
Introduction
In fixed prosthodontics, one-piece-castings provide the

greatest mechanical reliability and stability.1-9 However,

some authors have reported problems in obtaining

marginal precision with one-piece-castings procedures.10-15

Inaccuracies can be introduced both during the wax

framework fabrication phases and during the investing

and casting procedures, causing distortions proportional

to the framework length.14-15

To avoid the technical difficulties inherent in the

fabrication of one-piece castings, different techniques of

soldering and/or brazing have been proposed, in some
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cases requiring the use of expensive and dedicated

machinery.8 The solutions proposed, although apparently

brilliant in the immediate results they achieve, cannot

presently ensure that metal structures, whether soldered

or soldered/brazed, have the same mechanical strength as

a casting made as a single piece, and soldered joints

represent minor resistance points.1-7

Soldering/brazing procedures also require further

technical and clinical time, and are themselves potential

sources of errors due to the sensitivity of the techniques

and materials employed.15

Among the studies examining different one-piece-

castings techniques, one pointed out that it is possible to

obtain high marginal precision: 22 µm.16 Nevertheless,

the paper reports a variability in marginal gap dimensions

which highlights the high sensitivity of the technique to

both operator and materials. High standard deviation in

proportion to the mean, median and modal values was

ascribed to the materials used, in particular to modeling
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waxes which are sensitive to handling and thermal

variations.

Darveniza and Martin17 recognize the removal of the

wax pattern from the model as one of the main reasons

for distortion of the frameworks. Nonetheless, casting

techniques not providing for wax pattern removal

(refractory die techniques) only partly improved marginal

precision of one-piece-castings of three units.17-18

The present study reports the results of a systematic

measurement of the marginal gap of ten one-piece

castings of 5 units, made consecutively on an

experimental model. The null hypothesis to be tested was

that there was no difference in the marginal gap between

castings made using materials that are sensitive to

handling and to environmental variations (wax) and

castings made with more stable materials (self-curing and

photo-curing resins).

Materials And Methods
Experimental model: on a brass base milled from a single

block, three steel cylinders were screwed into place. The

screw thread was filled with epoxy resin (Blue Star, Zeiser,

Germany) to avoid micro-movements. A “palatal” and

a “vestibular” side were conventionally identified,

envisaging the model as though it were a right maxillary

hemi-arch, and the abutments as though they were: A - a

canine (mesial); B- a premolar (medial); C - a molar (distal).

The steel cylinders were machined with a rounded 90°

shoulder and with an axial taper of 0° to simulate

telescopic prosthetic abutments. A groove was made on

each abutment, on the external (“vestibular”) side for the

mesial and distal abutments, and on the internal (“palatal”)

side for the medial abutment. The abutments were

rounded off both at the top and on the axial walls to

remove any sharp angles. The abutments had the following

dimensions:

Mesial (A) - diameter at the base: 5.3 mm; coronal

diameter: 3 mm; height: 4.5 mm.

Medial (B) - diameter at the base: 5.7 mm; coronal

diameter: 4 mm; height: 4.5 mm.

Distal (C) - diameter at the base: 7.5 mm; coronal

diameter: 5.3 mm; height: 4.5 mm.

Distance between the top of the abutments: 37.4 mm

between the extremities of the mesial and distal

a Lilliefors Significance Correction

Kolmogorov-Smirnov(a) Shapiro-Wilk

abutment Statistic df Sig. Statistic df Sig.

measure A .150 726 .000 .892 726 .000

B .158 616 .000 .879 616 .000

C .208 690 .000 .803 690 .000

Table 1
Descriptive measurements in the 3 abutments

Table 2
Test for normality

Descriptive measure A B C

Mean 11,85 10,37 7,57

Median 9,92 8,4 4,62

Skewnessi 0,856 1,169 1,509

Std. Error of Skewness 0,091 0,098 0,093

Kurtosisii 0,216 1,518 2,513

Std. Error of Kurtosis 0,181 0,197 0,186

Minimum 0 0 0

Maximum 50 55 52



abutments; 4.9 mm between mesial and medial

abutments; 11.7 mm between medial and distal

abutments (Figure 1).

On this experimental model, 10 one-piece castings were

made consecutively in a gold alloy (Estheticor Avenir,

Cendrex et Metaux, Switzerland). The composition of the
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alloy was: Au 84%, Pt 10.90 %, Pd 2.40 %, Ag 0.20 %,

Zn 2.20 %, Ir 0.10 %, Fe 0.20%. Melting interval of the

alloy: 1055-1185 °C; specific weight 18.7 g/cm3. Wax

was used only to make the preliminary anatomic pattern

(Duraform Green Extra Hard Sculpturing wax, Belle de St

Claire, U.S.A.). A silicon index was moulded (Alphasil,

Omicron Dental, Germany) on the wax pattern and used

as a matrix to reproduce the pattern in heat-fusing acrylic

resin (PikuPlast, Bredent, Germany). The cut back was

then done with a calibrated diamond bur, using the

silicon index to calibrate the cut back thickness. The

completed resin pattern of the framework was then

duplicated to produce 10 specimens using a further silicon

index. The reservoir, adapted to the individual mass and

shape of the framework, was also made in acrylic resin.

The flask was made (Ceramicor Cendrex et Metaux,

Switzerland) and casting was done via forced injection by

centrifugal force. For each framework, 60 g of virgin alloy

was used. The mean weight of the castings after removal

of the reservoir was 18.6 g. Mean length of castings:

43.5 mm. (Figures 2-3)

Adaptation and
examination
Adaptation procedures

followed those widely

accepted in clinical practice:

the castings were checked at

x25 and x40 magnification

using a stereo-microscope

(Zeiss, OPMI, Germany) to

eliminate any internal

roughness, adapted manually

to the cast and inspected

visually at the same
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Figure 1: Diagram of the experimental model with the principal
dimensions.

Figure 2: Casting n.7 adapted onto the model.

Figure 3: The ten castings before measurement.

Figure 4: Map of the abutment measurement sites ( Legends : v=vestibular; p=palatal) ; abutment B of
casting 9 photographed at 27X with the 8 sites of measurements, at 300x. Each site will be measured in
ten points, as showed by the grid.



magnification to check the marginal fit. The castings were

then examined by SEM (ABT Top Con 60, Japan) with the

following protocol: for each abutment, four acquisitions at

x300 were made on the palatal side and four on the

vestibular side, following the scheme shown in figure 4.

The images enlarged with SEM were examined using an

image analysis software (IAS 2000, Delta Sistemi, Italy)

following an already tested protocol.16 Metric calibration

of the analyzing system was achieved by photographing

an object of known dimensions, i.e. the micrometric index

of the microscope, and providing the system with its

actual dimensions.
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a Kruskal Wallis Test

b Grouping Variable: casting

measure

Chi-Square 509,171

Df 8

Asymp. Sig. ,000

Table 3
Kruskal-Wallis test for casting

a Kruskal Wallis Test

b Grouping Variable: abument1

measure

Chi-Square 64,701

Df 2

Asymp. Sig. ,000

Table 4
Kruskal-Wallis test for abutment

a Kruskal Wallis Test

b Grouping Variable: site 1

measure

Chi-Square 27,805

Df 7

Asymp. Sig. ,000

Table 5
Kruskal-Wallis test for site

Table 6
Correlation between measurement sites



All measurements were made by measuring the actual

distance between 2 points at each marginal gap as the

method for calculating the length, not by calculating the

number of pixels that constitute the line or the segment.

The analyzing program is supplied with a predefined

vertical grid that is automatically superimposed on the

image and used to make the measurement at

predetermined points. The measurements were thus

made in areas assigned by the system, not by the

operator. The grid was spaced at intervals of 33.3 microns

so that 10 measurements points would be taken of the

marginal discrepancy at each site.

Measurements were obtained from two different

examiners in double blind after being calibrated.

Calesini et al
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Figure 5: Histogram of the distribution in the 3 abutments.

Figures 7 and 8: Box plot of measurements of 3 abutments and 8 sites. Figure 9: Box plot of castings.

Figure 6: Graph of the quantiles of the 3 abutments.



In order to verify data reliability the first ten

measurements from every session (one area at 300X) were

repeated at the end of the same session, and they were

always similar. The measurements software was calibrated

to measure in tenth of microns.

Results
Instruments and methods: In the first phase, preliminary

analyses were made to determine the nature of the data.

The observations concerned the measurements (mean,

median, asymmetry, kurtosis, minimum value and

maximum value) of the ten castings at three abutments (A:

canine; B: premolar; C: molar) made in ten points at eight

different areas on each: vestibular position 1; vestibular

position 2; vestibular position 3; vestibular position 4;

palatal position 1; palatal position 2; palatal position 3;

palatal position 4 (80 points measured for each abutmens,

totally 2400 measurements) (Figure 4).

The means of the three abutments were: Canine (A) =

11.87 µm; Premolar (B) = 10.37 µm; Molar (C) = 7.57 µm;

the overall mean of the castings was 9.94 µm (Table 1).

In a first phase the hypothesis of normal distribution

was checked . The histogram of the distribution of the

frequencies for the three abutments examined (A, B, C)

shows very similar positive asymmetries for all three

distributions (Figure 5). Furthermore, asymmetry and

kurtosis indices were employed to evaluate the shape of

the distribution. To check normality they were divided by

standard error. In the means of the three abutments,

asymmetry was in all cases positive, indicating a

distribution in which the lower values are more frequent

and the mean is higher than the median. Kurtosis was also

positive for the means of all three abutments, indicating

that the distribution was platikurtic, that is less pointed

than a normal curve. In the three abutments, the mean in

all cases was higher than the value of the median and the

positive asymmetry was more marked for abutment three

(Table 1).

Figure 6 shows a graphic representation of the quantiles

of the abutments examined. The values observed are

reported on the abscissa and the expected values of the

distribution if it were normal are on the ordinate. The

points of the three images present some dispersion

around the diagonal, indicating a deviation from

normality, above all for values below the mean (platikurtic

distribution with positive asymmetry.).

To remove any further doubts about the distributions of

the abutment measurements, two different normality

tests were performed: Kolmogorov-Smirov and Shapiro-

Wilk. Values were found to be significant, so that the

hypothesis of normality must undoubtedly be rejected

(Table 2).

The box plot diagram was used to represent the salient

characteristics of the measurements diagramatically:

position, dispersion, shape, anomalous data. This diagram

was also an important application for the comparison of

distribution. The distribution of the measurements was

divided into three parts: the central region and the two

tails, on the left-hand and right-hand sides. This intuitive

division may be made precise by using sampling quartiles:

Calesini et al

Extraction Method: Principal Component Analysis.

Component Initial Eigenvalues Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 2.326 23.263 23.263 2.097 20.970 20.970

2 2.235 22.353 45.617 1.885 18.849 39.819

3 1.386 13.859 59.476 1.759 17.589 57.408

4 1.101 11.006 70.482 1.307 13.074 70.482

5 .742 7.417 77.899

6 .624 6.244 84.143

7 .513 5.125 89.268

8 .481 4.812 94.080

9 .332 3.318 97.398

10 .260 2.602 100.000

Table 7
Self-values and total explained variance starting from correlation matrices

INTERNATIONAL DENTISTRY SA VOL. 12, NO. 3 81



division may be made precise by using sampling quartiles:

the central region is the interval in real numbers between

the first quartile (x0.25) and the third quartile (x0.75) and

thus contains 50% of the data observed (except for

approximations which are almost always necessary, when

working with specimen quantiles). Obviously, the left-

hand tail is the region between the minimum value (xmin)

and x0.25, and the right-hand tail is the region between

x0.75 and the maximum datum value (xmax). Abutment

C, though it was less variable, with a lower median value

than abutments A or B, presented a larger number of

anomalous values (Figure 7). Examining the

measurements taken at the eight sites, it appears that

there is a very similar distribution, even if palatal sites 1

and 4 present many outliers (Figure 8).

A non-parametric test (Kruskal-Wallis) was also used to

evaluate in statistical terms the differences between

abutments, between castings, and between different

positions. The results show that there is a significant

difference for castings (p<0.006) and for abutments

(p<0.0001), whereas measurements made at the different

sites (p>0.95) were not significantly different (Tables 3, 4

and 5).

Linear correlation analysis among the measurements

taken at the eight points of each abutment was then

applied, to check whether there was concordance,

discordance or indifference among the measurements at

the different points of the abutments in the different

castings.

Correlation between the points was almost always

positive and significant. Discordant values were found

between palatal position 1 (P1OK) and vestibular positions

1, 2 and 3 (V1OK, V2OK, V3OK), although the negative

sign indicates no significant difference (Table 6). Generally,

neighbouring positions recorded a positive and significant

linear correlation.

The various castings presented rather different divisions

into quartiles: the medians ranged from values close to

zero (castings 4, 8 and 10) to values above 10 (castings 2

and 9). The range was very small for some castings

(castings 4, 8 and 10) but wider for others (castings 1, 5

and 6). These differences appear quite clearly in Figure 9.

The different castings may appropriately be compared

with the non-parametric Kruskal and Wallis test, which

shows that significant differences exist among different

castings (Table 3).

Starting from all data taken together for the ten

castings, principal component analysis was applied to

verify the existence of similarities between the different

castings and to check the existence of subtypes. The

analysis showed that four latent factors exist that explain

70% of the variability (Tables 7-8). The first latent

dimension was represented by castings 1, 8 and 9; the

second latent dimension comprised castings 2 and 10; the

third was castings 5, 6 and 7; the fourth castings 3 and 4.

In conclusion, analysis of the 2400 measurements of the

three abutments shows they present a positive

asymmetric distribution, with a concentration of values

close to zero.

Three fundamental results also emerged from the

analysis:

1. In the techniques used (box plots, non-parametric

tests, principal component analysis) the gaps of the three

abutments were very similar, differing on average by only

a few microns.

2. The eight measurements made on each abutment

were fairly consistent at the linear level: concordance

increases when sites are closer (taken two by two).

3. The castings were very similar, although small

differences were generated by some anomalous values,

which generate instability in the results. For this reason

separate groups of castings were formed.

Discussion
It is a clinical goal to achieve prosthodontic frameworks

that are precise, mechanically reliable and easy to

construct. The fabrication technique should ensure

predictable and constantly repeatable results.

There is no consensus in the literature about values of

marginal gap satisfactory for cast restorations, nor for

single crowns or for multi-unit castings. Indeed, various

authors propose marginal openings varying from 10 to

160 µm as acceptable, with the supposition that these

values worsen for large castings with multiple pillars.9-16

The main reasons that could cause metal cast

frameworks inaccuracies include: composition and

proportion of the investment material, dimensions and

shape of the casting ring, liner characteristics, placement

of the patterns within the casting ring, thermal treatment,

dimension, shape and position of the reservoir, casting

technique, cooling modalities.

In order to counteract them, it is useful to identify

which operative steps and materials cause inaccuracies

during one piece castings procedures.

Distortion of metallic structures has been ascribed by

some authors to the influence of the thermal cooling

centre of the metal and to its mass,20 hypothesizing that a

non-uniform cooling of the metal mass generates greater

distortion at the extremities of the cast piece. However,

other authors recognize the removal of the wax pattern

Calesini et al
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from the model and its investing as the main cause for the

inaccuracies .18,21

The use of wax in dental laboratories began with

Taggart in 1907, and remained more or less unchanged

over the years.22

Waxes are very sensitive to mechanical and physical

stresses, and replacing them with fusing resins has several

benefits due to the resins’ properties: stability, mechanical

and thermal strength, easiness in handling and very high

precision. For this reason, the null hypothesis of this study

was not confirmed.

Using resins instead of waxes improves final results and

makes the casting technique less sensitive to operator

influence, reducing the need of soldering procedures.

The mean marginal gap achieved in the present study

is the lowest amongst those currently published, both for

frameworks of multiple abutments and for single

crowns9-16. The very low mean of the marginal gap (9,57

µm) plus the high magnification (300x) contributed to

make the standard deviation a little higher than the

mathematic mean (10,7 µm).

It is noteworthy that these results were achieved

employing techniques and materials widely used in dental

laboratories and well known worldwide by dental

technicians, without the need for expensive materials or

new technologies.

It is possible to construct highly precise one-piece

castings using simple and linear techniques with well-

known and widely used materials, improving long term

prognosis of both prosthetic works and abutments by

joining mechanical reliability together with high

precision.This can be achieved along with a decrease of

treatment times and costs, since clinical and technical

steps are reduced.

Since zirconium oxide CAD/CAM manufactured

frameworks are now regarded as a reliable alternative to

metal frameworks, the same analysis of the marginal

adaptation is now in progress for frameworks made with

different CAD/CAM manufacturing systems.

Conclusions
The rationale of this study was that by preparing pieces for

casting materials less sensitive to environmental variations

than wax, metal frameworks of higher quality and with less

variation in marginal gap, both inter- and intra-abutment,

might be consistently produced.

The rationale of the study was confirmed by the results:

the use of more stable materials and the standardization

of operative procedures makes it possible to significantly

improve the quality of one-piece casting, diminishing the

influence dictated by operator and materials.
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Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

Component

1 2 3 4

casting 1 .780 .320 -.128 -.230

casting 2 -.113 .759 .048 .185

casting 3 -.394 -.480 -.115 .513

casting 4 .061 .061 .091 .822

casting 5 .034 .264 .827 .214

casting 6 -.053 .497 .533 .422

casting 7 -.094 -.220 .863 -.147

casting 8 .784 -.080 -.057 .124

casting 9 .827 -.102 .053 -.007

casting 10 .080 .769 -.006 -.144

Table 8
Coefficient of correlation between castings and each of the first 4 components
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