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design: tripodal
S: support
R: retention
B: bracing
G: guiding plane
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Class IV
design: linear

S: support
R: retention
B: bracing
G: guiding plane /

Class il

design: quadrilateral

S: support
R: retention
B: bracing

Class VI

design: quadrilateral

S: support
R: retention
B: bracing

G: guiding plane

Fig. 7. Aramany class VI obturator design template.

Class V

design: tripodal

S: support
R retention

B: bracing
G guiding plane
IR: indirect retention
4

Fig. 6. Aramany class V obturator design template.
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Table 1 Sources of error and tolerances for the steps in the investigated process

Process step Source of error Tolerance
Impression taking Human/skill level No value
Casting study model Human/skill level No value
Optical scanning of study model Scanner +0.050 mm
Creating polygon computer model from point cloud data Software +0.050 mm
Import into CAD software Software 0.000 mm
Design in CAD software Software +0.001 mm
Export of CAD data in STL file format Software +0.010 mm
Physical manufacture using RP process (e.g. SL) RP machine #0100 mm
Removal of RP pattern from machine, cleaning, and support removal Human/skill level No value
Preparation for casting, adding sprue, and runner Human/skill level No value
Casting Material used #0100 mm
Removing casting sprue and runner Human/skill level No value
Surface preparation and polishing Human/skill level No value
Total +0.311 mm
6. Duret, F., Preston, J., and Duret, B. R . . . . .
6)9L3¢L5~JNQCADW)|OQLL_~J| ﬁ‘}.‘ng&g‘)‘rbjs)m&lkuwl)ﬁ

Performance of CAD/CAM crown resto-
rations. J. Calif. Dent. Assoc., 1996, 9(9),
64-71.

7. Williams, R., Bibb, R., and Rafik, T. A
technique for fabricating patterns for re-
movable partial denture frameworks using
digitized casts and electronic surveying. J.
Prosthetic Dentistry, 2004, 91(1), 85-88.
8. Williams, R., Eggbeer, D., and Bibb, R.
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Pictural Dictinary

e [l i

Pronunciation Pronunciation
Ak-SEL-uh-ray-tur
Variation Variation
Definition Definition
A tooth that supports or retains a bridge or partial An agent that speeds up a chemical reaction.a common
denture. use of an accelerator in dental technology is to shorten
1. on a bridge,a prepared tooth to which the bridge is the setting time of adhesives.
attached,whether it be full crown prep or inlay/only
preps.

2.0on a partial denture,a thooth which supports the
denture with clasps or rests.

Accentuate Acquired centrin occlusion

2

=
(G-
©
>
CC)

Pronunciation Pronunciation -—

Ak-SENT-choo-ayt @)

Variation Variation 5

Acquired centric, maximal intercuspal position,

Definition maximum interocclusal position, maximal intercuspation,

1.to accent or emphasize. interdigitated occlusion

2.to give prominence.we can accentuate an area by Definition

adding to it or by reducing the surrounding areas.the The maximum occlusion of opposing teeth, regardless of

dental technician accentuates the areas which have condylar position.

prominence in natural teeth in natural teeth in order to
make a restoration look natural.
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The design stages of this technique rely on having an accurate three-dimensional scan of a patient cast and an understanding of both RPD framework
design and CAD techniques. This meant that the time taken to produce castable patterns using the technology described is considerable but would
be significantly reduced with familiarity and practice.

The most suitable choice of RP process was determined primarily by accuracy and part strength. The ThermoJet®and Solidscape® patterns, although
accurate, were too fragile and were therefore not suitable for the tasks associated with spruing and casting. Although the Perfactory® pattern cast well,
the accuracy was poor because of distortion inflicted on the flexible pattern during handling. The stiffer patterns produced by SL were easy to handle,
were accurate, and produced satisfactory results. The layer effect exhibited by all RP processes was not evident after finishing and the difference
between the high-resolution and standard SLA-250 patterns was negligible.

The techniques undertaken and described above outline a stage in the development of machine-produced RPD frameworks and point to many
possible advances that can be achieved in the future. The application of CAD would allow access to new RP technologies that build parts directly in
metal alloys, including chromium—cobalt and stainless steel. Sacrificial pattern manufacture and casting may be eliminated all together. This will be
explored in future studies.

The introduction of digital design and RP production into current practices would present a significant change in the field of dentistry and is unlikely
to happen quickly. Studies so far have shown how CAD and RP may be applied and some principles have been developed and established. Possible
future benefits and the potential shortfalls have also been discussed.

The authors would like thank Frank Cooper at the Jewellery Industry Innovation Centre in Birmingham, UK, who kindly supplied the Perfactory® and
Solid scape® RP patterns and Kevin Liles at 3D Systems threelnc. who supplied the Amethyst™ RP pattern.
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Fig. 10 The definitive framework

order to improve casting, the design was thickened in FreeForm® and
revised SL patterns were produced and cast. This improved the pattern’s
strength and the casting reliability.

4.2. Sources of error

Error may be produced in all aspects of dental technology if the original
impression of the patient’s teeth and surrounding tissues is poorly taken
or the cast produced from it badly made. Various studies have aimed to
assess this error [12—14]. However, in the absence of an appropriate
intra-oral scanning technology the application of CAD/CAM in dental
technology depends on the dental model. Other than human error in
the interpretation of the instructions of the dentist or in the design of
the framework, the adoption of CAD/CAM and RP technologies may
incur several processes that may contribute to error between the
theoretical design and the final manufactured item. For the most part
the effect of these processes will be an accumulation of tolerances at
each technology stage. However, certain levels of care and skill may still
affect the accuracy of these computer-controlled techniques.

The flow chart in Table 1 indicates the steps in the process investigated
here and indicates nominal tolerances associated with the various
technologies. The accumulation of the tolerances leads to the maximum
error that could be expected to result from the technologies alone
assuming no human error is encountered. As human skill level and
error cannot be assigned a numerical value and may range from zero
to complete failure, discussion of this is not included here. However, as
this study aims to investigate the implications of adopting CAD/CAM and
RP technologies, it is appropriate to attempt to illustrate their potential
contribution to error in the final RPD. The tolerances used in this table
indicate typical or nominal figures, which are quoted by manufacturers
or set as parameters in software.

Table 1 Sources of error and tolerances for the steps in the investigated process

Process step Source of error Tolerance
Impression taking Human/skill level No value
Casting study model Human/skill level No value
Optical scanning of study model Scanner +0.050 mm
Creating polygon computer model from point cloud data Software +0.050 mm
Import into CAD software Software 0.000 mm
Design in CAD software Software +0.001 mm
Export of CAD data in STL file format Software +0.010 mm
Physical manufacture using RP process (e.g. SL) RP machine +0.100 mm
Removal of RP pattern from machine, cleaning, and support removal Human/skill level No value
Preparation for casting, adding sprue, and runner Human/skill level No value
Casting Material used +0.100 mm
Removing casting sprue and runner Human/skill level No value
Surface preparation and polishing Human/skill level No value
Total +0.311 mm
3.1, Finishing 4.3. Error analysis

The casts produced from the original thin Amethyst® and thicker
Waterclear™ patterns were polished and test fitted to the original physical
cast. These were all visually assessed and judged to be satisfactory.
Figure 10 shows the finished RPD framework that was cast from the
high-resolution Waterclear™ SLA-250 pattern.

)
4.1. Assessment of the RPD frameworks

Surprisingly few studies have discussed the accuracy of fit of RPD
frameworks [11-13] and even fewer have attempted to quantify it. One
study which did attempt to measure gaps between frameworks and
tooth surfaces in crucial areas using feeler gauges found that, owing
to the three-dimensional nature of the curved surfaces examined, the
method may be flawed [13]. Thus researchers routinely rely on the same
somewhat subjective assessments which practitioners use on fitting
RPD frameworks to patients.

For example, occlusal rests are pressurized to detect whether there is
movement, the closeness of the adaptation of clasps to teeth is studied,
and the alloy surface is checked for visible defects [14].

No.12, June 2013

For this application, it is difficult to achieve an investigation that provides
detailed quantitative analysis of error. The natures of the devices mean
that they are complex in form and do not provide convenient datum
or reference surfaces. In addition, the devices are by definition one-
off custom-made appliances constructed to fit individual patients.
Therefore, it is not practical to perform the type of repeated statistical
analysis that would be commonly encountered in series production or
mass manufacture. It is normal dental practice to assess the accuracy of
an RPD by test fitting the device to the study model and subsequently to
the patient. In this study the RPD frameworks created were deemed by
a qualified and experienced dental technician to be a satisfactory fit and
comparable with those produced by expert technicians.

The parameters set in software are often user selected, are usually set
to extremely small fractions of a millimetre, and in all practical terms
may be ignored. The significant errors are likely to be encountered at
the optical scanning stage and the RP manufacturing stage. Through
extensive experience over many years, these figures are frequently
encountered in industrial applications of these technologies and as such
may be considered typical. The cumulative effect of these tolerances
remains submillimetre and as such is likely to be equivalent to or smaller
than the typical human error encountered in the traditional dental
technology laboratory. The remaining sources of error are encountered
in traditional practice and the use of computer-aided technologies will
not affect them greatly.
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Fig. 6 Construction curves

Fig. 7 Thecomlete FreeForm® design
2.8.1. SLA-250 in the Waterclear™ example

The STL framework design was prepared using Lightyear™ (3D Systems
Inc.) with a ‘fine point’ sup port structure (Fig. 8). The framework was
oriented with the fitting surfaces facing upwards to avoid the rough finish
created by the support structures affecting fit.

Two build styles were compared: standard layers 0.1000 mm thick and
high-resolution layers 0.0625 mm thick. Once completed, the patterns
were carefully removed from the machine platform and cleaned in
isopropanol. They were then post cured in ultraviolet light to ensure
full polymerization. The other patterns were produced according to the
supplier specifications.

2.9. Pattern comparison

Of the four RP processes compared in this study, the SL processes
provided the most suitable patterns. The SL patterns were accurate and
robust and had an acceptable surface finish but did require relatively
lengthy cleaning and finishing to remove support structures. The
ThermoJet® build preparation was simpler and faster than SL and both
the ThermoJet® and the Solidscape® processes produced accurate
patterns with a good surface finish that required minimal finishing. These
wax patterns were, however, extremely fragile and could not be cast.

Fig. 8 The support structure in Lightyearm

The Perfactory® produced pattern showed a very smooth surface finish
but was also extremely flexible and was easily distorted when handled.

The SL and Perfactory® patterns were cast in chromium—cobalt alloy
without using a refractory cast. A slow mould heating cycle was used to
avoid cracking. Figure 9 shows the unfinished cast from the SLAmethyst®

Pattern surface

Fig. 9 Surfaces of the unfinished Amethyst® pattern cast

pattern. This shows that air inclusions from the casting process did not
adhere to the pattern surface.

Although casts were obtained from the SL and Perfactory® patterns, it
proved difficult to add sprues due to the thin framework sections. In
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path of insertion and possible points for active clasp termination and the
model rotated accordingly.

A visual comparison (Figs 2a and b) was made between the physically
surveyed cast and the same undermodel cast surveyed using the
software. Once a suitable angle was chosen, the model was re-exported
as an STL file.

2.4. Removing unwanted undercut

When creating an RPD most undercuts are removed so that the resulting
framework can be inserted and removed in a comfortable manner. The
STL file of the rotated cast was imported into FreeForm®, but this time
using the ‘extrude to plane’ option. When the cast was viewed from
above, this option took the maximum extents of the profile and extruded
them down by a user-defined distance. This effectively self removed
undercuts and replaced them with vertical undersurfaces (Figs 3a and
b).

2.5. Identifying useful undercuts

FreeForm’s ‘ruler’ tool was used to measure the distance between the
original cast model and the version with undercuts removed. The useful
undercuts were marked with a line for use in the design stages. RPDs
provide firm location on the existing dentition by using flexible clasps.
The clasp components of the RPD open on initial contact during insertion
and removal and return to their original position within the undercut on
final seating, thus providing secure retention.

2.6. Creation of relief

The areas without teeth require a spacer, known as relief to prevent the
framework from resting on the surfaces of the soft tissues. Relief was
created by selecting and copying an area from the cast with under cuts
removed, and then pasting this as a new piece of clay. This was then
offset to the outside by 1 mm. The results of this process are highlighted
in Fig. 4.

The entire modified model was saved as an STL file and then re-imported
using the ‘buck’ setting to avoid unintentional modification during the
next stages of RPD design.

Fig. 4 Relieved edentulous areas shown in the lighter colour on
the dark cast

2.7. Framework design

The RPD design employed in this study was based on recognized dental
technology methods emphasizing simplicity, aesthetics, and patient
comfort [10]. Some of the key design features outlined in the design
stages are labelled in Fig. 5.

The entire framework was designed on the relieved ‘buck’ cast with
undercuts removed, with the exception of the clasp components. The
clasps use the undercuts to function and were therefore designed

on the original ‘buck’ cast. The following techniques were used in the
framework design.

No.12, June 2013

Fig. 5 Key design features: a, occlusal rest; b, polymeric retention
frame; c, lingual bar; d, acrylic line; e, non-active clasp; f, guide
plate

2.7.1. Occlusal rests (a in Fig. 5)

A combination of two-dimensional drawing and three-dimensional
creation and manipulation tools was used to create pieces of clay that
were copied and located where required on the teeth.

2.7.2. Polymeric retention framework (b in Fig. 5), lingual bar (c in
Fig. 5), acrylic line (d in Fig. 5), and non-active clasps (e in Fig. 5)

The ‘draw’ tool was used to locate curves directly on to the cast surface.
These formed the centre of the framework’s profile (Fig. 6). The ‘groove’
tool was used to define and create the exact oval and square sectional
dimensions as clay.

2.7.3. Guide plates (f in Fig. 5)

Guide plates were created using the same method as relief creation.
The ‘attract’ and ‘smudge’ tools were also used to build up plate areas
and to blend them onto the framework sections.

2.7.4. Finishing

‘Smooth’, ‘attract’, and ‘smudge’ tools were used to blend the components
together. The ‘buck’ cast was removed, acting as a Boolean cutting tool
to leave just the clay framework.

2.7.5. Active clasps

The clasps were designed in the same manner as the non-flexible
parts of the framework, but using the ‘buck’ cast with undercuts. The
construction lines were joined to the termination point previously marked
in the undercut measurement stage.

The ‘buck’ cast was removed leaving the clasps. These were joined to
the main framework and blended in. Figure 7 shows the final virtual
design. The entire framework was exported as an STL file.

2.8. Pattern manufacture

Four RP methods were compared: stereolithography (SL) (3D Systems
Inc., Valencia, California, USA), ThermoJet® (3D Systems Inc.),
Solidscape® T66 (Solidscape Inc., Merrimack, New Hampshire, USA),
and Perfactory® (Envisiontec GmbH, Marl, Germany). Two SL resins
were compared: DSM Somos® 10110 (WaterclearTM, New Castle,
Delaware, USA) and Accura™ Amethyst® (3D Systems Inc.). Both of
the SL patterns were an epoxy-based polymer, the ThermoJet® was
TJ88-grade wax poly mer, the Solidscape® was a soft thermoplastic,
and Perfactory® was an acrylate-based polymer. The Waterclear™ and
ThermoJet® patterns were manufactured at The National Centre for
Product Design and Development Research, Cardiff, and the others were
prepared and built by external suppliers. The Amethyst, Solidscape®,
and Perfactory® materials are used by the jewellery industry to produce
sacrificial patterns.
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Fig. 1 The Phantom® stylus

ig-

Fig. 2 (a) The physically surveyed cast. (b) The digitally surveyed
‘buck’ cast. Undercuts are shown as dark areas

when designing custom appliances and devices that must fit human
anatomy. The software has tools analogous to those used in physical
sculpting and enables a manner of working that most closely mimics that
of the dental technician working in the laboratory (FreeForm®, SensAble
Technologies, Inc.,Woburn,Massachusetts, USA). The software utilizes
a haptic interface (Phantom® Desktop haptic interface; SensAble
Technologies Inc.) that incorporates positioning in three-dimensional
space and allows rotation and translation in all axes, transferring hand
movements under into the virtual environment (Fig. 1). It also allows
the operator to feel the object being worked on in the software. The
combination of tools and force feedback sensations mimics working on
a physical object and allows shapes to be designed and modified in an
arbitrary manner.

Objects being designed or worked on are referred to as virtual ‘clay’,
which can be rotated and viewed from any angle on the screen. A ‘buck’
setting pre vents a model from being unintentionally modified but allows
‘clay’ to be added or copied.

2.3. Surveying

Surveying is undertaken in dental technology laboratories to identify
useful dental features in order for the RPD design to be retained in

Fig. 3b

Fig. 3 (a) Undercuts are shown as dark areas. (b) Undercuts have
been removed and replaced by vertical surfaces

the oral cavity effectively. Dental surveying identifies areas of undercut
present on the patient’s teeth and soft tissue. The effect is similar to
analysing a product design to find the split line for a two-part mould.

Like many CAD packages, the CAD software used in this study has an
automatic ‘parting line’ (also known as a ‘split line’) function, which was
used to delineate up and down facing surfaces, thus identifying areas of
undercut in a different colour from the ‘buck’ model. The effect is identical
with the physical technique of using dental survey lines to identify and
mark the most bulbous areas of teeth with a pencil line (highlighted in
Fig. 2a). The undercuts were assessed in order to establish the best
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The Computer-aided Design and Rapid
Prototyping Fabrication of Removable Partial

Denture Frameworks
By D Eggbeer'**, R Bibb', and R Williams?

'The National Centre for Product Design and Development Research, The University of Wales Institute, Cardiff, UK
2Centre for Dental Technology, University of Wales Institute, Cardiff, UK

Reprinted with permission from Proceeding of the Institution of Mechanical Engineers - Journal of Engineering in Medicine Vol 219 No 3/2005

This study explores the application of computer-aided design and manufacture (CAD/CAM) to the process of electronically surveying a scanned dental
cast as a prior stage to producing a sacrificial pattern for a removable partial denture (RPD) metal alloy framework. These are designed to retain
artificial replacement teeth in the oral cavity. A cast produced from an impression of a patient’s mouth was digitally scanned and the data converted to
a three-dimensional computer file that could be read by the computer-aided design (CAD) software. Analysis and preparation were carried out in the
digital environment according to established dental principles. The CAD software was then used to design the framework and generate a standard
triangulation language (STL) file in preparation for its manufacture using rapid prototyping (RP) methods. Several RP methods were subsequently
used to produce sacrificial patterns, which were then cast in a chromium—cobalt alloy using conventional methods and assessed for accuracy of fit.
This work demonstrates that CAD/CAM techniques can be used for electronic dental cast analysis, preparation, and design of RPD frameworks. It
also demonstrates that RP-produced patterns may be successfully cast using conventional methods and that the resulting frameworks can provide

a satisfactory fit.

computer-aided design, rapid prototyping, removable partial denture

Computer-aided design and manufacture (CAD/CAM) and rapid
prototyping (RP) techniques have been extensively employed in
the product development sector for many years and have also been
extensively used in maxillofacial technology and surgery [1-3]. In
addition, CAD/CAM technologies have been introduced into dentistry,
particularly for the manufacture of crowns and bridges [4-6], but there
has been little research into the use of such methods in the field of
removable partial denture (RPD) framework fabrication. This may in
part be attributed to the lack of suitable dedicated software. Recent
pilot studies have showed that computer-aided design (CAD) and
RP methods of designing and producing a sacrificial pattern for the
production of metal alloy components of RPD metal frameworks
could have promising applications [7, 8]. These studies explored the
application of computer-aided technologies to the surveying of digital
casts and pattern design and the subsequent production of sacrificial
patterns using RP technologies.

The potential advantages offered by the introduction of advanced
CAD/CAM and RP into the field of RPD framework fabrication include
automatic determination of a suggested path of insertion, the almost
instant elimination of unwanted undercuts (re-entry points), and the
equally rapid identification of useful undercuts. At another stage,
components of an RPD could be stored in a library and ‘dragged and
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dropped’ in place on a scanned and digitally surveyed cast from icons
appearing on screen, allowing virtual pattern making to be carried out in
a much faster time than is achieved by current techniques. The quality
assurance of component design can also be built into the software.
Since RP machines build the object directly, scaling factors may also
be precisely imposed in order to compensate for shrinkage in casting. In
addition to the potential time savings, the CAD/RP process also delivers
inherent repeatability, which may help to eliminate operator variation
and to improve quality control in the dental laboratory.

The current paper reports an investigation into the application of CAD
and RP methods to achieve the stages of surveying and design using an
appropriate CAD software package. It also discusses the application of
RP technologies to produce sacrificial patterns for casting the definitive
chromium—cobalt framework component. The advantages, limitations,
and future possibilities of these techniques are concluded.

2. MATERIALS AND METHODS
2.1. Three-dimensional scanning

A three-dimensional scan of a partially dentate patient’s dental cast was
obtained using a structured white-light digitizer (Comet 250, Steinbichler
Opto-technik GmbH, Neubeuern, Germany). This particular type of
scanner is used in high-precision engineering applications and has
been used in maxillofacial technology [9]. Multiple overlapping scans
were used to collect point cloud data that was aligned using Polyworks
software (InnovMetric Software Inc., Quebec, Canada). Spider software
(Alias-Wavefront Inc., Toronto, Ontario, Canada) was used to produce a
polygon-surface standard triangu-lation language (STL) (C. R. Manners,
1993, ‘STL file preformat’ available on request from 3D Systems Inc.,
Valencia, California, USA) model file that could be imported into any
number of CAD software packages, including that used in this study.

2.2 CAD of the RPD framework

The CAD package used in this study was chosen because it is well
adapted to the design of complex arbitrary shapes that are required
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axis when tested in the mouth, which could be critical because
this direction of distortion may be more related to introduce
preload in the implant.*

It is known that there are some built in machining tolerances
in each implant system but any discrepancy above the machin-
ing tolerance in the X, y or z axis may not allow a proper clamp-
ing effect of the components. Furthermore the amount of
introduced stress may vary, depending on the stiffness of
the framework for exactly the same degree of misfit. Thus, the
biomechanical impact of fit between osseointegrated implants
and superstructures seems to be complex, and there is at
present time no answer to the question of what acceptable clin-
ical fit should be.””

Also there are many variables with current materials and tech-
niques that can influence clinical acceptable fit of implant frame-
work but clinician must strive to overcome these variables.

The precise transfer of the spatial relationships of implants
from the mouth to the master cast with an impression is the first
and critical step to ensure passive fit of implant framework.

Various techniques had been introduced to get accurate
impression and splinting of impression coping is one of those
even if there are still controversies.

Some studies found no difference between splinted and
nonsplinted technique.>** However, other studies showed that
splinting may provide stabilization of transfer copings against
torque from analog tightening and reduce rotational free-
dom within resilient impression material.**

And it is advocated splinting is the determining factor for the
most accurate cast fabrication, regardless of impression mate-
rial even though the polyether impression material is very rigid
after setting.'**

In the present study, authors compared autopolymerizing acrylic
resin, impression plaster and VPS bite registration paste as splint-
ing material to evaluate their effect of polymerization shrink-
age of splinting material.

It has been reported that the total shrinkage of acrylic resin
is between 6.5% and 7.9% in the first 24 hours, with 80% of
shrinkage occurring in the first 17 minutes after mixing,™ where-
as the setting expansion of impression plaster is between
0.01% and 0.12%.”

Perfect duplication of master model was impossible in all
groups. Group 1, 3, and 4 showed clinically acceptable mean
distortion value and the largest distortion were measured in group
2.27

Minimal distortion were found out in group 1 impression
method using resin splinting for more than 24 hours, then sec-
tioned and reconnected just before the impression proce-
dure. Adequate polymerization time and the process of com-
pensation seemed like the reason of best accuracy.

Thus, Dumbrigue ef al.** and Naconecy et al.*® presented sim-
ple and less time consuming procedure that can rigidly con-
nect transfer coping and minimize the effect of resin poly-

No.12, June 2013

merization shrinkage such as using prefabricating resin bar or
carbon steel bar.

Assif et al*' showed the efficacy of impression plaster as splint-
ing material. They stated that impression plaster sets rapidly,
is quite accurate and rigid, and does not bend or distort; it is
also easy to manipulate, less time consuming and less expen-
sive to use. The exothermic reaction is negligible.

Nissan ef al. and Eid also described how to use impression
plaster to make implant impression in their clinical studies and
stated about the accuracy, easy of manipulation and decreased
working time.**

On the other hand, the proper use of VPS bite registration mate-
rial could be a doubt as a splinting material because of its short
working time and low flowability although their dimension-
al stabilities are excellent. However, this study shows that the
bite registration material was found out the similar accuracy
compared to the impression plaster except the distortion val-
ues in y-axis.

Within the limitations of this in vitro study,

1. Splinting square impression coping with autopolymeriz-
ing resin, adequate polymerization time and compensation
procedure before impression (Group 1 impression method)
was found to be statistically the most accurate method of
splinting (mean distortion values < 20 #m).

2. Clinically acceptable accuracy could be obtained from the
splinting methods used with the impression plaster.
Statistically significant difference was not found between
the group 3 and 4 (Table 3).

3. The splinting method used with the VPS bite registration
material showed statistically more distortion than impres-
sion plaster in y-axis. However, there was no statisti-
cally significant difference of accuracy in the x- and z- axes.

4. The impressions made with direct autopolymerizing
resin splint method without compensation procedure
(group 2) resulted in more distortion than other methods
as a whole. Especially, there was a significant loss of accu-
racy in the z-axis with the high mean distortion value over
100 pm.

1. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the eden-
tulous jaw. Int J Oral Surg 1981;10:387-416.

2. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of
osseointegrated dental implants in anterior partially edentu-
lous patients. Int J Prosthodont 1993;6:180-8.

3. Goll GE. Production of accurately fitting full-arch implant
frameworks: Part [-Clinical procedures. J Prosthet Dent
1991;66:377-84.

4. Rangert B, Jemt T, Jorneus L. Forces and moments on Branemark
implants. Int J Oral Maxillofac Implants 1989;4:241-7.
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Table 2. Difference of means for each of 3 distortion variables between master model and each splinting method

Impression Distortion (Mean + SD, 95% CI)
type 4 x (mm) 4y (mm) A4z (mm)

1 0.0140 £ 0.0112 0.0074 + 0.0069 0.0086 + 0.0071
(0.0094, 0.0186) (0.0045,0.0102) (0.0057,0.0116)

Pvalue <.0001 <.0001 <.0001
2 0.0321 + 0.0242 0.0184 + 0.0150 0.1080 £ 0.0577
(0.0221, 0.0421) (0.0122, 0.0246) (0.0842,0.1318)

Pvalue <.0001 <.0001 <.0001
3 0.0196 + 0.0105 0.0195 + 0.0149 0.0102 £ 0.0076
(0.0152,0.0239) (0.0134, 0.0257) (0.0070, 0.0133)

P value <.0001 <.0001 <.0001
4 0.0289 + 0.0205 0.0182 + 0.0180 0.0257 £ 0.0170
(0.0204, 0.0374) (0.0108, 0.0257) (0.0187,0.0328)

Pvalue <.0001 <.0001 <.0001
5 0.0312 + 0.0297 0.0284 + 0.0236 0.0234 + 0.0179
(0.0189, 0.0436) (0.0186, 0.0381) (0.0160, 0.0308)

P value <.0001 <.0001 <.0001

Hy : =0, P values were determined by one-sample t-test.
Table 3. Comparison between the global means in each splinting methods
Impression Global means (Mean + SD)
type A4 x (mm) P value Ay (mm) P value 4z (mm) P value
1 0.0140 + 0.0112* .0067 0.0074 + 0.0069* .0008 0.0086 + 0.0071*  <.0001

2 0.0321 + 0.0242° 0.0184 + 0.0150*° 0.1080 + 0.0577°

3 0.0196 + 0.0105*® 0.0195 £ 0.0149*® 0.0102 + 0.0076*

4 0.0289 + 0.0205*% 0.0182 £ 0.0180*° 0.0257 + 0.0170*

5 0.0312 + 0.0297*® 0.0284 + 0.0236° 0.0234 + 0.0179*

P values were determined by one-way ANOVA

A8 The same letter indicated no significant difference between the global means in each impression type by Tukey s studentized range test (P>.05).

The mean distortion values of group 2: 18.4 + 15 pm, group
3:19.5 £ 14.9 um, group 4: 18.2 £ 18 um were found to have
no significant difference. The mean distortion value of group
5 in y-axis was 28.4 + 23.6 #m and it was the largest among
all groups.

Likewise, similar result was observed from z-axis as well, group
1 had the statistically smallest mean distortion value which was
8.6 = 7.1 pm. The mean distortion values of group 3, group
4, group 5 model were 10.2 = 7.6 pm, 25.7 £ 17 pm, 23.4 +
17.9 pm, respectively and found to have statistically no significant
difference between group 1, 3, 4, and 5. The mean distortion
value of group 2 was 108 + 57.7 #m that gave the worst results
within all distortion data of experimental models (Table 3).

In summary, group 1 showed the smallest distortion and the
mean distortion values of group 3 and 4 were shown to be the
similar and next to group 1. On the other hand, group 2
showed relatively larger distortion than any other group.

Passive fit was described by Branemark to be ideally in the
10 p#m range.** The definition has evolved to describe a clin-
ically acceptable fit in which stress/strain conditions are
within the physiologic range that enables the immature bone
to mature or remodel in response to occlusal loads following
prosthesis connection.

Inaccuracy can be related to horizontal and vertical errors.
Horizontal fit discrepancy leads to binding of the screws
and bending stresses in implant system and when vertical fit
discrepancy is present, the preload is used to bring the mating
surface closer together, which makes the screw vulnerable to
fatigue fractures and loosening.*

Horizontal (x- and y-axes) displacement in relation to the mas-
ter cast replicas contributes to a major part of the distortion of
prostheses. However, the vertical dimension of distortion (z-
axis) seems to increase more than the increase in the horizontal
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Statistical analysis

Means and standard deviations were calculated for each item
measured (i.e., each type of impression methods). A one-
way analysis of variance (ANOVA) at a confidence level of 95%
was used to evaluate the data and Tukey's studentized range
test was used to determine significant differences between the
groups.

Table 1 shows means of actual distortion amount on each fix-
ture analogs of 5 experimental models resulted from 5 different
impression methods. The 4x, 4y, and 4z values are the
amounts of displacement of each fixture analogs in the direc-
tion of axis from standard position (circle 1) and they were com-
pared with X, y, z points of master model.

Table 1. Means of actual distortion amount on each fixture analogs

The difference of means for each of 3 distortion variables
between master model and each splinting method are given as
each entry in Table 2. The result of one sample T-test shows
discrepancies in x, y and z axes between master model and each
of' 5 splinting method (P<.0001). Not any impression method
perfectly duplicated the master model, but some extent of dis-
tortion values was clinically acceptable.

Table 3 shows comparison between the global means in each
splinting methods. In x-axis, the mean distortion value of
group 1 model was 14 £ 11.3 um which was significantly less
than other groups.

The mean distortion values of group 3: 19.6 & 10.5 um; group
4:28.9 £ 20.5 pm; group 5: 31.2 £ 29.7 um were found to
have no significant difference. The maximum mean distortion
value was measured in group 2: 32.1 + 11.2 um. In the
same manner the mean distortion value of group 1 in y-axis was
74 + 6.9 pm which was also significantly less than other groups.

Distortion (Mean + SD)

4y (mm)

4z (mm)

Impression Element number
type (Implant position) A x (mm)

1 1 0
2 0.0076 + 0.0077
3 -0.0053 + 0.0136
4 -0.0259 + 0.0135
5 0.0069 + 0.0110
6 0.0086 + 0.0182

2 1 0
2 0.0086 + 0.0421
3 0.0042 + 0.0186
4 0.0242 + 0.0241
5 0.0352 + 0.0252
6 0.0557 £ 0.0184

3 1 0
2 -0.0186 + 0.0068
3 0.0185 £ 0.0158
4 0.0221 + 0.0149
5 0.0090 + 0.0148
6 0.0206 + 0.0142

4 1 0
2 0.0099 + 0.0219
3 0.0314 + 0.0201
4 0.0216 + 0.0189
5 0.0473 + 0.0241
6 0.0225 + 0.0237

5 1 0
2 0.0356 + 0.0428
3 0.0105 + 0.0321
4 0.0014 + 0.0213
5 0.0118 £ 0.0276
6 0.0501 + 0.0485

0
0.0124 + 0.0129
-0.0019 + 0.0099
0.0022 =+ 0.0066
0.0016 £ 0.0106
0
0
-0.0287 £ 0.0164
-0.0089 + 0.0050
-0.0243 + 0.0081
-0.0301 + 0.0099
0
0
0.0325 £ 0.0101
0.0308 £ 0.0143
0.0060 £ 0.0167
0.0195 £ 0.0103
0
0
0.0041 =+ 0.0080
-0.0150 + 0.0284
0.0362 £ 0.0210
0.0154 £ 0.0219
0
0
0.0277 £ 0.0361
0.0266 + 0.0293
0.0359 =+ 0.0209
0.0396 + 0.0190
0

0

0.0017 + 0.0079
0.0041 £+ 0.114
0.0049 £ 0.0152
0.0026 £ 0.0117
0.0096 =+ 0.0047
0

-0.1241 =+ 0.0909
-0.1059 =+ 0.0976
-0.0877 £ 0.0898
-0.0689 =+ 0.0829
-0.0690 + 0.0733
0

-0.0014 =+ 0.0084
0.0044 + 0.0071
-0.0114 £ 0.0127
0.0102 + 0.0130
0.0043 £ 0.0140
0

-0.0222 £ 0.0166
-0.0364 + 0.0251
-0.0182 £ 0.0229
-0.0287 £ 0.0178
-0.0170 £ 0.0076
0

0.0002 £ 0.0336
0.0168 £ 0.0272
0.0227 £ 0.0280
-0.0059 =+ 0.0347
-0.0018 £ 0.0210

Values are mean + SD
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From master model, 5 impressions and experimental mod-
els were made for each of 5 splinting methods represented by
group | to 5 (Fig. 10). Consequently, total 25 experimental mod-
els were obtained.

Measurments

A computerized numerical control (CNC), coordinate mea-
suring machine (CMM) (STRATO Bright 710; Mitutoyo
Corporation, Tokyo, Japan) was used for all coordinate mea-
surements (Fig. 11A). The accuracy of this CMM was less than
0.0001 mm for the x, v, and z axes. All measurements were per-
formed by the same operator using probe head (PH10M;
Mitutoyo Corporation, Tokyo, Japan) and signal probe (TP7M;
Mitutoyo Corporation, Tokyo, Japan). Geopak-win software
(Mitutoyo Corporation, Tokyo, Japan) was used for geomet-
ric transformation and data processing (Fig. 11B).

Fig. 10. From master model, 5 impressions and experimental models were
made for each splinting method.

The coordinate system used throughout this study was
defined as follows. The centroid of fixture or analog 1 which
is on the right side of model was designated as the origin of coor-
dinated system. The planar surface around it was regarded as
XY plane. An imaginary line was laid on the ZX plane
between centroid of cylinder I and the centroid of cylinder 6.
Thus the centroid of fixture or analog 1 lay on the origin (0,0,0)
and the centroid of fixture or analog 6 lay on the ZX plane (x,0,2)
(Fig. 12). This coordinate system marks several dots on the ellip-
tical plane created by platforms of fixtures or analogs and imag-
inary Z plane. The software convert ellipse to circle and
determine centroids of each platform.

To evaluate the accuracy of each impression methods, coor-
dinates of the centroids on the master model were located in
three dimensions and compared with the coordinates of the cen-
troids on the experimental casts obtained from 5 different impres-
sion methods.
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Fig. 12. Schematic drawing of measurement done by STRATO Bright
710 coordinate system.

€. i» SR

Fig. 11. All measurements were made by the same operator using STRATO Bright coordinate measuring machine,
TP7M signal probe and Geopak-win software (Mitutoyo Corporation, Tokyo, Japan).
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Fig. 6. Group 3. Primary impression was made with impression plaster
(Snow-White plaster No.2; Kerr, Romulus, M1, USA) following man-
ufacturer s instruction and then secondary impression was made with
polyether impression material. The polyether adhesive was applied
onto primary impression (blue color).

Fig. 7. Group 4. Squared transfer copings splinted with impression plas-
ter (Snow-White plaster No.2; Kerr, Romulus, MI, USA) over dental floss,

Polyether impression materials (Impregum penta, 3M ESPE,
Seefeld, Germany) were used for impression procedure except
group 5 impressions (Fig. 9). They were made using additional
type polyvinyl siloxane impression material (Dimension
Penta H; 3M ESPE, Seefeld, Germany).

Laboratory procedures

After impressions were made, fixture analogs (29108;
Nobel Biocare, Goteborg, Sweden) were screwed into squared
transfer copings (29072; Nobel Biocare, Goteborg, Sweden)
in the impressions. Each impression was poured with vacuum-
mixed improved dental stone (ResinRock; Whip-Mix,
Louisville, KY, USA). The casts were retrieved from the
impressions after 24 hours.

Fig. 8. Group 5. Squared impression copings splinted with VPS bite registration
material (Blu-Mousse, Parkell Bio-Materials, Farmingdale, NY, USA).

Fig. 9. Polyether impression material (Impregum F, 3M ESPE, Seefeld, Germany) was used for group 1 to 4 (left) and VPS impres-
sion material was used for group 5.

No.12, June 2013
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Impression procedures

Six squared pick-up type transfer copings (29072; Nobel
Biocare, Goteborg, Sweden) connected on each fixture with
guide pins (Fig. 3). Impressions were made after 6 impression
copings were splinted with each other using five different meth-
ods as follows. Group 1, squared transfer copings splinted with
autopolymerizing acrylic resin (GC pattern resin: GC Corp,
Tokyo, Japan) for 24hours and sectioned. reconnected just before
impression procedure (Fig. 4).

Group 2. squared transfer copings splinted with autopoly-
merizing acrylic resin (GC pattern resin: GC Corp, Tokyo, Japan)
17 minutes before impression procedure (Fig. 5).

Group 3, primary impression was made around transfer
copings with impression plaster (Snow-White plaster No.2; Kerr,

Romulus, MI, USA) following manufacturer's instruction
and then secondary impression was made with polyether
impression material (Fig, 6).

Group 4. squared transfer copings splinted with impres-
sion plaster (Snow-White plaster No.2; Kerr, Romulus, M1, USA)
over dental floss (Fig. 7).

Group 5, squared transfer copings splinted with VPS bite reg-
istration material (Blu-Mousse: Parkell Bio-Materials,
Farmingdale, NY, USA)(Fig. 8).

For every impression procedure, the impression material was
machine-mixed (Pentamix:3M ESPE. Seefeld, Germany)
and the mixed material was both syringed around impression
coping and loaded in the impression tray. The impression tray
was hand-pushed until its periphery meets the epoxy resin base

and maintained in position with hand pressure.

Fig. 3. Six squared transfor copings (29072; Nobel Biocare, Goteborg,
Sweden) connected on cach fixture with guide pins.

Fig. 5. Group 2. Squared transfer copings splinted with autopolymerizing
acrylic resin 17 minutes before impression procedure.

Fig. 4. Group 1. Squared transfer copings splinted with autopolymerizing acrylic resin (GC pattem resin, GC Corp, Tokyo, Japan) for 24 hours and
sectioned, reconnected just before impression procedure.
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al.* found no significant differences between the values
obtained with acrylic-splinted versus unsplinted groups in impres-
sion techniques.

Spector et al.*® also investigated the accuracy of three varied
impression procedures using the direct and indirect transfer cop-
ings. Though the study involved multiple variables of techniques
and materials, the consistent findings was one of distortion result-
ing from the transfer manipulations. The common practice of
joining the direct transfer copings with acrylic resin is an attempt
to stabilize the copings against rotation during fixture or
abutment analog fastening, control the relationship between
implants in a rigid fashion. In their study, a definite advantage
for this practice has not been shown. The same objective
could be partially accomplished with a rigid impression
material or an elastic material with a low flexibility, both of which
do not introduce the polymerization shrinkage variables
inherent in the use of acrylic resin. Interregui ef al.”” and
Burawi ef al.* showed better result with unsplinted group using
polyether or additional silicone impression material alone
and presumed the main reason of distortion with resin splint-
ed group possibly occurred by the residual polymerization shrink-
age.

However, Assif ef al® and Naconecy er al™ showed that splint-
ing technique was significantly more accurate than unsplint-
ed techniques. Vigolo et al.*' suggested that the impression tech-
nique involved square impression copings joined together
with autopolymerizing acrylic resin or square impression
copings, previously airborne particle-abraded and adhesive-
coated could improve accuracy of the master cast than non-mod-
ified squared transfer coping without splinting. Cabral et
al* compared 4 impression techniques and direct impression
technique with square impression coping with acrylic resin splints

Fig. 1. Stainless steel master model simulating fully edentulous condition.

No.12, June 2013

sectioned 17 minutes after setting and welded with the same
resin before impression making showed better results than oth-
er techniques studied. Also Rhyu et al* suggested vinyl
polysiloxane (VPS) bite registration material as a splinting mate-
rial and found impressions made with square impression
coping splinted with VPS bite registration material were bet-
ter than acrylic resin splinted group and unsplinted group.

The purpose of this in vitro study was to evaluate the effect
of dimensional stability of splinting material on the accuracy
of master casts.

A stainless steel metal model (SS 316, Seoul, Korea) with six
3.75 % 10 mm ad modum Branemark external hex implant
(29108: Noble Biocare, Goteborg, Sweden) was fabricated.

The fixtures were widely distributed throughout the stainless
steel model to simulate fully edentulous condition. This met-
al model was embedded in epoxy resin to serve as stop for
impression tray and standardize tray positioning during
impression making procedures (Fig. 1).

To make accurate impressions for fabrication of sample
casts, custom impression tray incorporating 6 squared trans-
fer copings was fabricated using light-polymerizing tray
material according to manufacturer s instruction (Triad Tru-
Tray; Dentsply International Inc, York, PA, USA)(Fig. 2). For
uniform thickness of impression materials, the 6 squared
transfer copings were attached to each implant fixtures and were
covered by 2 layers of baseplate wax (Kims intemational, Seoul,
Korea). The impression tray was designed to have superior open-
ings for the access of guide pins.

Fig. 2. Open-top, custom impression tray incorporating 6 squared
transfer copings was fabricated using light-polymerizing tray material
(Triad Tru-Tray; Dentsply International Inc, York, PA, USA).
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Accuracy of five implant impression technique:
effect of splinting materials and methods

Sang-Jik Lee'*, DDS, MSc, Sung-Bum Cho?, DDS, MSc
'Lee Yeon Hab Dental Clinic, Daegu, *Plant Dental Clinic, Changwon, Korea

PURPOSE. The aim of this study was to evaluate the effect of dimensional stability of splinting material on the accuracy of master casts.
MATERIALS AND METHODS. A stainless steel metal model with 6 implants embedded was used as a master model. Implant level impres-
sions were made after square impression copings were splinted using 5 different techniques as follows. (1) Splinted with autopolymerizing resin
and sectioned, reconnected to compensate polymerization shrinkage before the impression procedure. (2) Splinted with autopolymerizing resin
just before impression procedure. (3) Primary impression made with impression plaster and secondary impression were made over with poly-
ether impression material. (4) Splinted with impression plaster. (5) Splinted with VPS bite registration material. From master model, 5
impressions and 5 experimental casts, total 25 casts were made for each of 5 splinting methods. The distortion values of each splinting meth-
ods were measured using coordinate measuring machine, capable of recordings in the x-, y-, z- axes. A one-way analysis of variance (ANO-
VA) at a confidence level of 95% was used to evaluate the data and Tukey s studentized range test was used to determine significant differences
between the groups. RESULTS. Group 1 showed best accuracy followed by Group 3 & 4. Group 2 and 5 showed relatively larger distortion
value than other groups. No significant difference was found between group 3, 4, 5 in x-axis, group 2, 3, 4 in y-axis and group 1, 3, 4, 5 in z-
axis (P<.0001). CONCLUSION. Both Splinting impression copings with autopolymerizing resin following compensation of polymerization shrink-
age and splinting method with impression plaster can enhance the accuracy of master cast and impression plaster can be used simple and

effective splinting material for implant impression procedure. [J Adv Prosthodont 2011;3:177-85]

Passive fit; Splinting; Autopolymerizing resin; Impression plaster; VPS bite registration material

Osseointegrated implants have provided alternative treatments
to conventional prostheses for patients who lost their teeth and
achieved predictable long-term results."” An accurate and
passively fitting prosthesis as well as successful surgical
operation is suggested as one of the critical requirements
for long term implant success.**

Since the uneven distribution of occlusal loads and torquing
stresses on the various elements due to problems related to poor
fit of frameworks connected to implant may lead to margin-
al bone loss and failure of implants as well as in relation to
mechanical problems as loosening of screws and fatigue
fractures of implant components.*'°

It will probably not be possible to connect a multi-unit
implant prostheses with a completely passive fit in clinical sit-
uation because there are many potential inaccuracies with cur-
rent materials and techniques, which include dimensional

changes in impression materials, expansion of gypsum die prod-
uct, dimensional changes in wax and acrylic pattern, dimen-
sional changes in investment materials and volumetric shrink-
age of metal casting on solidification."

Among these variables, the precise transfer of the spatial
relationships of implants from the mouth to the master cast with
an impression is the first and critical step to ensure passive fit
of implant framework. Therefore, clinicians should strive for
improving the transfer accuracy of the impression copings.'>*

Various techniques have been suggested to achieve an accu-
rate master cast. Squared impression coping*'* and custom-
made, open-top impression tray?' were recommended instead
of tapered impression coping and stock impression tray.

In regard to splint the impression copings, there are many con-
troversies exist since Branemark ez al. emphasized the impor-
tance of splinting impression copings together before registration
of impression.”

Humphries et al.,” Hsu et al.,” Philips ef al.,* and Herbst et
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The Aesthetic Element in PFM Restorations
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