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INTRODUCTION 

Previous studies on repair of amalgam fillings have shown that the bond 
strength of repaired amalgam often is considerably lower than the strength of 
unrepaired amalgam. 

Terkla et al. (1961) found that the flexural strength of amalgam bonds 
always is less than half the flexural strength of unrepaired amalgam. Kirk 
(1962) demonstrated that the repaired area has a tensile strength which often 
is much lower, though sometimes almost as high as that of iinrepaired 
amalgam. 

In neither study a detailed analysis has been made of possible factors in 
the strength of the bond between old and new amalgam, and no method for 
obtaining maximum bond strength has been proposed. 

The present investigation was designed 1) to analyse some factors in the 
amalgam technique which are likely to influence the strength of the bond 
between old and new amalgam, arid 2)  to arialyse to what extent the structure 
of the old amalgam is affected hy excess mercury flowing over its free surface 
during the repair. 

The first part of the study is based on the consideration that establishment 
of a union between old and new amalgam is, in principle, comparable to 
soldering, and that a condition for good bond strength is an effective wetting 
of the solid alloy (the old amalgam) with the liquid (mercury with dissolved 
alloy components). 
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MATEHIALS AND .METHODS 

‘The investigation was carried out with ‘True Dentalloy (S.S. White Dental 
Mfg. Co., G.B., hatch no. 926503) and mercury (May & Baker Ltd., G.R., 
hatch no. K 165) certified t o  meet the requirements of the F.D.I. specifica- 
tion no. 2. 

Alloy and mercury were proportioned in the ratio of 1.24/1.86 g and mixetl 
for 20 seconds in a Wig-L-Bug with pestle in the plastic capsule. Two minutes 
after the mix was comI>letecl the amalgam was condensed into a cylindrical 
steel mold of 5.00 mm diameter using steel pistons about 0.01 m m  smaller 
in diameter than the mold. ‘ h e  condensing force was 40 kI>, and the conden- 
sation time three minutes. The finished test specimens contained 48.0. & 
0.5 % mercury, and had a length of 10.0 & 0.5 mm. 

A. The specimens were randomely divicletl into a control group and an 
experimental group and stored at room temperature (23 & 2 O  C). Seventy- 
two hours after preparation the flexural strength of the control specimens was 
measured by means of an apparatus designed as illustrated in Fig. 1. The 
apparatus was mounted in a Losenhausen testing machine, which loaded the 
specimens at a rate of 1 kp/sec. 

Fig. 1. Apparatus for mounting of test specimens to be measured for flexural strength. 
The loading bar and the supports are 1,s mrn in diameter, and the two latter rods placed 

7.0 mm apart. 
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Just under 72 hours from preparation the specimens in the experimental 
group were sawn through to form two cylinders, each with a length of 5.0 5 
0.5 mm. The cut end surfaces were polished with carborundiim paper no. 600, 
rinsed in water and ethanol and dried. After varied treatment of the end 
surfaces (see below) the 5 nim long specimens were placed in the cylindrical 
molds with the conditioned surfaces upwards. Against these surfaces freshly 
mixed amalgam was condensed by the same technique as described above 
using, however, only half as much amalgam as for the original specimens. 
Thus the repaired specimens became 10.0 & 0.5 mm long. As shown by 
earlier experiments the variable introduced (the amount of the mix) does not 
produce detectable changes in the properties of the specimens (mercury 
content, compressive strength, setting expansion). 

The repaired specimens were measured for flexural strength 72 hours 
after the repair in the same way as the control specimens. 

After polishing, cleaning and drying, and before the repair, the end sur- 
faces of the 5 mm long experimental specimens were treated in one of the 
following ways : 

1. No additional pre-treatment. The amalgam used for the repair was 
packed against the end surface immediately after cleaning and drying. 

2. The end surface was wetted with saliva and dried and the repair amalgam 
condensed against it immediately after the treatment. 

3. The specimen was kept at room temperature for 48 hours before the 
repair, so that a slight oxidation of the amalgam surface might be expected. 

The oxidation was not visibIe to the naked eye, but microscopic inspection 
of the polished amalgam surfaces revealed distinct oxidation after 48 hours. 

4. The end surface of the specimen was wetted with mercury by grinding 
under light pressure for about 10 seconds on carborundum paper no. 600 
in the presence of a drop of mercury. 

5. The end surface was wetted with mercury by 10 seconds intensive scrap- 
ping with the edge of a plugger in the presence of a drop of mercury. 

Ten specimens were tested in the control group and in each experimental 
group. In addition, a small number of specimens for each of the five test 
groups was prepared for microstructural study of the repaired area. 

B. The effect of the age of the original amalgam upon the strength of the 
repair was investigated in a special series. Before the repair the original amal- 
gam was stored at room temperature for 48, 72, or 720 hours, respectively, 
and the end surfaces of the subsequently halved specimens treated by the 
above described method 4. The flexural strength was measured on ten spe- 
cimens in each age group 72 hours after the repair. 
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C. The significance of the ag- of the bond was also studied in  a special 
series. The cut surfaces of the halved specimens were treated by niethod 4 
before repair. The gain in strength with the time elapsed from the repair was 
compared with the gain in strength of the non-repaired control specimens. 
Ten specimens were tested in each age group of both repaired and unrepaired 
specimens. 

To supplement the abovementioned tests on niechanically condensed spe- 
cimens a small number of hand-condensed specimens was measured for 
strength, both in unrepaired and in repaired condition. The experimental 
results did not deviate fundamentally from those obtained by mechanical 
condensation. 

D. In tlie investigation on a possible structural change in the old amalgam 
due to excess mercury flowing over its free surface at the time of repair all 
the specimens were packed by hand. The amalgam was packed hy different 
techniques into circular cavities (diameter 4 mm, depth 3 mm) in Plexi glass. 
S-venty-two hours after preparation one half of each filling was removed with 
a fissure bur, leaving a semi-circular cavity with one of its walls consisting 
of amalgam. This new cavity was immediately filled with freshly mixed 
amalgam following the technique used for the primary filling. The excess 
mercury expressed from the initial increment of repair amalgam after intro- 
duction into tlie cavity was rubhed into the wall of old amalgam with the 
edge of the plugger. The rubbing lasted 5-10 seconds, and apparently caused 
the old amalgam surface to be thoroughly wetted with mercury. After con- 
densation part of the exprel;sed mercury hail flowed over the free surface of 
the primary amalgam filling. ‘This excess was at once removed by dabbing 
with a small sample of unset, dry amalgam. 

After about three (lays the repaired fillings were cut through at right angles 
to the free filling surface and at the boundary between old and new amalgam. 
The cut surface was then polished rnetal1ograI)liically arid its structure exa- 
mined under the microscope, both in polished and in etched condition. 

RESULTS 

A. The significance of the surface treatments of the amalgam before thr  
repair is shown in Table I. 

The flexural strength in the table is indicated by the force required to 
break the specimens. Groups 1-5 refer to the abovementioned treatments of 
tlie end surfaces. The figures represent mean values and stantlard deviations. 
I t  is evident from the table that the repaired specimens were materially redu- 
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Table I 
Flexural strength of repa.ired amalgam 

N =  10 

Surface Control 1 2 3 4 5 
treatment 

Flexural 
strength kp 105.91-5.1 48.316.8 17.843.2 22.015.2 103.415.0 95.716.2 

Flexural 
strength ”/, 100 45.6 16.8 20.8 97.6 90.3 

ced in strength as compared to the unrepaired specimens (column 1, 2 arid 3), 
unless the repair surface was rubbed and wetted with mercury. If this was 
done, the strength values for the repaired specimens were equal, or nearly 
equal, to those for the unrepaired specimens. The difference between the 
control group and group 4 was not statistically significant (t = 1.107). The 
difference between the control group and group 5, on the othyr hand, was 
highly significant (t = 4.017). 

A11 the specimens in groups 1, 2 and 3 fractured at the joined surfaces, 
which as a rule showed only faint signs of union. In groups 4 and 5, on the 
other hand, the fractures were most frequent outside the junction, and whene- 
ver they were localized to the junction the two amalgam surfaces ihowed 

Fig. 2. Fractured repaired specimens. Left, two specimens where the surface to be handed 
was contaminated with dried saliva. Right, two specimens where the surface was wetted with 

mercury hy grinding on carhorundum paper No. 600. 
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Fig. 3. Fracture of two repaired specimens. The surface to the left had been contaminated 
with dried saliva before the repair, while the surface to the right had been wetted with mercury 

by grinding on carhorund~~m paper No. 600. 

always clear signs of union (Figs. 2 and 3) .  These observations correspond 
well with the examination of the microstructure in the repaired area, which 
showed a well-defined boundary between old and new amalgam in gronps 
I, 2 and 3 (Fig. 4). The boundary was the result of an  accumulation of voids 
and of the relatively weak y,-phase disposed immediately on top of the sw- 
face of the old amalgam in a 5-lop broad zone. Such a boundary zone was 
either unrecognizable or very little pronounced in the specimens from group 
4 and 5 (Fig. 5). 

B. The influence of the age of the original amalgam upon the strength of 
the hond is demonstrated in Table 11. 

A statistical analysis of the findings shows that the age of the original 
amalgam is without influence upon the strength of the repair. 

C. The effect of the age of the repaired area upon the flexural strength is 
demonstrated in Table 111, which also shows the strength for the control 
group. 

Table I1 
Effect of  the age of lhe original amalgam upon the flexlira1 strength of the repaired amalgam 

N = 10 

Age of original amalgam in hours 48 72 720 

E'lexural strength kp 105.1+4.6 103.4k5.0 104.016.2 
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Fig. 4. Structure in the boundary zone between old (lower) and new (upper) amalgam. The 
old amalgam had been contaniinated with dried saliva beforc the repair. x 120. 

Fig. 5. Structure in the boundary zone between old (lower) and new (upper) arnalgarri. The 
old amalgam had heen wetted with mercury by- grinding on carborundum paper No. 600 

before the repair. x 120. 
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Table 111 

Ef/ect of the age of the bond upon the fle.zimil strengllr of’lhe repasred nrnnlgnm 
N = 10 

Age in hours Strength of the repairrd 
area in kp 

Strength of the control 
specirnrns in kp 

1 12.lhl.9 30.2i2.6 
2 15.812.0 48.0.1-3.6 
4 P 3 . l t l . 8  59.4+4.2 
II 34.6i 3.0 74.3h3.8 

16 60.2 .[ 8.8 94.0*4.2 
24 90.8t7.9 102.9&3.3 
72 102.616.0 103.4+5.0 

168 100.2h7.5 101.9115.1 

The data in Table I11 are diagramrnetl in Fig. 6. The diagram shows that 
the strength of the unrepaired amalgam increased proportionally to the loga- 
rithm of the age of the amalgarrl until 24 hours, where the setting reaction 
must be s u p p e d  to be cornpleted. If the lower cnrve is plotted in a co-ortli- 
iiate system with arithmetic abscissa the curve will assume a right line until 
24 hoiirs. The difference between the two ciirves shows that the process lead- 
ing to the setting of the arnalgani was fuiitlanientally different from the process 
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1 2 4 8 16 24 7 2  168 log h 

Fig. 6. Increase in flexural strength of setting amalgam (upper curve) and of repaired amalgam 
(lower curve) in relation to time. The strength is expressed as the force necessary to break the 

test cylinders. 
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underlying the union between old and neM amalgsm. It is characteristic that 
the setting process proceeds faiter for the first eight houri than the repair 
process, while the latter becomes the faster during the folloT5ing period. 
After about 24 houri there is no longer any difference bPtMeen unrepi red  
and r ep i r ed  amalgam. 

D. The structure of the free, set amalgam surfaces, uliich for a short time 
were covered with excess mercury expressed in condensation (iee h ~ v e ) ,  
proved to be unchanged, both qualitatively and quantitatively. 

DISCUSSION 

The experimental results show that it under certain conditions is possible to 
bond new amalgam to old amalgam without injuring the latter and to obtain 
almost the same strength of the bonding zone as of unrepaired amalgam. 
From a materials point of view it should therefore be considered good clinical 
practice to combine set amalgam fillings with new amalgam in cases of a 
need for repair or extension of the former. This result is inconsistent with 
the traditional but unsubstantiated conception that new amalgam should 
never be combined with old amalgam. 

SUMMARY 

Investigations have been made on the effect of several factors upon the bond 
strength of repaired amalgam. The investigations showed the following results. 

1. The bond strength of repaired amalgam is almost the same as the 
strength of unrepaired amalgam if the repair surface was effectively wetted 
by mercury immediately before the repair. An effective wetting was obtained 
by rubbing the clean repair surface in mercury on fine carhorundum paper 
or by scraping the surface with the margin of an amalgam plugger in the 
presence of mercury. 

2. The age of the old amalgam, once it has set, had no influence upon the 
strength of the repair. 

3. During the first hours the bond strength of the repaired amalgam was 
increasing more slowly than the strength of a setting amalgam. 
4. Excess of mercury flowing over the free surface of the old amalgam 

during the condensation of new amalgam did not visibly change the structure 
of the former if the mercury excess was removed by absorbing it into unset, 
dry amalgam. 
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H i S U M E  

R ~ P A K A T I O N  DE L’.Ahl.Zl.C,AME 

La rPparation tle l’ainalgarne a fait l’objet cle recherclies coiicerriarit plus 
I’“rticii1iPrerrieiii l’irnportance de  divers facteurs stir la solitlittt de la ri‘parn- 
tioii. Cette (rtiide a mis en Cvitlence lea rCsultats suivants: 

1. L’ainalgame ri.par6 at teirit line r6siztance h peu prks aussi g r a d e  q u e  
l’arnalgame 11011 rPpari., B condition que l’ancien amalgame ait, avant la 
rCpratiori, 6th ))inouillC)) efficaceinent par dri tnercure au nivean tle la surface 
B rkparer. Pour cela, la surface B rCparer tloit &re propre et on y appliqiicra 
t l u  niercure eri frottant avec du papier tie carborunclnin i grain fin oil w e ( :  

le bortl d ’ ~ n  fi.)uloir i amalgame. 
2.  Lorsque la prise dz l’ancien anialgarne ezt terminire, 1’8ge de l’arnalgame 

endant les preini&res lieures, la holitliti. de la rCparatioii aiigmente 
plus lenternerit clue ne le ferait normaleinent la r tance d’iin amalgarnc 
penilant la prise. 

4. L’exck de nierciire coulant pendant la rCpration siir les surfaces libres 
de l’ancien arnalgarne n6 tlhterrnine I J ~ S  tle modifications de la structure de 

a rm si l’oti a soiri, irnmi.diatcment a1)ri:z la rCparation, d’diminer 
en le faixant absorher par (IF: l’anialglime sec et ri’ayant pas encore 

tl’iiifluerice sur la soliditi. cle la ri‘piratiori. 

p i s .  

ZUSAUMENFASSUNG 

REI’ARATt-H T O N  A M A L G A M  

Es sind Clntersiichniigm vorgenornni~n wmlen iilrer (lie Keparatur von 
hmalgini niit l)~son(le,reiri Hinhlidi nuf die ktleiiturig verschietlcner Fakto- 
reri fiir die St Iirlir rler Heparcitiir. Die Untersuchnng ergali folg-ntles : 

1. Reparicrtes Arnalgarn erreiclit uiigzfiilir (lie gleiclie Stiirlie \+ie r i i ch t  
repariertes Amalgam, voraiisgesetzt, tloss ilas iilte Arnalgarn vor tlcr Repara- 
tur aiif der Keparat urfliiclie effekt iv rnit Quecksilber l~efenchtet wird. Kine 
solclie l k f f i d i t  ling wirtl tliircli Einrcibcii von Qiieclisilher iri (lie iiiclit 
verunreinigte Reparaturflklie inittels feirieni Kar1)oriinrliirriI)af)ier oder mit 
den1 Rand eiries Arnalgarnstopfers erreicht. 

2. Weriri das alte Amalgam abgebunden ist, hat sein Alter anf die Stsrke 
tler Reparatiir keinen Einfluss. 

3. Die Starlce der Reparaturstelle wiiclist i n  den ersten St.nntlen langsanier 
als die Starlie eines abhintlenclen Amalgams. 
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4. Quecksilberiiberschuss, der wahrend der Reparatur auf die freien 
Oberflachen des alten Amalgams liiuft, andert dessen Struktur nicht, wenn 
nur der Quecksilberuberschuss unmittelbar nach der Reparatur durch Auf- 
saugen in unabgebundenes, trockenes Amalgam eritfernt wird. 
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