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Abstract

Statement of Problem: This study addressed the lack of data available on
the accuracy of the Omnicam and True Definition digital scanners in
partially edentulous patients.

Purpose: The primary purpose of this study was to compare the accuracy
of definitive casts acquired from digital implant impressions (digital implant-
level impressions with scan bodies and an intraoral scanner) using 2
different Intra Oral Scanners (CEREC Omnicam and 3M True Definition)
with conventional implant impressions. A secondary purpose was to
compare the difference in the accuracy of definitive casts between the
Nobel Biocare and Straumann implant systems.

Materials and Methods: Two partially edentulous mandibular master casts
with two internal connection implant analogs with a 30° degree angulation
between them (Tissue-Level implant analogs RN, Straumann and Replace
Select implant analogs RP, Nobel Biocare) were used as master models
(controls). 60 digital models were created from these two master models
and assigned to 6 different groups. The first two groups, | and I, were
produced by splinted open-tray implant-level impression procedures
followed by digitization (n=10). The next two groups, Il and IV, were
produced by a digital impression procedure with a white light IOS (CEREC
Omnicam; Sirona, Germany: n=10). The last two groups, V and VI, were
produced by a digital impression procedure with a blue light 10S (True
Definition: 3M ESPE, Germany: n=10 each). Accuracy was evaluated by
superimposing the digital files of each cast in each test group to the digital

file of the control (master cast) using a specific inspection software
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(Geomagic Control 2015). Medians =+ interquartile ranges were calculated
for all groups, and nonparametric tests (Kruskal-Wallis and Mann-Whitney
U tests) were used to assess the statistical significance of differences.
Results: The differences between the three impression groups of the
Nobel implant system and the master model were statistically significant for
all groups (p < 0.001), except for the Omnicam scan group (19.79 + 4.25),
and the True Definition scan group (15.36 + 6.18 pm). The median +
interquartile range for the conventional group was 39.38 + 17.71. There
were significant differences between the three impression groups of the
Straumann implant system and the master model (p = 0.003) for all groups,
except the conventional impression group (21.77 + 5.24 um) and the True
Definition scan group (16.94 + 4.60 pm); the median * interquartile range
for the Omnicam group was 26.01 + 15.03. The difference between the two
implant systems for the conventional impression technique was significantly
different (p < 0.001). The difference between the two implant systems for
the Omnicam scanning system was significantly different as well (p =
0.011). The difference between the two implant systems for the True
Definition scanning system was not significant.

Conclusions: Within the limitations of this study, both the impression
technique and the implant system affected the accuracy of the definitive
models. The True Definition scanning system exhibited the best results
compared to the other two techniques, although not all differences were
statistically significant.

Keywords: digital implant impressions, partial arch implant impressions,
partially edentulous, digital dentistry, and dental implants, implant fixed

dental prosthesis
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Introduction

Dental implants have been used to treat partially and completely
edentulous patients for more than 4 decades, and longitudinal clinical
studies have demonstrated their success [1, 2, 3]. Continuous
advancements in Computer-assisted design (CAD) and computer-assisted
manufacturing (CAM) technology have made these methods viable
alternatives to conventional techniques for fabricating fixed implant-
supported dental prostheses (IFDPs) for partially and completely
edentulous patients, and have gained enormous popularity in implant
dentistry over the past 10 years [4, 5, 6].

Passive fit is one of the most significant prerequisites in maintaining a
healthy bone-implant interface and is considered one of the critical features
for the long term success of IFDPs [7]. Although achieving an absolute
passive fit is not yet possible, providing the best possible fit is fundamental
to prevent future biologic and mechanical complications that include screw
loosening and/or fracture, implant fractures, and prosthetic-component
strain and fracture [1,7].

Several studies have attempted to define numerically the acceptable
level of misfit (or the best passive fit), but there has been no definitive
agreement about the way in which to quantify the acceptable threshold [8].
Numbers ranging from 10 to 150 microns have been reported to be
acceptable amounts of discrepancy at the implant—abutment interface.
Various techniques have been employed to assess the fit of screw-retained
IFDPs, such as the single screw test. Another way to measure the best

possible fit is through the introduction of the screw resistance test
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developed by Jemt et al. However, clinicians always should strive for the
best possible fit of an implant prothesis [7, 8, 9].

Numerous clinical and laboratory procedures have been described to
achieve passive fit, and the accuracy of the definitive implant cast, which
depends largely on the accuracy of the impression techniques and
materials, is one of the most vital [10,11]. Recent systematic reviews of the
accuracy of implant impressions for partially edentulous patients have
reported that the splinted technique is superior to the non-splinted, while
there is no difference between open-tray and closed-tray techniques [7, 10,
11,12, 13].

On the other hand, we have limited data available regarding the
accuracy of digital implant impressions, and only a few studies have
reported on the use of digital implant impressions on partially edentulous
patients [7, 10, 14]. Digital impression procedures that employ an intra-oral
optical scanner (I0S) have numerous advantages in the field of fixed and
implant prosthodontics, which include the elimination of tray selection,
reduced risks of distortion when taking impressions, pouring, disinfecting,
and shipping to the laboratory, and increased patient comfort and
acceptance. Further, digital impressions can be sent and stored
electronically, which leads to better efficiency and reduced costs [10, 15,
16,17, 18, 19, 20, 21, 22].

14
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Literature Review
Implant dentistry

The practice of contemporary dentistry is designed primarily to restore
patients to a healthy oral condition through a series of evidence-based
steps that have predictable results. Edentulism, partial or complete, is a
well-known condition, and dentists in general, and prosthodontists in
particular, have always strived to restore healthy dentition to patients who
have suffered tooth loss using a variety of well-established methods and
techniques [23, 24].

The introduction of osseointegration has expanded the ability of the
dental profession and widened the scope of treatment options for
edentulous patients. Further developments in implantology have led to a
long-term, stable, implant-based dental prosthesis that withstands chewing
load. Dr. Per-Ingvar Branemark, a Swedish physician and researcher, first
introduced the concept of osseointegration. He called it, “A direct
connection between living bone and a load-carrying endosseous implant at
the light microscopic level” [23, 24, 25, 26, 27].

Natural teeth have a larger range of movement in their respective
sockets compared to endosseous implants, because the latter lack the
natural mobility of the periodontal ligament, as endosseous dental implants
functionally attach directly to the bone without intervening connective
tissues [28]. Therefore, the misfit in implant-supported IFDPs, partial or
complete, will lead to more destructive biological and mechanical

complications when compared to tooth-supported prostheses, which make
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the achievement of passive fit necessary for the survival and long-term

success of ossiointegrated implants [28, 29, 30, 31].

Passive fit and misfit

The passive fit of an IFDP is defined as the formation of an even,
concomitant contact at the implant-abutment interface surfaces, without
inducing any overload within the prothesis or the adjacent bone tissues
during functional loading [32]. Clinically, it is more difficult to determine a
clear definition of passive fit, although it has been defined in the literature
as “a level of fit which will not produce or cause any long-term clinical
problem” [33, 34, 35].

The idea of an absolute passive fit between the IFDP framework and
the implant is misleading, as it is impossible to achieve, and a degree of
inaccurate fit will always persist [32, 35]. Furthermore, the clinical
assessment of the framework-implant misfit does not provide a decisive
answer with clear-cut numbers and only detects major misfits [33].
Therefore, the argument among clinicians about the importance of
achieving a passive fit, and the assumption that only well-controlled
fabrication methods are adequate to maintain successful, long-term
treatment, continues [36, 37]. Nevertheless, it remains critical to strive for
the best possible fit of the IFDP framework and to reduce the risks of misfit
[32].

Biologic and technical/mechanical complications and tolerance
As mentioned above, the consequences of misfit in the framework of
IFDP may lead to biologic and technical/mechanical complications. Many

16



MASTER’S THESIS

systematic reviews have demonstrated that technical/mechanical
complications in IFDPs are more common than are biologic complications.
Biologic complications can manifest as pain on palpation and percussion,
tenderness, bone loss, loss of osseointegration, and implant failure. On the
other hand, technical complications include a range of problems that vary
from porcelain chipping, loosening, and fracture of the prosthetic screws,
fracture of various components in the system, and even implant fracture
[38]. Mechanical complications pertain to those associated with
prefabricated, machined components, whereas technical complications
refer to those associated with laboratory fabricated components.

Biologic tolerance is defined as the ability of the implants that surround
bone tissue to tolerate the strains exerted by the implant, without the
introduction of any biological complications [32]. Animal studies have found
that a remodeling process does take place at the bone surrounding the
implant when loaded, but there were no signs of significant clinical,
histological, or radiographic loss of osseointegration. Furthermore, different
studies of the relationship between misfit and implant marginal bone loss
found no correlation between them [39, 40, 41].

Machining tolerance is defined as the gap between the implant system
components in rest positions when these components are held in position
by their corresponding screws, which can range from 20 to 100 microns
without introducing mechanical complications [42]. There are four types of
machining tolerance described in the literature: the first is the displacement
between the impression coping and the implant; the second is the
displacement of the impression coping that results from the impression
technique and material; the third is the displacement between the

17
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impression coping and the implant analog, and the fourth is the
displacement of the implant analog in the definitive cast due to dimensional
changes in the dental stone [43]. Some studies have suggested that
machining tolerance can be used to keep the final distortion to a minimum.
One of these studies found that the mechanical tolerance related directly to
the impression procedures was more than 61 microns. During delivery, the
machining tolerance between the final IFDP framework and the implants
can make it easier to achieve a passive fit when it is more than, or equal to,
the amount of distortion [42, 43, 44, 45].

Misfit measurements

There is no general agreement on the best numerical way in which to
define the acceptable level of misfit. The earliest studies suggested that
gaps between 10 to 30 microns at the implant-framework interface were
acceptable. Later, after more studies that focused on passive fit, that
number increased to 150 microns [38, 46]. Clinical evaluation methods
evolved from simply measuring numbers to performing tests that are more
meaningful via different assessment techniques, none of which is truly
reliable on its own, but, when used in combination, can achieve objective
results. These methods include the screw resistance test, first presented by
Jemt et al [37], which is performed by tightening the screws one by one
beginning from the midline, until one of the screws begins to demonstrate
resistance. Thereafter, the framework is considered to exhibit a passive fit
with the implants if less than an extra half turn is needed to achieve
optimum screw seating. The other test is the single screw test, which is
carried out by tightening one terminal screw of the framework and then

18
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evaluating the degree of discrepancy observed at the screw on the other
end. The next assessment methods are less accurate, because they
depend entirely on the clinician’s skills. These involve direct visual and
tactile examination using the tip of an explorer to verify marginal fit, and
alternate finger pressure techniques in which the clinician evaluates
whether or not rocking occurs while one end of the prosthesis is pressed.
Radiographs can be used to verify seating, but this method depends largely
on the angulations captured and the implant system. Finally, some
clinicians have reported using disclosing materials, such as pressure

indicating paste (PIP), a fit checker, and disclosing wax [32, 38].

Conventional Impression Techniques

The fabrication of an IFDP framework progresses through different
clinical and laboratory procedures and the cumulative distortion that
develops in all of these procedures results in misfit of the final prosthesis
[32]. These steps (collectively called the distortion equation) include:

- Impression procedure, which includes impression material and
technique, and implant number and angulation.

- Master cast fabrication, which includes mechanical tolerance of the
implant replica, master cast pouring technique, and materials used.

- Wax pattern fabrication, which includes mechanical tolerance
between the abutment replicas and definitive cylinders, and the type of wax
used.

- Framework fabrication, which includes distortion in investing and
casting; recently, however, using CAD/CAM technology to mill the
framework has become the predominant method of fabrication, which leads

19



MASTER’S THESIS

to the introduction to the equation of all the potential distortion that comes
with the milling technique, rather than the investing and casting technique.

- Definitive prosthesis fabrication, which includes porcelain firing.

- Definitive prosthesis delivery, which includes machining tolerance
between the final prosthesis and implants, and the mandibular flexure [32,
37, 40, 47, 48].

The accuracy of conventional impression procedures for IFDP
fabrication depends largely on the impression technique—whether it is
direct (open tray) or indirect (closed tray), splinted or non-splinted, and on
the machining tolerance and design of the impression coping. In addition,
the impression material type and properties, the impression tray, and
implant number, distribution, angulation, and depth are all additional factors

that affect the total accuracy of the impression [49].

Direct versus indirect techniques

Implant impression techniques include two main methods used to
capture the exact implant position and transfer it to the definitive cast. The
first is the direct technique, which uses an open impression tray (thus
called because of the windows it has to expose the impression copings).
The second is the indirect technique, which uses a closed tray (no window
openings) [49, 50, 51, 52].

The direct technique, also called the pickup technique, is an
impression technique in which the impression coping is exposed through
the tray window for accessibility, where it usually assumes a square shape.
Upon removal of the impression tray after the impression material sets, the
impression coping is unscrewed and picked up with the tray [49, 50]. This
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technique has the advantages of reducing deformity of the impression
material during tray removal, diminishing the effect of implant angulation,
and eliminating any concern about impression coping repositioning.
Nevertheless, rotational distortion has been reported when connecting the
implant replica to the impression copings [49, 50, 51, 52].

The indirect technique, also called the repositioning technique, is a
technique in which the impression coping is left unexposed in connection
with the implant when the impression tray is removed, during which it
usually assumes a conical or tapered shape. In this technique, the copings
are short and connected to the implants, and remain connected when the
impression tray is retrieved. Then, these copings are removed separately
from the implants, and connected to the implant replica before repositioning
the coping into its corresponding position in the impression [49, 53]. The
advantage of the indirect, closed-tray technique is that it is preferable in
cases where there is limited inter-arch space, especially in the posterior
region, because of the short impression coping. Further, it is easier by
comparison to the direct technique because of its resemblance to the
natural tooth impression technique. However, a major disadvantage is the
distortion of the impression material that accompanies taking angled
implant impressions, and leads to inaccurate definitive casts [51, 52].

Several studies have compared the accuracy of the direct and indirect
techniques and concluded that, for completely edentulous cases, scientific
evidence demonstrates the superiority of open-tray implant impression
techniques. For partially edentulous cases, the evidence shows that there
is no significant difference between open- and closed-tray implant
impression techniques [2].
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The introduction of the snap-fit or press fit plastic impression coping
provides an alternative to the direct impression technique that has similar
accuracy, and at the same time, is as simple to use as is the indirect
technique. The snap-fit procedure actually is a combination of both implant
techniques, as the impression coping snaps to the implant and then the
impression is taken with a closed tray. When the impression material sets
and the impression tray is removed, the snap-fit coping becomes fixed to

the impression material and pulls out of the implant [32, 54].

Splinting versus non-splinting techniques

Branemark first recommended splinting the impression copings when
taking the implant impression, and used a rigid material to reduce the
rotational, horizontal, and vertical distortion of the impression coping.
Thereafter, numerous splinting techniques and materials were introduced
that have different advantages [55].

Several past studies have reported that many different materials may
be used as a rigid splinting material, with auto-polymerizing acrylic resin the
most common. This material, which is used first with dental floss or even an
orthodontic wire to make a scaffold between the impression copings, is
followed by applying the rigid splinting material [34, 35, 56-61]. However, a
major disadvantage described is their dimensional instability, in which total
polymerization shrinkage of 7.9% occurs within the first 24 hours, with
approximately 80% of this shrinkage occuring within the first 17 minutes
after mixing. In addition, some residual stresses always persist within the

set auto-polymerizing acrylic resin, which lead to more distortion when the
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implant impression is removed, because the greater the mass of the acrylic
resin, the greater the amount of distortion [34, 35, 56-67].

Several studies have reported that different methods may be used to
reduce the residual stresses within the set resin upon removal of the
impression; these include: (1) allowing the splinting material to set for
approximately 17 min to prevent most of the acrylic resin polymerization
shrinkage and reduce implant impression distortion; (2) sectioning the splint
material between the impression copings, and then reconnecting the
separated pieces; (3) decreasing the total mass of the splint material [47,
64, 66], and (4) luting the prefabricated bars to the impression copings with
minimal amounts of resin.

Dual-cured acrylic resin has been used as a splint material to eliminate
the implant impression distortion related to shrinkage. Although it produces
less shrinkage, the dual-cured acrylic resin does not set completely (up to
25-45% of the material remains inactivated even 24 hours after curing). In
edentulous patients with implants, the plaster impression has been used as
a splinting material, although it cannot be used in any areas with
anatomical undercuts [68, 69].

Most of the studies conducted on the accuracy of splinting versus non-
splinting implant impression techniques has reported that the splinting
technique is superior for completely and partially edentulous patients.
Fewer studies have reported that the non-splinting technique was equally

or more accurate [2, 70, 71-90]
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Conventional impression materials

Implant impression materials include structural discrepancies that are
related to their setting shrinkage, contraction, and water sorption expansion
properties with a range of 50 um [32, 91, 92]. This shrinkage is related
primarily to the cross-linking and subsequent rearrangement of their
polymer chains. However, it also could be related to the evaporation of
volatile components and the release of by-products.

Numerous materials have been used for implant impressions, with the
addition of silicone and polyether impression materials reported most
commonly. The resilient properties of these materials reduce their
deformation by undercuts; they also have improved accuracy, and relative
stability that prevent the implant impression copings from moving during
pouring procedures [91, 92, 93]. Several studies that compared polyether
and impression materials containing silicone, reported no significant
differences in dimensional accuracy, and both produced similarly accurate
definitive casts for completely and partially edentulous patients [2, 70, 71-
77].

Another important factor is the customized tray, which gives the
implant impression material the advantage of having a uniform thickness
that makes it more accurate and precise. A comparison of customized and
stock trays showed that the customized tray was significantly more
accurate due to the uniform distribution of the elastomeric impression

material, unlike that in the stock tray [94, 95].
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Implant angulation and number

Many investigators have reported that the accuracy of implant
impressions decreases in partially and completely edentulous patients
when the implants are not parallel, which is related primarily to distortion
upon removal of the impression. However, an implant angulation up to 15°-
20° degrees was shown to have no adverse effects on the accuracy of the
implant impression for partially edentulous patients [2]; further, impression
accuracy may be inversely affected by the number of implants [2, 32]. A
recent study of the effects of implant impression copings stated that when
using polyether impression material, long copings produced more accurate

definitive models than did short ones [32].

Intraoral optical scanners

The introduction of digital implant dentistry has simplified and improved
the workflow in the fabrication of the IFDP framework and changed the
relationship between the dentist and the laboratory significantly [15]. Digital
intraoral impression systems capture information about intraoral hard and
soft tissues in one of two ways: first, they can capture the information as
digital images, which the software stitches together to create one large
Standard Tesselation Language (STL) file. The second system captures
the information as a digital video that also is created as an STL file.
Occasionally, powder coating has to be eliminated before scanning to
ensure that all of the information is recorded properly [15-19].

Digital impressions are gaining popularity [14]. The advantages of
digital intraoral scanners are numerous and include elimination of all of the
conventional steps in taking impressions that may lead to distortion, such
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as tray selection, shrinkage and expansion of impression materials,
disinfection, and shipping to the laboratory; at the same time, they increase
patient comfort, reduce storage occupancy, and keep records in optimum
condition for patients through electronic storage [11, 14-19]. Another
advantage that intraoral scanners introduced to the workflow in CAD/CAM
fabrication of IFDP frameworks is the elimination of the initial step of taking
an impression, and pouring the cast to be scanned in the lab. Taking a
digital impression using an intraoral optical scanner (I0S) helps create a
virtual model that uses the digital impression immediately, and eliminates
the need for a stone model, which improves the accuracy and fit of the final
prosthesis. One study reported better accuracy when using intraoral
scanners compared to the traditional CAD/CAM workflow for fabrication of
IFDP frameworks [10].

The limitations of digital scanners include their high purchase and
maintenance costs, software performance issues, and the steep learning
curve required to achieve commercially acceptable levels of productivity.

Since these scanners were first introduced to the market, numerous
lines have emerged. First there were 3D digital scanners, which include the
Lava Chairside Oral Scanner (3M ESPE), and the iTero Digital Impression
System (Cadent) scanner. Then, new digital scanners acquired software
that enables them to design and mill prostheses; these include the E4D
Dentist (D4D Technologies) and CEREC Bluecam (Sirona Dental Systems)
scanners. These new systems allow the fabrication of the final prosthesis
on digital master casts created from the digital information captured.
Thereafter, further advancements in digital scanners equipped them with
continuous image acquisition to replace single image stitching; these
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include the TRIOS scanner (3Shape), CEREC Omnicam (Sirona Dental
Systems) scanner, and 3M True Definition (3M ESPE) scanner.

A study compared conventional impressions taken with different
techniques and an intraoral scanner (Trios, 3shape), and found that the
accuracy of digital scans did not differ significantly from the conventional,
implant-level, splinted impressions (Polyether) for completely edentulous
patients, while both were significantly more accurate than were implant-
level, non-splinted conventional impressions [10]. Another study compared
an intraoral scanner (Cadent iTero) to a conventional impression (Polyvinyl
Siloxane) in partially edentulous arches, and found that at 0° and 15°
degrees implant divergence, conventional impressions were more accurate
than were digital impressions. There were no significant differences at 30°
and 45° degrees of implant divergences [7].

Intraoral digital scanners of dental implants require the use of scan
bodies, easy-to-capture plastic components attached to the implants. The
accuracy of digital implant scans can be affected by the scan bodies due to
discrepancies related to their fit on the implant. An average discrepancy of
39 um in the fit of the scan bodies was reported, with only 11 pum on the
implant replicas [10, 11, 13-19].

Today, the principal intraoral video data acquisition systems on the
market are the TRIOS (3shape), CEREC Omnicam (Sirona), and True
Definition (3M ESPE) scanners. There are no data available with respect to
the accuracy of the Omnicam and True Definition digital scanners, and only
one study using the TRIOS digital scanner compared the accuracy of digital
implant impressions to conventional impression techniques. Therefore, a
study that compares the accuracy of conventional implant impressions with
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those of the CEREC Omnicam and the 3M True Definition digital scanners
for partially edentulous patients was necessary to provide more information

and clinical validation of intraoral optical scanner technology [10].
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Purpose of the study

The primary purpose of this study was to compare the accuracy of
definitive casts acquired from digital implant impressions (digital implant-
level impressions with scan bodies and an intraoral scanner) using 2
different Intra Oral Scanners (CEREC Omnicam and 3M True Definition)
with conventional implant impressions. A secondary purpose was to
compare the difference in the accuracy of definitive casts between the

Nobel Biocare and Straumann implant systems.

Hypothesis

The primary hypothesis was that the conventional splinted open-tray
impressions are more accurate than are digital impressions for partially
edentulous casts. The secondary hypothesis was that there is no difference
in the accuracy of implant impressions made with the two digital implant

systems (Nobel Biocare and Straumann).
Variables to be tested

1) Implant impression technique.

2) Implant system.
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Outcome
The accuracy of the impressions was determined by comparing the
definitive cast obtained with each method to the master cast and

calculating the differences in microns.

Clinical implications

This study will help clinicians determine the most suitable impression
technique for their practices. It will also help calculate, with the best
evidence available, the risks/benefits of using an I0S, which will promote

successful and improved clinical practice and patient satisfaction.
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Materials and Methods

Master cast fabrication

Two partially edentulous mandibular casts with two internal connection
implant analogs (Tissue level implant analogs RN, Straumann, and
Replace Select implant analogs RP, Nobel Biocare) were fabricated to
simulate a common clinical condition of partial edentulism (Figure 1). These
casts were fabricated in clear acrylic resin in a specialized facility so that
the two implants were not parallel to each other; instead, the first implant
was parallel to the long axis of the teeth, while the second had a 300
angulation (Model Plus Inc., Grayslake, IL). It was not possible to obtain a
digital scan of the clear acrylic resin cast, and therefore, a stone cast was
fabricated to serve as a master cast (golden reference) by taking an
impression using polyether impression material (Impregum: 3M ESPE, St.
Paul, MN) and connecting implant replicas to the impression copings. The
impressions were poured using a low expansion (0.09%) type IV stone
(Resin Rock: Whipmix Corp., Louisville, KY) to create the master casts

(control) for all six groups (Figure 2).

Conventional implant impression technique

Custom trays were fabricated after marking the master cast in four
areas to standardize the position of the custom tray while taking the open-
tray impression. Light-curing acrylic resin (Triad TruTray: Dentsply, Inc.,
York, PA) was used to fabricate the custom trays, and 2 holes were drilled

through them to accommodate the impression coping guide screws in an
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open-tray approach. Then, the conventional implant impression procedures
continued as follows:

Groups | and Il—Splinted, open-tray implant-level impression (n=10):
implant-level impression copings were connected to the implant analogs in
the stone cast (control) for both implant systems. A splint between the
implant impression copings was made with urethane dimethacrylte-based
visible light-cured resin (Triad gel: Dentsply Inc.). To standardize the
thickness and shape of the splinting material, drinking straws were filled
with Triad followed by light curing, and were stored for 24 hours. The resin
bars were then sectioned and attached to the impression copings with
minimal amounts of Triad [6]. Ten impressions for each group were taken
using polyether impression material (Impregum: 3M ESPE, St. Paul, MN).

This process was repeated 10 times to produce 10 stone casts for each

group.

Digital implant impression technique

Groups Il and IV—Digital impression with Active Triangulation
technology (n=10): ten repeated digital scans were taken with a white light
IOS (CEREC Omnicam: Sirona, Germany) at implant level for each of the
two implant systems. Polymer implant impression scan bodies (RC:
Straumann, Basel, Switzerland, and RP: Nobel Biocare, Yorba Linda, CA)
were connected to the implants on the master cast and hand tightened.
After the acquisition of ten repeated digital impressions, the digital scans

were exported and saved as STL files.
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Groups V and VI—Digital impression with Active Wavefront sampling
technology (n=10): ten repeated digital scans were taken with a blue light
IOS (True Definition: 3M ESPE, Germany) at implant level for each of the
two implant systems. Polymer implant impression scan bodies (RC:
Straumann, Basel, Switzerland, and RP: Nobel Biocare, Yorba Linda, CA)
were connected to the implants on the control master cast and hand
tightened. Powder was sprayed on the scan bodies and test casts prior to
digital scanning. After the acquisition of ten repeated digital impressions,

the digital scans were exported and saved as STL files.

Digitization of stone casts

Before recording any accuracy measurements, all stone casts were
stored for one week at room temperature. Using a high-resolution reference
scanner (Activity 880 scanner: Smart Optics, Bochum, Germany) all of the
test stone casts from both groups | and Il were digitized for comparison
with the other digital groups, IllI-VI. A 3D transformation feature in the
reference scanner (Activity 880 scanner) helped to scan and capture the
implants’ 3D position using a white light camera that can capture multiple
pictures and transform them into a 3D image. Before digital scanning with
the reference scanner was conducted, plastic scan bodies (Tissue Level
RN: Straumann, Basel, Switzerland, and Replace Select RP: Nobel
Biocare, Yorba Linda, CA) were placed on the first test cast, after which the
scan bodies were removed and placed on the second cast in the same
position for scanning. The same procedure of placing the scan bodies in

the same position followed by digital scanning was performed with all 10
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casts to eliminate the effect of scan bodies. The 2 stone master casts
(control) were digitized with the same procedure, and the STL files were

saved for comparison.

Superimposition procedures to assess 3D accuracy of STL

files

Inspection software (Geomagic® Control™ 2015) was then used to
superimpose the STL datasets for each cast in each test group to the STL
file of the control (master cast). The primary method used to calculate the
difference was the root mean square (RMS) error, which was calculated

with the Geomagic® Control™ 2015 software.
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Sample size calculation

The software nQuery Advisor (Version 7.0) was used to perform a
power calculation. With a significance level of a = 0.05, a sample size of
n = 10 per group was found to result in a greater than 99% power to detect
a difference between the impression techniques, assuming the same effect

size as observed in Papaspyridakos et al. [10].

Statistical analyses

Descriptive statistics (medians and inter-quartile ranges) were
calculated for each group. Nonparametric testing was undertaken due to
non-normality of the data. When comparing conventional impressions,
Omnicam scans, and True Definition scans to each other, statistical
significance was assessed via two separate Kruskal-Wallis tests: one for
Nobel Biocare, and one for Straumann. The Mann-Whitney U test
alongside the Bonferroni correction was used for post-hoc tests.

When comparing the Nobel Biocare implant system versus the
Straumann implant system, statistical significance was assessed via three
separate Mann-Whitney U tests: one for conventional, one for Omnicam,

and one for True Definition. SPSS Version 22 was used in all analyses.
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Results

A summary of the descriptive statistical analysis with the median +
inter-quartile range of the differences among the three impression groups of
the Nobel implant system master model is shown in Table 1. The True
Definition scan group had the lowest median value (15.36 + 6.18 um), while
the conventional impression group had the highest value (39.38 + 17.71
um). The Kruskal-Wallis test was significant (p < 0.001). In post-hoc
testing, the difference between the impression groups and the master
model was significantly different for all groups, except the Omnicam scan
(19.79 = 4.25 um) and the True Definition groups (Table 1).

The analysis of the median =+ inter-quartile range of the differences
among the three impression groups of the Straumann implant system
master model is shown in Table 2. The True Definition scan group had the
lowest median value (16.94 + 4.60 um), while the Omnicam group had the
highest value (26.01 + 15.08 um). The Kruskal-Wallis test was significant (p
= 0.003). In post-hoc testing, the differences between the impression
groups and the master model were significantly different between all
groups, except the conventional impression (21.77 +5.24 um) and the True
Definition scan groups (Table 2).

The analysis of the median + inter-quartile range of the differences in
the conventional impression technique for the two implant system groups is
shown in Table 3. The Straumann implant system had a lower median
value (21.77 + 5.24 um) than did the Nobel system (39.38 + 17.71 um).
The difference between the two systems was significant (p < 0.001:
Table 3).
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The analysis of the median + inter-quartile range of the differences in
the Omnicam scanning technique for both implant system groups is shown
in Table 4. The Nobel implant system had a lower median value (19.79 =
4.25 um) than did the Straumann system (26.01 + 15.08 um). The
difference between the systems was significant (p = 0.011: Table 4).

The analysis of the median + inter-quartile range of the differences in
the True Definition scanning technique for the two implant system groups is
shown in Table 5. The Nobel implant system had a lower median value
(15.36 + 6.18 um) than did the Straumann system (16.94 + 4.60 um).
However, the difference between the two systems was not significant (p =
0.25: Table 5).
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Discussion

In this in vitro study, the first null hypothesis was rejected, as the
implant impression technique did have an effect on the accuracy of the
definitive casts obtained. The second null hypothesis was also rejected, as
the implant system also had an effect on the accuracy of the definitive
casts obtained.

Similar to previous studies [10, 96], the 3D difference between the test
model and the control model was evaluated by calculating the RMS error.
In this method, the Geomagic® Control™ 2015 software uses the “best
alignment fit” algorithm to overlap the test and control model scanning
images [96]. In this study, we simulated a common clinical condition of
partial edentulism of Kennedy'’s class Il (Kennedy’s classes Il and Ill being
the most common of all classes of partial edentulous patients in the lower
jaw), which was replicated with two partially edentulous mandibular models
[97]. Two internal connection implant analogs were inserted into the models
in the edentulous areas with one implant parallel to the long axis of the
teeth, and the second with a 30° degree angulation, as most previous
studies have reported that an angulation of 20° degrees or less produces
no statistically significant effects [2, 7, 10, 32].

In this study, the means of all groups were comparable to those
presented in previous studies (the means and SDs were not reported but
medians and inter-quartile ranges instead, because nonparametric
statistical tests were used to determine significance) [7, 10]. With the Nobel
implant system, the True Definition digital scans were the most accurate,

but did not differ significantly from the Omnicam scans, while the
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conventional impressions differed significantly from both digital scanners.
This suggests a significant improvement in digital scanners, as most recent
reports have indicated that conventional impressions were superior to
digital scanners in partially edentulous patients [2, 7, 10, 32].

However, in the Straumann implant system, the Omnicam did not
perform as well as it did with the Nobel implants, which could be attributed
to two factors. First, the Straumann engaging scan bodies available did not
have a surface area as great as that of the Nobel engaging scan bodies
(Figure 12). Second, conventional impressions for the Straumann implant
system were more accurate compared to the Nobel system. Although
procedures for both implant systems were standardized when impressions
were taken conventionally, there was a significant difference between the
two. This could be attributed to the fact that Straumann impression copings
were much larger, and had more surface area on which the splinting
material could engage; this may have increased the stability of the
impression coping-splint complex (Figure 12) [32]. Further, with the
Straumann system, there was no significant difference between the
conventional impression and True Definition, as opposed to previously
reported studies in which conventional impressions performed significantly
better than other digital scanners. [2, 7, 10, 32].

Therefore, in this study, when the conventional impression technique
was compared with the two implant systems, the Straumann system was
significantly more accurate than was the Nobel Biocare system. The larger
impression copings may have been a contributing factor [32].

With the Omnicam technique, the Straumann system was significantly
less accurate than was the Nobel system. The same explanation
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mentioned previously, that the Straumann scan bodies have less surface
area and fewer details that make scanning them more difficult likely
contributed to this result [10, 32]. However, with the True Definition
technique, there was no statistically significant difference between the two
systems.

Overall, there was a clear pattern in this study of supremacy of the
digital intraoral scanners (except for the Omnicam with Straumann tissue
level implants) over the conventional impression technique. These results
demonstrate that digital IOSs have improved profoundly compared to those
used in recent relevant studies [2, 7, 10]. For example, in 2015, Lin et al [7]
compared definitive casts obtained from a conventional impression
technique with those obtained with a digital scanner (Cadent iTero) under
similar clinical conditions. Their investigation showed that the digital
technique produced less accurate models than did the conventional
method. One reason for this could be because the new digital scanners
(True Definition and Omnicam) are able to acquire continuous images
rather than using single image stitching (Cadent iTero). Further, Lin et al’s
assessment was conducted on physical models of the conventional and
digital groups, while in this study, the assessment was conducted on digital
models of the groups alone. Thus, the digital technique was used in more
steps compared to our study, increasing the chance for more distortion that
produces less accurate digital models [7].

It must be highlighted that the maximum 3D deviation with each of the
three different impression techniques was less than 56 um for both implant
systems. Specifically, with the Nobel Biocare system, the maximum 3D
deviation was 53 um for the conventional impression group, 33 pm for the

40



MASTER’S THESIS

Omnicam group, and 27 pm for the True Definition group. With the
Straumann system, the maximum 3-D deviation was 26 pm for the
conventional impression group, 55 um for the Omnicam group, and 38 um
for the True Definition group. Although the differences between
conventional and digital impressions were statistically significant from the
nominal point of view, they likely are clinically irrelevant. According to the
literature, a misfit of less than 56 um is below the reported threshold for a
clinically acceptable fit [3, 4, 25]. The clinical implications indicate that all
three impression techniques are adequate clinically for implant
impressions.

Fundamentally, dental restorations (single crowns, FPDs, or IFPDSs)
can be fabricated using an intraoral digital scanner by two different
techniques: in the first, the images captured are recorded using an STL file
and then transported to the laboratory. Thereafter, a virtual interocclusal
record is captured through buccal and facial scans to mount the digital
models virtually to fabricate the restoration. The second technique involves
fabricating polyurethane working casts that can be mounted physically
using regular face-bows and interocclusal records [98].

Rapid prototyping is the term used to describe the digital technology
involved in fabricating digitally based, physical casts (polyurethane
models). Largely, the process of producing physical models from
information and data obtained digitally can be divided into subtractive and
additive techniques. Subtractive techniques include laser and electron
beam cutting, computer numerical control machining, and electrical
discharge machining. Subtractive methods use mechanical machines to cut
down material, and a computer that includes data preset for the designed
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final product to control these machines; additive techniques include
selective laser sintering, SLA, and 3D printing. These techniques
manufacture physical models by gradual addition [99, 100, 101].

The accuracy of physical casts (polyurethane models) obtained
through rapid prototyping with a digital I0OS has not been investigated fully
in the past. A recent study showed the significant superiority of models
made by (3D) printing (additive technique) over models made by milling
(subtractive technique). However, both techniques were within acceptable
clinical levels [99].

One final point to mention is that, as the accuracy of digital I0Ss
continues to improve, another advantage, time efficiency, will make them
increasingly superior to the conventional impression technique. A recent
prospective clinical study showed the improved time efficiency of digital
compared to conventional workflow for an implant-supported single unit
restoration, where a total of 16% less time was required in clinical and
related laboratory procedures [102].

The study had the following limitations: first, all physical models
produced with the conventional impression technique, as well as the
master models, had to be scanned by an extraoral scanner to digitize the
models’ data. Although this extraoral scanner (Activity 880 scanner: Smart
Optics, Bochum, Germany) was equilibrated before scanning, it has a
margin of error of 10 microns. This is considered a limitation of the
Geomagic® Control™ 2015 software analysis. Second, the results of this
study cannot be generalized to all clinical contexts of partial edentulism,
because we investigated only one common clinical situation in this
experiment. Although the results we obtained are correct with respect to
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this particular situation, this might not necessarily be true in a different
clinical context of partial edentulism with different implant angulations.
Future studies should consider comparing conventional impressions to
digital scanners intraorally, because a less controlled environment may
have significant effects on the results. In addition, more laboratory and
clinical research is recommended to assess the accuracy of the digital
technique with and without the production of physical (polyurethane) casts.
The accuracy of physical vs. digital casts also should be assessed to

determine which technique is more efficient.
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Conclusions

Within the limitations of this in-vitro study, we can conclude that:

1) Different impression techniques and implant systems affected the
accuracy of the definitive cast generated.

2) When comparing the three different impression techniques within
each implant system, in the Nobel Biocare implant system, True Definition
scans were the most accurate, but did not differ significantly from Omnicam
scans, while conventional impressions were significantly less accurate than
were both digital scanners. With the Straumann implant system, True
Definition scans were the most accurate, but did not differ significantly from
conventional impressions, while the Omnicam scans were significantly less
accurate than were both of the previous techniques.

3) When comparing the two implant systems with respect to each
impression technique, with the conventional impression technique, the
Straumann system was significantly more accurate than was the Nobel
Biocare system. With the Omnicam scan technique, Nobel Biocare was
significantly more accurate than was the Straumann system. Finally, there
was no significant difference between the two implant systems with the

True Definition scan technique.
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Table 1: Medians and Inter-quartile Ranges of 3-D Deviation (um) for the Nobel Biocare implant
system

Impression
Technique

Conventional

Omnicam

True Definition

* Statistically Significant
Groups that do not show a matched letter exhibited a statistically significant difference

Table 2: Medians and Inter-quartile Ranges of 3-D Deviation (um) for the Straumann implant
system

Impre§3|on Median
Technique

Conventional

Omnicam 0.003*

True Definition 10 16.94 2 4.60

* Statistically Significant
Groups that do not show a matched letter exhibited a statistically significant difference
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Table 3: Medians and Inter-quartile Ranges of 3-D Deviation (um) for the Conventional
impression technique

Implant System

Nobel 17.71
< 0.001~
Straumann 10 21.77 5.24

* Statistically Significant

Table 4: Medians and Inter-quartile Ranges of 3-D Deviation (um) for the Omnicam scanning
technique

Implant System Median

Nobel 19.79 4.25

0.011~
Straumann 10 26.01 15.03

* Statistically Significant

Table 5: Medians and Inter-quartile Ranges of 3-D Deviation (um) for the True Definition
scanning technique

Implant System Median

Nobel

Straumann

* Statistically Significant
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Figure 1: Clear acrylic model with two internal connection implant analogs (Replace Select

implant analogs RP, Nobel Biocare)

Figure 2: Clear acrylic model with two internal connection implant analogs (Tissue level implant

analogs RN, Straumann)
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Figure 3: Master model with two internal connection implant analogs (Replace Select implant

analogs RP, Nobel Biocare)

Figure 4: Master model with two internal connection implant analogs (Tissue level implant

analogs RN, Straumann.)
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Figure 5: Splinting (Replace Select implant analogs RP, Nobel Biocare)

Figure 6: Splinting (Tissue level implant analogs RN, Straumann)
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Figure 7: Conventional impressions (Replace Select implant analogs RP, Nobel Biocare)

Figure 8: Conventional impressions (Tissue level implant analogs RN, Straumann)
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Figure 9: CEREC Omnicam; Standard Tesselation Language files (STL files) (Replace Select

implant analogs RP, Nobel Biocare)

Figure 10: CEREC Omnicam; Standard Tesselation Language files (STL files) (Tissue level

implant analogs RN, Straumann)
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Figure 11: True Definition; Standard Tesselation Language files (STL files) (Replace Select

implant analogs RP, Nobel Biocare)

Figure 12: True Definition; Standard Tesselation Language files (STL files) ( Tissue level implant

analogs RN, Straumann)
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Figure 13: Activity 880 scanner; Standard Tesselation Language files (STL files) (Replace Select

implant analogs RP, Nobel Biocare)

Figure 14: Activity 880 scanner; Standard Tesselation Language files (STL files) (Tissue level

implant analogs RN, Straumann)
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Figure 15: Activity 880 scanner; Data acquisition
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Figure 16: Activity 880 scanner
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I — ———

Figure 17: 3-D Accuracy Assessment for conventional impression technique (Replace Select

implant analogs RP, Nobel Biocare)

L — ——————

Figure 18: 3-D Accuracy Assessment for conventional impression technique (Tissue level implant

analogs RN, Straumann)



MASTER’S THESIS

—— ——

Figure 19: 3-D Accuracy Assessment for Omnicam digital scan technique (Replace Select implant

analogs RP, Nobel Biocare)

S — —

Figure 20: 3-D Accuracy Assessment for Omnicam digital scan technique (Tissue level implant

analogs RN, Straumann)
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S — ———————

Figure 21: 3-D Accuracy Assessment for True Definition scan technique (Replace Select implant

analogs RP, Nobel Biocare)

10— ‘*

Figure 22: 3-D Accuracy Assessment for True Definition scan technique (Tissue level implant

analogs RN, Straumann)

57



MASTER’S THESIS

Figure 23: Impression copings (Replace Select implant analogs RP, Nobel Biocare) with smaller

surface area.

Figure 24: Impression copings (Tissue level implant analogs RN, Straumann) with bigger surface

area.
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Figure 25: Scan bodies (Replace Select implant analogs RP, Nobel Biocare) with bigger surface

area.

Figure 26: Scan bodies (Tissue level implant analogs RN, Straumann) with smaller surface area.
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Figure 27: Box-plot chart illustration of the results for all three impression techniques for the

Nobel Biocare implant system
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Figure 28: Box-plot chart illustration of the results for all three impression techniques for the

Straumann implant system
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