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Abstract

Background/Aim. Dental imptessions present a negative im-
print of intraoral tissues of a patient which is, by pouring in
gypsum, transferred extraorally on the working cast. Casting an
accurate and precise working cast presents the first and very
important step, since each of the following stages contributes
to the overall error of the production process, which can lead
to inadequately fitting dental restorations. The aim of this study
was to promote and test a new model and technique for 7 vitro
evaluation of the dental impression accuracy, as well as to asses
the dimensional stability of impression material depending on
the material bulk, and its effect on the accuracy of working
casts. Methods. Impressions were made by the monophasic
technique using the experimental master model. Custom trays
with spacing of 1, 2 and 3 mm were constructed by rapid pro-
totyping. The overall of 10 impressions were made with each
custom tray. Working casts were made with gypsum type IV.
Measurement of working casts was done 24 h later using a co-
ordinate measuring machine. Results. The obtained results
show that the working casts of all the three custom trays were
in most cases significantly different in the transversal and sagit-
tal planes in relation to the master model. The height of abut-
ments was mainly unaffected. The degree of convergence
showed certain significance in all the three custom trays, most
pronounced in the tray with 3 mm spacing. Conclusion. The
impression material bulk of 1-3 mm could provide accurate
working casts when using the monophasic impression tech-
nique. The increase of the distance between abutment teeth in-
fluences the accuracy of working casts depending on the mate-
rial bulk.

Key words:
denture bases; denture design; elastomers; computer-
aided design; sensitivity and specificity.

Apstrakt

Uvod/Cilj. Otisak predstavlja negativ intraoralnih tkiva, ¢i-
jim se izlivanjem u gipsu njihova morfologija prenosi eks-
traoralno na bududi radni model. Sa laboratorijskog aspekta
izrade zubnih nadoknada, izlivanje tacnog i preciznog rad-
nog modela predstavlja prvi i veoma bitan korak, posto sva-
ka sledeca faza doprinosi daljem povecanju greske tokom iz-
rade, $to za krajnji ishod moze imati neodgovarajucu zubnu
nadoknadu. Cilj istrazivanja bio je da se ispitaju novi model i
tehnika za 7 vitro procenu preciznosti zubnih otisaka, kao i
da se odredi uticaj koli¢ine otisnog materijala na dimenzionu
stabilnost otisaka i preciznost izrade radnih modela. Meto-
de. Za uzimanje otisaka koris¢ena je monofazna tehnika
otiskivanja. Individualne kasike sa meduprostorom od 1, 2 i
3 mm napravljene su aditivnom tehnologijom za brzu izradu
prototipova. Sa svakom kasikom napravljeno je po 10 otisa-
ka. Radni modeli izlivani su u gipsu tipa IV. Merenje radnih
modela vt$eno je nakon 24 sata na koordinatnoj mernoj ma-
$ini. Rezultati. Rezultati pokazuju da radni modeli naprav-
ljeni pomocu sve tri individulane kasike u transverzalnoj i
sagitalnoj ravni znacajno odstupaju od glavnog dela modela.
Visina patrljaka je u vedini slucajeva bila kao na glavnom
modelu. Stepen konvergencije pokazao je odredena odstu-
panja samo kod kasike sa meduprostorom od 3 mm. Zak-
lju€ak. Monofazna tehnika otiskivanja i otisni materijal deb-
ljine od 1 do 3 mm obezbeduju izradu preciznih radnih mo-
dela. Rastojanje izmedu zubnih patrljaka utice na preciznost
izrade radnih modela u zavisnosti od koli¢ine otisnog mate-
rijala.

Kljucne reci:

zubna proteza, baze; zubna proteza, oblikovanje;
elastomeri; kompjutersko oblikovanje; osetljivost i
specificnost.
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Introduction

Dental impressions present a negative imprint of intrao-
ral tissues of a patient which is, by pouring in gypsum, tran-
sferred extraorally on the working cast. From the laboratory
perspective of dental restorations manufacturing, casting an
accurate and precise working cast presents the first and very
important step, since each of the following stages contribute
to the overall error of the production process and can lead to
inadequately fitting of dental restorations '.

Making an impression is a clinically challenging
procedure which is influenced by numerous factors of the
oral environment, as well as the properties of the material
itself. Examining the factors that influence the accuracy of
dental impressions can be conducted in two ways, by direct
mesurement of the impression, or by measurement of the
appropriate working cast. Both methods have their
advantages and limitations. The first method provides direct
data about the condition of the impression material, thus
avoiding superimposition of further errors. Limitations are
related to the use of contactless measurement, which is
affected by a small measurement field, software processing
and adequate optical characteristics of the impression
material >*. The second method, measurement of the
working casts, provides a wider range of possibilities
regarding the measurement technique. Both contact and
contacless measurement can be used, with ease of access for
manipulation with measurement object °. Superimposition of
errors, when casting a gypsum model, can be minimised by
fixing the experimental conditions with equal casting
protocols for all of the investigated dental impressions.
Although making of the gypsum working cast prolongs the
time and effort needed to obtain necessary data, it is a
reference base for manufacturing of dental restorations and
as such, provides better insight when assesing the
discrepancies of future dental restorations.

Determination of accuracy of dental impressions
requires a complex model that can replicate in vivo conditi-
ons of making of dental impressions, with the accuracy and
precision of in vitro investigation. Earlier studies included a
variety of models that consisted of custom blocks, cylinders,
single or several abutment teeth and complete edentulous
jaws of various materials °''. Regarding this, there is the ne-
ed for a reliable experimental model, which combined with a
corresponding measurement instrument, could overcome the
difficulties of data interpolation between laboratory conditi-
ons and clinical practice. The two should complement each
other, forming a complex model for data acqusition. From
this point of view, the use of a coordinate measuring machi-
ne (CMM) was chosen due to the possibility of the accurate
and precise three-dimensional (3D) measurement > .

Previous studies that investigated the influence of mate-
rial bulk on the accuracy of working casts were conducted
using a measurement microscope and included only two di-
mensional measurements '**'®. Also, the models used consis-
ted of one to several abutment teeth, while as to our
knowledge, the influence of material bulk on partially eden-
tulous dental arch model has not been made '*'*. A more de-

tailed analysis requires a model more similar to the intraoral
conditions, since the accuracy of impressions depends on the
material bulk which changes with spacing between the rema-
ining teeth '°. The possibility of an independent 3D analysis
by CMM for each of the segments of the working casts was
considered to be an improvement compared to the previous
studies.

Additionally to the previous studies, we aimed to incorpo-
rate another use of rapid prototyping (RP) technology in the fi-
eld of dentistry. Making impressions with RP made custom
trays is a new attempt to investigate the use of computer-aided
design/computer-aided manufacturing (CAD/CAM) technology
into a broader perspective of dental practice. The rapid
prototyping technique was chosen with the aim of avoiding pos-
sible distortions of the material that can occur in standard acrylic
custom trays, and providing a stable base for the impression ma-
terial . Thus, the aim of this study was to promote and test a
new model and technique for in vitro evaluation of the dental
impression accuracy, as well as to asses dimensional stability of
elastomeric impression material in reference to the material
bulk, by examining working casts with CMM.

Methods

Measurement of the experimental master model and
construction of custom trays

For the purpose of this study, an experimental metal
master model which consisted of six abutment teeth was
constructed. It presented the upper jaw with two central
incisors, canines and first molars (Figure 1). Dimensions of the
teeth were taken from literature and reduced by the amount of
tooth substance expected to be removed with grinding *'. The
taper was set at 6°. The master model consisted of an assembly
with machined components. Geometry of the master model
and generation of computer numerical control machines
(CNC) code was designed by the CAD/CAM system.

Fig. 1 — The experimental master model.

Measurement of the experimental master model was
performed with the CMM (Contura G2, Carl Zeiss,
Germany) equipped with a contact probe. Maximum permis-
sible error for size measurement (MPEg) of this CMM is 1.9
+ L/330 um. The master model was measured five times and
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the resulting mean values of parameters of measurement
were calculated. Nominal dimensions of the CAD model
were corrected using mean values and were subsequently
used to create a custom tray model as a negative of the pre-
vious CAD model. Physical models of custom trays with 1, 2
and 3 mm spacings for the impression material, were cons-
tructed by rapid prototyping (Z310 plus, 3D Systems, USA).
The powder used was gypsum based (zp 131), with a binder
(zb 60) and two component epoxy resin as the filler (s5000),
presented at Figures 2 and 3.

Fig. 2 — Custom trays with 1, 2 and 3 mm spacing made
by rapid prototyping.

1 1 - abutment
g 2 - spacing (1, 2 and 3 mm)
@Eg%%%? 2 3-tray
NN NN %

Fig. 3 — Custom tray seated on the top of the
experimental master model.

Impression technique

Impressions were made using a monophasic technique
with silicone addition. Due to the micromechanical retention
of the impression material to a custom tray, which is the re-
sult of the successive layering technique of rapid
prototyping, the tray adhesive was not used. The impression

material was automixed (Elite Hd + regular, Zhermack,
Italy), working time was set to 60 sec. Making of impressi-
ons was conducted at room temperature (23°C), retention of
the tray was done with the weight of 1 kg. Setting time was
set at 10 min, overall of 10 impressions were made with each
custom tray. Due to the expected viscoelastic recovery of the
impression material, pouring of gypsum was delayed by 30
min. Working casts were made with the gypsum type 4 (Elite
rock, Zhermack, Italy) and were allowed to set for 1 h before
the impression was removed. Measurement of the working
casts was done 24 h later on CMM.

Measurement of working casts on a coordinate measu-
ring machine

Measurement of working casts was conducted under the
same conditions as those of the master model. Inspection was
conducted conformant to the new generation of product
geometry specification (GPS) *. This was based on the fact
that the model consisted of geometric primitives (cones,
cylinders and planes). Each geometric primitive was measu-
red in a finite number of discrete points randomly arranged
on the primitive surface. The measurement strategy of the
cone (abutment) contained 100 measurement points, 50 po-
ints for measurement of cross-section plane between the cone
and the cylinder (abutment and chamfer) and 50 for measu-
rement of the cylinder (chamfer). The output of this measu-
rement included the coordinates of all measurement points
which were subsequently used to generate associative
geometry of the primitives. Furthermore, the software
analysis was used to determine all geometric characteristics
(size, angle, form, orientation, location) according to the spe-
cification requirements.

Parameters, X,.; and Y, represented the axial distan-
ces which were derived features from the cone. The axial
distances were observed on the cross-sectional plane which
passed through the base of the abutments. Parameters deno-
ted as Z,.4, were determined as the distance between two pla-
nes which limited the abutment vertically, while o, repre-
sented the degree of convergence and was directly derived
from the abutment measurement (Figure 4).

The presence of measurement uncertainty was disregar-
ded due to the fact that all working casts were measured in

Xi - distance in transverzal plane
Yi - distance in sagittal plane

Zi - height of the abutments

ai - convergence of axial surface

%

< araf B P A e

!

Fig. 4 — Parameters of measurement.
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identical laboratory conditions: 24 h after casting, using the

same position on machine table, by the same operator and
. . . . 23,24

using identical inspection strategies and stylus .

Statistical analysis

Statistical analysis of the results obtained from the mea-
surement of the working casts was conducted by the two-
sample t-test, which determined whether there was a
statistically significant difference between the designated
distances of working casts compared to the master model.
One-way analysis of variance (ANOVA) was also conducted
to establish if there were any significant differences in the re-
sults obtained by the type of custom tray for the considered
parameters.

Results

The results of the two-sample t-test, with a 95% confi-
dence interval, show that the working casts of all three custom
trays were in most cases significantly different in transversal
and sagittal plane in relation to the experimental master model
(Xi3, Yi6). The height of the abutments (Z,.s) was mainly
unaffected, while the degree of convergence (0,.) increased,
especially in the working casts made by custom trays with 3
mm spacing. The results are presented in Table 1.

Most notable deviations for the first tray (T,) were mea-

sured in X3 (20 um) for the transversal plane, Y, (27 um) for
the sagittal plane, Z5 (-13 pum) for the height of the abut-
ments and al (-0.09°) for the convergence of axial surface.
The dimensions of Z,—Z4, Z¢ and o5, o4 and og showed no
statistical significance in relation to the experimental master
model.

Most pronounced deviations for the second tray (T,)
were measured in X3 (22 um) for the transversal plane, Y2
(27 um) for the sagittal plane, Z5 (-15 um) for the height of
the abutments and al (0.11°) for the convergence of axial
surface. The dimensions of Y, Ys, Z,—Z4 and o, showed no
statistical significance in relation to the experimental master
model.

The third tray (T;) showed largest deviations in X; (36
um) for the transversal plane, Y, (24 pum) for the sagittal
plane, Zs (-7 um) for the height of the abutments and ol (-
0.18°) for the convergence of axial surface. Dimensions of
Y., Ys, Y¢, Z—Zs showed no statistical significance in relati-
on to the experimental master model.

Analysis of variance with a 95% confidence interval
showed that the type of tray did not have any significant in-
fluence (p > 0.05) on the parameters of measurement, except
for the X3 and a1-6. (p < 0.05) Therefore, with respect to al-
6 and X;, the third tray yielded the results which were
significantly different from the first two trays. The presenta-
tion and graphical comparison of the results are shown in Fi-
gures 5 and 6.

Table 1
Results of the measurement
Mean Standard deviation . t-test ANOVA
Distance h(/[ri;tle)r (mm) (um) Difference (pm) 0 0
T, T, T; T, T, T; T, T, T, T, T, T;
X 8.507 8.521 8.522 852 174 219 194 14 15 13 0.00 0.00 0.00 0.29
X, 30.002 30.015 30.012 30.012 399 5.63 6.66 13 10 10 0.00 0.00 0.00 0.58
X3 46.015 46.035 46.037 46.051 10.9 13.5 11 20 22 36 0.00 0.00 0.00 0.02
Y, 18.144 18.150 18.148 18.147 3.4 5 2.89 6 4 3 000 0.10 0.07 0.18
Y, 42.051 42.078 42.078 42.075 727 836 6.92 27 27 24 0.00 0.00 0.00 0.82
Y; 24364 24380 24383 24.384 428 4.52 427 16 19 20 0.00 0.00 0.00 0.32
Y4 18.319 18.326 18.326 18.323 4.32 415 3.65 7 7 4 0.00 0.00 0.01 0.06
Ys 42.149 42.164 42.161 42.161 728 194 16 15 12 12 0.00 0.12 0.08 0.93
Y 24277 24283 24287 24282 443 9.15 135 6 10 5 0.00 0.01 027 0.57
Z, 7.506  7.504  7.502 7.509 9.5 4.9 8.6 -2 -4 3 055 006 033 0.2
Z, 7.507  7.507 7.506 7.512 8.5 6.2 8.9 0 -1 5 082 0.61 035 0.5
Z3 6.923 6926 6926 6924 104 7.8 11.7 3 3 020 0.28 0.71 0.92
Zy 6.926  6.927 6919 6921 7.8 11.7 9.7 1 -7 -5 013 0.17 0.24 0.33
Zs 5.000 4487 4485 4493 8.16 866 11.5 -13 -15 -7 0.00 0.00 0.17 0.24
Z¢ 4497 4491 4486 4493 941 987 13.7 -6 -11 -4 009 0.01 044 0.46
Master Mean Standard deviation Difference (%) t-test ANOVA
Angle ©) (mm) (mm) p p
T, T, T, T, T, T, T, T, Tj T, T, T,
o 11.848 11.759 11.733 11.667 0.017 0.031 0.041 -0.09 -0.11-0.18 0.00 0.00 0.00 0.00
o 11.827 11.779 11.721 11.697 0.028 0.023 0.071 -0.05 -0.11-0.13 0.00 0.00 0.00 0.00
o3 11.753 11.795 11.743 11.656 0.052 0.055 0.066 0.04 -0.01-0.09 0.06 0.00 0.00 0.00
'n 11.795 11.766 11.745 11.669 0.036 0.051 0.043 -0.03 -0.05-0.13 0.05 0.02 0.00 0.00
s 11.912 11.851 11.843 11.747 0.051 0.079 0.087 -0.06 -0.07 -0.16 0.01 0.04 0.00 0.02
Og 11.793 11.828 11.751 11.647 0.071 0.057 0.136 0.03 -0.04 -0.14 0.19 0.08 0.02 0.00

For abbreviations see Figure 4 .
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(um) —~—X1 -#-X2 X3

T1 T2 T3

(pm) ——Y] Y2 —&Y3 —==Y4 ==Y5 -e-Y6

30 ~
. l—l\.
20 2 A

Tl T2 T3
(Hm) —=Z1 W72 =423 =<=Z4 =15 —-16
0.1

0.05
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Fig. 5 — Comparison of distance in transversal (X;_3), sagittal plane (Y,_s), height of the abutments (Z,_) and
convergence of axial surface (a;_¢) between custom impression trays and the master model.
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Fig. 6 — Mutual comparison of custom impression trays with 1, 2 and 3 mm spacing (T,, T, and T; respectively).
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Discussion

The results of this study show that both the
experimental master model and the technique used for ma-
king the dental impressions have proven to be a reliable met-
hod for assessment of the accuracy of dental impression ma-
terials. Working casts obtained from all the three custom
trays were, in most cases, significantly different from the
experimental master model. Most evident deviations were
recorded in the sagittal (Y,) and transversal plane (X3) for all
of the working casts. These were also the greatest distances
among the measured abutments, so the differences were most
likely to be observed. The measurement of all of the working
casts was done by the principles of 3D measurement. Each
surface of the abutments was measured with 50—100 surface
points. The coordinates of surface points served as a base for
measuring the geometry of the abutments. Due to a large
number of data and easier analysis of measurement, the re-
sults were presented as a cross-section of the model in one
plane, which in this case passed through the base of the abu-
tments. This is why the results are presented as the classical
2D measurement, but the principles of measurement are rela-
ted to the entire surface of the measured model and additio-
nal data can be withdrawn for each additional cross-
section »*.

The impression material used in this study had a defi-
ned polymerization contraction of < 0.2%, while expansion
of gypsum was claimed to be 0.19% by the manufacturer.
Expansion of gypsum would thus compensate for
polymerization contraction of the impression material, but it
should be noted that these values refer to the two sizes that
are not equal, ie the thickness of the impression material in
accordance with the height and width of the gypsum abut-
ments *°. Thickness of the impression material varied from 1
to 3 mm from each side of the abutment, while the height
and width of the abutments varied between 4.5 and 7.5 mm.
In relation to this, expansion of gypsum should be a more
dominant factor, which was proven by this study.
Additionally, the influence of the micromechanical retention
of the impression material to a custom tray should also be
considered. In this case, the expansion of gypsum will be su-
perimposed with the impression materials contraction
towards the tray's walls, so that the combined effect will be
presented by even wider abutments. As for the height of the
abutments, where the upper surface was smaller than the side
surface of the custom tray, in most cases the height of the
abutments was smaller than that of the master model (Z,).
This can also be explained by impression materials contrac-
tion towards the walls. As the side surface of the tray had a
bigger contact area than the upper one, the impression mate-
rial was pulled down, which resulted in shorter abutments.
These results are in accordance with other studies where tray
adhesive was used in their research protocols 7 .

The previously described process indicates that the sili-
cone addition had a good retention with a custom tray made
of epoxy resin by the RP technique. Although the RP
technique is not widely used in the field of dentistry, it shows
promise for manufacturing of dental devices. Its use in

Potran M, et al. Vojnosanit Pregl 2016; 73(10): 895-903.

everyday practice, as a rational method for fabrication of
custom trays, requires advanced systems for intra- or
extraoral scanning, together with an adequate software con-
nected to an RP machine, which is currently a limiting factor.
Additive technologies such as RP are mainly being used for
the production of dental copings for fixed dental restoration,
fabrication of surgical guides in implant dentistry and in re-
constructive maxillofacial surgery *” *'. As there is a large
variety of materials that can be used for the production of cu-
stom trays with RP technology in different working regimes,
these results are just a starting point and require additional
investigation.

The analysis of convergence of axial surfaces showed
that the largest deviations were observed in the third custom
tray (a; = -0.18°), while deviations of the second tray (a; ,= -
0.11°) and the first tray (o; = -0.09°) were smaller. The angle
of convergence was measured by scanning the axial surface
and further software processing. Although small, deviations
detected were oriented towards the increase of convergence.
Convergence of the axial wall of the master model abutments
was set to 6° (total of 12° when observing both axial planes),
while gypsum abutments were detected to have more of a ta-
per. The increase of the convergence angle reduces the ove-
rall surface of the abutment, which can influence the retenti-
on of the dental restoration *>. While the width of the abut-
ments was wider in the base cross-section, the axial surface
has proven to have more taper. This could be explained by
the increase of thickness of the impression material towards
the upper base of the abutment and lower retention to the
impression tray. Also, during removal of the impression the
material deforms elastically. The resulting effect will be mo-
re pronounced in the axial surface, because of the overall in-
crease of contact surface and direction of removal force
away from the base of the abutment. This may all together
explain the behaviour of the material to contract towards the
walls of the tray in the base area, while slightly contracting
inwards as the height progresses.

The results of this study show that all three custom
trays performed satisfactory, but slightly better results were
obtained with custom trays with 1 or 2 mm spacing. This is
contrary to the claim that the thickness of the impression ma-
terial should be at least 3 mm to prevent distortion of the ma-
terial **. Due to a problem of correct positioning of the im-
pression tray when thickness of the material is low, the cus-
tom tray with 2 mm spacing should be recommended for use
in the clinical practice. This is considered to be beneficial re-
garding the accuracy of the impression, ease of handling and
reduction of the quantity of material. Making a precise im-
pression is especially important when constructing long-span
bridges, because the accuracy of fit is harder to achieve as the
number of abutment teeth and the distance between them inc-
reases. In this case, custom trays should be recommended, be-
cause they provide uniform thickness of impression material
that can influence the accuracy of working casts. The issue of
impression material bulk and its effect on accuracy of working
casts has been previously adressed. Plausible results were ob-
tained up to 5 mm of the impression material '*'* ** %



Page 902

VOJNOSANITETSKI PREGLED

Vol. 73, No. 10

Difficulty of comparison of our own results with other studi-
es, lies in the complexity of the methodological procedure.
Even comparison with studies that used the monophasic im-
pression technique, as it was in this study, should be obser-
ved not only by input, but also by output parameters, which
are obtained through the use of the measurement instrument.
As most of the studies used different measurement procedu-
res, a relevant overview is hard to achieve, so we will restra-
in from further data comparison.

Limitations of this study are related primarily to the met-
hod of measurement. Although CMM is an instrument of great
accuracy and precision, it is necessary to know the geometry
of the measurement object in order to obtain reliable results .
Because the measurement is done by a relatively small amount
of surface points (in this study up to 100), the measurement
object has to be clearly defined before the measurement takes
place. Since the master model of known dimensions and shape
was used, measuring in this study is characterized by conside-
rable accuracy and precision.

Based on the obtained data, future studies would be ba-
sed on determing of accuracy of the rest of the production
process of dental restorations, including production of wax
patterns and the casting procedure. Detection of flaws in
each of the stages of the production procedure, will provide

useful guidelines for the dentists and dental technicians for
the improvement of the quality of dental restorations.

Conclusion

The results of this study show that the impression ma-
terial bulk of 1-3 mm could provide accurate working casts
when using a monophasic impression technique. The incre-
ase of the distance between abutment teeth influences the
accuracy of working casts. Custom trays produced by rapid
prototyping can be successfully used for dental impressi-
ons. The experimental master model, combined with a
CMM, is a reliable tool for assessment of dental impression
accuracy.
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