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Introduction

In recent years, the use of various
Reverse Engineering (RE) and Ro-
pid Prototyping (RP) systems has
become consolidated and wide-
spread in industry, predominantly
in the design and quality control
sectors, and a wide range of the-
se systems, in terms of cost and
performance, is now available on
the market. This provides an ex-
cellent context in which to evalua-
fe the advantages to using such
systems fo carry out many of the
stages in orthodontic processes
currently performed by hand, such
as the design and manufacture of
corrective appliances'?,and the
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Quality of service, in terms of improvement in patient satisfaction, is an in-
creasingly important objective in all medical fields, and is especially im-
perative in orthodontics due to the high numbers of patients treated. In-
formation technology can provide a meaningful contribution to bettering
treatment processes, and we maintain that systems such as CAD, CAM and
CAE, although initially conceived for industrial purposes, should be eva-
luated, studied and customized with a view to use in medicine.

The present study aims to evaluate Reverse Engineering (RE) and Rapid Pro-
totyping (RP) in order to define an ideal chain of advanced technological
solutions to support the critical processes of orthodontic activity.

Gracco A, Mazzoli A, Raffaeli R, Germani M. Evaluation Of 3D Technologies

In Dentistry. Prog Orthod 2008;9(1):26-37.

PROGRESS in ORTHODONTICS 2008; 9(1):26-37



Evaluation of 3D Technologies in Dentistry 2

Type of process

Problems with current techniques

Suggestions for improvement

Diagnosis and follow-up
of orthodontic treatment

®  Space-consuming physical sfora-
ge of plaster models
e Fragility of models

Digitalization of model and computer
storage

The physical model need only be pro-
duced as required

Measurement of significant parameters of
a plaster model and morphological para-
meters (definition of occlusion class, dis-

crepancy, Bolton, etc.)

e Strong dependency on operator
expertise

® Poor precision of measurements
due to poorly repeatable posi-
tioning of gauge

e Time-consuming measurement
procedure

Rigorous definition of measurement
procedures

Automation of visualization procedure
Support in filing characteristic mea-
surements

Design and production of corrective

appliances

e Strong dependency on operafor
expertise and time-consuming fo-
brication procedure

e Difficulty in progressive produc-
fion of transparent aligners

Design of conventional appliances
via virtual positioning of affachments
and transferral via RP masks
Progressive production of fransparent
aligners via free freatment planning

Design and production of protheses -

e Strong dependency on operator
expertise

e Timeconsuming fabrication pro-
cedure

Virtual design of prostheses
Prosthesis fabrication using CNC
and RP technologies

Table 1 Results of the analysis of the processes carried out in the odontoiatric sector.

La qualita del servizio, in termini di maggiore soddisfazione del pa-
ziente, & un obiettivo sempre pi0 sentito nei vari settori della medicina,
ed é accentuato nel campo odontoiatrico, data I'alta percentuale di per-
sone inferessate. Le tecnologie informatiche possono dare un notevole con-
tributo al miglioramento dei processi. Esse, pero, devono essere rese frui-
bili da un campo di utenza culturalmente distante da metodi e strumenti
propri di settori industriali e manifatturieri, come ad esempio sistemi
CAD, sistemi CAM, sistemi CAE. In questo contesto, il presente lavoro di
ricerca si focalizza su come i sistemi di Reverse Engineering (RE) e di Ra-
pid Prototyping (RP) possano essere usati con successo per supportare al-

cuni processi critici del lavoro dell'odontoiatra.

Key words: Reverse Engineering; Rapid Prototyping; Digital model.
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production of virtual models of the
dental arches?, and also to deter-
mine the feasibility of their use in
the planning and simulation of cor-
rective and implantological freat
ment* and in the design and ma-
nufacture of fixed and mobile pro-
stheses® (Tab. 1).

The ploster model of the dental ar-
ches is still the most used tool in or-
thodontic diagnosis and treatment
planning although recent techno-
logical advances have made it
possible for dentists to consider the
alternative of digital modeling and
automation of these processes.
The aim of these continuing advan-
ces is to realize accurate virtual mo-
dels and thence to produce simi-
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larly accurate physical reproduc-
tions where necessary. Reverse en-
gineering is a technique which al-
lows the virtual design and simula-
fion of various orthodontic opera-
fions, and rapid profotyping provi-
des manufacturing of physical mo-
dels which can be used for further
freatment planning and functional
fests. The three main processes in
the RE/RP chain are as follows: the
data acquisition system which con-
verts the plaster model info a point
cloud data set, the data processing
software which carries out elabe-
ration processes such as filtering,
decimation, cleaning and mat-
ching, and the rapid profotyping
system which produces a physical
reproduction of the plasfer model.
Many companies now offer the di-
gifalization and prototyping of plo-
ster models but a reliable method
of evaluation of these services ba-
sed on criteria deriving from analy-
sis of the processes involved has
not as yet been formalized.

This preliminary study presents me-
thodologies established for com-
paring the various rapid profoty-
ping systems considered and the
experimental results obtained; the
characterization of the related soft-
ware and data acquisition systems
are currently underway. >

Reverse Engineering Systems

The non-confact systems, preva-
lently of the optical type, employed
for acquisition of three-dimensio-
nal shapes have long been em-
ployed in industry and their use is
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now spreading fo other sectors af-
fer suitable customization. A com-
plefe catalogue of these variants
has been reported by D'Apuzzo®,
and the vast majority can be clas-
sified into two groups, laser pro-
jection-based and fringe projection
systems. These systems were fur-
ther developed in the orthodontic
field with a view to measurement of
plaster models and recently the first
systems for infraoral prototyping,
based on the study of suitable ima-
ge analysis algorithms, have star-
ted to make an appearance’. The
need for rapid measurement has led
fo the development of systems in
which all the phases of relafive mo-
vement between the plaster model
and visual apparatus have been au-
tomated, for example 3Shape D-
200 (www.3shape.com) and hi-
Scanu (www.iof .fraunhofer.de),

and the costs of such systems have

now been reduced so as to permit

their use in the surgery. These

systems are generally equipped
with software applications which
automatically carry out visual ac-

quisition and friangulated surface

reconstruction.

The main problems presented by the
use of reverse engineering systems in
the orthodontic field can be sum-
marized in the following points:

1.

It is rather difficult to acquire the
curves and edges significant for
orthodontic use, for example the
tooth necks and borders bet-
ween teeth, due fo the fact that
opfical systems do not generally
possess the resolution necessary
fo reveal such geometry and
fend fo ‘soften” the edges.

2. Specific expertise is necessary

for construction of the point

La qualité du service, en termes d'amélioration de satisfaction du patient,
est un objectif de plus en plus important dans tous les domaines médicaux,
et est particuliérement impérative dans |'orthodonties du aux nombres éle-
vés de patients traités. La technologie de I'information peut fournir une con-
tribution signicative & améliorer des processus de traitement, et nous
maintenons des systémes tels que le DAO, la CAME et la IAO, bien que
congus pour des buts industriels, mais qui devraient étre évalués, étudiés
et adaptés aux besoins du client en vue de ['utilisation dans la médecine.
La présente étude vise a évaluer le Reverse Engineering (RE) and le Rapid
Prototyping (RP) au fin de définir une chaine idéale des solutions techno-
logiques avancées pour soutenir les processus critiques de I'activité or-

thodontique.

Traduit par Maria Giacinta Paolone
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cloud datfa set from several
views as it offen necessitates
cleaning, removal of unneces-
sary points, and repairing, fil-
ling the gaps in the scanned
image.

. The abovementioned automa-

fic image registration systems
are only available for a few
kinds of rotating table appo-
ratus which do not completely
resolve the entire geometry of
the plaster model. Systems
which rofate and filt through
various axes are more effecti-
ve in capturing the underhan-
ging areas, but these have
only recently appeared on the
market.

Expertise in the use of CAD
systems is also required in or-
der fo carry out dimensional
analysis of plaster models and

fo simulate the odontoiatric pro-

cedures to be employed.
So as to evaluate the best solution
in ferms of fulfilling the needs of
the Dentistry sector, both specific
and general-purpose systems
should be compared. From a tech-
nical point of view, benchmarking
can be arrived at by determination
of the resolution and accuracy of
these devices® using plaster mo-
dels of various morphologies, but,
in order to be comprehensive, this
analysis must also be linked to cri-
feria such as cost and ease of use.
Once a single point cloud has
been obtained it must be elabora-
ted in order to produce a CAD mo-
del via the various phases of ima-
ge registration, filtering, triangula-
fion, smoothing and so on. Various
types of stand-alone software which
carry out this process are in com-

La calidad del servicio prestados ss un objetivo cada vez més importante
en todos los Gmbitos médicos, es especialmente en ortodoncia debido al
alto nimero de pacientes tratados, para poder mejorar la satisfaccién del
paciente. La tecnologia de la informacién pueden aportar una contribu-
cién importante para mejoramiento de los procesos de tratamiento, y so-
stenemos que los sistemas como el CAD, CAM y CAE, aunque si ini-
cialmente fueron concebidos con fines industriales, deben ser evaluados,
estudiados y personalizados con miras a su aplicacién en medicina.

El presente estudio tiene como objetivo evaluar Ingenieria Inversa (RE) y
Rapid Prototyping (RP) con el fin de definir un ideal de procesos de so-
luciones tecnolégicas avanzadas, para de esta forma poder solucionar

las situaciones criticas en ortodoncia.
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Traducido por Santiago Isaza Penco

merce, the most well-known of
which being RapidForm, Poly-
works, Geomagic, or, as pre-
viously mentioned, propriefary soft-
ware of the scanning system can
be employed. As the algorithms
implemented in the various options
differ, they need first to be catego-
rized before proceeding to eva-
luation of their efficiency and the
quality of the results obfained.

Rapid Prototyping Systems

The RP technique involves a series
of systems which reproduce an ob-
ject, irrespective of the complexity
in ifs construction, using additive
fechniques. The process sfarfs with
a specific mathematical definition
of an object in a three-dimensional
CAD model using rapid, flexible,
highly automated processes known
as solid freeform fabrication (SFF).
SFF processes, typically designed
for industrial application, are cur-
rently the focus of much attention in
the medical field with a view fo
their employment in a range of ap-
plications from the design and si-
mulation of surgical operations fo
indirect (mould casting) and direct
fabrication of prostheses”. Unlike
conventional machines, which ope-
rafe by removing material from a
solid block, RP systems fabricate
layer-by-layer of liquid, powder,
granular or laminate material with
a deposition thickness of approxi-
mately 0.25 mm.

Production via layer tracing is @
method which all the various ro-
pid prototyping fechniques have in
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common, they differ only in the
type of material used and the
physical principles exploited. The
materials employed can be classi-
fied into UV sensitive resins, metal
granules and powders, wax, ce-
ramics, thermoplastics, sheets of
thermoadhesive paper, wax or
thermoplastic threads and other ma-
terials. Stereolithography (SLA),
which uses photopolymers, and
powder sinfering (SLS) are the most
important RP systems commercially
available to guarantee high dimen-
sional accuracy of the finished pie-
ces but these, are rather expensive.
The systems which employ ink-jet
heads, such as 3D-Printing (3D-P),
permit more rapid production of fi-
nished pieces at a more reasonable
cost but unfortunately they are less
accurate. Technologies such as fu-
sed deposition modeling (FDM)
which use the extrusion principle
constitute an acceptable compro-
mise in terms of both cost and di-
mensional accuracy.

The use of RP systems in dentisiry
currently involves the following ap-
plications: manufacture of devices
for the dental sector, visualization
and diagnosis, surgical design,
production of personalized im-
plants and prostheses, anthropo-
logical and forensic studies and
fabrication of active biological im-
plants'®. No significant data on
comparison of the various RP fech-
nologies in terms of the accuracy
of the finished pieces have thus far
been reported in dental literature,
although the authors have pre-
viously published a comparative
study of the two main RP fechni-
ques, SLS and SlA, to establish

their accuracy in reconstructing
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mandibles from cadavers'!.

In this study, however, the four pre-
viously cited technologies were exa-
mined in order to highlight the
cost/benefit ratio obtainable for
each in the digitalization and repro-
duction of a dental plaster model.

Materials and Methods

The parameters fo be considered,
common fo the various types of
odonfoiatric process were dimen-
sional, morphological and appea-
rance'? (Fig. 1).

The dimensional errors o be mea-
sured were linked to the accuracy
of positioning of each tooth and the
relative distances between them
and may take the form of local er-
rors or errors spread over a wide
area where relative positioning is
involved (Fig. 2). This information is
extremely important in orthodontic
freatment where the aim is to obtain
a diagnosis based on the positio-
ning of the teeth and to succeed in
aligning them.

The morphological parameters refer
fo the degree of detail captured and
reproduced by the scanning sysfem;
the teeth present very accentuated
morphological characteristics, espe-
cially around the neck and in the in-
fersfices and occlusal zones of the
molars and premolars.

In general, the orthodontist needs o
work with a dimensional precision of
tenths of a millimeter, which can be
evaluated by dimensional parame-
fers. There are, however, processes,
for example the design and manu-
facture of prostheses, which require
an accuracy of a few hundredths of
a millimeter, and require further eva-

luation by other parameters.
Finally, as regards the parameters
linked to the appearance obtained
by the process of reproduction of
the plaster model, it is important to
evaluate the conformity, in terms of
weight and surface finishing, to con-
ventional techniques. As a final cri-
terion, the workability of the material,
which can be tested by incision,
piercing and insertion of screws or
implants, should not be omitted.
Once the examination parameters
were defined, the development of
methodologies which would allow
us to check and verify the three
principal phases (acquisition, elo-
boration and reproduction) of the
profotyping process in order to
identify the best RE/RP chain was
commenced.

Two types of test were employed o
study the acquisition systems, the first
aimed af evaluating the system usa-
bility and the time required for scan-
ning, and the second designed to
compare the resolufion and accu-
racy of the systems. To the former
end a sfandard procedure of mea-
surement which could be employed
with both specific and general pur
pose sysfems, all used in conjunction
with a suitable automatic positioning
device, was established. Then ten
plaster models were chosen for their
high degree of malformation which,
upon replication, permited measu-
rement and comparison between
systems of the number of iterations
due fo an unsafisfactory scanning
result, considered as a factor of usar
bility, and the respective time taken.
The environmental conditions of ope-
rafion were also controlled, in parti-
cular the degree of illumination of the
room and variation in the surface fi-

PROGRESS in ORTHODONTICS 2008; 9(1):26-37
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Figs1 Plaster model and points used for dimensional/morphological verification.

nishing of the models.

The resolution and accuracy of the
various acquisition systems were
compared via the acquisition of a
single view of a significant porfion
of the same plaster model. The
CAD system was employed to
measure the dimensional and mor-
phological parameters directly
using the friangulated scatter plot,
without further elaboration. The di-
mensional reference data were cal-
culated from a measurement car-
ried out by a coordinate measure-
ment machine with contact sensors.
The second stage of the process is
elaboration of the views obtained
and reconstruction of the entire
mesh acquired via repositioning
(matching) and fusion (merging) of
the various views. This is a very de-
licate stage of the process as si-
gnificant dimensional and mor-
phological error may occur. A sin-
gle view is influenced by systema-
fic and accidental errors. Further er-
rors due fo the size and quality of
the superimposition area and the
algorithms used may also arise du-
ring the matching phase. It was
therefore necessary to compare
various types of reverse enginee-
ring software as each exploit dif-

PROGRESS in ORTHODONTICS 2008; 9(1):26-37

ferent matching and merging al-
gorithms. The comparison proce-
dure, and therefore also that of the
calculation of the errors induced,
was fo consider the point cloud da-
fa set of a plaster model acquired
by the three main types of scanning
systems (laser projection, fringe pro-
jection and piezoelectric sensors),
and to use colorimefric mapping
analysis to calculate and highlight
any deviation of the reconstructed
surface from the single views. The
numerical values which contain
95% and 99% of the disfribution of
the errors, henceforth referred to
as the 95™ and 99N percentiles, to-
gether with the mean variation, the
calculated on the 99th percentile,
are considered indices of precision
of the surface reconstruction pro-
cess.

Finally, in order to compare the re-
production fechniques we chose a
plaster reference model which was
acquired and elaborated to beco-
me the virtual reference model. This
was replicated in various versions
by the different rapid profotyping
machines. The plaster models we-
re acquired and reproduced via @
similar means fo the reference mo-
del by the most repeatable acqui-

1one 2160j0ydioyy

Dimensional error

Figs 2 Colored map of deviations sho-
wing dimensional and morphological
errors and a local error where the re-
produced footh is rotated with respect
fo the original.

sifion/reconstruction process pos-
sible and the dimensional and mor-
phological parameters were com-
pared in order fo determine the
best combination of RP machine
and production parameters.

The plaster reference model was
measured using a piezoelectric
system (Roland MDX-15) accompa-
nied by a suitable positioning
system. This apparatus permitted us
fo repeat a similar positioning to the
reference model and fo replicate the
same order of views acquired for
each reproduction. The choice of
scanning system was made on the
basis of its high degree of precision,
and due fo its insensitivity fo envi-
ronmental conditions despite the pro-
fracted measurement fimes. In order
fo compare the reproductions in a
homogeneous manner, the same
three views were acquired for each
reproduction.

The acquired views were triangu-
lated using homogeneous parame-
ters (maximum edge length of 2mm
and a normal angle of 75° with re-
spect fo the direction of acquisition)
and then underwent similar maiching
and merging procedures using Ra-
pidForm software (Inus Tech.). This
process was carried out by the same
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operafor, in sequence, in the same
work session.

The reference models were produ-
ced using the following technolo-
gies: FDM (Stratasys Dimension), SLA
(3D System, using two different re-
sins: Somos WaterClear™ and Ac-
cura SI TO™), SLS (3D System, using
three different materials: Alpacem™,
Duraform™ and Duraform ClassFil
led™) and 3DP (ZCorp) (Fig. 3).
The models were acquired and
compared with the original mathe-
matics (Fig. 4). An imaginary line
separating the alveolar bone pro-
cess from the maxillary basal bone
was selected as a reference curve
fo ensure homogeneity of measu-
rement (Fig. 5).

In order to evaluate the quality of
defail reproduced by the various
RP techniques over a local area, an
extremely dense scan of an occlu-
sal premolar surface was carried
outf (Fig. 6).

Results and Discussion

Based on the measurements car-

ried out to ascertain the dimensio-

nal error (Table 2a, Fig. 7), it can

be evinced that:

¢ The dimensional error of the mo-
dels obtained using 3DP tech-
nology, with respect fo the pla-
ster model control, calculated at
the 95M and 99" percentiles
yielded values equal to 0.267
and 0.43 mm, respectively, whi-
le the mean dimensional error
calculated at the Q9™ percentile
was equal fo 0.103 mm.

® The dimensional error of the
models obtained using FDM
technology, with respect to the

32

Plaster models

SLA Opaque

SLA Trasparent
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DF-GF

AC-50

AC-Q0

FDM

Figs 3 Plaster reference model and reproductions obtained via the various RP tech-
niques.
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plaster model control, calculo-
ted at the 95" and 99" per-
centiles yielded values equal to
0.174 and 0.265 mm, re-
spectively, while the mean di-
mensional error calculated at
the Q9 percentile was equal
to 0.063 mm.

The dimensional error of the
models obtained using SLS
technology and AlpaCem™
with mean powder granulo-
metry of 50 pm, with respect
to the plaster model control,
calculated at the 95™ and 99"
percentiles yielded values
equal to 0.257 and 0.35
mm, respectively, while the
mean dimensional error cal-
culated at the 99N percentile
was equal to 0.108 mm.
The dimensional error of the
models obtained using SLS
technology and AlpaCem™
with mean powder granulo-
mefry of 90 pm, with respect
fo the plaster model control,
calculated at the 95N and 99h
percentiles yielded values
equal to 0.377 and 0.511
mm, respectively, while the
mean dimensional error cal-
culated at the 99N percentile
was equal to 0.151 mm. As
expected, the finer material (A-
paCem™ 50 pm| produced
better results in terms of di-
mensional accuracy.

The dimensional error of the
models obtained using SLS
technology and Duraform™
CF (glassfilled), with respect to
the plaster model control, cal-
culated at the 95 and Q9"
percentile yielded values equal
to 0.305 and 0.425 mm, re-
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spectively, while the mean di-
mensional error calculated at
the 99 percentile was equal
fo O.113 mm.

The dimensional error of the
models obtained using SLS
technology and Duraform™,
with respect fo the plaster mo-
del control, calculated at the
95" and 99N percentiles yiel
ded values equal to 0.219
and 0.335 mm, respectively,
while the mean dimensional
error calculated at the 99" per-
centile was equal o 0.08 mm.

Figs 4 Reproduction of a plaster model of an upper arch using SLA Accura™ and
a plaster model of a lower arch using FDM. In the upper figure the resulting error
of 0.22 mm applied to 99% of the deviations. The mean error was approximately
0.06 mm. In the lower figure the dimensional error of 0.26 mm applied to 99%
of the deviations and the mean error was approximately 0.063 mm.

Figs 5 Definition of the area of refe-
rence fo guarantee the homogeneity
and reproducibility of the measure-
ments carried out.

34

Duraform

Duraform GF
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Figs 6 Premolars.

SLA Watershed

B Dimensional mean error on the 99% B Dimensional mean error on the 95%
Dimensional error on the 99%

0,400

0,300

0,200 1

mm

0,100 +

0,000 -

Fig. 7 Graphical summary of results reported in Table 2a.

The dimensional error of the mo-
dels obtained using SLA fech-
nology and Accura™ resin,
with respect to the plaster model
control, calculated at the Q5™
and 99" percentiles yielded va-
lues equal to 0.153 and
0.194 mm, respectively, while
the mean dimensional error cal-
culated at the Q9™ percentile
was equal to 0.062 mm.

The dimensional error of the
models obtained using SLA
technology and Somos Wo-
terClear™ resin, with respect
to the plaster model contral,
calculated at the 95 and 99
percentiles yielded values
equal to 0.213 and 0.26
mm, respectively, while the
mean dimensional error calcu-
lated at the 99" percentile was
equal to 0.096 mm. As ex-
pected, the SLA models made
using a fransparent resin (So-
mos WaterClear™) were less
dimensionally accurate than
those obtained using an opao-
que resin [Accura™) as the
fransparent nature of the mo-

Table 2a Dimensional error resulting from RP of plaster models. The techniques which produced the best results are highligh-

ted in blue.
Mean dimensional error Dimensional error Dimensional error on
calculated on 99 on 95" percentile (mm) 99" percentile (mm)
percentile (mm)

3D-P 0.103 0.267 0.430

FDM 0.063 0.174 0.265

SLS Alpacem™ 50 _m 0.108 0.257 0.350

SLS Alpacem™ Q0 _m 0.15] 0.377 0.511

SLS Duraform GF™ 0.113 0.305 0.425

SLS Duraform™ 0.080 0.219 0.335

SIA Accurg™ 0.062 0.153 0.194

SLA Somos WaterClear™ 0.096 0.213 0.260

PROGRESS in ORTHODONTICS 2008; 9(1):26-37
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0,3

[ Morphologic error on the 99.5% [ Dimensional mean error on the 99.5%

0,25

0,20 |

0,15 1

mm

o1

0,05 11

Fig 8 Graphical summary of results reported in Table 2.b.

Table 2b Morphological errors resulting from RP of plaster models.

Mean dimensional error  Mean morphological

calculated on 99t
percentile (mm)

error on 99,5h
percentile (mm)

3DP 0.21 0.068
FDM 0.166 0.044
SIS Alpacem™50 m 0260 0069
SISAlpacem™ 90 m 0204 Q066
SLS Duraform GF™ 0.193 0.043
SLS Duraform™ 0.255 0.076
SLA Accurg™ 0.159 0.048

SIA Somos WaterClegs™ =~ Q170 0040

dels created problems during
the acquisition phase.
The results obtained show that the
two technologies which produce
the best results in terms of the accu-
racy of reproduction of the plaster
models were FDM and SLA using
opaque Accura™ resin with similar
characteristics to the ABS used in
the FDM fabrication fechnique.
Based on the measurements car-
ried out to ascerfain the morpho-
logical error (Table 2b, Fig. 8), it
can be evinced that:
*  The morphological error of the
models obtained using 3D-P
fechnology, with respect fo the

36

plaster model control, calcula-
ted on 99.5% of the total errors
yielded values equal to 0.217
mm while the mean morpholo-
gical error calculated on
99.5% of the total errors was
equal to 0.068 mm.

The morphological error of the
models obtained using FDM
technology, with respect to the
plaster model control, calcula-
ted on 99.5% of the total errors
yielded values equal to 0.166
mm while the mean morpholo-
gical error calculated on
99.5% of the total errors was
equal to 0.044 mm.

The morphological error of the
models obtained using SLS
technology and AlpaCem™
with mean powder granulo-
metry of 50 pm, with respect fo
the plaster model control, cal-
culated on 99.5% of the total
errors yielded values equal to
0.26 mm while the mean mor-
phological error calculated on
99.5% of the total errors was
equal to 0.069 mm.

The morphological error of the
models obtained using SLS
technology and AlpaCem™
with mean powder granulo-
metry of 90 pm, with respect fo
the plaster model control, cal-
culated on 99.5% of the total
errors yielded values equal to
0.204 mm while the mean
morphological error calculated
on 99.5% of the tofal errors
was equal to 0.066 mm.

The morphological error of the
models obtained using SLS
technology and Duraform™
CF (glassfilled), with respect
fo the plaster model contral,
caleulated on 99.5% of the to-
tal errors yielded values equal
fo 0.193 mm while the mean
morphological error calculated
on 99.5% of the tofal errors
was equal to 0.043 mm.

The morphological error of the
models obtained using SLS
technology and Duraform™,
with respect to the plaster mo-
del control, calculated on
99.5% of the total errors yiel
ded values equal to 0.255
mm while the mean morpholo-
gical error calculated on
99.5% of the total errors was
equal to 0.076 mm.
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*  The morphological error of the
models obtained using SLA
technology and Accura™ re-
sin, with respect fo the plasfer
model control, calculated on
99.5% of the tofal errors yiel-
ded values equal to 0.159
mm while the mean morpho-
logical error calculated on
99.5% of the total errors was
equal to 0.048 mm.

* The morphological error of the
models obtained using SLA tech-
nology and Somos Water-
Clear™ resin, with respect to
the plaster model confrol, cal
culated on 99.5% of the tofal
yielded values equal to 0.170
mm while the mean morpholo-
gical error caleulated on 99.5%
of the fotal errors was equal fo
0.04 mm.

e The results obtained show that
the technologies which produce
the best results in ferms of the ac-
curacy of reproduction of mor-
phological defails of the plaster
models were FDM and SLA
using both resins, but also SLS
with Duraform™ GF, which,
thanks o its glass particle con-
fent succeeded in sculpting the
morphological details better.

Conclusions and
Future Developments

This comparative study analyzed
rapid prototyping sysfems and de-
fined suitable methodologies of
evaluating the fundamental com-
ponents of an RE/RP manufactu-
ring for application in the ortho-
dontic field.

The preliminary results demonstra-
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fe that replication of a plaster mo-
del is plagued by problems linked
o the size of defail to be reprodu-
ced, which is similar to or finer than
the fabrication layer of the various
additive technologies studied, and
therefore results in poor quality re-
production of tooth morphology.
There is a general misconception in
the orthodontic field as precision of
such a process, although research
is highlighting how the chain, upon
necessary improvement, is a me-
thod which could be extremely use-
fulin dental practice..

Future work will serve to characte-
rize both specific and general-pur-
pose acquisition systems shape
and point cloud data management
software. Once the ideal chain has
been identified, an experimental
plan will be developed in order to
evaluate its benefits and possible
improvements.
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L'applicazione di una siste-
matica collaudata e speri-
mentata nel corso degli an-
ni costituisce, soprattutto
nel caso di riabilitazioni
estese, un mezzo indi-
spensabile per il rag-
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giungimento di un risul-

tato finale ottimale, sia sotto il pro-

filo estetico sia biologico e funzionale. In que-

st'ottica, dopo il ricorso alla compilazione della scheda esteti-

ca (@ampiamente illustrata nel Volume 1), si inserisce la

scheda per il laboratorio, uno strumento funzionale

quanto indispensabile per comunicare con l'odonto-

tecnico in maniera esauriente ed efficace. La sua scru-

polosa compilazione permettera al clinico di specifica-

re distintamente qualsiasi richiesta e modifica, in modo da rea-

lizzare una ceratura diagnostica e un provvisorio adeguati. Una

volta ottenuta la sua perfetta integrazione, la sistematica propo-

sta permette di replicare fedelmente il provvisorio nella riabili-

tazione definitiva che, grazie anche all'ampia gamma di tecniche

e materiali da restauro attualmente disponibili, risultera in tal mo-

do idealmente integrata. Questo percorso si sviluppa in una se-

rie di passaggi sia clinici, sia tecnici, che abbiano cercato diillu- GLI AUTORI

strare nel modo piu completo ed esauriente possibile, grazie an- M. FRADEANI, G. BARDUCCI

che ai disegni e agli schemi riepilogativi predisposti per riassu-
mere in maniera esemplificativa quanto spiegato nel testo.
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