these two operaticns,
gaci. specimen was stored at 30 Cou

The level of condensation pressure was the criterion for selecting
specimens for all tests. Ths additional criterion for selecting corro-
sion spec:‘iméns was that no specimen possessed any major surface flaws or
rissures and that no more than 5 pits of discernible size at 10 X magni-

fication (roughly 50=75p in diameter) were visible on the finished sur-

face.
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RESULTS AND LISCUSSION

Knoop Hardness

3

The axalysis of variancel of hardness data is showm in Table 1 of

@
f

Appendix IV. The canclusicns drawn from this analysis were:

(1) There was no significant difference among hardness valies

cbtained over the range of indenter lozads enployed.

(2) There was no significant interaction betmeen the factors of
indenter load .end polishing procédure in the determination of this sur-
face properiys

(3) Thers was a significant effect of polishing on amalgam hardness.
There was a significant difference in hardness following abusive polish-
ing. No significant difference in hardness resulted from the repolishing
of sbusively polished amalgeanm.

The mean Kaoop hardness values cbtairned far each of the polishing
treatinents are listed in Fige 8. This figure indicates that a2 small but
significant increase in surface hardnsss resulbed from abusive polishing
of amalgan and that, in spite of careful repolishing afterwards, the
hardness of the amalgan did not change or revert to its initial value. |
Each mean value presented in Fig. 8 was derived from the pooling of all
ha:cdnéss values obtained at each indenter load.

The cbservebions recorded were individual Knoop hardness numbers.

Analysis performed through the courtesy of Westem Data Processing
Center; Los Angeles, Californmia.
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This procedure is common to previous reports (26-31) concerning this
proverty. However, another measurement, indentation length in filar
units, has been used as the cbserved data in a study (32) of indenter

~cad dependency in Kaoep hardaess determinations.

i

The rationale for uwsing indentation filar length is not at all

¢

clear; particuwlarly when this measurement, per se, has libtle meaning in

)

a cezzariscn of indenmtaticns dtained from dffering indenter lcads. In

addition, those (32) suggesting the use of this necaswrement have not
denmonstrated any advantage in describing or understanding the resistance
cf a material to penetration by an indenter. When such an analysis is .
conducted, as described (32), it cannot routinely deal with individual
hardness nuabers uless a proporticnality between indenter load and
indentatic. area is assumed to exist. Lacking this assumption, the
choice of indentation filar length manifests no obvious merit over scue
cther msasurement, e.Z+, indenbation length or possibly the power to
vihich this length is raised.

From the foregoing, it is believed that the choice of harduess num-
bers as the basic observebion in this study was best suited to examine
the affect of polishing and indenter load m the determined property of
amalgan hardness.

The method of divid:‘mg the specimsn surface into areas or regions
was ‘used to catrol the variations in the condensing procedure which
might be reflected in hardness variations of amalgam betwsen buccal and
lingual regions of this proximal section of amalgem represented in
Fige 3« The occlusal-gingival patbern of indentation was emplcgyed to
include any hardness variations which, as suggested by preliminary

examination, might attend the addition of Increments of plastic amalgam
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into the mold or proximal portion of larger class IT restoraticas (35).

No indenter load dependency was observed in the determination of
amalgsm hardness, This finding is not in agreement with that of Ryge,
eb al. (32). The source of swch a disperity may erise from the differ-
ent approaches to the test of load dependency. To facilitate our under—-
stending in this area, a brief descripticn of these approaches is in
G,

In the present study, hardness values (K.H.N.) were determined
sccording to the expression L = (K.H,No)‘cp'dz, in which L, Ep’ and d
are specified. Essentially, the test of load dependency is to show that
the proporticnality between indenter load and indentation area, of which
hardness is a factor, is constant. In the Mlleyer Analysis" employed by
Ryge, et al. (32), this same test examines depar‘hlfes of the expament n,
in the expression L = adn, from the value of 2. This examination requires
two determinatians, i.e., the expanent n from the constant a., Thus, it
can be generalized that both approaches question the proporticnality of
indenter load and indentation area, but only the former deals direcfly
with the value of hardness irrespectivé of load dependency. The latter
approach deals with the valus of hardness only when load dependency is
assumed to be dbsent.

There is i‘ur‘ahér evidence that the working hypotheses of these tests _
differ; a condition which may caatribute to this lack of agreement. The
difference vhich seems inmpcrbant is the prospect that the decision as to
the extinction of n~2 for all indenter loads is influenced by the magni-
tude of n and cwmsequently by a. Since there i1s no indication of the .
simultaneous determinatic of a and n for each indentation, the determina-

tion of a, either by grephic or analytic projection, appears subject to



the inaccuracies of extrapolation vbeycnd the limits of cdbserved data.
This wnsaetisfactory aspect of the graphic determination of a, with sub-
sequent low values of n, has been demcastrated (32).

Periizps there are factors whose Influerce on this lack of agree-
zent is more easily ;‘ecog:@.iz-ed. Cne of these may be the different
experimental conditicns, such as a sharber lengbth or span of applied
indenter loads. Aside from the statistical implicaticns of such an
cbservaticn, the current Vchoice of indenter loads tends to avoid the
largest reported (32) region of disproporticnality betwsen load and
indertation area. Examination of the graphic presentation of n (32)
Cees ot indicate any notable change in n for the large majority of
loads used in this study. Cae factor not described by Ryse, et al. (32),
but discussed earlier; is the control of the possible erffect of hardness
variai s over the surface of the amalgam indented. Finally, a factor
whkich may iafluence these differing results is the possibility of an
effect of amalgam composition upca lcad dependency, as suggested fram
the results of other tests to be given.

The laclk of significant inbteraction of indenter loads and polishing
procedwres indieates that this perticliar indenting process was not
sensitive to the presence of a superficisl, polished layér of hamogencus
or deformed amalgamg‘ Due to the depth of the surface examined dr pene=
trated by this process, the preceding conclusicn would not be expected

to discredit the observation of this type of layer following etching

attack (3L4-36).

Transverse Streagth
The analysis of variance of transverse fracture data is given in

Table 2 of Appendix IV, The conclusions drawn from this analysis frere
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as follows:

(1) There was a significant effect of polishing upon the trans-—
verse streagth of amalganm,

(2) There vas a significant difference in this strength of amelgam
subject to ebusive polishing.

(3) There was no significant difference in this strength due to
careful repclishing of busively polished amalgem,.

Figure 9 chows the mean values of transverse strength for the
polishing {treatments employed in this test. Here there is an indication

that a small bub significant decrease in transverse strength resulted

jo)

from the sbusive polishing of amalgam and that careful repolishing of
this . g 2 not effect a restoration of this strength. The mean
strengbn or the sbandard polished amalgem specimens was consistent with
previous detémﬁa‘cions of this property under similar conditions of
specimen preparation (20).

Following the polishing by abusive methods, the dbservance of a
small but eignificant increase or decrease in hardness and transverce
strength, respectively; may reflect an Important surface characteristic
of this materizl. No aftemp*t will be made, on present evidence, to
explain this divergence of material respmse. Flu*thez'moi'e » these
results do not provide sufficient basis to examine the proposition thet
surface alberations ha.ve initiated early transverse :E‘raéture. Furbher
teste may prove helpful in this regard. The most important conclusion
to be noted is that little changs in either hardness or transverse
strenzth resulits from these abusive polishing procedures when coﬁpared

with the standiard msthod.
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Corrosion

The observations derived from amalgam corvoesion are to be presented
in the form of a qualitative camparison of: (1) the mrogress of corro—
sion amamg the three polishing procedures imposed on the amalgam sur-
face; aad (2) the characteristics of this reaction in the immersion media
euployed. This comparison will be presented according to the type of
chservatio used, with an appfopria%e censideration given {to the factor
of observation time, where possible.

lzeroscopic Observatiom

1. Effect of Polish on Corrosicn. The application of polishing

procedures P2 and P3 resulted in a frosty-eppearing amalgam surface
after 2l hours imeersice The ‘specimens receiving these ireatments
vielded an gpparent reflectivity to dblique illumination of scae magai-
tude less than swrfaces polished by procedurs Pys For this reason, a
gross comparison of the initial corrcsica reactim, as influenced by tha
polish, was not possible with any expected degree of accuracy. Much of
this distinction was lost by prolonged immsrsion exposure.

2. Effect of Immersiom Hedia on Corrosicn. The most striking

single cbservation of the carrosim of the amalgam surface was the rapid
initiation of this reacticn in the saline bath. The progress of this
reaciion was gauged by the presence and muber of interference color
patterns on the washed‘ and dried or immsrsed amalgam surface. Under
aveilable laboratory illumination, many specimens evidenced localized
color patierns embracing as many as two complete orders of coler change
in the first 12 %o 24 hours of saline immersim. The first order would
be represented by a series of colcred bands from yellow or gold to red-

violet, to blue, and, finally, to gold. The distributicn of these bands
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appeared to simulate the topographicel cantour lines about a hilly
region of a map. At low magnification, higher arder green-colored bands
were frequently observed near many local regions of active, surface
build-up. No visible interference crders were noted cn any specimens
undeyr sulfide immersicn. Under similar conditions of obligue illumina-
tion, these specimens revealed a generalized golden color reflection
from the metallic surface.

The progress of the reaction in saline was characterized by an edge
involverent of some specimens or by a generalized confusion in color
change. These events were not cbserved in the sulfide medinm. A com~
parison of the two corrosion processes suggested that the saline reaction
demonstrated a rapid onset and a pranounced tendency toward a localiza-
tion of attack, wi%h or without the presence of a general deterioration
of the surface. In contrast, the sulfide reaction was best described as
slowly initiated attack of the whole surface. The overall appearance of
surface deterlioration seemed to be more advanced on the specimens in

saline than in the sulfide solution at the termination of the experdiment.

IHerosconic Coservatias

l. Effect of Polish on Corrosion. Afber the fimt week of immer—

sicn, the surfaces recelving the three polishing Lreatments were gqaite
readily distinguishsble fram aue another ca tle basis of what appeared,
at 625 X magnification, to be unreacted alloy particles (AgBSn) and
swrownding matrix., For the purpose of further description, these
structures were tentabively identified as unreacted alloy particles
(VAoP:) and mataix, as previocusly dewmonstrated (34)e Further clarifi-
cation of this identification will be consgidered,

The amalgam surface recelving polishing procedure Py evidenced
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clearly defined and, for the most part, apparently unaffected U.A.P..

The suriace polished by procedure P2 revealed U.L.P., which appeai‘ed to
be different from those polished by procedaire Pl‘ For lack of a nors
lmowledzeable reference, these particles for conditions of procedure Po,
were described as appearing "eroded". This characteristic tock the form
of multiple peripheral invaginations, internal sinusoid tracts, or rather
extensive imtemnal granulerity or pittirng. The latter form was fairly
characteristic of the surface polished by procedure P3. In scame regions,
this intra-particular granularity was so advanced that the faint outline
of the particles could scarcely be distinguished fram the granularity of
the matrix struacture.

After several weeks and up uwatil the termination of observatim,
distincbicns in the appearance of corrosion among polishes could not
readily be made., The surface receiving the standard polish evidenced
Tew recognizable UAP. and these were generally associated with exten-—
sive transparent granularity. Those surfaces receiving polishing treat-
ments Pp and PB dd not present any important number of recognizzble
surface structure.

2. IEffect of Imersion Media on Corrosim. The amalgam subjected

to lmmersion appeared to demonstrate, at least initially, the resulits of
an etching Type oi: reaction. The U.4.Pe and swrrowmding mabrix bécane
evident after one week immersion. The progress of corrosion of the sur-
face, with regard to these particles; was one of an apparent deteriora-
tion within the particles themselves., Small, circular, transparent
grenules were seen to develop within the boundaries of these U.A.P..

0n occasia, criss—cross scratches were visible on these particles and,

in other instances, these small intrae~particle granules would simulate
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scratehes by their chain-like orientetion. In the sulfide medium, these
grenular spots inside the U.A.P., as well as throaghout the matrix,
would evidence a reddish—-pink cast suggestive of mercuric sulfide forma=
tiocn at these sites.

Lfter one week of saline immersion a frequent, although inconsis-
tent, observation was that of an apperent advenced reaction of the mabrix
beycad that of the U.hePe. Thic distinction was based upon the color
differences of red and blue mabrix as compared with the golden color of
the U.h.Pe. iluch of the inconsistency of this cbservabion appeared to
be due to general color changes which transcended all structural .. TS
within a given region. The distinction between these two surface compo-
nents, under conditions of initial sulfide immersion, was attributed to
the derkness of the matrix and a golden coloring of U.A.P..

3. Discussica of A1l Observaticas. The rate and extent of corro—

sive deterioratiocn of the amalgam swrface observed in this study
appeared o be samewhat retarded fram that described in other experi-
meats (21). Cerbainly, no categorization of degrees of corrosive attack 5
as proposed in the previous citation, ccald have been used with this
immersio reactidie.

The understanding of whether amalgam corrosion, as evidenced in the
time and corrosive media employed, represent additive or subtractive
.feac‘bi ons at the surface is incomplete. IEvidence from chemical analysis
(22) and x~ray diffraction analysis (21) suggests that an additive
reaction upm the surface is most notelorthy following certain finid
exposures. However, neither examination excludes the possibility of a

subtractive surface reaction and, in the instance of corrosive loss at

the surface or within the body of the material (22), there is an
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indication of possible amalgam solution in the corrosive medium. Also,
there appears to be little evidence wnich refubtes the possibility that
this loss could have occurred in conjuncticn vith an additive or film
growth type of reaction. Thus, the carrosicn reactions observed in this
study may have been additive or subtractive and may have occurred either
singly or together.

Yicroscopic examination of amalgams from saline immersion revealed
lccal regions of addition or accwswlation of corrosion products upon the
surface, &5 indicated by Schocnover and Souder (22)¢ This would not be
incasistent with dbserved interference bands requiring odd quarter wave—
length differences of surface film for polychromatic light sources (37).
Similarly, the cansistency of surface color reflectance after sulfide
immersion would not indicate any noticeable breakdown or repair of film

gromth (21).

w3

‘hese reacticns would not be cherecterized as imvolving gross pitting
attack of the swface in either media. This doés not agree with other
cbservations of this reaction but the duration of corrosive exposure, in
this instance, is much shorter (22). Another factor which may effect
this agreemsnt involves the recognition of this type of attack. One
 problem is to distinguish between pits which are due to corrosive loss
and those which belong to the criginal surface. As indicated later in
the discussion of surface flow, scme of these voids may exist at the
surface but be concealed by surface deformation during preliminary or
srbséquent polishing. In attempting to minimize this problem, a further
critericn to limit the number and size of surface voids was imposed upon
specimen selection at & preliminary polishing stage most likely ?o reveal

these voids., It was also reascned that the presence of these voids
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tended to concentrate stress and invite electrochemical diss:'milarifies
vhich might mask any general reaction in the vicinity.

Two details of corrosion coservation require further clarification.
Following an examination of colored, crystalline compounds which might
be formed between amalgam and scdium sulfide, the most reasonable conclu-
sion regarding the dbserved reddish gramules was that mercury within the
U.A.P. became available to form mercuric sulfide. This is consistent
with 2 previous identification (21).

The appearance of U.A.P. after corrosion was verified by acid
ctohing using 30% nitric acid as suggested by Smith, et al. (34). This
was accomplished while observing the ebching reaction under 125 and 250 X
magnification. The large U.A.P. defined by corrosicn were found to be
continuous with the underlying amalganm structure. Using the same proce-
dure but with frequent interuptions to identify, the smaller, irregular
or granular particles were identified. In many instances these particles
could not be followed to the end of the etching process, thus indicating
some degree of discontinuity of these smaller particles with the underly-
ing svbsurface structure,

Based upcn these observations which indicate that initial corrosion
behaves something like etching, some conjecture regarding structural
changes of the amalgan surface due to polishing may warrant mention.

The application of polish Pl did not appear to result in any gross dis-
ruptlon of the unreacted allcy particles. The applicaticn of an abusive
polishing treatment, releasing bound mercury from the surface, resulted
in alterabions of the dbservable unreacted particles. These obseﬁa—
tions suggested a further reaction or solution of this unreacted phase

with the available unbound mercury in the area. This argument would not
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be inconsistent with the following: (1) the absence of phase distinc-
tion above 80° C., as demenstrated by Schmitt and quoted by Ryge (38);
(2) the recognized capacity of soluticn of mercury in AgsSnj (3) the
implied presence of mercury within the bowndaries of unreacted alloy
particles, by the formation of an identified (21) mercury compound; and
(L;) the recognition of the presence of erosian of this unreacted phase
in amalgam conbaining increased amounts of mercury (3l). |

Perhaps another term might be applied to the surface effects of
zbusive polishing. A surface layer of homogenous amalgam with increased
resistance to corrosion is thought (L=p. 398) to result from polishing.
The app]ication of the term homogenization to the effect of polishing
the amalgzm surface is somewhat vague, bub the results of its use would
appear to represent, essentially, a healt treabtment. From previcus
statements about the heating of set amalgam and after considering the
temperatuwres which might be used to homogenize the ariginal Ag3Sn ingot
(4=p. 360), the rmost reasonable interpretation of amalgam homogenization
from polishing would be represented as a further solutim of mercury in
the wareacted AgBSn phase, If this is the comnotation given to the term
hamogenization, then the dbservaticns of 'surfac‘es polished by Py and P3 %
in the early stages of corrosion, might indicalbe a partial homogenizatiocn
by decrease in phase distinction. Vhether or not a degree of hamogeniza-
tion is related to the phenomenon of surface flow of amalgeam can only be
suspected from existing evidence.

These observations of amalgam surface deteriocration, following pro-
lcnged immersion in these media, do not directly offer any promising
method of quantitatively measuring ths extent to thich this reaction

night be expected to proceed in a given time intervale The reaction
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rate, as based on weight loss or gain and measured during lmmersian,
could not be expected to reveal the severity of carrosive atback in
local areas versio that of the entire surface. Perhaps electrochemical
methods, i.e., ancdic and cathodic polarization curves, polarization-
break, and polarization resistance (39), might prove to be of value in
the problem of corrosion rate determination. It is evident that further
study should be directed toward a consideration of what features of -’ohe
polished restoration surface make it more able to resist corrosive
attack than the unpolished surface. Also, what practical limits of
smootimess and the area of inclusion exist in the clinical polishing of
a restoration which allow for the most efficient conduct of this prac-
tice?

L. Summary of All Cbservations. From an overall point of view,

little, if any, gross distincbicm can be made regarding differences in
the extent of corrosion of polished amalgam surfaces. However, certain
microscopic differences between polished surfaces are appreciated. 4
much more clearly defined difference was cbserved between media than
between polishing treatments. This would support the coneclusion drawn
by Schwartz, et al. (21), that the judgment of the effect of ST RS
attack upen dental restorative materials would best be made in several
corroding media, Such a conclusién waould follow directly from. the
suppositicn that mare then one discrete reaction is possible for a given

material subject to several environment conditimse.

Clinical Implicabtions of Tests
The similarity in instance of change in the resistance to indenta-
tion and transverse loading of polished amalgam is summarized in

Fig. 10. Vhile these changes did not occur in the sams direction, the
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magnitude of change was nct large. A feature common to both measure—
ments 1s the lack of significant change exhibited by amalgam after
having been repolished in procedure P3.

T i1s difficult to state directly the practical importance of hard-
ness changes shovm in Fig. 8. Some evidence is required which portrays
these changes, or assoclated factors, within the limits of detectable
clinical performance. 4 recent study of the frequency of clinical eamal-
gan failure (L40) emplgyed a. criteria of failure which included rﬁafginal

racture, surface roughening, surface wear, tarnish and corrosion, and
gross fracture of the restaration. The determination of increasing
feilure was made on restorations possessing compositions of L8, 58, and
62% residual mercury. Two facbors appear to have a common bearing upon
the increase in clinical failure reported. These are; residual mercury
content and the manipulative technics used to secure these compositional
levels of mercury in amalganm.

On examination of the measurements in Fig. 13, a casiderable
difference in hardness might be atiributed to amalgam compositions
closely resembling those identified with increasing clinical faiiure
(L0). The magnitude and direction of these composition @ifferences in
hardness provides some insight into the importance of a small increase
in -hardness resulting from abusive polishing, particularly, if hardness
is used to reflect a resistance to surface roughening and wear (4O). 4
Ggsirable upper limit of amalgam hardness has not been established.

Fram this, it is felt that serious impairment of the performance of this
amalgem would nobt be expected from abusive polishing.

The associated effects of manipulative factors and residual mercary

contents upon the transverse strength of amalgam has been studied (20).
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Tithin a general compositional range previously identified with
inereased clinical failure, a considerably greater decrease in trans-
verse strength has been reported (20, 25) than is shom in Fige. 9 to
result from abusive polisking. Much larger changes in transverse
strength than siown in Fige. 9 might also be associated with rather wide
variations in residual mercury content abtributed to the clinical handling
of amalgam (11-l2}e On the basis of these observations, the loss in
flexural strength resulting frau abusive poliéhing might not be expected
to reflect a clinically important change in the structural behavior of
This material.

Little clinical inference regarding the effect of abusive polishing
can be drzwn from the observation of corrosion, as outlined. What might
be expected in the way of long~bterm stability of surface lustre after
polishing is not knovne. The lack of this stability (dulling) following
the repolishing procedure P3 did not appear to depend upon the presence
of the immersion bathe Surfaces polished similarly bﬁt allowed to
remain in alr demonstrated the same diminubtion of lustre. This would
tend to support earlier observations (L-5)e Surfaces repolished 2l hours
af'ber the application of P2 evidenced a considerable reflective lustre in
air storage after a period of three months. The implications drawn fram
these observatims are twofold. Firstly, the apparent change in reflec—
Vivity of the repolished surface may coincide with the recombination of
unbound mercury relsased during the polishing proceduwre. If this were
trus, one might deduce that this recombination in the mouth wouid-pro—
ceed independent of the conditions of im.eréion (12, I3)s Secondly, in
attenpting to gain the smoothest possible surface of mare lasting lusﬁre 5

repolishing after abusive polishing might best be deferred until a later
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date. The support for this recammendation of delayed repolishing does
not appear to differ greatly from that given to the polishing of incom~
pletely set amalgam (L). The above swrface qualities, which are sought
by this delay, may facilitate cleaning and minimize the accumulation of
food and kacteria upon the restoration (L=p. 590).

When the results of these tests are viewed as a camposite, little
change in the material can be ascribed to the application of abusive
polishing. Furthermore, emation of polishing in Fig. 18 and an appre-
ciation of the possibilities of temperature changes through heat conduc—~
tiam (1), impresses one with the sizable energies: (1) which are
expended upon amalgam to achieve such small changes; and (2) which are
available to structures adjacent to the restoration being polished.
Hence, these impressions contribubte to a degree of clinical perspective
which specifies that the viable system necessarily adjoining the restora-
tion may be more sensitive to ths energy imposed upon the restoration
than the restorative material itself. A major imp]idatlon of this argu-
ment is that further study of the effects of this type of polishing might

be more rewarding if directed to consider the respanse of the tooth.
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OTHER TESTS

Decause of owr limited knowledge of amalgam and its surface hard-

=
(0]

ness,; obther tests were performed in this study in order to provide:
(1) a refercoce point for the behavior of amalgam vhereby the practical
impoertanse of preceding tést results might be appreciated, (2) addition-
al ir~ocrmation about the conduct of the indentation best, and (3) an
increased understanding of polishing which might be afforded by this
testing method,.
Effeet of lercury Content and Repolishing of
Heated Amalgam Surfaces oa Knoop Hardness

Raticnale. In order %o associate ths hardness index with mercury-—
containing amalganm shom to provide greater likelihood of clinical
failure (40) and to gain some insight into ths ability of the test to
discriminate differences in surface mercury content Which rmight have
resulted frem the freeing of mercury dwring themmogenic polishing, the
following test was conducteds

Msthod and Materisls. This test utilized a2 factorial design repre-

seﬁtir;g a four-way classification of the factors of msrcury-alicy ratio,
indenter load, ccclusal~gingival areas of indenbation, and polishing
proceduress 4 schematic illustration of the application of this design
cn the Knoop hardness debermination of the amalgam surface is offered in
Fige 1o

Tﬁ:@lﬁfe analgem specimens _,‘ six regular and six mercwry-xrich, were

cotained cad their swfaces given preliminary polishing preparation as
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previously described, All amalgam surfaces were given a standard pol-
ishe After suitable randcmization, each collection of a given precon—
densation mercury-alloy ratio was divided in halfe Half of the regular
and mercury-rich specimens were subjected to ilmmersion heating followed
by standard repolishing (procedure Py, to be defined). Each of the four
groups generated by this assignment according to mercury proportioning
end polishing contained three specimens. ZEach specimen was divided into
three occlusal~gingival areas of indentatim, correspmding to the
buccal, center, and lingual surface of mold regimms. In turn, each of
these areas was subdivided into two indenting zmes to accoamodate, at
rendam, indentation at loads of 10 and 300 grams. Fige. 12 demonstrates

his division and subdivision of the amalgam surface. Twenty indenta-
tions were cbtained for each zone, in each specimen, for a total of
1,L40 cbservations.

Following the indentation procedures, the above specimens were sub-
Sected to an analysis of residual mercuxy content. The method followed
was that of Crawford and Larsen (L}), modified by the substitution of
Argon for nitrogen gas.

The conduet and spscifications of indentation testing were those
previously described for this test, with ths exception of the amsa of
indentation. The division of the amalgam surface followed a similar
pattern as employed sarlier, with the exception that the intent in the
rresent examination waé cne of measurement rather than control of varia-
ticns in hardness from buccal to lingual of the specimen. The indenter
loads employed to assess surface hardness represent ths extremes éf
values o welght and penetration utilized earlier.

The polishing procedure used to heat amalgam represented a necessary
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Figure 12.
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depariiie fram those of the preceding experiment. Procedure P, was
found, by preliminary examination, to be too deformative in its action
on mercury-rich amalzam surfaéés, particularly at low indenter loéds.
For this reason, a purely thermal immersic procedure was chosen which
parallels, to a degree, time and tempsrature specifications of Po. It
is important to note that this immersion process should not be looked
upenl as representing the intact isolation of the caloric variable from
Poy since frictional cqnpmenté of this polish are absent.

Repolishing was incorporated into this heating procedure to nsgate
the effects of surface recrystallizaticn which might tend to yield
spurious recordings of hardness. The repolishing pi'ocedure used has
&.ready been specified as standard polishing Pq. This combination of
immsrsion heating and repolishing bears a sequential similarity of
application to Py but was identified as P)_L. The immersion heating of
azalgam destined to receive polishing procedure Ph was accomplished by
immersing the specimen in a vacuum flask conbaining water at 180 # 1° F.
for a pericd of 15 seconds.

Amalgam specimens were prepared using mercury-alloy ratios of 1.11/1
and 2.22/1. Those prepared fran the ratio of 1l.11/1 were cbtained in
the same manner described earlier and identified as Yregular" amalgam
' spécimens. Those possessing a mercury-alloy ratio of 2.22/1 were
defined as “"mercury-rich" amalgam specimens. The mercury-rich amalgam
was hand condensed at a pressure of 200 p.s.ies, Or less, and represented
an attempt to simply gel the plastic amalgam into the mold without ex-
tracting too much mercury. Where applicable, all other conditims for
'handling amelgam, stipulated for regular amalgam specimens, were utilized

for those regarded as mercury=-rich.
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The precondenssation mercury-clloy ratios above were chosen to
reflect low and high residual mercury contents of gmalgam. These were
employed to introduce a measure of extremes in this variable, while at
the sawme time providing an amalgam surface containing more than the
regular (as used here) amowmt of bound mercury. The aséumptian regard=-
ing mercury content, considered here, is based upon the absence of any
manipulative procedure of specimen preparation which is lmomﬁ to effect
appreclabie distributional differences in mercury content of the set
amalgam surface and stbsurface. Thg practicabllity on this assumpticn
is supported by the residual mercury analysis of bulk and marginal areas
of clinical restorations (42, L5). It was felt, therefore, that a
mercuwry determination of the entire specimen would serve to define a
general estimate of preheated surface mercury content.

Results and Discussion. The analysis of variance of Knoop hardness

values for conditions of different indenter loads, specimen test areas,
precondensatic mercury-alloy ratios, and polishing procedures is shom
in Teble 3 of Appendix IV, The conclusions of interest drawn fram this
analysis were: — |

(1) There was no significan®t effect ameng either vertical areas of
amalgam surface, indenter loads, or polishing procedures, on hardness
values. Furthermore, in the determinaticn of this plvsicai propertys no
significant interact%.m was observed betwsen the factors of; (a) inden-
ter load and polishing procedure, (b) indenter load and vertical area of
amalgam surface, (¢) vertical area and polishing procedure, (d) vertical
area and precondensation mercury-alloy rafio, aad (e) polishing proce—
dure and mercury-alloy ratio.

(2) There was a significant difference in hardness of amalgam
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prepared from different precondensation mercury-—ailloy ratios.

(3) There was a significant interaction of the factors of precon-
densation mercury-alloy ratio and indenter load am the determination of
indentation hardness.

Figwe 13 expresses the overall effect of precaondensation mercury-
alloy ratio on hardness values, along with the residual mercury content
for each of the 12 amalgam specimens tested. From the previous assump—
tion abeut the distribution of bound mercury, an increase in surface
hardness of appraximately 2L K.H.N. was cbserved with al decrease in
mercury content of the sui-face region from zbout 60 to LLZ.

Figui'e 13 also exhibits the hardness values for amalgams subjected
to polishing procedures Py and Ph' In this instance the release and |
possible redistributiar of mercury about the surface by heating and care-
ful repolishing did not effect a significant change in hardness after 2l
hours. The conditions of storage during the time between polishing and
testing were arranged to minimize the amount of free mercury on the
amalgam swface (12). The effect of much earlier indentation testing
will be considered shorbly.

The lack of a significant difference in surface hardness among the
general areas of what might be considered an exterior proximal surface
of the class II restoration does not add greatly to owr knowledge of the
¢linical manipulatic‘n of amalgame The lack of observed difference in
the effect of these two indenter loads o Knoop hardness does not con=-
flict with decisions made earlier.

The absence of significant interactions between the factors of
indenter load and test area, indenter 1oad‘ aad polish, test area and

mercury-alloy ratio, test area and polish, and polish and mercury-alloy
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ratio would not be viewed with either surprise or expectancy based upon
current knowledge of the mechanism of indentation hardness of dental
amalgame

The presence of a sigﬂ.iﬁ.canﬁ interaction between the factors of
indenter load (depth of surface penetration) and precondensa’cicn mereury-
allgy ratio may be illustrated in f,he follomwing situatian. A larger
;Lndex of hardness was obtained for regular amalgam at a 300 gram load
than for the lessei* 10 gram indenter load an the mercﬁry—rich‘ama‘l.gam
surface.,

A comparisa of mean- values of hardness for regular amalgam speci-
mens (52.5% precondensation mercury content) in Fige 13 with the sams
variety listed in Fig. 8 would denote some type of disparity for condi-
tions of apparent identity. Although the effect of the various loads
upon the hardness values of amalgam depicted in Fige 8 was n ot signifi-
cant, an examination of some of the higher hardness values recorded in
the mid-range of indenter lcads would appear to justify an overall
inerease due to pooling of these values for all indenter loads.

The Relationship of Post~Polishing Time and Knoop Hardness
Determination a Mercury-Rich Amalgam Surfaces

Ratimale. A questiom of same concern to the conduct of the
indentation test was touched upon in the preceding discussion. The con=-
clusion regarding tl';e _ei‘i'ect of peolishing procednre Plt an the detemina—’
tien of hardness rested upon the conten‘l;ion that the method of storage
would have accounted for comp;ete recombination éf any free mercury
resulting fram polishing. This would suggest that a difference in hard-
ness might exist on the surface of amalgams containing sane measure of

wibound mercury. If this were true, a difference in hardness might be
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measured for the same amalgam at differenmt times after polishing. Thus,
it wes decided to examine the hardness of mercury-rich amalgam within a

short interval of time following the application of polishing procedure
L

Methods and HMaterials. A series of indentation measurements was

obteined from a mercury-rich amalgam specimen, in the menner described
for the previous test, using both 10 and 300 gram indenter loads. These
measurements were acquired in such a way tlet indentations from a given
indenter load were parallel but separated by at least two indentation
diagonal lengths from those of similar description placed prior to heat-
ing. To accommodate any deterioration in canformation of these indenta-
tims, the indenting and measuring was done in palrs and in groups of 10
before changing to a different load. A total of 20 indentatims was
measured at each load. The mean hardness values so cobtained are campared
in Fig. 1L with those of prior measurement tsken in the same area 2l
hours after polishing. A time interval of L5 mdnutes after bolishing
was necessary to secure the required number of vobservatims, allowing an
initial two to three minutes for leveling and aligmment of the specimen
on the micrometer stage of the testing instrument. Twenty four hours
after indenting, the tested zone was examined to discredit any of these.
indentation measurements which had violated the standard of praximity to
the previcus indentations in that zone. In this instance, the previocus
occupants of the indenting zone were apparent as diffuse outlines.

Results and Discussic. The comparisan to be made here is an

indirect one. What is actually being compared is the hardness values
derived from the same specimen, in the szme area of test, at the same

indenter loads, but at 2l hours after standard polishing (Pl) versus
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shortly after heating with repolishing (Ph)' The administration of the
polishing treatment was, of necessity, nm—random.. Regardiess of how
tenuous this argument way appear, preliminary experimentation substanti-
ated by pertinent statistical decision made earlier in this dissertation
support the view that differences as suggested from Fig. 1l cannot
reascnably be attributed to the effect of Lummersion heating followed by
standard repolishing., The reader is referred to Iig. 13 in which the
micro-indentation hardness values derived fram polishing procedures Pl
and Ph are listed. The application of these polishing procedures did
fxot re_sult in a significant difference in hardness values.

No pesitive stance is taken in regard to the values presented in
Fige 1l due to the lack of precise separation of variables involved.
However, it is felt that these results strongly suggest a need for
further investigaticon into the effect of the post-polishing and/or post~
heating and repolishing time on the indentatim hardness determination
of dental amalgam. That such a difference might exiét should come as no
surprise if e acceplis the bomnd state of mercury as cmtributing to
the overall hardness measurement of amalgam (33, LS)s The possibility
which is of interest here is the likelihood of such a time, surface
hardness, and strezig'bh relationship operating after thermogenic polish-
ing as is expected to follow the original setting reactiwn (L6). This
would tend to bear heay‘ily upon the immediate effects of thermogenic

polishing rather than the delayed effects observed in earlier testse.

licro-Surface Characteristics
Thus far, deformation of the amalgan'sur-i‘ace has been mentioned
principally in relation to hardness testing. In this context the

surface possesses an ability to resit deformation. This resistance is
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also important to another deforming procedure, i.e., polishing, and has
been shom to depend upon the relative amount of mercwry and possibly
its freedom in the region of deformation. Hence, it appears reasonable
to lock beyond the measurement and inquire into the effectiveness of this
resistance to polishes used in different parts of this investigation.

The following is the result of such an inquiry and describes the appear-—
ance of polished amalgams previocusly identified.

It may be recalled that the surface of these amalgams lacked struc—
tural detail following all polishing procedures. The presence and
identity of certain of these surface structures has already been dis-
cussed as a result of observing corrosimm. 7The questias which are of |
interest here are: is the obscurity of surface detéd.l due to defomation
or surface flow prodwced by polishing and, if so, does this flow have any
bearing on the appearance of details identified by corrosion or etching?
It is this prospect of surface flow vwhich will be considered. Scme
affirmative evidence is available for the latter question (3L)

Macroscopic Observations. During preliminary surface preparaticn

frequent dcbservations at 10 to 15 X magnificatiwn suggested that distor-
Hons of surface pits or voids was occurring in the direction of abra-
sion. Since 'tinere was no way of predicting the shape and presence of
these pits upon the surface, it was difficult to rely on these changes
in caatowr due o polishing. Because of this difficulty it was decided
to employ a surface defect of known architectural properties which could
be altered by dental polishing. 4 100 gram Knoop indentation measuring
appraximately 100 x 16 x hp. was selected for this purpose.

Microscopic Observations. Standard repolishing of previously

indented regular and mercury-rich amalgam surfaces resulted in a partiai
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Fige 15. noop Indentation on Regular Amelgam Surface before
Standard Polishe

Fig. 16. Xocop Indentation on Regular Amalgam Surface after
Standsrd Polish.
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or eanplete filling-in of previous indentations. An example of the same
intact and partially filled indentatiom in regular amelgam surface at
600 X magnification is shom in Figs. 15 and 16, This standard polish-
ing procedure could be broken down into smaller stages of time. In this
manmer the edge of the indentaticn, in advance of the abrasive, was seen
o move toward its opposite margin. During this movement and prior to
£i11ling, the internal detail of the indentation was observed to be free
of polishing debris and sharply .defined.

The appearance of these repolished indentations in regular amalgam
did not seem to vary on re-examination after 21y hours, ild etching and
atmospheric corrosicn reves_'l.ed the presence of highly fi'agxnented or
eroded unreacted parbicies of allay on the surface outlined by this
repolished indentaticn. With the progress of the etching reaction,
these a]loy particles did not demonstrate a continuity with the body of
sub~indentaticn amalgem. Btching of this area with 30% nitric acid
revealed the general boundaries of the criginal indentation to a depth
below the level of etehing.

Similar dbservations of indentation £illing were made on regular
amalgaz surfaces after applying polishing treatments P2 and P3. How—
ever, in the éase of P2, the completeness of filling was not quite as
extensive as with applied abrasive. Nevertheless, the wsymmetric
narrowing of the indentation was dbserved in the direction of prophy-
laxis cup rotation.

An amalgam specn’.men' eontaining approximately 60% residual mercury
was indented and repolished by the standard procedure. Figs. 17 and 18
demenstrate the complete filling-in of the indentation after repolish—

ing. Fig. 19 shows the same indentatica 2l; hours laterse. Very little
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after standard polish (600 X magnification)
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change is evidenced in the texture of the surface surrounding and within
the outline of the indentatian after 2l hours. A slight amount of
isolated recrystallization on the surface is suggested.

Similar observations of indentation filling were made following the
application of P2 and P3 and the same stipulations regarding the perform-
ance of Pp apply. Also, the seme identification of filled indentation
contents, as given above, was made by etching and corrosion.

The next situation cbserved parallels tha’o measured in the las.t
indentation test. Figs. 20 through 23 demonstrate the appearance of the
same indentation in a mercuxy—riéh specimen over a %T-hour period follow=-
ing the application of polishing procedure Pb, and indenting at 100 graas
load. The times given refer to the post~indentatl on interval of roam
temperature storage. The general deterioration in definition of inden-—
tation outline, texture, and measurable length is indicated. The
presence and growth of recrystallization of the surface and indentation
walls is evident. In the upper right-hand region of Figs. 22 and 23 is
suggested the development of visible scratches not so pronounced in
earlier viewing in Fige. 20.

Most change in appearance of surface and indentation is seen to
oceur before two hours. Actually, the most striking changes wWere sSeen
within a few minubes after indentation bubt because of the time limitew
tions imposed by the photographic procedwre, these changes are not
sham. Fige 17 would depict rather closely the appearance of the sur-
face immediatel:} after indentatim. Fran Fig. 22, very little su:;'face
change is noticeable after 2L hours.

Discussion of Cbservations. What has been gained from these and

other obse.vations is the recognition of surface recrystsilization with
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Plate L
Fige 22. Xunoop Indantation on F

Heated and Repolished, lercury-Rich
Inglgom Surfece 2L Hours afier Indentation.

[

Tige. 23. Knoop Indentation cn Heated and Repolished, Mercury-Rich
Lmalgem Surfece 96 Hours after Indentation.
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Tims, particularly after the application of heat to the amalgam. The
time interval of observed surface change waild appear to bear some
relationship to the rebinding of free mercurye. This interval might be
expected to be influenced by the conditi ens of amalgam sborage durding
observation (12, l3). The repid change of swface fexture makes the
dramatic presentation of early scratbtch appearance ‘and indentation out-
line deterioration difficult. The deberioration in indentatim length
appears to be me of shortening of definable terminals. Scratches which
became apparent with the progress of recrystallizabion also tend ﬁo
demonstrate the presence of flow of a freed mercury-rich phase after the
procedure of heating and repolishing.

Standard polishing of regular and mercury-rich amalgan may effect
some surface removal (L47)e Nevertheless, this procedure produces a
filling=in of surface indentations with material possessing the ldentify-
ing characteristics of amalgam. The most logical origin of this filling
material is the amalgam surface adjoining the irdentation. It may,
therefore, be inferred that polishing by procedure Pl results in a
measure of surface deformestion or flow of regular and mercury-rich amal-
gam which is not accountable exclusively to surface debris.

Abusive polishing procedure P2 malms some carbribution to surface
flow but does not appear to be quite as capable as Py and Py ‘:Ln effect-
ing indentabion filling o regular and mercury-rich amalgam surfacese.
The explanation for this behavior is not knowm. Perhaps this observa-
tion has samething to do with the absence of abresive in procedure P2.

The importance of surface flow of amalgam to our understanding of
clinical polishing is not clear, but there seems to be sufficient

evidence to suspect its presence following the application of these
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polishing procedures using the prophylaxis cup. The procedures Pl and
P, would seem to represent scme practical extremes in the spectrum of
thermogenic polishing (1). But, it is the observation of swface flow
following what might be considered a very careful polishing treatment
that may be of importance, since the use of this type of polishing,
particularly within the confinements of the cerviéa.l a.nd proximal
pegiohs of the tooth, may reflect the prevalence of surface flow in thg
clinical restoraticn.

In the instance above, the function of flow appears to be that of
smoothning over small sﬁ‘face irregulariﬁ.es of amalgam (36). The dura-
bility and importance of this type of microscopic smoothing of amalgam,
Aespecially that agproﬁ.mating gingival tissues, is difficult to assess
in terms of much larger surface volds observed with less désirable
handling of the material (e.ge., mefmry-—rich amalgem surfaces).

With respect to these surface voids, the expectabion of their
appearancé (3) in inordinate numbers following the rebinding of freed
wercury is not supported by observation in any portian of this experi-
ment. An explanation of their doscurlty, pai'bicularl;y' vhere repolishing
has following amalgam heating, mey involve the presence of surface flow

(36).
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SUMMARY

The influence of an abusive and careful repolishing procedure upon
the surface properties of dental amalgam bas been studied through the
measurement of micro-indentation hardness and transverse strength, and
from the observation of immersion corrosion. Certain statistically
significant but low order changes in test measurement have been récorded
after the application of abusive polishing treatment to the amalgam sur-
face. These changes have not been camsidered to reflect an important
depreciation of the clinical performance of this restorative material.
The gross cbservabtion of the overall extent of corrosicn in two media has
not revealed any distinct difference between the amalgam surfaces pol-
ished by careful and sbusive methods employed in this study. No‘dei‘ini—
'tive clinical interpretation regarding the effect of abusive polishing
on corrosicn has been offered.

A few of the background casiderations of the processes of polish-
ing, heating, and corrosion of amalgam have been meationed. The follow-
ing aspects of the phenocmencn of polishing of dén-bal amalgam"have been
considered: (1) The release of bound mercury fron the surface of amal-
gam have been cbserved to occur above 177° F.; (2) The abusive polishing
procedure used has been arranged to provide surface temperatures in
excess of that required o release bound mercury from amalgam; (3) ¥hat
has appeared as structural canponents of dental amalgam from early
corrosion in saline, and identified 'by acid etching has provided the

basis of an cbservable difference between careful and abusive polishing
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procedures in both corrosion media; and (4) The presence of surface flow
has been suggested wnder circumstances prevalent in the polishing proce-
dures (Pl’ P2, and P3) used in this study.

These observations have suggested the possibility that the camplex
of what has been described as an abusive polishing procedure may embrace
not only the release of bound mercury, but same flow and further solution
of mercury in the unreacted phase of the amalgam surface.

The residual mercury content of amalgam has been shown to have an
influence upon surface hardness. The time after thermogemic polishing,
or mercury release, has been implicated as a factor in the hardness of
amalgam containing high mercury content. In the latter situ;ation, there
is some indication that the factor of time magy have a bearing upon the
irmediate effects of thermogenic polishing of amalgam with this composi-

tione.
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APPENDIX I

Review of Literature
. Polishing. The term polishing is here intended to describe the

latter stage of smoothing and finishing of the metal with a fine
abrasive grit material to yield a surface of high reflective lustre
which is free of scratches and pi*bs.' The process by which such a metal~
lic surface is obtained is not exclusively dependent upon employing the
proper applicaticn or choice of abrasive material, bub is, in many
instances, affected by the manner in which preceding stages of abrasian
and grinding are conducted (47). The distinction between the processes
of @brasicn and polishing is essentially a matter of the degree to
which the following may be present:

(1) much finer scratches and shallower defarmation in sub-surface
layers,

(2) locser support or fixation of abrasive grit in polishing than
in abrasiam (24), and

(3) the presence, amount or absence of 1ayérs of fragmented and
flowed material an the surface (47). |

Two theories regarding metallographic effects of polishing metallic
surfaces are currently reported (L47). One theory does not recognize any
difference between abrasive grinding and polishing, the latter being
nothing more than the .former carried beyend the microscopic limit (2L).
A second theory considers that no further metal is removed from the suwr—

face while polishing and that, under high local pressure of the polishing



8L

grit and the temperature created by the polishing carrier, there occurs

a surface melting and plastic flow of the surface metal (L8). Under
these conditims, the metallic surface assumes either an amorphous struc—
ture described as the "Beilby Layer! or a structure of exceedingly
minute crystallites in a highly disordered arrangement (47). Thick of
these theories presents the truest picture of what is occurring at the
metal surface is not yet determined.

The distinction between thesek two types of resultant surface struce-
tures is of primery importance here only to the extent that it presents
the possibility of increased surface internal enrergy in these flowed
and deformed regions of the surface and sub-surface, respectively (L8),
altered resistance to corrosion (5); and mementary fricticnal temperature
atPvedho 'the boly of W pelisisd dbJect Wilsh mey veach 100070, ub
the polishing=-grit-metal contact only a few angstroms in width (47).

The effect of alteration by the induction of superficial shear
deformation and plastic flow has béen described as endowing the metal
surface with properties which are different fraz the original crys‘ba:!line
character. The order of depth has been studied for various metals and
has given rise to speculation regarding the effect of abrasive surface
preparaticn cn the anomalously high results obtained in low-load hard-
ness tests (2)s In general, the depth of defommation resulting from
previous polishing ar abrasion treatment of the surface is held to vary
inversely with the hardness of the material (24) or directly with the
work hardening propensities of the metal (L8)es The cutting rate during
mechanical polishing has been shown to vary, in a general fashion, with
the melting point of the material polished (2). These observatians

would indicate a lesser degree of difficulty in obtaining a more nearly
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strain-free polished surface in a metal of low fusion point and substan-
tial hardness. DBrittle materials such as bismuth have been sho':m’to
exhibit flow deformation when subJjected to the local pressures of
polishing (L7). The surface effects of industrial polishing more close-
1y approach those of @brasion than in metallographic polishing procedures
(2h)e The implicabion which can be drawn about induced surface deforma— |
tion appears to be focused not so much on the materials used but the
care employed Within each procedufa.l sequence of polishing. This would
certainly have some bearing upon polishing under cénditions Whi(":h -
necessity, cannot approach metallographic standards, vize., in the moubth.
The metallographic changes which occur at the polished amalgam sur-
face are not well understood. Smith, et al. (3L), when studying ﬁhe‘
micro-structure of amalgam, concluded that the relatively low temperature
at which amalgam begins to melt (60 to 650 Ce) and the high ﬁercuzsf con~
tent of the hardened material, had conbtributed o the o."i,fi’icul‘by of
obtaining the micro-structure. -The implicatiom is thabt flow of the amal-
éam surface may occur during polishing (135-~36). During the process of

etching the polished amnlgam surface with 30% HNO,, the etching time

33
employed suggested that the thickness of the disturbed layer of the suxre
face was greater for higher mercury catent (51%) of the amalgam (3kL).

Release of Bound Mercury. Several references to mercury being

released from hardened amalgan are prevalent in the dental literature
{5=13). Black was amox;g the nmost prominent early observers of theg
phencmenon of amalgam heating when he noted a volumetric expansion and
changes in the appearance of the hardened metal subjected to Bomg
water (7). Others (8) have described changes in dental amalgam in the

temperature range of 65 to lOOO Ce, depending upon compositional
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facters. In pariticular, a "iransition point! for hardened amalgam was
shown to exist in the regimm of 70 to 80° C.. Tais regicn has been
charac.erized by Gray (9-10) as poséessing:

(1) 4 marked and irrveversible absorption of heat at about 7% G

(2) A sharp minimum in linear thermel expansivity near 75° C..

(3) A lessening of the above temperatures with successive heatings.

(1) A marked lowering of the ccmpressive strength of the amalgam
ab appro:d.mately.?Zo Giove

{2) An influence upon the magnitude of the transition temperature,
heat absorption, and expansion in alloys cantalning zinc.

In addition, he observed that hardened amalgams canpounded from
zinc-cantaining alloys evidenced what appeared to be a surface mercurial
exudate near the transition regim. The surface crystals, felt to belong
0 the hexaganal or orthorhombic system; were seen to form cn the heated
emalgam surface at a crystallization teuperature near 62° C.. The
amount and size of wercury droplet formation and surface crystalline
growsh, respectively, was influenced by the presence of zinc and the
amounts of mercury incorporated in the formulation of the final hardened
amalgam (10).

The direction of dimensiornal change of amalgam experienced on heat—
ing has been substantiated and the presence of uncombined mercury in ths.
hardened mass cited as the causative agent (13)s Mitchell, et al., have
indicated from x=-ray diffraction examination that mercury becomes freed
from its crystalline affiliation and diffuses through hardened amalgam
only when’the latter s subject to heating to 65° C. or by polishing
" procedures producing excessive heat (12). Such wcanbined mercury is

seen to disappear or recombine with other phases present in amalgam when
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aged at 37° ¢. (12). The disappearance of the original alloy part.iéles
and the loss of distincticn between the reaction products in the silver-
mercury and tin-mercury phases has been abiributed to the heating of
amalgen to 80° C. (38).

The mechanism of recombination of free mercury in hardened amalgam
is presently wlmowm. MNoreover, the major site of recambination has not
been established, The observation of surface crystalline growvh and
change of amalgam appearance following heabting leads one to suspect
that some portion of this recombination rums near the surface.

Corrcsion. The destruction of metal or alley, as manifested by
- contowr change, weight gain or loss, film or scale formation, loss of
surface reflectivity, production of pit, fissure, or crevice attack,
ebc., has been described as corrosion (37-p. 1-731). This process is
believed to be brought about by a chemical change, or physical dissolu-
tion (37-p. 2). Experimental evidence points to the conclusion that an
electrochemical process of corrosion of most‘ metals is involved under
conditions of exposure to an aqueous enviropment (39)s The inerthess of
vmtals in the body has been atiributed to their (metals) electrochemical
stability. Also, it has been shown that in vitre electrochemical meas-
urement of metals in physiolozic séline provides a usable criterion of
predictable tissue reaction (L9). The aral anabomy, biochemistry, and
physiology place ce:c"bain, requisites upan the fluid, gaseous, and solid
envivonment which must‘be shared by the dental restoration. These cir-
cumsbances suggest that corrosion deterloration of this restoratim would
be of a type of partial or full immersion in an elesctrolyte bath, ‘as
described by Evans (37-pe 87). The point above is offered to comsider

the term "“tarnish" which has been described as essentially a dry
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corrosion process and which, in general, has been felt to occur below
some critical value of relative humidity, usually 70% (37-p. 483).

The restoration, once placed in the tooth, must performm its useful
function in an enviromment highly conducive to corrosion attack. Ths
smoo‘oh polished restoration is felt to be rendered less prone to corro-
sion, and to the accumulation of debris about it which might fur“chebr
this process (L-pe 341). Aside from the cbviaus detracting esthetic
results of corrosion, the extension of this process may ultimately lead
to changes in the physical properties of the restoration occasioned by
its weakening and failure (L-p. 341, 22).

The exact mechanism and the predominant controlling factors in the
process of corrosion of dental amé.lgam are not knowm tkﬁ'ough reports
available to this author. HMoreaover, ﬁo test has been advanced which
affords a valid basis of predicting the rate and distribution of corro—l
sim of this material in the enviramment of the oral cavity (23). The
general phenomenon of carrosion atback is said to depend upon numerous
factors which, in the main, seldom act independently of one anothe'r. |
Instead, the dspendency of action is based upon a camplex interaction of
factors (50)s From this consideration and for the reason that such a
canplex interactioﬁ is not known fcﬁ: oral conditions, a lengthy discus-
sian of the many factors known to affect the general process of corro-
sion, with pauses 1o cansider the possibility of their oral analogy, will
not be attenpted.

What is known or suspected regarding this phexiomenon in dentaly
amalgam will follow., Dental amalgam has been observed to suffer corro-
sion attack in the mouth (L=-p. 345-8, L4O). Electric currents have been

measured in the mouth containing emalgam restoraticas (51) and in



89

in vitro electrolyte solutions containing amalgam-cmalgam and amalgam-
gold couples (22, 52). Polished amalgan restorations do not corrode as
rapidly as wnpolished cnes in the mouth (l~p. 345-8). Presumably
soluble or mobile products of oral corrosion conbaining traces of tin,
copper, silver, and zinc have been identified along dentinal wal'l.sv of
amalgan restorabicas (22, 53). The major product of in vitro corrosion
in salt solubicn has been identified as tin (22). The products of oral
ternish are felt to include either Ag,S or an Ag(Hg)S, complex (21).
The major products of in vitrc tarnish in Na,S solution bave been iden-
Lilicd as mercuric sulfide along with lesser amounts of silver and tin
compounds (21). Solutions of NaCl, Na,S, HyO,, and synthetic saliva
have been credited with providing a sultable environment for corrosion
{o occur in vitro within 2 reascndble period of time (21). Solutions of
acid and base and modic and cathodic polarity (22) of the amalgam

specimen have been considered to influence in vitro carrosion (5h4) .
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APPENDIX IT
Justification for Choice of Tests.
and Polishing Procedures

Since the effects of polisihing are most likely to be found near the
surface, it seems reasonable "t.o employ those tests which either directly
or indirectly assess the integrity of this region. The tests chosen for
this purpose are Knoop micro~indentation hardness; transverse strength,
and the observatim of corrosion in electrolyte solutions.

The clinical significance of these tests exists in tﬁeir ability to
serve as predictors of the structural integrilty of a funciioning restora-
tion in the oral eanviromment. Although the valid predictability of these
tests is yel to be established, there is some evidence to suggest their
usefulness in this regard. |

What has been observed as departures from successful clinical per-
formance of amalgam restoraticns is surface roughening, marginal
detericration, corrosion, and gross fracture (40)e In a clinical study
(4O), the compressive strength of amalgam has been cited as a possible
'index for evaluating marginel deterioration and corrosion in amalgan
restorative failures, In this sane stﬁdy, excess residual mercury con-

- tent of amalgam restorétions has been associated with surface and mar-
ginal deterioration. Indentation hardness and mercury content have been
shom 0 be related to the compressive strength of amalgam (L6). ‘Trans-
verse strength has been reported to bear a relatianship to residual |

mercury content of amalgam similar to that for éompressive and tensile
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strength (25)e On the strength of these observations, it is felt that
the import of alteratians of these tested properties of the amalgam sur-
face may have clinical implication.

Knoop Hardness Test. The surface hardness of a material, like

dental amalgam, is a difficult property to define. It is thought that,
in general, the velues of hardness derived from restarative materials
are indicabtive of a quality such as resistance to wear (1L-15), strength
characteristics (1, 16), or ability to be adapted or deformed

(1L, 16-17), rather than the unique or exclusive property of hardness.
However, it is generally held that the surface hardness of a materizal
can be measured in terms of its resistance to permanent indentation ard
deformati ;e Tt is this resistance which is perhaps the most commonly
heid concept of hard and soft substances (1L).

Qualities such as resistance to wear and deformation and possession
of the general characteristic of strength are seemingly desirable atiri-
butes of a clinical restoration. Detericratim of the quality of
ocelusal wear is cited as contributing to the failure of amalgam restora-
tions wnder conditions of strict elinical examination (LO). The possibi-
lity of indentabion hardness having a bearing on the clinical performance
of emalgam restoratiais has been noted (17-18). Thus, it is reascnabls -
to assume that a deervase in hardness after polishing may indicate a
reduction in the clinical performance of a restoratim similarly pol-

. ished.

This test subjects the material examined to a camplex system of
stresses in the lprocess of surface penetratian. The index of hardness
(Knoop hardness mmber) represents the ratio of the load required to

obtain the indentation of the swiace divided by the unrecovered projected
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area of indentabtion. By the use of light loads the depth of indentaticn
can be limited to reflect the resistance to indentation of a narrow
region of the surface boundary. The test is enployed here to ascertain
the effect of thermogenic frictional polishing on the property of resist-
ance to indentation of amalgam.

Pransverse or Bending Strength Test. The property of transverse

_ strength is essentially the Aability of a material, freely supported at
each end, to resist rupture due to a centrally applied static load
(L-p. 23). The test subjects the material to a combination of shear,
tensile, and ccmpressive stresses which may be likened to that believed
4o cause fracture of occlusal amalgam margins (20) or under occlusal
flexure of the restoration due to the forces of mastication and dentinal
defarmation (55). Amalgam behaves ‘as a brittle material and as such is |
particularly susceptible to rupture when subjected to tensile stress
(19). It is felt that any change of the amalgam suri‘ace‘bafter polishing
which would initiate an eaz-l;v fracture under tensicn may be detected by
this test. |

The test of transverse strength has been held to provide a better
measure of amalgan fallure than is provided by the compressive strength
test (20). On the basis of these asseritions, any major change in this
‘ property mayl be looked upon as suggestive of adverse analgam performance
in ths restoration. -

The test is employed here to determine if thermogenic polishing of
the amalgan swface results in a change in the ability of the material
to resist transverse loadinge. |

Observation of Corrosion. The ability of solutimns of NaCl and

NaZS, of comparable molar strength, to produce surface changes in dental
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amalgam (i.e., eppearance, contour, light reflection) represents no
immediate or implied parallel with the expected reactions of this
materizl in the oral environment. The basis of our present inability to
synthesize a useful oral analogue is predicated upon the variety of
chenges inherent in the environment itself. Some of the factors which
are known to affect the rate and distribution of corrosion attack, in
general, and are likewlise lmémm to exhibit a characteristic state of flux
within the oral envircnment are: (1) pH, (2) crystalloid and colloid
species, concentration, and associated charge (56=-57), (3) oxygen gradi-
ents due to physical solution and convection (58), and (L) temperature
in the fluid and vapor envirament surrounding the restoration (50, 59=60).
The amelgam restoration, existing under the above conditions, may con-
tribute obher factors which are cansidered to influence the rate and
extent of corrosion. Scme of these are: (1) inhamogeneity of structure
within the surface, within the body, and between surface and body
(36, 61), (2) localized residual and induced stress, (3) impurities with-
in the crystalline structure, espegially when concentrated at grain
boundaries, (L) surface finish and the presence of surface pits, fissures,
and other deformations, and (5) chemical nature of the material (L=p. 3L5-
B, 62),

The test of immersion is intended to allow the observation of the

in vitro effect of thermogenic polishing upon the amalgam surface, under

conditicns reported to produce corrosive attack (21).

Polishing Procedures Employed. The polishing procedures to be

applied to amalgam in this investigation caisist of a standard pclish, an
sbusive polish, and an abusive polish followed by a standard repolish.

The ¢linical parallel of these polishing procedwres may be
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considered as exaggerations of common practice. What constitutes cammon
c¢linical polishing pracitice is not reé.dily definable, nor is it the
intent of this study to explore the nuances of this topic. Instead, it
is proposed to extract from this spectrum of clinieal activity the
methods and materials of a not uncommon polishing procedure capable of
being performed in the mouth. |

The ‘standard polishing and repolishing treatments are felt to be
representative of a class of careful polishing procedures which may be
employed in the mouthe The factors of application of load, rotary speed
and duration are to be restricted to minimal values. The rotary speed
of. abrasive applicabion is believed to simulate the lowest consistent
speed equal to, or less than, that which may be obtained from many
presently used dehtal units. The re—employement of this careful polish-
ing procedure after one of thermogenic abuse represents what is believed
to be ons practical and readily applied method of at’cempting to negate
the effects on the amalgam surface of previocus frictimal polishing.
" The practice of applying a dry abrasive powder, l.e., amalglcss,
with a prophylaxis cup and allowing the abrasive to be depleted from the
area of polish has been examined (1l). The powder is seen to rapidly
leave the immediate area of the abrasive carrier (viz., prophylaxis cup)
and, unless replenished, the carrier exerts an increasing amount of
frictimal acﬁﬁty upon the surface of the restorabtive materiale. Simi-
lar conditions are seen to occur when the initially wet abrasive slurry
is allowed to dry, presumably by the absoi'pﬁ.on of energy, and then
becomes dissipated through‘further polishing. It is the protractéd
applicatim of the prophylaxis cup after the loss of the abrasive which

is felt to represent an abusive thermal polishing practice.
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The specifications descriptive to this procedure appear to repre—
sent cne of many possible cambinations of factors which was chosen
because of elther the resemblance to conditions of preliminary observa~
tion, the convenience of altering standard conditions s Or as a result of

an approach to standardization.
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APPENDIX IIX
Preliminary Observations con the Temperatures
of Polishing and of Mercury Release

Woen considering the objectives of this investigaliom, it was
believed important to examine some of the factors involved in the
association between amalgam surface temperature changes and the visible
effects issuing fram such heating of a cment dental amalgam. The
questicns asked were: .

(1) At what surface temperatures do currently available amalgams
release mercury?

(2) Under what conditions of polishing, having clinical analogy,
can the sbove temperatures of the surface be reached and controlled?

(3) By what visible signs can the results o.f\.'('“!:he above manner of
polishing be detected? |

A DC voltage stabilized brass thermode was canstructed having a
1 mm.2 heating surface. The exposed metal portion of the thermode,
other than the surface cantacting the restorative material, was covered -
with asbestos ribbon to minimize heat loss. This heating surface was
determined to be linear in temperature rise at 2.4l £ .05° F./secand
over a 90-second heating period, as monitored by thexmocouple.

Polished class V amalgam restorations were placed in ivorine teeth.
A % round bur hole was placed through the lingual of each tooth and very
nearly through the body of the amalgam restoratian. The remaining amal-

gam thickness was measured to be from 0.05 to 0,08 mm,., A chromel-alumel
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HT micro-miniaturel insulated thermocouple was placed to the full depth
of the bur hole and fixed to maintain its relationship to the restora-
tion. The thermode was place.d against the restoration surface in such a
manner as to have cne corner of the thermode directly over the thermo=
couple tip (T in Fige 24).

Small erystals of tempilag’, (a temperature~indicating paint pos-
sessing an accuracy to f 1% of rated value ad a response time in the
order of micro-seconds), were placed close to the thermode and thermo-
couple btip. The temperature values of these crystals were 138, 150,
163, 175 and 200° F.. The placement of thermode and tempilaqo crystals
was accomplished wnder 25 X magnification and was arranged as shomn in
Fig. 2, The purpose of this arrangement was to provide as equidistant
a conduction pathway, between thermode and crystals, as was possible by
manual placemente. The lower-melting crystals rated at 138 and 1500 7.
were placed at A, B, and C as shom in Fig. 2k. The tempilaq® crystals
were then considered to melt when the metal surface t emperature in the y
jumedi.ate area of the crystal reached the rated value of this temperature
indicator. | '

Using the above thermocouple and a Ieeds-Northrup Speedomax2
potentiometer to detect and record the temperature of the metal at a ’
diétance of 0,05 to 0.08 mm. beneath the surface, the events of surface
crystal melbing, subsurface temperatwre rise above roan temperature, and
the release of surface mercury of the heated metal could be coordj.nated.

The potentiameter calibration and reference function temperature

a
High Temperature Instruments Corporation, Philadelphia, Permsylvania.’

2 Leeds=Northrup Company, Philadelphia, Pennsylvania.
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stabilization employed for these measurements has been described else-
where (1).
| A series of seven synchronous observations were obtained to provide
an estimate of the éurface temperature required to effect the reiease of
mercury from hardened polished amalgam. The temperature at which mer-
cury was observed to issue from the surface was 177 ﬁ R F., as revealed
by thermocouple measurement over an average heating period of 58 é 2
seconds. This temperature value represents the temperature increase of
metal subsurface plus that of room temperature reference. The difference
between this value and the temperature standard provided by the crystals
was of the order of 2 to LLO F. increase. This latber disparity, within
the temperature range of crystals used, diminished at 175o F., and was
felt to represent, in general, the effect of slight differences in con-
duction pathways and/or time delays in synchronization between the visual
appreciation and manual response in indicating the rresence of a mercury
droplet on the metal surface. In view of this time lag and the surface
heat distribution, the employment of the 175° F. crystals to monitor sur—
face temperatures associated with mercury release appeared to be justi-
fied for periods of greater caloric uptake .

Fig. 25 illustrates a composite of the linear heating curves obtained
and demonstrates a remission of temperature rise near the point of mer-
cury's entrance into the picture. Such an observation would be consis=
tent with the manifestation of energy absorption dui'j.ng the release of
mercury as deseribed by Gray (9). This dip was present to varying
degrees in all recordings and on occasion was seen to occur co:‘mciden—-
tally with a mercury droplet rising from the amalgam surface while
1ifting a bempilaq® crystal in the act of melting. |
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On cooling, the entire surface of the amalgam assumed a dulled
appearance, different in lustre from the original.

Additional class V amalgams were treated in a like mamner regarding
thermocouple placement and subject to frictional polishing activity of a
prophylaxis cup. Fige 26 demonstrates the increase in temperature at
0,10 mm, beheath the amalgam surface when the prophylams cup was applied
to the metal surface, over a 20 to 30 second period, at an application
load of 8 to 16 ounces, and at about 30,000 rep.me. The resulbant amal-
gam surface, cn cooling, presented a dull, frosty, pebbled appearance
unlike the original.

A series of 10 recordings at six to eight ounce load application of
the lprophyla:d.s cup against the buccolingual profile specimen showmn in
Fig. § revealed that, at a loaded rotary speed of 10,500 f£ 100 r.p.m., a
polishing period of 13.3 £ 1.3 seconds was required for the amalgam sur-
face to wnifamly exceed 175° F.. In this case, the temperature excess
depended upon the time lag in observation of crystal melting and the
themal distribution about the peripherally located crystal. Both condi-~
tions would provide sufficient insurance that the temperature of mercury
release was being attained.

The degree of uniformity of heating was determined by the melting
of four symetrically located 'bempilaqo crystals at the edge of the
specimen. Rotary cycling of the prophylaxis cup at near normal attitude
to the specimen produced nearly éimﬂtaneous melting of the crystals in
the time interval considered here. From this observation, and due to |
the difficul’cy of observing four events in near succession, it was felt
that two crystals monitoring normal conduction paths might serve equally

well.
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Again, on cooling, the surface of this amalgam specimens presented
a uniformly frosty surface.

Conclusions based upon these preliminary observations of the condi-
tions for the release of mercury are:

(1) that release occurs at a surface temperature of amalgam near
177° F. (80.5° ¢.). |

(2) +that polishing in a thermally abusive mamer, capable of being
performed in the mouth, can result in temperature increases at the amal-
gam surface in excess of that attendant mercury release fram set amalgam.

(3) +that the application of this polish using just the prophylaxis
cup can be controlled, for specified conditions of load, time interval
and speed of polishing, to effect mercury release from the amalgam sur-
face,

(L) that the amalgam surface, having been heated or polished in a
mamner to release of mercury and then allowed to cool, evidenced a

frosty appearance different from the original.
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APPENDIX IV

Tables of Analysis of Variance
The tables of compcnents of the test of analysis of variance

campiled from the previous test data are listed on the following

pagesSe
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