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Abstract

Computer-assisted implant planning allows for a comprehensive treatment plan by combining
radiographic data provided by a Cone Beam Computed Tomography (CBCT) with surface optical scan
(IOs) data that includes patient intraoral situation and the intended restorative planning. Integrating a
tailored restorative design with the patient’s anatomical conditions through virtual implant planning
allows for an ideal bio-restorative treatment planning to maximize biological, functional, and esthetic
outcomes. This article discusses dataset registration techniques that combine radiographic CBCT data
with restorative information as the main path to create a virtual patient. The described techniques
include the use of removable radiographic templates with radiopaque markers, dual scan technique,
and direct digital file registration of intra-oral scans using anatomical references. Depending on the
individual clinical situation, different factors must be considered to appropriately select methods that
achieve an optimal registration of diverse datasets. An inherent challenge lies in the presence of

scattering artifacts in CBCT scans. Two approaches are proposed for these situations — the use of
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chairside-fabricated composite resin markers or adhesive spot-markers fabricated for the use with
CBCT scans. Both techniques exhibit limitations that need to be taken into consideration. Further
approaches should be developed for situations involving scattering in CBCT. Int J Periodontics

Restorative Dent 2024, 44 :xxx—xxx. doi: 10.11607/prd.7127

Keywords (MeSH terms): computer-assisted surgery, data superimposition, digital imaging processing,
digital workflow, dual technique, scattering

Introduction

The primary goal of replacing missing teeth is to achieve functional and aesthetic outcomes that blend
with the surrounding orofacial structures and occlusion. -~ This requires assessment and planning to
identify factors that play a role in ensuring a long-term successful result, including 1)The extent and
distribution of missing teeth or areas to be replaced; 2)Positioning of the incisal edge/ central fossa; 3)
Prosthetic volume and configuration; 4) Contours of the mucosal tissues; 5) Requirement for soft tissue
augmentation/modification; 6) Comprehensive analysis of extraoral features and occlusal dynamics.
Furthermore, the implant-supported restoration (ISR) should be carefully designed to promote
biological integration, thereby promoting long-term success and achieving optimal functionality and
esthetics (3). While the diagnostic assessments and treatment planning to meet these objectives may
vary, they are interrelated and should not be assessed independently. A comprehensive virtual implant
planning approach should combine static and dynamic anatomical (radiographic and clinical),
restorative, and surgical data to create a virtual patient dataset if maxillary esthetic anterior zone, facial
integration through 2-dimensional photographs or 3-dimensional facial scans is crucial. Consequently,
virtual planning enables a comprehensive diagnosis, facilitates precise treatment planning and supports

the computer-aided clinical execution of the treatment.
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Cone Beam Computed Tomography (CBCT) allows for the three-dimensional (3D) anatomical
assessment of the implant recipient site and has become a routine procedure for diagnosis and
treatment planning. The primary reasons for obtaining a CBCT during the preoperative surgical phase
are to 1) precisely assess the available volume and structure of the bone, 2) detect bone fenestrations
and dehiscences at the recipient site, 3) identify critical anatomical structures = (e.g., the mandibular
canal, sinus cavities, etc.), 4) reveal the anatomy and anatomical variants ' (e.g., the depth of the
mandibular lingual concavity), 5) asses the position of adjacent teeth roots, and 6) assess the
phenotype. ~ Nevertheless, CBCT lacks sufficient topographic information of tooth surfaces required
for the precise design of an ideal diagnostic tooth arrangement or surgical guide. Additional data of the
clinical situation and the prosthetic design need to be registered with the CBCT to maximize the
restorative and surgical information available. In the 2014 ITI consensus statements and
recommendations on surgical and radiographic techniques in implant dentistry it was advised that
radiographic templates should be used for this purpose, however more modern methods allow for
registration of a pre-operative prosthetic design without a radiographic appliance.

Intraoral scanners (IOS) were developed to digitalize oral tissue surfaces and capture the clinical
situation. The data generated by these 10S are available in different file formats, with the standard
tessellation language file (STL) and polygon triangle (PLY) emerging as the most commonly employed
within the dental field. " Both formats can be used in implant planning, but the former offer the
advantage of providing color files that are helpful to discern keratinized tissues. Advancements in
software to facilitate the integration of various digital file formats have rendered the utilization of
CBCT data -Digital Imaging and Communications in Medicine (DICOM) files- an integral component
of patients’ records for comprehensive digital implant planning.

DICOM and IOS datasets can be aligned with each other through an algorithm that register

topographic information in a process known as image registration or superimposition.
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Although different techniques were developed over time, the fundamental concept remains solid:
The clinical situation and the intended ISR design, whether derived from a scanned conventional
diagnostic wax-up or a fully digital diagnostic tooth arrangement, should be registered and combined
with the radiographic anatomical information for an adequate bio-restorative ' treatment planning.

This article provides an overview of the available techniques for integrating the different data
containing the pre-operative clinical situation, the intended restorative design, and the radiological
information for comprehensive virtual implant planning. Furthermore, it describes different approaches
to overcome difficulties in merging CBCT and 10S datasets due to the presence of scatter artefacts in

the former.

Techniques for Data Registration

The techniques for incorporating surface-intraoral and restorative data into - 3D radiographic data can
be divided into two categories: (1) those that utilize a removable radiographic template which is worn
by the patient during the acquisition of the radiographic data and (2) techniques that use modified
intra-oral optical surface scans with the intended restorative design.

For a better understanding, different registration techniques will be presented as follows: With
removable radiographic templates: (A) Removable device (with radiographic markers or radiopaque
teeth) and (B) Dual scan technique; and Without removable devices: (A) Using anatomical reference
points and (B) Using intra-oral fiduciary markers.

With the evolution of digital technologies and data registration techniques, traditional radiographic
templates used during CBCT data acquisition are now seldom required to input the restorative
information. However, these traditional radiographic templates may still be required in specific

situations where registration points are absent, such as in case of fully edentulous patients.
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Removable Radiographic Templates

The use of radiographic templates has been a longstanding approach to incorporate restorative
information into CBCT scans. In these techniques, a radiographic template that contains the restorative
information is utilized during the CBCT acquisition. Thus, the obtained DICOM files incorporate the
restorative information. These templates must be very well adapted to the oral tissues and should not
move during image acquisition. The intended ISR should be in an ideal bio-restorative ' position since
implant planning will be performed based on these restorative references. Additionally, when the
restorative planning and the anatomy are in harmony, the radiographic template can be used a reference
to design a surgical guide.

Although these techniques provide restorative information for the intended ISR, they pose
significant disadvantages: (1) the inability to modify the restorative design after CBCT acquisition and
(2) inadequate design or adaptation of the template will negatively impact the quality and accuracy of
the resulting data. Consequently, if any of these scenarios occurs, a new CBCT with a corrected design
and/or position of the radiographic template is required.

Conventional radiographic templates may be divided into two groups: Removable Device with
Radiographic Markers or Radiopaque Teeth & Dual Scan Technique with scanning device (Full or

Partial Radiographic Templates with teeth set up)

Removable device with radiographic markers or radiopaque teeth

Radiopaque markers can be incorporated into radiographic templates to indicate the proposed implant
position and the insertion axis, considering its relationship to the alveolar ridge. The most commonly

utilized material is gutta-percha, inserted into holes drilled through the occlusal/palatal/lingual aspect
of the prosthetic setup where the screw access holes are going to be located  (Fig 1). For a more

comprehensive approach, 1) a removable device can be fabricated with radiopaque denture teeth (e.g:
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SR Vivo TAC/ SR Ortho TAC®)  (Fig 2) or 2) Barium Sulfate (BaSO4) can be mixed in with acrylic
resin during the fabrication of a radiographic guide  Using the teeth radiopaque in the restorative
setup will increase the visibility of the labial surface, incisal edge and proposed cervical margin of the
restorative setup teeth in relation to the alveolar ridge and underlying anatomy. This fact provides
additional information to define the correct implant position for an ideal bio-restorative result.  (Fig

20).

%Vivo TAC

wvoclar vivadent*

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Dual scan technique with scanning device (full or partial radiographic templates with

teeth set up)

The dual scan technique is considered the gold standard for virtual implant planning in fully
edentulous patients but can also be applied to partially dentate patients with extended edentulous
spans. For this method, a removable tooth set-up or an existing prosthesis with satisfactory teeth
positions and adaptation to the tissues is used as a template to obtain the needed restorative
information. Radiopaque fiducial markers should be placed on the template (Fig 3). A minimum of
three is recommended by the authors, but it is good practice to put at least four and, if space permits,
five. Placing more than three provides a safety measure in case one marker is displaced or falls off.
Two CBCTs are acquired: (1) the template with the radio markers (Fig 4A) that will be virtually
segmented and transformed into an STL file (Fig 4B); (2) the patient with the template in situ (Fig 4C).
Alternatively, instead of a CBCT scan of the template with the radiomarkers by itself, an optical
surface scan (IOs) can be obtained with a laboratory or intra-oral scanner to directly obtain the STL file
of the template. This approach is particularly useful if the template has a metal structure, which may
create scattering but may increase clinical time. After data acquisition, both sets of data (two CBCT
scans or a CBCT scan and an optical scan) are imported into virtual implant planning software. The
patient’s CBCT and the surface representation of the template can now be registered with each other

using the fiducial markers as common reference points (Fig 4D).
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Consequently, the restorative design can be evaluated in relation to the patient’s anatomy and
comprehensive implant planning can be performed (Fig 4E and Fig 4F). Additionally, CAD/CAM
surgical guides can be fabricated based on the intaglio surface of the radiographic template. Hence, the
fitting surface of the template should be relined to fit the mucosa accurately before being used for the
CBCT scan.

The use of a radiographic template containing restorative information in areas where teeth are
planned for extraction is challenging, as the remaining teeth will prevent the insertion of a radiographic
template with new tooth positions in their place. To overcome this problem, the use of a modifiable
radiographic template has been suggested. ' In this method, an initial impression is acquired and based
on this initial clinical situation, a radiographic template with radiopaque markers is fabricated (Fig 5).
A CBCT is obtained of the patient with the template in situ. Subsequently, the teeth planned for
extraction are eliminated from the cast used to create the initial template, simulating the estimated soft
tissue conditions after extraction. The template is then repositioned over the cast. Acrylic resin teeth in
the positions of the extracted teeth are fixed to the template according to a prior diagnostic wax-up (Fig
5). A second CBCT is acquired of the template only. Both sets of DICOM files obtained are imported
into a virtual planning implant software and registered with each other. This allows for an implant

planning for restorative position in areas where teeth are still present but will be extracted.
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Digital File Registration without Removable Devices

If adequate intra-oral reference points exist, virtual implant planning software allows for the direct
registration of optical scans to the CBCT files. ' This way, the intended ISR design can be
superimposed with the radiographic data obtained by the CBCT and the pre-operative intraoral surface
scans obtained with an IOS. To obtain a successful registration the presence of identifiable reference
structures should be discernible on (A)the surface scan incorporating the restorative information, (B)
the baseline intra-oral scan and (C) the CBCT files. Surface scan incorporating the restorative

information regarding the intended restoration can be derived from:
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A. An existing removable partial dental prosthesis, if its tooth positions are optimal. In this case, a scan
of the prosthesis in situ can be acquired using an IOS to generate a file containing the restorative
information.

B. Converting a conventional (analog) wax-up on the preoperative model (cast) into a digital file by
scanning it with a laboratory scanner or 10S.

C. A fully digital diagnostic tooth arrangement can be designed using a planning software. A digital
library can be employed for the virtual wax-up of teeth over baseline intraoral scan.

Additionally, advancements in CAD technology allow the integration of diverse diagnostic tools,
including digital dental photography and three-dimensional optical facial scanning. When
rehabilitating the anterior-maxilla esthetic zone, a comprehensive assessment of esthetic tooth
parameters can be complemented with facial scans 2D photographs, which contribute to avoiding errer
between facial and dental midlines or incisal plane canting. Furthermore, occlusion assessment with

kinematic mandibular recording technologies provides insights into jaw motion and dynamic occlusion

(Fig 6).
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When rehabilitating the anterior-maxilla esthetic zone, a comprehensive assessment of esthetic
tooth parameters can be complemented with facial scans, 2D photographs, or occlusion assessment
with kinematic mandibular recording technologies, which provide insights into jaw motion and
dynamic occlusion (Fig 6). The former enables comprehensive digital planning that is ideally used for
extensive rehabilitations involving alterations in dentofacial aesthetics.

Various methods exist for registering optical surface files (STL, PLY, etc.) and volumetric

radiographic data (DICOM). Two possible approaches for this purpose are described below.

Using anatomical reference points

In the context of image registration, common reference points are typically derived from existing teeth.
Their surfaces should be discerned and isolated in all data sets to be registered (Fig 7). The same points
are marked in the different data sets and are used for registration. However, it’s important to
acknowledge that while tooth-based registration can mitigate some of the challenges associated with
using radiographic templates as mentioned previously, it also has limitations. Inaccuracies
encountered during registration can stem from various factors, such as inaccurate virtual segmentation
of the CBCT, which is utilized for this process. Major limitations occur when insufficient identifiable
common characteristics are present, with scattering in the CBCT being a common challenge (Fig 9b).
For example, metallic restorations reduce the image quality due to the scatter and increase the
likelihood of misalignment.  While manual adjustments can overcome some limitations associated
with the automated alignment of surface scans with DICOM data, cases characterized by extensive
scattering may still pose considerable challenges in achieving precise registration. " ' A high level of
scatter can significantly compromise the accuracy of the registration process. Different
techniques have been described in the literature to overcome such issues in the alignment of

datasets.  In the subsequent section, some of these techniques will be further discussed.
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Using intra-oral fiduciary markers

A technique to overcome the lack of valid registration points as a result of scatter artifacts can be
applied = This technique takes advantage of the fact that scatter artifacts on a CBCT appear
predominantly in the direction in which the X-rays travel and are, therefore more pronounced in the
horizontal than the vertical plane. = Chairside-fabricated composite resin markers can be temporarily
luted to the patient’s dentition to overcome the problem posed by scatter artifacts, ~ allowing for the
accurate registration of digital surface scans onto CBCT data even in the presence of excessive
amounts of scatter artifacts (Fig 8). Although these markers allow for an improved registration of the
data sets, they pose certain disadvantages. There is a potential risk that markers could break or fall off,
for example, if the patients reduce their mouth opening during the procedure before all the required
data can be obtained. Additionally, the placement of these markers can be difficult in patients with
limited mouth opening. Furthermore, the fabrication and luting of these markers increase the chair time
and may cause some discomfort for the patients since they require a mouth opening over an extended
time period until all the necessary data are obtained. An additional intraoral scan of the same arch
without the fiduciary markers is required in this method, in order to register all tooth surfaces for the

virtual planning without coverage by the fiduciary markers.
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Alternatively, markers fabricated for use with CT scans (CT-Spot®, Beekley Medical, Bristol CT,
USA) can be used in patients where significant scatter is expected to make registration of files difficult
or impossible. These markers, which have an adhesive side, are placed on attached tissues (i.e
keratinized tissue) after thoroughly drying them. Optical surface intra-oral (Fig 9) and CBCT scans are
then acquired with the markers in place. To visualize the markers on the CBCT scan, they should be
placed high up in the palate so that they do not overlap crowns, posts, cores or gutta-percha.
Furthermore, they should be placed in different planes to allow improved registration of the files in the
different axis. The field of view of the CBCT scan should be such that it includes the makers placed
even high up in the palatal vault. The main limitation of using the CT-Spot markers is their potential to
not adhere if there is limited surface area of attached tissues. Therefore, this technique is most suited

for maxillary arches where the markers can adhere to the palate and there is limited indication in

mandible. (Fig 9)
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Discussion

CBCT is extensively employed for preoperative assessment and planning in implant dentistry.
However, it lacks critical information regarding other elements necessary for a bio-restoratively
planning. Therefore, the combination of CBCT scan data with patient’s anatomical and intended
restorative information is essential to achieve an optimal biomechanical harmony between restorative
and biological variables. Implant-planning software that integrates these variables into a unified virtual
scenario ensures comprehensive treatment planning.

The techniques employed to incorporate prosthetic information depend on the specific clinical
scenario and the access to dental virtual implant-planning software. In situations where implant

planning software is unavailable, conventional radiographic templates can be used for the integration
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of the proposed restorative plan into CBCT data. When implant planning software is accessible, the
clinical indications need to be assessed in determining the optimal method for transferring the
restorative design into the digital analysis. Three courses of action can be followed:

- Registration of an intraoral surface scan and a CBCT scan using tooth references — suitable for
partially edentulous patients with well-distributed identifiable tooth references.

- Registration of an intraoral surface scan and a CBCT scan using fiduciary markers — appropriate
for partially edentulous patients lacking sufficient teeth references or where scatter may hinder the
isolation of tooth surfaces in the CBCT.

- Registration of a dual scan CBCT/IOS of a radiographic device with fiduciary markers taken on
its own onto a CBCT scan of the patient with the device in situ. - This dual scan technique can be
employed in fully or partially edentulous patients who lack insufficient teeth references for intraoral
surface scan registration.

Despite the advantages of digital planning in achieving accurate implant placement, such as
superior survival rates, ' reduced complications, and shorter surgical time, " there are limitations
associated with data collection in virtual implant planning. These techniques require the incorporation
of registration components such as radiographic markers, radiopaque devices, dentures, or digital files
containing diagnostic teeth set-up information during CBCT acquisition. Depending on the jaw type,
different aids can be employed to optimize the number of reference points. In fully edentulous patients,
the dual-scan method using a removable device or an existing prosthesis offers a viable option for
integrating restorative planning. For partially edentulous patients, restorative planning can be
integrated through the optical scan of a traditional wax-up or directly via digital tooth arrangement
(virtual wax-up).

A significant challenge arises from existing scattering in CBCT scans, which complicates data

registration. Various solutions have been proposed for these situations, however they exhibit
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limitations which need to be taken into consideration. Self-adhesive markers present a potential
solution for maxillary jaw applications as they can be relatively well affixed to the dry attached soft
tissues. However, in the lower jaw, where there is a limited amount of attached soft tissue, chairside-
fabricated composite resin markers can be utilized. It is important to consider that with both methods,
there is a risk of these markers detaching before all necessary data are captured, potentially resulting in
the loss of reference points for data registration. Further research is required to evaluate the accuracy
and reliability of such techniques.

The registration of restorative information to CBCT is a critical step in comprehensive bio-
restoratively driven treatment planning. With the fast development of artificial-intelligence and its
application in the dental field, virtual implant planning software is available which allow for artificial
intelligence-based models for data registration. However, the accuracy of these applications has yet to
be further evaluated. ' Any error during the registration process can directly impact the final implant
position in the virtual implant planning, = thereby affecting the accuracy of static computer-aided
implant surgery (S-CAIS). Consequently, meticulous attention must be given to every procedural step
to prevent error accumulation, including:

- Assessing the impact of CBCT field of view (FoV)

- Considering the length and location of the edentulous area

- Determining the number of registration points employed

- Achieving superior accuracy through intraoral and laboratory surface scan registration on CBCT

scans compared to radiographic templates for restorative treatment plan integration

Conclusions

Comprehensive virtual implant planning requires the registration of anatomical data obtained through

CBCT together with restorative information from a radiographic template or a digital diagnostic tooth
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arrangement made on IOS. The patient’s pre-operative dental status should be assessed to determine
the appropriate registration method prior to the CBCT to ensure the use of fiduciary markers or

radiographic appliances where necessary.

Acknowledgments

The authors declare no conflict of interest.

The manuscript has been revised following Standards for Quality Improvement Reporting Excellence (SQUIRE 2.0).
Kevser Pala ORCID: 0009-0008-5243-6777

German O. Gallucci ORCID: 0000-0001-6386-594X

Alejandro Lanis ORCID: 0000-0003-0817-2053

References

1. Buser D, Martin W, Belser UC. Optimizing esthetics for implant restorations in the anterior maxilla: anatomic and
surgical considerations. Int J Oral Maxillofac Implants. 2004;19 Suppl:43-61.

2. Belser UC, Buser D, Hess D, Schmid B, Bernard JP, Lang NP. Aesthetic implant restorations in partially edentulous
patients--a critical appraisal. Periodontol 2000. 1998;17:132-50.

3. Avila-Ortiz G, Gonzalez-Martin O, Couso-Queiruga E, Wang HL. The peri-implant phenotype. J Periodontol.
2020;91(3):283-8.

4. Lanis A, Alvarez Del Canto O. The combination of digital surface scanners and cone beam computed tomography
technology for guided implant surgery using 3Shape implant studio software: a case history report. Int J Prosthodont.
2015;28(2):169-78.

5. Joda T, Bragger U, Gallucci G. Systematic literature review of digital three-dimensional superimposition techniques to
create virtual dental patients. Int J Oral Maxillofac Implants. 2015;30(2):330-7.

6. Joda T, Ferrari M, Gallucci GO, Wittneben JG, Bragger U. Digital technology in fixed implant prosthodontics.
Periodontol 2000. 2017;73(1):178-92.

7. Joda T, Gallucci GO. The virtual patient in dental medicine. Clin Oral Implants Res. 2015;26(6):725-6.

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



8. Lanis A, Llorens P, Alvarez Del Canto O. Selecting the appropriate digital planning pathway iskifor computer-guided
implant surgery. Int J Comput Dent. 2017;20(1):75-85.

9. Schulze R, Couso-Queiruga E, Katsaros C. Accuracy of cone-beam computed tomography in imaging the components of
the periodontal phenotype. Periodontol 2000. 2024.

10. Greenstein G, Cavallaro J, Tarnow D. Practical application of anatomy for the dental implant surgeon. J Periodontol.
2008;79(10):1833-46.

11. Gallucci GO, Khoynezhad S, Yansane Al, Taylor J, Buser D, Friedland B. Influence of the Posterior Mandible Ridge
Morphology on Virtual Implant Planning. Int J Oral Maxillofac Implants. 2017;32(4):801-6.

12. Couso-Queiruga E, Tattan M, Ahmad U, Barwacz C, Gonzalez-Martin O, Avila-Ortiz G. Assessment of gingival
thickness using digital file superimposition versus direct clinical measurements. Clin Oral Investig. 2021;25(4):2353-61.
13. Bornstein MM, Al-Nawas B, Kuchler U, Tahmaseb A. Consensus statements and recommended clinical procedures
regarding contemporary surgical and radiographic techniques in implant dentistry. Int J Oral Maxillofac Implants. 2014;29
Suppl:78-82.

14. Takeuchi Y, Koizumi H, Furuchi M, Sato Y, Ohkubo C, Matsumura H. Use of digital impression systems with intraoral
scanners for fabricating restorations and fixed dental prostheses. J Oral Sci. 2018;60(1):1-7.

15. Jacobs R, Salmon B, Codari M, Hassan B, Bornstein MM. Cone beam computed tomography in implant dentistry:
recommendations for clinical use. BMC Oral Health. 2018;18(1):88.

16. Al Yafi F, Camenisch B, Al-Sabbagh M. Is Digital Guided Implant Surgery Accurate and Reliable? Dent Clin North
Am. 2019;63(3):381-97.

17. Fliigge T, Derksen W, Te Poel J, Hassan B, Nelson K, Wismeijer D. Registration of cone beam computed tomography
data and intraoral surface scans - A prerequisite for guided implant surgery with CAD/CAM drilling guides. Clin Oral
Implants Res. 2017;28(9):1113-8.

18. Yilmaz B. Incorporating digital scans of diagnostic casts into computed tomography for virtual implant treatment
planning. J Prosthet Dent. 2015;114(2):178-81.

19. Glossary of Digital Dental Terms, 2nd Edition: American College of Prosthodontists and ACP Education Foundation. J
Prosthodont. 2021;30(S3):172-81.

20. Pedrinaci I, Sanz M, Lanis A, Hamilton A, Gallucci GO. Bio-restorative implant concept. J Esthet Restor Dent. 2024,

In press

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



21. Stellino G, Morgano SM, Imbelloni A. A dual-purpose, implant stent made from a provisional fixed partial denture. J
Prosthet Dent. 1995;74(2):212-4.

22. Basten CH. The use of radiopaque templates for predictable implant placement. Quintessence Int. 1995;26(9):609-12.
23. Walker M, Hansen P. Dual-purpose, radiographic-surgical implant template: fabrication technique. Gen Dent.
1999;47(2):206-8.

24. van Steenberghe D, Naert I, Andersson M, Brajnovic I, Van Cleynenbreugel J, Suetens P. A custom template and
definitive prosthesis allowing immediate implant loading in the maxilla: a clinical report. Int J Oral Maxillofac Implants.
2002;17(5):663-70.

25. Van Steenberghe D, Malevez C, Van Cleynenbreugel J, Bou Serhal C, Dhoore E, Schutyser F, et al. Accuracy of drilling
guides for transfer from three-dimensional CT-based planning to placement of zygoma implants in human cadavers. Clin
Oral Implants Res. 2003;14(1):131-6.

26. di Torresanto VM, Milinkovic I, Torsello F, Cordaro L. Computer-assisted flapless implant surgery in edentulous elderly
patients: a 2-year follow up. Quintessence Int. 2014;45(5):419-29.

27. Lanis A, Padial-Molina M, Gamil R, Alvarez del Canto O. Computer-guided implant surgery and immediate loading
with a modifiable radiographic template in a patient with partial edentulism: A clinical report. J Prosthet Dent.
2015;114(3):328-34.

28. Jamjoom FZ, Kim DG, McGlumphy EA, Lee DJ, Yilmaz B. Positional accuracy of a prosthetic treatment plan
incorporated into a cone beam computed tomography scan using surface scan registration. J Prosthet Dent.
2018;120(3):367-74.

29. Tadinada A, Jalali E, Jadhav A, Schincaglia GP, Yadav S. Artifacts in Cone Beam Computed Tomography Image
Volumes: An Illustrative Depiction. J] Mass Dent Soc. 2015;64(1):12-5.

30. Nkenke E, Zachow S, Benz M, Maier T, Veit K, Kramer M, et al. Fusion of computed tomography data and optical 3D
images of the dentition for streak artefact correction in the simulation of orthognathic surgery. Dentomaxillofac Radiol.
2004;33(4):226-32.

31. Scherer MD. Presurgical implant-site assessment and restoratively driven digital planning. Dent Clin North Am.
2014;58(3):561-95.

32. Hamilton A, Jamjoom F, Doliveux S, Gallucci GO, Friedland B. Radiographic markers for merging virtual data sets. J

Prosthet Dent. 2019;122(1):5-9.

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



33. Rangel FA, Maal TJ, Bergé SJ, Kuijpers-Jagtman AM. Integration of digital dental casts in cone-beam computed
tomography scans. ISRN Dent. 2012;2012:949086.

34. Scarfe WC, Li Z, Aboelmaaty W, Scott SA, Farman AG. Maxillofacial cone beam computed tomography: essence,
elements and steps to interpretation. Aust Dent J. 2012;57 Suppl 1:46-60.

35. Pedrinaci I, Sun TC, Sanz-Alonso M, Sanz-Esporrin J, Hamilton A, Gallucci GO. Implant survival in the anterior
mandible: A retrospective cohort study. Clin Oral Implants Res. 2023;34(5):463-74.

36. Gardiyanoglu E, Unsal G, Akkaya N, Aksoy S, Orhan K. Automatic Segmentation of Teeth, Crown-Bridge
Restorations, Dental Implants, Restorative Fillings, Dental Caries, Residual Roots, and Root Canal Fillings on
Orthopantomographs: Convenience and Pitfalls. Diagnostics (Basel). 2023;13(8).

37. Vinayahalingam S, Kempers S, Schoep J, Hsu TH, Moin DA, van Ginneken B, et al. Intra-oral scan segmentation using
deep learning. BMC Oral Health. 2023;23(1):643.

38. Markovic J, Pefia-Cardelles JF, Pedrinaci I, Hamilton A, Gallucci GO, Lanis A. Considerations for predictable outcomes
in static computer- aided implant surgery in the esthetic zone. J Esthet Restor Dent. 2024;36(1):207-19.

39. Hamilton A, Singh A, Friedland B, Jamjoom FZ, Griseto N, Gallucci GO. The impact of cone beam computer
tomography field of view on the precision of digital intra-oral scan registration for static computer-assisted implant surgery:
A CBCT analysis. Clin Oral Implants Res. 2022;33(12):1273-81.

40. Jamjoom FZ, Kim DG, Lee DJ, McGlumphy EA, Yilmaz B. Effect of length and location of edentulous area on the
accuracy of prosthetic treatment plan incorporation into cone-beam computed tomography scans. Clin Implant Dent Relat
Res. 2018;20(3):300-7.

41. Koch GK, Hamilton A, Wang K, Herschdorfer L, Lee KH, Gallucci GO, et al. Dimensional accuracy of cone beam CT
with varying angulation of the jaw to the X-ray beam. Dentomaxillofac Radiol. 2019;48(4):20180319.

42. Jamjoom FZ, Yilmaz B, Johnston WM. Impact of number of registration points on the positional accuracy of a
prosthetic treatment plan incorporated into a cone beam computed tomography scan by surface scan registration: An in vitro

study. Clin Oral Implants Res. 2019;30(8):826-32.

© 2024 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.





