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ABSTRACT

In direct digital workflows for

providing implant-supported
prostheses, implant positions
are transferred from the pa-
tient’s mouth to a virtual cast
by using an implant intraoral
digital scan." The digital scan
should be accurate to ensure a
passive fit of the prosthesis.” " However, acquiring an
accurate implant intraoral digital scan with an intraoral
scanner (IOS) remains challenging.”

IOSs generate digital scans by stitching together
several images using best-fit alignment algorithms.” "
These algorithms provide the best results when stitching
together images of immobile areas with abundant geo-
metric references. However, difficulties tend to occur in
accurately stitching together images of the smooth and
movable soft tissues in edentulous areas.”'’'® These
image-stitching errors accumulate as the scanning span
increases, thus making it challenging to obtain accurate
complete arch implant intraoral digital scans.'” "

Adding geometric references between or around in-
traoral scan bodies (ISBs) has been reported to decrease
image-stitching errors and thus improve the accuracy of
the resulting complete arch implant intraoral digital
scan.””?! Numerous methods have been developed to

A technique to improve the accuracy of complete arch implant intraoral digital scans and the
accuracy of their virtual casts is described. Obtaining accurate complete arch implant intraoral
digital scans with an intraoral scanner is challenging because of the smooth and movable tissues
of edentulous areas. The described technique uses auxiliary clips attached to intraoral scan bodies
to cover interimplant edentulous spans with immobile tooth-like geometric references that are
more favorable for intraoral scanning. The technique is designed to be user friendly and
compatible with any intraoral scanner. (J Prosthet Dent 2025;133:43-47)

add geometric references between or around
ISBs,"** 77 with the splinting of the ISBs being
common to most.”” *7"*" % Some methods use aux-
iliary devices that require customization with the aid of a
preliminary intraoral digital scan and, therefore, require
an additional patient visit.”””"*” Photogrammetry-based
devices have also been developed to transfer implant
positions more accurately from the patient’s mouth to a
virtual cast, but their acquisition can entail considerable
cost for a dental clinic.”” ™

This article describes a technique to improve the
accuracy of complete arch implant intraoral digital scans
by using auxiliary clips for ISBs to cover interimplant
edentulous spans with immobile geometric references
that are more favorable for IOSs. Once a dental clinic
obtains a set of auxiliary clips of different dimensions for
the ISBs used, those that best cover the individual pa-
tient’s interimplant spans can be selected.
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TECHNIQUE

1. Create the virtual designs of the auxiliary clips in a

reverse engineering software program (Geomagic
Design X; 3D Systems Inc) based on the reference
virtual design of the structure of the auxiliary clips
(Fig. 1, Supplemental Files 1-3, available online).
First, modify the reference virtual design to ensure
a firm union between the created auxiliary clips and
the ISBs used in the clinic (Tiny Universal Platform
Multi-IM ISB; BTI Biotechnology Institute) by using
the corresponding virtual design of the ISB avail-
able in implant libraries (note that auxiliary clips
will be attached to ISBs apical to the scan region)
(Fig. 1A). Then, by modifying the dimensions of the
resulting virtual design, create a set of virtual de-
signs of structures of different dimensions (Fig. 1B).
Finally, fill the created virtual designs with posterior
teeth by using the virtual designs of the posterior
teeth available in tooth libraries (use each of them
only once) (Fig. 1C). Note that the height of the
teeth should be similar to the height of the scan
region of the ISB and that the teeth should not
hinder the scanning of that region of the ISB.

. Manufacture the auxiliary clips in a biocompatible

opaque material (HP 3D HR PA12; HP Inc).”” "

. Attach an auxiliary clip to each ISB and screw them

to the multiunit abutments according to the man-
ufacturer’s recommendations (Fig. 2). Select the
auxiliary clips that best cover the patient’s inter-
implant spans and position them in such a way that
the gaps between them and the ISBs are minimal
(Fig. 2). Ensure that the auxiliary clips are firmly
attached to the ISBs.

. Obtain a complete arch implant digital scan with an

IOS (TRIOS 3; 3Shape A/S) by following the
manufacturer’s recommendations (Fig. 3).

. Detach the auxiliary clips from the ISBs and obtain

a conventional complete arch implant digital scan
with the IOS by following the manufacturer’s re-
commendations (Fig. 4).
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Figure 2. Auxiliary clips positioned in mouth.

6. In a dental computer-aided design (CAD) software

program (exocad; exocad GmbH), superimpose a
virtual design of the ISB with each ISB in the
complete arch implant digital scan obtained in step
4 to obtain the position of the implants (Fig. 5). For
that, common areas of the ISBs should be super-
imposed by using a best-fit algorithm.

. In the dental CAD software program, split the con-

ventional complete arch implant digital scan obtained
in step 5 into as many parts as implants (Fig. 6A) and
superimpose each of them with the corresponding
area in the complete arch implant digital scan obtained
in step 4 (Fig. 6B). For that, if the ISBs used provide
orientation information, common areas of the ISBs
should only be superimposed by using a best-fit al-
gorithm. If not, common areas corresponding to the
soft tissues should also be superimposed.

. Remove or hide the complete arch implant digital scan

obtained in step 4 and retain the virtual cast composed
of the split complete arch implant digital scan obtained
in step 5 and the virtual designs of the conventional
ISBs (Fig. 7A). If necessary, remove the ISBs in the split
complete arch implant digital scan (Fig. 7B).

DISCUSSION

The described technique aims to improve the accuracy of
complete arch implant intraoral digital scans and provide

Figure 1. Creation of virtual designs of auxiliary clips for ISBs. A, Adaptation of reference virtual design of structure to used ISBs. B, Creation of virtual
designs of structures of different sizes. C, Creation of virtual designs of auxiliary clips of different sizes. ISB, intraoral scan body.
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Figure 4. Acquisition of conventional complete arch implant intraoral digital scan. A, Intraoral scan. B, Conventional complete arch implant intraoral

digital scan.

Figure 5. Superimposition of virtual designs of ISBs with ISBs of complete
arch implant digital scan obtained in step 4. ISB, intraoral scan body.

more accurate virtual casts. Auxiliary clips for ISBs are used
to cover smooth and movable tissues in edentulous areas
with immobile geometric references that are more favorable
for 10Ss.

Obtaining accurate complete arch implant intraoral
digital scans with IOSs has been reported to be chal-
lenging,'” "’ fundamentally because of the difficulties in
accurately stitching together images of smooth and
movable tissues in edentulous areas. Thus, accuracy has
been reported to be improved by adding geometric re-
ferences between or around the ISBs,*”" ! with dif-
ferent alternatives being proposed.””* "** A distinctive
characteristic of most alternatives is the splinting of the

Figure 6. Splitting of conventional complete arch implant digital scan obtained in step 5 and superimposition of each part with complete arch
implant digital scan obtained in step 4. A, Splitting of conventional complete arch implant digital scan obtained in step 5. B, Superimposition of each

split part with complete arch implant digital scan obtained in step 4.
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Figure 7. Obtained virtual casts. A, Virtual cast. B, Virtual cast with ISBs in split complete arch implant digital scan removed. ISB, intraoral scan body.

ISBs, typically by using auxiliary devices.”” " Several of
these auxiliary devices, however, need to be custo-
mized,””"” requiring a previous digital scan and, therefore,
an additional patient visit. The present technique, in con-
trast, only requires the clinic to acquire a set of auxiliary clips
of different dimensions for the ISBs it uses. Once acquired, a
combination of auxiliary clips that minimizes the gaps in the
scanning path can be used with each patient without the
need for any additional customization.

Recognizing the importance of seamless integration in
existing clinical workflows, the technique is engineered to
be user friendly and compatible with any IOS, allowing for
straightforward adoption and implementation. The auxiliary
clips are easily placed in the mouth, and obtaining a com-
plete arch intraoral digital scan with them in place is com-
parable with obtaining a complete arch intraoral digital scan
of a dentate patient. Auxiliary clips, in addition, are used
only to add static geometric references between ISBs, so
they do not need to be accurately fabricated, making them
suitable for all dental clinics. The auxiliary clips could be
manufactured with any additive manufacturing machine, as
long as the material used is opaque and meets or exceeds
the established biocompatibility conditions.””"’ When de-
signing the clips and selecting the manufacturing process, it
should also be ensured that a firm attachment exists be-
tween the auxiliary clips and the ISBs to avoid movement of
the auxiliary clips during the scanning process. However,
excessive force should not be required to detach the aux-
iliary clip, to avoid patient discomfort or even displacement
of the ISBs. Furthermore, if the auxiliary clips are intended
to be reusable, the firm attachment should be maintained
after multiple applications. Therefore, in that case the effects
of use and sterilization cycles on the properties of the ma-
terial should be considered.

The possibility of creating a library of auxiliary clips
compatible with different ISBs on the market could be
considered. However, studies are needed to assess the
accuracy of complete arch intraoral implant digital scans
obtained with this technique and to study the clip design
that offers the tightest grip for different materials and
fabrication methods.
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SUMMARY

A technique for enhancing the accuracy of complete arch
implant intraoral digital scans and more accurate virtual
casts is presented. In this novel technique, auxiliary clips
are attached to ISBs in order to cover edentulous spans
with immobile geometric references that are favorable
for intraoral scanning. To implement this technique, a
clinic needs only to acquire a set of auxiliary clips of
different dimensions for the ISBs it uses. Once acquired,
the combination of auxiliary clips that best covers the
patient’s interimplant spans can be used without the
need for further customization.

PATIENT CONSENT

The illustrated patient signed an informed consent form.
The procedure was approved by the university ethics
committee (M10_2019_254) according to local and in-
ternational ethical rules.

APPENDIX A. SUPPORTING INFORMATION

Supplemental data associated with this article can be
found in the online version at doi:10.1016/j.prosdent.
2024.01.031.

REFERENCES

1. Marques S, Ribeiro P, Falcdo C, et al. Digital impressions in implant
dentistry: A literature review. Int | Environ Res Public Health. 2021;18:1020.

2. Mizumoto RM, Yilmaz B. Intraoral scan bodies in implant dentistry:

A systematic review. | Prosthet Dent. 2018;120:343-352.

3. Sailer I, Karasan D, Todorovic A, Ligoutsikou M, Pjetursson BE. Prosthetic
failures in dental implant therapy. Periodontol 2000. 2022;88:130-144.

4. Campana V, Papa A, Silvetti MA, Del Fabbro M, Testori T. Use of the
universal scan template to achieve a predictable optical impression:
Preliminary data of a case series study in complete edentulous patients. Clin
Implant Dent Relat Res 2023.

5. Zhang Y], Shi JY, Qian SJ, Qiao SC, Lai HC. Accuracy of full-arch digital
implant impressions taken using intraoral scanners and related variables:
A systematic review. Int | Oral Implantol ((Berl)). 2021;14:157-179.

6. Vitai V, Németh A, Sélyom E, et al. Evaluation of the accuracy of intraoral
scanners for complete-arch scanning: A systematic review and network
meta-analysis. | Dent. 2023;137:104636.

Etxaniz et al



January 2025

47

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Ma ], Zhang B, Song H, Wu D, Song T. Accuracy of digital implant

impressions obtained using intraoral scanners: A systematic review and
meta-analysis of in vivo studies. Int | Implant Dent. 2023;9:48.

. Revilla-Leén M, Kois DE, Kois JC. A guide for maximizing the accuracy of

intraoral digital scans: Part 2—Patient factors. | Esthet Restor Dent.
2023;35:241-249.

. Osnes CA, Wu JH, Venezia P, Ferrari M, Keeling AJ. Full arch precision of

six intraoral scanners in vitro. | Prosthodont Res. 2020;64:6-11.

Braian M, Wennerberg A. Trueness and precision of 5 intraoral scanners for
scanning edentulous and dentate complete-arch mandibular casts: A
comparative in vitro study. J Prosthet Dent. 2019;122:129-136.¢2.

Knechtle N, Wiedemeier D, Mehl A, Ender A. Accuracy of digital complete-
arch, multi-implant scans made in the edentulous jaw with gingival
movement simulation: An in vitro study. | Prosthet Dent. 2022;128:468-478.
Andriessen FS, Rijkens DR, van der Meer W], Wismeijer DW. Applicability
and accuracy of an intraoral scanner for scanning multiple implants in
edentulous mandibles: A pilot study. J Prosthet Dent. 2014;111:186-194.
Hack G, Liberman L, Vach K, Tchorz JP, Kohal RJ, Patzelt SBM.
Computerized optical impression making of edentulous jaws — An in vivo
feasibility study. J Prosthodont Res. 2020;64:444-453.

Jamjoom FZ, Aldghim A, Aldibasi O, Yilmaz B. Impact of intraoral scanner,
scanning strategy, and scanned arch on the scan accuracy of edentulous
arches: An in vitro study. J Prosthet Dent 2023.

Al Hamad KQ, Al-Kaff FT. Trueness of intraoral scanning of edentulous
arches: A comparative clinical study. | Prosthodont. 2023;32:26-31.

Rasaie V, Abduo J, Hashemi S. Accuracy of intraoral scanners for recording
the denture bearing areas: A systematic review. | Prosthodont.
2021;30:520-539.

Mangano FG, Hauschild U, Veronesi G, Imburgia M, Mangano C, Admakin
O. Trueness and precision of 5 intraoral scanners in the impressions of
single and multiple implants: A comparative in vitro study. BMIC Oral
Health. 2019;19:101.

Schimmel M, Akino N, Srinivasan M, Wittneben JG, Yilmaz B, Abou-Ayash
S. Accuracy of intraoral scanning in completely and partially edentulous
maxillary and mandibular jaws: An in vitro analysis. Clin Oral Investig.
2021;25:1839-1847.

Afrashtehfar kelvin I, Alnakeb NA, Assery MKM. Accuracy of intraoral
scanners versus traditional impressions: A rapid umbrella review. | Evid
Based Dent Pract. 2022;22:101719.

Carneiro Pereira AL, Souza Curinga MR, Melo Segundo HV, da Fonte Porto
Carreiro A. Factors that influence the accuracy of intraoral scanning of total
edentulous arches rehabilitated with multiple implants: A systematic review.
J Prosthet Dent. 2023;129:855-862.

Tturrate M, Eguiraun H, Solaberrieta E. Accuracy of digital impressions for
implant-supported complete-arch prosthesis, using an auxiliary geometry
part—An in vitro study. Clin Oral Implants Res. 2019;30:1250-1258.
Kanjanasavitree P, Thammajaruk P, Guazzato M. Comparison of different
artificial landmarks and scanning patterns on the complete-arch implant
intraoral digital scans. | Dent. 2022;125:104266.

Tallarico M, Lumbau A, Scrascia R, et al. Feasibility of using a prosthetic-
based impression template to improve the trueness and precision of a
complete arch digital impression on four and six implants: An in vitro study.
Materials (Basel). 2020,13:3543.

Iturrate M, Eguiraun H, Etxaniz O, Solaberrieta E. Accuracy analysis of
complete-arch digital scans in edentulous arches when using an auxiliary
geometric device. | Prosthet Dent. 2019;121:447-454.

Pan Y, Tsoi JKH, Lam WY, Zhao K, Pow EH. Improving intraoral implant
scanning with a novel auxiliary device: An in-vitro study. Clin Oral Implants
Res. 2021;32:1466-1473.

Paratelli A, Vania S, Gémez-Polo C, Ortega R, Revilla-Leén M, Gémez-
Polo M. Techniques to improve the accuracy of complete arch implant
intraoral digital scans: A systematic review. J Prosthet Dent.
2023;129:844-854.

Leggeri A, Carosi P, Mazzetti V, Arcuri C, Lorenzi C. Techniques to improve
the accuracy of intraoral digital impression in complete edentulous arches: A
narrative review. Applied Sciences. 2023;13:7068.

Etxaniz et al

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cappare P, Sannino G, Minoli M, Montemezzi P, Ferrini F. Conventional
versus digital impressions for full arch screw-retained maxillary rehabilitations:
A randomized clinical trial. Int ] Environ Res Public Health. 2019;16:829.
Tturrate M, Minguez R, Pradies G, Solaberrieta E. Obtaining reliable
intraoral digital scans for an implant-supported complete-arch prosthesis: A
dental technique. | Prosthet Dent. 2019;121:237-241.

Beretta M, Poli PP, Tansella S, Aguzzi M, Meoli A, Maiorana C. Cast-free
digital workflow for implant-supported rehabilitation in a completely
edentulous patient: A clinical report. ] Prosthet Dent. 2021;125:197-203.
Huang R, Liu Y, Huang B, Zhou F, Chen Z, Li Z. Improved accuracy of
digital implant impressions with newly designed scan bodies: An in vivo
evaluation in beagle dogs. BMC Oral Health. 2021;21:623.

Klein M, Tuminelli FJ, Sallustio A, et al. Full-arch restoration with the Nexus
I0OS System: A retrospective clinical evaluation of 37 restorations after a one
year of follow-up. | Dent. 2023;139:104741.

Pozzi A, Arcuri L, Lio F, Papa A, Nardi A, Londono J. Accuracy of complete-
arch digital implant impression with or without scanbody splinting: An in
vitro study. | Dent. 2022;119:104072.

Ashraf Y, Abo El Fadl A, Hamdy A, Ebeid K. Effect of different intraoral
scanners and scanbody splinting on accuracy of scanning implant-
supported full arch fixed prosthesis. | Esthet Restor Dent. 2023;35:1257-1263.
Kernen F, Brandle D, Wagendorf O, et al. Enhancing intraoral scanner
accuracy using scan aid for multiple implants in the edentulous arch: An in
vivo study. Clin Oral Implants Res. 2023;34:793-801.

Gomez-Polo M, Barmak AB, Ortega R, Rutkunas V, Kois JC, Revilla-Leén
M. Accuracy, scanning time, and patient satisfaction of
stereophotogrammetry systems for acquiring 3D dental implant positions: A
systematic review. | Prosthodont. 2023;32:208-224.

Orejas-Perez ], Gimenez-Gonzalez B, Ortiz-Collado I, Thuissard IJ,
Santamaria-Laorden A. In vivo complete-arch implant digital impressions:
Comparison of the precision of three optical impression systems. Int |
Environ Res Public Health. 2022;19:4300.

Revilla-Leén M, Rubenstein J, Methani MM, Piedra-Cascén W, Ozcan M,
Att W. Trueness and precision of complete-arch photogrammetry implant
scanning assessed with a coordinate-measuring machine. | Prosthet Dent.
2023;129:160-165.

Food and Drug Administration. FDA-2013-D-0350. Use of International
Standard ISO 10993-1, “Biological evaluation of medical devices - Part 1:
Evaluation and testing within a risk management process”: Guidance for
Industry and Food and Drug Administration Staff. Silver Spring: FDA; 2020.
International Organization for Standardization. ISO-10993-1. Biological
evaluation of medical devices - Part 1: Evaluation and testing within a risk
management process. Geneva: ISO; 2018.

Corresponding author:

Dr Eneko Solaberrieta

Department of Graphic Design and Engineering Projects
Faculty of Engineering Gipuzkoa

University of the Basque Country (UPV/EHU)

Plaza Europa 1

San Sebastian 20018

SPAIN

Email: eneko.solaberrieta@ehu.eus

Acknowledgments

The authors thank the University of the Basque Country (UPV/EHU) for pro-
viding their DEHI research laboratory (www.ehu.eus/dehi). The authors also
thank Ayesta dental practice and Corus Dental Institute SL for their support and
assistance.

Copyright © 2024 The Authors. Published by Elsevier Inc. on behalf of the
Editorial Council of The Journal of Prosthetic Dentistry. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

https://doi.org/10.1016/j.prosdent.2024.01.031

THE JOURNAL OF PROSTHETIC DENTISTRY


mailto:eneko.solaberrieta@ehu.eus
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.prosdent.2024.01.031

	Improving the accuracy of complete arch implant digital scans by using auxiliary clips for intraoral scan bodies: A dental t...
	TECHNIQUE
	DISCUSSION
	SUMMARY
	PATIENT CONSENT
	Appendix A. Supporting information
	References




