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Abstract 
An intraoral digital scanner in combination with specialized three-dimensional surface analysis software monitors 
volumetric changes to soft tissues or dental restorations. This technology can evaluate the success of a specific 
technique or medium- or long-term clinical outcomes in both clinical and research situations. This article describes 
how this technology was used to provide immediate chair-side data analysis without the help of specialized labo-
ratory support.
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Introduction
The outcomes of clinical procedures in dentistry are 
usually analyzed by making baseline evaluations and 
comparing them with evaluations obtained at a series 
of follow-up appointments; this determines the chan-
ges produced over time and the results of each specific 
treatment (1,2). 
To determine these changes quantitatively, digital tech-
nologies represent an important advance for both visual 
analysis and metric evaluation of changes to soft tissues, 
teeth, or restorations. Specialized software is used to ge-

nerate surface tessellation language (STL) files correspon-
ding to the preparation, restoration, soft or hard tissues, 
which can be superimposed over one another, computing 
all possible orientations, and selecting the one with the 
best object-to-object penetration. This type of procedure 
or function is known as the best-fit-method (3-5).
To generate STL files, the first step is to take a conven-
tional impression and cast it, and the second step is to 
scan the master cast with an extraoral scanner (6). But 
STL files can also be obtained directly from the patient’s 
mouth taking a digital impression with an intraoral digi-
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tal scanner (7-9). Several intraoral digital scanners are 
available to clinicians; they are based on different te-
chnologies for information capture including wavefront 
sampling technology, confocal microscopy technolo-
gy, or active triangulation technology with blue light 
(10,11). These devices not only capture data, but can 
also perform comparative analysis of different STL files 
by means of the best-fit-method, using software insta-
lled in the scanning unit itself. This allows the clinician 
to carry out the procedure immediately without sending 
data away to a specialized laboratory for analysis (12).  
When it comes to analyzing three-dimensional surface 
data, this type of software offers clinicians and resear-
chers advantages of speed and precision, and reduced 
economic cost, which are particular helpful for in vivo 
research purposes.
The aim of this article was to describe the application of 
analysis software used in conjunction with an intraoral 
digital scanner as a clinical tool for in vivo quantitative 
analysis of volumetric changes in a specific case.

Case Report
A 50-year-old male attended in prosthodontic teaching 
unit at Valencia University. Intraoral examination found 
that the patient had three metal-ceramic crowns at teeth 
1.2, 1.1 and 2.1 with major misfit between the dental 
abutments and the crowns (Fig. 1). It was decided to re-
move the three crowns; an important caries lesion was 
observed on tooth 1.2 (Fig. 2). Finally, tooth 1.2 was ex-
tracted and tooth 1.1 and 2.1 were prepared following the 
biologically oriented preparation technique (BOPT)13-
15 for preparing dental abutments to support a bridge 
from tooth 1.2 to 2.1 (Fig. 3). To determine volumetric 
changes, an intraoral digital scanner (Cerec Omnicam; 
Sirona) was used to generate STL files. The patient was 
scanned twice, first after dental preparation and extrac-
tion of tooth 1.2 (Figs. 4,5) and a second time 3 mon-
ths later, before cementing the final restoration (Figs. 
6-8). Both STL files were exported to analysis software 
(Oracheck; Cyfex) for clinical evaluation of volumetric 
changes to the soft tissues; this procedure could be ca-
rried out immediately during the same appointment.
In all cases, software analysis produces initial STL case 
files at base-line and then further STL files are genera-
ted at follow-up appointments. The different STL files 
can be combined and compared to evaluate volumetric 
changes to soft tissues. A selection of areas in the arran-
gement phase is rarely necessary because the software 
overlays automatically with precision. Nevertheless, it 
is possible to mark individual areas, which can be hel-
pful in situations in which the two models to be overlaid 
exhibit major deviations. In the present case, differen-
ces between the 4-week and 3-month follow-ups did not 
present large deviations, and so it was possible for the 
software to superimpose data automatically. 

Fig. 1. Initial situation of the patient with fixed dental prosthesis: 
inadequate aesthetics.

Fig. 2. Occlusal view of the teeth after removal of the previous fixed 
dental prosthesis.

Fig. 3. Occlusal view after extraction of tooth 1.2 and dental prepara-
tion of teeth 1.1 and 2.1 following BOPT protocol.

A specific study region can be defined, defining an area 
of interest and then making comparisons STL files over 
time (Fig. 9). The software can make a volumetric analy-
sis calculating the differences between STL files and di-
fferences between areas (Fig. 10). It is also possible to 
study differences in distances between STL files, which 
use a system of color-coding color to differentiate bet-
ween positive or negative changes in distance (Fig. 11). 
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Fig. 4. STL file occlusal view after extraction of tooth 1.2 and den-
tal preparation of teeth 1.1 and 2.1 obtained from intraoral digital 
impression.

Fig. 5. STL file buccal view after extraction of tooth 1.2 and dental 
preparation of teeth 1.1 and 2.1 obtained from intraoral digital im-
pression.

Fig. 6. Occlusal View after 3 months.

Fig. 7. STL file occlusal view after three months.

Fig. 8. STL file buccal view after three months.

Fig. 9. Defined study areas. The clinician has selected this area for 
comparison of STL files generated at different times.

This aims to analyze changes to distances between the 
grid points from one STL file to another. 
As another analytic option, the software can be used to 
generate section views in two dimensions, showing di-
fferences between baseline and follow-ups. This enables 
metric measurements to be taken between the overlaid 
models (Figs. 12,13). 

The final fixed dental prosthesis (FPD) was fabricated 
from zirconia ceramic. For cementation, the internal 
surface of the zirconia was prepared with tribochemi-
cal silica coating, first sandblasting the surface with 30-
micron Al2O3 particles (Cojet Sand; 3M espe). The teeth 
were prepared with 35% phosphoric acid for 40 seconds 
and the FPD was cemented with dual-polymerized re-
sin cement (Relyx Unicem 2 automix; 3M espe) (Fig. 
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Fig. 10. Volumetric differences in selected area.

Fig. 11. Distance between two STL files with color-coded scale. Vio-
let color indicates a loss of volume. Here the loss of volume coincides 
with the extraction area. Red and pink indicates volume gain of the 
papilla between tooth 1.1 and 2.1. 

Fig. 12. Distance between two STL files with color-coded scale. Red 
and pink indicates final volume increases in the papilla between the 
two upper central incisors.

Fig. 13. 2-D cross-sections showing differences between two models.

14). Written informed consent was obtained from the 
patient. 

Discussion
This article describes the comparative analysis of initial 

Fig. 14. Final case outcome.

and follow-up situations of a patient undergoing pros-
thodontic treatment, monitoring changes to soft tissue 
volumes. Comparative analysis was carried out using 
an intraoral digital scanner and specific software for 
applying a best-fit method to provide full data analysis 
immediately in a chair-side situation.
Using STL files, several research initiatives (1-5) have 
compared different situations over time; these include 
the positions of implants, comparing master casts obtai-
ned from intraoral digital impressions and conventional 
impressions with elastomers; changes to the volume 
of soft tissues after surgical procedures; or volumetric 
changes to dental restorations after different observa-
tion periods. STL files generated at different follow-up 
times are combined using specialized software such as 
Geomagic (Geomagic; 3Dsystems), normally used in in-
dustrial engineering (6). With this type of software, the 
STL files must be sent away to a center or laboratory for 
analysis carried out by an experienced operator (6). So 
whenever it is necessary to combine different files using 
a best fit-method, comparative research will require time 
and financial resources. But in the present case -thanks 
to Oracheck- the clinician could make an immediate 
comparative analysis of STL files, comparing the base-
line model with follow-up STL files, without help from 
a specialized technician. This technology offers major 
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advantages for conducting clinical studies in a range of 
fields/disciplines, as the clinician can make precise com-
parisons more quickly and efficiently (7-9).
In dental clinical situations, as described above, this type 
of software allows the clinician to make an objective as-
sessment of changes to soft tissues, and enables him/her 
to forecast any need for changes to the interim restora-
tions or for surgical treatments to improve the aesthetic 
integration of the gingiva with the final restoration. 

Conclusions
An intraoral digital scanner in combination with specia-
lized three-dimensional surface analysis software will 
superimpose information registered at different points in 
time, which constitutes an ideal tool for the objective 
analysis of treatment outcomes related not only to soft 
tissue changes but also to changes to the dental restora-
tions themselves. Such tools are useful in both clinical 
and research practice.

References
1. Froum SJ, Weinberg MA, Rosenberg E, Tarnow D. A comparative 
study utilizing open flap debridement with and without enamel matrix 
derivative in the treatment of periodontal intrabony defects: a 12-mon-
th re-entry study. J Periodontol. 2001;72:25-34.
2. Murugesan K, Anandapandian PA, Sharma SK, Vasantha Kumar M. 
Comparative evaluation of dimension and surface detail accuracy of 
models produced by three different rapid prototype techniques. J In-
dian Prosthodont Soc. 2012;12:16-20.
3. Tarawneh FM, Panos PG, Athanasiou AE. Three-dimensional as-
sessment of dental casts’ occlusal surfaces using two impression mate-
rials. J Oral Rehabil. 2008;35:821-6
4. Su TS, Sun J. Comparison of repeatability between intraoral digital 
scanner and extraoral digital scanner: An in-vitro study. J Prosthodont 
Res. 2015;59:236-42.
5. Gao DQ, Ma JF, Lin H, Chen CQ, Yang F. Precision analysis of 
the surface model based on Geomagic Qualify. Appl Mech Mater. 
2014;490:649-53.
6. González de Villaumbrosia P, Martínez-Rus F, García-Orejas A, 
Salido MP, Pradíes G. In vitro comparison of the accuracy (trueness 
and precision) of six extraoral dental scanners with different scanning 
technologies. J Prosthet Dent. 2016;116:543-50.e1. 
7. Pradíes G, Zarauz C, Valverde A, Ferreiroa A, Martínez-Rus F. Cli-
nical evaluation comparing the fit of all-ceramic crowns obtained from 
silicone and digital intraoral impressions based on wavefront sampling 
technology. J Dent. 2015;43:201-8.
8. Zarauz C, Valverde A, Martinez-Rus F, Hassan B, Pradies G. Cli-
nical evaluation comparing the fit of all-ceramic crowns obtained 
from silicone and digital intraoral impressions. Clin Oral Investig. 
2016;20:799-806.
9. Berrendero S, Salido MP, Valverde A, Ferreiroa A, Pradíes G. In-
fluence of conventional and digital intraoral impressions on the fit 
of CAD/CAM-fabricated all-ceramic crowns. Clin Oral Investig. 
2016;20:2403-10.
10. Chochlidakis KM, Papaspyridakos P, Geminiani A, Chen CJ, Feng 
IJ, Ercoli C. Digital versus conventional impressions for fixed pros-
thodontics: A systematic review and meta-analysis. J Prosthet Dent. 
2016;116:184-90.e12.
11. Tsirogiannis P, Reissmann DR, Heydecke G. Evaluation of the 
marginal fit of single-unit, complete-coverage ceramic restorations 
fabricated after digital and conventional impressions: A systematic re-
view and meta-analysis. J Prosthet Dent. 2016;116:328-35.e2.
12. Jaschouz S, Mehl A. Reproducibility of habitual intercuspation in 
vivo. J Dent. 2014;42:210-8.

Conflict of Interest
The authors have declared that no conflict of interest exist.


