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ABSTRACT

Aim of the study. The emergence of digital technologies, eases the work of the dental technician and reduces the
actual working time in reproduction the dental morphology, but at the same time, the use of a large number of
devices can increase the degree of error of the final restoration in the absence of appropriate adjustments. For this
reason, this study made a comparison between the classic wax-up method and the digital one to see the degree of
accuracy now. Materials and methods. Starting from a model with intact morphology in the area of maxillary
premolars and molars, the removal of the upper 1st molar and the grinding of the neighboring teeth were carried
out. The restoration of the morphology was carried out by analog but also digital wax-up. Analysis was performed
in 26 landmarks and relevant statistical differences were checked using Kruskal-Wallis and Wilcoxon Mann-
Whitney tests. Results. The largest variations were recorded in the case of analog wax-up, statistical significance
p<0,01 show differences for each individual tooth, and for the entire set of teeth. Conclusions. The study results
show that the digital wax-up offers clearly superior results compared to the analog wax-up.
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INTRODUCTION different types of materials. The final result

The preview (wax-up) of the final result in depends of every step validity, from the
the fixed prosthetic treatment is nowadays impression to articulator occlusal refining of
mandatory in the case of frontal area prosthetic restorations. Modern techniques
restorations, where the focus is the aesthetic (digital techniques) are based on a large
outcome. The functional dental surfaces number of reference images processed on the
benefit also of this preview, the main role of basis of a complex algorithm that is supervised
using prosthetic restorations in the lateral area by the dental technician (CAD), as well as
of the dental arches being to restore the various devices for transposing previously
masticatory function and implicitly the relief modeled virtual patterns into finished products
of the occlusal surfaces of the restored teeth. from different types of materials (CAM).

The preview of fixed prosthetic Using a large number of devices can increase
restorations, definitive or temporary, can be the degree of error in the final restoration
made at the present time by classical but also without proper adjustments [1] [2] [3]. The
modern methods. The classic techniques are result of either digital or analog workflow has
based on the dental technician's experience in to be accurate. The general term accuracy is
terms of spatial appreciation and the dexterity used in 1SO 5725 (all parts) to refer to both
required to model artificial teeth using trueness and precision. "Trueness" refers to the
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closeness of agreement between the arithmetic
mean of a large number of test results and the
true or accepted reference value. "Precision”
refers to the closeness of agreement between
test results obtained under stipulated
conditions [4].

For these reasons, through this study, we
tried to comparatively analyze the degree of
accuracy that can be obtained in the
reproduction in similar conditions of the
occlusal design using the analog wax-up,
performed by the dental technician, but also
the digital wax-up, made with the help of a
program specialized in three-dimensional
modeling for dental technique.

MATERIALS AND METHODS

Selection of patients in the study group.
To carry out this study, three patients aged
between 18 and 25 years were selected, each
of them signing a written consent with
information about this study. Inclusion in the
study implies the existence of permanent
dentition, the absence of lesions with loss of
substance, the absence of restorations on the
occlusal surfaces and, also, the absence of
signs of temporomandibular dysfunction. The
study was approved by the Ethics Committee
of Scientific Research of UMF "Carol Davila"
Bucharest, through Opinion No.
11579/30.04.2024.

Description of the work protocol. A
standardized examination of the subjects was
carried out, as well as an initial imaging
portfolio. Silicone impressions of both arches
were taken, intraoral maximal intercuspation
registration and facebow registration were
performed. The type IV gypsum working
models were fixed in a semi adjustable
articulator (Artex CN - Amann Girrbach,
Germany).

The mandibular and maxillary models
articulated were scanned using a laboratory
scanner, (Freedom HD DOF, Koreea), and a
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virtual image of the models in intercuspation
was obtained.

On the maxillary model, tooth 1.6 was
removed. The neighboring teeth, 1.5 and 1.7,
were prepared on the model using the same
principles as for metal-ceramic crowns. The
model thus prepared was scanned using the
same machine, the data being updated at the
level of the modeling software.

Figure 1. Scanned working model after
removal of tooth 1.6 and preparation of
teeth 1.5and 1.7.

On the prepared model, the dental
technician created a wax pattern through
which the morphology of teeth 1.5, 1.6 and 1.7
was recreated (analog wax-up), and at the end
of the wax-up process, the model and the wax-
up were scanned. A virtual image was thus
obtained that will allow measurements to be
taken in digital format, for better accuracy.

In the virtual modeling program (Exocad),
a virtual pattern was made for the same clinical
case (digital wax-up) using the analysis given
by the program and also the necessary
adjustments made by the dental technician.
The digital model thus obtained was saved
separately for digital measurements.

The analysis of the two wax-up methods
was carried out by comparing the degree of
precision in reproducing the occlusal surfaces
of the three processed teeth (1.5, 1.6 and 1.7)
compared to the initial situation, using the
Medit Design program (version 2.1.4), part of
the Medit Link program specially created to
compare and analyze 3D data. The software
allows automatic or manual alignment of the
models subjected to comparative analysis. In
our case, the initial model was set as a
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reference model against which the analysis of
the models on which the two types of wax-up
were performed was made (Fig. 2). The
Deviation Display Mode allows setting the
tolerance level in a range from -2 mm to +2
mm from the reference model. For research
accuracy, the tolerance level was set to the
range (-0.05 mm; +0.05 mm) [5].

Figure 2. Alignment and superimposition
of two models to be analyzed, in the
present case the initial situation set as a
reference and the wax-up model set as an
element to be compared.

The analyses were made for each individual
patient, comparing the models on which the
analog and digital wax-up was performed
against the original model by overlapping. To
carry out the analysis, strictly at the level of the
occlusal face, several landmarks were
established, targeting both positive relief and
negative relief elements.

The positive landmarks analyzed were
(15 elements):

- The cusps of the upper 2nd premolar:
buccal (B) and lingual (L);

- The cusps of the upper 1st molar:
mesiobuccal (MB), distobuccal (DB),
mesiolingual (ML) and distolingual (DL);

- The cusps of the upper 2nd molar:
mesiobuccal, distobuccal, mesiolingual, (the
distolingual cusp having a variable shape at the
level of the study group was excluded from the
measurements);

- Mesial marginal ridge of the three teeth
near the mesial fossa;
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- Distal marginal ridge of the three teeth

. A

Figure 3. The positive landmarks taken
into analysis.

The negative landmarks analyzed were
(11 elements):

- Mesial fossa (all teeth analyzed);

- Distal fossa (all teeth analyzed);

- Central fossa (at the level of the molars);

- The buccal groove, the place of passage
from the occlusal to the vestibular surface (at
the level of the molars);

- The lingual groove, the place of passage
from the occlusal to the lingual surface (at the

M A e SRR
Figure 4. The negative landmarks taken
into analysis.

Thus, 26 landmarks were selected for each
patient, with a total of 156 comparative
analyses. For each model, the average and the
general standard deviation were calculated, as
well as individual for each separate tooth. The
presence of statistically significant differences
was assessed using the Kruskal-Wallis test
(p=0.01). Further analysis for identified
significant differences was performed using
Wilcoxon Mann-Whitney and independent
samples t-tests. The starting null hypothesis is
that analog and digital wax-up similarly
restore the occlusal morphology of the
analyzed teeth.

RESULTS

For each analyzed model, measurements
were made for the positive and negative
specified landmarks. Figures 5 and 6
exemplify  the performance of the
measurements by comparison with the initial
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model considered as the reference model.
A
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Figure 5. Measurements of the variation of
positive landmarks.

Figure 6. Measurements of variation in

negative landmarks.

The primary analysis of the values refers to
the differences that appear by using the two
wax-up methods compared to the initial
situation considered as a reference element.
For this, the values for positive and negative
landmarks were analyzed separately.

Figures 7 and 8 analyze the variations of the
positive landmarks for the three teeth
considered. The dotted line, marking the value
of 0, represents the level at which the
landmarks are located on the original model.
Variations appearing in the positive direction
of the vertical axis mark areas where the
objects compared to the original situation
show over contouring, while variations
appearing in the negative direction of the
vertical axis mark areas where the models are
undersized compared to the original teeth.

PEECap  FMILCms  PMIMade  PZDa  MIMECss  WIDECas  MIMLGms  MiDLCus

MiMsge  WiDsge  MCMECums  MI0ECwp  MEMLCup  MIMsaie  MDadge

Figure 7. Comparison of positive landmarks between analog wax-up and the original
situation.
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Figure 8. Comparison of positive landmarks between the digital wax-up and the original
situation

As observed, the analysis of both positive
and negative landmarks showed greater
variation in analog wax-up versus digital wax-
up.

The number of standard deviations was
analyzed for both positive and negative
landmarks. For the positive landmarks, in the
case of analog wax-up out of the 15 landmarks,
9 present a number of standard deviations
greater than 5 (value indicating the threshold
of statistical significance of the analysis) and
for the negative forms, out of the 11 negative
relief landmarks taken into analysis, for 9 the
number of standard deviations is greater than
5. In the case of digital wax-up, the highest
value of the number of standard deviations was
2.12 in the case of the DP cusp of the 1st molar,
which shows that the differences between the

digital wax-up and the initial situation are
insignificant.

The final analysis was performed using the
Kruskal-Wallis test in general mode, for all
teeth, but also individually for each separate
tooth (Table 1), to detect statistically
significant differences. Where differences
were reported, the values were also analyzed
using the Wilcoxon Mann-Whitney and t-tests,
to emphasize statistical significance. For each
measured value, the square mean of the
measured values for the three patients was
calculated, the results obtained being those
analyzed by the three previously mentioned
tests.

Table 1 — Statistical significance values for the individual Kruskal-Wallis test for the three
teeth but also for the entire set of teeth.

Statistic test Statistical significance | Statistical significance
Kruskal-Wallis p-value the exact value

PM2 (1.5) p<0,01 p = 0.006485

M1 (1.6) p<0,01 p = 7.105e-05

M1 (1.7) p<0,01 p = 0.0006748
Entire set of teeth (1.5, 1.6, 1.7) p<0,01 p = 1.628e-09

As it can be seen from Table 1, using a
larger number of landmarks leads to obtaining
values with an increased degree of
significance.

DISCUSSIONS

The accuracy of the digital systems that
have appeared in the technological flow of
fixed prosthetic restorations has been a topic of
study since their appearance [6]. However,
most studies have focused on the marginal and
internal fit of the fabricated prosthetic
components and less on the accuracy of the

occlusal relief proposed by different
calculation algorithms. Since the first studies
related to marginal fit, Kawai et al 1995, a
value of the space between the restoration and
the dental abutment of less than 100 um has
been noted, values considered acceptable from
a clinical point of view [7]. The development
of new technologies or the improvement of
existing ones has made the value of the space
between the restoration and the abutment to be
less than 45 pum at the present time [5].
Kollmuss et al. 2013, made a first
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comparative  analysis  between  digital
restoration systems and analog wax-up. The
comparison was made at the level of the
physical models, the initial situation, after the
analog wax-up and the milled work mounted
on the model. Even back then, digital
technology offered results comparable to
analog wax-up [8].

In a similar study, Muric et al. 2018,
analyzed the differences that occur when teeth
are reproduced using digital wax-up based on
three different databases, and the situation
where analog wax-up is used. The study
showed that there are no statistically
significant differences between the methods in
which the digital wax-up was used regardless
of the database used to reproduce the teeth.
Only one difference was noted between analog
and digital wax-up, for one of the three
databases used [9]. It should be noted that, for
this study, the analog wax-up was performed
by a carefully selected dental technician who
was not subject to a time limit. In the case of
our study, using a single database, but at a
distance in time from the first studies which
allowed the improvement of the program used,
significant differences were noted in all three
analyzed cases.

The existence of statistically significant
differences is noted in all of the analysis
performed, both individually for each separate
tooth and for the group of teeth. However, we
can note in the individual analyses the fact that
the most significant differences are found on
the first upper molar, where the dental
technician had to start restoring the tooth from
scratch, without having a minimum of
landmarks, as opposed to the case of the 2nd
upper premolar and the 2nd upper molar, for
which the teeth were prepared in the form of
abutments. This shows that the existence of a
landmark on the model (e.g. prosthetic
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abutment) leads to obtaining superior results in
layout compared to situations where teeth are
completely missing.

CONCLUSIONS
Analyzing both macroscopically and from

the measured values point of view, we can

conclude the following:

1. Restoring the occlusal design using analog
wax-up tends to produce volumetric
changes, values recorded for all analyzed
teeth, statistically significant;

2. Volumetric changes for analog wax-up do
not have a fixed pattern, the restored teeth
being over- or under-sized in different
areas;

3. Restoring missing teeth creates the biggest
volumetric differences;

4. Restoring the occlusal design using digital
wax-up produces statistically insignificant
volumetric changes;

5. Even if the models were made following the
occlusal records, the dimensional variations
did not follow the same pattern, being an
obvious difference between the analog and
the digital method;

6. The analog wax-up depends on the
experience and skill of the dental
technician, each model being unique in its
own way;

7. The digital wax-up is based on the data
stored by the program but corrected by the
technician;

8. There are statistically significant differences
between models made by analog wax-up
and digital wax-up;

9. Digital waxing benefits from increasingly
powerful and calibrated equipment to
deliver predictable results on a regular
basis.
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