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Statement of Problem: Because of the lack of fixed anatomical landmarks, it is
challenging to achieve trustworthy digital scans in edentulous jaws.

Purpose: The aim of the study was to assess the accuracy of digital scans of arches
in ‘critical’ cases (when distance between scan abutments impacts on the accuracy of
the conventional digital acquisition) by using an experimental additional device.

Material and Methods: In order to reduce the scanning distance, the auxiliary
device has been designed to be screwed onto previously drilled Scan bodies.

To test the null hypothesis that there is no statistically significant difference in
digital scans accuracy with and without the use of the auxiliary device, we proceed as
follow:

Two scans (with and without the experimental device) were performed for each of
the 11 patients in the survey. (Omnicam Dentsply Sirona).

A scan of the stone cast obtained from physical impression was used as gold
standard. (X5 Dentsply Sirona) Impressions stereolithographic (STL) files were
exported into “Geomagic” software: impression’s accuracy was assessed by matching
each file to the gold standard and recording mean distances between them.

Results: Values provided by Geomagic 3D software were synthesized using
numerical descriptive statistics: Mean+ Standard Deviation or Median with
interquartile range.

The mean distance values obtained through Geomagic 3D software represent our
primary outcome measure.

To test the hypothesis that the mean point distances obtained with the auxiliary
device are not significantly lower than those obtained without it, the two-tailed T-test
was applied for paired samples.

Conclusion: T-test showed statistically significant differences (P <.05) so the null
hypothesis is rejected. The mean point distances from the gold standard between STL
files (with and without the use of the auxiliary device) are significantly lower when the
experimental device is used.
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Introduction

Digital impression is not a procedure in itself but represents
the first step in a “new” way of conceiving the prosthetic procedure:
the digital work-flow. Intra-oral scanning (I0S), Computer Aided
Design (CAD) and Computer Aided Milling (CAM) make it possible
to avoid the conventional procedures with a significant reduction in
production times. Digital technologies are radically revolutionising
the prostheticapproachinboth clinical and laboratory aspects [1-6].
To date, inimplant-supported dental prostheses, scientific literature
has validated the use of 10Ss for capturing optical impressions for
the design and manufacture of short-span restorations such as
single crowns (SCs) [7-10] and partial prostheses (PPs) [11-13].
However, in case of long-span restorations, in particular full arches
(FAs), 10Ss do not yet seem to be sufficiently accurate, as reported
by several studies [14,15] and reviews of the literature [16,17].
Although some studies claim that optical systems provide sufficient
accuracy in complete-arch impressions, scientific evidence on
the intraoral scanning of complete-arches with teeth is lacking
and outdated [17]. Elastomeric impressions of complete arches
are significantly more accurate than those of optical arches [18]
and the precision of intraoral scanners decreases as the distance
between each scan body increases [19-21]. As the free scanning
area increases, the intrinsic imprecision of the procedure increases,
with progressive distortion of the impression and, consequently, a

reduction in accuracy.

Edentulous arches, in particular the lower arch, represents
still today a challenge for the optical impression: it is confirmed by
the evaluation of full arch scans obtained with different scanning
systems compared to data obtained with traditional impression.
Taking impressions using elastomeric materials to capture dental
implants position is still the most widely used technique and
remains the gold standard. However, the elastomeric method
requires procedural shortcomings and, in addition, the technique
is uncomfortable either for the patient or for the clinician [6-8].
Nevertheless, a consensus regarding the implementation of 10S
in complete-arch edentulous patients rehabilitated with multiple
dental implants has not yet, been established [15].

Obtaining reliable digital scans of arches where there are large
homogeneous areas- between implants in edentulous arches- can
be challenging, even impossible [20]. Difficulties are due to the
absence of anatomic irregularities in the scanned area. In addition,
Scan Bodies’ geometry can drive 10S to “interpretation errors”:
scanners can recognize different Scan Bodies interpreting them as
the same one [21]. Andriessen et al [21] reported that most digital
scans of edentulous arches were unusable. The distance between
implants also influences the accuracy of the digital scan so that
longer the distance with a uniform surface is, more challenging
the scanning process become [20,22]. These problems reflect

[0S difficulties in matching multiple images captured during the
scanning process [23]. Intraoral scanner’ software builds 3D
images ‘by best-fit alignment’ of photographic frames collected by
camera. The acquisition of larger areas is more challenging and
software algorithm processes become more complex [23]. However,
despite area’s extention, in edentulous patient, lack of differences
in curvature radius leads additional difficulties. Geometric and
colour differences (according to the technology used) detected by
the scanner will simplify the matching process. The lack of these
features in edentulous oral cavity means that digital scanning of
edentulous arches is a very difficult tasks in these patients (Table
1).

Table 1: Medium distances group A and B.

Medium distances Commercial Medium distances Commercial
Scan Abutment Scan Abutment plus device
Group A Group B

-0.18 -0.07
-0.2 -0.06
-0.16 -0.04
-0.3 -0.1

-0.4 -0.01
-0.2 -0.03
-0.5 -0.02
-0.24 -0.04
-0.63 -0.01
-0.21 -0.03
-0.42 -0.04

To solve the problem related to intraoral scan of edentulous
arches, several authors suggest several methods with the aim of
create artificial anatomical references to compensate the distance
between Scan Abutments; in this way, the intraoral acquisition is
easier and more accurate. Some authors used auxiliary removable
devices interconnecting the scanbodies (with guides, polymer bases
obtained through the use ofa 3D printer) [24-26]. Methods proposed
in literature partially solved the problem but usually require
very sophisticated procedures that often are not recommended
to the traditional physical impression. To date, therefore, despite
advanced technologies, in critical clinical conditions intraoral

scanning can lead to non-faithful and inaccurate models.

The aim of the study is to show a new concept to improve
accuracy of intraoral acquisition in all those critical cases in which
the distance between consecutive Scan Abutments affects the
trueness of intraoral scans. The procedure outlined in the study
has the peculiar property of not requiring complex and laborious
steps. The auxiliary device is made of technopolymer material
(Polyether ether ketone-PEEK) and it consists in an hexagonal body
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connected to a settable screw. (Figure 1) The device is designed to
be screwed onto a previously drilled Scan Abutment and it does
not rest directly on soft tissue so oral mucosa is not covered during
the intraoral scan. The chance to successfully acquire oral mucosa
with devices assembled on scan bodies avoids the need to acquire
two separate impressions, with and without the auxiliary device-

resulting in discomfort for the patient and in extended clinical time.

TENDER SCAN ABUTMENT

| P

Dep. Brev.: 102020023740

Figure 1: Design of the device.

Materials and Methods

Stereophotogrammetry technology (PIC Camera; PIC DENTAL),
thanks to extraoral scanner, allows to gauge the inaccuracy
associated with intraoral scanning of an edentulous arches. Gold
standard STL file is acquired by indirect method by taking a
physical impression, developing the cast, placing PIC Abutments on
the laboratory analogues and scanning it with an extraoral scanner.
Then, the gold standard is compared to STL file obtained by the
direct intraoral scanning of the same arch. The ethics committee
examined the research project and gave its approval to the study
(ethics committee “Universita Federico II” protocol no. 128/21).
Patients provided written informed consent to the treatments
and to the publication of the study. Written informed consent

was obtained from patients for the publication of any potentially
identifiable images or data included in this article.

For each of the 11 subject involved in the study three different
impressions were carried out. The physical impression was
performed according to “open tray splinted” impression technique
using polyether material (3M Impregum Penta Soft) mixed thanks
to dedicated equipment (Pentamix type). Analog transfers were
pooled with self-curing resin and interdental floss. Each impression
thus obtained was made into plaster cast using class 4 gypsum
mixed by a vacuum- pressure casting machine. Specific targets
(PIC Abutments) were placed on each transfert; then, the model
was scanned using an extraoral scanner (X5 Dentsply Sirona).
EOS provides an STL file where abutments are truthfully setted
and we can use it as control (gold standard). Intraoral scanner
(Omnicam Dentsply Sirona) is used to record two different digital
impressions: the first impression is normally acquired with the
only scan abutments seated (Group A) while the second impression
involves the experimental device assembled as part of the “scan
structure” (Group B). All digital impressions were performed by
the same practitioner and all of them have been obtained according
to manufacturer’s scanning protocol, starting from the distal area
on one side reaching the opposite side through the occlusal area.
Using a specific software (Geomagic Control X 2020) we proceed to
the alignment and subsequent one-to- one comparison of the STL
files obtained from I0S with the STL file obtained from EOS (Gold
standard). (Figures 2 & 3) The primary measurement refers to the
mean distance (average of the points dismatching between the two
STL files) obtained through Geomagic 3D software. P values under
0.05 are expected to be statistically significant. Data provided by
the software, expressing mean and standard deviation values either
the lowest or highest distances, were summarized using standard
descriptive statistic.

The null hypothesis imposes no statistically significant
difference between the mean distances Group B- Gold standard and
Group A-Gold standard. The comparison between the two different
approaches (IOS with and without auxiliary device) is carried
out by Student’s t-tests for paired samples. In the current study,
the alternative hypothesis does not state direction of deviation
therefore “two-tailed” test is adopted. The two-tailed test is a non-
directional hypothesis test, described as a test in which the critical
region falls on both sides of the normal distribution. Thus, an
alternative hypothesis is accepted in place of the null hypothesis
if the calculated value falls in one of the two tails of the probability
distribution (Figure 4).
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Figure 2: Scan Abutment plus device in peek on the model.

Figure 3: Device in peek in the oral cavity.
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Figure 4: Comparison between stl control and stl with Commercial Scan Abutment.
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Results

The two-tailed t-test for paired samples is used to test the null
hypothesis that the average distances of the points made using
the Scan Abutments according to the standard protocol (group
A) are not significantly higher than those obtained using Scan
Abutments with the experimental device (Group B). Assuming a
difference of 0.1 mm between the two approaches (Group A and
Group B) as clinically relevant and a standard deviation of the
differences equal to 0.09 (value obtained through the evaluation
of preliminary data), a sample size of 11 scans for each protocol

will be enough to highlight any difference with a power of 0.9 and a
two-tailed significance level of 0.05. Statistical analysis performed
by using Spss software showed statistically significant differences
(P <.05). Based on the results, the null hypothesis was rejected:
group B values, significantly closer to zero, reflect a higher degree
in their overlap with the control file. The “color maps” are used to
qualitatively compare and evaluate the results: closer is the number
to zero, smaller the difference between the two files is. The colors
from blue to red indicate in a qualitative way the dimension of
the mismatching between the file (A or B) and the gold standard

control (Figures 5 & 6).

Figure 5: Alignment between stl control and stl with Commercial Scan Abutment plus device.
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Figure 6: Comparison between stl control and stl commercial Scan Abutment plus device.
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Discussion

Evidence suggests that intraoral scanning accuracy varies
greatly with interimplant distance, intraoral scanner type, scan body
type and operator experience. Several clinical factors can contribute
to the global deviations in complete-arch intraoral scanning: the
present study shows how the absence of anatomical references in
edentulous arches has a negative influence on the accuracy of digital
dental scans and how artifical anatomical references can be used to
obtain easier and more accurate digital impressions. Limitations of
the present study include the small sample size and the use of a
single type of intraoral scanner. Comparison of the scans obtained
with other intraoral scanners available on the market, still with the

help of the device, will be reason for further research.
Conclusion

Based on the results, the null hypothesis was rejected. Full-arch
digital implant impression, taken using intraoral scanners, was
found to be less accurate than the same impressions recorded by the
support of the experimental removable device. The present study
shows how the absence of anatomical references in edentulous
arches has a negative influence on the accuracy of digital dental
scans and how artifical anatomical references intraoral make the

acquisition in critical cases easier and more accurate.

References

1. Afshar A, Farhadnia P, Khalkhali H (2014) Metastases to the hand and
wrist: an analysis of 221 cases. ] Hand Surg Am 39(5): 923-932.

2. RKerin (1983) Metastatic tumors of the hand. A review of the literature.
Journal of Bone and Joint Surgery. Serie A 65(9): 1331-1335.

3. Radford ] Hayden, Lawrence G Sullivan, Peter JL Jebson (2004) The
hand in metastatic disease and acral manifestations of paraneoplastic
syndromes. Hand Clinics 20(3): 335-343.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2022.41.006538
Ettore Epifania. Biomed ] Sci & Tech Res

@ ® This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

4. Amadio PC, Lombardi RM (1987) Metastatic tumors of the hand ] Hand
Surg Am 12(2): 311-316

5. Hayden RJ, Sullivan LG, Jebson PJ (2004) The hand in metastatic disease
and acral manifestations of paraneoplastic syndromes. Hand Clin 20(3):
335 343.

6. Stomeo D, Tulli A, Ziranu A (2015) Acrometastasis A literature review
European Review for Medical and Pharmacological Sciences 19(15):
2906-2915.

7. Myrehaug S, Bezjak A (2010) Rapidly progressive bone destruction of
the finger as first presentation of systemic metastases from lung cancer.
BM] Case Rep. bcr05.2009.1912.

8. ET Tolo, WP Cooney, DE Wenger (2002) Renal cell cancer with metastases
at the triquetrum case report. Journal of Hand Surgery 27(5): 876-881.

9. Gorospe Sarasua L, Mezquita Perez L, Pacios Blanco RE (2016)
Acrometastasis as the initial presentation of lung adenocarcinoma in a
young woman. Arch Bronconeumol 52(9): 482-483.

10. CJ Flynn, C Danjoux, C Danjoux (2008) Two Cases of Hand Acrometastasis
and Literature Review Current Oncology15(5): 51-58.

11.Longhurst WD, Khachemoune A (2015) An unknown mass the
differential diagnosis of digit tumors. Int ] Dermatol 54(11): 1214-1225.

12. Mavrogenis AF, Mimidis G, Kokkalis ZT (2014) Acrometastases. Eur ]
Orthop Surg Traumatol 24(3): 279-283.

13. Mufioz-Mahamud E, Combalia A, Carrefio A, Arandes JM (2017) Five
cases of acrometastasis to the hand from a carcinoma and review of the
literature. Hand Surg Rehabil 36(1): 12-16.

14.R Baran, P Guillot, A Tosti (1998) Metastasis from carcinoma of
the bronchus to the distal aspect of two fingers. British Journal of
Dermatology 138(4): 708.

15.N Khokhar, JD Lee (1983) Phalangeal Metastasis First Clinical Sign of
Bronchogenic Carcinoma. Southern Medical Journal 76(7): 927.

16. Libson E, Bloom RA, Husband JE (1987) Metastatic tumors of the bones
and foot A comparative review and report of 43 additional cases Skeletal
Radiol 16(5): 387-392.

Assets of Publishing with us

e Global archiving of articles

e Immediate, unrestricted online access
e Rigorous Peer Review Process

¢ Authors Retain Copyrights

e Unique DOI for all articles

https://biomedres.us/

Copyright@ Ettore Epifania | Biomed ] Sci & Tech Res | BJSTR. MS.ID.006538.

32306


https://dx.doi.org/10.26717/BJSTR.2022.41.006538
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.41.006538
https://pubmed.ncbi.nlm.nih.gov/24612837/
https://pubmed.ncbi.nlm.nih.gov/24612837/
https://pubmed.ncbi.nlm.nih.gov/6654944/
https://pubmed.ncbi.nlm.nih.gov/6654944/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/3559096/
https://pubmed.ncbi.nlm.nih.gov/3559096/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/15275692/
https://pubmed.ncbi.nlm.nih.gov/26241547/
https://pubmed.ncbi.nlm.nih.gov/26241547/
https://pubmed.ncbi.nlm.nih.gov/26241547/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3029992/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3029992/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC3029992/
https://pubmed.ncbi.nlm.nih.gov/12239679/
https://pubmed.ncbi.nlm.nih.gov/12239679/
https://www.archbronconeumol.org/en-acrometastasis-as-initial-presentation-lung-articulo-S1579212916301410
https://www.archbronconeumol.org/en-acrometastasis-as-initial-presentation-lung-articulo-S1579212916301410
https://www.archbronconeumol.org/en-acrometastasis-as-initial-presentation-lung-articulo-S1579212916301410
https://www.mdpi.com/1718-7729/15/5/189
https://www.mdpi.com/1718-7729/15/5/189
https://pubmed.ncbi.nlm.nih.gov/26235189/
https://pubmed.ncbi.nlm.nih.gov/26235189/
https://pubmed.ncbi.nlm.nih.gov/24013815/
https://pubmed.ncbi.nlm.nih.gov/24013815/
https://pubmed.ncbi.nlm.nih.gov/28137435/
https://pubmed.ncbi.nlm.nih.gov/28137435/
https://pubmed.ncbi.nlm.nih.gov/28137435/
https://www.scirp.org/(S(351jmbntv-nsjt1aadkposzje))/reference/referencespapers.aspx?referenceid=1693879
https://www.scirp.org/(S(351jmbntv-nsjt1aadkposzje))/reference/referencespapers.aspx?referenceid=1693879
https://pubmed.ncbi.nlm.nih.gov/3306939/
https://pubmed.ncbi.nlm.nih.gov/3306939/
https://pubmed.ncbi.nlm.nih.gov/3306939/

	_Hlk92715184
	_Hlk92715844
	_Hlk92715773

