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Background
Digital work flow in dentistry has increased in recent years due to the headway 
made in technologies such as intraoral scanners and software programs, which have 
contributed to improve communication between the clinician and the dental technician. 
The Digital Smile Design (DSD) is a digital tool which provides, from a facial perspective, 
rehabilitative aesthetic planning, better communication between specialists and an 
improvement in the expected outcome of the treatments.1 A dynamic documentation 
of the smile is an important step in the 2D/3D digital smile design process that can be
performed in a entire digital flow and will help in the rehabilitative procedures. The 
advantages of using video documentation are that it facilitates and simplifies the 
documentation process, improves smile design, facial analysis, treatment planning, 
team communication and patient education.2 The DSD could be converted into a 
conventional or virtual diagnostic model to facilitate subsequent clinical treatments, 
i.e. CAD-CAM restorations.3-7 The preparations for minimally invasive treatments have 
become easily achievable in restorative dentistry because of the combination of the 
adhesive technique with restorative materials featuring translucent properties. Materials 
like lithium disilicate ceramic8-11 have properties like those existing in natural
teeth so they have presented positive outcomes.12,13
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Abstract

Background: This report is a presentation of a clinical case that follows a full digital workflow.
Case presentation: A 47-year old man presented with pain in the TMJ (temporomandibular joint) and whose
aesthetic concern was having a chipped maxillary central incisor veneer. The concern was solved following a fully 
digital workflow: it was applied the digital smile design protocol, as well as CAD-CAM monolithic lithium disilicate 
ceramic veneers and crowns (following a minimal invasive preparation approach). The aim of this rehabilitation 
was to solve a loss of vertical dimension, subsequent aesthetics and temporomandibular joint disorders.
Conclusion: Thanks to the evolution of technology in dentistry, it is possible to do a full digital case and solve 
problems such as loss of vertical dimension successfully. Nevertheless, more clinical studies are needed to obtain 
consistent results about the digital work flow compared to the conventional technique in loss of vertical dimension 
cases.
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Another important tool that integrates the digital workflow 
are the intraoral scanners. These are powerful devices that 
allow an immediate determination of the quality of the 
impression and have the capacity to easily send the models 
to the laboratory using e-mail, thus reducing expense and 
time.14 Nevertheless, there is limited literature about intraoral 
scanner potential capturing high quality impressions.15-24 

Computer-aided design (CAD) software is an essential 
tool since it is responsible for guiding robotic devices which 
create objects and assemblies in a virtual environment.25

This report is a presentation of a clinical case that follows 
a full digital workflow. After a minimal invasive preparation 
approach, the digital smile protocol, CAD-CAM monolithic 
lithium disilicate ceramic veneers and crowns was used to 
solve a loss of vertical dimension, subsequent aesthetics and 
temporomandibular joint disorders.

Case presentation
In 2015, a 47-year old man presented with pain in the TMJ 
(temporomandibular joint) and whose aesthetic concern 
was having a chipped maxillary central incisor veneer, as 
seen in Figure 1a, b and c. After a clinical and radiographic 
analysis, as seen in Figure 2, a loss of the vertical dimension 
and tooth ware, caused by bruxism, was diagnosed.

Digital intraoral photographs were taken from a retracted 
frontal view, occlusal view and lateral view and extra oral 
photos (frontal, lateral and 45º) with a digital single lens reflex 
(DSLR) camera. A diagnostic impression of both arches was 
made with an intraoral scanner (Carestream 3500) as seen 

in Figure 3. A maximum intercuspation position (MIP) was 
registered intra orally with the intraoral scanner (Carestream 
3500), and the new vertical dimension of occlusion (VDO) 
was obtained by opening the appropriate amount on the 
virtual articulator in the CAD/CAM (computer-aided 
design/computer-aided manufacturing) software. The 
digital smile design (DSD) dynamic documentation protocol 
was applied: four videos were taken with a smart phone 
(iphone 6) from various calculated angles to achieve an 
ideal development of the facially smile frame. A facial frontal 
video with and without retractor smiling, a profile video, a 12 
o’clock video and an anterior occlusal video perpendicular 
to the occlusal plan without mirror were recorded. Four more 
complementary videos, a facial interview, a 180º phonetics 
video, an intraoral functional and structural videos using 
a retractor, as seen in Figure 4, were taken for functional, 
facial and structural analysis. The information was sent 
to the DSD Lab. The main goal of the DSD technique is to 
reconcile the photos of the three views (occlusal, frontal 
and 12 o’clock) with a digital ruler to create a smile frame 
supported by video analysis. Then a facially guided smile 
frame was created following these steps: digital facebow, 
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Figure 1: a) Pretreatment intraoral photo: Front view. b)  Pretreatment 
intraoral photo: Occlusal view upper jaw. c) Pretreatment intraoral 
photo: Occlusal view lower jaw

Figure 2: Initial Panoramic (2015)

Figure 3: Initial digital intraoral scanner with Carestream® 3500; 
Rochester, NY, USA
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smile curveshape and position, width determination using 
the recurring aesthetic dental (RED) proportion, length 
proportion, gingival curve, papillae curve, vermilion curve 
and arch curve. The 2D smile frame was turned into a 3D 
digital wax-up on CAD software. The final 3D file STL format 
was exported to a printer which generated the model with 
the new design. It was then used to fabricate a matrix for the 
motivational mock-up, made with bisacryl (Structur; VOCO), 
as seen in Figure 5 and Figure 6. In the new model, vertical 
dimension was augmented, so the patient spent two weeks 
with the provisional mock up to test the adaptation to the new 
vertical dimension (VD). After this bite was test driven, and 
since the patient was comfortable and stable, there was no 
need for further deprogramming the bite and defining a new 
centric relation (CR). With this new VD, the patient felt more 
comfortable and had no pain on the TMJ. The treatment plan 
was presented but, due to economic reasons, the patient did 
not want to continue the treatment.

In 2017 the patient returned to restart the treatment, as 
seen in Figure 7, and a new intra oral scan (Carestream 
3600) was made, as seen in Figure 8. A new mock up for 
tooth preparation was made with bisacryl (Structur; VOCO) 
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Figure 5: a) Matrix for the motivational mock-up and digital 
models. b) Motivational mock-up made with bisacryl (Structur 
VOCO, Germany)

Figure 4: Digital Smile Design Protocol: smile picture with the 
retractors

Figure 6: a Motivational Mock-up. b Motivational Mock-up and 
digital intraoral scan Figure 7: Two years later before treatment (2017)



using a vaccum formed matrix (V-print Ortho clear; VOCO) 
printed by a 3D printer (Soflex; VOCO).

Guided by the mock up, the abutment teeth were minimally 
prepared, as seen in Figure 9. The old preparations from the 
second sextant teeth were maintained, no preparation in 
the posterior upper (14–17, 24–27) and lower teeth (34, 
35, 36, 37, 44, 45, 46, 47), and a minimal preparation 
on the anterior lower teeth (31–33, 41–43) was made. A 
new intra oral scan (Carestream 3600) was made, as seen 
in Figure 10. The information was sent to the DSD lab, as 
seen in Figure 11, which then produced a STL file with virtual 
models that were sent and fabricated in the lab (Anatomic 
Lab). These 3D models (V-Print model; VOCO) were 
printed in a 3D printing machine (Solflex 650; VOCO). The 
definitive veneers and crowns were prepared digitally, using 
prosthetic software (Ceramill mind, Amann Girrbach), and 
fabricated in a milling machine (Ceramill Motion 2, Amann 
Girrbach) with machinable lithium disilicate ceramic blocks 
(VITABLOCS TriLuxe forte for Ceramill Motion 2, Amann 
Girrbach), as seen in Figure 12.

After confirming marginal fit and optical properties in a 
trial insertion, isolation with a lip retractor (OptraGate, 
Ivoclar Vivadent) was applied. Following the manufacturer’s 
recommendations, the abutment teeth and ceramic crowns 
and veneers were prepared: the ceramic surface was 
prepared with aluminium oxide 50 μm, hydrofluoric acid 5% 
20 s and rinsed 20 s, phosphoric acid 37% (Total etch, Ivoclar 
Vivadent) and alcohol 96% for cleaning, and silane 20 s 
(Monobond plus, Ivoclar Vivadent). The crowns (11–13, 21–
23) and veneers (14, 15, 16, 17, 24, 25, 26, 27, 31, 32, 33, 
34, 35, 36, 37, 41, 42, 43, 44, 45, 46, 47) were adhesively 
luted to the abutments using a light polymerizing resin luting 
agent (Futurbond U and Bifix QM; VOCO) polimerized by 
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a high-power LED curing light device (Celalux 3; VOCO), 
as seen in Figure 13 and Figure 14. All the excess of the luting 
agent was removed and occlusal adjustments were done 
and confirmed using T-scan technology (T-scan; TeK-scan) 
as seen in Figure 15a, b, c, and d, Figure 16 and Figure 17. 
A removable appliance in acrylic was made for protection 
of the final restorations. 

After 6 months, final restorations were evaluated and 
they remained stable, without any fracture trait. Patient also 
referred that with the new vertical dimension he had no 
headaches.

Discussion and conclusions
Due to the introduction of a whole range of devices, machines 
and software, the digital revolution is completely changing 
the dental profession. Thanks to the virtual world, we can plan 
in detail from surgical to restorative procedures, with the help 
of 3D modelling and software like CAD-CAM.14 Intraoral 
scanners are digital devices used not only to obtain study 
models but also for the detection of impressions necessary 

Figure 8: Pretreatment intraoral scan with Carestream® 3600 
Rochester, NY, USA

Figure 9: No preparation on the posterior teeth, minimal 
preparation on the anterior lower teeth, with the exception of 
11, 12, 13, 21, 22, 23, that were already prepared

Figure  11:  DSD planning

Figure  10:  Digital scan of the abutment teeth preparation with 
Carestream® 3600; Rochester, NY, USA



 

for the modelling of a whole series of restorations.16 Digital 
impressions are also a procedure that contribute to a more 
precise register of the bite, and they can eliminate several 
analogue procedures that can generate distortions.15

In recent years, the variety of applications, together with 
the advantages of these machines, have made intraoral 
scanners highly interesting devices. Nowadays, there are 
several intraoral scanners in the market, but the most important 
element to be considered should be the accuracy, i.e. the 
quality of the data derived from scanning, a combination 
of trueness and precision.15,16 There are already reports 
in specialized literature that have studied the accuracy of 

the different intraoral scanners available.16-28 In a recent in 
vitro study,20 the trueness and precision of four of the latest 
generation intraoral scanners have been compared. As a 
result of this study, the CS 3600 gave the best trueness results 
and therefore, this scanner was used to document our case 
report.

Facial analysis established solely on photographic 
evidence is incomplete and/or incorrect. Tarantili et al. 
also studied the smile on video and observed that the 
average duration of a spontaneous smile was 500 ms, 
which reinforces the difficulty of recording this moment in 
photographs.14 Time can be saved by establishing a photo 
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Figure 12: Definitive veneers and crowns prepared digitally using 
prosthetic software (Ceramill® mind) and fabricated in a milling 
machine (Ceramill® Motion 2) with machinable lithium disilicate 
ceramic blocks (VITABLOCS® TriLuxe forte for Ceramill® Motion 
2)

Figure  13:  The crowns (11, 12, 13, 21, 22, 23) and veneers (14, 
15, 16, 17, 24, 25, 26, 27, 31, 32, 33, 34, 35, 36, 37, 41, 42, 
43, 44, 45, 46, 47) were adhesively luted to the abutments with 
a light polymerizing resin luting agent (Futurbond U and Bifix 
QM, VOCO, Germany)

Figure  14:  The crowns (11, 12, 13, 21, 22, 23) and veneers (14, 
15, 16, 17, 24, 25, 26, 27, 31, 32, 33, 34, 35, 36, 37, 41, 42, 
43, 44, 45, 46, 47) were adhesively luted to the abutments with 
a light polymerizing resin luting agent (Futurbond U and Bifix 
QM, VOCO, Germany)

Figure  15:  a and b Post-treatment intraoral photo. Front view. c 
Posttreatment intraoral photo. Occlusal view upper jaw. d Post-
treatment intraoral photo. Occlusal view lower jaw



protocol. The documentation taken from photographs and 
videos allows for the creation of a 2D smile frame which 
is completely integrated into the face. The use of dynamic 
smile documentation, associated with the DSD protocol, will 
provide more efficient diagnoses, more consistent treatment 
plans and improved final results.14 Thanks to a facially guided 
smile design using 3D software, and a planning center 
specialized in smile design, more dentists are able to deliver 
facially integrated rehabilitation.

Another advantage of a digital case is that generating a 
pre-op mock up allows the patient to see the impact of the 
new smile before committing to the treatment and irreversible 
procedures and increases patient education and case 
acceptance. Virtual treatment simulation also allows for the 
simulation of interdisciplinary procedures before starting 
the real treatment. This helps the clinician to have better 
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visualization of problems, a better decision-making process 
and less mistakes in the mouth.

Regarding the fabrication of final restorations, CAD/
CAM machines are currently used to manufacture ceramic 
restorations based on computer-assisted design and 
produce a restoration on a single dental appointment.

These restorations, commonly made with ceramic material, 
are becoming increasingly popular worldwide.29 Recently 
CAD-CAM systems, especially digital impression systems, 
are uniting dental offices and dental labs, resulting in 
enhanced communication and restorative processes. Also, 
more affordable aesthetic restorations are produced by 
using CAD/CAM and natural shapes libraries.

Adhesive all-ceramic partial coverage restorations are 
also recognized as being a reliable treatment option for 
the posterior region. In this context, one should keep in mind 
that the majority of clinical long-term studies are based 
on leucite-reinforced glass-ceramics, whereas today, 
considerably stronger ceramic materials based on lithium 
disilicate are available.30-32 The use of monolithic lithium 
disilicate material for restorations, reduces restorative failures 
as it eliminates layering and interfaces, which is usually 
the weak link between materials.31 According to this case 
report, we chose to rehabilitate this patient using monolithic 
lithium disilicate material for restorations, since this case 
demonstrates that this material successfully works in a patient 
with bruxism when rehabilitated with the right VD. 

All-ceramic onlays offer a sensible treatment option, 
since they permit a defect-oriented preparation method 
and eliminate the need for a retentive preparation design, 

Figure  16: Final Panoramic

Figure  17:  Occlusion confirmed using T-scan technology



thus bypassing conventional invasive treatment methods.33,34 

In addition to eliminating the abrasion- and biocorrosion-
inducing causes, restoring the aesthetic and functional 
properties and reconstructing the biomechanical properties 
of the affected teeth, they are considered the main treatment 
objectives. Furthermore, any restorative measures should be 
aimed at preventing any further pathologic wear in the long 
run. In this case report, minimal preparation of the posterior 
teeth was done to augment the VD and re-establish the 
aesthetics, and transitional restorations were made to test 
drive function and aesthetics of the patient and also allow 
for a minimally invasive treatment.

When establishing the new VD, by means of an anterior 
jig, the bite is deprogrammed and the centric relationship 
position is registered as a reliable starting point to achieve a 
comfortable and healthy inter maxillary position.

Since the centric relation (CR) is a range and not one 
specific position, the OVD (occlusal vertical dimension) can 
then be fine-tuned, for more or less opening, in the Digital 
Articulator inside the CAD/CAM software (Exocad) based 
on the restorative and functional convenience, as described 
in this case report. Opening the bite inside the CR range will 
usually create clearance for a more conservative and simple 
restorative approach.

But the limitation of opening will usually be determined by 
the anterior upper/lower tooth relationship since reasonable 
overbite/overjet is also a goal. In this case report, the 
facially guided smile design project (NemoDSD 3D) was 
exported into a CAD/CAM software (Exocad) to check the 
function in the digital articulator. The increase of the vertical 
dimension was determinated considering the CR range and 
the overjet/overbite of the patient.

The material of choice to substitute lost natural enamel is 
silicate ceramic due to its favorable optical and mechanical 
properties. However, minimally invasive veneer preparation, 
provisionalization, and adhesive bonding, requires greater 
expertise on the part of the operator when compared to 
complete coverage crown preparation and conventional 
cementation.35,36

Lithium disilicate is a material with excellent aesthetics and 
high strength (500 MPa, biaxial flexural strength), that can 
be used in minimally invasive preparation and adhesive 
cementation of crowns with a layer thickness of 1 mm.37 
In this case report we have used VITABLOCS TriLuxe forte 
for Ceramill Motion 2, Amann Girrbach, which have the 
indication for veneers, for partial and full crowns for the 
posterior area. We also wanted to prove in this case report 

that when the right VDO in a patient with bruxism is achieved, 
there is a low risk of fracture considering the high loading 
forces.

As a result, according to literature, indirect restorations 
combined with a removable appliance can be a solution for 
tooth ware and loss of the vertical dimension.38

To sum up, thanks to the technology that was use in this 
case, we could obtain a fast an accurate result. Nevertheless, 
this study has some limitations. 

Firstly, this is a case report with a short-term follow-up. 
More cases with long term follow-up (up to 10 years) are 
needed to prove the success of this technique.

Secondly, the material that was chosen in this rehabilitation 
can be consider a limitation. There is a lack of literature that 
supports the use of lithium disilicate in posterior areas, since 
it is not the first indication, especially in patients with bruxism. 
Finally, we can also consider a limitation combining all this 
technology, since is still a big investment for dental practice 
nowadays, and it also still requires a learning curve to obtain 
an optimum result.

Thanks to the evolution of technology in dentistry, it is 
possible to do a full digital case and solve problems such 
as loss of vertical dimension successfully. Nevertheless, 
more clinical studies are needed to obtain consistent results 
about the digital work flow compared to the conventional 
technique in cases where there is loss of vertical dimension, 
and with long-term follow-up to closely follow the final 
restorations.

Abbreviations
CAD-CAM: Computer aided design-computer aided 
manufacturing; CR: Centric Relation; DSD: Digital Smile 
Design; MIP: Maximum intercuspation position; RED: 
Recurring Aesthetic Dental; TMJ: Temporomandibular 
Joint; VD: Vertical Dimension; VDO: Vertical Dimension of 
Occlusion

Acknowledgments
The authors thank the patient who allowed the publication of 
this case report.

Funding
There is no financial support for this case report.

Availability of data and materials
All data supporting the findings is contained within the 
manuscript

S T A N L E Y  /  P A Z  /  M I G U E L  /  C O A C H M A N

22   INTERNATIONAL DENTISTRY – AFRICAN EDITION   VOL.11, NO. 6  DECEMBER 2021/JANUARY 2022



S T A N L E Y  /  P A Z  /  M I G U E L  /  C O A C H M A N

24  INTERNATIONAL DENTISTRY – AFRICAN EDITION   VOL.11, NO. 6  DECEMBER 2021/JANUARY 2022

Authors’ contributions
Conception and design of study: MS, AP, IM, CC. 
Acquisition, analysis or interpretation of data: AP, MS, CC. 
Drafting of the manuscript: AP, MS.
Revising of the manuscript: MS, AP, IM, CC. All authors 
approved the version submitted for publication.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient 
for publication of this Case report and any accompanying 
images. The patient signed the consent to allow us to publish 
the case. A copy of the written consent is available for review 
by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.

References
1. Coachman C, Van Dooren E, Gürel G, Landsberg 

CJ, Calamita MA, Bichacho N. Smile design: From digital 
treatment planning to clinical reality. In: Cohen M, editor. 
Interdisciplinary Treatment Planning. Vol 2: Comprehensive 
Case Studies. Chicago: Quin- tessence; 2012. p. 119–74.

2. Coachman C, Calamita A, Sesma N. Dynamic 
documentation of the smile and the 2D/3D digital 
smile design process. Int J Periodontics Restorative Dent. 
2017;37:183–93.

3. Pimentel W, Teixeira ML, Costa PP, Jorge MZ, Tiossi R. 
Predictable outcomes with porcelain laminate veneers: a 
clinical report. J Prosthodont. 2016;25: 335–40.

4. Lin WS, Zandinejad A, Metz MJ, Harris BT, Morton D. 
Predictable restorative

work flow for computer-aided design/computer-aided 
manufacture- fabricated ceramic veneers utilizing a virtual 
smile design principle. Oper Dent. 2015;40: 357–63.

5. Arias DM, Trushkowsky RD, Brea LM, David SB. 
Treatment of the patient with gummy smile in conjunction with 
digital smile approach. Dent Clin N Am. 2015;59:703–16.

6. Coachman C, Calamita MA, Coachman FG, 
Coachman RG, Sesma N. Facially generated and 
cephalometric guided 3D digital design for complete 
mouth implant rehabilitation: a clinical report. J Prosthet 
Dent. 2017;117:577–86.

7. Zimmermann M, Mehl A. Virtual smile design systems: 
a current review. Int J Comput Dent. 2015;18:303–17.

8. Edelhoff D, Liebermann A, Beuer F, Stimmelmayr 
M, Güth JF. Minimally invasive treatment options in fixed 
prosthodontics. Quintessence Int. 2016; 47:207–16. 
https://doi.org/10.3290/j.qi.a35115.

9. Culp L, McLaren EA. Lithium disilicate: the restorative 
material of multiple options. Compend Contin Educ Dent. 
2010;31:716–25.

10. Zarone F, Ferrari M, Mangano FG, Leone R, 
Sorrentino R. Digitally oriented materials: focus on lithium 
disilicate ceramics. Int J Dent. 2016;2016:9840594.

11. Soares PV, Spini PH, Carvalho VF, Souza PG, 
Gonzaga RC, Tolentino AB, et al. Esthetic rehabilitation 
with laminated ceramic veneers reinforced by lithium 
disilicate. Quintessence Int. 2014;45:129–33. https://doi.
org/10.3290/j.qi.a31009.

12. Morimoto S, Albanesi RB, Sesma N, Agra CM, Braga 
MM. Main clinical outcomes of feldspathic porcelain 
and glass-ceramic laminate veneers: a systematic review 
and meta-analysis of survival and complication rates. Int J 
Prosthodont. 2016;29:38–49.

13. Sulaiman TA, Delgado AJ, Donovan TE. Survival rate 
of lithium disilicate restorations at 4 years: a retrospective 
study. J Prosthet Dent. 2015;114:364–6.

14. Tarantili VV, Halazonetis DJ, Spyropou-Los MN. The 
spontaneous smile in dynamic motion. Am J Orthod Dentofac 
Orthop. 2005;128:8–15. 

15. Ender A, Mehl A. Accuracy of complete-arch dental 
impressions: a new method of measuring trueness and 
precision. J Prosthet Dent. 2013;109:121–8.

16. Aragón ML, Pontes L, Bichara L, Flores-Mir C, 
Normando D. Validity and reliability of intraoral scanners 
compared to conventional gypsum models measurements: a 
systematic review. Eur J Orthod. 2016;38:429–34.

17. Patzelt SB, Emmanouilidi A, Stampf S, Strub JR, Att W. 
Accuracy of full-arch scans using intraoral scanners. Clin 
Oral Investig. 2014;18:1687–94.

18. Renne W, Ludlow M, Fryml J, Schurch Z, Mennito A, 
Kessler R, Lauer A. Evaluation of the accuracy of 7 digital 
scanners: an in vitro analysis based on 3-dimensional 
comparisons. J Prosthet Dent. 2016; https://doi.org/10. 
1016/j.prosdent.2016.09.024. 

19. Güth JF, Runkel C, Beuer F, Stimmelmayr M, Edelhoff 
D, Keul C. Accuracy of five intraoral scanners compared to 
indirect digitalization. Clin Oral Investig. 2017;21(5):1445–
55. https://doi.org/10.1007/s00784-016-1902-4.

20. Imburgia M, Logozzo S, Hauschild U, Veronesi 
G, Mangano C, Mangano F. Accuracy of four intraoral 
scanners in oral implantology: a comparative in vitro study. 



S T A N L E Y  /  P A Z  /  M I G U E L  /  C O A C H M A N

 INTERNATIONAL DENTISTRY – AFRICAN EDITION  VOL.11, NO. 6  DECEMBER 2021/JANUARY 2022   25

BMC Oral Health. 2017;17(1):92.
21. 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 https://doi.org/10.1371/journal.
pone.0163107

22. van der Meer WJ, Andriessen FS, Wismeijer D, Ren 
Y. Application of intraoral dental scanners in the digital 
workflow of implantology. PLoS One 2012;7. https://doi.
org/10.1371/journal.pone.0043312

23. Güth JF, Edelhoff D, Schweiger J, Keul C. A new 
method for the evaluation of the accuracy of full-arch digital 
impressions in vitro. Clin Oral Investig. 2016;20:1487–94.

24. Ajioka H, Kihara H, Odaira C, Kobayashi T, Kondo H. 
Examination of the Position Accuracy of Implant Abutments 
Reproduced by Intra-Oral Optical Impression. PLoS One 
2016;11. https://doi.org/10.1371/journal.pone.0164048

25. Chew AA, Esguerra RJ, Teoh KH, Wong KM, Ng 
SD, Tan KB. Three-Dimensional Accuracy of Digital Implant 
Impressions: Effects of Different Scanners and Implant Level. 
Int J Oral Maxillofac Implants. 2017;32:70–80. 

26. Nedelcu RG, Persson AS. Scanning accuracy and 
precision in 4 intraoral scanners: an in vitro comparison based 
on 3-dimensional analysis. J Prosthet Dent. 2014;112:1461–
71. 

27. Patzelt SB, Vonau S, Stampf S, Att W. Assessing the 
feasibility and accuracy of digitizing edentulous jaws. J Am 
Dent Assoc. 2013;144:914–20.

28. Goracci C, Franchi L, Vichi A, Ferrari M. Accuracy, 
reliability, and efficiency of intraoral scanners for full-arch 
impressions: a systematic review of the clinical evidence. Eur 
J Orthod. 2016;38:422–8.

29. 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;8:423–8. https://doi.org/10.4317/
jced.52984.

30. Guess PC, Selz CF, Steinhart YN, Stampf S, Strub JR. 

Prospective clinical splitmouth study of pressed and CAD/
CAM all-ceramic partial-coverage restorations: 7-year 
results. Int J Prosthodont. 2013;26:21–5.

31. Ma L, Guess PC, Zhang Y. Load-bearing properties 
of minimal-invasive mono-lithic lithium disilicate and zirconia 
occlusal onlays: finite element and theoretical analyses. 
Dent Mater. 2013;29:742–51.

32. Schlichting LH, Maia HP, Baratieri LN, Magne P. 
Novel-design ultra-thin CAD/CAM composite resin and 
ceramic occlusal veneers for the treatment of severe dental 
erosion. J Prosthet Dent. 2011;105:217–26.

33. Fradeani M, Barducci G, Bacherini L, Brennan M. 
Esthetic rehabilitation of a severely worn dentition with 
minimally invasive prosthetic procedures (MIPP). Int J 
Periodontics Restorative Dent. 2012;32:135–47.

34. Magne P, Belser U. Porcelain versus composite inlays/
onlays: effect of mechanical loads on stress distribution, 
adhesion, and crown flexure. Int J Periodontics Restorative 
Dent. 2003;23:543–55.

35. Magne P, Douglas WH. Porcelain veneers: dentin 
bonding optimization and biomimetic recovery of the crown. 
Int J Prosthodont. 1999;12:111–21. 

36. Magne P, Douglas WH. Interdental design of 
porcelain veneers in the presence of composite fillings: 
finite element analysis of composite shrinkage and thermal 
stresses. Int J Prosthodont. 2000;13:117–24.

37. Hian L. Dental ceramics : a review of new materials 
and processing methods Monolithic zirconia restorations. 
2017;31:133–46.

38. Abduo J, Lyons K. Clinical considerations for 
increasing occlusal vertical dimension: a review. Aust Dent 
J. 2012;57:2–10.

Reprinted with permission by the authors

This case was published in 2018 in BMC Oral Health: 
Stanley et al. BMC Oral Health (2018) 18:134
https://doi.org/10.1186/s12903-018-0597-0


