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Abstract

Purpose: The increased use of CAD systems can generate doubt about the accuracy
of digital impressions for angulated implants. The aim of this study was to evaluate
the accuracy of different impression techniques, two conventional and one digital, for
implants with and without angulation.

Materials and Methods: We used a polyurethane cast that simulates the human
maxilla according to ASTM F1839, and 6 tapered implants were installed with external
hexagonal connections to simulate tooth positions 17, 15, 12, 23, 25, and 27. Implants
17 and 23 were placed with 15° of mesial angulation and distal angulation, respectively.
Mini cone abutments were installed on these implants with a metal strap 1 mm
in height. Conventional and digital impression procedures were performed on the
maxillary master cast, and the implants were separated into 6 groups based on the
technique used and measurement type: G1 — control, G2 — digital impression, G3 —
conventional impression with an open tray, G4 — conventional impression with a closed
tray, G5 — conventional impression with an open tray and a digital impression, and
G6 — conventional impression with a closed tray and a digital impression. A statistical
analysis was performed using two-way repeated measures ANOVA to compare the
groups, and a Kruskal-Wallis test was conducted to analyze the accuracy of the
techniques.

Results: No significant difference in the accuracy of the techniques was observed
between the groups. Therefore, no differences were found among the conventional
impression and the combination of conventional and digital impressions, and the
angulation of the implants did not affect the accuracy of the techniques.
Conclusions: All of the techniques exhibited trueness and had acceptable precision.
The variation of the angle of the implants did not affect the accuracy of the techniques.

The passive fit of an implant-supported prosthesis depends on
several factors, including the accuracy of the impression tech-
nique and the resulting master cast produced.'? The implant-
abutment connection is directly related to the long-term success
of the prosthesis. An improper connection can increase biolog-
ical problems and cause mechanical issues such as occlusal
problems and screw loss from the abutment or implant. There-
fore, an accurate impression is extremely important to produce
a reliable cast.””’

Accuracy consists of precision and trueness (ISO
5725-1).819 Precision represents the degree of reproducibility

between repeated measurements. As the precision increases,
the predictability of the measurement increases. Trueness de-
scribes the closeness to the actual dimensions of the object,
which is defined by a comparison between the measurement
control and a test object.!®?

The accuracy of gypsum cast fabrication for implant trans-
fer positioning of a prosthesis is influenced by the impression
technique, parallelism or non-parallelism of implants, depth of
the implant position, type of impression material used, dimen-
sional stability of the gypsum, and the repositioning of copings
in the correct position.*%? The angulation of the implants may
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Table 1 Materials required for the study
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Material

Manufacturer Quantity

Polyurethane maxilla cast

External hexagonal implant (3.75 x 11 mm)
Implant engine

Counter-angle — reducer 20:1

Manual torque wrench

Mini conical abutments (1.0 mm metal strap)
Bench Scanner 3 series (optical system)
Carborundum disc

Scan body

Plastic autoclavable perforated tray
Tungsten maxicut drill PM n® 1251

Open tray transfer

Closed tray transfer

Mini conical analog

G.C. Pattern resin

Vinylpolysiloxane Futura AD

Special type-IV gypsum

Digital caliper

Nacional Ossos, Jau, Brazil

Implacil de Bortoli, Sao Paulo, Brazil

Smart Diriller, Carapicuiba, Brazil

Anthogyr; Sallanches, France

Implacil de Bortoli, Sao Paulo, Brazil
Implacil de Bortoli, Sao Paulo, Brazil
Straumann- Dental Wings, Basel, Switzerland
Dentorium — Labordental, Sao Paulo, Brazil
Neodent, Straumann, Basel, Switzerland
Angelus, Londrina, Brazil

American Burrs, Pedra Branca, Brazil
Implacil de Bortoli, Sao Paulo, Brazil
Implacil de Bortoli, Sao Paulo, Brazil
Implacil de Bortoli, Sao Paulo, Brazil

GC Dental, Tokyo, Japan

Nova DFL, Rio de Janeiro, Brazil

Fujirock, GC, Tokyo, Japan

Mitutoyo, Tokyo, Japan
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increase the likelihood of the impression material becoming
dislodged and the subsequent distortion of the definitive cast.
Each step of the impression procedure can be influenced by
human error or impression material error.'!

To date, several implant impression techniques, such as the
open tray and closed tray, and different impression transfers and
materials have been investigated regarding their accuracy.'*

Implant impressions can be classified as direct or indirect
techniques. Direct techniques are also described as open tray
impression techniques because the tray has an open window
for unscrewing the guide pins of the impression copings.!!2
During impression removal, the whole set is removed at the
same time, and the copings are repositioned by fixation of this
same SCrew.

Indirect techniques are also known as closed tray impression
techniques. These techniques consist of transfers that remain
on the implants while the impression tray is removed from the
mouth. The transfer is removed from the implant, attached to the
analog outside the mouth, and repositioned onto the impression.
The closed tray technique is performed when indications such
as limited space between interarches, nausea, or difficulty in
accessing a posterior implant are present.'>!3

The accuracy of conventional impression techniques de-
pends on the impression material, tray type, and the technique
used.!" Fabrication of a virtual cast can be performed intrao-
rally or through the digitalization of conventional casts with a
scanner. Bench scanners are becoming more frequently used
because they combine the advantages of a CAD/CAM pros-
thesis and decreased laboratory cost; therefore, digital impres-
sion techniques at the implant level play an important role
in the development of a fully digital workflow for implant
restorations.'*!> CAD/CAM-fabricated restorations with indi-
rect data capturing require precise casts, making precise impres-
sions indispensable, and this technology increases the potential

for the implant-supported prosthesis to have a better passive fit,
which is considered an essential prerequisite for maintaining
osseointegration.'?

In some cases, parallel installation of the implants is impos-
sible, and it is necessary to angle them during surgery.> The
effect of angulation on the accuracy of casts has been investi-
gated, but some studies have shown that an angle of less than
30° does not affect cast accuracy.!”

The aim of this in vitro study is to compare the precision
and accuracy of conventional (open and closed tray) technique
with a combination of conventional and digital techniques and
to evaluate the accuracy of implant positions at the implant
platform level in the presence of angulated implants on these
techniques.

Materials and methods

The materials used in this study are detailed in Table 1.

Polyurethane cast and implant installation

A polyurethane maxilla cast, which simulates the human max-
illa bone according to the standards of ASTM F1839 (the stan-
dard specification for rigid polyurethane foam for use as a
standard material for testing dental and orthopedic devices),
was used. Cutouts in the maxilla were made using an arc of a
saw frame to delimit the area of interest for research.

Six self-screw implants were installed in this cast at the bone
level, following surgical protocol and asepsis care, with conical-
type and external hexagonal-type connections (3.75 mm di-
ameter, 11 mm length). The implants were inserted into the
polyurethane cast using surgical drills with diameters of 2.0,
2.8, and 3.2 mm at a velocity of 800 rpm. An implant engine
was used, and a 20:1 counter-angle reducer and a protractor
were used to aid implant angulation.
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Figure 2 Occlusal view of the implants (17, 15, 12, 23, 25, and 27).

The implants were placed in the following areas and with
the following angulations: (1) implant 17 (maxillary right
second molar): 15° mesial angulation; (2) implant 15 (max-
illary right second premolar): 0° angulation; (3) implant 12
(maxillary right lateral incisor): 0° angulation; (4) implant
23 (maxillary left canine): 15° distal angulation; (5) implant
25 (maxillary left second premolar): 0° angulation; and (6)
implant 27 (maxillary left second molar): 0° angulation. Im-
plants 17 and 23 were angled to allow evaluation of material
dislodgement between implants with an opposed disposal and
angulation when possible (Figs 1 and 2).

Mini conical abutments with a 1 mm metal strap were in-
stalled on all of the implants using a manual torque wrench
until a torque of 20 Ncm was reached, as recommended by the
manufacturer. The master cast was marked in low relief with a
carborundum disc, which served as guidance for the measure-
ments to be made at exactly the point of each abutment.

Groups

In this study, the polyurethane maxilla served as a master tem-
plate for each impression technique performed. For standard-
ization of the impressions, a single operator performed all tech-
niques. Each group consisted of five impressions, resulting in
a total of 25 casts per group. To minimize any human errors or

Impression Accuracy Evaluation

statistical failures of the measurements, element 17 was used as
a fixed point, and then, the sequence was followed until element
27 was performed (Table 2). The sequence included the master
cast, and the implant measurements were performed five times
directly on the maxilla.

Impression techniques

Digitalization was performed using a bench scanner, and the
master cast was placed directly on the tablet with the scan body
installed on the implants (Fig 3). For the open tray conventional
impression, a plastic autoclavable perforated tray was used;
it was adapted for the impression by removing the occlusal
part of the tray using a tungsten maxicut drill and leaving the
outer parts and the center of the tray. Six open tray transfers
were installed on the mini conical abutments of the master
cast, each with a torque of 10 N/cm on the clamping screw.
These transfers were splinted using dental floss and a Marta
fur brush, and small increments of chemically polymerizable
acrylic resin were deposited onto the dental floss by dipping
the brush into the monomer and then the polymer (Nealon
technique), thus ensuring fixation and preventing the movement
of these structures during the impression. This resin structure
was cut with a carborundum disc, and a new union was made
after 17 minutes by repeating the same procedure.

A plastic perforated autoclavable tray was used for the closed
tray conventional technique. Six closed tray transfers were in-
stalled on the master cast mini abutments. After the impression
was obtained, these were removed from the implants, fixed to
the analog using the same implant connection, and introduced
into the impression.

Vinylpolysiloxane (VPS) impression material was used for
both techniques, following the manufacturer’s recommenda-
tions. The double-mixing technique was used, in which light
and heavy silicones were produced using a tray at the same
time the master cast was produced. The setting time of the
material was 6 minutes. An analog was installed on each trans-
fer using the same implant connections and without movement
of the transfers. After 40 minutes, a special type-IV gypsum
was poured over the impression, and after setting, removal was
performed to obtain the definitive casts. This sequence of pro-
cedures was repeated to obtain five casts for each group.

Measurement procedures

The measurements at G1 (caliper), G3, and G4 were obtained
using a digital caliper, and the measurements at G2, G5, and
G6 were obtained via the Straumann CAD software system.
Measurements were performed starting on the low relief side
and proceeding to the mini abutment of implant 17, resulting
in the following sequence of measurements (Fig 4): implants
17-15 (a), implants 17-12 (b), implants 17-23 (c), implants
17-25 (d), and implants 17-27 (e). The data for the five mea-
surements were stored in an Excel table (Microsoft Office 365;
Microsoft Corp., Redmond, WA), and the average and standard
deviation of the measurements were calculated for each group.
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Table 2 Groups included in the study, by the technique and method of measurement

Group Specimen Cast technique Method of measurement

G1 Polyurethane maxilla — Caliper (Control)

G2 Polyurethane maxilla Digitalization Software CAD Design (Dental Wings 3 series)
G3 Gypsum cast Open tray Caliper

G4 Gypsum cast Closed tray Caliper

Gb Gypsum cast Open tray + Digitalization Software CAD Design (Dental Wings 3 series)
G6 Gypsum cast Closed tray + Digitalization Software CAD Design (Dental Wings 3 series)

Figure 3 Digitalized view.

Figure 4 Measurement points between the implants.

Statistical analysis

The mean and standard deviation were calculated for each
technique, and the coefficient of variation for each group was
calculated to determine the accuracy of the technique. Two-
way repeated-measures ANOVA was performed to assess the
interaction of and the correlation among the techniques and
measurement points. A Kruskal-Wallis test was performed to
analyze the accuracy of the techniques.

Comparisons with a type I error probability of less than 5%
(p < 0.05) were considered statistically significant. The Minitab
program was used for the descriptive analysis, while the Statisix

9.1 program was used to perform two-way repeated-measures
ANOVA and the Kruskal-Wallis test.

Results

The descriptive statistics are shown in Table 3. The mean and
standard deviation for each group and the measurement points
are shown. Analysis of the accuracy of the techniques was
performed using the coefficients of variation. The descriptive
statistics indicated that G2, G5, and G6 had higher coefficients
of variation.

The data were submitted to a two-way repeated-measures
ANOVA to evaluate differences between the techniques.
According to the table, all of the techniques were accurate
(p = 0.1099), because no differences were found relative
to the control group (Table 4). Regarding the angulation of
the implants using the different techniques, no statistically
significant differences were observed among the measurement
points a, b, ¢, d, and e (Table 4), and indicated by the
Kruskal-Wallis test results in Table 5.

Discussion

This study compared conventional techniques alone with com-
binations of conventional and digital techniques to determine
whether these combinations can lead to a significant change in
the maxilla. The results showed no significant difference be-
tween the use of direct digitization of the cast and the control
group (caliper), indicating that the same level of accuracy was
achieved with and without the countertop scanner.

Accurate impressions are key to the passive fit of implant-
supported prostheses. As a step of utmost importance in this
experiment, we chose to focus on techniques with high clinical
relevance and to reproduce the procedure as it is performed in
the dental office. VPS material was used, which, according to
Kurtulmus-Yilmaz et al*> and Prithviraj et al,® shows no sig-
nificant differences compared with polyether, and this material
exhibits the highest accuracy in the presence of angled implants.

According to Cerqueira et al,'? an important step in the con-
ventional technique using an open tray is the union between the
transfer and the acrylic resin. We used the self-curing acrylic
resin GC Pattern because one study showed that it exhibits less
shrinkage polymerization than the self-curing acrylic resin Du-
ralay. The separation of this structure and formation of a new
union between transfers required a setting time of 17 minutes,
as recommended by the previous study.
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Table 3 The mean (M), standard deviation (SD), and coefficient of variation (CV) of the implants

a (17-15) b (17-12) ¢ (17-23) d (17-25) e (17-27)
M + SD CV (%) M £ SD CV (%) M £ SD CV (%) M + SD CV (%) M £ SD CV (%)
G1 12.59 + 0.02 0.2 28.29 + 0.15 0.5 41.26 + 0.2 0.5 41.17 + 0.08 0.2 40.35 £ 0.3 0.8
G2 1229 £ 0.5 4.4 29.08 +£ 1.3 4.6 4190 £ 1.9 45 4180 + 1.8 4.3 4225 £ 1.4 3.4
G3 1257 £ 0.2 1.5 28.37 +£ 0.09 0.3 41.20 +£ 0.1 0.4 4127 £ 04 1.1 4147 £ 0.3 1.3
G4 12.54 + 0.1 1.0 28.41 £ 0.1 0.4 4148 £ 0.4 0.9 4153 + 0.7 1.7 4151 £ 0.5 1.2
Gb 12.39 + 0.2 1.7 28.57 £ 0.8 3.0 41.60 + 0.9 2.3 4129 £ 04 1.1 4111 £ 04 1.1
G6 12.06 £ 0.5 4.1 29.20 £ 1.07 3.6 42.02 £ 1.2 2.9 4244 £ 1.1 2.6 4196 £ 1.4 3.3

Regarding the precision of the techniques, this study showed
no significant differences between the technique groups. Other
authors*'#20 have also shown that the open- and closed-
tray techniques exhibit no significant differences; however,
some studies>>!”!° have reported higher accuracy of the
open-tray conventional technique. Although our study did
not demonstrate a difference between the techniques, accu-
racy is a highly controversial subject in the literature. This
is noted by Spector et al,>® who verified the accuracy of
conventional techniques and found distortion in all of them,
but they did not determine which technique was the most
accurate.

In this study, the scanning technique showed good results
in terms of accuracy, as no significant differences were found
between the control group (G1) and the group that used di-
rect scanning of the maxilla (G2) or the groups in which dig-
itization of casts was performed by conventional techniques
(G5 and G6). Lee et al’ found that digital techniques are
comparable to conventional techniques and reported a differ-
ence in the vertical positioning of the implant in their study;
however, in the analysis of all groups, higher coefficients of
variation were observed for the scanned groups (G2, G5, and
Go6, with coefficients of variation of 4.24%, 1.98%, and 3.30%,
respectively). G3 and G4 (the conventional groups) had lower
coefficients of variation, with an average of less than 1%
each. Because the images are 3D, positioning of the CAD De-
sign cursor in exactly the same position on all of the virtual
casts obtained was difficult compared to the exact measure-
ment (in mm) of the area between the implants. This diffi-
culty was not reported in other articles, and the group that
had a coefficient of variation of 4.24%, although considered a
low value, was the group that had the highest percentage of
variation.

To verify the accuracy of the implant angle variable, mesially
angled measurements were performed for implant 17. In the
statistical analysis of measurements in relation to the other an-
gled implant (implant 23), the slope did not affect the accuracy
of the impression techniques, as shown by the results of the
Kruskal-Wallis test.

Similar to other studies, this study found no difference in the
measurements of the distances between angled and straight im-
plants for conventional techniques.''>'® Hazboun et al'® con-
ducted a study to evaluate the distances between angled and

Table 4 Results from two-way repeated-measures ANOVA, which
show no significant difference between the impression techniques and
the technical-angle interaction; p > 0.05

Source DF SS MS F p
Technique 5 12.2 2.44 2.03 0.1099
Error T*R 24 28.8 1.20

T*Angle 20 12.7 0.63 1.08 0.3811
Error T*R*Angle 96 56.3 0.59

Total 149 19,937.3

straight implants in impressions made using open and closed
trays and found no statistically significant differences between
the groups or the angles.

The results of this in vitro study show that no statistically
significant differences exist between conventional techniques
alone and combinations of conventional and digital techniques
because no significant differences in parameters relative to the
control group were found. These results show the accuracy
(precision and veracity) of all techniques despite the higher
coefficient of variation of techniques involving scanning; how-
ever, another study,?! in which plaster casts were scanned using
a countertop scanner and compared for discrepancy, veracity,
and reproducibility, reported that conventional techniques were
more accurate than digital techniques.

The statistical analysis indicates the clinical relevance of
this study. No significant differences were found between the
measurements of the casts obtained and those of the maxilla.
This finding shows a high degree of reproducibility relative to
the actual measurements of the maxilla. A high coefficient of
variation was not found between the conventional techniques
alone and the conventional techniques combined with digital
techniques, which indicates the accuracy of all of the techniques
studied here.

The limitations of this study are that the procedure has not
been evaluated under clinical conditions and that the implants
did not account for the presence of soft tissue, used only one
type of implant connection, and were tested using a single im-
pression material; however, the results still demonstrated the
accuracy of the different techniques. With the development of
CAD technology, new studies should be performed to evalu-
ate the accuracy of digital and conventional techniques for
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Table 5 Comparison between the impression technique and technical-
angle interaction (Kruskal-Wallis statistics show no significant differ-
ences)

a1l17
Krus
p-Va

b 17
Krus
p-Va

-15
kal-Wallis statistic 5.9240
lue, using the chi-squared approximation 0.3137

-12
kal-Wallis statistic 1.9996
lue, using the chi-squared approximation 0.8492

¢ 17-23

Krus
p-Va

d17
Krus
p-Va

kal-Wallis statistic 1.4884
lue, using the chi-squared approximation 0.9144

-25
kal-Wallis statistic 5.0829
lue, using the chi-squared approximation 0.4058

e 17-27

Krus
p-Va

kal-Wallis statistic 10.4333
lue, using the chi-squared approximation 0.0638

application in daily dental surgery and to improve the use of
these new techniques.

Conclusions

Given the limitations of this study, the results indicate that

1.

All of the techniques exhibit trueness.

2. All of the techniques have acceptable precision.
3. The variation of the angle of the implants did not affect

1.

the accuracy of the techniques.
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