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Abstract: To compare the three-dimensional accuracy of an open-tray and two snap on impression
techniques (with and without connecting the plastic caps of the snap on impression transfers) in a full
arch 6-implant model, a reference acrylic resin model of the maxilla with six implants was fabricated.
Prominent geometrical triangles, in the palate area, served as reference points for a digital overlap
between scans. Three impression transfer techniques were evaluated and compared: open-tray direct
impression (DI), snap on impression (SpO), and connected snap on impression (SpOC). Polyether
impression material was used to make 30 impressions (n = 10), and the master model and all casts
were digitally scanned with a laboratory optical scanner. The obtained 3D data were converted and
recorded as STL files, which were imported to a 3D inspection software program. Angular deviations
(buccal, occlusal and interproximal planes) between the study casts and the reference model were
measured. Data were analyzed using one-way analysis of variance (ANOVA) and Tukey post hoc test,
with 0.05 used as the level of significance. The 3D angular deviations from the master model revealed
no significant differences between the DI and SpO impression groups, but there were significant
differences in the SpOC impression group, particularly in the buccal and occlusal planes. In all
groups, the 3D angular deviation between the most distal scan abutments on each side of the model
was significantly different from all other areas when compared to the master model. Within the limits
of this study, it is possible to conclude that the indirect closed tray snap on impression technique
with unconnected plastic caps exhibited the same three-dimensional accuracies as the direct open
tray technique. The indirect closed tray snap on impression technique with connected plastic caps
was less accurate than either the indirect closed tray snap on impression technique with unconnected
plastic caps or the direct open tray technique. In the case of full arch implant supported prostheses,
inaccuracies may be expected in the most distal implants for all the three impression techniques
evaluated in this study. Further in vitro and in vivo research is required.

Keywords: impression; 3D; closed-tray; open-tray; snap on

1. Introduction

The procedure of making an impression is a crucial stage in the implant prosthodontic
treatment process, as it directly affects the accuracy of the definitive cast and the passive fit
of the implant supported superstructure [1]. A misfit of the implant supported prosthesis
leads to mechanical and biological complications [2,3] since, unlike natural teeth, dental
implants lack the cushioning effect of periodontal fibers and cannot completely compensate
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for any imprecision in the superstructure [4]. Although, practically speaking, the achieve-
ment of a perfect passive fit is almost impossible, aspiring to diminish impression errors
and improve the outcome of the impression procedure is an important part of implant
prosthodontic treatment. A number of studies have investigated the clinical factors that
affect the precision of implant supported impressions. These include studies comparing
open and closed-tray impression techniques [5], or the use of different impression mate-
rials [6]. Still, other studies have examined the effect of connecting the implant transfers
on the accuracy of the impressions [7,8], as well as the effect of implant angulation or the
design of different prosthetic parts [9].

There are currently two main conventional implant supported impression techniques:
the direct technique that uses an open-tray; and the indirect technique that uses a closed-
tray [10]. While the direct impression technique is considered to be more accurate [6,11,12],
the indirect technique is easier to use and more comfortable for the patient, especially
for those with a strong gag reflex or limited mouth opening [9,13-15]. Unfortunately,
the need to reposition the transfer in the indirect closed-tray technique can produce less
predictable results than the pickup of the transfers that are used in the direct open-tray
technique [16]. In order to resolve this issue, the implant manufacturers have introduced
snap on plastic impression caps, where the plastic cap is picked up with the closed-tray
impression, thereby, simplifying the procedure and improving the accuracy [5,13,17]. The
indirect snap on technique is easy to use, time saving, and more comfortable for both
patient and clinician, especially for full arch cases.

Previous studies have reported that the level of accuracy achieved by the snap on
impression method is similar or even higher than achieved by the direct impression
method [4,17,18]. Conversely, the results of other studies indicated that the direct im-
pression technique provides better accuracy than the indirect snap on technique [19,20].
One study that used four unilateral implant analogs for each cast to compare the accuracy
of casts produced by snap on versus direct impression, reported a similar dimensional
accuracy for the two techniques [17]. Another study made a similar comparison between
the techniques by using two implant analogs on each side of casts that were placed symmet-
rically to the midline, and also concluded that there was no difference in accuracy between
the snap on and open-tray techniques [4].

Most clinicians now agree that the direct technique with splinting of impression cop-
ings provides greater accuracy than the non-splinted option, although, other studies have
reported no significant differences in splinted versus non-splinted direct methods [1,5,21].
Papaspyridakos et al. reported in a systematic review that for completely edentulous
patients, 22 in-vitro studies and three clinical studies support the splinting technique [21].

With the increasing popularity of digital dental technology, in-vitro studies have
compared traditional impression procedures with digital impression approaches [22]. While
digital impression accuracy was shown to be clinically acceptable for the fabrication of
single implant-supported crowns and short FDPs, there is still a lack of consensus regarding
the accuracy and clinical acceptability of digital versus conventional methods for full-arch
impressions [23,24].

To date, very few studies have examined the 3D accuracy of the closed-tray snap on
versus the open-tray impression techniques in a full arch model. Moreover, no study has
evaluated the impact of connecting the plastic caps on the accuracy of the closed-tray snap
on impression technique.

The aim of the current study was to compare the three-dimensional accuracy of open-
tray and two closed-tray snap on impression techniques (with and without connecting the
plastic caps of the snap on impression transfers) in a full arch 6-implant model. The null
hypothesis was that there would be no significant differences between the accuracy of these
three impression techniques.
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2. Experimental Section

A custom master model representing a clinical situation of an edentulous maxilla was
fabricated from chemically cured methyl-methacrylate (Palpress, Heraus Kulzer GmbH,
Wehrheim, Germany). Prominent geometrical triangles were marked in the palate area
as reference points for the digital overlap between scans. A milling machine (Alliant
Vertical Milling Machine, Alliant, Cincinnati, OH, USA) was used to prepare six parallel,
12 mm long and 4.5 mm in diameter, implant sockets. The holes were located in bilateral
symmetry to the midline, with a distance of 10 mm between them. Six implant analogs
(MD-RSM10 3.750, MIS/Divident, Or-Yehuda, Israel) were attached to the holes using the
same chemically cured methyl-methacrylate (Figure 1).

Figure 1. Master model with six analogs located in bilateral symmetry to the midline.

The parallelism of the six analogs was ensured by a surveyor (Surveyor B2 Bio-art).
Three study groups were included in this study: the direct impression group (DI-direct
impression, Figure 2a), the indirect snap on impression group (SpO, Figure 2b), and the
indirect snap on impression group in which the plastic caps were connected to each other
(SpOC, Figure 2c).

Figure 2. Study groups: (a)—direct impression group (DI); (b)—indirect snap on impression group
(SpO); (c)—indirect connected snap on impression group (SpOC).
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Open-tray impressions of the master model were made for the DI group using custom
chemically cured acrylic trays (COE TRAY PLASTIC™, GC America, Alsip, IL, USA) and
suitable impression transfers (MIS MD-10375, MIS/Divident, Or-Yehuda, Israel). The
impression transfers were screwed to the analogs with 10 Ncm torque, as recommended by
the manufacturer, and were connected to each other with transparent self-curing acrylic
resin (Palapresss, Heraus Kulzer GmbH, Germany) 1 day prior to impression-making. In
order to avoid polymerization shrinkage, the connections were thinly sectioned and the
transfers were reattached with a thin layer of self-curing acrylic material (Pattern resin LS,
GC America, Alsip, IL, USA). One can notice the thin layer of the Pattern resin due to its
different color from the transparent acrylic resin.

Closed-tray impressions of the master model were made for the SpO and SpOC groups,
using stock metal trays and snap on impression transfers (MIS CS-IT300 MIS/Divident,
Or-Yehuda, Israel). The metal parts of the transfers were screwed to the analogs with
10 Ncm torque, according to the manufacturer’s recommendations. The plastic impression
caps were pushed on top of the metal parts until they clicked to ensure a secure fit. The
plastic impression caps in the SpOC group samples were connected to each other in the
same way as for the DI group.

Ten impressions of the master model were taken for each study group, using a one-step
monophase technique, with polyether as the impression material (Impregum, Penta soft,
3M ESPE Dental, Medizin, Germany). This gave a total of 30 impressions. Following the
manufacturer’s instructions, the impression material was allowed to polymerize for 6 min
and was then removed from the master model. For the samples in the SpO and SpOC
groups, the plastic caps were then picked up and embedded in the impression, while for
the DI group, it was necessary to unscrew the transfers in order to loosen them before the
impression was removed.

Implant analogs (MIS MD-RSM10 3.750, MIS/Divident, Or-Yehuda, Israel) were then
snapped into all the transfers and the impressions were poured. The material used was Type
IV dental stone (Silky Rock, Whipmix, Louisville, KY, USA) that was mixed in a vacuum
mixer (Multiwac, Degusa, Germany), according to the manufacturer’s instructions (100 mg
powder/30 mL water). The master model and all study casts were digitally scanned with a
laboratory optical scanner (Zirkon Zahn ARTI Scanner 5600, Woodstock, GA, USA) using
scan bodies (Scanning Abutment MIS, MIS/Divident, Or-Yehuda, Israel) that were attached
to the analogs with 10 Ncm torque, as recommended by the manufacturer. The scan bodies
were attached in the same position on the master model as well as on the study models in
order to avoid deviations.

All obtained 3D data were converted and recorded as standard tessellation language
(STL) files, which were imported into a reverse engineering software (PolyWorks Inspec-
torTM, InnovMetric Software, Vétroz, VALAIS, Canada) for superimposition and 3D
deviation assessment. The STL files from the study models were digitally overlapped with
the STL file from the master model, which served as the reference data. The superimposi-
tion was performed by using the predetermined reference points that were marked on the
master model (Figure 3).

Three surfaces were defined on each scan body: buccal surface, occlusal surface, and
interproximal surface. The 3D deviation measurements were made with the assistance of
the computer software, by calculating the angle between each matching scan body surface
in the study model compared to the master model. The values of the obtained angles
reflect the inaccuracy between the master model and the study models in the three surfaces
(Figure 4—occlusal; Figure 5—interproximal; Figure 6—buccal).
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Figure 3. (a)—master model scan; (b)—study group scan; (c)—master model scan digitally over-
lapped with study group scan.

Figure 4. A digital 3D measurement of the angle between each matching scan abutment occlusal
surface in the study model compared to the master model. (a)—master model scan; (b)—study group
scan; (c¢)—master model scan digitally overlapped with study group scan.
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Figure 5. A digital 3D measurement of the angle between each matching scan abutment interproximal
surface in the study model compared to the master model. (a)—master model scan; (b)—study group
scan; (c)—master model scan digitally overlapped with study group scan.

In addition, the accuracy of the position of each scan abutment to its neighbor was
also examined on each study model and compared to the master model. For this purpose,
each study model was divided into six areas, where area 1 addresses the accuracy between
scan abutments 1 and 2 and proceeding to area 6, which considers the accuracy between
scan abutments 6 and 1 (the most distally placed abutments). The angle between the buccal
surface of each scan abutment to the same surface on the adjacent scan abutment was
calculated digitally for all study models and then compared to the master model (Figure 7).

The buccal surface was chosen as the reference surface for convenience because it has
the largest surface on the scan abutment.

Statistical Methods and Synthesis of Results

Statistical analysis was conducted using a statistical software program (IBM SPSS
Statistics, v22.0, IBM Corp, NY, USA). The values of the angles measured on each matching
scan abutment surface on all three surfaces in the study model were compared to the master
model by using one-way ANOVA. In order to determine which study group was different
from the master model, Post hoc Tukey’s tests were used to examine differences between
the study groups and the master model. ANOVA with repeated measures; within and
between subject factor group and pairwise comparison Bonferroni’s method, were used
to examine the accuracy of the position of each scan abutment relative to its neighbor.
A significance level of p = 0.05 was used.
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Figure 6. A digital 3D measurement of the angle between each matching scan abutment buccal
surface in the study model compared to the master model. (a)—master model scan; (b)—study group
scan; (c¢)—master model scan digitally overlapped with study group scan.

Figure 7. A digital measurement of the angle between the buccal surface of each scan abutment to
the same surface on the adjacent scan abutment. (a)—master model scan; (b)—study group scan.
3. Results

The results of the one-way ANOVA analysis for all three surfaces of the study models
and the master model are presented in Table 1.
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Table 1. One-way ANOVA analysis between the three surfaces of the study and master models.

Sum of Squares df Mean Square F Sig.
Between Groups 0.875 2 0.438 10.510 0.000
Occlusal Within Groups 1.124 27 0.042
Total 2.000 29
Between Groups 0.687 2 0.343 6.879 0.004
Buccal Within Groups 1.348 27 0.050
Total 2.035 29
Between Groups 0.368 2 0.184 3.375 0.049
Interprox Within Groups 1471 27 0.054
Total 1.839 29

There were significant differences in the angle values in the occlusal (p = 0.000) and

the buccal (p = 0.004) surfaces between all the study models, as compared to the master
model. For the interproximal surface, the difference in the angle values showed a weak
significance (p = 0.049). Post hoc Tukey’s tests revealed no significant differences between
the angle values in the SpO group and the DI groups, for any of the three surfaces (Table 2).

Table 2. Post-hoc Tukey’s test comparing the three surfaces of each study group and the master model.

Buccal Subset

Occlusal Subset

Interprox Subset

Group for alpha = 0.05 N for alpha = 0.05 for alpha = 0.05
1 2 1 2 1
Direct Impression (DI) 10 0.3663 10 0.8068 10 0.8855
Snap On Impression (SpO) 10 0.4050 10 0.8132 10 0.9255
Snap On Impression Connect (SpOC) 10 0.7464 10 1.1309 10 1.1378

Means for groups in homogeneous subsets are displayed.

In contrast, there were strong significant differences between the angles of the occlusal
and buccal surfaces of the SpOC group compared to the SpO group and the DI group, and a
weak but acceptably significant difference between the angles of the interproximal surfaces
(Figure 8).

The results of ANOVA with repeated measures revealed that only area 6, which
measures the accuracy in position between the most distally placed abutments, displayed
significant differences in the angle values between the study model and the master model.
This was true for all the study groups (Figure 9).
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Figure 8. The difference between the measured angles in each study model compared to the master
model for all surfaces. Occ-occlusal; Buc-buccal; IP-interproximal.
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Figure 9. The accuracy of the position of each scan abutment to the adjacent one for the three study
groups. DI—direct impression group; SpO—indirect snap on impression group; SpOC— indirect
connected snap on impression group.
4. Discussion

Many attempts have been made to introduce novel impression techniques. Modi-
fied impression techniques using plastic snap on impression copings are very common
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nowadays. The objective of this study was to evaluate the three-dimensional accuracy of
open-tray (DI) and two closed-tray snap on impression techniques, namely with (SpOC)
and without connecting (SpO) the snap on, in a full arch 6-implant model. Computer
software was used to calculate the angle between each matching scan body surface in the
study model. A comparison between the values obtained and the corresponding angles in
the master model provides a measure of the inaccuracies between the master and the study
models. The null hypothesis was partially rejected. We found no significant differences
between the SpO group and the DI groups in the angles of any of the three surfaces, but
the results in the SpOC group were significantly different from the other two groups. This
result suggests that the indirect closed-tray snap on impression technique with uncon-
nected plastic caps (SpO) exhibits comparable three-dimensional accuracy to that of the
direct open-tray (DI) technique. This is an important point since the DI technique has been
extensively studied and found to be the most accurate method for implant impression
technique, especially when the transfers were connected by acrylic material [1,2,16]. Our
results, indicating that the indirect closed-tray snap on impression technique (SpO) is as
accurate as the direct open-tray technique (DI), are also in accordance with the studies of
Akca et al., Nakhaei et al. and Ozcelik et al. [4,17,25].

While our results revealed no significant difference in the angle values in the SpO
group and the DI group for any of the three surfaces (Table 2), the angles in the SpOC
group were significantly different. This finding suggests that the SpO technique is as
accurate as the DI technique, as long as the plastic caps are not connected to each other.
This is an important contribution, since to our knowledge, this study is the first to evaluate
the influence of connecting the plastic caps on the accuracy of the closed-tray snap on
impression technique.

The significant difference between the SpO and SpOC study groups might be ex-
plained by the dimensional inaccuracy of the splinted plastic caps caused by acrylic resin
shrinkage. However, the inaccuracy remained even when the connections were severed
and the caps were reattached with the same acrylic material recommended for the DI
technique [26]. Another option for the inaccuracies may be related to the flexibility of the
plastic compartments used in the indirect closed-tray snap on impression technique, which
may result in distortion if there is shrinkage of the attached acrylic resin.

All the results shown in our study were statistically significant on all three tested
surfaces, but on the interproximal surface, the significance was weaker albeit acceptable
(Figure 8). This can be explained by the fact that the interproximal surfaces of the scan
body possess the smallest surface area. The 3D inspection software program presents each
surface as a collection of pixels derived from the digital scan in the STL file. Because of
its narrow area, the number of pixels collected in each scan of the interproximal surface is
rather low, which may affect the accuracy and thus weaken the statistical significance.

Previous studies that compared the accuracy of different impression techniques used
either digital scanning methods [25,27] or analog methods, employing a coordinate mea-
suring machine (CMM), microscope, or strain gauge [9,12,28]. The most accurate results
were obtained by digital methods as described by Ozcelik et al. [25] and Kurtulmus-Yilmaz
et al. [27] who used an optical scanner to compare the long axes of the impression copings
between the study groups and the master model. Our study is able to provide additional
data because we used a laboratory optical scanner (Zirkon Zahn ARTI Scanner S600) and
computer software (PolyWorks InspectorTM, Canada) to make a digital comparison for
superimposition and 3D deviation assessment of each individual surface (buccal, occlusal,
interproximal) of the scan body. These data enable us to obtain a more accurate and detailed
three-dimensional perspective.

While promising, there remains the question that the digital impression technique
may still not be accurate enough for full arch implant cases, such as the 6-implant full arch
master model examined here [23,29]. Other possible complications of the digital method
include the observation that the accuracy of the digital impression depends on the implant
scan body (ISB) material and position [30]. Moreover, digital workflow is still not a common
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practice in all dental practices worldwide. Thus, conventional impression methods, such as
the snap on technique, are currently still required and widely practiced, especially in full
arch implant supported cases.

Our examination of the accuracy of the position of adjacent scan abutments revealed
that the angles in area 6, which measures the two most distal abutments, were significantly
different from those in the master model, for all study groups (Figure 9). The measurements
were made on the buccal surface of each scan body assuming that since it has the largest
surface area it would be able to provide more pixels for a more accurate digital analysis.
Our findings are in accordance with the results of Rech-Ortega et al. [31], who used a
CMM analog device, and demonstrated that the distance between the distal analogs was
significantly different for both conventional and digital impression techniques. Our support
of their results with the use of a high precision digital scanner and 3D inspection software
program, suggests that the highest inaccuracies in cases of full arch implant supported
restoration are most likely to be found between the most distant analogs, regardless of the
impression technique employed.

Framework design and fabrication as well as impression accuracy are important for
framework fit, but standardized values for acceptance of passive fit are lacking. Marginal
discrepancies of 30 up to 150 um between frameworks and abutments have been suggested
as acceptable to prevent biological and technical complications [29]. However, there remains
insufficient literature data on the discrepancies between the angles in the framework and
the implant analogs that will provide an acceptable clinical fit, and further studies will
be required.

As mesenchymal stem cells were already being shown to accelerate osseointegration
with dental implants, other novel therapeutic modalities could be beneficial for future
researchers in relation to different impression techniques [32].

Our results represent the first digital comparison of the three separate surfaces of a
scan body in a master model of six vertically aligned analogs. The limitation of the current
study was that it is an in vitro study, which cannot fully reproduce the clinical conditions.
Other limitations are the small sample size and the use of only one implant company with
parallel analogs. Different results of the impression accuracy may be obtained with the
angulated placement of implants. More research is needed in order to verify our results
on a model with tilted analogs, which more truthfully replicates the clinical situation. In
addition, further in vivo research is required.

5. Conclusions

Within the limits of this in vitro study, it is possible to conclude that the indirect closed
tray snap on impression technique with unconnected plastic caps exhibited the same three-
dimensional accuracies as the direct open tray technique. The indirect closed tray snap on
impression technique with connected plastic caps was less accurate than either the indirect
closed tray snap on impression technique with unconnected plastic caps or the direct open
tray technique. In the case of full arch implant supported prostheses, inaccuracies may
be expected in the most distal implants for all the three impression techniques evaluated
in this study. More research needs to be performed in the future in order to verify our
results on a model with a variety of implant positions: tilted analogs, different heights and
different platforms which are more truthfully replicate the clinical situation.

Author Contributions: Conceptualization, A.A., R.P. and S.L.; Formal analysis, A.A.,, M.M. and S.L.;
Investigation, M.A. and M.M.; Methodology, A.A., EW. and 1.B.; Writing—original draft, A.A.,, EW.,
I.B. and S.L.; Writing—review & editing, A.A., R.P. and S.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received funding from the Divident company, Or-Yehuda, Israel.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Materials 2022, 15, 2103 12 of 13

Data Availability Statement: Data available on request due to restrictions of privacy. The data
presented in this study are available on request from the corresponding author. The data are not
publicly available due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

Tsagkalidis, G.; Tortopidis, D.; Mpikos, P,; Kaisarlis, G.; Koidis, P. Accuracy of 3 different impression techniques for internal
connection angulated implants. J. Prosthet. Dent. 2015, 114, 517-523. [CrossRef] [PubMed]

Jemt, T. In vivo measurements of precision of fit involving implant-supported prostheses in the edentulous jaw. Int. . Oral
Maxillofac. Implant. 1996, 11, 151-158.

Kan, J.Y.; Rungcharassaeng, K.; Bohsali, K.; Goodacre, C.J.; Lang, B.R. Clinical methods for evaluating implant framework fit.
J. Prosthet. Dent. 1999, 81, 7-13. [CrossRef]

Nakhaei, M.; Madani, A.S.; Moraditalab, A.; Haghi, H.R. Three-dimensional accuracy of different impression techniques for
dental implants. Dent. Res. . 2015, 12, 431-437. [CrossRef]

Lee, H.; So, ].S.; Hochstedler, J.L.; Ercoli, C. The accuracy of implant impressions: A systematic review. J. Prosthet. Dent. 2008,
100, 285-291. [CrossRef]

Del’Acqua, M.A.; Chavez, AM.; Amaral, A.L.C.; Compagnoni, M.A.; De Assis Mollo, F. Comparison of impression techniques
and materials for an implant supported prosthesis. Int. |. Oral Maxillofac. Implant. 2010, 25, 771-776.

Ongﬁl, D.; Gokcen-Rohling, B.; Sermet, B.; Keskin, H. A comparative analysis of the accuracy of different direct impression
techniques for multiple implants. Aust. Dent. J. 2012, 57, 184-189. [CrossRef] [PubMed]

Papaspyridakos, P; Lal, K.; White, G.S.; Weber, H.P,; Gallucci, G.O. Effect of splinted and non-splinted impression techniques on
the accuracy of fit of fixed implant prostheses in edentulous patients: A comparative study. Int. J. Oral Maxillofac. Implant. 2011,
26, 1267-1272.

Conrad, H.J.; Pesun, L].; DeLong, R.; Hodges, ].S. Accuracy of two impression techniques with angulated implants. J. Prosthet.
Dent. 2007, 97, 349-356. [CrossRef]

Wenz, H.]J.; Hertrampf, K. Accuracy of impressions and casts using different implant impression techniques in a multi-implant
system with an internal hex connection. Int. ]. Oral Maxillofac. Implant. 2008, 23, 39-47.

Baig, M.R. Accuracy of impressions of multiple implants in the edentulous arch: A systematic review. Int. J. Oral Maxillofac.
Implant. 2014, 29, 869-880. [CrossRef] [PubMed]

Rashidan, N.; Alikhasi, M.; Samadizadeh, S.; Beyabanaki, E.; Kharazifard, M.]. Accuracy of implant impressions with different
impression coping types and shapes. Clin. Implant. Dent. Relat. Res. 2012, 14, 218-225. [CrossRef] [PubMed]

Walker, M.P,; Ries, D.; Borello, B. Implant cast accuracy as a function of impression techniques and impression material viscosity.
Int. ]. Oral Maxillofac. Implant. 2008, 23, 669-674.

Humphries, R.M.; Yaman, P.; Bloem, T.J. The accuracy of implant master casts constructed from transfer impressions. Int. J. Oral
Maxillofac. Implant. 1990, 5, 331-336.

Carr, A.B. Comparison of impression techniques for a five-implant mandibular model. Int. ]. Oral Maxillofac. Implant. 1991,
6, 448-455. [CrossRef]

Daoudi, M.F; Setchell, D.J.; Searson, L.]. A laboratory investigation of the accuracy of two impression techniques for single-tooth
implants. Int. |. Prosthodont. 2001, 14, 152-158. [PubMed]

Akga, K.; Cehreli, M.C. Accuracy of 2 impression techniques for ITI implants. Int. J. Oral Maxillofac. Implant. 2004, 19, 517-523.
Alikhasi, M.; Siadat, H.; Monzavi, A.; Momen-Heravi, F. Three-dimensional accuracy of implant and abutment level impression
techniques: Effect on marginal discrepancy. J. Oral Implant. 2011, 37, 649-657. [CrossRef] [PubMed]

Balamurugan, T.; Manimaran, P. Evaluation of accuracy of direct transfer snap on impression coping closed tray impression
technique and direct transfer open tray impression technique. an in vitro study. J. Indian Prosthodont. Soc. 2013, 13, 226-232.
[CrossRef]

Fernandez, M.A.; Paez de Mendoza, C.Y,; Platt, J.A.; Levon, ].A.; Hovijitra, S.T.; Nimmo, A. A comparative study of the accuracy
between plastic and metal impression transfer copings for implant restorations. J. Prosthodont. 2013, 22, 367-376. [CrossRef]
Papaspyridakos, P; Chen, C.J.; Gallucci, G.O.; Doukoudakis, A.; Weber, H.P.; Chronopoulos, V. Accuracy of implant impressions
for partially and completely edentulous patients: A systematic review. Int. . Oral Maxillofac. Implant. 2014, 29, 836-845. [CrossRef]
[PubMed]

Basaki, K.; Alkumru, H.; De Souza, G.; Finer, Y. Accuracy of digital vs conventional implant impression approach: A three-
dimensional comparative in vitro analysis. Int. ]. Oral Maxillofac. Implant. 2017, 32, 792-799. [CrossRef] [PubMed]

Ahlholm, P; Sipild, K.; Vallittu, P.; Jakonen, M.; Kotiranta, U. Digital Versus Conventional Impressions in Fixed Prosthodontics:
A Review. J. Prosthodont. 2018, 27, 35-41. [CrossRef] [PubMed]

Menini, M.; Setti, P.; Pera, F; Pera, P.; Pesce, P. Accuracy of multi-unit implant impression: Traditional techniques versus a digital
procedure. Clin. Oral Investig. 2018, 22, 1253-1262. [CrossRef] [PubMed]

Ozcelik, T.B.; Ozcan, I.; Ozan, O. Digital evaluation of the dimensional accuracy of four different implant impression techniques.
Niger. J. Clin. Pract. 2018, 21, 1247-1253. [CrossRef] [PubMed]


http://doi.org/10.1016/j.prosdent.2015.05.005
http://www.ncbi.nlm.nih.gov/pubmed/26213265
http://doi.org/10.1016/S0022-3913(99)70229-5
http://doi.org/10.4103/1735-3327.166190
http://doi.org/10.1016/S0022-3913(08)60208-5
http://doi.org/10.1111/j.1834-7819.2012.01685.x
http://www.ncbi.nlm.nih.gov/pubmed/22624759
http://doi.org/10.1016/S0022-3913(07)60023-7
http://doi.org/10.11607/jomi.3233
http://www.ncbi.nlm.nih.gov/pubmed/25032767
http://doi.org/10.1111/j.1708-8208.2009.00241.x
http://www.ncbi.nlm.nih.gov/pubmed/19804420
http://doi.org/10.1097/00008505-199200130-00017
http://www.ncbi.nlm.nih.gov/pubmed/11843452
http://doi.org/10.1563/AAID-JOI-D-09-00112.1
http://www.ncbi.nlm.nih.gov/pubmed/20594060
http://doi.org/10.1007/s13191-012-0141-x
http://doi.org/10.1111/jopr.12015
http://doi.org/10.11607/jomi.3625
http://www.ncbi.nlm.nih.gov/pubmed/25032763
http://doi.org/10.11607/jomi.5431
http://www.ncbi.nlm.nih.gov/pubmed/28618432
http://doi.org/10.1111/jopr.12527
http://www.ncbi.nlm.nih.gov/pubmed/27483210
http://doi.org/10.1007/s00784-017-2217-9
http://www.ncbi.nlm.nih.gov/pubmed/28965251
http://doi.org/10.4103/njcp.njcp_284_17
http://www.ncbi.nlm.nih.gov/pubmed/30297554

Materials 2022, 15, 2103 13 of 13

26.

27.

28.

29.

30.

31.

32.

Burawi, G.; Houston, E; Byrne, D.; Claffey, N. A comparison of the dimensional accuracy of the splinted and unsplinted
impression techniques for the Bone-Lock implant system. J. Prosthet. Dent. 1997, 77, 68-75. [CrossRef]

Kurtulmus-Yilmaz, S.; Ozan, O.; Ozcelik, T.B.; Yagiz, A. Digital evaluation of the accuracy of impression techniques and materials
in angulated implants. J. Dent. 2014, 42, 1551-1559. [CrossRef] [PubMed]

Choi, J.H,; Lim, Y.J.; Yim, S.H.; Kim, C.W. Evaluation of the accuracy of implant-level impression techniques for internal-connection
implant prostheses in parallel and divergent models. Int. J. Oral Maxillofac. Implant. 2007, 22, 761-768.

Fliigge, T.; van der Meer, W.J.; Gonzalez, B.G.; Vach, K.; Wismeijer, D.; Wang, P. The accuracy of different dental impression
techniques for implant-supported dental prostheses: A systematic review and meta-analysis. Clin. Oral Impl. Res. 2018,
29, 374-392. [CrossRef] [PubMed]

Arcuri, L.; Pozzi, A; Lio, F.; Rompen, E.; Zechner, W.; Nardi, A. Influence of implant scanbody material, position and operator on
the accuracy of digital impression for complete-arch: A randomized in vitro trial. J. Prosthodont. Res. 2020, 64, 128-136. [CrossRef]
[PubMed]

Rech-Ortega, C.; Fernandez-Estevan, L.; Sola-Ruiz, M.E.; Agustin-Panadero, R.; Labaig-Rueda, C. Comparative in vitro study
of the accuracy of impression techniques for dental implants: Direct technique with an elastomeric impression material versus
intraoral scanner. Med. Oral Patol. Oral Cir. Bucal. 2019, 24, e89—€95. [CrossRef] [PubMed]

Gardin, C.; Ferroni, L.; Erdogan, Y.K.; Zanotti, F.; De Francesco, F; Trentini, M.; Brunello, G.; Ercan, B.; Zavan, B. Nanostructured
modifications of titanium surfaces improve vascular regenerative properties of exosomes derived from mesenchymal stem cells:
Preliminary in vitro results. Nanomaterials 2021, 11, 3452. [CrossRef] [PubMed]


http://doi.org/10.1016/S0022-3913(97)70209-9
http://doi.org/10.1016/j.jdent.2014.10.008
http://www.ncbi.nlm.nih.gov/pubmed/25446736
http://doi.org/10.1111/clr.13273
http://www.ncbi.nlm.nih.gov/pubmed/30328182
http://doi.org/10.1016/j.jpor.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31255546
http://doi.org/10.4317/medoral.22822
http://www.ncbi.nlm.nih.gov/pubmed/30573714
http://doi.org/10.3390/nano11123452
http://www.ncbi.nlm.nih.gov/pubmed/34947800

	Introduction 
	Experimental Section 
	Results 
	Discussion 
	Conclusions 
	References

