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ABSTRACT

Introduction: In today's survey, a comparison between the two techniques of impression, the
digital one and the conventional one, was carried out to evaluate which of the two options is
commonly considered more accurate and more reliable in the context of implant-prosthetic studies,
analyzing both methods and describing with a quick reference, also to the materials used in both
techniques. The goal is to provide the clinician with a framework to understand which impression
technique has the best performance for patients and for daily clinical activity. The literature on the
accuracy of the impressions generated by scanners applied, above all in full-arch rehabilitation on
implants, is very scarce and often contradictory. Objectives: The present study focuses on the
comparison of the accuracy, in the context of implant-prosthetic field, between the innovative
method for making digital impressions and the traditional method of conventional impressions,
also considering which one of them is more comfortable for the patient. Moreover, a comparison
between conventional techniques is performed to understand which one is more accurate.
Materials and Methods: The PubMed, MEDLINE and CRALI library medical databases were
mainly used for the literature research. Conclusion: Digital impression for a single restoration or
for a 3-4 elements bridges on implants is as accurate as conventional impression. In the
rehabilitation of whole arches, it has been stated that conventional impression is more accurate than
digital one, even if some authors claim that the digital one is no less precise than the conventional
one. Among the conventional impressions, the indirect technique is the most accurate. The most
comfortable technique for patients is the digital one.

Keywords: implants impression, intraoral scanner, extraoral scanner, open-tray impression
technique, closed-tray impression technique, CAD-CAM technology, accuracy, precision, digital

work-flow.
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RESUMEN

Introduccion: En la encuesta de hoy, se realizd una comparacién entre las dos técnicas de
impresion, la digital y la convencional, para evaluar cuél de las dos se considera cominmente mas
precisa y confiable en el contexto de los estudios implanto-protésicos, analizando ambos métodos
y describiendo con rapida referencia los materiales utilizados en ambas técnicas. El objetivo es
proporcionar al médico un marco para comprender qué técnica de impresion tiene el mejor
rendimiento para los pacientes y para la actividad clinica. La literatura en este campo,
especialmente en la rehabilitacion de arcada completa sobre implantes, es muy escasa y
contradictoria. Objetivos: El presente estudio se centra en la comparacion de la precision, en el
contexto de estudios implanto-protésicos, entre el método innovador para realizar impresiones
digitales y el método tradicional de impresiones convencionales, teniendo en cuenta también cual
de ellos es mas comodo para el paciente. Ademas, se realiza una comparacion entre las técnicas
convencionales para comprender cudl es mas precisa. Materiales y Métodos: Las bases de datos
médicas PubMed, MEDLINE y la biblioteca CRAI se utilizaron principalmente para la
investigacion de la literatura. Conclusion: La impresion digital para una Unica restauracion o para
puentes de 3-4 elementos sobre implantes es tan precisa como la impresion convencional. En la
rehabilitacion de arcadas completas se ha demostrado que la impresion convencional es mas precisa
que la digital, aunque algunos autores afirman que la digital es igual de precisa que la convencional.
Entre las impresiones convencionales, la técnica indirecta es la mas precisa. La técnica mas comoda
para los pacientes es la digital.

Palabras clave: implants impression, intraoral scanner, extraoral scanner, open-tray impression
technique, closed-tray impression technique, CAD-CAM technology, accuracy, precision, digital

work-flow.
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1. INTRODUCTION

1.1 Origin of dental implants

The purpose of the dentist is to prevent, treat and rehabilitate the lost oral health condition of
the patient. Among these, an especially important role is played by the rehabilitation of oral health,
not only for the restoration of health but also for the restoration of aesthetics: today, in fact, society
has developed a strong aesthetic sensibility and the cult of exteriority, in a form of perfectionism
that sometimes reaches paroxysmal levels, often even not very acceptable, since even the small
imperfections characterize the individuality of each of us and the diversities that make us unique.

Rehabilitation involves various treatments, including the repositioning of lost teeth. One of
the options to restore an absent tooth is represented by the use of a dental implant: for many years,
dental implants have been employed successfully to handle completed or partially edentulous
patients, using an implant-supported fixed dental prosthesis (1).

The need to replace missing teeth was already present in antiquity, at the time of the ancient
Egyptians, Etruscans and Phoenicians, who used gold ligatures to immobilize teeth that were
periodontally sick and also used oxen bones as substitutes for teeth (2).

Therefore, it can be said that, over time, men have striven to create different types of dental
implants that replace absent natural teeth’s position, both in function, phonation, and aesthetics.
The historical scholars bring us the testimonies and evidence, thanks to the archaeological finds,
of different materials used to create a dental implant. These materials include shells, ivory, gold

wire for ligatures, cobalt, chromium, platinum and iridium (2).
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In addition, it was possible to identify different types of dental implant designs, starting from
spiral stainless-steel implants up to today's most modern, efficient and cutting-edge designs and
structures.

Implant surfaces have been modified, in order to make the external surface as suitable as
possible for integration into the mandibular or maxillary bone. Therefore, the implant surfaces were
subjected to sandblasting, fluoridation, oxidation, etching and, finally, dressing processes (2).

Over the course of history, scholars and researchers have tried to modify and to perfect the
structures, shapes, and materials to make them superior and better suited to the needs of patients.

In the field of implantology, the most relevant and innovative discovery was that of the
clinician P. Branemark. In 1952, Dr. Brdnemark, in fact, accidentally discovered the link that was
created between bone and titanium, when these two encountered each other. In fact, while he was
studying and analyzing the blood flow in rabbit femurs, by putting titanium chambers into their
bone, Dr. Branemark noticed how the bone had joined to the surface of titanium: the metal, indeed,
was rigidly connected to the bone and it was not possible to separate them. He also noted that when
a fracture occurred, it always took place between bone and bone, never between implant and bone.
Therefore, Branemark exploited this link between bone and titanium implant and adapted this
discovery to the field of dentistry. He patented and introduced an implant that had the shape of a
dental root, made of two-stage threaded titanium, in addition, he created a set of pure titanium
screws, which he called a fixture (2). For the first time, in 1965, this type of implant was placed in
his patients. This experiment was the first to be documented in detail and these implants were the

best maintained to date.
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With its discovery, the concept of osseointegration was introduced, defined by Brdnemark as
"a direct structural and functional connection between ordered, living bone, and the surface of a
load carrying implant"(3).

Over time, after the Branemark’s discovery of the titanium implant, other types of implants
have been invented such as, the IMZ implant, the Stryker implant, ITI-sprayed implant and the

Core- Vent implant (2).

1.2 Dental implants

Dental implants are metallic structures made of titanium, conic or cylindrical, they act as
artificial roots, they are placed inside the maxillary and mandibular bone in the area where the teeth
were located, with the aim of supporting a prosthesis that will act as teeth (4). A dental implant is
a supporting device over which a prosthesis is located to replace missing teeth. The ability of the
implant to create an intimate contact between its metallic surface and the bone in which is located,
is called osseointegration, defined as a direct, functional and maintained connection, which
prevents the implant to move (4). In this way, the dental implant allows the transmission of the
occlusal loads to the bone.

It is very common that the implant has the function of supporting a prosthesis: in the case of
an implant-based prosthesis, it is extremely important to take into account criteria such as precision
and accuracy, even more than in the case of a tooth-supported prosthesis. The reason why precision
and accuracy are especially required in aforementioned case is that, thanks to the presence of the
periodontal ligament, the tooth can have a minimum mobility (250 microns on each side of the
tooth), while for a dental implant is not possible to move because of the direct connection between
the bone and the surface of the implant (osseointegration) that, as mentioned before, does not allow

-3-
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the implant to move and, therefore, it is more difficult for a poor fitting implant-based prosthesis

to adapt compared to a poor fitting tooth-supported prosthesis (4).

+FIEILOGIO

—h
Figure 1 - Union between bone and dental root
compared with union between bone and implant surface (4)

The picture shows the two different type of connections: one between the bone and the
implant, and the other one between the bone and the surface of a natural tooth. While in the case
of natural tooth and bone, the union is physiologically normal, in the case of implant and bone, the
union is due to a process called ankylosis. As the matter of fact, in the case of a natural tooth, the
periodontal ligament is interposed between the bone and the root of the tooth , while in the case of
an implant, there is a direct connection between the bone and the surface of the implant (5). Due
to ankylosis, a prosthetic manufacturing process with a very high degree of precision is required,
since it does not allow any tolerance, other than that between the implant-abutment elements, given

by the manufacture of these pieces (6).
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Implants have an active part, the area that will be in contact with the prosthesis, determined
by the manufacturer (4). New types of connection have been developed between the implant and
the prosthesis or prosthetic elements, thanks to advancement of implantology in the last few years
4.

The implant prosthesis, like the conventional fixed prosthesis, is composed by two structures:
an internal part, which gives resistance and support to the prosthesis, and an external structure,
which is the responsible for the aesthetic and the original functions (4). The internal part is made
of metal, while the external part is made of an aesthetic material, such as ceramic (4). The part of
the implant prosthesis that contacts with the implant, is the metallic structure (4). A perfect

adjustment is mandatory to avoid any types of tensions (4).

COAEXI0N MTERSS

Figure 2 - External connection (4) Figure 3 - Internal connection (4)
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1.3 Impression techniques

There are two types of impression technique: conventional impression technique and digital
impression technique.

A conventional impression is a mold that reproduces the anatomic structures of the mouth of
the patient (teeth and gingiva), it is used to create a cast, made of plaster, which replicate the whole
dental arch o just a part of the entire arch. Conventional impressions are taken using an impression
tray and impression materials.

A digital impression method is a new impression technique which uses an intraoral scanner
to detect the structures and the characteristics of dental arches, in order to transfer them into the
digital world of the computer (7).

The main therapies that require a dental impression are:

e Study casts

e Waxup

e Fixed and removable orthodontic appliances

e  Mouth guard

e Removable prostheses

e Fixed prostheses (including prostheses on implants)

e Indirect tooth reconstructions (inlays or veneers).

Although conventional impression materials and techniques have been improved over the

years and give clinically satisfactory results, conventional impressions are affected by numerous

factors that influence their quality and reliability (8).
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Factors affecting quality and reliability of conventional impressions (8)

e Operator

¢ Type of tray and quality of the adhesion of the impression material to the tray
e Intrinsic properties of the impression materials

¢ Manufacturing tolerances

¢ Type and design of the abutment

e Impression technique

e Implant position (angulation and depth)

e Presence of retentive areas and force needed to disinsert the impression

¢ Configuration of the implant-abutment connection, disinfection process

e Transport of the impression

All these factors affect the result of the restoration as well as the comfort of the patient, not
only due to the necessary repetitions of the impression because of the presence of errors, but also
due to nausea reflections, the taste of certain materials, laboriousness, time, effectiveness and cost
of the process (8).

To overcome these limitations, a digital dental impression technique has been introduced in

recent years.
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1.4 Conventional impression procedure

The first phase of the prosthetic rehabilitation is represented by the taking of the impression.
This phase is perhaps the most important of the whole procedure, as an error at this moment would
affect the outcome of the perfect final fit of the prosthesis on implants. A misfit will lead to
biological and mechanical complications. One of the principal aim of the prosthetic rehabilitation
process is to obtain a passive fit of the prosthesis on implants and, to reach this objective, the
accuracy of the model is essential, therefore also the accuracy of the impression performed and the
technique used (9).

The impression allows the identification of the three-dimensional position of the implant,
which permits the reproduction of this position on the master model (10).

The dental technician is the person responsible for manufacturing the prosthesis, process that
will take place in a dental laboratory and not in the dental clinic. The dentist's task, in this case, is
to make a copy of the patient's soft tissue and teeth. This copy must be as faithful to the original as
possible, so that the prosthesis fits perfectly to the implant and to adjacent and antagonist teeth, if
this were not the case, inaccurate and incorrect work would result. The quality of the impression is
especially critical in the case of implant impressions, that is also influenced by the implant-bone
junction, characterized by the absence of periodontal ligament, which is the responsible for the
physiological mobility of the teeth (8). Indeed, unlike a natural tooth, an osseointegrated implant
possesses a high degree of rigidity, due to the absence of the periodontal ligament.

The dentist will perform the impression of the buccal structures of the patient and he will
also take some records, which will later be useful for the technician to fabricate the prosthesis.

From the impression, taken by the dentist, the dental technician is able to produce a working cast
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and then, starting from this, he will be able to design and manufacture a prosthesis (8). To make
the impression with the conventional technique, the clinician places a special material on an
impression tray, which is then compressed against the tissues of the affected area of the oral cavity.
The impression should be taken in a bloodless and dry environment. This impression material is
initially in a pasty state, and easily adapts to the area to be detected, but then solidifies and becomes
elastic in a short time: it can then be removed from the patient's mouth and transferred to the
laboratory without changing its shape. At this point, the dental technician will be able to make the
model, that is a "positive" copy of the oral area detected by the impression: the impression is a
negative and the cast is a positive of the mouth. This procedure allows the dental technician to
obtain a series of information on the patient's dental situation without having to examine him

directly.

Figure 4 — Pouring of the impression and obtaining of the plaster model (10)

With the casting of the model, the dental technician obtains the reproduction of the shape of
the patient's arch. The process is obtained, also in this case, through the use of materials that are
poured into the impression in the pasty state, and which then solidify: in general, special gypsum,
resins or plastic materials are used, which thanks to their precision allow to obtain reproductions

very faithful to the original.
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To truly reproduce the patient's dental situation, the dental technician will also use the
articulator, which is an instrument that has the function of providing a partial imitation of both the
relationship between the mandible (mobile bone of the skull) and maxillary bone (bone of the skull
in which the teeth of the upper arch are fixed), and of the dynamic movements of the mandible.
Therefore, it is used to put the two arches in the right relationship between them. By fixing the two
models (upper and lower) to the articulator, it is possible to simulate the joint relationship that
exists in the oral cavity between the patient's upper and lower arch. In this way, the dental
technician has, in the laboratory, both the reproduction of the patient's arches, obtained through the
models, and, thanks to the articulator, the reproduction of the way in which the arches are

positioned relative to each other.

1.5 Materials for conventional impression

As previously mentioned, the dental impression is obtained using a special pasty material,
which the clinician places inside the impression tray and with which he records the shape of the
patient's arches. The materials used for this purpose are numerous and very different from each
other, both in composition, in properties, and in the systems of use and in the methods of storage.
An impression material, in order to be defined as a material with a high fidelity of details
replication, has to be able to detect any irregularity present in the surface to be detected: it must
accurately register a V-shaped crack with the width of 0.02 mm (11).

Although they are materials used mainly by the dentist, it is advisable that the dental
technician also knows the characteristics, properties and methods of use of these materials, as some
of them could deform or deteriorate if not treated correctly in the laboratory, consequently

-10-
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generating a model not conforming to the original. In turn, this would cause a wrong manufacturing
of the prosthesis. It must always be remembered that, before using an impression in the laboratory,
the aforementioned dental impression, that comes from the dental office, must be cleaned and
disinfected: it is possible to use spray or to submerge the impression in an hypochlorite solution
with a concentration that ranges from 0.5-2 %, during a time interval ranging from 5-10 minutes.
After that, the disinfectant is removed by rinsing the impression with water for 45-60 seconds.

There are many types of materials for making a dental impression. They can be classified
according to different parameters, such as resistance, composition, or type of impression to be
taken. However, the main criteria considered to classify an impression material is his physical
characteristic. Indeed, it is possible to categorize those materials in rigid and elastic.

Rigid materials are those used first, and, over time, they have been progressively replaced by
elastic materials. Currently little employed, they are used only in particular situations.

Instead, elastic materials are widely used nowadays and their use cover almost all prosthetic
fields.

1.5.1 Rigid materials for conventional impression

Impression plaster: also called plaster of Paris, it was used in the past to take different types

of impressions. Currently, the use of impression plaster is limited to a few specific cases. This is
because, due to the rigidity of this type of material, the impression had to be broken before being
extracted from the patient's mouth, and subsequently reassembled in the laboratory before pouring
the model. This represented a long and difficult process, at the end of which inaccuracies were

often found in the finished models. Therefore, today, impression materials chosen are those that

-11 -

Digital vs. conventional impression on implants



are easier to use, while the use of impression plaster is limited only to cases in which a particular
rigidity of the material is required and the impression can be withdrawn from the mouth of patient

without having to be fractured.

Thermoplastic materials: as the name suggests, they are characterized by their property of

becoming plastic, therefore soft, when exposed to a heat source, for example water or hot air, flame.
To make them plastic, the clinician is obliged to use these materials at temperatures ranging
between 50 and 65 ° C, preheating them and taking the impression when they are still soft, before
cooling stiffens them again.

Since the mouth temperature (37 °C) is lower than the softening temperature of these
materials, when they are placed in the patient’s mouth, they cool down in a short time and stiffen
again. At this point the impression can be removed and the model can be cast in the laboratory.

Thermoplastic materials are generally used for the realization of:

e Impressions of small cavities of the teeth in which the inlays will be made

e Peripheral edges of individual trays

e Impressions of single teeth (copper rings are used to take a single tooth impression, they are
small cylindrical impression trays that are positioned around individual teeth and with which

thermoplastic materials are used) (12).

Pastes based on zinc oxide eugenol: they are very precise materials, generally sold as two

viscous masses to be mixed. Their consistency before solidification is like that of toothpaste. These

impression materials can be used to take an impression necessary for the relining procedure of a

-12 -
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removable prosthesis, with the aim of improving the adhesion of the prosthesis to the underlying

tissue.

1.5.2 Elastic materials for conventional impression

Among this class of material, it is possible to find the hydrocolloids and the elastomers.

Hydrocolloids: they are classified into reversible and irreversible hydrocolloids. Agar and

alginates are included in this category.

Agar: it is a reversible hydrocolloid with good elastic properties. It can reproduce correctly
the majority of the areas that do not present noticeable undercuts. It has good properties of recovery

after distortion.

Alginates: they are irreversible hydrocolloids that come in the form of a powder to be mixed
with water in appropriate doses.

The main components of alginates are sodium alginate, calcium sulphate, trisodium
phosphate, diatomaceous earth, and to a lesser extent zinc oxide, potassium fluoride, aromatic and
anti-emetic substances (that inhibit nausea) (12).

Once the powder is mixed, the alginate becomes a soft paste which is subsequently placed in
the tray and then inserted into the patient's mouth for impression taking. The time it takes for this
material to solidify is about two minutes. To facilitate the dentist, sometimes these materials are
marketed with the characteristic of being able to vary their color depending on the phase in which

they are used. In fact, during the mixing time, the mass has one color, which changes into another

-13-
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for the time necessary to place the material in the tray, then transforming into another color for the
time necessary to take the impression in the oral cavity, up to a last chromatic change which
indicates that hardening has occurred.

These materials, thanks to their low cost, are the most used for the taking of impressions,
that will later be used to manufacture study models or for models for temporary prostheses,
orthodontic appliances, partial prostheses, or even for the first impression of a complete removable
prostheses, for antagonist arch to the one on which you are working.

Alginate is very susceptible to the release of water, which causes a dimensional contraction
of the material. This can cause important deformations of the model, therefore it is preferable to
pour the impression in the shortest possible time, that is to say within 30 minutes of the taking the
impression. If this is not possible, or if the impression must be transported to a laboratory far from
the dental office, the transport has to be carried out in an airtight humidified container, avoiding
that it comes into direct contact with water. Also, in this case it is preferable that the model is cast
as soon as possible.

For the correct maintenance of the impression during transport, an airtight container must be
used. The dental impression will be placed on a wet and squeezed sponge. On the other hand, the
application of wet cotton on the impression is not recommended, because the alginate could absorb
water, swelling and deforming, causing an alteration not only of the impression but also of the

plaster model and therefore also of the prosthetic product.
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Figure 5 — Alginate impression and pouring of the impression (12)

Figure 6 — Correct maintenance of an alginate impression (12)

Elastomers: they are the most used impression materials as they have a high degree of
precision, strength and dimensional stability.
The composition of the elastomers is variable, it depends on the choices of the manufacturers

and the viscosity of the materials. Polysulfides, polyethers and silicones can be distinguished.

-15-

Digital vs. conventional impression on implants



Elastomers are marketed in the form of two masses to be mixed: a base paste and a catalyst,
which can be liquid or pasty. A catalyst is a substance capable of activating chemical reactions,
generally tending to the hardening of another mass, the base paste, which is in a plastic state until
it comes into contact with the catalyst (12).

As the name suggests, one of the most notable characteristics of elastomers is elasticity.
Thanks to the elastic memory of these materials, it will be possible to correctly detect the undercut
areas in the impression, without permanent deformations occurring. The undercut is the term that
indicates the concave and recessed part of a tooth, of a model, etc.

According to the degree of viscosity, that is the property that makes a material more or less
fluid, elastomers can be classified into:

e High viscosity elastomers, masses with a pastier consistency
e Low viscosity elastomers, masses with a more fluid consistency.

Generally, with elastomers, the impression is taken in two stages: the first impression that is
made is used to detect the structure of the arch and, therefore, a material with high viscosity is used.
Once this former material is hardened and the impression is extracted from the patient's mouth, a
second elastomer with low viscosity is added and applied to the impression. The characteristic of
the latter material is to be very precise and thanks to this second elastomer, a second impression
will be taken. At this point the impression will be more detailed than the first one. In fact, the
greater fluidity of the second material allows to obtain a greater precision of the impression, as it
is able to penetrate even the most hidden areas and the smallest cavities: the lower the viscosity of

a material, the greater the details recorded (13).
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Regarding the accuracy of these impression materials, according to the ADA specification
n° 19, elastomers can detect details up to 0.0025 mm, in particular polyvinylsiloxane is able to
reproduce details up to 0.001 mm, reaching a greater degree of precision (14).

Despite the wide range of impression materials offered by the market, those used in the
implant-supported impression sector are elastomers, in particular condensation and addition

silicones.

Condensation silicones: they were the first elastomeric materials present in the market. Their

advantages include:

e High ability to reproduce details

e Good dimensional stability for about 24 hours
e Excellent elasticity

e Insensitive to the humid environment

e Reduced tendency to tear

e Acceptable smell and taste

e Lower cost compared to addition silicones (15).

Addition silicones: they are second generation materials. Unlike condensation silicones, they

do not release secondary alcohol products during the bonding reaction, which are the responsible

for the volume changes of the material.
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The advantages of these materials also include:

o High dimensional stability over time, due to the fact that the shrinkage of the material is
0.05% after 72 hours (16)

o Excellent elastic memory (17)

J Hydro compatible (18).

Polyethers: they are similar to addition silicones. They were born in the 1960s with the aim
of obtaining a more dimensionally stable material than condensation silicones. These materials
have the following advantages:

o They do not release alcoholic products during the polymerization process, therefore they do

not contract (19)

o They have a high degree of precision in reproducing details
o Higher hardness than other elastomers.

These properties make polyethers the materials of choice for full arch cases and for making

a precision impression in implant-supported fixed prosthesis.

However, the main disadvantage of these materials is their high cost.

—

-

A

Figure 7 — Property of elastomers to contract and deform when a undercut is present (12)
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Figure 8 — Elastomer with high viscosity (orange) covered with another elastomer
with low viscosity (green) (12)

The impression and the model are the starting point for each type of prosthetic processing.
Therefore, the clinician and the dental technician must pay great attention to the detection,
treatment and correct development of the impressions and of the models, as the prosthesis will be
manufactured from these two. An imprecise model is obtained from an imprecise impression and

consequently a non-conforming prosthesis would be obtained.
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Classification of impression materials

Class Impression Advantages Disadvantages Uses
material
Impression plaster Accurate Not elastic Position impressions
No compression | It breaks in (of elements to be
It remains rigid | presence welded, transfers for
of undercuts overdentures, etc.)
It dries the
patient’s mouth
Thermoplastic Precise Rigid Impression with
materias Stable Fragile copper ring
They can be They can burn the | Peripheral edges of
Rigid galvanized patient individual
better than impression trays for
other materials removable
prostheses
Pastes based on Precise Fragile Relining of
zinc oxide eugenol | Stable removable
prostheses
Reversible Precise They can burn the | Fixed denture
hydrocolloids They do not patient impressions without
(agar) compress Delicates noticeable
Noticeably undercuts
unstable
Elastic
(hydrocolloids) | Irreversible Cheap Significantly Orthodontic: first
hydrocolloids They do not unstable impression
(alginate) compress Not very precise if | Removable
they are not cast prosthesis: second
immediately impression

Base paste to
support agar

Table 1 — Classification of impression materials (12)
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Classification of impression materials

It is difficult to establish
the exact proportions

Impression
Class material Advantages Disadvantages Uses

Polysulfide rubbers | Precise Slow curing Second
Stable Poor elastic recovery in | impression of
They do not the polymerization removable
compress tissues phase prostheses

Condensation Easy to use Less stable than other Fixed denture

silicones Very resistant elastomers impressions as a

support for other
masses

between the masses Orthodontic
impressions
Use in the
laboratory
Elastic
(elastomers)

Addition silicones Hydrophilic Impressions that
(polyvinylsiloxanes) | Precise require precision
Resistant Double
Stable impression
Extreme versatility of technique
use
Polyethers Very hydrophilic Incompatible with Precision
Precise resins impressions
Rubber bands Single-phase
Stable techniques

Table 1 — Classification of impression materials (12)
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1.6 Technique for conventional impressions on implants

In the field of dental implantology, different techniques have been developed in order to
improve the precision and the accuracy of the coping of the oral cavity’s structures and the 3D
position of the implant located in the mouth of a patient.

The two main techniques are the indirect technique and the direct technique (4). An

agreement on which technique is the best has not yet been reached (4).

1.6.1 Direct technique

In this technique, the abutment is screwed directly to the implant and it does not present an
established shape. Therefore, the abutment is individualized directly in the patient's mouth, through
a milling process. After that, the impression is made in the same way as with natural teeth. This
technique presents several disadvantages related to the milling process, such as the difficulty of
milling titanium in the patient’s mouth, the generation of heat and stress for the implant and peri-
implant tissues and the use of gingival margin retraction systems, used to identify the finishing
margins on the model.

Due to the disadvantages listed above, this technique is not used very often in the daily

routine.

1.6.2 Indirect technique

Even if this technique is complex, is the most used today. With this technique it is possible
to identify the spatial position of the implant. To do that, impression copings (transfer) and analogs,
that simulate the implants, are used. The transfer is a metallic cylinder that is screwed to the
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implant, it is used during the impression procedure in order to identify and to establish the position
of the implant with respect to other anatomical and dental structures. In this way, the dental

technician can have a reference that he can use during the manufacturing process of the prosthesis.

Figure 9 — Impression copings screwed on implants (4)

Unlike the direct technique, in this case the matching of the transfers is more precise and,
consequently, the reproduction of the implant’s margins will be more accurate.

This technique includes three methods:

A. Pick-up impression technique
B. Tear-off impression technique
C. Pull-up impression technique.

In general, the impression material used is the polyvinylsiloxane because of his excellent
ability to detect and record details.
Two different consistency of this same material are used: the putty silicon, which is adapted

into the metallic tray, and the light body silicon, which is placed on the transfer surface (4).
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Thanks to its fluid composition, the light body silicon is able to copy those elements that
require greater detail detection, while the putty silicon records the thickest and general structures

and also hosts the light body silicon (4).

A. Pick-up technique

This technique requires the use of splinted transfers to the implants through the
means of connecting screws and the use of an individual impression tray fenestrated in
correspondence with the aforementioned screws. The custom tray can be made of acrylic. The
design of this type of impression tray allows the operator to be able to unscrew the screws
connected to the implant when the impression material has hardened. In this way the transfers will
remain in the impression tray, “trapped” into the impression material. To do that, screws long
enough are necessary (20).

The impression material is placed in the tray and it is brought to the patient's mouth, the
position is checked, and enough pressure is exerted, so that the material adapts and the transfer
emerges through the hole present in the custom tray. Once the material has set, the screw is
unscrewed and removed, then the impression is removed from the mouth. This technique involves
the direct inclusion of the transfer within the impression material. Subsequently, the dental
technician will couple the analogs to the transfers by tightening the connecting screws before
casting the model in the laboratory.

In a situation in which several transfers are present, it is recommended to block them rigidly
together, to obtain a better adhesion between the transfer and the impression material, avoiding any
movement of the transfers when the analogs are screwed onto them. To block the transfers, several

techniques are available, among them it is possible to find:
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e Resin application to transfers by the means of a brush
e The use of metal wires to which cyanoacrylate is added

e The use of plaster (21).

Figure 10— Perforated custom tray to take an impression
on implants with the open-tray technique (4)

B. Tear-off technique

The tear-off impression technique involves the use of a closed impression tray. The transfer
is not incorporated into the impression material, but it remains attached to the implant, inside the
patient’s mouth. Once the impression tray is removed from the oral cavity of the patient, the transfer
is unscrewed, and it is coupled to the analog. An analogue is a replica of the implant, it simulates
the implant (4). Transfer-analog complex is then repositioned in the impression material. In this
case, the screw used is short. As there is no risk of moving the transfers during screwing, there will
be no need to block the transfers between them.

The transfer repositioning procedure is a technique called repositioning technique (4).
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C. Pull-up technique

This technique has been developed to facilitate the operator during the phase of the taking of
the impression, especially in cases in which the patient has a limited oral opening, which makes
the screwing and unscrewing procedure of the transfer screws difficult. The transfer used in this
technique is made of PEEK, which is a thermoplastic polymer whose properties allow him to be
used in a wide range of biomedical situations (22). As this material is radiopaque, it is possible to
check if this kind of transfer is correctly insert into the implant platform. In this case, the transfer
does not present a screw through which it is screwed to the implant, but he has the connection part
that can be attached to the implant platform thanks to his conformation. Once the impression tray
is removed from the patient’s mouth, the transfer remains stable within the impression material.
This kind of transfers can also be used in combination with the transfers used in the pick-up
impression, especially in those situation in which the mesial part of the piece to be detected has
sufficient space to allow the operator to carry out the screwing and unscrewing procedure, but the

distal part of the aforementioned piece does not permit to do that due to anatomical obstacles (23).
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1.7 CAD/CAM

With the arrival of information technology, the replacement of manual processes with the
digital ones is taking place and the use of digital system are evolving more and more, both for
taking the impressions and for creating working models and prosthetic structures.

With the development of CAD/CAM (Computer Aided Design, Computer Aided
Manufacture), the dentistry’s disciplines, in particular restorative dentistry and prosthodontics,
have experiences a relevant change (24).

The concepts of CAD/CAM technology were applied to Dentistry thanks to Francois Duret.
The idea arose in 1971 and this led to the thesis entitled "Empreinte Optique" which he presented
in 1973 at the Claude Bernad University, Lyon, France. He later designed a system that he patented
in 1984 and presented at the Chicago Midwinter Meeting in 1989, where he took an impression
and fabricated a crown in 4 hours. In parallel, in 1980, Werner Mérmann and Marco Brandestini
developed the concept that led to CEREC, the first commercialized system for making digital
impressions and fabricating indirect restorations in the dental clinic (8).

The term CAD/CAM encompasses, in a colloquial way, a series of clinical procedures and
laboratory treatments and techniques that have as a common denominator the intensive use of
software and hardware designed processes, with the aim of making all the prosthetic processes
much more precise (7).

The application of the CAD/CAM technology gives its greater contribution in the field of
dental prosthetic surgery and in the field of implant surgery, although its constant evolution and

sophistication in orthognathic surgery and orthodontics should also be noted (4).
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The CAD/CAM systems consists of 3 parts:

e A data acquisition unit, which gather all the data that have to be scan, including adjacent
and antagonistic structures, and then, transforms this data into virtual impressions,
directly by the use of intraoral scanner, or indirectly, starting from a physical model
generated through the means of a conventional impression

e A software, which is the responsible for the design of the manufactured prosthesis.
Starting from a virtual working cast, the software is able to create a virtual restoration;

o A computerized milling device, which is able to manufacture the restoration. For this
purpose, it can use a solid block of material, processed with the milling technique, or it

can use an additive technique (24).

e Data acquisition

e Data processing

e Manufacture of prostheses

The advantages of CAD/CAM include the digitalization of the impression, of the cast and
the use of virtual articulator and facebow (24). The digital impression represents the first step of
the CAD/CAM systems (4). A digital impression is the translation of the oral cavity’s impression

into the digital world of the computer (7).
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1.8 Digital impression technique

Two ways to obtain a digital impression exist:

e Starting from a conventional impression, the dental technician will pour the impression, he
will create a dental cast, and then, from a physical gypsum model, thanks to a extraoral scanner,
he will scan the cast and convert it into a digital model. This technique uses a conventional
impression and a conventional model to create a digital file. It is an indirect method to record
intraoral data

e Instead of taking a conventional impression, an intraoral scanner is used to record the teeth
and the gingiva. In this case, the impression is taken using a device that directly digitalizes the
patient’s jaws. The process is totally digital (25).

Intraoral digital impression systems project a light onto the object that has to be scan, and
then, according to the speed and the projection with which the light rebounds off the sensors, the
sensors can register the points on the surface of the scanned object, producing a cloud of points (8).
Through a process called tessellation, a pattern or model is generated from the points that form the
cloud by forming planes starting with geometric figures, in this case with triangles (8).

The technology of intraoral scanners to capture the structures changes from one scanner to
the other, as well as the algorithms used to process the image and the way to do that (8).

Intraoral scanners are cameras that make a copy of the areas of the oral cavity, without the
need to place trays that keep the alginate, silicone, or polyether in the patient's mouth, avoiding
nausea and other unpleasant sensations (4).

Digital production process in the field of implant-prosthesis involves several phases:
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e Digitalization of the implant position and of the antagonist arch, starting from a plaster model
derived from a traditional impression or starting from a digital impression made by an intra-
oral scanner

e (Cad design of the prosthesis

e Cam realization of the prosthesis

e Ceramization and/or finishing and/or polishing.

The final aim of these innovative digital technologies is to allow the reduction of the
manufacturing times, limiting the intervention by the operator and consequently also limiting the

possibility of making mistakes during the making of the prosthesis (26).

1.9 Intraoral digital scanners

Currently, various intraoral scanner devices are available in the market and they are different
from each other. As the matter of fact, the manufacturers continually create new products and,
therefore, it is difficult for the dentist to be aware of the present-day technologies. Also, the
software of the machines are updated very quickly, even considerably changing their performance.

Intraoral scanners work thanks to non-invasive optical technologies without direct contact
with the studied object, such as confocal microscopy or triangulation. This type of technology has
speeded up the phase of acquiring 3D coordinates that define the geometries of any object. Each
type of scanner uses more than one of these technologies in order to reduce and minimize the noise
that derives from the intraoral scanning process, to compensate for the fact that the surfaces to be
scanned have different optical properties due to the presence of saliva, and to minimize errors

resulting from the inevitable relative movements of the detected objects. Moreover, in order to
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reduce even more the noise and the errors due to the presence of moisture in the area that has to be
scan, this surface has to be dried before starting the scanning process (27). To reveal the preparation
margins of the prepared teeth, the positioning of the retraction cords inside the sulci is indispensable
(27).

Intraoral scanners capture the data in two ways: through fixed images or through video. In
the former case single image cameras are used to detect three teeth and collect them in a single
image. Fixed images are joined together by the machine software to reconstruct a three-dimensional
network of points. As the matter of fact, to record more extensive areas of the arch, several
overlapping independent image are collected and then, the software joins them, creating a 3D
virtual model (24). To record all the data in a precise way, the camera is located in different
angulated positions. Moreover, all those areas that have not been detected by the scanner are
deduced by the software and are used to fill the empty spaces of the virtual model (24). The
detection of data through the means of fixed image requires more time, while if data are acquired
through video, the three-dimensional object is immediately displayed, and the process is faster.
Thanks to their ability to scan quickly the surfaces and the objects, intraoral scanners that record
data via video are used to scan entire arches, as in the case of more complex prosthetic treatment
or orthodontic treatment.

The most famed intraoral scanners used in the dental clinic to perform a digital impression
are: CEREC (Sirona Dental System Gmbh, DE); Lava TM Chairside Oral Scanner (3M ESPE,
US); iTero (Cadent Itd, US); 3D Progress (MHT S.p.A., IT); Zfx IntraScan (zimmer Dental, DE);

Trios (3SHAPED, DK) and CS 3500 (Carestream, US) (28).
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Open/close  Color Portable Type of CAD/CAM Acquisition Powder Color Imaging type
system  matching technology required image
CEREC Omnicom Closed No No Digital imaging and White light No Yes Filming (Video)
(Sirona) in-office
manufacturing
PlanScan Open No Yes Digital imaging and Blue Laser No No Filming (Video)
(Planmeca) in-office
manufacturing
Trios Color (3 Shape) Open Yes Yes Image acquisition unit Blue LED No Yes Photographing
(multiple images)
iTero (Align Open No No Image acquisition unit Red Laser No Yes Photographing
Technology) (multiple images)
True Definition Open No No Image acquisition unit Blue LED Yes No Filming (Video)
Scanner (3M ESPE)
CS 3500 (Carestream Open No Yes Image acquisition unit White LED No Yes Photographing
Dental LLC) (multiple images)
Apollo DI (Sirona) Closed No No Image acquisition unit NA" Yes No Filming (Video)

" NA = information not available.

Table 2 — Comparison of intraoral scanners (24)

The dimensions of the intraoral scanner are important for the handling by the operator and

for the comfort of the patient. Nowadays, manufacturers tend to create instruments with dimensions

more and more similar to those of the instruments used routinely by dentists.

Figure 11 — Different types of cameras: A) CEREC Omnicam with a design similar to a pen B)TRIOS
camera with a design similar to a pistol C) LAVA COS camera with a designs similar to a billiard cue
(29).

Digital vs. conventional impression on implants
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Intraoral scanners capture what they see, therefore, as in the case of conventional
impressions, even for the digital impression it is necessary to manage the soft tissues and eliminate
all oral fluids, such as saliva, blood or crevicular fluid.

Moreover, to speed up the process of acquiring the examined dental arch, some scanners
require the coating of the arch with a powder before starting the scan. In this way, a thin layer of
powder is formed and it creates a pattern, which is recognized by the software, allowing it to
overlap subsequent images more easily, thus speeding up the acquisition procedure. This is
especially useful in the case of reflective surfaces, such as metal, or in the case of smooth surfaces,
that not present reference points, since even the smallest imperfection that is created on the surface
by the deposition of the powder permits the overlapping of images, minimizing the errors (8).

While the use of powder represents an advantage as it speeds up the digital arch detection
process, on the other hand it can also be considered a disadvantage as the application of the powder
can be difficult for the operator and annoying for the patient. Furthermore, another disadvantage is
the possible accumulation of powder on the preparations of the teeth which can lead to errors in
reading and, therefore, in the manufacture of the prosthesis.

If the scanner contact the dental preparation, the powder will have to be deposited again as it
is easily removed with contact. If, on the other hand, the patient accidentally touches the powder
with the tongue, the powder will be removed and soaked in saliva. In this case, the protocol
provides not only for the deposit of new powder, but first the entire preparation must be cleaned

and rinsed carefully, using water, and then dried.
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1.10 Scanning technique

Even today there is no intraoral scanning technology or scanner that can currently be
considered scientifically accredited to allow a correct operative sequence to perform an optimal
digital impression.

This is due to the fact that there is insufficient evidence of standardized procedures and also
due to a lack of comparable in vivo studies (29).

The intraoral scanner has to be used in a specific way, performing a movement that allow to
reproduce a virtual model with a high level of accuracy, therefore, the scanner has to follow a
specific scanning path (30).

Often, some manufacturers of intraoral scanners suggest operative sequences without
underlying scientific research.

In general, the occlusal surfaces are the starting point for the scanning procedure because
those surfaces are rich in anatomical details, which are used by the camera as reference points,
since they are easy to detect. Once the scan of the occlusal surface is finished, the intraoral scanner
proceeds around the object and it is moved in all the directions in order to scan the object from
various angulations. All the areas that are missing can be detected by scanning again the regions
of the object that were not collected with the previous scan. Once the scan of the area is completed,
the scanner is moved to the opposite arch in order to scan it, following the same scanning protocol.
After that, the patient has to occlude and the scanner, that is placed laterally, will record the inter-
cuspal relation. In this way the scanner of inter-occlusal relation is obtained (27).

It was found that the scanning sequence with the highest level of precision and trueness is
the one that starts with the scan of the occlusal surface, then moves on to the scan of the palatal

surface and ends with the scan of the vestibular surface. If the starting point of the scan is the
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vestibular surface, followed by the occlusal and the palatal surfaces, the lowest level of precision
is obtained (31).

Three parameters are considered to evaluate the three-dimensional measurement: accuracy,
resolution and precision (32).

Accuracy is the parameter that represents the error between the obtained measurement and
its value which is accepted as true. In the case of repeated measurements of the same value, the
accuracy represents the distance between the average of the measured data and the real data.
Accuracy is mainly described by two variables: trueness and precision.

Trueness represents that value that is closer to the reference value. Precision is the
repeatability of the value when repeated scans are made and subsequently compared with each
other by superimposing them. For a dental impression, being as faithful as possible to the original
means having a high degree of trueness and precision.

Resolution is defined as the smallest variation of the measurand that can be measured. As far
as optical scanners are concerned, it must be said that the density of the point cloud is proportional
to the resolution, this means that this density affects the distance between the points of the cloud
and, therefore, the ability to describe specific geometric details of small dimensions. A higher
resolution is desirable in the dental field but having a greater number of dots does not always imply
that the scanned area is better defined: in fact, sometimes, these dots are not always accurate and
precise.

Finally, the precision is described by the dispersion of the measures around their mean. It

allows to estimate the random component of the error considering several repeated measures.
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Presently, there are no objective evaluation criteria to validate the accuracy and precision of
the scanner. Even the manufacturers of intraoral scanners do not provide information regarding the
acquisition methodology.

Once the data from an intraoral scan has been obtained and, then, the virtual model has been
obtained too, the operator can evaluate the quality of the impression through functions that allow

him to change, adjust or clean the images (33).

1.11 Scan-body

As mentioned before, a scan-body contains all the details about the position and trajectory of
the implant and allows to transfer that information in the virtual working cast.

The dentist directly places the scan-bodies on the implants in the patient's mouth, in order to
take the impression through an intraoral digital scanner. On the other hand, the dental technician,
mounts the scan-bodies on the analogs contained in the master cast, and then he proceeds to acquire
their position thanks to the use of the extraoral scanner.

Currently, the majority of scan-bodies present on the market are made of PEEK (polyether
ether ketone), which, as previously mentioned, is a white and opaque material. In addition, these

scan bodies made of PEEK are equipped with a screw fixing system on the implant head.

1.12 Advantages and disadvantages of the digital impression
In order to reduce the potential errors of the traditional impression, the digital impression
was introduced, its advantages are:

e climination of bubbles and voids in the critical areas of the impression
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distortion and expansion of the plaster
removal of impression material from the impression tray
elimination of the difficulty of preserving and disinfecting the impression with antiseptic
solutions

elimination of the need to transport the impression to the laboratory by subjecting it to sudden
changes in temperature and humidity
reduction of patient discomfort and of the gag reflex thanks to the elimination of the tray, the
pain and the unpleasant taste of the impression material
reduction of the procedure time by eliminating phases such as the selection of the impression
tray, the choice and hardening of the impression material, the disinfection procedure and
transport to the laboratory
possibility of archiving the acquired data that can be used in subsequent follow-ups
ability to view the scanned image directly on the computer, allowing the operator to modify
imperfections and adjust preparations
obtaining a better marginal adaptation compared to what would be obtained with conventional
impressions (34).

Among the disadvantages of the optical impression are included:
intraoral scanners do not have the thrust that is present, instead, in the case of the traditional
impression, which is obtained thanks to the pressure exerted by the impression material,
therefore, there is no thrust that makes so that the material penetrates all those tiny spaces

limited precision and trueness when detecting extended arches (27)
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e large learning curve for the operator, in fact each intraoral scanner has its own characteristic
features
e high costs compared to the costs of the traditional impression, both of intraoral devices and

software, which must be periodically updated.
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2. OBJECTIVES

The aim of this review is to investigate on the digital and conventional impression techniques.

Main Objective:
- Perform a bibliographic review to determine if digital impressions on implants are more

accurate than conventional impressions on implants.

Secondary Objectives:
- To determine which is the most accurate conventional impression technique on implant

- To determine which impression technique is the most comfortable for the patient.
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3. MATERIALS AND METHODS

An analysis of the literature was conducted to understand which of the two impression
techniques was the most accurate. The PubMed and MEDLINE (US National Library of Medicine,
National Institute of Health) medical databases were mainly used for the literature research.

Some publications that are not present in the PubMed archive as they are older, were found
through the Google Scholar search engine and through the CRAI library of Universidad Europea
de Madrid.

The keywords used in this bibliographic research were entered in the PubMed and
MEDLINE database. The research was carried out using the following keywords: implants
impression, intraoral scanner, extraoral scanner, open-tray impression technique, closed-tray
impression technique, CAD-CAM technology, accuracy, precision, digital workflow.

A total of three bibliographic research were carried out: a small initial search; a second
broader one, once the working draft of the bibliographic review was defined and a final third search,
more specific, which excludes some inclusion criteria to investigate and try to respond to the
objectives of the work.

At the beginning of the research 60 scientific articles were obtained, subsequently, applying
the inclusion criteria, only 48 sources were used.

The inclusion criteria to select the articles were:

e Articles published in the last twenty years, but 4 older articles have also been included
e  Articles that have the full text available
e Articles and books in Italian, English, Spanish

e Systematic reviews, clinical studies, in vitro studies, articles taken from journals.
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The exclusion criteria were:
e Articles that had only the abstract available
e Non-scientific articles or whose origin did not determine

e Articles not published in English, in Spanish or in Italian.
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4. DISCUSSION

When we pronounce the word "dentist" the first mental association with this term is fear and
pain: patient goes to the dentist when he has pain; moreover, a dental procedure can also cause
discomfort/pain, linked to all those inevitably invasive techniques that the patient has to endure,
and which are more or less intense in relation to the personal pain threshold of each patient.

Furthermore, dentistry is one of the few branches of medicine in which the patient is always
vigilant and from whom collaboration is also expected.

The patient's lack of cooperation, or even the instinctive initiatives or reactions of the patient,
that could happen during the dental treatment, can constitute a risk factor and undoubtedly an
element that must be considered and always kept under control by the dentist during the
performance.

Therefore, over time, researchers have tried not only to refine all invasive techniques and
always try to cause the patient as little discomfort as possible, but also to improve the performance
of the procedures, speed them up and make them less and less annoying.

Giant steps have been taken in recent decades and with formidable successes in terms of pain,
but other fields have also been refined, such as those related to instrumentation and purely technical
and mechanical invasive interventions used in a dental context: one of these fields is precisely that
one linked to the introduction of digital techniques in the prosthetic field, especially in the sector
of dental impressions, in which the introduction of CAD/CAM was a revolutionary discovery.

Until the finding of this innovation, the impression was taken, as mention before, by the
dentist or his assistant with the traditional methods described in this study: the chances of success

were more or less reliable depending on experience, speed and dexterity of the operator. In fact, in
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the case of traditional impressions, the professionalism of the healthcare professional and its
manual skills are decisive.

The time factor also plays an important role due to the reaction and setting times of the
materials, as well as the exposure to external factors (humidity, temperature, etc.) and the state of
conservation of these materials. All the previously mentioned factors can determine alterations,

which can influence the outcome of the impression procedure.

4.1 Comparison between the accuracy of conventional impression and digital impression on
implants

In the literature it is possible to find numerous articles and research that have evaluated the
accuracy of traditional impressions. The intraoral scan and the use of CAD/CAM to create the
prosthetic product, made it possible to eliminate all the phases of the traditional impression, pouring
the plaster model and manufacturing with the traditional method.

This means that there was a reduction in the production time of the prosthesis, but also a
decrease in errors. In fact, in the traditional process, the operator can accumulate errors which are
then reflected on the final prosthetic product.

The ability of the operator, the techniques for making the plaster model, the contraction of
the impression materials and the casting plaster, the temperature and humidity of the environment,
are all elements that significantly determine the accuracy of the traditional impression.

Therefore, it can be said that the traditional impression technique and also the entire
procedure for making the master cast are operator-dependent, as they are affected by the experience
of the operator and are closely linked to the technical knowledge and manual skills of the operator,

not only of the dentist but also of the dental technician (35).
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Moreover, the accuracy of the master model depends on clinical and laboratory variables, on
the type of material chosen to make the impression, the technique used to take the impression
(direct or indirect), impression tray types and also on the volumetric changes of the plaster (36)
(37) (38).

With new digital technologies, it was possible to take an impression directly in the oral cavity
with the digital method, removing part of those errors described above, but not all, since the
inconvenience that the technique is influenced by the manual skills and dexterity of the operator is
still present also in the digital technique (39) (40).

In fact, for some types of scanners, the dexterity and experience of the operator improve the
scanning procedure, while for other types of scanners this "operator influence" variable does not
affect the scanning phase or even worsens the results (8).

Today there are few in vivo studies demonstrating the validity of intraoral digital scanning
systems.

The results of the study conducted by Joda et al. showed that, in the case of single implant
restoration, the fully digital procedure is more efficient, saving time for the clinician at the time of
the delivery, and better accepted and tolerated by patients, compared to traditional implant
impression (41).

For edentulous patients it is possible to create full arch prostheses supported by implants by
scanning the entire arch using a digital scanner. In this case, the study carried out by
Papaspyridakos et al. reveals that the digital impression is no less precise than the conventional one
(42).

In the study conducted by Mangano et al. it is said that, in the case of a single restoration on

implant, or a 3-4 elements bridges on implants, the accuracy of digital impressions is equal to that
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of conventional impressions; while, in the case of long-span edentulous saddles rehabilitation, with
fixed prosthesis supported by natural teeth or by implants, conventional impression still remains
the best option, since its accuracy is higher than the accuracy of the digital impression (43).

If the number of implants is limited, the edentulous saddles are extensive and there are soft
tissues that are mobile, the intraoral scanning technique will be more difficult than the conventional
impression technique: the results of the study conducted by Flugge et al. showed that the precision
and the accuracy of intraoral digital scanner diminish when the distance between scan bodies
increases (44). Furthermore, Andriessen claimed that the detection of the edentulous mandibular
arch by the intraoral scanner still represents a limitation for the digital impression today (45).

It should be noted that the different types of intraoral acquisition techniques can affect the
final outcome of the prosthetic product (46).

From the point of view of the duration of the procedure and of the comfort perceived by the
patient, Yuzbasioglu et al. proved that the best and most efficient impression technique is the digital

one (47).

4.2 Accuracy of conventional impression on implants

As previously described, the two main techniques for taking a conventional impression on
implants are the direct one and the indirect one. Each one of them presents advantages and
disadvantages.

The direct technique had several disadvantages:

e The difficulty in milling the titanium directly in the patient's mouth
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e The creation of heat and stress both for the implant and for the peri-implant tissues generated
during the milling procedure

e The use of gingival retraction systems to allow the detection of the finish line

e  Without the use of transfers and laboratory analogues, there is no visual or instrumental check
on the working model of the final abutment, as this is milled directly in the mouth.

The indirect technique, although more complex, is nowadays the most used. Thanks to the
use of impression transfers and analogues that simulate the implants, it is possible to determine the
three-dimensional position of the implant and transfer this information to the model. Unlike the
direct technique, in this case the matching of the transfers is more precise and therefore the
reproduction of the implant margin will also be more precise too. As mentioned previously, the
indirect technique consists of three different methods: tear-off impression technique, pick-up
impression technique and pull-up impression technique.

With the tear-off impression technique, it is not necessary to block the transfers between
them since, using a closed impression tray, the transfer is not removed with the impression, but
remains attached to the implants in the patient's mouth. Once the impression has been removed,
the transfer is unscrewed, connected to the analog and the transfer-analog complex is repositioned
inside the impression.

The disadvantage of this procedure is the repositioning of the transfer-analog complex, since
it is not always completely precise.

To limit this problem, the manufacturers have invented various solutions, such as the shape
of the transfer or the use of plastic or metal caps inserted on the transfer and removed with the

impression itself. In this way the repositioning is easier.
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However, this procedure presents two main obstacles:

o during repositioning in the impression, the transfer can be subject to movements

J the presence of a possible dis-parallelism between the implants which involves, especially if
pronounced, a high degree of deformation of the impression material during the removal

procedure (48).

All these limitations make this technique not very precise compared to the pick-up technique.
The pick-up technique is much more precise compared to the tear-off technique, in fact, it allows
to reduce the risk of errors during repositioning, which would then affect the prosthetic realization
phase in the laboratory (4).

On the other side, the downside is that the patient has to come once more in the dental clinic
in order to take the impression for the fabrication of the custom tray (4).

The pull-up technique was created in order to facilitate the taking of an impression, especially
in cases where the patient has a limited mouth opening which makes screwing or unscrewing
procedures more difficult.

The advantages of this technique include:

e The transfers are made of peek, which being a radiopaque material, it is possible to verify
their position in the implant platform

e The transfers are easy and quick to use and therefore very practical for taking a positioning
impression

e The transfers remain in the impression in a very stable manner

e These transfers can be used in combination with transfers of the pick-up technique in those

cases where the mesial portion of the elements has sufficient space for screwing and
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unscrewing procedures, while the distal portion of the elements has anatomical limitations

(23).
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5. CONCLUSION

1y

2)

3)

4)

Digital impression for a single restoration on implant or for bridges with 3-4 elements on
implants, is as accurate as conventional impression. In the case of the entire dental arch
rehabilitation (full arch prosthesis supported by implants), conventional impression still
remains the technique of choice, since its accuracy is superior to that of digital impression.
However, some authors argue that in the case of full arch prostheses supported by implants,
digital impression is no less precise than conventional one.

The indirect method is the most accurate. The indirect pull-up technique is the method of
choice par excellence because it facilitates the impression procedure, especially when the
patient has a reduced oral opening.

The technique that is more tolerated and comfortable for the patient is the digital one.

Given the constant evolution of the procedures analysed in this work, as well as the massive
introduction of new sophisticated software, further investigations with a standardized
protocol will be needed to explore the methodological analysis and to refine the conclusions

currently reached.
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6. RESPONSIBILITY

Comparison between digital and conventional impression on implants is a broad topic which
is constantly updating and, therefore, it needs a constant review by the scientific community to
confirm the great results achieved up to now.

The innovations regarding the digital impression procedure aim to reduce the operating time
and to enhance the comfort of the patient during the phase of the impression taking, limiting the
sensation of nausea and the unpleasant taste of some impression materials.

The reason for conducting this review is to try to establish a more definitive protocol in the
prosthetic setting at the time of impression taking.

Because of a small number of in-vivo studies demonstrating the validity of intraoral digital
scanning system, additional research would be necessary in this context, to better investigate the
subject and to develop a definitive and reliable protocol for taking the impressions on implants. In

this way, more information could be found to establish guidelines for the clinicians.

-50-

Digital vs. conventional impression on implants



7. BIBLIOGRAPHY

10.

11.

Marghalani A, Weber HP, Finkelman M, Kudara Y, El Rafie K, Papaspyridakos P. Digital
versus conventional implant impressions for partially edentulous arches: An evaluation of
accuracy. J Prosthet Dent. 2018;119(4):574-9.

Abraham CM. A Brief Historical Perspective on Dental Implants, Their Surface Coatings
and Treatments. Open Dent J. 2014;8(1):50-5.

Osteointegration: Associated Branemark Ossointegration Centers 2010.

Encinas JRF. Ajuste de las estructuras metalicas coladas o fresadas sobre implantes de
conexion externa o interna. J Chem Inf Model. 2019;53(9):1689-99.

Carl Drago, DDS M. Implant Restorations : A Step-by-Step Guide 2 Edition nd Implant
Restorations : A Step-by-Step Guide 2 nd Edition. 2007. 2—16 p.

Carl E. Misch. Protesis dental sobre implantes. Elsevier Espafia, editor. 2006.

Rodriguez DPP. Consenso de una nueva nomenclatura protética y nuevos casos cien por
cien digital superiores a cinco implantes. 2014;

Beatriz Giménez. Influencia de diversos Factores Clinicos en el Comportamiento de
diferentes Escaneres. 2018;

Naert I. DJ. Influence of prosthesis fit and the effect of luting system on the prosthetic
connection preload: an in vitro study. Int J Prosthodont. 2002;15:389-96.

Conrad HJ, Pesun 1J, DeLong R HJ. Accuracy of two impression techniques with
angulated implants. J Prosthet Dent. 2007;97:349-56.

Balkenhol M, Wéstmann B, Kanehira M, Finger WJ. Shark fin test and impression quality:

A correlation analysis. J Dent. 2007;35(5):409-15.

-51-

Digital vs. conventional impression on implants



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

De Benedetto Andrea, Buttieri Alfredo GL. Manuale di laboratorio odontotecnico. Franco
L, editor. 2009.

Hamalian TA, Nasr E, Chidiac JJ. Impression materials in fixed prosthodontics: Influence
of choice on clinical procedure. J Prosthodont. 2011;20(2):153-60.

Pant R., Juszczyk A.S., Clark R.K. RDR. Long-term dimensional stability and
reproduction of surface detail of four polyvinyl siloxane duplicating materials. J Dent.
2008;36(6):456-61.

Craig RG, Sun Z . Trends in elastomeric impression materials. Oper Dent.
1994;19(4):138-45.

Liou AD, Nicholls JI, Yuodelis RA, Brudvik JS. Accuracy of replacing three tapered
transfer impression copings in two elastomeric impression materials. Int J Prosthodont.
1993;6(4):377-83.

Panichuttra R, Jones RM, Goodacre C, Munoz CA MB. Hydrophilic poly(vinyl siloxane)
impression materials: dimensional accuracy, wettability, and effect on gypsum hardness.
Int J Prosthodont. 1991;4(3):240-8.

Petrie CS, Walker MP, O’mahony AM SP. Dimensional accuracy and surface detail
reproduction of two hydrophilic vinyl polysiloxane impression materials tested under dry,
moist, and wet conditions. J Prosthet Dent. 2003;90(4):365-72.

Simionato F. Tecnologie dei materiali dentali. 3° edizion. Piccin E, editor. 1996.

Vigolo P, Fonzi F, Majzoub Z, Cordioli G. Master cast accuracy in single-tooth implant
replacement cases: an in vitro comparison. A technical note. Int J Oral Maxillofac Implant.
2005;20:455-60.

Di Fiore A, Meneghello R, Savio G, Sivolella S, Katsoulis J, Stellini E. In Vitro Implant

-52-

Digital vs. conventional impression on implants



Impression Accuracy Using a New Photopolymerizing SDR Splinting Material. Clin
Implant Dent Relat Res. 2015;17:¢721-9.

22.  Panayotov IV, Orti V, Cuisinier F, Yachouh J. Polyetheretherketone (PEEK) for medical
applications. J Mater Sci Mater Med. 2016;27(7).

23.  Hussaini S, Wong T. One clinical visit for a multiple implant restoration master cast
fabrication. J Prosthet Dent. 1997;78(6):550-3.

24.  Alghazzawi TF. Advancements in CAD/CAM technology: Options for practical
implementation. J Prosthodont Res [Internet]. 2016;60(2):72—84. Available from:
http://dx.doi.org/10.1016/j.jpor.2016.01.003

25.  Stimmelmayr M, Giith JF, Erdelt K, Edelhoff D, Beuer F. Digital evaluation of the
reproducibility of implant scanbody fit-an in vitro study. Clin Oral Investig.
2012;16(3):851-6.

26.  Quaas S, Rudolph H, Luthardt RG. Direct mechanical data acquisition of dental
impressions for the manufacturing of CAD/CAM restorations. J Dent. 2007;35(12):903-8.

27.  Raffa O. Accuracy of Merging Scans of Definitive Fixed Prosthodontic Impressions to
Obtain a Single Digitized Master Cast. 2020; Available from:
http://search.proquest.com/openview/3ba7671763c4199ece5d464dad75df40/1?pq-
origsite=gscholar&cbl=18750&diss=y

28. Logozzo S, Zanetti EM, Franceschini G, Kilpeld A, Mikynen A. Recent advances in
dental optics - Part I: 3D intraoral scanners for restorative dentistry. Opt Lasers Eng
[Internet]. 2014;54(January 2018):203-21. Available from:
http://dx.doi.org/10.1016/j.optlaseng.2013.07.017

29.  Richert R, Goujat A, Venet L, Viguie G, Viennot S, Robinson P, et al. Intraoral Scanner

-53-

Digital vs. conventional impression on implants



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Technologies: A Review to Make a Successful Impression. J Healthc Eng. 2017;2017.
M. Zimmermann, A. Mehl, W. H. Mérmann and SR. Intraoral scanning systems - a
current overview. Interna- tional J Comput Dent. 2015;18,:101-129.

Miiller P, Ender A, Joda T, Katsoulis J. Impact of digital intraoral scan strategies on the
impression accuracy using the TRIOS Pod scanner. Quintessence Int (Berl).
2016;47(4):343-9.

Guidi G., Russo M., Beraldin JA. Acquisizione 3D e modellazione poligonale. McGraw-
Hill companies srl Milano, editor. 2010.

Ramsey C.D.,Ritter R.G. Utilization of digital technologies for fabrication of definitive
implant-supported restorations. J Esthet Restor Dent. 24(5):299-308.

Alghazzawi TF. Advancements in CAD/CAM technology: Options for practical
implementation. J Prosthodont Res. 2016;60(2):72—-84.

Rudd RW, Rudd KD. A review of 243 errors possible during the fabrication of a
removable partial denture: Part I. J Prosthet Dent. 2001;86(3):251-61.

Vigolo P, Majzoub Z, Cordioli G. In vitro comparison of master cast accuracy for single-
tooth implant replacement. J Prosthet Dent. 2000;83(5):562—6.

Herbst D, Nel JC, Driessen CH, Becker PJ. Evaluation of impression accuracy for
osseointegrated implant supported superstructures. J Prosthet Dent. 2000;83(5):555-61.
Wee AG. Comparison of impression materials for direct multi-implant impressions. J
Prosthet Dent. 2000;83(3):323-31.

Christensen GJ. Will digital impressions eliminate the current problems with conventional
impressions? J Am Dent Assoc. 2008;139(6):761-3.

Christensen GJ. Impressions are changing: Deciding on conventional, digital or digital

-54 -

Digital vs. conventional impression on implants



41.

42.

43.

44,

45.

46.

47.

48.

plus in-office milling. J] Am Dent Assoc [Internet]. 2009;140(10):1301—4. Available from:
http://dx.doi.org/10.14219/jada.archive.2009.0054

Joda T, Briagger U. Patient-centered outcomes comparing digital and conventional implant
impression procedures: a randomized crossover trial. Clin Oral Implants Res.
2016;27(12):e185-9.

Gallucci GO, Chen C, Naert 1. Digital versus conventional implant impressions for
edentulous patients : accuracy outcomes. 2015;1-8.

Mangano F, Gandolfi A, Luongo G, Logozzo S. Intraoral scanners in dentistry: A review
of the current literature. BMC Oral Health. 2017;17(1):1-11.

Renne W, Ludlow M, Fryml J, Schurch Z, Mennito A, Kessler R, et al. Evaluation of the
accuracy of 7 digital scanners: An in vitro analysis based on 3-dimensional comparisons. J
Prosthet Dent [Internet]. 2017;118(1):36—42. Available from:
http://dx.doi.org/10.1016/j.prosdent.2016.09.024

Andriessen FS, Rijkens DR, Meer WJ Van Der, Wismeijer DW, Groningen C.
Applicability and accuracy of an intraoral scanner for scanning multiple implants in
edentulous mandibles : A pilot study. J Prosthet Dent [Internet]. 111(3):186-94. Available
from: http://dx.doi.org/10.1016/j.prosdent.2013.07.010

Ender A, Mehl A. Influence of scanning strategies on the accuracy of digital intraoral
scanning systems. Int J] Comput Dent. 2013;16(1):11-21.

Yuzbasioglu E, Kurt H, Turunc R, Bilir H. Comparison of digital and conventional
impression techniques: Evaluation of patients’ perception, treatment comfort, effectiveness
and clinical outcomes. BMC Oral Health. 2014;14(1):1-7.

Mpikos P, Kafantaris N, Tortopidis D, Galanis C, Kaisarlis G, Koidis P. The effect of

-55-

Digital vs. conventional impression on implants



impression technique and implant angulation on the impression accuracy of external- and

internal-connection implants. Int J Oral Maxillofac Implant. 2012;27(6):1422-8.

-56-

Digital vs. conventional impression on implants



9. ANNEX

Figure 1 - Union between bone and dental root compared with union between bone
and implant surface (4)

Figure 2 - External connection (4)

Figure 3 - Internal connection (4)

Figure 4 — Pouring of the impression and obtaining of the plaster model (10)

Figure 5 — Alginate impression and pouring of the impression (12)

Figure 6 — Correct maintenance of an alginate impression (12)

Figure 7 — Property of elastomers to contract and deform when a undercut is
present (12)

Figure 8 — Elastomer with high viscosity (orange) covered with another elastomer
with low viscosity (green) (12)

Figure 9 — Impression copings screwed on implants (4)

Figure 10— Perforated custom tray to take an impression on implants with the

open-tray technique (4)

Figure 11 — Different types of cameras:
* A) CEREC Omnicam with a design similar to a pen
* B) TRIOS camera with a design similar to a pistol

* C) LAVA COS camera with a designs similar to a billiard cue (29).

Table 1 — Classification of impression materials (12)

Table 2 — Comparison of intraoral scanners (24)
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Digital versus conventional implant impressions for partially
edentulous arches: An evaluation of accuracy

Amin Marghalani, BDS, MS," Hans-Peter Weber, DMD, DrMedDent,” Matthew Finkelman, PhD,’
Yukio Kudara, COT, MDT,” Khaled El Rafie, DMD,” and Panos Papaspyridakos, DDS, MS, PhD'

ABSTRACT

Statement of problem. To the authors’ knowledge, while accuracy outcomes of the TRIOS scanner have been compared with conventional
impressions, no available data are available regarding the accuracy of digital Impressions with the Omnicam and True Defnition scanners
versus conventional impressions for partially edentulous arches.

Purpose. The purpose of this in vitro study was to compare the accuracy of digital impiant impressions using 2 derent Intracral scanners
(10Ss) with that of conventional impressions for partially edentulous arches.

Material and methods. Two partially edentulous mandibular casts with 2 implant analogs with 3 30-degree angulation from 2 different
implant systems (Replace Select AP; Nobel Biocare and Tissue level AN; Straumann) were used as controfs. Siaty digital models were made
from these 2 definitive casts in 6 different groups (n=10). Splinted implant-level impression procedures followed by digitzation were used
to produce the first 2 groups. The next 2 groups were produced by digital impression with Cmnicam. The last 2 groups were produced
by digital impression with the True Definition scanner. Accuracy was evaluated by superimposing the digital fies of sach test group onto
the digital file of the controls with inspection software.

Results, The difference in 3-dimensional (3D) deviations (median tinterquartile rangej among the 3 impression groups for Nobel Siocare was
statistically significant among all groups {P<.001), except for the Omnicam (20 £4 ym) and True Definition {15 26 um} groups; the median
tinterquartile range for the conventional group was 39 £18 um. The difference In 3D deviations among the 3 impression groups for
Straumann was statistically significant among all groups (P=.003), except for the conventional impression (22 =5 pm) and True Definion
{17 £5 um) groups; the median tinterquartile range for the Omnicam group was 26 £15 um. The difference in 3D deviations between
the 2 Implant systems was significant for the Omnicam (P=011) and conventional (P<.001) impression technigues but not for the True
Definition technique (P=.247).

Conclusions. Within the limitations of this study, both the impression technique and the Implant system affected accuracy. The True
Definiticn technique had the fewest 3D deviations compared with the other 2 techniques; however, the accuracy of all impression techniques
was within clinically acceptable levels, and not all diferences were statistically significant. U Prosthet Dent 201 7.a:m-8)

Dental implants have been used for decades to treat  (CAD-CAM; technology have made it 2 viable alternative
partially and completely edentulous patients with to conventional techniques for fibricating IFDPs.*

implant-supported fixed dental prostheses (IFDPs) with The passive fit of an [FDP may be a significant pre-
demonstrated success.’” The advances in computer-  requisite for maintaining a healthy bone-implant inter-
assisted design and computer-assisted manufacturing  face and 5 essential for #s long-ferm success* Even
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A Brief Historical Perspective on Dental Implants, Their Surface Coatings

and Treatments

Celeste M. Abraham’

Texas A and M University Health Science Center, Baylor Coliege of Dentistry, Department of Periodontics, 3302

Gaston Avenue, Room 142, Dallas, Texas, 75246

Abstract: This review highlights a brief, chronological sequence of the history of dental implants. This historical perspec-
tive begins with ancient civilizations and spotlights predominant dentists and their contributions to implant development
through time. The physical, chemical and biclogic properties of various dental implant surfaces and coatings are dis-
cussed, and specific surface treatments include an overview of machined implants, cwched implants, and sand-blasted im-
plants. Dental implant coatings such as hydroxyapatite, fluoride, and statin usage are further reviewed,

Keywords: Dental history, implunt surface, implants, surfuce costing.

A BRIEF HISTORY OF DENTAL IMPLANTS

“There’s Gold (Ivory und Stone) in them thar (Im-
planty)”!

The history of the evolution of dental implants i u rich
and fascinating travelogue through time, Since the beginning
of munkind, humany have used dental implants in one form or
another w replace missing teeth, [n approximately 2500 BC,
the ancient Egyptinns tried to stabilize teeth that were perio-
dontally mvolved with the use of ligature wire made of gold,
Their manuscripts and texts allude o several interesting refer-
ences 1o toothuches, About 500 BC, the Etruscans customized
soldered gold bands from animals to restore oral function in
humans; they also fashioned replacements for teeth from oxen
bones. At about the same period, the Phoenictans used gold
wire to stubilize teeth that were periodontally involved; around
300 AD, these innovative peoples used teeth creatively carved
out of ivory which were then stabilized by gold wire to create
a fixed bridge. The first evidence of dental implants is attrib-
uted to the Mayan population roughly around 600 AD where
they excelled in utilizing pieces of shells as implants as a re-
placement for mandibular teeth. Radiographs taken m the
1970's of Mayan mandibles show compact bone formation
around the implants-bone thut amuzingly looks very much hike
that seen uround blade tmplants! Moreover, around 800 AD, a
stone implant was first prepared and pluced in the mandible in
the early Honduran culture [1].

From Rocks to Roosters- Early Implants Emerge

In the middle of the 1600's peniodontally compromised
teeth were stabilized in Europe with various substances.

*Address cornsspomdence to this author 3t the Texas A and M University
Health Science Center, Baylor Coliege of Dentistry, Department of Perio-
dontes, 3302 Gaston Avenwe, Room 142, Dallas, Texas, 75246;

Tel: 214-828-8467; Fax: 214-874-4563; E-mail: @hed tamhse edu

1§74-2106/14
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From the 1500's to about the 1800y, teeth in Europe were
collected from the underprivileged or from cadavers for the
use of allotransplantation. During this period, Dr. John
Hunter came on to the scene; for many years he worked with
“resurrectionists"-people who scquired corpses underhand-
edly through the robbing of graves. By doing so, he was able
to observe and document with great detasl the anatomy of the
mouth and jaw, [n the 1700%s, Dr. Hunter suggested trans-
planting teeth from one human to another; his experiment
involved the impluntation of un incompletely developed
tooth into the comb of a rooster. He observed an extraordi-
nary und astonishing event: the tooth became firmly embed-
ded in the comb of the rooster and the blood vessels of the
rooster grew straight mto the pulp of the woth [1, 2. In
1809, J. Maggiolo inserted u gold implant tube into a fresh
extraction site. This site was allowed to heal and then a
crown was later added; unfortunately, there was extensive
inflammation of the gingiva which followed the procedure
[1, 3], [nnumerable substances during this time period were
used us implants; these mncluded stlver capsules, corrugated
porcelain, and iridium tubes [1, 3]

Brothers Strock to Building Spirals

Dr. EJ Greenfield, in 1913, placed a “24-gauge hollow
latticed cylinder of iridio-platinum soldered with 24-karat
gold™ as an artificial root to “fit exactly the circular incision
made for it in the jaw-bone of the patient "[4]. In the 1930°s,
two brothers, Drs. Alvin und Moses Strock, experimented
with orthopedic screw fixtures made of Vitallium (chro-
mium-cobalt alloy). They carefully observed how physicians
successfully placed implants m the hip bone, so they im-
planted them in both humans and dogs to restore individual
teeth, The Vitallium screw provided anchorage and support
for replacement of the missing tooth. These brothers were
acknowledged for their work in selecting a biocompatible
metal to be used in the human dentition [5]. The Strock
brothers were also thought to be the first to place the first

2014 Bentham Open



§ Associated Branemark
Osseointegration Centers

Osseointegration Osseointegration Day

History

The discovery, development and clinical application in medicine and dentistry has been described and illustrated extensively in two
books by Elaine Williams-McClarence: A Matter of Balance (1992) and Close to the Edge — Branemark and the development of
Osseointegration ( 2003) and the book The Book On Osseointegration by Branemark et al.(2005), published by Quintessence books-
Berlin, Germany.

During vital microscopic studies in animal and man of blood as a mobile b
tissue, even in bone and marrow in animails, an optical titanium chamber was
used, being implanted. It turned out to be extremely difficult to remove for

further use. After several years, when | moved from Lund to Gothenburg

1959 working with orthopaedics and plastic surgery, came the possibility to

use the experimental findings in some clinical situations e.g. secondary

clefts, joint prostheses and limb prostheses. Later on tumour defects were

also considered in our international collaboration.

Because | was a counsellor for PhD students in different dental and medical
professions | could assemble a wide range of doctoral theses on tissue
reaction and healing, even in irradiated tissue. This also enabled me to see a
large number of patients with defects in various parts of their body.

| obtained in the late -50ies a maior research grant from NIH to study the formation and release of new formed erythrocytes into the
bone marrow sinusoids, which were my special interest. This made me relatively independent and also allowed requiring special
equipment.

~.P-|B Anatomen0001 At the department of plastic surgery in Gothenburg, Sweden there was a patient with a

eannndaru elaft uwiha lnet hie lmuar taath Qinca wa had ranairad mandihia and tikia

-60 -

Digital vs. conventional impression on implants



VNiVERSiDAD
P SALAMANCA

AJUSTE DE LAS ESTRUCTURAS METALICAS
COLADAS O FRESADAS

SOBRE IMPLANTES DE CONEXION
EXTERNA E INTERNA

Doctorando.: J. Raul Fernandez Encinas
Director........ Dr. Javier Montero Martin

Salamanca. noviembre de 2015,

-61-

Digital vs. conventional impression on implants



Implant Restorations:
A Step-by-Step Guide
2" Edition

Digital vs. conventional impression on implants

Chapter 1: Introduction to Implant Dentistry

INTRODUCTION

The successfdl, long-term clinical use of denml erdos-
secus IMplarts regues some ye of biologic atactment
of mplants 1o bore. In 1969 Braremark and othe's defined
this process as csseoniegration (Briremark and cthers
1977) This process has been subsequenty studied by
numerous authors and has come o identify the funcional
stanility of the
(Davies 1296). The hispiogy and biomechanics of osseo-
integration 1s beyond e scope of 1S tex; the reacer s
referred t0 other sources for further irformation and
inceased urderstandirg relatve to osseoimegration

Treatment of edentuioys or partally edentuious patents
with endossoous implants requires a muttidicipinary team
approach. This team generally consisis of an implan! sur-
geon, resioraiive gentist and dertal laboranry Bchnclan
Each team member needs io be aware that implant den-
tistry is 3 restoratve-deven service and tre Jtimate suc-
cess of molant treatment wil be measured, at least inpart.
by the aesthetic and functonal resuts as perceived by
pasanta Tho dosign of the prosthosis, whothor £ bo a Gin.
gle implant retainad crown or a full-arch prostesis. will
nave a maor ©N e Numoer. 5z, and POSoT of
the impani(s} tha! will be used in a particuar treatment
plan Treaiment panning for impiant dentistry must there-
fors bapin wth the resiorative phase prior 1o considaring
the surgical phases of reatment.

Brénermark and co-workers introduced a two-stage surgh-
calprotecal info Norih America in 1982 (Zart 1993). Numer-
ous, long-term cinical studies have proven the sfficacy of
fitanium. encosseous mplatis (Adell 1981 Sulivan and
Sherwood 2002. Fribero and Jemt 1801 Testori and Del
Fabbro 2002). Many clinicians now consider csseointegra-
tion of contal implants 1o be pradictable ard highly effac-
tive in solving clinical problems asscoiated with missing
teeit (Davarpanah and Martnez 2002|

PURPOSE OF TEXTBOOK

The pupose Of this lexitook |5 10 provide cincians
and dental labomtory technicians with a step-by-step
approach 1o the teatment of cetan types of edentulous
and partally edertulous patents with dental molants. Sx
lymso‘palismbmamsn‘aamred The treatments

with agr and nar
nia'hmg vmamva usnnsﬂnphrr surgeon camu.run—
tior ard on =

appointment basis. Implant components ae identified kzv
each specific appointment Laboratory procedures and
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wark crders are also mciuded. implant loading profocos
are discussad for each Paricuar Cate presention

The bologic and theoreticai aspecs of

am not raviewad o:-:uwcd-lmuszlna)y
immobée mplan's; absence of peri-mplant radolucencies
m asssssed by an undisioried rafograph, mean verfical
bone 0ss less than 02 mm armually afer the first year of
occiusal furcton absenceo! pan, discomson and nlection
(Smitty and Zart 1989 Cincal verfication of osseoirtegra-
tion can be difticult at best Some mmplans hat have been
considerad successh o the socond surgical orimpression
appairtmerts have subseguertly fafed onor ©© or affer
completion uf the prosthesc porbon of resmert Zad and
Schmitt (1990} have found hat “ate faiures” cocurmad 3.3%
of the sme » patients with mosty ecentuious mandibles.
Naert and Quirynen (1892) published a report that con-
t=ined data from partally edentuous patents, mendliae arg
mrandibios. Thoy roportod o fatses of 253 Lato fafures
ae |mportant o ciinicians and patients because of the

Cinicians fave muitiple mplart sysiems 1o choose from
Thers are smilsrites s SBeerces smorg systes,

3® implant Innouations me . Paim Boash Gardens. 2L
The author 's not a representatve of Impant InOVasions
Irc., ang purchased all T'e COMPONEnss Matl were used
The principes descrived in this t=xthook shoud be apoi-
cable 0 other molant mansfactsers
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Influence of Prosthesis Fit and
the Effect of a Luting System on
the Prosthetic Connection Preload:

oke D DDS, PhD"
An InVitro Study I Jgnce nac

Ignace Naert, DDS, PhD"

Purpose: It was the aim of this study to evaluate the efficiency of a luting technique that is
said to compensate for misfits of implant-supported prostheses by means of a combined
screw retained-luted fixation of the prostheses to the supporting abutments, Materials and
Methods: One three-unit prosthesis was made on cylindric abutments, and one was made
on conical abutments. Two more prostheses were made, one on the cylindric and one on
the conical abutments, with the luting system, The preload was measured in different it and
misfit situations, with and without the use of the luting system. The preload is a combination
of internal preload (positive axial forces), which is a clamping load that keeps the implant-
prosthesis components together, and external preload (axial forces and bending moments),
which is the result of a deformation of the implant-prosthesis complex during fixation
caused by prosthesis misfit. The external preload on the supporting abutments after screw
tightening the prostheses was used as an indicator for the quality of fit of the prostheses,
Results: The axial forces were lower and the bending moments were higher in cases of
mistit in comparison with the optimal fit situation, The luting system generally did not
decrease the rogistered external peeload. Except for ane test condition, even higher bending
moments were registered on the supporting abutments when the luting system was used.
Conclusion: For the prostheses evaluated in this study, the luting system was not effective in
reducing the extemal preload on the supporting implants caused by prosthesis misfit,
Although the luting system could compensate for visual misfit, it falled to really improve the

"HEHSNBNE 3H 1 WOHS NOISSINGSE NILUEM 1NOH UM WHOS ANV NI O3 LLIWSNVHL HO 030N00Hd3H38

AVW 3001V SIHL 20 1HVd ON ATNO 38N TWNOSH34 O1 Q31 NHISHE 81 INSIWNOOO SIHL 20 DNLINHG ON 00 DNIHSNENG SIONISSIININD AE 2002 & IHORIAGOO

load conditions of the supporting implants. Int J Prosthodont 2002;15:389-396.

As soon as oral implants were introduced in
prosthodontics, methods were developed to
achieve an optimal prosthesis fit. The degree of mis-
fit between a prosthesis and its supporting implants
is a source of clinical concern because the inherent

“Pastdactoral Research Fellow, Department of Prosthetic Dentistry,
BIOMAT Research Group, School of Dentistry, Oral Pathology and
Maxillofacial Sutgery, Faculty of Medicine, Catholic University aof
Leuven, Belgium.

"Professor and Chals, Department of Prosthetic Dentistry, BIOMAT
Research Group, School of Deatistry, Oral Pathology and Maxillo-
facial Surgery, Faculty of Medicine, Cathofic University of Leuven,
Belgium

Reprint requests: Prof Dr |, Naert, Department of Prasthetic Dentis-
try, UZ St Raphatl, Kapucijnenvoer 31, B-3000 Leuven, Helglum,
Fax: 4+ 3216332309, o-mail; Ignace. Naert®@med kulpuven.ac be
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mobility of the periodontal ligament is lacking around
implants. Implants consequently cannot accommeo-
date a possible distortion of the implant-prosthesis
complex caused by misfit. This misfit has been sug-
gested as a reason for biologic’ * or mechanical” im-
plant complications. Nevertheless, several animal®”
and clinical®™ studies could not prove a correlation
between prosthesis misfit and biologic implant fail-
ure, thereby suggesting good biologic tolerance
against prosthesis misfit. One animal study even sug-
gested that misfit might stimulate bone growth.’®
On the other hand, there are indications that misfit
can lead to loosening or mechanical failure of im-
plant components.” This possible negative effect of
prosthesis misfit is due to the mechanical stress in the
implant-prosthesis complex, which builds up during

The Mternations! jourmal of Prosthodantics
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Z : ACCURACY OF TWO IMPRESSION TECHNIQUES

K. WITH ANGULATED IMPLANTS

" Heather ). Conrad, DMD, MS,* Igor J. Pesun, DMD, MS,* Ralph
DelLong, DDS, MS, PhD,‘ and James S. Hodges, PhD*
School of Dentistry and Minnesota Dental Research Center for
Biomaterials and Biomechanics, University of Minnesota,
Minneapolis, Minn; Faculty of Dentistry, University of Manitoba,
Winnipeg, Manitoba, Canada

Statement of problem. Accurate recording of implant locations is required so that definitive restorations are properly
supported and do not place additional stress on the implants. Angulated implants may result in inaccurate impres-
sions, and the impression technique may affect the accuracy of the definitive cast.

Purpose. The purpose of this study was to determine the effect the combined interaction of impression technigue,
implant angulation, and implant number has on the accuracy of implant definitive casts.

Material and methods. One definitive stone cast was fabricated for each of 6 expenmental groups and 1 control
group. All 7 definitive casts had 3 implants arranged in a triangular pattern creating a plane. In the § expenimental
groups, the center implant was perpendicular to the plane of the cast while the cuter implants had §, 10, or 15 de-
grees convergence towards or divergence away from the center implant. The control definitive cast had all 3 implants
parallel to each another and perpendicular to the plane of the cast. Five open tray and 5 closed tray addivon silicone
impressions were made of each definitive cast. Impressions were poured with type IV dental stone, and a fine tp
measuring stylus was used to record multiple axis (X-¥-Z) coordinates on the top surface of the implant hex and on
the cast base. Computer software was used to align the data sets and vector calculations determined the difference
in degrees between the implant angles in the definitive cast and the duplicate casts. Staustical analysis used repeated-
measures ANOVA (a=.05) with post-hoc tests of significant interactions.

Results. The angle errors for the closed and open tray impression technigues did not differ significantly (#-.22).
Implant angulations and implant numbers differed in average angle errors but not in any easily interpreted pattern
(P<.001). The combined interaction of impression technique, implant angulation, and implant number had no effect
on the accuracy of the duplicate casts compared to the definitive casts (P-.19).

Condlusions. The average angle errors for the closed and open tray impression techniques did not differ significantly.
There was no interpretable pattern of average angle errors in terms of implant angulation and implant number. The
magnitude of distortion was similar for all combinations of impression technique, implant angulation, and implant
number. (] Prosthet Dent 2007; 97: 349-356)

Supported by the Tyiman Grant from The American Academy of Fixed Prosthodontics; awarded first place in Tylman Research
Award competition.

Presented at the 56th Annual Meeting of the American Academy of Fxed Prosthodontics, February 2007, Chicago, liL

*Assistant Professor, Division of Prosthodontics, Department of Restorative Scences, School of Dentistry, Unwersity of Minnesota.
“Associate Professor and Department Head, Department of Restorative Dentistry, Faculty of Dentistry, University of Manmoba.
“Professor, Chair Department of Restorative Sciences, and Director, Minnesotz Dentzl Resezrch Canter for Biomarenals and Bio-
mechanics, University of Minnesota.

JAsscciate Professor, Division of Biostatistics, School of Public Health, University of Minnesotz.
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Shark fin test and impression quality: A correlation analysis
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Obpectisns. To evaluste the corred b the shatk fin test and the dimensional
accuracy of impressions, surface detail reproduction of impressions and rheological proper-
ties of impression materials within the o s rec ded working time.

Methods: Tour ¢h Ly diffesent types of impression material (Flexitime: VPS; Fusion:
Polyether/VPS Siend: Impregany classical Polyether; P2 new Polyether) were subjected o
the shark fin test 35 well as three other test regimes. Dimensional scocuracy was determined
as being the discrepancy in dameter between & steel master cone and stone dies poured
from impressions taken from the steel master cone at defined 30 5 intervals after mixing
within the manufacturer's recommended workcng tSme Surface detail reproduction was
calculated as being the differsnce in avesage arithmetic roughness (R ) between a ground
dentin surface and the cormesponding ares of the impressions, tEicen 3t the same 305
intervals Phase angie and storage medulus were vd using = jonal th 2
Spearman'’s o was wsed for correlution analysis
Resuits: With respect 1o the majority of impression materials used, signiSicant correlations
mainly exist betwoen shark Sn tost data, phase angic and storage modulus. No correlaton
was found between the results of the shark fin test versus dimensional accuracy, respec-
tively, surface detai] reproduction.
Cancit Results obtsined from the shark fin test within the manufactures’s recom-
mended woriing time do not alow predictions regarding the dimensional accuracy or
surface detail reproducton of imn as cl Ly re i characteristics.
2006 Esevier Lad. All rights reserved.

1. Introduction

articies ™~ the SFT was used o compare the flow properties of

Thesharkfin test (SF'T) was developed by 3IM ESPE” several years
ago as & simulated application of impression material” for
illustrating the flow properties of its Polyether product
Impregum during impression taking"“ in 3 couple of interna-
tional conference contributions (IADR: 1997, 20042006, AADR.

* Corresponding author. Tel: +49 641 9946 144, fax: +49 641 3545 139

different impression mazenals. However, = medline datzbase
search using the terms “shark fin" and “shark fin test”,
respectively, revezled no hit in peer-reviewed Iiterature.
as well as the marketing brochures” of 3M ESPE, the SIT is

E-mail address: markus. baltenhol@dentist med uni-glessen de O Salkenbol)
" Impression Materials Update: Studies show clinical advantages in using insovative “soft™ polyether vinyl polysil Leafler

3M ESPE 2004.
¢ nttp//www.hellmann comy/spocight ofm [homepage on the

} Sclation Spotiight! fundated 15 August 20061

9 1mpregur. Technical Product Profile 30 ISPE No. 7020054733401 (01.05)
0300-5712/$ - see front matter ) 2006 Elsevier Lid. All rights reserved

doi:10.1016/} jdent. 2006.11.009
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Abstract

The purpose of this article is 10 review impression materials used for fabricating fixed
restorations in dentistry. Their compositions, propertics, advantages, and disadvantages
wre presented and compared. How these properties influence clinical decisions is also
described. This review helps the clinician choose which material is more suitable for a
specific case. A broad search of the published literature was performed using Medline to
identify pertinent current anticles. Textbooks, the Internet, and manufacturers' literature
were also used 10 supplement this information. It is limited to impression materials
used in fixed prosthodontics. The review gives basic kmowledge of ideal impression
material propertics and discusses traditional end, primarily, more recently developed
products, such 2s polyethers, poly(vinyl siloxane), polysulfides, and condensation
silicone materials. Clear advantages and disadvantages for these impression materials
are provided along with the role that compositional variations have on the outcome
of the impression. This should enable clinicizns and technicians to easily identify the
important physical properties of cach type of impression material and their primary
clinical indications,

The success rate of prosthetic tusks relies on several factors
including dimensionzl accuracy, detail reproduction of impees-
sions, and the corresponding models from which & restorstion
can be manufactured in the labortory.” This success rate is im-
periled when one looks at clinical studies. Impression making is
&n important step to get & perfect cast, as the aim of an impres-
sion is to produce a dimensionally stable “negative”™ to serve as
the cast mold. To attain this goal, many impression matenials arc
suitable for use. Thcmamalsshouldmpodmﬁhm-d
oral structures accurately for an optimum cast.” The exactitude
of the final restorations depends greatly on the impression ma-
terials and techniques used. In face, the accurate reproduction
of preparation margins in an impression is a necessary require-
ment for achieving good marginal quality. ln\'mo.thexmrpml
precision of a dental restoration is 50 um or average.™" This
margin is the sum of all relative and absolute crrors sccum-
tated throughout the process, starting from the impression until
the restoration is finally produced. It is therefore important to
have a minimal error rate in cach stage to reduce the cumulative
cffect of all the steps (e.g., using a CADVCAM system). Despite
rapid technical progress in the CAD/CAM field, conventional
impresstons are still required for transporting information from
the dentist to the dentzl laboratory. CADVCAM systems {such
as Procera, Everest Kavo, Lava 3M) scan the finish line from

the master cast made of gypsum. In the future, intraoral chair-
side scanners (c.g., the CEREC-Sirona dental systems) might
replace the need for making impressions. Digital impressions
will be sent to the laboratory where the technician will digi-
tally cut 2nd mark the margins, thus eliminating the impression

sip.

Unzil this technical skill becomes a common procedure, the
use of conventional impressions is still the gold standard for
dentists. To be accurate, these impressions need good impres-
sion matenals.

The aim of this review s 10 give a detailed overview of all
sppropriate dental impression materials for fixed prosthodon-
tes. An emphasis on clinical implications in relation to their
propertics will also be given.

Brief history of dental impression
materials

Ir the 1950s and 1960s, hydrocalloids were the preferred im-
pression materials. Since the introduction of hydrocolloids in
the mid-1930s, the impression of undercuts became possible.
Ir the 1950s, polysulfides and condensation reaction silicones
(C-type silicones) were used relizbly in fixed prosthodontics.

Jourmal of Proatnodonncs 20 2011] 1534160 © 2011 by Tre Amaercan Colege of Soxsocoroees 153
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detail of four polyvinyl siloxane duplicating materials
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Dimensional stability

SEM investigation

ADSTRACT

Objectives: Duplicating materials must routinely acct ly reproduce the detalls of dental
cants and thus contribute significantly to the close adaptation and sucoes of & removable
prosthesis or fixed indirect restoration. It is important 1o establish the long term dimen.
sional stabllity of polyvinyl siloxane materials (PVS) as they are widely used in dental
technology and over the duration of a course of treatment, are stored under dental
laboratory conditions. The dimensional stability of four PVS duplicating materials was
investigated over & 13-week period
Materials and methods: Forty PVS duplicate moulds of a partially dentate maxillary arch were
produced from four materials (Elite double 8, Gemind transparent, C & | pourable silicone and
Z Dupe). Three dimensions were measured in triplicate at baseline 1,5, 9 and 13 weeks using
computerised image analysis, Half of the specimens were measured following storage
room temperature (21 & 2°C) and half at 37 °C to rep ge in hot ch Speci-
mens for scanning electron microscopy were prepared by duplicating & rugesity standard.
Results: At room temperature two materials Elite Double § and Z Dupe showed no statis-
tically significant dimensional change, the other two materials showed a slight increase of
dimensions. Specimens stored at 37 'C showed greater differences in dimensions with Z
Dupe showing statistically significant shrinkage SEM investigation showed no surface
eterioration of two material
Conclusions: None of the materials showed a change in dimension greater than 2% and the
four PVS materials showed gocd dimensional stability over the time period of the study.
2008 Elsevier Led. All rights reserved

1. Introduction

use is for final processing of acrylic elements onto a frame-
work. During the construction of indirect restorations in fixed

Accurate duplicates of dental models are required for
diagnosis, planning and successful completion of restorative
treatment. Duplicating materiais are used to form laboratory
impressions of a master cast to fabricate duplicate models to
be used during the course of prosthodontic treatment. In
removable prosthodentics duplicate models serve muitiple
purposes. One of these is as a refractory cast onto which the
wax pattern of a metal framework can be iaid down. A second

prosthodontics, dupiicate casts are used for the production of
Iaboratory constructed provisional restorations and diagnos-
tic wax ups. Duplicating materials must routinely accurately
reproduce the details of the master cast and thus contribute
significantly to the uitimate close adaptation and successof a
removable prosthesis or any fixed indirect restoration.
Traditional agar duplicating materials require purpose
developed equipment, are time consuming to use and can only

* Carresponding author at: Department of Prosthodontics, Floor 25, Guys Tower, Guys Hospital, London SE1 9RT, United Kingdom

Tel.: +44 20 7188 1856, fax: +44 20 7188 1606.
E-mail address: david radford@kel ac.uk (D.R. Radford).

0300-5712/% - see front matter i 2008 Zlsevier Ltd. All rights reserved.

doi:10.1016/.jéent 2008.03.003
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Trends in Elastomeric
Impression Materials

R G CRAIG « Z SUN

SUMMARY

In the past three years more addition silicones
have been supplicd as bydrophilic materials and
heavier viscositics have been provided in automatic
mixing cartridges. Also, a  polycther is now
supplied in an autematic mixing system, There has
heen an increasc in the number of products avail-
able as monephase or single viscosity systems. Both
addition siliconcs and polyethers are nvailuble as
bite registration materials,

INTRODUCTION

Reviews of the four general types of elustomenie
impression materials and commercial products were
reported by Craig (1986), and Craig, Urquiola, and Liu
(19%0). More recently Farah and Powers (1989, 1992)
reviewed and qualitatively ranked crown and bridge
impression matenials and bite registration materials;
the present review mainly was based on data presented
in the 1992 paper. Also recently, Kim, Craig, and Koran
(1992) reported on the viscosity of five monophase
addition silicones as a function of shear rate.

University of Michigan, School of Dentistry,
Biologic nnd Muaterials Sciences, Ann Arbor, M1
481091078

Robert G Craig, PhD, professor emeritus

Zhilin Sun, visiting assistaat professor

Digital vs. conventional impression on implants

Since the earlier reviews by Craig (1986) and Craig
and others (1990), the folfowing trends in clastomeric
impression materials have occurred; (1) more addi-
tion silicone products are now supplicd as hydro-
philic matenials, (2) automatic mixing has been
extended from low and medium to high ond cven
putty comsistencies, (3) more monophase, or single
consistency, addition silicone impression materials
are available, (4) putty impression materials are being
supplied as soft as well as regular products, (5) auto-
matic mixing has been extended to polyether materials,
and (6) addition silicones and polycthers have found
increased application as bite registration materiale
and ore availabic as hand and automatic mixing
tvpes

It is the purpese of this paper to present
quantitatively the propertics of the newer products
not reviewed earlier by Craig (1986) and Craig and
others (1990) but reported qualitatively by Farash and
Powers (1992).

METHODS AND MATERIALS

The products mncluded n this review are listed n
Table | along with the manufacturcr, consistency
type, type of mixing, batch number, and type of
impression materinl. The bite registration materinls
evaluated are listed tin Table 2, which also lists their
manufacturer, type of materinl, type of mixing, and
their batch number,

Table 1 lists & number of manufacturers that
produce hydrophilic addition stlicones since the
introduction of the first hydrophilic material, Express
by 3M. There initially was some concern that adding
a surfactant to the silicone would decrease its shelf
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IMPLANT DENTISTRY « SUMMER 1994

dJemt T. Implant treatment in elderly pa-
tients. Int J Prosthodont 1993;6:456-461.

Bradvik .rsbm !‘l’wlnciu. oo
rudv A of ng
tapered tranafor impression copings in two
elastomeric improssion materials. Int J
Prosthodont 1993;6:377-383,

Oesterle LJ, Cronin RJ, Ranly DM,
Maxillary implants and the growing pa-
tient. Int J Oral Maxillofac Implants
1993;8:377-387,
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Hydrophilic Poly(Vinyl
Siloxane) Impression
Materials: Dimensional
Accuracy, Wettability, and
Effect on Gypsum
Hardness

Rose Marie Jones, DDS, MSD**
Charles Goodacre, DDS, MSD*"*
B. Keith Moore, PhD*****

Chulalongkorn University and
Indiana University School of Dentistry

Three hydrophilic poly(vinyl siloxane) impression materials,
containing an intrinsic surfactant, were compared with a
hydrophobic poly(vinyl siloxane) and a polyether impression
material. The hydrophobic poly(vinyl siloxane) material was
dimensionally more accurate than the hydrophilic poly(vinyl
siloxanes) in two of three measured dimensions, but the
difference was small. The polyether material was the most
wettable, and the hydrophilic poly(vinyl siloxanes) were more
wettable than the hydrophobic poly(vinyl siloxane).
However, when a topical surfactant was used, no difference
in wettability was noted between the hydrophilic apd
hydrophobic poly(vinyl siloxanes), and their wettability was
comparable to the polyether material, indicating that the
topical surfactant was more efiective than the intrinsic

surfactants, Stone dies made from the hydrophobic
siloxane) material were harder than those obtained

y{vinyl
m the

other materials. int | Prosthodont 1991,4:240-248.

W hen poly(vinyl siloxane) impression materials
were introduced, many desirable properties
were noted; however, it was apparent that their
hydrophobic nature could result in gypsum dies and
casts with surface voids. To improve wettability,
topical surfactants have been applied to impression
surfaces prior to introducing gypsum materials. An
extensive study by McCormick et al' compared the
wettability of 65 impression material brands when
water or two commercially available surfactants

“Instructor, Department of Prosthodontics, Faculty of Den-
tistry, Chulalorighorn University, Bangkok, Thailland.
**Assistant Professor, Department of Prosthodontics, indiana
University School of Dentistry.
***Associate Professor and Chairman. Department of Pros-
thodontics, Indiana University School of Dentistry.
****Associte Professor, Department of Prosthodontics, Indi-
ana University School of Dentistry.
***=*Professor, Department of Dental Materiaks, Indizna Uni-
versity School of Dentistry.

Reprint requests: Dr Rose Marie Jones, Department of Pros-
thodontics, Indiana University School of Dentistey, 1121 W
Michigan Street, Indianapolis, Indiany 46202

The tnternational lournal of Prosthodontics i240 volume 8, *
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were topically applied to the impression surface.
The two commercial surfactants improved the wet-
tability of most of the polyivinyl siloxane) materials.
Polyether impression materials were found to be the
most wettable when water was used as the surfac-
tant, but there was no predictable impeovement in
wettability when the commercial surfactants were
used, These data support the work by Lomren et al?
who showed polyether impression materials to be
the most wettable when compared to silicone or
polysulfide. The polyether materials produced spec-
imens with the lowest contact angles and fewest
bubbles. Lacy et 3’ tested several topical surfactants
and found two that improved the wettability of poly-
ether but none that improved the wettability of the
polysulfide or condensation-reaction silicones. In
that study, the topical surfactants were applied and
the impressions were then rinsed with water and air
dried. Norling and Reisbick® found a significant
reduction in the number of air voids in dental stone
when surfactants were incorporated into the base
material of polysulfide and condensation-reaction
silicone impression materials prior 1o mixing.
Hydrophilic polylvinyl siloxanel impre<sion mate-

L. e L ———
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Dimensional accuracy and surface detail reproduction of two hydrophilic
vinyl polysiloxane impression materials tested under dry, moist, and wet

conditions

Cynthia S, Petrie, DDS, MS," Mary P, Walset, DDS, PhD,” Aisling M. O’Mahony, BDS, DDS,
MS,* and Paulette Spencer, DDS, PhD?

School of Dentistry, University of Missouri-Kansas City, Kansas City, Mo; St James’s Hospital,
Dublin, lreland

Statement of problem. A major limitation of vinyl polysiloxane (VPS) impresdon materials b their hydro-
phobicity. There are 2 aspects to this problem, the wettability of the polymerized impresmion by dental gypsum
materials and the ability of the unpolymerized material to wet intraoral tiwues. To addrew this problem,
manutacturers have added surfactants and labeled the new products as indreplelic minyd pubusiaxans.

Purpose. The purpose of this investigation wax to compare dimensional accuracy and surface detail reproduc
thon of 2 hydrophilic VPS impression materials, when used under dry, moist, and wet conditions.

Material and methods. A wral of 102 impressions were made of stainbews stee! mesal dies similar 10 those
described in American Dental Association (ADA) specitication 19. The dies had 2 vertical and 3 horizonzal lines
inscribed on their superior surfices. Impressions were made under dry, moist, and wet conditions. Dimensional
accuracy was measured by comparing the average length of the middle honizontal line in cach impeession to the
same line on the metal dic, by use of 2 measuring microscope with an accuracy of 0.001 mm. A 2-way analysis of
variance and least significant difference post hoc test were used to compare mean dimensional changes (a=.05).
Surface detail reproduction was evaluated in 2 ways: (1) by use of criteria similar to ADA specification 19 for detail
reproduction, continuous replication of at least 2 of the 3 horizontal lines, and (2} by use of 2 method developed
tor this study that categorized the impressions as satisfactory or unsatisfactory based on their surface character-
istics: presence of pits, voids, or roughness. Peasson y° (a=.05) was used to compare detail reproduction sesuits.
Results, Conditions (dry, moist, and wet) did not cause significant adverse cffects on the dimensional
accuracy of either material. The mean dimensional change and SD were 0.005% = 0.002% or less. With both
surface detail analyses, dry, moist, and wet conditions had a significant effect on the detail reproduction of
both materials ( P<.,05). Only under dry conditions did both impression matenials continuously replicate at
least 2 of the 3 horizontal lines 100% of the time. Under moist conditions, 82% of the Aguasil impressions
and 100% of the Reprosil impressions were judged satisfactory, while under wet conditions, only 47% Aguasil
and 11% Reprosil impressions were satisfactory. With the additional surface detail characierization, oaly
under dry conditions were impressions produced with clinically acceptable surface quality (Aquasii 77% and
Reprosil 100% satsfactory).

Conclusions. Dimensional accuracy of both marerials tested was well within ADA standards. Best surface detail
results were obtained only under dry conditions for both materials. (] Prosther Dent 2003,90:365-72.)

CLINICAL IMPLICATIONS

Alshough the 2 impression mazerials ressed in this in vitrs ixvestiganion are advertieed as
performed reliably only under dry conditions. Under moist and wer condstions, boch marersals
performed inconsistensly. These resuwlts suggess thas wien tiese material are weed, woisture
conerol remains & vital factor for predsctable scees.

Funded in part by the Rinehart Foundation, University of Missouri-
Kansas City School of Dentistry.
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Master Cast Accuracy in Single-Tooth Implant
Replacement Cases: An In Vitro Comparison.
A Technical Note

Paolo Vigolo, Dr Odont, MSeD'/Fulvio Fonzi, CDT?/Zeina Majzoub, DCD, DMD, MScD/
Giampiero Cordioll, MD, DDS*

Purpose: This In vitro study evaluated the accuracy of master casts obtained by using (1) copings mod
ified by sandbiasting and coating their roughened surfaces with impeession adhesive before final
Impression procedures and (2) gold machined UCLA abutments as impression copings In final impres-
slon procedures for singletooth implant replacement cases. Materlals and Methods: A polymeric
resin model with a standard single implant was used to simulate a clinical sttustion. A group of 20
Impressions were made using square impression copings sandblasted (o roughen thekr extemal sur
faces at a supragingival level and then coated with impregum polyether aghesive; 8 second group of
20 improssions were made using gold machined UCLA abutments as impression copings. The
castable part of the UCLA abutments was secured with resin to the gold machined section of the UCLA
abutment to prevent movement of the castabie part tseif on the gold machined portion cduring the
Iimpression procedures; the castable portion of the UCLA was aiso coated with the impregum polyother
adhesive to improve the stabiity of the gold machined UCLA adutment inside the impression materniai.
Master casts fabricated for both groups were analyzed 10 detect rotational position change of the
hexagon on the implant replicas in the master casts with reference (o the resin model Resuits: The
rotational position changes of the hexagon an impiant repiicas were significantly less variabie in the
master casts oblained using gold machined UCLA abutments as impression copings than in the mas-
ter casts achieved with the roughened square Impression copings. Discussion: Improved precision of
the Impression was achieved when the goid machined UCLA abutments were used as impression cop
ings. Concluslon: This report suggests that using goid machined UCLA abutments as impression cop-
Ings in the final Impression procedures can enable the clinician 1o achieve 3 more Sccurate orientation
of the implant replicas in the faboratory master casts for single-tooth implant replacement cases. InT J
OraL MaxcLoeac IveLants 2005;20:455-460

Key words: dental impiants, impfant abutments, master casts, single tooth repiacement

ansfer of the exact position and orientation of
implants to the working cast is particularly impor-
tant in implant restorative procedures.” > When a
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multiple-abutment restoration is fabricated, the
pickup impression copings can be joined together
with acrylic resin or composite to stabilize them
within the impression material. Similar procedures
are not applicable for single-tooth replacement,
which may imply that minor movements of the
impression coping retained inside the impression
material can occur during all the procedural transfers
which lead to the master cast. As a result, transfer of
the exact position of the implant with its hexagonal
head to the working cast may be tri-dimensionally
inaccurate. This inaccuracy can lead to the fabrica-
tion of a definitive singie-tooth crown that, clinically,
may present occlusal and/or interproximal contacts
dissimilar from those achieved by the technician on
the working casts.
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In Vitro Implant Impression Accuracy Using a
New Photopolymerizing SDR Splinting Material

Adolfo Di Fiore, DDS;*" Roberto Meneghello, MSc, Eng, PhD;* Gianpaolo Savio, MSc, Eng, PhD;’
Stefano Sivolella, DDS;' Joannis Katsoulis, PD Dr. Med. Dent., MAS;** " Edoardo Stellini, DDS"

ABSTRACT

Purpose: The study aims to evaluate three-dimensionally (3D) the accuracy of implant impressions using 2 new resin
splinting material, “Smart Dentin Replacement” (SDR).

Materials and Methods: A titanium model of an edentulous mandible with six implant analogues was used a3 2 master
model and its dimensions measured with a coordinate messuring machine. Before the total 60 impressions were taken
(open tray, screw-retained abutments, vinyl polysiloxane), they were divided in four groups: A (test): copings pick-up
splinted with dental floss and fotopolymerizing SDR; B (test): see A, additionally sectioned and splinted again with SDR;
C (control): copings pick-up splinted with dental floss and autopolymerizing Duralay® (Reliance Dental Mfg. Co., Alsip, [L,
USA) acrylic resin; and D (control): see C, additionally sectioned and splinted again with Duralsy. The impressions were
measured directly with an optomechanical coordinate measuring machine and analyzed with a computer-aided design
{CAD) geometric modeling software. The Wilcoxon matched- pair signed-rank test was used to compare groups.
Results: While there was no difference (p = .430) between the mean 3D deviations of the test groups A (17.5um) and B
{17.4 um), they both showed statistically significant differences (p < .003) compared with both control groups (C 25.0 pm,
D 19. pm).

Conclusions: Conventional impression techniques for edentulous jaws with multiple implants are highly accurate using the
new fotopolymerizing splinting material SDR. Sectioning and rejoining of the SDR splinting had no impact on the
impression accuracy.

KEY WORDS: accuracy, edentulous jaw, implant impression technigue, impression copings, passive fit, splinting material
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INTRODUCTION

The accuracy is an important factor for the success and
survival of an implant-retained prosthesis. The precise
transfer of the three-dimensional (3D) intraoral implant
relationship to the master cast is a critical step to achieve
a passive fit."" The insufficient accuracy during the
impression-making technique and/or manual steps
during prosthesis fabrication may lead to misfit of the
prosthesis and subsequent to technical, mechanical, and
biological complication such as ocdusal discrepances
screw or abutment loosening, fracture of the pros-
thetic components, implant fractures, and loss of
osseointegration ™ Differently from natural teeth,
to compensate any inaccuracy of implant-retained pros-
thesic® Inaccurate frameworks of implant-retained
prosthesis can cause stress at the implant/bone interface,
plaque accumulation, affecting soft and/or hard tissues

-78 -



1 Mater Sci: Mater Med (2016)27:118
DOL 10.1007/510836-016-5731 4

Polyetheretherketone (PEEK) for medical applications

Ivan Viadislavoy Panayotov' - Valérie Orti' + Frédéric Cuisinier' -
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Abstract Polyetheretherketone (PEEK) iy & polywromatic
semi-crystalline thermoplustic polymer with mechanical
properties  favoruble  for  bio-medical  applications.
Polyetheretherketone forms: PEEK-LTI, PEEK-LT2, and
PEEK-LT3 have already been applied in different surgical
fields: spine surgery, orthopedic surgery, maxillo-facial
surgery ete. Syathesis of PEEK composites broadens the
physicochemical and mechanical properties of PEEK
materials. To improve their osteoinductive and antimicro-
bial capabilities, different types of functionalization of
PEEK surfaces and changes in PEEK structure were pro-
posed. PEEK based materials are becoming an important
group of biomaterials used for bone and cartilage
replacement as well as in a large number of diverse med-
ical fields. The current paper describes the structural
changes and the surface functionalization of PEEK mate-
rials and their most common biomedical applications. The
possibility to use these materials in 3D printing process
could increase the scientific interest and their future
development as well.
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Published onling: 03 June 2016

1 Introduction

Polyetheretherketone  (PEEK) is a polyaromatic semi
crystalline thermoplastic polymer with chemical formula
(~CeHi~O-CH4~O0-CsH4-CO-),, [1). PEEK was com-
mercialized for the industry in the 1980s [2). It was pro-
posed as a material for biomedical application in 1998 by
Invibio Lid, (Thomton-Cleveleys, UK). In the same year
Victrex PEEK business (Imperial Chemical Industry,
London UK) launched PEEK-OPTIMA for long-term
implantable apphcations (2, 3]. Describing the properties of
PEEK-optima LT1 materials we should differentiate the
unfilled PEEK biomaterial from PEEK-composites.
Implants based on the PEEK composites have been devel-
oped as an alternative to conveational metallic or ceramuc
devices [4]. PEEK-LT! can contain varying amounts of
bioactive materials like hydroxyapatite (HA) and B-trical-
cium phosphate. PEEK polymer devices were first reported
for fracture fixation, using carbon reinforcement in o PEEK
matrix [5). All structural changes in PEEK materials ane
developed to increase their biomechanical and biological
properties. Today the medical application of PEEK materials
is common in several surgical fields. One possible classifi-
cation based on clinical application of PEEK matenials i.e.
PEEK based implants is presented below.

1.1 Clinical classification of PEEK implants

(1) PEEK for bone replacement-maxillo-facial and cra-
nial implants.

(2) PEEK for spine surgery-spinal cages.

(3) PEEK for orthopedic surgery.

(2) for bone and hip-replacement-articulation
implants.

€ springer
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One clinical visit for a multiple implant restoration master cast fabrication

Souhell Hussaini, BDS, MS,* and Tanya Wong, DDS*
Dental School, University of Medicine and Dentistey of New Jersey, Newark, N.J.

The making of a one-picce, long-span, implant-supported prosthesis with conventional procedures
frequently has difficulties associated with the accuracy of fit, This article presents a clinical and
laboratory procedure for making an accurate implant working cast that facilitates fabeication of the
casting on the master cast, The procedure demonstrates the process of sectioning and rejoining of
the resin between the tranafer copings and then pouring the impression by fiest joining the analogs
alone with impression plaster, sectioning it, and refoining it again to stabilize the analogs, and
finally, using dental stone to pour the impression. Clinical, radiographic, and laboratory (optical

microscope) measurements for one clinical implant restoration conflem the aceuracy of fit of this

one prosthesis made with this proced Its ad

ge Is that it can allow fabrication of the final

casting on the cast, thereby eliminating the clinical time necessary to obtain repetitive solder
Indexes, and thus minimizing inconvenience to the patient. (J Prosther Dent 1997, 78:550.3.)

A Implant dentistry continues to evolve, (tis more
widely recognized that implant restorations require dif
ferent procedures compared with traditional crown and
bridge prosthodontics. * In particular, when restoring
multiple unit implant-supported restorations,
presoldering (metal framework only) or postsoldering
(after porcelain application) procedures are required

because of erron in the transfer of the relationship of

the implants to the working cast, Errors that result from
the transfer of implant position during the impression
procedures often make it necessary to section and sol
der metal frameworks repeatedly.' ™ This problem is
particularly important with implant-supported prosthe-
sls because, i contrast to natural teeth where the peri
odontal ligament allows tooth movement of 28 pm* in a
vertical direction, and in a horzontal dicection 56 1o 73 pm
in posterior teeth and 69 to 108 pm in anterdor inclsor teeth,”
an implant can only move 2 10 3 um® vertcally and 12 1o
66 ym in a labiolingual direction, because of lack of a pen-
odontal ligament.*” Thus the relational gecuracy of the im-
plant-supported restoration to adjacent implant abutments
it be greater. Because of this, the inaccuracy of the cast-
ing in an implant-supported prosthesis with the conventional
lost wax casting procedures to cast one-picce, full-arch
implant frameworks is both imprecise and inaccurate
as judged against the passive fit requirement * The con-
sequences of a lack of fitinclude micromovement that
may break the cement-implant attachment and, with
ascrewsin prosthesis, loosening of the coping serew.
When the prosthesis is loosened from the implant in-
terface, physiologic masticatory stresses are magni

Frosthodontic Resident and Graduate Student, Depariment of Pros
thodontics and omaterials

"Prosthodontie Revdent, Department of Prosthodantics and
Riarmatenals,
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fied at that interface and can result in displacement
or screw fracture. Theretore, to achieve a close fit of
the prosthesis to the implant, implant supported
crowms are made individually and soldered together
from intraoral transfers to minimize framework dis
tortion. " " There are two significant sources of error
in framework distortion: One is the shrinkage of the
resin material (curing contraction is 0.6% lincar)'* used
to join the implants impression coping at the time
the master impression is obtained, and the second is
cxpansion that takes place during setting of the den-
tal stone (type L, seeting expansion is 0.3%)"" used
for the master cast,

Phillips et al." studied the accuracy of implant im.
pressions obtained with three types of transfer copings,
tapered copings, square copings, and square copings
splinted with acrylic resin, He found that square and
square/resin coping techniques showed no significant
difference. However, Assif et al.'"* compared three im-
pression procedures relative to the accuracy in a labora-
tory cast. The first procedure used autopolymenzing
acrylic resin to spling the transfer copings. The second
involved splinting the transfer copings dicectly to an
acrylic resin custom tray. In the third, only impression
marerial was used to orient the transfer copings. The
procedure thae uses acrylic resin o splint transter copings
in the impression material was significantly moree acou-
rate than the two other procedures.

This report describes a chimical and laboratory proge:
dure for fabricating an accurate implant working case. It
uses the process of sectioning and rejoining of the resin
between the transfer copings and then the master cast is
made: pouring the impression by first, joining the ana-
logs alone with impression plaster (setting expansion is
0.06%)," sectioning the plaster connection, and rejoin-
ing it again to stabilize the analogs, then using stone for
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for practical implementation
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ABSTRACT

Purpose: The purpose of this review is t0 present 3 comprehensive review of the current
published Etersture investigating the various methods and techniques for scanning. de-
signing, and fabrication of CADVCAM generated restorations along with detalling the new
classifications of CAIVCAM technology.
Study seiection: | performaed 3 review of 3 PubMed using the following search terms "CADY
CAM, 3D printing, scanner digital imnpression, and rirconia”. The articies were screened for
further relevant investigations. The search was Emited to articles weitten in Znglish,
published from 2001 to 2015 In addition, 3 manusl search was also conducted through
articles and reference Lsts retrisved from the electronic search and peer-reviewed journals
Results: CAD/CAM technoiogy has adventages including digital impressions snd models,
and use of virtmal sruculatoss. Howewer, She implementation of this technology s stll
[- deted expensive and reg highly trained pessonnel Currently, the design software
has more applications including complete dentures and removable partial denture frame-
works. The accuracy of ressorstion Sbrication can be best attained with S axes miliing units.
ceramics and s limited 1o polymess. In the future optical irnpressions will be replaced with
ultr d impressions ssng ult ic waves, which have the capability to penetrate the
Corclusion: The coming trend for most practitioners will be the use of an scquisition camers
attached to 3 computer with the sppropriate software and the capability of forwarding the
image to the Rborasery

- 2016 japan Prosthod Society. Published by Zisevier Lud All rights reserved.
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Digital evaluation of the reproducibility of implant scanbody

fit—an in vitro study

Michael Stimmelmayr » Jan-Frederik Giith -
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Abstract Dental restorations are incressingly manufic-
tured by CAD/CAM systems. Currently, there are two
sltemnatives for digitizing dental implants; direct intra-
oral data capturing or indirect from a master cast, both
with transfer caps (scanbodies). The aim of this study
was the eveluation of the fit of the scanbodies and their
ability of reposition. At the site of the first molars and
canines, implants were placed bilaterally in a polymer
lower arch model (original model), and an impression
was taken for fabricating a stone cast (stone model). Ten
white-light scans were obtained from the original and the
stone model with the scanbodies in place. The scan-
bodies were retrieved after each scan and re-attached to
the same implant or lab analogue. The first scan of the
series served as control in both groups. The subsequent
nine scans and control were superimposed using inspec-
tion softwure to identify the discrepancies of the four
scanbodies in both experimental groups. The systematic
error of digitizing the models was 13 um for the polymer
and $ um for the stone model. The mean discrepuncy of
the scanbodies was 39 pum (+£58 um) on the original implants
versus |1 um (+17 pm) on the lab analogues. The difference
in scanbody discrepancy between original implants and lab
analogues was statistically significant (p<0.05, Mann-
Whitney U test). Scanbody discrepancy was higher on
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Digital vs. conventional impression on implants

original implants than on lab enslogues. Fit and reproduc-
ibility of the scanbodies on original implants should be
improved to achieve higher accurscy of implant-supported
CAD/CAM fubricuted restorations.

Keywords Implants - Scanbodies - CAD/CAM -
Impression - Model scunning

Introduction

High-precision transfer of the clinical situation into dental
luboratory is one of the crucial factors for highly accurste
prosthetics on natural tecth as well as dental implants. This
transfer includes the implant position as well as the inclination
[1, 2]. The absolute passive fit of the prosthodontics—the
declared goal of any rehabilitation—is, however, ruled
out by various sources of error [3]. For implant-supported
restorations, discrepancies are particularly detrimental
because of the rigid osseointegration of the implants,
Those discrepancies may lead to both mechanical and
biological complications. Stress-induced porcelain chip-
pings, screw loosenings and fractures of the screw,
sbutment, or e¢ven the implant, were reported [4-9]
Biological complications as mucositis, periimplantitis
[10-12], and implant loss caused by inappropriate loading
were discussed, too [13].

The precision of intra-oral impressions is one of the
most important factors to achieve a perfect fit [14]
Impression techniques and impression materials affect the
precision of intra-oral data transfer [15, 16]. Conventional
impressions are associated with transfer problems caused
by shrinkage, variable layer thickness or separation of the
impression material from the tray, and warping of the
impression [17]. Additional problems are caused by the

&) Springer
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ABSTRACT

Objectives: Thae basic prevegssite for the production of dental restorations by means of CADY
CAM technologies is the dats acquisition (digtization). Currently, two methods are avsil:
able, Le. the extracral digitization of master casts and the direct intracral data scquisition.
However, it seems o0 be beneficial to immediately digtize impressions directly at the dental
office in otder W0 combine the high precision of mechanical digitizing methods and 0
shorten the prodoction process.

The aim of thus sty was 1o investigate the measurement uncertainty (7o) and the
thrve dimensional accuracy of the immediste tactile in-office digitization of dental impres-
sions and of the mechanical digitizing of ceramic master dies using a high-precision touch-
probe digitize:

Methods: The experionental set-up consisted of ceramic master dies ropresenting tooth 13
and 36 as well &5 their sdenteesl virtusl modsls ({CAD models) Tifteen ons-stes putty-wash
impressions were taken from each tooth. The impressions as well as the ceramic master
dies were digitioed spplying 3 standardized procedure. The datasets were aligned to the
corresponding CAD models then a3 computer-gsided three-dimensional analysis was per-
formed.

Remuits: The digitizing of the dental impressions showed 3 messurement uncertainty of 5.8,
mean positive deviations between 27 and 28 pm, and mesn negative deviations between
~21 and -31.m The digitiring of the ceramic master dies showed 2 measurement
uncertzinty of 24 mean positive drviations between 7.7 and 2.1 pm, snd mean negative
doviations between -£5308 -88,m.

Comciusion: Mechanical digtizers show a very Jow measurement uncertainty and a high
precision. The immediste tactile in-office digitization of impressions cannot be recom-
mended as sadoguate data acgusition method for CADYCAM 1 3 It is rec G-
able to digitize clinical sites extraorally, ie after mking an impression and fabricating &
mode] cast thereo!

© 2007 Esevier L2 All nghts reserved

1. Introduction

factor, which has an influence on the fit of fixed restorations.
Currently, the data scquisition is either performed directly in

When using computer-zided technologies for the producton the patient’s mouth {ntraorzl] or indirectly after taking an
of dental restorations, the minimum requirements are o Impression and fabricating a master cast (extrzoral). Regard-
digitize the abutment teeth. The digitzingaccuracyisa major  Jess of the digitizing mode applied, clinical parameters, eg

* Corresponding author, Tel +45 731 500 64245; for <43 731 S00 S3205.
£-mail address: sebastian quaas@uniklinic-uim. de {S. Quaas)
0300-5712/S - see front matter {0 2007 Elsevier Ltd_ All rights reseryed

dok:10.1016/} jdent.2007.08.008
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ABSTRACT
Accuracy of merging scans of definitive fixed prosthodontic impressions to
obtain single, accurate digitized master casts
Ossama Raffa, BDS

Marquette University, 2020

Introduction: Many impressions sent to commercial laboratory dental technicians may
include marginal defects. In order to fabricate accurate restorations, digital technology may
be used to merge digital files of defective impressions into a single Standard Tesselation
Language (STL) file, free of errors.

Material and Methods: Ivorine teeth on a dentoform were prepared to receive a posterior
fixed dental prosthesis (FDP). A flawless impression was made in a sectional tray using
polyvinyl siloxane (PVS) impression material. An extraoral scanner was used to digitize
the impression; this was the reference cast. Wax was used to create defects on the buccal
and lingual margins of the preparations. Fifteen conventional sectional PVS impressions
were made of the FDP preparations. After impressions were made, the wax was removed,
and new defects were made on the mesial and distal margins of the preparations and an
additional 15 conventional sectional PVS impressions were made in the same fashion. All
impressions were digitized using the same extraoral scanner. For each pair of impressions,
2 STL files were created with the defects that had been incorporated on alternating
preparation margin surfaces. The 2 STL files were then merged and a master cast was
created by eliminating the defects using the scanned data. This master cast was compared
to the reference cast using a reverse engineering software. Positive errors were counted as
areas were the margins of the preparations on the master cast were raised in comparison to
the reference cast, while negative errors were counted as areas were the margins of the
preparations on the master cast were depressed in comparison to the reference cast.
Statistical analysis was done using Microsoft Excel 2016 (Microsoft, WA, USA).

Results: The mean average error in the sample was -0.4 um. The average upper limit of
95% confidence interval was 36.5 um, while the average lower limit of 95% confidence
interval was -37.3 um. The mean RMS of the errors found was 18.9 um.

Conclusions: Merging digitized definitive impressions to correct marginal defects resulted
in master casts with high level of accuracy relative to the standard reference.
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Recent advances in dental optics - Part I: 3D intraoral scanners
for restorative dentistry
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ARTICLE INFO ABSTRACT

17 1 Intra-oral wanning technoiogy = 2 very fast-growing Seid in & y since it responds to the need of an
accurate three-dinmensionsl muppeag of the mouth, 25 required in 2 large number of procedures such
a8 restorative dentistry and orthodomtics. Nowadays, more than 10 intra-oral scanning devices for
restorative dentistry have bees developed all over the world even if only some of those devices are

Keywurds:
Intraoral scanner
Digital dental imgressions

Triangulation curtently available on the market Al the existing intraoral scanners try o face with probiems and
Confocal ieicroscopy mdmeMmﬂmﬂnWQMW
Optical coberence wmograply wdmﬂqﬂnm‘ndlh‘pMuDMumtmmd
existing intraocal scanners for re dentistry © g their ing principles. f s and

performances.
© 2013 Blsevier Lad. All rights reserved.
1. Background ® the dentist captures the traditional impression by means of

Three-dimensional scanning of the mouth is required in a large
number of procedures in dentistry such as restorative dentistry
and orthodontics. The aim of the 3D mapping of the oral cavity &=
to create digital impressions.

Restorative dentistry is of course the main Seld that require the
application of very accurate 3D intraoral scanners. For the realiza-
tion of any dental prosthesis it is necessary to realize three-
dimensional mathematical models of the dentition, performing 2
reverse engineering procedure. Then the prosthesis can be realized
by means of CAD/CAM systems.

At present, according to the traditional work fiow, this procedure
starts at the dentist's office, and the steps icading to prosthesis’s
creation are as follows:

Aty AFL, dion frioge Y. AWS, Xlive wene-Suoer
sampling: CAD/CAM, computer aided ds ipoter aded facturing
CLSM ar LSOM, confocal Liser nin, y. HIPAA Dealih inscaaor

portability ané accountabiity act; LASER, light ampisfication by sSmulated
emission of radianon: LED, light eminting diode; MEMS. micyo slecoo-mechanical
systern. NA, numesical apemture: OCT, optical coberence tomography: ORL 45as
wavefront technologies file format: PLY, polygon file farmat or Standord tricngle
format: PMT, phoco-muiripiier tube; SLA, Stereo-Tithograghy. S/ or SN,
signal-to-noise ratho; USH, wniversal senal bus

* Corvesponding author. Tel.: +39 348 7342939,

E-maif add silileg@h leom (S Logoeral

disaberazanemPunipe it (EM. Zanetti), pordano fracceshimaPunipg it
(G, Franceschini ), ank@e=outufi (A Kipeld), somu mzlomen®esoute §
(A, Mikynen )

0143-8166/S - see front matter © 2013 Elsevier Lod All nights resecverd
horps)jdx.dol org/ 101016/ apthaseng. 2013.07.617

impression trays and impression materials;

® the dentist sends the impression tray to the dental laboratory;

@ the laboratory’s technician pours plaster inside the tray;

® after the hardening he scans the plaster model to have the 3D
virtual digital model of the full arch;

* the technician can design the prosthesis by means of CADJCAM
systems and send the Sie to a milling machine;

* the milling machine produces the prosthesis;

® the prosthesis is applied by the dentist and refined inside the
patient’s mouth to verify and adjust the occlusion.

Basically, the 3D digital mode! is used to design the prosthesis
and as an input 10 the program of the milling machine referring to
CADJCAM systems. [t can also be used to perform surgery simuia-
tans or to build plastic models of the teeth by means of rapid

technigues.

The whoie traditional process is often siow and affected by
process is very cheap, it is certainly bothering for the patient and,
at the present state of the art, definitively obsolete.

By means of devices here described, the dentist can scan the
teeth in vivo and be can directly create the virtual 3D model of the
denution. This allows bypassing the dental laboratory for 2 lot
of steps.

According to the state of the art, there are three kinds of
wockflows in restorative dentiscry. The traditional workflow has
been described above: it is the oidest and is iliustrated in Fig L.
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To overcome difficulties associated with conventional techniques, impressions with 10S (intraoral scanner) and CAD/CAM
{computer-aided design and manufacturing) technologies were developed for dental practice. The last decade has seen an
increasing number of optical 10S devices, and these are based on different technologies; the choice of whnch may impact on
dinical use. To allow informed choice before purchasing or renewing an I0S, this article summarizes first the technologies
currently used (light projection, distance object determination, and reconstruction). In the second section, the chinical
considerations of each strategy such as handling, learning curve, powdering, scanning paths, tracking, and mesh guality are
discussed. The last section is dedicated to the accuracy of files and of the intermaxillary relationship registered with [0S as
the rendering of files in the graphical user interface Is often misleading This overview leads to the conclusion that the
current IOS is adapted for a common practice, although differences exist between the technologies employed. An
important aspect highlighted in this review is the reduction in the volume of hardware which has led to an incresse in the

importance of software-based technologies.

1. Introduction

Since the eighteenth century, conventional impression tech-
niques have been used to register the three-dimensional geom-
etry of dental tissucs. Nevertheless, volumetric changes of
impression materials and cxpansion of dental stone seem
error-prone, and thus the process requires the services of an
excellent dental laboratory [1-3]. To overcome these difficul-
ties, impression with [0S (intraoral scanner) was developed
for dental practice {4]. The implementation of the 108 device
in dental practices coincided with the development of CAD/
CAM (computer-aided design and manufacturing) technology

in dentistry, with numerous advantages for practitioners. Now-
adays, 108 and CAD/CAM provide casier planning of treat-
ment, case acceptance, mmmunauon with laboratories,
reduced operative time, storage and reduced
treatment times [5-7]. The last decade has seen an increasing
number of optical 108, and these are based on different tech-
nologies; the choice of which may impact on dinical use [6].
To allow the practitioner to make an informed choice
before purchasing or renewing an [0S, this article is divided
in three distinct parts. The first presents the different technol-
ogies employed by the current 10S for the capture of image
and the generation of 2 digital file by the software, the second
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M. Zimmermannt, A. Mehl?, W. H. Mérmannt, S. Reich4

Intraoral scanning systems — a current overview
Intraoralscanner: eine aktuelle Ubersicht

Zusammenfassung

Innerhalb weniger Jahre hat sich das Angebot an intraora-
len optischen Abformsystemen deutiich vergroBert. Die
Mogichkeiten und das Potenzial der digitalen Abformung
mit intraoralen optschen Abformsystemen snd heutzutage
unumstritten. Zahlreiche innovationen sowie indikationser-
weiterungen in den Bereichen Kieferorthopadie und
Implantologie lassen die ntrzoralen Scansysteme als 2uBerst
vielversprechend und zukunftstrdchtig erscheinen. De digl-
tale Abformung mittels Intraoralscannern Ist der konventio-
nelen Abformtechn in manchen Punkten berets deutich
dberlegen. Die vielseitige Integration der digitalen Abfor-
mung in Diagnostik- und Therapiekonzepte im Rahmen
eines ,Healthcare-Pakets® fir den Patienten erscheint
besonders erwdhnenswert. So bleibt mit Spanaung zu
sehen, wann die digtale Abformung - 2hniich wie bereits
etablierte digitale Appikationen im alitiglichen Leben - ein
selbstverstindiicher Bestandtell der zahnantiichen und
zzhntechnischen Tatigkeit sein wird. Innerhalb des vorie-
genden Artikels wird eine Ubersicht dber die Vorteile und
Einschrénkungen der digitalen Abformung mit intrao-
ralscannern gegeben. Zudem liefert er eine Zusammenfas-
sung samtlicher heutzutage relevanter Intraoralscanner.

Schilsselworter: digitale Abformung, Intracralscanner,
Obersichit

Abstract

There 5 no doubt today about the possibiities and potential
of digital Impression-taking with the aid of intrzoral optical
Impression systems, and the past few years have seen & con-
siderable increase in the range of optical intraoral scanners
avaliable on the market. On the strength of numerous inno-
vations and a2 wider range of indications In orthodontics and
Implantology, intraorzl scanning systems appear to be a
highly promising development for the future. Digital impres-
sion-taking with intraoral scanners has already shown itself in
some respects to be clearly superor to conventional impres-
son-taking. Particularly worthy of menton is the versatile
integration of digital impressions into diagnostc and treat-
ment concepts to provide a customizable hea'thcare solution
for the patent. It remains excting to look forward to future
developments that will allow us to observe digtal impres-
sion-taking — as with other digital appications aiready estab-
lished in everyday life - becoming firmly established n the
routine of dentistry and dental technology. Ths article pres-
ents an overview of the benefits and Imitations of digita!
impression-taking using Intraora’ scanning systems, and
includes a summary of all the relevant intraoral scanners
avalzble on the market at present.

Keywords: digital Impression, intracral scanning, review

2 Dr. med. cent. Montz Zimmermann
b Prof. Dr. Dr. meg. dent. Albert Mehl
¢ Prof. Or. Dr mec dent, Weraer H. Mamann

Intemationd Jowrnal of Computenzed Dentrstry 2015;48(2): 101-129

Digital vs. conventional impression on implants

d Prol. Dr mec. dent. Sven Reich, Kiinik fe zahniirztiiche Peothetik
und Siomatenalien, Zentrum fir Impiantolegie, Unwversitit Aachen

2bisc Abteiung fir Computergestitzte Restaurative Zshnmedizin,
Zertrum fr Zahnmedizin, Universitdt Zirch, Schweiz

101

-87-



NTESSENCE 1IN

GENERALD

.

| /

Philipg Mdlles

Impact of digital intraoral scan strategies on the
impression accuracy using the TRIOS Pod scanner

Philipp Mdller, Dr med dent'/Andreas Ender, Dr med dent’/Tim Joda, Dr med dent. MSc'/

Joannis Xatsoulis, Prof Dr med dent, MAS’

Objectives: Littie information is avadable on the impact of
different scan strategies on the accuracy of full-arch scans with
Intracral scanners. The aim of this in-vitro study was 0 inves-
tigate the trueness and precision of full-arch maxillary digital
impressions comparing three scan srategies. Method and
Materials: Three scan strategies (A, B, and C were 2pplied
each five times on one single model (A, first buccal surfaces,
return from occlusal-palatal; B, first occlusal-palatal, return
buceal; € S-type one-way). The TRIOS Pod scanner (3shape,
Copenhagen, Denmark) with a color detector was used for
these digital impressions. A cast of a maxllary dentate jaw was
fabricated and scanned with an Industrial reference scanner.
This full-arch data record was digitally superimposed with
the test scans (trueness) and within-group comparison was

performed for each group (precision). The values within the
9010 percentiles from the digital superimposition were used
for caladation and group tomparisons with nonparametric
tests (ANOVA, post-hoc Bonferrond). Results: The trueness
[mean £+ standard deviation) was 17.9 £ 16.4 um for scan strat-
egy A 17.1 2137 um for B, and 268 £ 14.7 um for C without
statistically significant difference. The precision was lowest
for scan strategy A (35.0 £ 51.1 um) and significantly different
to 8 (75256 um] and C (85 2 6.3 um). Conclusions: Scan
sirategy B may be recommended as it provides the highest
trueness and precision in full-arch scans and therefore mini-
mizes inaccuracies in the final reconstruction. (Quintessence Int
2TE27343 345 dot 103290/ 5l535574)

Key words: accuracy, digital impression, intraoral scan, precison, Srategy, trueness

An increasing number of dentists are using intraoral
scanners in their daily practice as an aiternative to con-
ventional physical impression taking.” The introduc-
tion of intraoral impression taking allows for digitizing

Assisant Frofesser, Deparnment of Recomiructive Deatisty v Tevodontoiogy
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Digital vs. conventional impression on implants

data as early as possibie in the digital workflow, lead-
ing to greater productivity for the dentist and the
technican. For short-span tooth or implant-based
reconstructions within the same quadrant the risk of
producing errors in the digitizing process is considered
low, as the scan sensor captures a relatively large sur-
face in relation to the total area required.’” Several
invitro studies have shown high levels of accuracy
using different intracral scanners.”** However, system-
2tic deviations may occur for full-arch scans, and the
transfer to the dlinical situation has not yet been inves-
‘tigated * While the manufacturers provide information
on the suggested method of performing the scans, the
dinicians undergo a leaming curve with a specific
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ORIGINAL ARTICLE

Utilization of Digital Technologies for Fabrication of
Definitive Implant-Supported Restorations

CHRISTOPHER D. RAMSEY, DMD*, ROBERT G, RITTER, DMD*

ABSTRACT

The introduction 7 years ago of specially coded healing abutments dramatcally smpified the task of obtanng mpiart
impressions. Such coded abutments eliminated the need for impression copings. instead enabling supragngival
impressions o be made and sent to the laboratory for fabrication of patient-ecfic abutments and restoratons.
Combining this technology with digtal oral scanning has the potential to further smolfy the time between
impression-making and delivery of a definitve restoration, and 2 offers additional benefits 10 both patients and
clirczans. This article explains how oral scanners can be used 10 obtan dgta impressions of encoded healng
abutments A case report illustrating this aporoach s also presented.

This articke describes a new technological approach to implant dentistry utiizing intraoral scanning modaities The
climcal workflow will hightight the digital transfer of necessary information to fabricate a patient-specfic rrplant

abutment and final prosthesis.
() Esthet Restor Dent seeeee 2011)
INTRODUCTION

Over the last 100 years, techniques and materials for
Nowhere has this been more pronounced than in the
field of implant dentistry. From its inception as a
protracted and unesthetic treatment of last resort for
individuals who had lost all their mandibular dentition,
implant dentistry has been transformed into the
standard of care for many individuals with hopeless or
missing teeth. Clinicians now can provide patients with
highly esthetic restorations, often in a significantly
compressed time frame. As a result, the implant-dental
sector today is one of the fastest growing areas within
dentistry.

Computer-zided design and computer-zsided
manufacturing (CAD/CAM) techniques have been
transforming the dentzl Seld in paraliel with these
developments. Introduced to dentists in 1571,
CAD/CAM techniques were used to create the st
dental prototype in 1983, and the frst crown was
milled and installed in a mouth without any laboratory
involvement in 1985." By 1998, customized implant
zbutments were being crezted with CAD/CAM
technology.” Because these are patient-specific, such
zbutments, like cast custom abutments, have the
support, essential to achieving an optimal esthetic
result” The CAD/CAM process moreover eliminates
the inherent dimensional inaccuracies of waxing,

*Erivets Froctice, Jupiter, FL USA

@201 Wiey Perodcais ine. OOV 18111 1.1 7088290251 1 0048 x
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ABSTRACT

Purpose The purpose of this review is to present 3 comprehensive review of the current
published Etersture investigating the various methods and technigues for scanning, de-
signing, and fabrication of CAD/CAM generated restorations along with detalling the new
classifications of CAINCAM technoiogy

Study seiection: | performed a review of & PubMed using the following search terms “CAIV

Available online 28 February 2016 CAM, 3D printing, scanner digital impression, and zirconla™. The articles were screened for
further relevant investigations The search was Emited to artcles written in Inglish
Keywords. published from 200t to 2015 In addition, 3 manual search was also conducted through
CAD/CAM articles and reference Bty retrioved from the electronic search and peer-reviewed journals
Milling Resuits: CADICAM rechnology has adventages including digital imp and mode:
D printing and use of virtal srticulators. However, the mpiementation of this technology is still
Seanner - dered exp and reg highly trained personnel Cusrently, the design software
Digital impression has more apolications incloding complete dentures and removable zartial denture frams-
Virtual articulator works. The accuracy of restoration Sbrication can be best attained with 5 axes milling units
The 3D printing technology hae been incorporated imto dentistry, dut does not include
ceramics and is livited to polymers. In the future optical imoressions will be replaced with
gingiva non-imvasvely without mtraction cords and not be affected by fiuids.
Corclusion: The coming trend for most practiioners will be the use of a6 acquisition camera
attached to 3 computer with the appropriate software and the capability of forwarding the
image to the Bborstory
C 2016 japen Prosthodontc Society. Published by Slsevier Lad AL rights reserved.
Contents
Lo ISRV s e L 0 0 i SO TG 3 o W05 5 3 Kl e 7 T 6 A BN A 3
2 CADPCARE (OMIPIOREREE 2 1 L L e S L e s v e A e Al s Tt A S adt ava s e s L S A AU IEI S 3
3. General classification of CAD/CAM SYStemS . . . . . i cccececcacaecceecdbesicancbennan 3

* Corespendence to: P.0. Box 51209, Riyadh, 11543, Saudi Arabua
E-mail sddress: drtarlq0SOgmall com.
http://dx doi.org/10.1016/] jpor.2016.01.003
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A review of 243 errors possible during the fabrication of a removable
partial denture: Part |

Robert W, Rudd, BS, DDS, MS, CDT,* and Kenneth D. Rudd, BS, DDSP
Colerado Springs, Colo., and San Antonio, Texas

Everyone who participates in any step of the fabrication of a removable partial denture must share
in the success or failure of the restoration. Some seemingly innocuous deviations can be accumula-
tive and cause scrious problems, so everyone should review the procedures that they use on a regu-
lar basis. Parts I through III of this article present a personal and generic (but by no means com-
prehensive) list of errors that can occur when a removable partial denture is fabricated, Results
that can be attributed to these errors are identified, and a possible solution for cuh crmt is
described. This information is useful to the entire dental team: the dentist, d , office
manager, and dental technician, The articles also include 18 notes that may be beneficial to per-

sonnel in the office and /or in the laboratory, (] Prosther Dent 2001.86:251-61 )

Good technigue pays off) These words are not mere-
ly a motto to hang on the wall in the laboratory bus
wordy of wisdom.! Good technique demands thas
everyone involved give adequate astention to all details
required for safe and efficient operations, This means
that good dentistry depends on the integrity, knowl
edge, and skilly possessed by the entire dental team,
which includes the dentist, dental nurse, dental assis-
tant, office manager, and dental technician, A greas

force working against good technigue is the habit of

taking shorteuts. Shorteuts are risky attempts to
save time by modifying a proven procedure. A proven
procedure is one that accomplishes an operation effi
ciently while reducing the possibility for errors to a
minimum. A procedure that may be “accepred™ or
“approved™ is not always & proven procedure,

Increased chairtime required for adjusting misfis
dentures, dissatisfaction and pain experienced by
patients, and remakes resulting from shorteut practices
indicate that they rarely save time. One of Murphy’s
Laws? says that there is never enough time to do it cor-
rectly in the first place, but always plenty of nme to do
itover. It is a good idea for everyone involved in a den-
tal practice to frequently review the procedures used.
Many seemingly innocuous deviations can creep into
one’s technique without notice. These deviations can
add up to serious problems.

The results of many errors made during the fabrica-
tion of removable partial dentures {RPDs) may not be
recognizable when they occur. This article, therefore,
has 3 aims: (1) to advise personnel involved in the fab
rication of RPDs of potential errors, (2) to call atten-
ton to results that can be attributed to these errors,

30wner and Manager, Rudd Oental Laboratory, LLC, Colorado

Springs, Colo,
bProfessor Emeritus, Department of Prosthodontics, University of
Texas Health Science Center at San Antonio, San Antonio, Texas.

SEPTEMBER 2001

and (3) to idennfy steps thar can be taken to avoid
these errors. The errors are listed in the order that they
would occur during the fabrication of an RPD.

IMPRESSIONS: ERRORS, PROBLEMS,
AND SOLUTIONS

Currently, irreversible hydrocolloid impression
material (frreversible hydrocolloid) seemy to be the
matenal of choice for making RPD definitive impres
stons, It therefore is the impression material referenced
in this article. Errors for handling it are deseribed. The
advantages of irreversible hydrocolloid seem to out-
weigh the advantages of other impression materials; it
has only a few disadvantages.

The advantages of irreversible hyvdrocolloid com-
pared with other impression matenials include the fol-
lowing: First, the use of irrevenible hydrocolloid does
not require specialized equipment or customized trays;
this is not the case with agar and other elastomeric
materials. Satisfactory results can be obtained with the
use of non-water-cooled stock metal trays modified by
applicaton of impression compound and cotton
fibers.! Second, the setting time of irreversible hydro-
colloid is easy to control by adjusting the water tem-
perature.! Third, most impression cleanup is much
casier with irreversible hydrocolloid than with polysul-
fide elastomeric materials. Fourth, irreversible hydro-
colloid does not stain clothing like elastomerics. Fifth,
irreversible hydrocolloid can be mixed more casily
than some of the elastomeric materals. Sixth, because
irreversible hydrocolloid materials are more elastic
than the clastomeric materials, full-arch impressions
are casier to remove from the mouth. As a result, loose
and mobile teeth are less apt to be extracted when the
impression is removed, and isolated teeth are less apt
to break when the cast is separated from the impres-
ston. Seventh, irreversible hydrocolloid is not as easily
displaced by saliva as some of the clastomeric materials
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In vitro comparison of master cast accuracy for single-tooth implant
replacement

T he trunsfer of the exact position and orientation of
the implants to the working cast is particularly impor-
tant in implant restorative procedures.!* When & mul-
tiple abutment restoration is fabricated, the pick-up
impression copings cin be joined together with acrylic
resin or compaosite to stabilize them within the impres-

Paolo Vigolo, DrOdont, MScD,* Zeina Majzoub, DCD, DMD, MS¢cD,” and Giampiero Cordioli, MD,
DDS¢
University of Padova, Padova, ltaly

Statement of problem. The inaccuracy in transferring the position of the hexagonal head of a single
implant to the working cast can result in a final single tooth crown, which clinically may present occlusal
and/ or interproximal contacts that are difterent from those contacts on the master cast obtained by the
technician,

Purpose. This in vitro study evaluated the accuracy of the master casts obtained using square pick-up
impression copings for single-tooth replacement. Copings used were (1) copings as sold by the manufac-
turer, and (2) copings modified by sandblasting und coating with impression adhesive their roughened
surfaces before final impression procedures,

Material and methods. A polymeric resin model with a standard single implant was used to simulate a
clinical situation. A group of 20 impressions were made using nonmodified impression copings; a second
group of 20 impressions were fabricated with modified copings. Muaster casts fubricated for both groups
were analyzed to detect rotational position change of the hexagon on the implant replicas in the master
casts in reference to the resin model,

Results, The rotational position chunges of the hexagon on implant replicas were significantly less vari-
able in the master casts obtained with the modified impression copings than in the master casts achieved
with the nonprepared copings,

Conclusion. Improved precision of the impression was achieved when the adhesive-coated copings were
used. (J Prosthet Dent 2000:83:562.6.)

CLINICAL IMPLICATIONS

Thisreport suggessthat mndbiaging and coating the roughened surface of the impres
Sovt copings before final impresion procedures will enable the dinician to achieve a
maove accurate arientation o the implant replicasin the laboratory master cagsin in-
gle-tocth implant restorations.

the transfer of the exact position of the implant with its
hexagonal head to the working cast may be tri-dimen-
sionally inaccurate. This inaccuracy can lead to the fab-
rication of a final single tooth crown that, clinically,
miy present occlusal and/ or interproximal contacts dif-
ferent from those uchieved by the technician on the

sion material. Similar procedures are not apphicable for  working casts,

single-tooth replucement, which may imply that minor
movements of the impression coping retained inside
the impression material can occur during all the proce-
dural passages, leading to the master cast. As a result,

Numerous reports have evilvated the importance of
various clinical and laboratory steps in the elaboration
of accurate master casts in regular crown and fixed par-
tial denture procedures such as impression materials 5%

‘Private Practice, Vicenza, ltaly.

SActing Chair, Department of Clinical Research, St joseph Univers.
ty. School of Dentistry, Beirut, Lebanon; and Assistant Professor,
Department of Periodontology, Institute of Clinical Dentistry,

University of Padova.

"Chair, Department of Periodontology, Institute of Clinical Dentistry.
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use of custom trays,”¥ and use of adhesives in the
impression tray In multiple abutment implant
prosthodontics, many technical variations have been
suggested to improve the accuracy of the final master
casts. Carr!? compared a direct and an indirect impres-
sion technigue for a S-implant model and concluded
that the direct transfer method produced a more accu-
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Evaluation of impression accuracy for osseointegrated implant supported

superstructures

D. Herbst, BSc, BChD, MChD (Prost),* . C, Nel, BChD, MChD (Prost), H.DipDent,” C. H. Driessen,
BChD (Hons), MSc Odont, PhD,¢ and P. ). Becker, PhD¢
Faculty of Dentistry, University of Pretoria, Pretoria, South Africa

Statement of problem. An often-debated issue still exists concerning implant impeession technigues,
whether to splint impression copings. Different configurations are available for these copings for a variety

of manufacturers' implant systems.

Purpose. This study evaluated and compared 4 impression techniques in terms of their dimensional
accuracy to reproduce implant positions on working casts,

Material and methods. A master mode! was designed 1o simulate a clinical situation. Impressions were
made using 4 techniques: (1) tapered impression copings not splinted; (2) squared impression copings
not splinted; (3) squared impression copings splinted with autopolymerizing acrylic resin; and (4) squared
impression copings with a lateral extension on one side not splinted. Reference points machined onto the
master model and onto special healing abutments were compared after abutments were transferred to
costs using the 4 techniques., Measurements were made using a Reflex microscope, capable of recording in

the x-, y-, and z-dimensions,

Results, The dimensional accuracy was high and, although statistically significant (P=.022; power >
809, a maximum distortion difference of only 0.3 1% was registered.

Conclusion. The dimensional nccuracy of all the technigues was exceptional and the observed differ-
ences can be regarded as clinieally negligible, (J Prosthet Dent 2000,83:555.61.)

CLINICAL IMPLICATIONS

The resclss of this sudy sugges thar there seems 1o be no clintcal advaniage in spline-
ing impresion tranger copings with an autopsmerizing acrylic redn.

A magor objective in making an implant-supported
prosthesis is the production of superstructures that
exhibit a passive fit when connected 1o multiple abut-
ments.!* One requirement 1o ensure passive fit s to
make an accurate impression.” This concept of passive
adaptation has been defined as a strictly tolerated metal-
to-metal interface between an implant superstructure
and the implant abutments,'? Failure to produce a pas-
sive fit can result in the generation of considerable
stresses in a serew-retained prosthesis when the super-
structure is connected to the abutments, which may lead

to complications and mechanical failure.)!-16

Stress measurements, using @ strain-gauge tech-
nigue, have shown compression and tension on the

Presented at the scientific congress of The International Assoclation
for Dental Research, South Aftican Division, Cape Town, South

Africa, October 1997,

“Prosthodontist and Senior Lecturer, Depariment of Restorativd s

tistry.
bprofessar, Depantment of Restorative Dentistry.
“Associate Professor, Department of Restorative Dentistry.

dHead, Bureau for Management information, University of South

Africa.
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transmucosil abutments during fixation of the frame-
work.!” Forced tightening of the superstructure can
result in microfractures of bone, a zone of marginal
ischemia and healing with a nonmineralized attachment
to the implant.'548% Adequate stress distribution may
also encourage maintenance of marginal bone close to
the implant.!

The first stage in achieving an accurate, passively fit-
ting prosthesis is reproducing the intraoral relationship
of the implants with an impression.'??Y Conventional
impression materials and techniques have been the sub-
Jjects for clinical research at many materials science lab-
oratories. Rigid and elastic materiels have been used in
dentistry for duplicating soft and hurd tissue dimen-
sions and relationships.2! 25 Spector et al?® evaluated 3
impression technigues and concluded that the magni-
tude of distortion was similar in each and that none of
the technigues produced an accurate cast. Humphries
et al’” studied 3 technigues that used polyvinyl siloxane
impression material and reported that all 3 techniques
did produce an accurate cast but the tapered copmngs
were the most accurate. Brinemark et al? reported
another procedure of hnking copings together intra-
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Comparison of impression materials for direct multi-implant impressions

Alvin G, Wee, BDS, MS*

College of Dentistry, The Ohio State University, Columbus, Ohio

Statement of problem. Given that meticulous implant prosthodontic procedures are recommended to
obtain the best possible intraoral fit, impression materials that are suitable for use with a divect impression

technique warrant further investigation.

Purpose. This in vitro study compared the amount of torque required to rotate a square impression cop-
ing in an impression and evaluated the accuracy of solid implant casts fabricated from different impression

materials.

Material and methods, Two direct transfer implant impressions were made using 8 impression materials;
the torgue required to rotate an impression coping in the impressions was calculated. Ten direct 1ransfer
implant impressions were made from the master model and poured in a die stone (Resin Rock) for 3 of the
8 initinl impression material groups. Lincar distances between steel balls placed on each abutment replica
were measured with a traveling microscope to determine distortion in the impression procedure for cach
group. Datn were analyzed (P=,05) with ANO VA and Ryan-Einot-Gabriel-Welsch multiple range test for

post hoe.

Results. With a 1-way ANOVA, average torque values among the material groups differed significantly
(P=001), Polyether (medium consistency) was found to produce the highest oversll 1orque values, followed
by addition silicone (high consistency), and then polysulfide (medium consistency). Statistically significant
difference was abw found among the 3 material groups' mean absolute cast error using # 1-way ANOVA
(P=D0B6). Implant casts made from polyether (medium) or addition silicone (high) impressions were sig-
nificantly more accurate than casts mude from polysulfide medium impressions.

Conclusion, On the basis of the resalts of this study, the use of either polyether (medium) or addition sili-
cone (high) impression Is recommended for direct implant impressions, (J Prosthet Dent 2000;83:323.31.)

CLINICAL IMPLICATIONS

Use of medium consistency polyether and high consstency addition siicones is recom-
mended tomake a direct implant impresion, depending on the amount of hard tisue
wundercuts present in the arch. In this sudy, polyether minimized the chance of acdi-
dental displacement of the direct impresion coping when the abutment replicas were
tightened . Addition silicone in a partial edentulows arch facilitates the removal of the
impresion tray when hard tisee undercuty are present, although care mug be taken
to avoid accidental ratation of the impresion coping. A double impresion technigue
wang a lower comsstency addition slicone wash did nat appear 1o present any advan-
tage for use in direct implant impresions,

Allhough true “passive fit" of multi-implant-sup-
ported prostheses to their intraoral implant abutments
does not seem attainable,' ® it remains unclear what
degree of implant prosthesis misfit will lead to compli-
cations. For this reason, meticulous and accurate
inplant prosthodontic procedures are recommended as
ameans Lo attain the best possible fit.® The implant cast
is the foundation on which the prosthesis is indirectly

This project was supported In part by funds from The Chio State Uni-
versity College of Dentistey and presented in part at the 1999
International Association of Dental Research Annuai Session as 2
finalist for the 1999 Arthur R. Frechette Prosthodontic Research
Award competition.

"Assstant Professor, Section of Restorative Dentistry, Prosthodontics
and Endodontics.

MARCH 2000
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fabricated. The use of the implant cast as a reference for
extraoral implant framework fit facilitates the chinician’s
evaluation of fit.

Strategies to achieve fit may be completed on the
master cast before the patient’s clinical appointment.
Several strategies have been suggested to reduce the
distortion of the implant framework, namely, laser
welding of titanium implant framework.”® or use of
electric discharge machining of the gold cylinders of
the implant framework to the abutment replicas %11
Many intracral techniques used to improve framework
fit may also be used on the implant cast, given adequate
securacy” Although asbsolute accurscy of the implant
cast does not appear to be attainable at this time,3.12-14
it has been suggested that the distortion of the implant
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PERSPECTIVES IOBSERVATIONS

Will digital impressions eliminate
the current problems with conventional

impressions?

aking impressions
with polyether
and vinyl poly-
atloxane impres-
sion materials is
an everyday procedure in almost
every general dental practice.
Munufacturers have developed
and refined these materials to
the level ut which it is nearly
impossible to blume the impres-
sion material for restoration
misfita. These materials are
sccurate and stsble. *
on the dental market, and it iy
expected that others will be
available soon. The current dig-
ital impression devices sre the
recently introduced Cadent
iTero (Carlstadt, N.J.) and the
3M ESPE Lava Chairside Oral
Seanner C.O.8. (St Paul,
Minn.).‘ Additionally, the manu-
fscturers of computer-directed

in-oflice milling systems CEREC
(Sirona Dental Systems, Char-
lotte, N.C.) und the new E4D
system (D4D Technologies,
Richardson, Texas) are working
1o provide digital impressions
that can be sent to dental

Gordon ). Christensen, DDS, MSD, PhD

cuss whether or not digital
impressions will eliminate those
problems, thus potentially
improving the quality of indi-
rectly made dental restorstions;
Mwﬂnmm

bility of the subgingival margine
af tooth preparations (J, Shuck,
vice president, sales and mar-
keting, Glidewell Laboratories,
oral communication, Jan. 9,

vious JADA column,' I have out-
lined the most easily used soft-
tissue management technigues.

JADA Vi 139 Mipfedaadacrg ot X008 700
Cogyrght © M08 Amverionn Dmnta) Assscistion All rights reserved
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PERSPECTIVES OBSERVATIONS

Impressions are changing
Deciding on conventional, digital or digital plus

in-office milling

igital dental improes-
sion devices have
been introduced to
the profession, poten-
tially eliminating the
need for taking conventional
impressions for crowns and fixed
prostheses, | have discussed this
concept in previous columns in
this journal,'” However, addi-
tional changes to the concept are
emerging, creating confusion
among dentists and causing
them to wonder whether there is
a need to change their impres-
sion technigues. The many ques-
tions I hear about this topic
from dentists attending contin-
uing education courses can be
distilled into the following four.
= “Should I continue to make
impressions in the conventional
manner using conventional
materials? Both scientific evi-

dence and clinical observation
have shown that currently avail-
able impression materials—
vinyl polysiloxane, polyether,
the newer material vinylsilox-
anether and the older revers-
ible hydrocolloid—provide excel-
lent reproduction of tooth
preparations,’”

w= “Should 1 purchase a device
that makes digital impressions?
With a digital impression device,
the clinician creates the impres-
sion digitally and sends the data
to a laboratory capable of
working with this technology;
the laboratory then creates the
restorations and sends them to
the dentist for placement. Two
popular digital impression
devices now competing on the
market are the iTero (Cadent,
Carlstadt, N.J.) and the Lava
Chairside Oral Scanner C.0.S.

Gordon J. Christensen, DDS, MSD, PhD

(3M ESPE, St. Paul, Minn.).
Both of these devices limit the
dentist to the use of laboratories
that have, and are trained to
use, the laboratory devices asso-
ciated with the respective
impression devices. These
devices and this technical con-
cept are proving themselves Lo
be viable alternatives to conven-
tional impression making. """

== “Should I purchase a device
that makes digital impressions
and also provides the ability to
mill some types of restorations
in the clinical office?” The two
competing devices are CEREC
{Sirona Dental Systems GmbH,
Bensheim, Germany) and the
E4D Dentist System (D4D Tech-
nologies, Richardson, Texas).
The ability of computer-aided
design/computer-aided manufac-
turing (CAD/CAM) devices to
produce clinically acceptable
restorations has been reported
many times in the dental litera-
ture.*** Other companies soon

JADA, Vol. 140 httpJfjada.adaorg October 2008 1301
Copyright © 2008 American Dental Associntion. All nghts reserved. Repnnted by permission.
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Abstract

Objectives: The aim of this randomized controfled trial was to compare patient-centered oulcomes
during digital and conventional implant impressions.

Material and methods: In a crossover study design, intraoral scanning (10S) [test] as well as
classical polyether impressions [control] were both performed on 20 patients for single-tooth
replacement with iImplantsupported crownd. The sequential distribution of either starting with the
1681 or the control procedure was randomly selected. Patients’ perception and satisfaction on the
level of convenience-related factors were assessed with visual analogue scale (VAS) questionnaires,
In addition, clinical work time was separately recorded for test and control procedures. Statistical
analyses were performed with Wilcoxon signed-rank tests and corrected for multiple testing by the

method of Holm,

Results: On VAS ranging from 0 to 100, patients scored a mean convenience level of 786

(SO 1 14.0) In tavor of 105 compared 10 comventional impressions with 536 (5D + 15.4)

[P = 0.0001). All included patients would prefer the digital workfiow if in the future they could
choase between the two techniques. Secondary, 105 was significantly faster with 14,8 min

(SO & 2.2) compared to the conventional approach with 17.8 min (50 + 1.1) [P ~ 0.0001).
Condusion: Based on the findings of this investgation, both Impression protocols worked
successtully for all study participants capturing the 3D implant positions, However, the digital
technigue emerges as the most preferred one according 1o patient-centered outcomes and was
more time-effective compared to conventional impressions,

Healtheare-related validation should be asso-
clated with objective criteria to assess treat-
ment efficiency. The wvarious stakeholders
representing patients, the healtheare provid-
ers, the industey or third-party players con-
centrate on diffcrent endpoints (Anderson
1998,

Treatment outcomes in implant therapy
can be distinguished into four subgroups: (i)
longevity and survival, |u) physiological
impact, (i psychological effect, (iv) eco-
nomic factors {Guckes et al. 1996). This clas-
sification Includes categories of primary
relevance to patients but also outcomes of
their indirect concern, though maybe of
greater interest to the cliniclan, Thercfore,
the clinicians’ as well as the patients’

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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appraisals should be taken into account for
efficiency sssessment of implant treatment
{Grogano et al, 1959],

However, studies are lmited to dental
implant survival and clinical/radiographically
surrogate parameters (den Hartog et al. 2008}
In contrast, patient-centered outcomes of
implant treatment protocols have been unat-
tended for years and are only gradually inte-
grated into clinical wulals [Pommer etal
20111, Scientific information on patient satis-
faction levels as well as the investigation of
psychological and social effects following
implant therapy is seill rare in the currene lis-
crature (Abduo & Lyons 2013} Most studies
reported  on edenmulous  patients  with
implant-supported  removable  prostheses
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Abstract
Purpose: To compare the accuracy of digital and conventional impression technigues for
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completely edentulous patients and to determine the effect of different variables on the accuracy
outcomes.

Materials and methods: A stone cast of an edentulous mandible with five implants was fabricsted
10 serve as master cast (control) for both implant- and abutment-level impressions. Digital
impressions (n = 10) were taken with an intraoral optical scanner (TRIOS, 3shape, Denmark) after
connecting polymer scan bodies, For the conventional polyethes impressions of the master cat, a
splinted and a non-plinted technique were used for implant-level and abutment-leve! impression
(4 cast groups, n = 10 each). Master casts and conventional impression casts were digitized with an
extraoral high-resolution scanner (15can D103, imetric, Courgenay, Switzerland) to obtain digital
volumes. Standard tessellation language (STL) datasets from the five groups of digital and
conventional Impressions were superimposed with the STL dataset rom the master cast Lo asels
the 3D (global) deviations, To compare the master cast with digital and conventional impressions
at the implant level, analyss of varlance (ANOVA) and Schetfe’s post hoc test was used, while
Wilcoxon's rank-sum test was used for testing the difference between abutment-level conventional
Impressions.,

Results: Significant 30 deviations (P < 0.001) were found between Group 1l (non-splinted, implant
level) and control. No significant ditferences were found between Groups 1 (splinted, implant
level), 1l (digital, implant level), IV (splinted. abutment level), and V (nonsplinted, abutment level)
compared with the control. Implant angulation up to 15" did not affect the 3D sccuracy of implant
impressions (P > 0.001)

Condusion: Digital implant impressions are as accutate as conventional implant impressions. The
splinted, iImplant-level impression technigue is more accurate than the non-splinted one for
completely edentulous patients, whereas there was no difference in the acturacy at the abutment
level. The implant angulation up to 15° did not affect the accuracy of implant impressions.

Passive ft of implant-fixed complete dental
prosthesis (IFCDP} depends on the accuracy
of the implant cast, which is ditectly depen-

The frst and most significant step s the
impression  procedure.  Different  anplant
impression techniques have beea used to

dent on the accuracy of the impression tech-
nlgue  (Jemt &  Hjalmarsson 2012
Papaspyridakos & Lal 2013). There are scv-
cral clinical and laboratory wvarfables that
affect the accurscy of an Implant cast,
namely impression and pounng technigues,
impression material and die stone properties,
machining tol of prosthetic comp
nents, and implant angulation and depth (Ma
et al. 1997; Papaspyridakos et al. 2014ak

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sans Ltd
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generate a definitive cast that will ensure
the accurate clinical it of IFCDPs. A recent
systematic review on  the accuracy of
implant impressions showed that the
splinted technigue is superior to the nom-
splinted option for both parually and com-
pletely edentulous patients |Papaspyridakos
et al. 20142 The necessity for splinting the
impression copings has been advocated
several studies, while others have shown no

1
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Intraoral scanners in dentistry: a review of
the current literature

Francesco Mangano™'@, Andrea Gandolfi’, Gluseppe Luongo® and Silvia Logozzo™

Abstract

Background: Intracral scanners (05) are devices for capturing direct optical Impressions in dentistry. The purpose of
this narrative review on the use of 10S was 1o (1) identify the advantages/disadvantages of using optical Impressions
compared 1o conventional impressions; (2) Investigate If optical Impressions are as accurate as conventional
Impressions; (3) evaluate the differences between the 105 currently avallable commerclally; (4) determine the
cutrent clinical applications/limitations In the use of 10S,

Methods: Electronic database searches were performed using specific keywords and MeSH terms, The searches were
confined to full-text articles written in English and published In peer-reviewed journals between January 2007
and June 2017,

Results: One hundred thirty-two studies were included in the present review; among thern, 20 were previous
literature reviews, 78 were in vivo clinical studies (6 randomized controlled/crossover trials, 31 controlled/
comparative studies; 24 cohort studies/case series; 17 case reports) and 34 were In vitro comparative studies.

Conclusions: Optical Impressions reduce patient discomfort, 10S are time-efficient and simplify clinical procedures

for the dentist, eliminating plaster models and allowing better communication with the dental techniclan and with
patients; however, with |08, it can be difficult to detect deep margin lines In prepared teeth and/or In case of bieeding,
there is 2 leaming curve, and there are purchasing and managing costs. The current 10S are sufficdently accurate for
capturing Imgressions for fabricating a whole series of prosthetic restorations (Inlays/onlays, copings and frameworks,
single crowns and fixed partial dentures) on both natural teeth and Imglants; in addition, they can be used for smile
desian, and to fabricate posts and cores, removable partial prostheses and obturators. The [iterature to date does not
support the use of I0S in long-span restorations with natural teeth o Implants. Finally, IOS can be integrated in implant
dentistry for guided surgery and in orthadontics for fabricating aligners and custom-made devices.

Keywords: Intraoral scanners, Cetical impressions, Accuracy, Time efficiency, Qinical use

,

Background

Intraoral scanners (IOS) are devices for capturing direct
optical impressions in dentistry [1-3]. Similar to other
three-dimensional {3D) scanners, they project a light
source (laser, or more recently, structured light) onto
the object to be scanned, in this case the dental arches,
including prepared teeth and implant scanbodies (Le.
cylinders screwed on the implants, used for transferring
the 3D implant position) {2, 3]. The images of the dento-
gingival tissues {as well as the implant scanbodies)
captured by imaging sensors are processed by the
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scanning software, which generates point douds [3, 4]
These point clouds are then by the same
software, creating a 3D surface model (mesh) {3, 4. The
3D surface models of the dentogingival tissues are the
result of the optical impression and are the ‘virtual® alter-
native to traditional plaster models [4, 51,

Although [0S are becoming widespread in clinical
dental practice, only a few reviews on the use of these
devices are available in the literature [5-8].

The purpose of the present narrative review was
therefore to:

» identify the advantages and/or disadvantages of

using optical impressions compared to conven-
tional impressions;
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Evaluation of the accuracy of 7 digital scanners: An in vitro
analysis based on 3-dimensional comparisons

Walter Renne, DMD," Mark Ludlow, MS, DMD,” John Fryml, BS,” Zach Schurch, BS,” Anthony Mennito, DMD,”

Intraoral  digital impression
making has evolved beyond
single tooth preparations and
sextant scanning to include the
ability to record complete
arches, Intraoral digital scan-
ners allow the dentist to
capture the surface of the
teeth, implant scanbedies, and
soft tissues in 3 dimensions,
enabling instant evaluation of
the digital cast and near
instant communication to the
laboratory, 3-dimensional (3D)
printer, or chairside milling
unit. Similarly, computer-aided
design and computer-aided
manufacturing  (CAD-CAM)
has revolutionized the way
dentistry is practiced and has
become integrated into patient
care.'” Recent advances in
chairside and laboratory digital
technology have cultivated an

enhanced environment for the widespread use of digital

dentistry.

Two events that have increased the acceptance of
digital technology are the emergence of newer and more
user friendly intracral digital scanners and the adoption

Ray Kessler, DMD," and Abigail Lauer, MS”

ABSTRACT

Statement of problem. As digital Impressions become more common and more digital mpression
systems are released onto the market, it is essential to systematically and objectvely evaluate ther
accuracy,

Purpose. The purpose of this in vitro study was to evaluate and compare the trueness and precision
of 6 Intraoral scanners and 1 laboratary scanner in both sextant and complete-anch scenarios.
Furthermore, time of scanning was evaluated and correlated with trueness and precsion.

Material and methods. A custom complete-arch model was fabricated with a refractive Index
similar to that of tooth structure. Seven digital impression systems were used to scan the
custom model for both posterior sextant and complete arch scenarios. Analys's was performed
using 3-dimensional metrology software to measure discrepancies bDetween the master model
and experimental casts.

Results. Of the intraoral scanners, the Planscan was found to have the best trueness and precision
while the 3Shape Trics was found to have the poorest for sextant scanning (P<001). The order of
trueness for complete arch scanning was as follows: 3Shape D800 >Tero >3Shape TROS 3
»>Carestream 3500 >Planscan >CEREC Omnicam >CEREC Juecam. The order of precision for
complete-arch scanning was as foflows: CS3500 >iTero >3Shape D800 >3Shape TRIOS 3 >CEREC
Omnicam >Planscan »>CEREC Bluecam. For the secondary outcome evaluating the et tme has
on trueness and precision, the complete- arch scan time was highly comelated with both
trueness (r=0.771) and predsion (r=0777L

Condusions. For sextant scanning, the Planscan was found to be the most precise and true

scanner. For complete-arch scanning, the 3Shape Trios was found 1o have the best balance of speed
and accuracy. [} Prosthet Dent 2076e:u-u)
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’ APPLICABILITY AND ACCURACY OF AN INTRAORAL
SCANNER FOR SCANNING MULTIPLE IMPLANTS IN

EDENTULOUS MANDIBLES: A PILOT STUDY
/-

/. Frank S. Andriessen, DDS, MSc," David R. Rijkens, DDS, MSc,”
Wicher ). van der Meer, DDS, MSc," and
Daniel W. Wismeijer, DDS, PhD*
Academic Centre for Dentistry Amsterdam, Amsterdam,
The Netherlands; University Medical Centre Groningen,
University of Groningen, Groningen, The Netherlands

Statement of problem. In the past 5 years, the use of intraoral digitizers has increased. However, data are lacking on the
accuracy of scanning implant restorative platforms for prosthodontics with intracral digitizers.

Purpose. The purpose of this clinical pilot study was to assess the applicability and accuracy of intraoral scans by usng
abutments designed for scanning (scan abutments) in edentulous mandibles.

Material and methods. Twenty-five participants with complete mandibular overdentures rezained by 2 implants and frameworks
were included in this study. Scan abutments were placed on the implants intraorally and scanned with the iTero intraoral scanner.
Also, scan abutments were placed on the implant analogs of the definitive casts and scanned with an exraoral laboratory scanner
(Lava Scan ST scanner). Two 3-dimensional computer-aided design models ofthe scan abutments with predetermined center kines
were subsequently imported and registered, together with each of the scanned equivalents. The distance between the centers ofthe
top of the scan abutments and the angulations between the scan abutments was assessed. These vafues were compared with the
measurements made onthe 3-dimensional scans of the definitive casts, which were the participants’ onginal definitive casts used for
fabrication of soldered bars. The threshold for distance error was established to be 100 um.

Results. Four of the 25 intraoral scans were not suitable for research because the intrzoral scanner was not zble to sutch the
separate scans together. Five of the 21 suitable scans demonstrated an interimplant distance error > 100 pum. Three of the 25
intraoral scans showed interimplant angulation errors >0.4 cegrees. Only 1 scan showed both an accepeable intenimplant
distance (<100 pm) and an accepzable angulztion error (<0.4 degrees).

Conclusions. Based on the intraoral scans obtained in this study, distance and angulation emors were o large to Sbrcate
well-fitting frameworks on implants in edentulous mandibles. The main reason for the unreliable scans seemed to be the lack
of anatomic landmarks for scanning. (} Prosthet Dent 2014;111:186-194)

CLINICAL IMPLICATIONS
The scans of 2 implants in edentulous mandibles made with scan
abutments by using the iTero IOS system lacked sufficient overlapping

and stable reference points to make them usable for implant
frameworks.

With the development of intraoral awailzble 2 decades ago, it is only have been developed and successfully
scanning, a shift has occurred in recently that the popularity of these introduced.’ Increased accuracy and
impression making. Although the first systems has grown.'” In the past efficiency seems o be one explanation
intraoral digitizers were commercially 5 years, 5 new intrzoral diginzers for the growing success Recenty

*Postgraduate student, Section of Oral Implanzology, Acaderic Centre for Dentistry Amsterdam.

"Postgraduate student, Section of Oral Implantology, Academic Centre for Dentistry Amsterdam.

“Assiszant Professor, Department of Orthodontics, University Medical Centre Croningen, University of Gromngen.

“Professor and Chair, Depantment of Oral Function and Restorztive Dentistry; and Head, Section of Oral implamsology and
Prosthodontics, Acadermic Centre for Dentistry Amsterdam.
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SCIENCE

A. Enderz, A. Mehl®

Influence of Scanning Strategies on the
Accuracy of Digital Intraoral Scanning Systems

Einfluss von Scanstrategien auf die
Genauigkeit von digitalen intraoralen

Scansystemen

2 Dr.med. dent. Andreas Ender, Forschungsassistent, Abteilung
for Computergestiitzte Restaurative Zahnmedazin, Zentrum
fir Zahnmedizin, Universitit Zorich

b Prof. Dr. Dr. med. dent. Albert Mehi, Abteilungsleiter,
Abteilung fir Computergestitzte Restaurative Zahnmedizin,
Zentrum fir Zahnmedizin, Universitat Zarich

Zusammenfassung

Die digitale intraorale Abformung spielt eine zentrale Rolle
in der modernen CAD/CAM-gestitzten Zzahnmedizin. Sie
erméglicht neue Behandlungsoptionen fir den Patienten
und beschleunigt den Workflow bei der Restaurationsher-
stellung. Die wichtigste Aufgabenstellung bei einem intra-
oralen Scansystem bestenht heutzuiage darin, insbesondere
in groferen Scanbereichen genauer zu arbeiten und die
klinische Handhabung fir den Zahnarzt zu vereinfachen.
Ziel dieser Studie ist es, unterschiedliche Scanstrategien in
vitro auf ihre Genauigkeit bei Scans des gesamten Zahn-
bogens zu untersuchen. Far die digitale Abformung mit
den Systemen Lava COS, Cerec Bluecam und Cadent iTero
wurde ein Referenzmeistermodell verwendet. Bei jedem
Scanprotokoll wurden Richtigkeit und Prazision bestimmt.
Lava COS lieferte dabei mit dem vom Hersteller empfoh-
lenen Scanprotokoll eine Richtigkeit von 45,8 pym. Mit
einem anderen Scanprotokoll ergab sich eine signifikant
niedrigere Genauigkeit (Richtigkeit =+ 90,2 pm). Auch bei
Cerec Bluecam erweist sich ein optimales Scanprotokoll mit
einer Richtigkeit von = 23,3 ym im Vergleich zu = 52,5 um
mit einem Standardprotokoll als vorteilhaft. Das puderfreie
Cadent iTero Scansystem konnte den kompletten Zahnbo-
gen mit einer Richtigkeit von + 35,0 ym und einer Prazision

international Journz! of Computerized Dentistry 2013, 16: 11-21

a Drmed dent Andreas Ender, Research Assistant, Division for
Computerized Restorative Dentistry, Center of Dental Medi-
cine, University of Zurich, Switzeriand

b Prof Dr Dr med dent Albert Mehl, Head of Division, Division
for Computerized Restorative Denfistry. Center of Dental
Medicine, University of Zurich, Switzerland

Abstract

The digital intraoral impression is a central part in today’s
CAD/CAM dentistry. With its possibilities, new treatment
options for the patient is provided and the prosthetic
workflow is accelerated. Nowadays, the major issue with
intraoral scanning systems is to gain more accuracy espe-
cially for larger scan areas and to simplify dinical handfing
for the dentist. The aim of this study was to investigate
different scanning strategiesregarding their accuracy with
full arch scans in an in-vitro study design. A reference
master model was used for the digital impressions with the
Lava COS, the Cerec Bluecam and 2 powderfree intraoral
scanning system, Cadent iTero. The trueness and preci-
sion of each scanning protocol was measured. Lava COS
provides the a trueness of 45.8 ym with the scanning
protocol recommended from the manufacturer. A differ-
ent scanning protocol shows significantiy lower accuracy
(trueness + 90.2 pm). Cerec Bluecam also benefitsfroman
optimal scanning protocol with a trueness of = 233 ym
compared to = 52.5 ym with a standard protocol. The
powderfree impression system Cadent iTero shows also 2
high accurate full-arch scan with a trueness of =35.0 ym
and a precision of = 30.9 ym. With the current intraoral
scanning systems, full arch dental impressions are possible
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Comparison of digital and conventional
impression techniques: evaluation of patients’
perception, treatment comfort, effectiveness and

clinical outcomes

Emir Yuzbasioglu', Harefi Kurt, Rana Turunc and Halenur 38

Abstract

patient preferences and treatment comfort

Background: The purpase of this study was to compare two moresson techniques from the pesspective of

Methods: Twenty-four (12 male, 12 fermale) subjects who had ro previous experience with either conventional or
digital impression participated in this study. Conventonal impressions of maxillary and mandibular dental arches
were taken with a polyether impression matecial (Impreguen, 3 M ESPE). and bite registrations weee made with
polysiioxane bite registration material (Futar D, Kettenbach).
were performed using an intra~oral scanner (CEREC Omnicam, Stona). Immediately after the impressions were
made, the subjects’ attitudes, preferences and pesceptions towards mpresson technigues were evaluated using a
standardized questionnaire. The peccelved source of stress was evaluated using the State-Trait Anxiety Scale.
Processing steps of the impression techniques (tray selection, workng time etc) were recorded in seconds.
Statistical analyses were performed with the Wilcoxon Sank test. and p < 005 was consdered significant.

Results: There were significant differences among the groups {p < 0.05) In terms of total working time and
processing steps. Patients stated that digital impressions were more comfortabie than conventional techniques.

Conclusions: Digital impressions resuited in 2 more time-eficent technique than conventional impressions.
Patients preferred the digital impression technique rather than conventional techniques.

Keywords: Digital impression, Clinical efficiency, Patient comfort, Patient prefecence

Two weeks iater, digital impressions and bite scans

Background

The introduction of computer-aided design/computer
aided manufacturing (CAD/CAM) technology in dentis-
try has resulted in more accurate manufacturing of pros-
thetic frameworks, and greater accuracy of demtal
restorations, and the technology has improved since the
1980s [1,2]. The development strategy of CAD/CAM
techniques included automating the production process
and optimizing the quality of restorations by using new
biocompatible materials, especially high performance
ceramics, such as zirconia and lithium disilicate [3]. Sew-
eral reports have demonstrated the potential for accurate
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and precise restorations using CAD/CAM technology
471

According to the 8th edition of The Glossary of Pros-
thodontics Terms, “impression” is defined as “2 negative
Iikeness or copy in reverse of the surface of an object; an
imprint of the teeth and adjacent structures for use in
dentistry” [8]. The accuracy of the impression depends
on the materials themselves [9-13], impression tray types
[14-16], and impression techniques [17-19]. Each step in
the process introdoces potential human and/or material
error {20211,
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The Effect of Impression Technique and

Implant Angulation on the Impression Accuracy of
External- and Internal-Connection Implants

Pavlos Mpikos, DDS, PhD*/Dimitrios Tortopidis, DDS, PhD*/Christos Galanis, PhD?/
George Kaisariis, PhD"/Petros Koidis, DOS, MSc, PnD*

Purpose: The purpose of this in vitro study was to investigate the effect of impression technigue ond
implant angulation on the impression accuracy of external and internalconnection implants using 8 novel
experimental device. Matorlols and Mothods: An experimental device was designed and fabricated to mase
in vitro impressions by means of open- and ciosed-tray techniques. iImpressions of eight Impiants with two
different connections (four externalhex and four internal-hex) ot throe anguiations (0, 15 and 25 degroes)
were made using o medium-consistency polyether material. Evaluation of implant impression accuracy »os
carried out by directly measuring the difference in coordinate volues between the implant body/impression
coping positioned on the base and the impression coping/laboratory analag positioned in the impression
using a touch-probe coordinate measuring machine. Experimental data were analysed by two-way analysis of
variance. The significance level of ail hypothesis testing procedures wos set at P < 05, Results: The results
showed that: (1) for implants with external connections, impression accuracy is not significantly affected
by the impression technique, implant angulation, or their interaction; and (2) for implants with intornal
connections, impression accuracy is significantly affected oniy by implant angulation: Impression ingccuracy
was greater at the 25-degree implant anguiation. Conclusions: Within the limitations of this in witro study,
the open- and closed-tray techniques had no effect on the accuracy of multiple implant impressions. The
interaction between impression technique and implant angulation was also not significant. However, impiant
angulation significantly affected the impression accuracy when implants with infernal connmections were
used, INT ) ORAL MAXILLOFAC IMPLANTS 2012:27:1422-1428

connection implants

ental implants have become the treatment of
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choice in many situations where missing teeth
require functional and esthetic replacements. Repro-
duction of the position and orientation of intraoral
implants by means of an accurate impression in the
definitive cast is the first step in achieving a passively
fitting implant-supported prosthesis. =
affecting the accuracy of the implant impression, such
as differing impression techniques,** the use of differ-
ent impression materials and trays,*” splinting or not
splinting the implants? the relative implant angula-
tions,* """ and the lengths of impression coping con-
nections.'’ The relevant scientific literature reveals
many controversial issues regarding the accuracy of
impressions using open-tray (pickup} and dosed-tray
(transfer) techniques in situations where three or more
implants were placed.“™* * Most researchers have re-
ported that the open-tray technique is more accurate
and predictable than the dosed-tray technique using
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