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ABSTRACT

Aim According to recent literature, the accuracy of digital
impression can be compared with traditional impressions
for most indications. However, little is known about their
suitability in digitizing edentulous jaws in view of mobile
prosthetic rehabilitation. The aim of this study was to compare
in vivo an intra-oral scanner with conventional impression in
case of maxillary edentulous jaws.

Material and methods Four (1 male, 3 female) subjects who
had no previous experience with either conventional or digital
impression participated in this study. Digital impression were
taken using an intra-oral scanner. After that conventional
impressions of maxillary edentulous jaws were taken with
an irreversible hydrocolloid impression material. Then all
10Ss datasets were loaded in a three-dimensional evaluation
software (3DReshaper 2017, Hexagon), where they were
superimposed on the model obtained using conventional
impression and compared.

Results The mean value of difference between the two
impression techniques ranged from 219 to 347 pum. The
comparison of models obtained with the two techniques
showed that the compression given by the impression material
on the peripheral areas, such as oral vestibule and soft palate,
determined the most important differences recorded.
Conclusion Digitizing edentulous jaws with the use of 105
appeared to be feasible in vivo, although peripheral tissue
were not effectively reproduced. On the basis of the results of
this study, the authors could not recommend the use of 10S
for digitization of edentulous jaws in vivo in view of mobile
prosthetic rehabilitation, until it will be found a way to give a
selective pressure in peripheral areas as occurs during edging
of impression tray.
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INTRODUCTION

The success in mobile prosthesis is strictly linked to
several factors, including the retention of the prosthetic
device. Currently mobile prostheses are fabricated
according to the traditional technique, that includes
two impressions: the first to obtain an individual
impression tray and the second one to build the body
of the prosthesis.

To obtain an acceptable retention it is important, in the
second impression, to register the muscles's function
and to edge the impression tray in the peripheral areas
(namely oral vestibule and soft palate) with the purpose
of giving a selective pressure in order to obtain a
particular effect, also known as “suction effect” (Fig. 1).
Problems observed with conventional impressions
include soft-tissue management, improper impression

FIG. 1 The conventional impression tray also records peripheral areas such
as oral vestibule and soft palate.
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FIG. 2 Digitization of edentulous jaws.

tray selection, separation of impression material
from the impression tray, distortion of conventional
impressions before pouring and storage of conventional
impressions for potential remaking of casts (1, 2).
Furthermore traditional impression has been perceived
by patients as an uncomfortable treatment experience
(3,4), in particular for sensitive subjects, such as children
and patients with a strong gag reflex (5). In addition, it
can be difficult with some impression materials, like for
example polysulphides, to remove any excesses from
adjacent surfaces or clothes.

In recent years there has been an increased interest in
digital technology that has invested several industries
worldwide from military to aviation and also to the
health care field, including dentistry. In particular, in
the latter, the interest on intra-oral scanners has been
growing every year and new devices are continuously
launched.

The optical impression with intra-oral scanners (10S)
has a whole range of advantages and solves some
problems of conventional impression (6). In fact
digital impression allows better communication with
dental technicians and with patients (7) and gives
the possibility of complete digitalization of the CAD/
CAM process with the logical and direct access to the
subtractive and additive technologies. Furthermore
it solves the patient's discomfort due to retching and
unpleasant taste of the impression material (7, 8, 9),
eliminates potential allergies to impression materials.
It is technically easier for the dentist (10, 11, 12) and
especially young clinicians tends to prefer it compared
to the conventional impression (13).

Nevertheless digital systems have some disadvantages
compared to ftraditional impression systems, for
example it can be difficult to detect deep marginal
lines of prepared teeth and/or in case of bleeding (14,
15), it is difficult to impress in a correct way mobile
tissues, intra-oral scan tend to modify the impression
by reducing trueness when we impress all the jaw, there
is a learning curve (13) and there are purchasing and
managing costs (16).

However, despite the enhancement that digital
impression made, conventional impression remains
the most used technique in dentistry, and in particular
in prosthesis, both for fixed and mobile prosthesis.
As regards the second one, little is know about their
feasibility and applicability in digitizing edentulous

jaws. To date, to our knowledge, there is only one study
that assessed the accuracy of intra-oral scanner in
edentulous jaws (17).

Premise that it is possible to evaluate the accuracy of
digital impression exclusively with in vitro studies, using
a tabletop reference scanner with high level of accuracy,
there's an important limitation in case of edentulous
jaws. In fact edentulous jaws represent a tissue-based
clinical situation involving several mobile zones (such as
areas of the oral vestibule) and smooth-surface textures
covered entirely by saliva that cannot be compared with
a gypsum model. So results obtained in this study could
not be easily applied in everyday work.

Therefore, the aim of the present study is not to
evaluate the accuracy of intra-oral scanners, but rather
to evaluate the suitability of using one of the most
accurate intra-oral scanners (Trios, 3Shape, Copenhagen,
Denmark) (18, 19, 20) to digitize edentulous jaws in vivo
and to verify, on the obtained data sets, if it is possible
to replace the traditional approach with the digital one
in the perspective of mobile prosthetic rehabilitation
(complete denture) (Fig. 2).

MATERIALS AND METHODS

Patients selection

The present pilot study was conducted on totally
edentulous patients who needed a complete prosthetic
rehabilitation on the upper jaw and were not seeking
oral implant therapy.

After receiving clear information about the purpose
of the study all patients provided written, informed
consent.

The following inclusion criteria were used: agreement
with informed consent; male/female aged at least 18
years; good health conditions; fully edentulous in the
maxilla, regardless of the conditions in the lower arch; a
history of edentulism of at least 3 months.

The following exclusion criteria were adopted: subjects
unlikely to be able to comply with the study procedures,
as judged by clinicians; systemic diseases or severe
medical complications; disabilities; pregnancy; presence
of chronic lesion of the maxillary mucosa, such as
decubitus lesion, and bone neoformation, such as torus.
In total, four patients were recruited and participated in
the study (mean age 72.5 years, range 68-78 years; one
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Intra-oral scanning vs. conventional impression of edentulous maxilla

Patient 1 Patient 2 Patient 3 Patient 4 Mean value TABLE 1 Differences recorded
between the two impression
<0.1 mm 31% 57,6% 37.5% 48,9% 43,75% techniques.
<0.25 mm 56,4% 77.2% 75,7% 72,9% 70,55%
<0.5 mm 81,3% 91,53% 88,7% 90% 88,1%
>1 mm 6% 2,6% 3,22% 2,5% 3,58%

male, three females). The enrollment was conducted in a
private dental office located in Florence, Italy.

Clinical procedures

The patients were treated by two clinicians, the first with
expertise in the fields of conventional impression and
the second one expert in digital impression. For each
patient two impression of the upper arch were taken,
one for each clinician. The first impression was taken by
the doctor expert in digital impression with an intra-
oral scanner (Trios3®); the second impression was taken
by the doctor with expertise in the field of conventional
impression using an irreversible hydrocolloid impression
material (Hydrogum 5, Zhermack) with Schreinemakers
impression tray. Impressions were taken always with this
sequence in order to not condition the tissues with the
impression material before using the 10S.

The intraoral scanner used in this study is one of the
most accurate according to the recent literature (18, 19,
20). Trios 3® was launched in 2015 in three different
versions: a trolley version with a touch-screen, a version
incorporated into the dental treatment unit, and a USB
version. We used the last one, plugged via a USB port to
a computer with great performance. The Trios scanner
(3Shape, Copenhagen, Denmark) is a powder-free,
powerful and extremely fast structured light scanner.
It works under the principle of confocal microscopy and
ultrafast optical scanning, so it continuously captures 2D
images from different positions to create a 3D surface
and it produces high-quality color images. Therefore,
shade matching is automated with this system, which
also takes digital photographs, thus allowing the
acquisition of high-definition photos for documentation
or communication purposes. Unwanted objects (tongue,
cheeks or lips) are detected automatically and digitally
removed from the digital impression in real time.

With the 10Ss, the scanning process for the maxillary jaw
followed a special pattern, starting at the distobuccal
areas of the first quadrant, at the level of the tuber,
following the crest to the opposite side, passing through
the retroincisor papilla, and finally closing the palatal
gaps by moving the scanner head in a zigzag movement
over the palate. Finished the scan, it was possible to cut
areas of no interest. In fact the acquisition software of
Trios 3® used in the present study has further automatic
artifacts elimination, an advanced cutting function,
combined with smart blocking functions available for
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surfaces. The time required for the optical impression
of the upper arch was an average of 3 minutes and 6
seconds (respectively: 2.29, 3.11, 3.40 and 3.45), while
the total number of 3D images was on average of 1244
(respectively: 1109, 1199, 1241, 1427).

Once the digital impression phase was completed, the
traditional one was undertaken. For this purpose, a metal
impression tray, suitable for the negative detection
of totally edentulous ridges, called Schreinemakers
impression tray, was used. The selection of the correct
size of the impression tray was made using the
appropriate plastic compass, which for the upper arch
registers the distance between the vestibular contours
of the two maxillary tuberoses. Having chosen the
impression tray of the dimension immediately exceeding
the recorded distance, both were edged, with an
extremely soft material (Cera Azzurrina Morbidissima,
Industrie Zingardi, Italy), designed to be applied on the
edges of the impression tray in order to extend the
extension and to create stops where necessary. So each
impression tray was loaded with alginate (Hydrogum
5, Zhermack), suitable for the detection of preliminary
impressions in total and partial mobile prostheses.
The impression was taken and the patient was then
dismissed. In the laboratory, preliminary gypsum models
(Type IlI, Elite Model, Zhermack) were obtained and all
the four models were scanned with a laboratory scanner
(3Shape D1000).

At this point, both for the intra-oral scanner and for
the laboratory scanner, the scanning software saved
the data automatically to the STL file format (STereo
Lithography interface format). We then used 3-D
evaluation software (3DReshaper 2017, Hexagon) to
remove artifacts from the visualized data sets and to
crop them proximal of the vestibule. Data sets were
superimposed by using the best-fit algorithm of the
software, and the software automatically performed
overall 3-D comparisons (x, y, z coordinates). Finally,
the data sets were visually inspected and an analysis
was conducted.

RESULTS

Digitizing edentulous jaw was possible using the 10S
of the 3Shape and the differences recorded between
the two impression techniques in the four patients are
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shown in Table 1, from which it is possible to infer that
on average 10% of the arch recorded differences of
more than 500 microns. However, since no similar study
is available, it is not possible to specify whether these
results are to be considered or not acceptable.

As regards the mean value of differences between the
two impression techniques, they ranged from 219 to
347 um, respectively for each patient: 219, 239, 246 and
347 um.

The visual analysis of superimposed data sets revealed
the greatest deviations in the peripheral areas such as
oral vestibule and soft palate, where the impression
material showed the maximum compression.

DISCUSSION

Digital revolution is deeply changing the dental
profession, through the launch of multiple devices, like
software, CBCT, additive and subtractive manufacturing
technologies (21, 22). In fact, nowadays the treatment
plan is established by associating clinical evaluations
with virtual ones, thanks to image acquisition systems,
such as intra-oral scanner (23, 24), photos (25), face
scanner (26), and cone beam computed tomography
(27). A whole range of therapies (surgical, prosthetic
and orthodontic) can be easily planned in virtual and
applied in real thanks to 3D modeling and processing
software (software for gquided implant surgery, for
orthodontic dental movement and prosthetic CAD
software). For example, with the use of appropriate
software of guided surgery the doctor is able to
plan the best implant's position in view of prosthetic
rehabilitations and then switch from virtual to real and
insert implants in the position that had been previously
decided thanks to surgical templates obtained with 3D
printers. Finally, using new materials (28), it is possible
to fabricate the prosthetic restorations and in other
cases also orthodontic devices, through the use of CAM
technologies.

Certainly, today, the most attractive device is the 10S, as
justified by the large number of studies that investigate
its accuracy. Despite their use entails significant
advantages for the clinician and for the patient, the
diffusion of this device in the daily workflow is still
limited although some clinicians and dental operators
affirm that 10S are rapidly supplanting traditional
impressions (with trays and materials).

The clinical study we discussed here compares the
optical impression with the traditional one in an
edentulous arch. In fact almost all studies in this regard
are in vitro studies, due to the need to have a reference
measurement, which can only be obtained with a specific
device (laboratory scanner) that can not be used in vivo.
Furthermore, available literature focuses on 3-D and
linear measurements of impressions or casts of dentate
jaws or implanted jaws and, to our knowledge, there is

only one study in which the accuracy of digitization of
edentulous jaws with 10Ss was evaluated (17). In this
in vitro study the authors scanned two representative
edentulous jaw models with a powerful (manufacturer's
specifications: accurate to within < 20 micrometers)
industrial laser scanner (Activity 101, smart optics
Sensortechnik, Bochum, Germany), in order to obtain
a platform for reference measurements, and then with
four different 10Ss (Cerec AC Bluecam®, Zfx IntraScan®,
Itero® and Lava COS®). The intraoral scans (five per
maxillary model and five per mandibular model) were
imported into software for superimposition of 3D
surface models and then compared with values obtained
with the reference scanner in terms of trueness and
precision. Mean trueness values ranged from 44.1 to
591.8 micrometers and mean precision values ranged
from 21.6 to 698.0 um. At the end of the study, the
distance errors were the smallest and most consistent
for the Lava COS®, whereas they were the largest and
least consistent for the Cerec Bluecam®. The authors
concluded that digitizing edentulous jaw models with
the use of 10Ss appears to be feasible, although the
accuracy of the intra-oral scanners differs significantly,
and that further enhancements are necessary to
recommend these 10Ss for this particular indication
(edentulous jaws). Nevertheless the results of this study
could not be easily applied in everyday work because
the features of a plaster model differs in important way
from the edentulous jaw, for example for the presence
of mobile areas, a limit that is less evident in case of in
vitro studies that analyze the accuracy of scans of tooth
or abutments. So, although the results of this in vitro
study is very promising, there are some limitations when
we scan the oral cavity.

Scanning in the mouth may double the error compared to
scanning a model due to the different environment (29).
In fact, the optical impression involves the management
of soft tissues and the elimination of oral fluids (blood,
saliva, crevicular fluid) exactly like the traditional
impression. Another difference between in vivo and in
vitro scanning is the stability of the scanning surface, in
fact the shape of the mucosa can change depending on
the jaw movements, which can complicate the scanning
procedure (30). So, in particular for the lower arch, it
is difficult to obtain repeatability of intraoral scans
for full-arch impressions, also because the different
intraoral acquisition strategies can influence the final
result (31).

Therefore, the difficulty of translating in vivo the data
obtained in vitro prompted us to perform an in vivo
study.

Soitisimportant to underline that the aim of the present
study is not the search of accuracy, in terms of trueness
and precision, of the Trios intra-oral scanner. The aim of
the present in vivo study is to compare two different
impression techniques with the purpose of evaluating
the existing differences and analyze if the optical one
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Intra-oral scanning vs. conventional impression of edentulous maxilla

FIG. 3 Areas where the impression material gives more compression than
the intra-oral scanner (in blue and red), there are also differences bigger
than 500 micron (blue).

can be taken into consideration as an alternative to the
conventional impression in view of mobile prosthetic
rehabilitation, starting from the assumption that the
areas in which it would be desirable to have the fewest
differences are represented by those that fall within
the definition of “peripheral seal”. This structure plays
an important role in the retention of the prosthetic
device, for this reason the actual trends forecast
two appointment to impress the arch. In the first
appointment the preliminary impression is made, which
has as fundamental requirement to be overextended. On
the model obtained from this impression, an individual
impression tray will be then built up, thanks to which the
final impression, also know as “functional impression”,
will be executed. The retention of the mobile prosthesis
is strictly linked to the "functional impression”, which
should exert a selective pressure on peripheral areas
and be mucostatic in the central structures.

To analyze the differences between the two impression
techniques it has been used a dedicated software
for superimposition of the resultant STL datasets,
that represent an efficient technique to measure and
compare differences at the microscopic level (32). The
superimposition of STL datasets can be performed by
"best-fit algorithm”, “least squares method" and the
"zero method". In the present study the first one was
used, that it is one of the most common methodologies
used to investigate the accuracy of impression (33).
The mean value of difference between the two
impression techniques ranged from 219 to 347 pm, and
on average only 10% of the arch recorded differences
exceeding 500 microns.

However, what we are interested in is another result.
In fact, we focalized our attention in the research
of that areas in which the impression material gives
more compression than the intra-oral scanner. As it
was possible to expect the hydrocolloid gives in all the
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cases more compression in the peripheral areas, whereas
it is not possible to register the same result in other
places, so in general in almost the whole jaw covered by
keratinized tissue.

In Figure 3 it is possible to deduce where the impression
material gives more compression than the intra-
oral scanner (areas colored in blue and red) and the
differences recorded are somewhere also bigger than
500 micron (areas depicted in blue), in particular in
areas such as soft palate and buccal vestibule, less in
labial vestibule.

Furthermore, it is important to remember that these
differences were recorded between 10S and preliminary
impression (using an irreversible hydrocolloid). So,
supposedly, these differences would have been even
greater if I0S and functional impressions were compared.

CONCLUSION

Although the results of our study show that digitization
of edentulous jaw was feasible with the use of the Trios
scanner, the high levels of difference in compression
in the peripheral sealing zone lead us to conclude
that the use of optical scanning can be considered
valid only to replace the preliminary impression, so to
obtain a model thanks to which it is possible to build
an individual impression tray. In fact, in view of mobile
prosthetic rehabilitation, it is fundamental to exert a
selective pressure in peripheral areas, that is currently
not possible without the functional impression.

RECOMMENDATIONS

Assuming that a good fitting prosthesis is fundamental
to avoid complications and assure the longevity of the
construction, the literature must focus on the research
of an alternative to the functional impression. Otherwise
it can be possible to obtain a mobile prosthesis with
a total digital workflow, but the retention of devices
obtained with intra-oral scans will surely be lower than
that obtained with conventional techniques.

In our opinion, a good solution could be the use of
contact scanner, so scanner that can physically probe
the surface of the jaw and exert a selective pressure
on tissues, although it must be remembered that the
physical contact with the probe can somehow modify
tissues in a way not desirable. Furthermore contact
scanners exist only for laboratory and they are slow and
expensive.
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