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ABSTRACT

A typical class II amalgam preparation was restored twice by
twenty~three pedodontists and twenty-three general practitioners.
The dentists used their customary amalgam systems and restored the
preparations in their respective offi;es, Data collected from these
samples indicated the first group and seccnd group of restorations
produced by the dentists were statistically similar. Likewise the
performances of the pedodontists and the general practitioners were
found to be the same, A correlation (r=.69) was established between
precondensation mercury and residual marginal mercury. A1l other
simple and multiple correlations involving precondensatlon mercury,
residual marginal mercury, and adaptation were insignificant.
Disregarding all other factors the method of condensation did nct
affect adaptation significantly. Adaptation was considerably poorer
for micro-cut alloys than for other types of alloys. Fine cut,
- medium cut, and spherical alloys produced approximately equal results.
The dentists that did not remove excess mercury from the amalgam mix
prior to condensation (non-squeeze technique) produced alloys with
better adaptation than those that removed exceés mercury {squeeze

technique).
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INTRODUCTION

As early as 1896, G. V. Blacklspecified that the resistance to
flow of amalgam was influenced by the proportion of mercﬁry in its
composition, with an éxcessive or insufficient amount weakening it.

He noted that amalgam could be influericed by the ﬁdegree of perfection
of its manipulation®,.

The basic éhemical composition of dental alloys has varied little
among commercial brands since the formula was suggésted by Black,?
Amalgam is the most universally used restorative material, with it
being the restoration material of.choice for 75 per cent of all feeth.3s4
In spite cof its long and extensive usage, many aspecis of dental amalgam
are still questioned.

- The purpose of this investigation was to evaluate several factors
of amalgam procedures that might influence the quality of dental amalgam
as they might occur in a clinical enviromment, Materials for this
evaluation were obtained from an egual number of general practiticners
and pedodontists. The dentists used the amalgam system in theif respective
offices to resfore a typical class IT amalgam preparatiocn. The variables
of precondensation}mercury content, residual mercury content,‘condensation
methods, and alloy types were compared to the adaptability of dental

amalgam in the elass II amalgam preparation.



REVIEW OF THE LITERATURE

Marcus ward5, in 1908, after testing amalgam specimens produced
by various brands of alloy concluded that: (1) the amount of mercury
used in the trituration of amalgam should be in excess of that desired
in the final restoration; (2) the quantity of mercury used in trituration
should never be of a proportion sufficient to make a "sloppy" Mercury=
alloy mass; (3) alloys of like chemical composition may vary slightly
in the amount of mercury required for amalgamation because of diffe;ences
in the physical structure of the alloy; (4) siightly excessive amounts
of mercury used during triifuration increased the strength and stability
of the restoration provided the excess was removed before condensation.

Southwellé, 1911, using coﬁpressed air, tested the adaptation of
amalgam, Leakage, (lack of adgptation), was noted by the bubbling of
water when air pressure was placed on a submerged restoration. The
first amalgams tested were done by several different dentists and
showed leakage from pressures of four ounces to sixty pounds,

In 1912, Harper,lusing a similar compressed air test, evaluated
400 amalgams placed with fifteen of the then best known available allaoys.,
Employing a wniform condensing procedure, he found great variation in
the resulis of his first restorations, indicating differences in the
alloys. Harper found that adaptation generally improved with the age
of the restoration up to six months. After this the restoration
began to "leak" at lower pressures, Alteration of his condensation
technique by using smaller pluggers and smaller increments of amalgam

improved adaptation of the restorations,



McCauleyD, in 1912, investigated the manipulation and physical
propefties of amalgam; concluding that good restorations are produced
by: (1) using the correct amount of mercury, (2) proper amalgamation,
(3) proper packing condensation within the cavity, (&) géod adaptation
to the margins, and (5) correct finishing., He stated thaﬁ "proper
plasticity acquired by the right amount of mercury is our greatest
aid in obtaining good margins,®

Harper9, in 1915, requested thrity practitioners to restore a test
preparation. On observing the adaptation of the restorative material
to the cavity, he found that two-thirds of the restorations showed
imperfections apparent to the naked eye, He concluded‘that theée defécts
were of such a magnitude as to necessitate a change in the amalgam
technique used.v

In a study done at the Bureau of Standards, Washington, D. C.,
Souder and Petersdemonstrated that manipulation of the dental amalgam
was probably subject to greater carelessness than any other phase of
the restorative procedure, They standardized a procedure for trituration
and condensaiion noting the difference between the manufacturer?s claims
and the results of their tests.

Harperl} in 1925, siated that "the use of an excess of msrcury and
mixing to practical completion in the mortar develops a*sﬁooth, wall
lubricated, plastic mass - - - = and by retaining the excess mercury in
the mass up to the moment of insertion, the maximum adaptability to
cavity walls 1s retained and may be sescured by thorough, forceful, and
orderly packing.® He further stated that proper plasticity should be

consldered the key to perfect adaptation,



In 1932, Leroyl%ested the adaptation of amalgam speéimens
prepared'by practitioners using varying amalgam techniques. He subjected
the séecimens to several staining sclutions as well as to a pneumatic
testing machine., The degree of resistance o air leakage was found to
vary enormously with different amalgams, Restorations produced by the
most reputable manufacturers showed the best averages. The tests shoﬁed
that the ingress of a 10 per cent mercurochrome solution could not be
prevented and that dyes demoistrated leakages when air did not,

In 1932, Ward and Scott Binvestigated the effects of variations in
the manipulation of amalgam on physical properties. They féund that the
percentage of mercury decreased with an increase in packing pressure.
Their data indicated that little reduction in the amount ofymercury
teyond 28.3 per cent could be achieved by further»increasing condensation
pressurs., Thé investigators found the amount of mercury used in the
trituration and mulling processes is vital to the dimensional stability
. of the amalgam, |

14 :

In evaluating amalgam fajlures, Humble , in 1933, examined 1000
extracted teeth having amalgam restorations. He subjectively concluded
that 62 per cent showed evidence of poor condensation.

Mierley;5, in 1935, stated that packing pressure had a marked
influence on the dimensional changes that take place in an‘alloy; The
less the packing pressure, the greater the residual mercury content in
the final restoration, with a resultant greater increase in expansion,

Ward, et allé, listed variables in amalgam manipulation that
included: (1) size and shape of the particles, (2) percent of mercury

used to make the mass plastic, (3) condensation‘pressure and effect on



mercury content, and (&) deferfed packing and effect on mercury content,
They stated that different amalgam techniques affect dimenéional éhanges
by altering residual mercury conient‘ |

Phillips and Boydly, in 1947, determined the perceniage of.residual |
mercury in restorations after condensation of amalgam witﬁ different
mercury-alloy ratios. Six alloys were used for this study. - Their
manipulation, other than mercury-allocy ratib, was held constant, Results
of the study_shbwed: (1) that as the original mercury-alloy ratio
increased, the percentage of residual mercury retained in the final
restoration also increased proportionally; (2) for each additional
15 per cent of mercury used in the original mix, there was an average
increase of l1~1.5 per cent of residual mercury; and (3) there was a
definite though not excessive loss of strength and increése in flow
caused by using improper mercury-alloy ratios.

Leel reviewed the literature stating that an increase in the
precondensation mercury-alley ratio increased the percentage of residual
mercury proportionally. If more mercury was used in the original
amalgamation, more residual mercury remained in the completed restoration
regardless of the method of condensation,

Healy and Phillipsl9visually examined 1521 clinically defective
amalgam restorations. They concluded that the main factors which
contributed to the failures were improper cavity preparation(56 per cent)
and faulty manipulation of fthe amalgam (40 per cent) and/or its
contamination at the time of insertion,

In 1949, Phillips and Swartzzoevaluated the mercury content of 100

amalgam restorations removed from extracted teeth., The average residusl



mercury content of the amalgams was 43,4 per cent with a range of 28.6
per cent to 61 per cent. The investigators found the type of preparation
(1, 2, or 3 surfaces) did not markedly alter the residual mercury content.

Swartz and Philliple, in 195%, found no correlation between physical
properties (flow, strength, and dimensional change), residual mercury
- content of the amalgam, or the method -of condensation.

Crawford and Larsonzz, in 1954, investigated the relationship between
condensation pressure, residual mercury content, and crushing strength
of amalgam. Amalgam samples were produced using varying packihg pressures.,
Once condensation forces reduced the residual mercury content of the
specimens to 44 per cent little increase in strength was attained by
further increases in condensation pressures,

Using three alloys mixed according %o the manufacturer’s specifications,
Ware and DockingZBShowed thgt residual mercury content: (1) decreassd
slightly with increased trituration when low condensation pressure was
used; (2) substantially decreased with increased packing pressure until
a limiting value was attained with exiremely great condensation forces;
(3) increased with increased mercury-alloy ratio.

McHughza, in 1955, investigated the effects of mechanical or hand
condensation on hardness and adaptation cof amalgam. Specimens Wwere
Prepared by placing the amalgam in eifher small and/or large increments,
Micro-hardness tests on specimens prepared by hand and by mechanical
condensation showed little difference in the central areas., Tests on
the edge of the specimens showsd that one typs of mechaﬁical condenser
produced restorations which were 20 per cent beiter adapted and harder

than restorations produced by hand condensation. The resulis also



showed that condensing amalgam in siall increments gave better results
cempared to large increments.

In 1656, Swartz and Phillip525investigated the residual mercury
content of amalgam sampies prepared at varying mercury-allcy ratios.
Between the ranges of 50 per cent - 55 per cent residual nercury content,
the compressive strength of the specimens was not appreciabiy altered.
There was a serious loss of strength when the résidual mercury exceeded
55 per cent. The authors investigated the residual mercury content of
seventeen Mgood to average" class IT amalgams obtained through extraction.
Analysis indicated the restorations were not homogeneous, and that residual
mercury in marginal areas approached 60 per cent, »

Phillip826, in 1958, in an overall review of amalgam, stated that
probably the greatest influence on the physical properties of amalgam
- was final mercury content of the restoration. He pointed out that
excess mercury used in the original mix resulted in a higher percentage
of mercury in the final restoration regardleés of the condensation
pressure or the technique employed. Phillips also noted that the
residual mercury content of restorations was invariably higher at the
marginal areas by 2 or 3 per cent.

In 1959, EBamss deported.on a2 laboratory and clinical study of four
years duration. In this investigatién, amalgam was triturated using
slightly less than 50 per cent merciry and was condensed without mulling
or removing excess mercury from the mass, Eames believed this procedure
o produce restorations that had the acceptable aspects of conventional
amalgam technique; plus, it eliminated the time consuming and rather.

erratic task of removing excess mercury.



Hatt, et al 2? in 1959, found that within specific ranges the

anount of mercury removed had little effect on adaptation whether
mechanical or hand condensation was utilized., Vardiations in the
condensation procedures did have a marked influence on the relation-
ship of the amalgam to the cavity wall.

Tn & 1961 clinical study, Nadal, st al 2 *gfaced 257 amalsam
restorations in cavity preparations with uniform dimensions. The
restorations were done by three different techniques which produced
amalgams of low, medium, and high mercuiy content, The restorations
were polished after twenty-four hours and examined periodically over
a one year pericd. Deterioration wés noted in resitorations placed by
all technigues. Both the number and severity of the marginal fzilure
increased as the residual mercury content of the restorations increased,
Compressive strength values were obtained from similar restorationé done
in vitro. Results showed a steady decrease in strength as the residual
mercury content increased from 48 per cent to 62 per cent.

Sweeney and Burns 3? in 1961, showed the original mercury-alloy
ratio to have little effect on flow, dimensicnal change, or residual
mercury content; provided that the excess mercury was rémoved through
sgueezing, and the amalgam was well condensed. Samples from four
different alloys of widely different particle sizes and five mercury-
alloy ratios ranging from one teo one through ten to one were used,
Physical properties were similar for the tested allecys.

Heim 3% in 1962, compared condensation of amalgam into round énd‘

acute retentive grooves, Hand or mechanical condensation was used,



Hesults indicated mechanical condénsation to be slightly better than
hand condensation for the eighteen preparations. Heim found the type
of alloy, whethsr high or comparatively low in mercury, made little
differenée on condensation of amalgam into retentive graoves,

Mahlesr and Mitcheij, in 1964, found as the residual mercury content
of amalgam increased, the compressive, tensile and transverse (edge)
strengths decreased with a sharp drop at approximately 54 per cent
mercury content. There was a great similarity of the strength mercury-
conient relationships between compressive, tensile, and transverse
strength.

Jorgensen 3? in 1964, investigatad the influence of condensation
pressure on crushing strength and mercury content of amalgam, He
prepared specimens of six different alloys using standardized procedure
varying only the condensation pressures. As the nercury content
decreased, the crushing strength of all the amalgam samples tested
inereased ﬁith inecreased condsnsation pressure. The resulting.mercury
content depended on the type of alloy used e, g., one alloy gaVe a
50 per cent mercury content while another resulted in a 39 per cent
mercury content under similar conditions. This study demonstrated that
amalgams with the same mercury content may nave widely different crushing
strengths, The investigation also démonstrated that’différent amalgams
with the same crushing strength may vary considerably in residual mercéry
content.

In 1965, JorgensenBﬁpresented a method for objectively registering
the adaptability of amalgam, This system was based on the roughness, or
lack of adaptation, that resulted when an alloy was condensed against

a smooth, flat, nolished, cfeel surficn.  Mis =an~hmsns ina wanioe.
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by means of a diamond cone drawn across the steel surface ofrthe tested
material. He concluded that roughness values are essentiallybdifferent
for different commercial brands of alloy. He found that fine grains,
preamaigamation, and possibly zinc content reduced roughness. Prolonged
mixing, high condensing pressure, and mechanical condensation also
reduced roughness, especially when the predetermined properties of the
alloy produced a relatively rough surface.

36in 1965, examined 1200 extracted first permanent molars

Jorgensen,
| with amalgam restorations. He felt the gzreatest factor leading to
marginal breakdown was corrosion with resulting mercﬁroscopic expansion,
The amalgam surface facing the cavity wall acted as an anode in a
concentration cell element, with the cathode the free surface of the
restoration. Due to anodic corrosicn metallic mercury was set free,

The mercﬁry diffused intec the amalgam from the cavity side and caused

a unilateral expansion of the wedge-shaped amalgam margin. As a

result the margins moved away from the supporting cavity wall, In an
effort to reduce mercuroscopic marginal deflection, Jorgensen recommended
that the mercury content in the margins be redﬂced to a minimum. He
further suggested that the amalgam be as wellvadapted as possible in

an effort to reduce the amount of electrolytic solutions ffom the inter-
face between the‘amalgam and the tooth,

MabVor A Mddhon ” |, G 1965, Sudiss The eifack of precondensation
mercury on the physical properties of amalgam. They tested the‘oné hour
and seven day strengths and dimensional change comparing the Eames and
conventionalvsqueeze techniques, Samples were made of fine cut and

medium cut alloys with different precondensation mercury values,
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Using the same itest conditions, ths Eames technique did not have any
significani strength advantage when comparad to the conventional technigue,
The use of 50 per cent, 52,5 per cent, and 55 per cent precondensation
mercury contents did not significantly alter the dimensional behavior

of the tested alloys. Testing indicated the hazard of excess mercury at
the margins of restorations was not the result of excess nercury

initially but probably the result of inadequate condensation technique,

38

In 1965, Jorgensen used three medium grained alloys, prepared in

a standardized manner, to study the interrelationship between the s%ructnre,
the mercury content, and their mechanical properties, He microscopically
viewed the y- phase (unreacted particles) of the amalgam, The results
demonstrated that the greater the percentage of V-phase the greater was
the crushing strength and the leés residual mercury content, It was
shown that increases in the condensation pressure increased the T-phase,
decreased the amalgam matrix, and decreased porosity.

Further studies by Jorgensen 3? in 1966, investigated the relation
between crushing strength, mercury conteht, and porosity of a given
composition of allcoy. Variations in mercury content and porosity were
obtained by altering: (1) the initial ratio of mercury to alloy, (2)
the mixing time, (3) the time interval betwesn the star£ of trituration
and condensation, (&) the condensation pressure, and (5) ihe duration of
condensation., Results indicated that crushing stfength varied with
both the mercury content and the amount of porosity. A 1 per cent
increase in porosity reduced the strength approximately ten times
cempared to a 1 per cent increase in residual mercury content.

In an effort to arrive at a system for conirolled precondensation



mercury content of amalgam, Eastman and~CallahanéOaccurately welghed

cut 500 amalgam pellets and 500 spills of mercury from a nohadjustable
gravity dispenser. The theoretical mixes of amalgam derived from
triturating the Weighed mercury and alloy contained 49.05—51.92 per cent
nercury 96.75 per cent of the time,

Mahler Q% in 1967, reviewed the basic concepts of dental'amélgam.

He indicated that as élloy particles were mixed with mercury'they under-
went a reaction to form essentially two new phases, a silver-mercury
phése (AnggB) and a tin-mercury phase (Sn?HgB);r These phases.>p1us

the original alloy particles (AgBSn), coripose the set amalgam, The matrix
consisting of the new phases is weaker than the original alloy particles,
Therefore, a minimum amount of matrix will result in a stronger amalgam,
Mercury is common to the new phases that compose the matrix. Tﬁeref@re,

a measure of the amount of mercury present is é measurs of the amount of
matrix and consequently the strength of the amalgam.

Ontani and Jorgensengz, in 1967, determined that the mercury in
amalgam was directly proporticnal both to the 7 , (silver-mercury) phase,
and to the 7z, (tin-mércury) phase. They uniformly prepared amalgam
samples with varying amounts of mercury. The specimebs were reliefl
polished, and the 7> phase was determined by microscopic analysis. The
7~phase was determined after etching with 30 psr cent nitric acid for
fifteen seconds., After calculating the v -phase and porosity, the
phase was computed by subtraction. Théir findings indicate that the
reactlon phases of the amalgam have aAconstant proportion throughout the
range of 38-62 per cent mercury content,

1

In 1967, Jorgensen and Saito 3studied the occlusal marginal
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structure of amalgams, They prepared specimens using the Eames technigue,
a traditional technique, and a2 wet technique. The thres technigues were
combined with three marginal procedurss: (1) the cavity was not over-
filled nor burnished (2) the cavity was overfilled, the excess was
removed with a carver, énd the surface of the filling waé smoothed; and
(3) the cavity was overfilled, the margins were burnished, and the exéess
amalgam removed., The optimal structure of restoration margins, (the lowest
possible porosity with the highest possible content of 7-phase), was
obtained by systematic overfilling and burnishing of the margins with
removal of the excess amalganm by carving, This method produced a similar
quality of margin irrespective of technique (Eames, traditional, and/or
wet),

Sardana and Provenzauu, in 1967, investigated the adaptation of amaigam
to the caviiy walls with different mercury-alloy ratios. In Group I,
preparations were restored using a 7.3/5 mercury-alloy ratio with an
inereased dryness technique., In Group II, preparations were restored
using the same mercury-alloy ratic;vhowever, each increment of amalgam was
squeezed completely dry prior ‘to inmsertion. In Grouwp III, a 5.8/5 Mercury-
alloy ratio was used with the EBames technique, All preparations were
sectioned and optical micrographs taken. Group I amalgams produced the
best replication of cavity walls, followed by Group III, and then Group
£L:

Mahler45, in 1967, tested the plasticity of a fine cut, a micro-cut,
and a spherical alloy prior to condensation, He used specimens made
from the conventicnal and Pames techniques. An amalpress utilizing a

2 mm..indenter pin was used fo calculate plasticity from the amount of
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indentation of the sample at a given load. The results demonstrated the -
following: An increased precondensation mercury content of amalgam
produced incrzased plasticity; a micro—cut allcy produced mixes»less
plastic than fine cut alloys; spherical alloy mixes were extremely plastic
but were not unique in this characteristic, since ons conventional fine
cut alloy had a similar plasticity. |

Eamesné, in a 1967 marginal adaptation investigation, condensed amalgam
samples into steel dies simulating a class II preparation. The dies
were separated, and the specimens examined microscopically. He found
better adaptation was produced with a 50-52 per cent precondensation
mercury amalgam mix than with lbwer percentages., Better adaptation‘was
produced with condensation of small increments than with large ones. Eames
further demonsirated ihat eight pounds cendensation thrusts were beiter
than three pounds thrusis or one pound thrusts,

Mitchem and Mahlergy, in a 1968 laboratory investigation, examined
the adaptation of amalgam restorations to caviiy margins. A fine cut,
a micro-cut, and a spherical élloy were used undéf ?arying amounts and
types of condensation forces; with varying mercury-alloy ratics. The
amalgam was packed into identical class II preparations using standard
procedures, After two days the proximal surfaces were polished, and
the adaptation evaluated, The findings were: (1) under optimum conditions
of hand condensation, with low condensation forces, adaptation was
influenced by the precondensation plasticity of the mix; (2) under these
same conditions, the micro-cut alloys were poorly adapted with an excessive
marginal mercury content, (3) with’these test conditions, no significant

difference was found between the fine cut and the spherical alloy as far
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as marginal mercury content and adaptation; (4) micro-cut alloys were
better adapted when three pounds of condensation force Wés used compared
to one pound, while six pounds of force or mechanical condensation was
necessary to reduce marginal mercury contents within acceptable limits,
and (5) in all instances, micro-cut alloys demonstrated 4-6 per cent
higher marginal mercury centent than either fine cut or~spheficél alloys.
Azarus,‘et al, 1968, prepared amalgam specimens using a fine cut
alloy with the Eames technique and a 52 per cent precondensation mercury
content. The specimens were prepared by condensing amalgam into spiit
metal dies with line angles of 300, &50, 600, énd 900. The discrepancy
between the amalgam and the edge of the die was photographed at a
magnification of 84 times and measured. Adaptation to the BOOIline angles
was extremely poor. The areas of discrepancy decreased as the size of
the angle increaséd until at 90° there was no apparent discrepancy,
Mitchem and Mahlerqg, in 1969, inveétigated the influence of alloy
type on maprginal adaptation-and final residual mercury content. Ten
different brands of alloy were used. Alloys were classified on the basis
of the amount of mercury required to give theﬁ a uniform plasticity
(0.001 inches/pound). The alloys requiring 51 per cent or less of
precondensation mercury were considered fine cut, Those requiring 54
per cent precondensation mercury or ﬁore were consldersd micro-cut.
One alloy fell halfway between the fine and micro-cuts, Amalgam Wés
condensed into a duplicated class IT tooth model under controlled
laboratory conditions and alsoc by 81 dentists. Residuzal mercury and
mafginal adaptation was evaluated on the occlusal and proximél margins.

Results demonsirated that under laboratory conditions, the micro-cut
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alloys produced restorations with 3-5 per cent higher occlusal marginal

mercury content., Under simulated clinical conditions, the practitioners
produced restorations with 3 per cent higher marginal content using the

micro-cut alloys. These were less well adapted to the proximal margins

then the fine cut alloys.

In 1969, Azar, et al,sostudied tge effects of hand and pneunatic
condensation technigues using a spherical alloy with six different
mercury-alloy ratios. He employed the Eames technique creating spscimens
with 45-52 per cent precondensation mereury, These amalgam samples were
uniformly condensed into a split steel die with an acute line angle of
300‘ After compaction, the die was separated. The discreéancy between
the die and amalgam was measured fromvan enlarged photograph of the area.
Twenty specimens were used for sach mercury~alloy‘ratio. .Results
demonstrated that between 48-52 per cent mercury adaptation did not
significantly change for either hand or preumatic éondensation technique.

Jorgenéensl, in 1970, created amalgam samples containing 50,55,
and 60 per cent mercury using 24 different brands of alloy. The specimens
were chemically treated with sodium citrate to dissolve the ?é {tin-
mercury) phase of the amalgam. Microscopic examination showed that in
all cases the dissolution (corrosion) of the % phase advanced according
to the length of iime speat in the scdium citrate solution with complete
dissolution of this phasevin 32 weeks, It appears all 1@ grains
anastomose with‘each other and this can be selectively dissolved by
corrosion, This was true for all the amalgams tested, The volume af»the
7: phase varied only relatively little with the mercury content. Thus,

Jorgensen felt it unlikely that the rather modest variztions of mercury
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content occuring in amalgam restorations could have a major influencé on
the corrosion of the resiorations. He thought that porosity in an amalgam
considerably accelerated corrosion by permitting the penetration of
electrolytic solutions into the interior of the restoration; thus
inereasing the contact area between these solutions and the 7 phase,

Sinmon and_WelkSz, in 1970, used six different brands of alloy with
nine mercury to alloy ratios to evaluéte line angle adaptation. The Eames
technique was employed to create amalgam with precondensation mercury
contents of 4862 pervcent. Six samples of each proportion were prepared.
These were mechanically condensed into a split metal die containiﬁg a
simulated class II cavity prepératibn with an exaggerated retention
groove., After condensing the adaptation was evaluated from photographic
enlargements of the line angle areas. They found for all alloys studied,
the lowest proportion of mercury that would give the best adaptation
| varied from 51-54 per cent., All alloys but one demonsirated an optimum
content of residual precondensation mercury in relation to adaptation,

In 1971, Grieve 3restored twenty class II preparations on preserved
extracted teeth., 4 fine cut alloy was mixed at one to one mercuryualloy
ratio, and a non-squeeZe technique was used. Cne-half of the amalgams
were polished and one-half were left unpolished. The teeth were treated
with a dye soluticn, sectioned, and viewsd under a microscope. All
margins, both the polished and unpolished, showed some degree of leakage.
Statistically, less leakage occurred around the unfinished margins than
the finished ones. However, the degrese of frequency was greater for
the unfinished restorations.

H

in 1971, used nine brands of alloy in an in vitro study

-,

Granath,
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of microleakage., The alloys were prepared in a standardized manner

and condensed using a wet technique. The degree of plasticity was
subjectively evaluated during the condensation procedure, Leakage was
measured by a compressed air method. Results indicated that the greater
the degree of plasticity of the amalgam at the time of insertion, the
greater the quality of marginal seal,

Granath55, in an in vivo study,did dcclusal restorations on twenty-
eight bicuspids that were to be extracted for orthodontic purposes, He
used two different alloys; one had been shown to pfoduce a good marginal
seal and the other a relatively poor seal, Histological examination
following extraction revealed no statistical difference in the pulpal
inflammatory response to the two amalgams, Granath concluded that clinical
leakage was of little importance in the resultant inflarmation. He
attributed the pulpal irritation %to the high precondensation mercury
content of each alloy, |

Hanson and Richards 5? 1971, compared the adaptability of amalganm
into acute or rounded retentive grooves., Three different alloys were
condensed iﬁto a simulated three surface amalgam preparation in a split
steel die, Each proximal box of the preparation had one zcute and one
rounded retentive groove. Either hand or mechanical condensation was
employed in preparing the specimens. All rounded grooves regardless of
alloy or manner of compaction were completely filled, Filling of acute
grooves was comparatively poor. ‘However, mechanical condensation was
far superior to hand condensation with acute groovés.

In 1972, Jorgensen57inve5tigated the effects of selective total

dissolution of the T (tinemercury) phass in dental amalgam on tensile
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strength, He tested four alldys whose mercwry content varied from 38.9-

46 per cent. The mean reduction in strength was 16.4 per cent. 4

positive correlation was established betwszen the reduction in tensile
strength and the mercury ccntent of the specimens, Jorgensen theorized

that corrosive dissoluticn of the 7: phase in margins of amalgam restorations
with a higher content of mercury might result in a considerable reduction

in their tensile strength far beyond 16.4 per cent.
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METEODS AND MATERTALS

Twenty-three general practitioners were selected at random from the
Portland, Oregon area. An equal number of pedodontists from the State of
Oregon participated in the investigation, DBach dentist ﬁas requested
to condense two amalgam restorations in a typical Class II preparation
in a resin tooth model of a méxillary-first permanent molar (fig. 1). The
proximal surface of the tooth modél was ground flat to facilitate
adaptation of a piéce of seml-rigid metal shim material (0;05 mum, thick).
The metal served as the matrix for the preparation. The tooth nodel
and matrix were embedded in a plaster duplication of a maxillary posterior
arch. 7Iwo identical preparations were restored by each particiéating'
dentist. The first model was mailed to the dentist with a questionnaire
to be completed concerning his amalgam system (Table I, Appendix). This
model was restored using his usual amalgam procedure., The second
restoration was completed with the invéstigator present; observing the
amalgam insertion, At this time an additional questionnaire was completed
(Table II, Appendix). The purpose of the two separate restorative
procedures was an attemot to clarify any difference in the dentistts
performance with or without an observer present. |

Samples of amalgam were collected prior to the ylacemantbof all
restorations following any squeezing of excess mercury and/or mulling,
These samples were to be used for evaluation of precondensation mercury
content.

The teeth were removed from the models without finishing or polishing
the proximal surfaces. Black and whiﬁerphotographs were taken of the

proximal surfaces which were magnified fourteen times. These photographs
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were to be used as the basis for evaluating the adaptation of the amalgam,
Four‘phoiographs were selected from the combined sample which were judged
to represent excellent (group I), good (group 1I), fair (group ITI), and
poor (group IV) adaptation (fig. 2). Three evaluators, independent of
the study, examined the photographs and placed each in one of the four
groups. The photographs were then ranked from best to worst within each

group., The first and second restorations were evaluated and ranked

separately.

-

The rankings of the three evaluators were statistically examined for

inter-examiner agreement according to the method of Iu” (1971), (Table III).

The coefficient of agreement (A) was calculated by the formulas

9 2
A= OH-S3
TH2

where
2 ed : oy
gi =the observed within subject variance
a
OH =expected within subject variance under conditions of

maximm entropy.

TABLE TII

Exeminer Agreement for Proximal Adaptation

A |
Prep. I .75
Prep., II ‘.?O
;feps.l & 1T T2

A=Uoefficient oo agruvemcat
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Fig. I Preparation restored by participating dentists

Fig. 2 Proximal surface of restored preparations
representing excellent(group I), good(group II),
fair(group III), and poor{group IV) adaptation

S

By e iy e g
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After completion of the photographs, the occlusal margin of each
restoration was carefully femoved'with a number eight round carbidé bur
and collected in a large Petrie dish for subsequent weighing (fig. 3).
These specimens were analyzed for residual mercury content.

Mercury content of the samples was computed using the mércury
analysis of Crawford and Larsen59(l955). The accuracy of this procedure
has been shown to be Q.Oj9ip.016 per cent. All samples were weilghed, then
heated to 1100°F for one hour in an argon atmosphere (fig, &), Tﬁe
mercury content was calculated from the weight loss of the samples '
following the volitization of mercury at llOOdF.

From the quesiicnnaires, the method of amalgam condensation was
grouped intc either hand or other methods of compaction. Other meﬁhods
included pneumatic; mechanical, or a combination of hand, mechanical, or
pneumatic condensation.

The commercial alloys used by the participating dentists were
grouped into fine, medium, miecro, or coarse cuts as reported in the
investigation of Mahlerajin 1967, Spherical alloy was considered as
another classification.

The restorations were grouped on the basis of those that had excess
mercury removed, (the "squeeze technicue"), prior to éondenéation and
those that did not.

The adaptation rankings were given numerical values by transforming
thém inteo ridit scores, A ridit analysis was‘performed;éoThis caleulation
compared performance, as expressed by adaptation, between the general
practitioners and the pededontists; between the "sgueeze technique®

and the "non-sgueeze technigue;" between hand condensation and other
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Fig. 3 Restored preparation. Arrows indicate areas of
occlusal margin removed for residual mercury analysis

Fig. 4 Horizontal oven used to heat
amalgam specimens
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methods; and between the various types of alloys utilized.
An analysis of variance was then done comparing the dsscribed
variables to marginal adaptation.
' . . 61
A path coefficient analysis was completed to evaluate any
interrelationship between precondensation mercury, residuwal marginal

mercury, and proximal adaptation.



RESULTS

Table ITT indicates a significant coefficient of agreement between

the three examiners regarding proximal adaptation,

slightly better for preparation I than preparation II.

Mean values for the percentage of precondensation mercury and

The agreement is

residual marginal mercury are given in Table IV, Adaptation~means as

indicated by ridit numbers are shown.

batween the meaﬁs of the two preparations.

TABLE IV

There is a marked consistancy

Mean Values for Precondensation Mercury

Residual Marginal Mercury and Adaptation

Hg-R

N Hg-~P A
Prep, I 46 50.15+2.97 48.72+3.16 0.47+0,25
Prep, II L6 50.60+2,97 48,85+3. 14 0.53+0.21
Prep. I & II 92 50.3742.96 48.79+_3.13 o'.5oio.23

N=number of dentists

Hg-P=percentage of precondensation mercury

Hg-R=percentage of marginal mercury in completed restoratiion

A=ridit score of proximal adaptation

Tables V, VI, and VII present correlations involving precondensation

mercury, residual marginal mercury, and proximal adaptation. The only

statistically significant correlations are those between precondensation

mercury and residual marginal mercury.

The correlation between adaptation

and precondensation mercury minus residual marginal mercury was r=0.28,



TABLES V, VI, and VII

Correlation Coefficients for Precondensation Mercury,

Residual Marginal Mercury, and Adaptation

,27

Table VII

Prep, T & Prep. II

Table V Table VI

Prep. 1 Prep. II

HeR A HeR A
HgP 0,71* -0.14 HgP 0, 62% 0.05
HgR 0.12 HgR 0,27
HgPA | 0.12 HePA | 0,10

HgP=precondensation mercury

HgR-residual marginal mercury

A=proximal adaptation

HgPA=precondensation mercury and proximal adaptation

#=p{0, 05

HeR A
HeP 0.69% | -0,04
HeR ’ 0.19
HgPA| 0.09

A comparison of performance based on proximal adaptation is

given in Table VIII,

The higher ridit values indicate poor adaptation

(performance )and correspendingly low values indicate good performance.

Table VIII indicates significantly better adaptation by those practitioners

who did not squeeze excess mercury from their alloy mix as opposed to

those that did squeeze. Micro-cut alloys are also noted to give

considerably poorer adaptation than fine cut, medium cut, or spherical

alloys.

No difference in performance was noted between the general

practitioners and the pedodontists, between hand condensation and other

means, and batween preparation I and preparation II,
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TABLE VIIT
PERFORMANCE CF ADAPTATION

Ridit Analysis

Variable Mezn Ridit Value
General Practitioner 0,51
Pedodontist ) 0.50
Excess Hg Removed ‘0,57
No Excess Hg Removed o= : 0.45%
Hand Condensation 0.48
Other 0.356
Fine Cut . 0.50
Micro-Cut _ 0,67*
Medium Cut ‘ 0.47
Spherical ' 0.46
Prep. I 0,47
Prep. 11 , 0.53

Results are based on the degree of adaptation.
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DISCUSSICH.

The results indicate that there is virtually no difference in the
perfermance of the general practitioners and the pedodontists. Members
of both groups were divided approximately equally throughout the range
of adaptation.

The difference in performance between the restoration of preparation
I and preparation II was insignificant. This finding indicates that the
dentists as a group were consistent in their restorative procedure.’ It
further shows that performance was not appreéiably affected by the presence
or absence of an observer. The dentists performed as well alone as when
they were watched; thus, no "halo" effect was evident.

The mean precondensation énd residual marginal mercury values obtained
in this investigation are within the range of optimum according to most

2 !2 1] ¥ 4 '46? 2
studies.v5 9:33,37.39 5

However, these values showed very low
correlations with proximal adaptation, This indicates it was difficult
to attempt to predict the quality of adaptation from the amount of mercury
in amalgam either before or after céndensation. Residual mercury percentages
were slightlyrhigher than those found by Phillips and Swartzzoin 1o49
(45.6 per cent). This was understandable in view of the fact that inv
the present study the residual mercury was measured at the occlusal
margins, an area that usually has a higher marcury concentration., Phillips
and Swartz determined residual mercury for the entire amalgam restoration,

| It was originally thought that a larges difference between
precondensation mercury and residual marginal mercury might indicate a

thorough condensation and éonsequently a better adaptation, This theory

proved to be incorrect. The correlation between adaptation and the



difference between precohdensation mercﬁry and residual marginal mefcury
was found to be r=0.28,

The only meaningful correlation coefficients were found between
précondensation mercury content and residual marginal mercury, These
findings are in agreement with those of Phillips and Boyd™’who found
the percentage of precondensation mercury determined the amount of mercury ‘
in the final amalgam restoration. Ware and Dockinngmade similar
determinations in 1954. Sweeneyjlfound no correlation between the original
mercury/alloy ratio and residual mercury. Howeﬁer,-Sweeney calewlated
precondensation mercury before any excess was removed. In this study
precondensation mercury was evaluated after the excess mercury was
removed for those dentists who used this procedure.

It was found that the dentists who did not sgueeze excess mercury
from the amalgam mix prior to condensation had statistically better
adaptation than those that used the “squeeze techniqué“. This could

'possibly be related to the greater reprodgcibility of the "™no squeeze
technique" as suggested by Eames.27

Haﬁd condénsation was compared to all other methods of condensation
including pneumatic, mechanical, and combination techniques. Thirty-six
of the dentists in the study used hand condensation: ten used "other"
methods, The hand condensation group produced slightly better results,
but this difference was not statistically significant. MeHugh 2% in 1955,
found adaptation to be 20 per cent better only for oné Spécific,type of
mechanical condénser when compared to hand condensation. The present

investigation did not compare specific brands of condensers but rather

" ; ’ 28
examined mechanical and pneumatic condensers as a group, Hatt found no
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difference between hand and mechanical condensation. His investigation
mechanically measured the proximity of the alloy to the cavity wall.

3Zobtained slightly better results with mechanical than hand

Helm
condensation in his study. However, this evaluation was based solely on
the adaptation of alloy to round and acﬁte.reténtive grooves and not on
adaptation of other areas of the preparation. Azarﬁocompared hand and
pneumatic condensation and found no difference in adaptation between the
precondensationrmercury ranges of 48-52 per cent. Adaptation, as ig the
present study, was measufed from enlarged phbtographs. Azar was concerned
primarily with marginal adaptation, measuring the discrepancy betwesn |
the alloy and a steel die..kThe preéent investigation was éoncerned with
adaptation of an entire surface élthough marginal adaptation was a major
consideration. Hanson and RichardsSéfound nechanical condensation
superior to hand condensation, Howe?er, this judement was based only on
the adaptation of retentive grooves,

The alloys used by the participants in the study were divided inte
fine cuts (N=15), medium cuts (N=20), and micro-cuts (N=6),and épherical
alloys (N=4)}. Only one dentist used a coarse cut alloy, and for this
reason, it was discarded. Adaptation of the micro-cﬁt alloys was
strikingly poorer than for the other alloys as can be seen in Table VIII.
Mahler and Mitchem,a7'u9 tested the éame types of alloys undér controlled
cénditions and also found the micro-cuts to exhibit poorer adaptation,

Cther than the correlation bstween precondensation mercury and
residual marginal mercury,vthere appears to be no meaningful interrelationship
between precondensation mercury, residual marginal mercury, and adaptation.

Acceptable adaptation, as well as poor adaptation, was obtained with
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alloys of varying mercury contents, The most logical explanation for

this seems to be within the condensation process, Adaptation_was virtually
the same with both hand condensation and "other" methods. It was

fairly safe to assume that the condensation forces of thé‘"other"

methods were wniform and of sufficient magnitude to obtain good adaptation
of the alloy. This hints that condensation pressure may not be a highly
significant factor invadaptation. Possibly the manner in which the alloy
was condensed may be a prime consideration as suggested by Eames.46

The diameter of the pluggers, directiocn of condeﬁsation forces, and the
size of the amalgawm increments placed are pe;haps the most important
factors of adaptation in a clinical situation. Howeﬁer, these variables
were not included in this investigation. Mahlerglstated that of g1l

the procedures involved in amalgam technique, condensation was most

important; some errors in procedure can be corrected by optimum condensation,

whersas nothing can compensate for less than optimum condensation procedure.
g r
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CONCLUSIONS
4 statistically significant correlationbexists between precondensation
nercury and residual marginal mercury.
Micro-cut alloys produce restorations that are statistically poorer
in adaptation than fine cut, medium cut, or spherical alloys.
The dentists who did not squeeze out excess mercury priof to
condensation produced restorations that were better adapted than these
who did remove excess mercury.
Relationships between (a) precondensation mercury and adaptation,
(b) residual marginal mercury and adaptation, (c) precondensation
mercury minus residual marginal mercury and adaptation, and (a)
precondensation mercury, residual marginal mercury and adaptétiqn
are all statistically insignificant.
Hand condensation is not significantly different from mechanieal,
pneumatic, or combination conde;sation based on mafginal adaptation,

The presence of an observer has no effect on the restorations

- produced.

Restorations produced by pedcdontists and general practitioners are

statistically the same,
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"~ APPENDIY
Questionnaire mailed to dentists

Questionnaire completed at visit to the dental office
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TABLE T
Dental Office No,
Name of Dentist_
Year of Graduation
Name of Assistant
Name ovamalgamator used-------—~e-—---—-—---——-~--bento’mate
55 White
Wig-L~Bug
Torit
Silamat
Caulk Vari-Mix
Toothmaster
Other(Specify)
Name of Capsule & Pestle Used---—--------;----_----
Name of AllOy=mmmemmm e e e e
Mercury/Alloy Ratio
(Spills of Mercury/Pellets or Spills of Alloy)w—=—-
Mixing Time of Alloy-——- oy At S S
Sgueeze MiX—ceemmaame e o e e e e Yes No
Mull MiXemmmesaconemm—a ——— ——— ---Yes No
Type of Alloy Dispenser-e——- e e s e o2 0 et o e Kerr Spheraloy
| Pre-proportioned
Pellets -
Filings

Other
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TABLE I (cont®d)

12, Type of Mercury Dispenser—; ----------------------- Kerr Spheraloy

SS White

Crown

Caulk

Slide

Other(Specify)

13, Setting of mercury dispenser-—--m-e———- ,

T, CONAenSalior cm s s e o o o s e e ot 0 s e o e o 00 2 e Hand

Mechanical

Pneumatic

Combination

15. Brand Name of Mechanical or Pneumatic Condenser---Midwest

Kerr

Hollenback

Adec

- Cavitron

ther(Specify)
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ITT,

TABLE IT

Name of Dentist

Address

Telephone Number

Type of Practice

Years in Practice

Dental Education:

A, Dental School

42

Year Graduated

B. School of Specialty Training if Any

Name of Assistant

Certified?

Formal Tréining
Level of Education
Years of Experience

Taking Continuing Education Courses

Yes No

Yes No

If yes, where?
Expanded Duties?

If yes, what?

Bouipment
A, Amalgamator

Malgamator Time 1

Avg.

Stop Watch Time 1

Avg,

Cycles(l min, Loaded)
Type
B. Capsule and Pestle System:

Visual Inspection of Cleanliness

High Speed

No old alloy

Low Speed
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TABLE II {con'd)

Moderate
Great
Leaking Hg Yes No
C., Hg Dispensers
Cleanliness - Clean
| Mbdérate
Dirty
Amount of Hg in Dispenser O~4 full ’
$-% full
Lofull
IV. Amalgamation Check List
A, Assistant
Time spent for mixes 1 pellet 2 pellets____
Does Assistant invert afier each spill of
Hg Yes No
Saueeze excess Hg ‘ Yes No
Mull , Yés. No

B, Dentist

Condenser Type

Amount of Gverpack






