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Evaluation of the accuracy of conventional
and digital implant impression techniques
in bilateral distal extension cases:

a randomized clinical trial
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Abstract

Background This clinical study aims to evaluate the accuracy of the conventional implant impression techniques
compared to the digital impression ones in bilateral distal extension cases.

Methods A total of 32 implants were placed in eight patients missing all mandibular posterior teeth except the
first premolars. Each patient received a total of four implants, with two implants placed on each side, in order to
provide support for three units of screw-retained zirconia restorations. Following osteointegration, the same patient
underwent two implant-level impression techniques: Conventional open-tray impressions Cll (splinted pick-up) and
digital implant impressions DIl with TRIOS 3 Shape intraoral scanner. The accuracy of impressions was evaluated
utilizing a three-dimensional superimposition analysis of standard tessellation language (STL) files. Subsequently,
the scan bodies were segmented using Gom inspect software to measure three-dimensional deviations in a color-
coding map. Data were statistically analyzed using the Kruskal Wallis test and then a post-hoc test to determine the
significance level (P<0.05).

Results The study revealed that higher angular and positional deviations were shown toward distal scan bodies
compared to mesial ones for both impression techniques. However, this difference was not statistically significant
(P>0.05).

Conclusion Splinted open-tray conventional impression and intraoral scanning implant impression techniques have
demonstrated comparable accuracy.

Trial registration Clinical Trials.gov Registration ID NCT05912725. Registered 22/06/ 2023- Retrospectively registered,
https.//register.clinicaltrials.gov.
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Background

Oral rehabilitation utilizing implant-supported pros-
thesis for patients with partial dentition has been rec-
ognized as a highly effective therapeutic option [1]. The
clinical passivity of the implant-supported prosthesis and
the accuracy of the prosthodontic workflow are critical
determinants of the long-term efficacy of this treatment
modality [2, 3].

The implant impression is considered one of the cru-
cial steps in fabricating a well-fitting implant prosthesis.
Therefore, making accurate implant impressions is man-
datory because the inaccurate transfer of 3D implant
locations leads to the ill-fitting prosthesis with biological
(peri-implantitis) and mechanical complications such as
screw loosening, screw fracture, prosthesis or implant
fracture, and other adverse effects [4, 5].

Various impression techniques have been used to fabri-
cate accurate implant-supported prosthesis. The Conven-
tional impression is an usual technique for recording the
actual position of the implant from the patient’s mouth to
the master cast for a long time. However, multiple vari-
ables influence its accuracy, including impression mate-
rial and technique type, tray selection, impression coping
design, number of implants, angulation, implant connec-
tion type, cast pouring, and dental stone expansion [6, 7].

The conventional workflow entails several sequential
actions that elevate the likelihood of human error at any
phase. Furthermore, these errors are unavoidable and
will compromise the precision of the final prosthesis sup-
ported by dental implant [8].

The aforementioned factor incited researchers to seek
a viable alternative technique to conventional workflow.
The advent and growing popularity of digital technology
have enabled clinicians to employ intraoral scanners and
intra-oral scan bodies (ISBs) to overcome the obstacles
and inconveniences associated with conventional impres-
sion materials and techniques [9, 10].

The digital impression generates a digital scan from the
patient’s mouth directly. A digital implant analog can be
inserted into a virtual digital model utilizing implant/ISB
libraries once the image has been captured precisely [11].
Therefore, direct digitalization has advantages over the
conventional method, such as improving patient satisfac-
tion due to the elimination of impression material and
tray selection [12].

Furthermore, it is more comfortable and regarded as
the optimal choice for patients with severe gag reflexes,
breathing difficulties, or allergies to impression materi-
als [13, 14]. Additionally, information can be electroni-
cally shared and stored as digital data. Any missing data
or artifacts can also be rescanned, which significantly
reduces total working time. In contrast, the conventional
technique would require a new impression [15, 16].
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Nevertheless, several factors can hinder the perfor-
mance and accuracy of the IOS. These include scan body
design, the position of the scanning area, scanning strat-
egy, the operator’s experience, soft wares calibrations,
excessive salivation, blood presence, size and movement
of the tongue, mobile tissue, humidity, room tempera-
ture and light condition as ambient lighting is a factor of
interest which has been reported to influence intraoral
scanning accuracy [17]. The digital scans are becoming
more and more popular for partially edentulous jaw and
are also emrging for complete edentulous patients. Most
studies conduced to assess the accuracy of impression
techniques were in vitro under controlled conditions,
and systematic reviews comparing the digital impres-
sions with conventional impressions in terms of accuracy
in fixed restorations concluded that short, fixed dental
prostheses from digital impressions could be clinically
acceptable and DII has been deemed a viable alterna-
tive compared to conventional procedures. As all data in
the literature are numerous and controversial, there is an
urgent need for valid clinical data on conventional and
digital implant impressions [18, 19].

Therefore, this clinical study aimed to evaluate the
accuracy of conventional implant impressions compared
to digital impressions. Consequently, we can test the null
hypothesis that there is no significant difference in accu-
racy between the two methods for patients with free-end
distal extension.

Methods

Following the approval of the Research Ethics Commit-
tee (RP-9-20-1), the study’s objective was explained to
the patients and informed consent was signed before
the conduction of the study. In addition, informed con-
sent was obtained according to the guidelines on human
research adopted by the Research Ethics Committee,
Faculty of Dentistry, Tanta University, and the study was
registered on www.clinicaltrial.gov (22/06/2023 - ID:
NCT05912725).

Eligibility criteria The inclusion criteria in the study
were adequate bone length and width to accommodate
the implant, sufficient interarch space, and overall good
health of the patients. The patient’s general health was
assessed by taking a complete medical history to exclude
any systemic conditions that might have impaired implant
osseointegration.

Patient allocation A randomized clinical trial was con-
ducted on eight patients with bilateral missing all man-
dibular posterior teeth (mandibular molars and second
premolar) except for the first premolars, which were the
last remaining teeth. The study’s subjects were selected
from patients attending the outpatient clinic of the
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Prosthodontics Department at Faculty of Dentistry, Tanta
University. The sample size calculated using a computer
program G power version 3.1.9. Cone beam CTs were car-
ried out for all participants to check the quality and quan-
tity of bone and to detect any abnormality for Implant
planning and construction of the surgical guides.

Four dental implants (CopaSKY, Bredent Medical
GmbH& Co.KG) were inserted in each patient through a
surgical guide. Two implants were on each side opposite
the second premolar and second molar, to support three
units of screw-retained zirconia restorations. The same
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qualified implantologist did all the surgical procedures.
3 months after acquisition of osteointegration, the same
patient underwent two distinct implant-level impression
techniques (n=8) for each technique (Fig. 1).

Digital implant level impression (DII)

A digital impression was captured utilizing Trios 3Shape
IOS (version 1.3.4.2) after securely attaching the peek
scan bodies (Bredent Medical, GmbH& Co0.KG) to the
fixtures at 15 Ncm. For standardization, notch marks
were prepared on the vertical surface of the scan body

Assessed for eligibility
‘(n-...zo,

E Excluded (n = 12...)
% Not meeting inclusion criteria
= (n=12...)
5} Refused to participate
(n=0...)
Randomized (n=8...)
Each (same) patient had two different
implant impression technique
Allocated to Allocated to
§ Digital implant level
™ Conventional implant impression
& level impression
=z
=
z Lost to follow up Lost to follow up
=2 (n=0..) (n=...0)
&
P Analyzed (n=...8) Analyzed (n=8...)
z.
[ Excluded from analysis Excluded from analysis
2 (n=0...) (n=0..)

Fig. 1 CONSORT flow diagram
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provided that were directed toward the buccal side dur-
ing intraoral scanning to ensure that the same scan bod-
ies have the same orientation and position on the cast
during extraoral scaning to facilitate the superimposition
of both STL files of conventional and digital impressions
(Fig. 2a, b).

The scanning technique was performed continuously,
starting from the posterior scan bodies on the patient’s
right side and moving in a zigzag motion through the
anterior teeth, concluding at the posterior scan bod-
ies on the patient’s left side. Following the Trios 3 shape
IOS protocol, this scanning strategy involved scanning
the occlusal surface first, then the lingual surface, and
finally the buccal surface. The digital image underwent
a thorough examination, and any gaps in the data were
promptly filled by rapidly scanning using a scanner [20].

Conventional implant level impressions (Cll)

Following the removal of the healing abutments, open
tray impression copings (Bredent Medical, GmbH&
Co.KG) were affixed to the fixtures. Periapical X-rays
were taken to ensure that the copings were securely
positioned, then the primary impression was taken with
properly adjusted stock trays then implant analogues
were attached to impression copings and casts were
poured with type IV stone. Impression copings were
attached to the fixture analogues embedded in the cast.
A splinting procedure of impression copings and their
verification Jig were performed with orthodontic wire
and duralay resin on the cast in the dental laboratory
The splinted assemblies were sectioned with carborun-
dum disc through the middle of the index in the dental
lab and Custom-made acrylic impression trays were con-
structed with 4 windows corresponding to each implant
site, before final impression taking, the pick-up impres-
sion copings were secured to the implants and periapical
x-ray was performed for every side to confirm that each
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impression post was completely seated on its own posi-
tion within fixture and their proper fit was confirmed
using a passivity verification Jig, then reconnected and
rejoined again with freshly mixed resin material by the
brush bead method intraorally to minimize polymeriza-
tion shrinkage of this resin material as recommended by
Cerqueira et al. [21] (Fig. 3a).

The custom -made open tray was coated with thin layer
of adhesive then impressions were made using poly vinyl-
siloxane (PVS) impression material, specifically Zher-
mack Elite HD+S.p. A, following the manufacturer’s
guidelines. After the impression material was set, all cop-
ings were unscrewed and separated from the implants.
In addition, the impression tray was removed vertically
from the mouth, following the long axis to minimize lat-
eral stresses [22].

The implant analogs (Bredent Medical, GmbH&
Co.KG) were securely tightened on top of the cop-
ings embedded with the impression material (Fig. 3b),
The silicone ginigival mask material (Bredent, GmbH&
Co.KG) was injected around four implant analogs.The
master casts were poured with type IV dental stone
(SHERAPREMIUM super hard stone, type 4, gold braun
GmbH&Co0.KG.) and allowed to set at room temperature
for 24 h before digitization. Then the conventional stone
casts were scanned with an extraoral scanner (DOF, Free-
dom HDSeongdong-gu) using the same peek scan bodies
at the same locations and orientation as what happened
with the digital impression .

The digital evaluation of accuracy between conventional
and digital implant-level impression techniques

Prior to importing into the 3D analysis program software
(GOM Inspect 2016, Gom GmbH), all STL files under-
went examination to identify any intersections and elimi-
nate redundant data. This study supposed and served
the digital implant impression as the reference data for

b

Fig. 2 (a) Digital implant impression. Peek scan bodies. (b) Digital model showing notches on the vertical surface of scan bodies
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Fig. 4 (a) Segmentation method of scan bodies. (b) Fitting element inside each scan body

subsequent comparisons. A conventional impression
technique was used as a test method, with the aid of ante-
rior natural teeth and the incisal edge serving as reference
points. This facilitated the alignment of conventional STL
files onto STL files obtained from digital scans. Once
the best-fit alignment was achieved, the scan body part
was segmented to measure the three-dimensional angu-
lar deviations of scan bodies in degrees between the two
techniques. Additionally, the 3D positional deviations
were recorded in micrometers (um) and represented
using a color coding map (green, blue, and red). As dem-
onstrated in (Fig. 4a), the green color indicated that the
surfaces were identical [23, 24]. The distance between the
two scan bodies’ centers was measured in millimeters as
the inter-implant distance.

Subsequently, the scan bodies are labeled sequentially,
beginning with the most posterior scan body (opposite
the second molar) on the patient’s right side, denoted as
letter A. The anterior scan body (second premolar) on
the right side is named B, while on the left, the anterior

scan body represents the second premolar taking C, and
the posterior scan body taking D looks like a u shape.

Four cylinders were created using fitting elements
within each scan body. This allowed for the creation of
four cylinders for intraoral scanning and four cylinders
for extraoral scanning bodies (Fig. 4b). Each cylinder
was then compared and assessed against its correspond-
ing counterpart, denoted by the same letter. For instance,
the cylinder from extraoral scan body A was compared
with the corresponding cylinder from intraoral scan
body A, and so forth. The central axis of each scan body
was determined by identifying the point of intersection
between the longitudinal axis and the horizontal plane,
which was created on the upper horizontal surface of the
scan body according to Flugge et al. [25].

Measurement

Subsequently, by the blinded examiner the three-dimen-
sional deviations were recorded among superimposed
scan bodies between both impression techniques. The
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Fig. 5 Inter-implant distance between central points of two scan bodies

angular deviation of scan bodies in the vertical axis was
measured in (degree) as the angle formed when the
implant deviated from its long axis.

For the evaluation of positional deviation of scan bod-
ies was measured in (um), the vertical edge of the scan
body was used as how much the platform of implant
moved in x axis, y axis, and z axis and overall.

The distance between central points of neighboring
scan bodies was recorded in the same side of each tech-
nique and compared with their counterpart of the other
impression technique in millimeters (Fig. 5).

Statistical analysis

Data were collected and analyzed statistically using (IBM
SPSS software, version 20.0.) to the significance level of
0.05.

Results
The Shapiro-Wilk test of normality showed that not all
data were distributed normally. Therefore, the Kruskal-
Wallis test was utilized to compare the angular and posi-
tional deviations of superimposed scan bodies (A, B, C,
D) between conventional and digital implant impression
techniques.

Table (1) lists the mean and standard deviation of
angular deviation of scan bodies between CII and DII
impression techniques: for scan body A was (2.341+1.71°)
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while (1.17£0.59°) for scan body B and (2.24+1.06°) for
scan body C. The highest mean angular deviation value
was observed in scan body D (2.94+1.78°). There were no
significant differences (P=0.095).

The positional deviation of scan bodies in the x, y, and
z axes between conventional and digital implant impres-
sions was analyzed. The scan bodies with the highest
positional deviations were A (154.04%£29.98 pum) and
D (153.14+25.49 pm). Scan body B had a deviation of
143.15+£72.41 pum, while scan body C had a deviation of
147.49166.35 um. These deviations were deemed clini-
cally acceptable and did not exhibit a statistically signifi-
cant difference, with p>0.05 (Fig. 6).

The comparison between distal (posterior) scan bodies
and mesial (anterior) scan bodies revealed that distal scan
bodies exhibited a greater angular deviation (2.64+1.71°)
compared to mesial ones (1.71£0.99°), as illustrated in
Table 1.

Regarding inter-implant distance measurements
between the centers of two scan bodies, the results of the
Student t-test showed no significant difference between
conventional and digital impression P>0,05 in Table 2.

Discussion

The key finding of this study indicated that digital implant
impression is an effective alternative to the conventional
method in manufacturing 3-unit fixed partial dentures.
Both techniques exhibit comparable levels of accuracy
and fall within the range considered clinically acceptable,
which is consistent with prior studies [26, 27].

The digital impression was utilized as the reference
data in this clinical study, as it has proven to overcome
challenges associated with analog impression techniques
and streamline both clinical and laboratory procedures.
This finding is in agreement with Ting-Shu S and Jian S
[28] and Ahlberg et al. [29]. They concluded that digital
workflow was more accurate than conventional work-
flow. In contrast, Alsharbaty et al. [30] illustrated that
the conventional pick-up impression is the most accurate
technique.

The TRIOS 3 shape IOS software was calibrated,
and notches were made on the vertical surface of scan

Table 1 Mean of angular deviation of scan bodies between conventional and digital impressions

The angular deviation between both H P Mean Angular deviation of posterior U P
impressions in degree scan bodies versus anterior ones
A B C D posterior (A-D) Interior (B-C)
(n=16) (n=16)
Min. 0.21 0.29 0.89 1.00 6.368 0.095 0.21 0.29 0.86 0.119
Max. 4.86 232 354 5.96 5.96 354
Mean 234 1.17 224 294 2.64 1.71
SD. 1.71 0.59 1.06 1.78 1.71 2.55

U: Mann Whitney test. SD: Standard deviation. H: H for Kruskal Wallis test
p: p value for comparing between the studied groups
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Fig. 6 Positional deviation between conventional and digital impressions in um

Table 2 Mean of inter-implant distance between conventional
and digital impressions in (mm)
Conventional impression

Digital impression

A-B Cc-D A-B c-D
Min. 1261 12.62 1261 12.63
Max. 2243 18.10 21.79 17.52
Mean 17.02 15.20 16.91 15.18
SD. 373 213 3.74 1.95
P 0.927 0.961

SD: Standard deviation

P:P-value for Paired t-test for comparing between Conventional impression and
Digital impression in each patient

bodies provided that directed buccally during scanning
for standardization.

The results of the present study showed there were
angular and positional deviations among superim-
posed scan bodies between conventional and digital
implant impression techniques with no statistically sig-
nificant difference. When comparing distal scan bod-
ies with mesial scan bodies, it was noticed that they
had higher mean angular deviation (2.64£1.71 °) than
mesial ones(1.7110.99 °). This finding can be attributed
to the difficulty during impression-taking in the posterior
region due to poor accessibility. Nevertheless, these devi-
ations fell within the range of clinically acceptable values
and did not exceed the acceptable threshold, according to

Jemt. The acceptable range is stated to be up to 150 pm,
and another study found that the trueness should be less
than 200 pum [24, 31].

The observed differences were significantly lower when
the standard deviation was high; this could potentially
be ascribed to clinical variation, as Alsharbaty et al. [30].
Consequently, a high standard deviation of the detected
differences should be considered. Maximum values could
have clinical significance.

A one-step polyvinyl siloxane (PVS) material was used
as it demonstrated accuracy in minimizing distortion. A
systematic review conducted by Lee et al. [7] showed no
significant differences between PVS and polyether. Con-
versely, Parameshwari et al. [32] suggested that Polyvinyl
Siloxane impression material is more accurate than poly-
ether impressions in a partially edentulous arch.

The GOM inspect software was used to import all STL
files for superimposition in order to calculate the total 3D
deviation. This deviation was represented using a color
coding map. During the superimposition process, the
color green indicates that both techniques are identical.
It has been observed that the accuracy of the outcome is
significantly influenced by the superimposition and mea-
surement methods. Therefore, the segmentation method
plays a crucial role in overcoming this problem [13].
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Best fit alignment offers the advantage of minimizing
the average error, which is a measure of the accuracy of
surface alignment. Additionally, it decreases the overall
distances between the scan bodies in the test and their
corresponding counterparts in the reference data found
in the implant library [11].

The limitations of this study include that no reliable
and standered clinical reference data.

Conclusions

In this clinical study, it was found that there was no sig-
nificant difference in accuracy between conventional and
digital implant impressions for cases where implants
were used to support partially edentulous patients. Addi-
tionally, both techniques showed 3D deviations that were
within clinically acceptable levels. However, different
study designs are recommended to valid reference data
for clinical trials.

Clinical relevance

Intraoral digital implant impression using scan body
displays better performance and time saving and mate-
rials than conventional implant impression techniques
for recording the actual position of posterior implant in
bilateral distal extension cases.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-024-04495-0.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Author contributions

WY Elashry (the first author) conducted the practical work and collected the
data .M M Elsheikh and A M Elsheikh (the second and third authors) revised
the manuscript and analyzed the results .

Funding

Self-funded research.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Research Ethics Committee at the Faculty
of Dentistry, Tanta University (RP-9-20-1), and the study was registered on
www.clinicaltrial.gov (22/06/2023 - ID: NCT05912725).Informed consent was
obtained from all individual participants who agreed to participate in the
study.

Consent for publication
Not applicable.

Page 8 of 9

Competing interests
The authors declare no competing interests.

Supplementary Information
The full trial protocol is available and can be accessed in the related file
section and consort 2010 check list is uploaded on the system .

Received: 29 January 2024 / Accepted: 17 June 2024
Published online: 05 July 2024

References

1.

20.

Srinivasan M, Meyer S, Mombelli A, Miller F. Dental implants in the elderly
population: a systematic review and meta-analysis. Clin Oral Implants Res.
2017;28:920-30.

de Franca DG, Morais MH, das Neves FD, Barbosa GA. Influence of CAD/CAM
on the fit accuracy of implant-supported zirconia and cobalt-chromium fixed
dental prostheses. J Prosthet Dent. 2015;113:22-8.

Karl M, Graef F, Schubinski P, Taylor T. Effect of intraoral scanning on the pas-
sivity of fit of implant-supported fixed dental prostheses. Quintessence Int.
2012;43:555-62.

Gallucci GO, Papaspyridakos P, Ashy LM, Kim GE, Brady NJ, Weber HP. Clinical
accuracy outcomes of closed-tray and open-tray implant impression tech-
niques for partially edentulous patients. Int J Prosthodont. 2011,24:469-72.
Schmidt A, Rein PE, Wostmann B, Schlenz MA. A comparative clinical study
on the transfer accuracy of conventional and digital implant impres-

sions using a new reference key-based method. Clin Oral Implants Res.
2021;32:460-9.

El-Sheikh MA, Mostafa TM, EI-Sheikh MM. Effect of different angulations and
collar lengths of conical hybrid implant abutment on screw loosening after
dynamic cyclic loading. Int J Implant Dent. 2018;4:1-2.

Lee H, So JS, Hochstedler JL, Ercoli C. The accuracy of implant impressions: a
systematic review. J Prosthet Dent. 2008;100:285-91.

Baig MR. Accuracy of impressions of multiple implants in the edentulous
arch: a systematic review. Int J Oral Maxillofac Implants. 2014;29:869-80.
Rudolph H, Salmen H, Moldan M, Kuhn K, Sichwardt V, Wéstmann B, Luthardt
RG. Accuracy of intraoral and extraoral digital data acquisition for dental
restorations. J Appl Oral Sci. 2016;24:85-94.

Marghalani A, Weber HP, Finkelman M, Kudara Y, El Rafie K, Papaspyridakos

P. Digital versus conventional implant impressions for partially edentulous
arches: an evaluation of accuracy. J Prosthet Dent. 2018;119:574-9.
Mizumoto RM, Yilmaz B. Intraoral scan bodies in implant dentistry: a system-
atic review. J Prosthet Dent. 2018;120:343-52.

Kim KR, Seo K, young, Kim S. Conventional open-tray impression versus
intraoral digital scan for implant-level complete-arch impression. J Prosthet
Dent. 2019;122:543-9.

Huang R, Liu Y, Huang B, Zhang C, Chen Z, Li Z. Improved scanning accuracy
with newly designed scan bodies: an in vitro study comparing digital versus
conventional impression techniques for complete-arch implant rehabilita-
tion. Clin Oral Implants Res. 2020;31:625-33.

JodaT, Bragger U. Digital vs. conventional implant prosthetic workflows: a
cost/time analysis. Clin Oral Implants Res. 2015;26:1430-5.

Lee SJ, Jamjoom FZ, Le T, Radics A, Gallucci GO. A clinical study comparing
digital scanning and conventional impression making for implant-supported
prostheses: a crossover clinical trial. J Prosthet Dent. 2021;128:42-8.
D'Ambrosio F, Giordano F, Sangiovanni G, Di Palo MP, Amato M. Conventional
versus Digital Dental Impression Techniques: What Is the Future? An Umbrella
Review. Prosthesis. 2023; 4;5(3):851-875.

Revilla-Ledn M, Subramanian SG, Ozcan M, Krishnamurthy VR. Clinical study
of the influence of ambient light scanning conditions on the accuracy (true-
ness and precision) of an intraoral scanner. J Prosthodont. 2020;29(2):107-13.
Papaspyridakos P, Vazouras K, Chen YW, Kotina E, Natto Z, Kang K, Chochlida-
kis K. Digital vs conventional implant impressions: a systematic review and
meta-analysis. J Prosthodont. 2020;29(8):660-78.

Giménez B, Ozcan M, Martinez-Rus F, Pradies G. Accuracy of a digital impres-
sion system based on parallel confocal laser technology for implants with
consideration of operator experience and implant angulation and depth. Int
J Oral Maxillofac Implants. 2014,29:853-62.

Oh KC, Park JM, Moon HS. Effects of scanning strategy and scanner type on
the accuracy of intraoral scans: a new approach for assessing the accuracy of
scanned data. J Prosthodont. 2020;29:518-23.


https://doi.org/10.1186/s12903-024-04495-0
https://doi.org/10.1186/s12903-024-04495-0
http://www.clinicaltrial.gov

Elashry et al. BMC Oral Health

22.

23.

24,

25.

26.

27.

28.

(2024) 24:764

Cerqueira NM, Ozcan M, Goncalves M, Rocha DM, Vasconcellos DK, Bottino
MA, Yener-Salihoglu E. A strain gauge analysis of Microstrain Induced by vari-
ous splinting methods and Acrylic Resin types for Implant impressions. Int J
Oral Maxillofac Implant. 2012;27:341-5.

Ercoli C, Geminiani A, Feng C, Lee H. The influence of verification jig on
framework fit for nonsegmented fixed implant-supported complete denture.
Clin Implant Dent Relat Res. 2012;14:188-95.

Schmidt A, Klussmann L, Wostmann B, Schlenz MA. Accuracy of digital

and conventional full-arch impressions in patients: an update. J Clin Med.
2020;9:688.

Dohiem MM, Abdelaziz MS, Abdalla MF, Fawzy AM. Digital assessment of the
accuracy of implant impression techniques in free end saddle partially eden-
tulous patients. A controlled clinical trial. BMC Oral Health. 2022;22(1):486.
Fligge TV, Att W, Metzger MC, Nelson K. Precision of Dental Implant Digitiza-
tion using Intraoral scanners. Int J Prosthodont. 2016;29:277-83.

Ahlholm P, Sipilé K, Vallittu P, Jakonen M, Kotiranta U. Digital versus con-
ventional impressions in fixed prosthodontics: a review. J Prosthodont.
2018;27:35-41.

Natsubori R, Fukazawa S, Chiba T, Tanabe N, Kihara H, Kondo H. In vitro com-
parative analysis of scanning accuracy of intraoral and laboratory scanners

in measuring the distance between multiple implants. Int J Implant Dent.
2022;8:1-9.

Ting-shu S, Jian S. Intraoral Digital Impression Technique: a review. J Prostho-
dont. 2015,24:313-21.

29.

30.

Page 9 of 9

Ahrberg D, Lauer HC, Ahrberg M, Weigl P. Evaluation of fit and efficiency of
CAD/CAM fabricated all-ceramic restorations based on direct and indirect
digitalization: a double-blinded, randomized clinical trial. Clin Oral Investig.
2016;20:291-300.

Alsharbaty MH, Alikhasi M, Zarrati S, Shamshiri AR. A clinical comparative
study of 3-dimensional accuracy between digital and conventional implant
impression techniques. J Prosthodont. 2019,28:902-8.

Jemt T. Failures and complications in 391 consecutively inserted fixed
prostheses supported by Branemark Implants in Edentulous Jaws: a study
of treatment from the time of Prosthesis Placement to the First Annual
Checkup. Int J Oral Maxillofac Implants. 1991;6(3):270-6.

Parameshwari G, Chittaranjan B, Sudhir Chary N, Anulekha Avinash CK, Taruna
M, Ramureddy M. Evaluation of accuracy of various impression techniques
and impression materials in recording multiple implants placed unilater-
ally in a partially edentulous mandible- An in vitro study. J Clin Exp Dent.
2018;10:388-95.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Evaluation of the accuracy of conventional and digital implant impression techniques in bilateral distal extension cases: a randomized clinical trial
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Digital implant level impression (DII)
	﻿Conventional implant level impressions (CII)
	﻿The digital evaluation of accuracy between conventional and digital implant-level impression techniques
	﻿Measurement
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿Clinical relevance

	﻿References


