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Abstract 

 

Purpose: The aim of this literature review was to provide an update on the current 

scientific knowledge in the field of 3D virtual patient science, and to identify a possible 

easy, smart and affordable method to combine different file formats obtained from different 

digital devices.  

Methods: Electronic searches of the Medline database was performed, up to May 2017, for 

articles dealing with the construction of a 3D virtual patient; the matching of data acquired 

with different digital devices (cone beam computed tomography, CBCT; face scanner, FS, 

intraoral scanner, IOS and desktop scanner, DS) was considered. The inclusion of studies 

was based on the superimposition of at least two different digital sources.  

Results: Twenty-five studies were selected for subsequent examination. Only three studies 

analysed the feasibility of superimposition of three different types of 3D data (CBCT + FS 

+ IOS/DS). The most frequently used matching procedure was between CBCT and FS and 

CBCT and IOS/DS.  

Conclusions: The procedure of superimposition of data from CBCT, IOS and FS is 

currently feasible and it is now possible to create a 3D “virtual patient” in order to better 

diagnose, plan the treatment and communicate with patients. There are few studies in the 

current literature on this topic and future research should focus on the capture and 

superimposition of digital data in a simpler way, with a better accuracy.   
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The introduction of a whole range of digital data acquisition devices (cone beam 

computed tomography [CBCT],1 intraoral and desktop scanners [IOS and DS],2,3 face 

scanners [FS]4), planning software (computer-assisted design and computer-assisted 

manufacturing [CAD/CAM] software,5 software for guided implant surgery6), new aesthetic 

materials7,8 and powerful fabrication machines (milling machines, 3D printers)9 is radically 

changing the dental profession. As a result, clinical practice is shifting to virtual-based 

workflows, and the new discipline of digital dentistry has emerged.10,11  

With CBCT, it is possible to obtain all 3D information of the patient’s bone anatomy (bone 

height, thickness, angulation).1 This information is extremely useful for treatment planning 

and can be imported into software for guided implant placement, in which it is possible to 

plan the optimal positioning of implants.1,6,12 Planning data are then transferred to a 

surgical template that can be physically fabricated in various ways (milling, 3D printing) 

and different materials.6,12 

With IOS, dentists can directly scan prosthetic preparations (or, in the case of dental 

implants, scanbodies), import these scans into a CAD program, design their restorations 

and mill them in a highly aesthetic material (ceramic, lithium disilicate, zirconia).2,3,7-9 The 

restorations, both tooth-borne and implant-borne, are then delivered to the patient.7-9 IOS 

represent the evolution of DS, which have long been used in dental laboratories, for 

scanning plaster models and conventional polyvinylsiloxane and polyether 

impressions.2,3,7-9 

Several programs for computer-guided surgery currently allow the clinician to import 

IOS/DS data, and to merge them with CBCT data, for better planning of the surgical 

guides.6  

More recently FS have been introduced into the market.4 FS can be useful in aesthetic 

dentistry, in planning the patient's smile through tools such as digital smile design.4,13 At 

the same time, they can be of use in orthognathic surgery, in association with dedicated 

planning and modelling software, by integrating CBCT data for better prediction of 

treatment outcome.14,15 

Although CBCT, IOS/DS and FS are currently available, allowing clinicians to collect 

accurate data from different tissues (bone, teeth, gingiva, face), it is still difficult to combine 
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all data derived from these devices in a single planning program and to obtain a 3D virtual 

representation of the patient.4,16  

In fact, the representation of the virtual patient requires the successful superimposition of 

3D structures derived from different data formats: the Digital Imaging and Communications 

in Medicine (DICOM) format derived from CBCT, the standard tessellation language, or 

stereolithography (.STL) format and polygon file (.PLY) format derived from the IOS/DS, 

which describe triangulated surface geometries of 3D objects (.PLY files also encode 

colour information), and the object code (.OBJ) files, derived from FS, encoding 3D colour 

and texture information.4,16  

Therefore, there is a need for the clinician to be able to combine different files and formats, 

obtained from different digital devices, in easy, smart and affordable visualisation and 

planning software; this concept can be defined as the 3D virtual patient project, as it 

involves the superimposition, within the same software, of data from CBCT, IOS/DS and 

FS.16   

The aim of this review is to provide an update on the current scientific knowledge in the 

field of 3D virtual patient science and to identify a possible easy, smart and affordable 

method to combine different file formats, obtained from different digital devices.  

 

 

METHODS 

 

Search strategy 

Electronic searches of scientific databases were performed, up to May 2017, using key 

words (in simple and multiple conjunctions) and MeSH (Medical Subject Headings) terms 

based on a strategy used for searching MEDLINE (Tab. 1) The search was limited to 

articles written in English and available for download in MEDLINE. The search strategy 

was based on modified PICO (patient, intervention/method and outcome/interest) criteria, 

as previously described by Joda et al.,16 and search terms were grouped into the following 

three categories: (1) population/topic; (2) intervention/method; and (3) outcome/interest. In 

fact, control/comparison were omitted, as no randomised controlled trials or controlled 

trials were expected to emerge from the search. Titles and abstracts were screened and 
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full texts of all potentially relevant publications were obtained and reviewed by F. Luongo, 

who also undertook data extraction.  

 

The following criteria were used in order to select the studies: 

• The possibility to create a 3D virtual patient analysing at least one case  

• Study of the superimposition technique characteristics     

• Availability of information on the devices used for the patent analysis 

• Possible application of at least two 3D media types. 

 

Data extraction 

The purposely designed data extraction forms recorded study title, authors, type (design) 

of study, randomisation and controls if present, number of subjects treated, types of 3D 

files acquired, type and number of superimpositions, treatment planning and execution (if 

present), follow-up, outcomes, relevant findings and conclusions. Inclusion criteria for this 

review were case reports, case series, cohort studies and randomised controlled trials 

reporting on the topic of the virtual dentate patient, with examination of at least one subject 

to create a 3D virtual dental patient, and the use of at least two different types of 3D files 

(from CBCT, IOS/DS and FS, in different combination, with at least one superimposition). 

In addition, all information about the imaging devices and the superimposition techniques 

used had to be available. 

 

 

RESULTS 

 

The study investigation was concluded in May 2017. A total of 25 studies were finally 

selected for inclusion in the present literature review. Different types of 3D data (DICOM, 

.STL, .PLY and .OBJ) were used in order to create the representation of the virtual patient.  

Only three studies collected all 3D datasets (CBCT + FS + IOS) to create a virtual dental 

patient model. Twenty-two studies used a protocol that integrated two datasets: among 

them, nine studies combined information from CBCT and IOS/DS, nine combined 

information from CBCT and FS, and four combined data from FS and IOS/DS. Four 

different categories were therefore highlighted, in order to divide the specific protocols 

used. The following list summarises the studies included: 
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• Group 1: CBCT+ FS + IOS/DS 

Joda & Gallucci,4 Noguchi et al.,14 and Hassan et al.17 

• Group 2: CBCT + FS 

Swennen et al.,15 Ayoub et al.,18 Jayaratne et al.,19 Naudi et al.,20 Schendel et al.,21  Harris 

et al.,22 Kau,23  Meehan et al.,24 and Xin et al.25 

• Group 3: FS + IOS/DS 

Katase et al.,26 Rangel et al.,27 Rosati et al.28 and Lin et al.13  

• Group 4: CBCT + IOS/DS 

Yang et al.,29 Lin et al.,30 Lee et al.,31 Nkenke et al.,32 Rangel et al.,33 Flügge et al.,34 de 

Waard et al.,35 Renne et al.36  and Popat et al. 37 

 

In Fig. 1, 2 we show two examples of superimposition of different file formats, to create the 

3D virtual dentate patient.  

 

Group 1: CBCT + IOS/DLM + FS 

Three studies were focused on 3D patient reconstruction with the superimposition of three 

different files.  

Joda & Gallucci4 presented a workflow for the superimposition of CBCT, FS and IOS 

creating a 3D virtual dental patient. In this proof-of-principle study, the connecting link 

between the different files was to detect existing teeth as constant landmarks in all three 

data sets. This study successfully demonstrated the feasibility of creating a virtual 3D 

model cointaining all information acquired from CBCT and FS and IOS, under static 

conditions.  

Noguchi et al.14 proposed a method for simulating the movement of teeth, jaw and face 

caused by orthognathic surgery. They used laser scanning of the extraoral facial skin and 

dental cast situations and 3D radiographic cephalometry. A point-related approach for 

superimposition was performed after collecting the data. All the data were integrated using 

3D shape analysis software. In this way, the authors were able to create a virtual 

simulation of the pre- and post-operative condition. 

In a pilot clinical study on 10 patients, Hassan et al.17 evaluated the use of a digital 

approach for the rehabilitation of a totally edentulous maxilla, with the production of an 

implant-retained prosthesis. For nine patients, the digital protocol consisted in the 

integration of FS and DS data, that were combined and used to design and mill a 
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temporary prosthesis; however, in one patient, data from CBCT were also added, and a 

complete 3D virtual dentate patient model was obtained. 

 

Group 2: CBCT + FS 

Nine studies were focused on 3D patient reconstruction with the superimposition of three 

different files.  

Swennen et al.15 presented the complete workflow process for routine 3D virtual treatment 

planning of orthognathic surgery. In this study, all the benefits and limits of a virtual 

approach were discussed underlining the potential towards the diagnosis, treatment 

planning and evaluation of the treatment outcomes of maxillofacial deformity. 

Ayoub et al.18 in 2007 evaluated the feasibility of building a virtual patient by 

superimposing an FS with bone data from a CBCT scan. Six patients were selected for the 

study and the registration errors between most parts of the aligned surfaces were within 

1.5 mm.  

However in 2012 Jayaratne et al.19 underlined the gain of minimal errors associated with 

the fusion of CBCT and 3D photographic data. The analysis included 29 patients. The 3D 

photograph was superimposed on the CBCT skin image using relatively immobile areas of 

the face as a reference. Next, 3D colour maps were used to assess the accuracy of 

superimposition. The distance differences between the CBCT and 3D photograph were 

recorded. The authors concluded that the forehead, root of the nose and zygoma were the 

most appropriated facial regions for 3D imaging registration. 

Naudi et al.20 also proposed matching of FS and CBCT to evaluate the accuracy of a total 

face virtual model. They analysed 14 patients comparing two different 

stereophotogrammetry images captured at the same time as the CBCT and 1 h later. The 

two stereophotographs were individually superimposed over the CBCT. The level of 

superimposition accuracy of simultaneous captures was found to be more precise than the 

delayed captures.   

Schendel et al.21 measured the accuracy of 3D computer simulation of soft tissue changes 

after orthognathic surgery. Photogrammetric FS and CBCT before and after surgery were 

compared. Eighteen different cephalometric landmarks were measured. For 15 landmarks 

only three had a difference of 0.5 mm, and these were in the labial region. 

Harris et al.22 proposed the addition of digital photographs to the data collection from 

CBCT and FS. They showed advantages in terms of treatment planning, manufacturing 

and communication with the patient. 
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Kau23 described how a virtual patient can be created and the practical use of this 

technology. He proposed a reference framework of landmarks of craniofacial structures, 

that can be used for comparison of surgical change, growth, gender, and phenotype. 

Meehan et al.24 presented a novel method for craniofacial surgery visualization/planning, 

based on individual patient’s pre-op 3D CT and on photorealistic models obtained with a 

laser scanner. The system simulated bone cutting/ re-alignment and the related soft tissue 

deformations.  

Xin et al.25 reported on the feasibility of creating a craniofacial virtual reality model 

by image fusion of 3D CT models and 3D stereophotogrammetry. The authors concluded 

that the superimposition of CT and 3D stereophotogrammetry models allows the 

3D virtual head of the patient to be created in an accurate and realistic way, with benefits 

in terms of visualization and planning.  

 

Group 3: FS + IOS/DS 

In the study by Katase et al.26 the authors evaluated the accuracy of a face simulation 

procedure for the fabrication of complete dentures. 

Rangel et al.27 conducted a feasibility study of the integration of a digital dental cast into a 

3D facial picture. A digital dental cast, a digital 3D photograph of the patient with the teeth 

visible, and a digital 3D photograph of the patient with the teeth in occlusion were taken 

and then matched. An average distance of 0.35 mm (SD 0.32 mm) was shown. 

In the study by Rosati et al.28, a dental virtual model and soft-tissue facial morphology 

were integrated for 11 patients in order to evaluate the possible improvement of the 

efficacy of treatment management. Three facial and three dental landmarks were defined 

for the matching procedure. Seven linear measurements were made between the occlusal 

plane and the facial landmarks. The greatest mean relative error of measurements was 

less than 1.2%. 

Lin WS13 recently showed the integration of 2D digital photography, FS and IOS for 

CAD/CAM restoration in the aesthetic area.  

 

Group 4: CBCT + IOS/DS 

Yang et al.29 introduced a method using automatic superimposition of intraoral fiducial 

markers for integrating the digital dental model with the CBCT scan. Plaster dental models 

were taken and scanned. Integration of the upper dental and occlusion dental image with 

the CBCT scan was performed by superimposition of the markers. The Root Mean Square 
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Difference (RMSD) was less than 0.13 mm in the superimposition of fiducial markers, and 

the Euclidean distance was less than 0.28 mm in the occlusal surface deviation.  

Lin et al.30 introduced a technique to superimpose maxillofacial CBCT and its 

corresponding digital dental model, to obtain a 3D representation of the skeletal structures. 

The innovation was based on the use of an artifact-resistant surface-based registration 

method that does not require markers. The results in terms of accuracy errors were less 

than 0.43 mm. 

Lee et al.31 proposed matching CBCT with IOS to produce a stereolithographic model and 

surgical guide. They concluded that this matching procedure is a viable method to create 

models and surgical stents with an accuracy comparable to the conventional, analogue 

solution. 

Nkenke et al.32 showed the limits of accuracy of the superimposition technique between 

3D imaging and computed tomography (CT). Two different optical 3D images and CT of 

dental plaster casts with and without metallic artifacts were taken. A point-related 

superimposition for both pairs of casts was used to register the imaging data. The results 

demonstrated that the accuracy of this procedure is significantly reduced in presence of 

metal artifacts.  

In 10 patients, Rangel and co-workers33 described a novel method for matching digital 

dental cast with CBCT scans, showing its accuracy and reliability. 

Flugge et al.34 used CBCT from 36 patients to reconstruct 3D models. The models were 

later analysed to determine the deviation between surface scan and CBCT models. The 

authors found a mean deviation of 0.54 which was significantly influenced by the 

processing of the data and by the number of existing restorations. 

De Waard et al.35 proposed superimposing the information from CBCT with that from IOS 

for orthognathic surgery planning. Their observations have been based on four patients 

and, for perfect matching of the two sources, they used a modified wax bite containing 

radiopaque markers. They found a mean distance of 0.30mm between the IOS dental cast 

registration and the virtual model, concluding that this solution provides an accurate 

representation of the dental arches in combination with bone morphology. 

Renne et al.36 proposed the use of fiducial composite resin dots placed on the intraoral 

keratinised tissue to create clear 3D data points for superimposition of the digital 

impression with the 3D model. 

Finally, Popat et al.37 reported on a commercially available software package for 

3D orthognathic planning, familiarizing the reader with the technique for creating a virtual 
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3D patient, outlining the advantages and disadvantages of the software, and concluding 

on the feasibility of its routine use in clinical practice. 

 

 

DISCUSSION 

 

The digital revolution is changing dentistry and the impact of new 3D image acquisition 

devices such as CBCT, IOS and FS is already considerable within the dental field.1-3 At 

the same time, CAD/CAM software and innovative fabrication procedures including 3D 

printing and layered manufacturing are changing the way we treat our patients, making 

those were previously manual tasks easier, faster, cheaper and more predictable.3-9 

Nowadays, the technology is sufficiently mature and reasonably priced to complete the 

digital revolution in dentistry.10  

Digital technologies, however, require a specific learning curve which is not easily 

affordable for general practitioners; the use of modern digital tools and software forces the 

dental clinicians to totally change their approach to diagnosis, treatment and 

communication.11 In particular, it is still difficult to combine all the information which can be 

obtained from different devices into a single plan.4,16 

In fact, the ability to superimpose the different craniofacial tissues and structures (bone, 

teeth, intra- and extraoral soft tissues) into a single entity is still lacking.16 The anatomical 

structures are unique and the corresponding digital 3D data obtained from CBCT, IOSs 

and FSs differ in format of acquisition.4,15,16 

The creation of a 3D virtual patient is dependent upon the integration of different files and 

the possibility of their fusion into a unique and replicable model. In dentistry, an imaging 

triad of the facial skeleton, extraoral soft tissue, and dentition (including the surrounding 

intraoral soft tissues) is required for accurate superimposition.14,17 In this context, the data 

types can be used in four combinations for superimposition, either integrating all three 

datasets or two in various combinations. Based on the technical implementation, the 3D 

data can be matched using point-related, surface-related and voxel-related fusion 

methods. The matching process of the first method is based on corresponding landmarks, 

whereas the other two use congruent surfaces or voxels of manually selected 

regions.15,18,26 
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Despite continuous software improvements, a single device which can combine together 

the different source files, DICOM, .STL and .OBJ, is not yet available on the market. 

In the next future, the virtual patient will be the basis for modelling 3D osseous 

reconstruction,38,39 and custom-made dental implants.40 In addition, the dynamic 

visualization of the anatomic bone structure will be possible.  

 

 

CONCLUSIONS 

 

Nowadays, digital technologies are mature enough to be introduced into daily practice in 

all fields of dentistry (restorative dentistry, prosthodontics, implant dentistry, orthodontics). 

In the next few years, the reliability and accuracy of digital technologies will further 

increase; this, together with the reduction in costs, will allow them to spread further into the 

dental world. 

The missing step is to connect the language of different digital devices (CBCT, FS, IOS), 

to make the full digital workflow easy and affordable for the general practitioner. This will 

spread the 3D “virtual patient” concept, a valuable tool for diagnosis, treatment planning 

and post-operative follow-up documentation.  

From the present literature review, we can conclude that superimposition of data from 

CBCT, IOS and FS is currently feasible, as it is possible to create a 3D “virtual dentate 

patient” under static conditions. However, only a few studies on this topic have been 

reported, and these are based on a limited number of patients and the superimpositions 

have been performed in university settings, with software and tools that can be difficult for 

the general practitioner to use.  

Future research should focus on the 4D replication of a human head that includes dynamic 

movements in real-time and on the capture of digital data for virtual modelling in a one-

step approach to improve accuracy. 

 

 

 

Conflict of interest 

The authors have no conflict of interest in relation to the publication of this work. 



12 

 

REFERENCES 

 

 

1. Bornstein MM, Horner K, Jacobs R. Use of cone beam computed tomography in implant 

dentistry: current concepts, indications and limitations for clinical practice and research. 

Periodontol 2000. 2017; 73 (1): 51–72. 

2. Imburgia M, Logozzo S, Hauschild U, Veronesi G, Mangano C, Mangano FG. Accuracy 

of four intraoral scanners in oral implantology: a comparative in vitro study. BMC Oral 

Health. 2017 Jun 2;17(1):92. 

3. Mangano FG, Veronesi G, Hauschild U, Mijiritsky E, Mangano C. Trueness and 

Precision of Four Intraoral Scanners in Oral Implantology: A Comparative in Vitro Study. 

Plos One. 2016; 11 (9): e0163107. 

4. Joda T, Gallucci GO. The virtual patient in dental medicine. Clin Oral Implants Res. 

2015; 26 (6): 725–726. 

5. Bohner LO, Neto PT, Ahmed AS, Mori M, Laganá DC, Sesma N. CEREC Chairside 

System to Register and Design the Occlusion in Restorative Dentistry: A Systematic 

Literature Review. J Esthet Restor Dent. 2016; 28 (4): 208–220. 

6. D'haese J, Ackhurst J, Wismeijer D, De Bruyn H, Tahmaseb A. Current state of the art 

of computer-guided implant surgery. Periodontol 2000. 2017; 73 (1): 121–133. 

7. Zarone F, Ferrari M, Mangano FG, Leone R, Sorrentino R. "Digitally Oriented 

Materials": Focus on Lithium Disilicate Ceramics. Int J Dent. 2016; 2016: 9840594. 

8. Wittneben JG, Gavric J, Belser UC, Bornstein MM, Joda T, Chappuis V, Sailer I, 

Brägger U. Esthetic and Clinical Performance of Implant-Supported All-Ceramic Crowns 

Made with Prefabricated or CAD/CAM Zirconia Abutments: A Randomized, 

Multicenter Clinical Trial. J Dent Res. 2017; 96 (2): 163–170. 

9. Roperto R, Assaf H, Soares-Porto T, Lang L, Teich S. Are different generations of 

CAD/CAM milling machines capable to produce restorations with similar quality? J Clin 

Exp Dent. 2016; 8 (4): e42–-e428. 

10. van Noort R. The future of dental devices is digital. Dent Mater. 2012; 28 (1): 3–12. 

11. Mangano F, Shibli JA, Fortin T. Digital Dentistry: New Materials and Techniques. Int J 

Dent. 2016; 2016: 5261247. 



13 

 

12. Vercruyssen M, van de Wiele G, Teughels W, Naert I, Jacobs R, Quirynen M. Implant- 

and patient-centred outcomes of guided surgery, a 1-year follow-up: An RCT 

comparing guided surgery with conventional implant placement. J Clin Periodontol. 2014; 

41 (12): 1154–1160. 

13. Lin WS, Harris BT, Phasuk K, Llop DR, Morton D. Integrating a facial scan, virtual 

smile design, and 3D virtual patient for treatment with CAD-CAM ceramic veneers: A 

clinical report. J Prosthet Dent. 2017 Jun 13. pii: S0022-3913(17)30208-1 

14. Noguchi N, Tsuji M, Shigematsu M, Goto M. An orthognathic simulation system 

integrating teeth, jaw and face data using 3D cephalometry. Int J Oral Maxillofac Surg. 

2007; 36 (7): 640–645.  

15. Swennen GR, Mollemans W, Schutyser F. Three-dimensional treatment planning of 

orthognathic surgery in the era of virtual imaging. J Oral Maxillofac Surg. 2009; 67 (10): 

2080–2092. 

16. Joda T, Brägger 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): 330–337. 

17. Hassan B, Gimenez Gonzalez B, Tahmaseb A, Greven M, Wismeijer D. A digital 

approach integrating facial scanning in a CAD-CAM workflow for complete-mouth implant-

supported rehabilitation of patients with edentulism: A pilot clinical study. J Prosthet Dent. 

2017; 117 (4): 486–492. 

18. Ayoub AF, Xiao Y, Khambay B, Siebert JP, Hadley D. Towards building a photo 

realistic virtual human face for craniomaxillofacial diagnosis and treatment planning. Int J 

Oral Maxillofac Surg. 2007; 36 (5): 423–428.  

19. Jayaratne YS, McGrath CP, Zwahlen RA. How accurate are the fusion of cone-beam 

CT and 3D stereophotographic images? Plos One. 2012; 7 (11): e49585.  

20. Naudi KB, Benramadan R, Brocklebank L, Ju X, Khambay B, Ayoub A. The virtual 

human face: superimposing the simultaneously captured 3D photorealistic skin surface of 

the face on the untextured skin image of the CBCT scan. Int J Oral Maxillofac Surg. 2013; 

42 (3): 393–400.  

21.  Schendel SA, Jacobson R, Khalessi S. 3-dimensional facial simulation in orthognathic 

surgery: is it accurate? J Oral Maxillofac Surg. 2013; 71 (8): 1406–1414.  



14 

 

22. Harris BT, Montero D, Grant GT, Morton D, Llop DR, Lin WS. Creation of a 3-

dimensional virtual dental patient for computer-guided surgery and CAD-CAM interim 

complete removable and fixed dental prostheses: A clinical report. J Prosthet Dent. 2017; 

117 (2): 197–204. 

23. Kau CH. Creation of the virtual patient for the study of facial morphology. Facial Plast 

Surg Clin North Am 2011; 19 (4): 615–622. 

24. Meehan M, Teschner M, Girod S. Three-dimensional simulation and prediction of 

craniofacial surgery. Orthodont Craniofac Res 2003; 6 (suppl 1): 102–107. 

25. Xin P, Yu H, Cheng H, Shen S, Shen SG. Image fusion in craniofacial virtual reality 

modeling based on ct and 3dmd photogrammetry. J Craniofac Surg 2013; 24 (5): 1573–

1576. 

26. Katase H, Kanazawa M, Inokoshi M, Minakuchi S. Face simulation system for 

complete dentures by applying rapid prototyping. J Prosthet Dent. 2013; 109 (6): 353–360.  

27. Rangel FA, Maal TJ, Bergé SJ, van Vlijmen OJ, Plooij JM, Schutyser F, Kuijpers-

Jagtman AM. Integration of digital dental casts in 3-dimensional facial photographs. Am J 

Orthod Dentofacial Orthop. 2008; 134 (6): 820–826.  

28. Rosati R, De Menezes M, Rossetti A, Sforza C, Ferrario VF. Digital dental cast 

placement in 3-dimensional, full-face reconstruction: a technical evaluation. Am J Orthod 

Dentofacial Orthop. 2010; 138 (1): 84–88.  

29. Yang WM, Ho CT, Lo LJ. Automatic Superimposition of Palatal Fiducial Markers for 

Accurate Integration of Digital DentalModel and Cone Beam Computed Tomography. J 

Oral Maxillofac Surg. 2015; 73 (8): 1616.e1–10.  

30. Lin HH, Chiang WC, Lo LJ, Sheng-Pin Hsu S, Wang CH, Wan SY. Artifact-resistant 

superimposition of digital dental models and cone-beam computed tomography mages. J 

Oral Maxillofac Surg. 2013; 71 (11): 1933–1947.  

31. Lee CY, Ganz SD, Wong N, Suzuki JB. Use of cone beam computed tomography and 

a laser intraoral scanner in virtual dental implant surgery: part 1. Implant Dent. 2012; 21 

(4): 265–271.  

32. Nkenke E, Zachow S, Benz M, Maier T, Veit K, Kramer M, Benz S, Häusler G, 

Neukam FW, Lell M. Fusion of computed tomography data and optical 3D images of the 



15 

 

dentition for streak artefact correction in the simulation of orthognathic surgery. 

Dentomaxillofac Radiol. 2004; 33 (4): 226–232.  

33. Rangel FA, Maal TJ, Bronkhorst EM, Breuning KH, Schols JG, Bergé SJ, Kuijpers-

Jagtman AM. Accuracy and reliability of a novel method for fusion of digital dental casts 

and Cone Beam Computed Tomography scans. Plos One. 2013; 8 (3): e59130. 

34. Flügge 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. 2016 Jul 20. 

doi: 10.1111/clr.12925. [Epub ahead of print] 

35. de Waard O, Baan F, Verhamme L, Breuning H, Kuijpers-Jagtman AM, Maal T. A 

novel method for fusion of intra-oral scans and cone-beam computed tomography scans 

for orthognathic surgery planning. J Craniomaxillofac Surg. 2016; 44 (2): 160–166. 

36. Renne WG, Evans ZP, Mennito A, Ludlow M. A novel technique for reference point 

generation to aid in intraoral scan alignment. J Esthet Restor Dent. 2017 Jun 27. doi: 

10.1111/jerd.12316. [Epub ahead of print] 

37. Popat H, Richmond S, Drage NA. New developments in: Threedimensional planning 

for orthognathic surgery. J Orthod 2010; 37 (1): 62–71. 

38. Mangano F, Macchi A, Shibli JA, Luongo G, Iezzi G, Piattelli A, Caprioglio A, Mangano 

C. Maxillary ridge augmentation with custom-made CAD/CAM scaffolds. A 1-year 

prospective study on 10 patients. J Oral Implantol. 2014; 40 (5): 561–569. 

39. Figliuzzi M, Mangano FG, Fortunato L, De Fazio R, Macchi A, Iezzi G, Piattelli A, 

Mangano C. Vertical ridge augmentation of the atrophic posterior mandible with custom-

made, computer-aided design/computer-aided manufacturing porous hydroxyapatite 

scaffolds. J Craniofac Surg. 2013; 24 (3): 856–859. 

40. Mangano F, Bazzoli M, Tettamanti L, Farronato D, Maineri M, Macchi A, Mangano C. 

Custom-made, selective laser sintering (SLS) blade implants as a non-conventional 

solution for the prosthetic rehabilitation of extremely atrophied posterior mandible. Lasers 

Med Sci. 2013; 28 (5): 1241–1247. 

 

 

 



16 

 

TABLES 

 

Tab. 1. Search strategy. The search (up to May 2017) was limited to articles written in 

English and available for download in MEDLINE. The search strategy was based on 

modified PICO (patient, intervention/method and outcome/interest) criteria, as previously 

reported by Joda et al.16 

 

PICO  

Patient {“Patient Simulation” [MeSH] OR “Computer Simulation” [MeSH] 

OR “Computerized Model” [MeSH]} OR 

{(virtual AND patient*) OR (digital AND patient*) OR (simulation 

AND patient*)} 

Intervention/method {“Cone Beam Computed Tomography“ [MeSH]} OR {(facial 

scan*) OR (face scan*) OR (extraoral scan*) OR (intraoral 

scan*) OR (digital impression*) OR ((superimposition*) OR 

(image fusion*) OR (simulation*)}  

Outcome/interest {“Feasibility Study” [MeSH] OR “Dimensional Measurement 

Accuracy“ [MeSH]} OR {(prosthodontics*) OR 

(implant dentistry*) OR (maxillofacial surgery*) OR (plastic 

surgery*) OR (orthodontics*) OR (education*) OR 

(teaching*) OR (training*)}  
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FIGURE LEGENDS 

 

Fig. 1. Superimposition IOS + FS.  

(a) intraoral digital impression with CS 3600® (Carestream Dental, Rochester, NY, USA), 

frontal and lateral views, file format .PLY. 

 

 

 

 

 

 

 

 

(b) intraoral digital impression with CS 3600® (Carestream Dental, Rochester, NY, USA), 

occlusal views, file format .PLY. 
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(c) face scans with OBI® (Mede SA, Lugano, Switzerland), frontal view, file format .OBJ. 
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(d) superimposition of the intraoral digital impression (.PLY) on the face scan (.OBJ), to 

obtain the 3D virtual dentate patient, frontal views. The software used for the 

superimposition is Meshlab® (an open source software).  

 

 

 

 

(e) superimposition of the intraoral digital impression (.PLY) on the face scan (.OBJ), to 

obtain the 3D virtual dentate patient, lateral views. The software used for the 

superimposition is Meshlab® (an open source software). 
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Fig. 2. Superimposition IOS + FS + CBCT. 

(a) CBCT images (DICOM files) obtained with CS 9300® (Carestream Dental, Rochester, 

NY, USA), visualized in the proprietary software of the device. 
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(b) CBCT images imported in the Mimics® (Materialise, Leuven, Belgium) software, for 3D 

bone reconstruction. 
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(c) intraoral digital impression with CS 3600® (Carestream Dental, Rochester, NY, USA), 

lateral, frontal and occlusal views, file format .PLY. 

 

 

 

 

 

 

 

(d) face scans with OBI® (Mede SA, Lugano, Switzerland), frontal and lateral views, file 

format .OBJ. 
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(e) superimposition of the intraoral digital impression (.PLY) on the face scan (.OBJ), to 

obtain the 3D virtual dentate patient, lateral views. The software used for the 

superimposition is Meshlab® (an open source software). 
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(f) 3D bone reconstruction and implant planning (Mimics®, Materialise, Leuven, Belgium), 

superimposition of the IOS files on the 3D bone reconstruction, design of the surgical 

guide (Lynx®, Gioia del Colle, Italy). 
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(g) guided implant surgery with flap elevation and bone regeneration with synthetic porous 

hydroxyapatite. 

 

 

 

 

 

 

(h) intraoral digital impression with CS 3600® (Carestream Dental, Rochester, NY, USA), 

occlusal and lateral views, file format .PLY. 
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(i) prosthetic planning with Exocad® (Fraunhofer Institute, Frankfurt, Germany). 

 

 

 

 

 

 

(j) finalization of the case with a full digital workflow.  
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