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ABSTRACT

INTRODUCTION: Conventional techniques for closed hollow bulb obturators construction are technique sensitive, consume considerable
amount of materials, and lack adequate control of the walls thickness of the bulb. Additionally, created sealing area is a potential site of leakage
and discoloration. Digital technologies offer promising solutions to these drawbacks. Subtractive manufacturing systems are unable to produce
hollow objects as one piece. In contrast, additive manufacturing systems can produce a hollow object in one piece.

OBJECTIVES: The aim of the present study was to evaluate one-piece closed hollow bulb obturators fabricated using CAD/CAM additive
manufacturing and compare them to those constructed from heat cured resin.

MATERIALS AND METHODS: Six partially dentate patients with healed unilateral maxillary defects (Aramany’s classes | or Il) received
two closed hollow bulb obturators. One constructed using CAD/CAM additive manufacturing, and another constructed from conventional
acrylic resin. All patients’ prostheses were evaluated for dimensional accuracy and intimacy of fit using digital measuring software package.
RESULTS: CAD/CAM obturators showed negative dimensional change values when compared to the original design, while Heat-cured
obturators showed positive ones. Generally, the highest values of deviations were recorded at occlusal units for CAD/CAM obturators (-0.34
+ 0.10) and Heat-cured obturators (0.21 +.0.12) when fitting surface was used as reference. There were statistical significant differences in
dimensional deviation between both obturator groups using two registration references. CAD/CAM obturators showed lower misfit values
when compared to Heat-cured ones. The highest values of misfit were recorded at the oral extensions of the CAD/CAM (0.44 + 0.27) and
Heat-cured obturators (0.47 + 0.32). However, there were no statistical significant differences between both obturator groups at any measured
surface.

CONCLUSIONS: Additive manufacturing of obturators could be an alternative to conventional techniques for direct construction of one-

piece closed hollow bulb obturators.
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INTRODUCTION

Acquired maxillary defects could. be due to tumors,
pathological changes, trauma, radiation, burns, or surgical
intervention. The size of these defects can vary from small
to extremely large resections, and sometimes they may
extend to extraoral structures. Such defects usually result in
oroantral communication that causes hypernasal speech,
fluid leakage into the nasal cavity, impaired masticatory
function, difficulty in swallowing, temporomandibular joint
problems, and facial disfigurement (1).

In patients where surgical reconstruction is not the best
treatment option, prosthodontist plays an important role in
the rehabilitation of their defects with obturator prostheses
to recreate separation between oral and nasal cavities. These
prostheses vary in size and shape that directly affect their
retention, stability, and support (2).

Various hard and soft materials have been used to
construct obturator prostheses. Heat-cured acrylic resin, up
to the present moment, is still considered one of the most
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durable and biocompatible materials for obturator
construction (1).

In recent years, a limited number of biocompatible
photopolymer resins have been developed and applied in
additive manufacturing (AM). These photoresins were
declared for being biocompatible (3), but these recently
declared photoresins still require further research to confirm
their clinical applicable biocompatibility.

Since the weight of an obturator is often the most
common reason for dislodgment, it should be made light in
weight by hollowing out of the bulb portion (4). The
available literature described various methods for
fabricating open and closed hollow bulb obturator
prostheses. Open hollow bulb obturators often collect
mucous, food, and fluids and need numerous cleanings (5).
Closed hollow bulb obturators, on the other hand, do not
pool moisture, while still extending adequately into the
defect (6).

Conventional methods for closed hollow bulb obturator
construction are generally technique sensitive, consume
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considerable amount of materials, share a limited access to
the inner aspects of the bulb, and usually create sealing area
which is a potential site of leakage and discoloration (7,8).

Elshimy (9) suggested a technique for fabrication of
closed hollow bulb obturators that include sequential
building up of the prosthesis in sections made up of heat-
cured acrylic resin. The technique starts by building the
nasal extension of the obturator first. Then a covering lid is
constructed over it to ensure keeping it hollow while the
final processing step. The nasal part and its lid are then
incorporated in the master cast on which teeth are arranged
for final processing of the palatal extension of the obturator.
By this technique, all exposed surfaces of the obturator are
made of heat-cured acrylic resin and the sealing area is
buried within the obturator body.

Digital technologies offer promising solutions to the
drawbacks encountered with conventional methods. Using
Computer Aided Designing/Computer Aided
Manufacturing (CAD/CAM), design of the prosthesis with
the desired wall thickness and configuration can be
achieved by the CAD software first, and then the prosthesis
can be manufactured. AM systems are able to produce one-
piece closed hollow objects, which make them more
suitable to application in obturator construction if compared
to subtractive manufacturing systems.

It was suggested that using 3D printed patient’s skull
model based on post-surgical Computerized Tomography
(CT) scans of the patient's face can allow surgeons to design
an obturator that fits exactly in the 3D printed replica (10).
On the same line, Michelinakis (11) used a Cone Beam
Computerized Tomography (CBCT) of the maxilla to
construct a 3D resin model on which an obturator was made
out of wax and was fitted with teeth, which was then
converted to acrylic resin using conventional flasking
procedures. He proposed that the method presented can
limit the impression stages needed for construction of
maxillary obturator ‘prosthesis..to a single impression
procedure. This can be very beneficial to the patient
suffering from postradiation side effects such as trismus,
mucositis, and xerostomia.

Elbashti et al (12) ‘extended the idea of using
CAD/CAM from construction process to ability of the
technology to create a digitized database of fabricated
acrylic obturators to be kept for patients’ potential
emergency needs. Their results showed that the obturator
can be successfully scanned regardless of its structural
complexity, modeled as three-dimensional data, and stored
in the digital system. To verify accuracy of production, they
conducted computerized analysis of re-produced obturators
to original ones and found insignificant dimensional
deviations.

Tasopoulos et al (13) reported construction of two-
piece definitive obturator for completely edentulous patient
using 3D printing of the remarkably large palatal defect
using a CT scan data. The printed model was used for
making a wax pattern for the extensive nasal part without
the need for making an impression to the defected site. The
pattern was then placed in the patient’s mouth for a pick up
impression procedure that was used to pour a master cast on
which the following steps were completed in conventional
manner.

Ye et al (14) tried to generate 3D digital casts of
maxillary defects, including the defective region and the
maxillary dentition, based on multisource data registration
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and evaluated their clinical effectiveness. The maxillofacial
region was scanned CT, and the maxillary arch and palate
were scanned using an intraoral optical scanner. The 3D
images from the CT and intraoral scanner were registered
and merged to form a 3D digital cast of the maxillary defect
containing the anatomic structures needed for the maxillary
prosthesis. They concluded that these digital casts were
consistent with conventional stone casts in terms of
accuracy and were suitable for clinical use.

In the past few years, control of geometry in industry is
carried out using devices that apply computerized
coordinate measuring technique. This computerized
technique is of the latest evolutions in dentistry which in
turn makes it open for many possible applications in
researches regarding aspects of accuracy (15).

According to van Eijnatten et al (16), optical scanning
for.data acquisition is considered the “gold standard” for
accuracy assessment. They suggested that to quantify the
accuracy of AM process, the Standard Tessellation
Language (STL) maodel obtained from an optical scanner of
the first model should be additively manufactured and then
optically scanned and compared with the original STL
model.

Regardless of the method used to scan the object, the
measurement results should be converted into mesh of
triangles or STL file. After that, the analysis can be
conducted in different measuring software packages such as
the GOM Inspect freeware which.was applied in many
investigations (12,15-19).

Digital methods emerging in the past decade has
various applications regarding aspects of accuracy. They
even can be extended beyond geometrical accuracy
comparison to help finding intimacy of fit between various
objects (15).

Chen et al' (20) suggested a digital technique to
guantitatively -evaluate the tissue surface adaption of a
maxillary .complete denture wax pattern produced by
CAD/CAM. The cast model and the two wax patterns to be
evaluated for tissue adaption were separately scanned.
Then after setting each wax pattern on the plaster cast, the
whole model was re-scanned for registration. After
registration, the deviations of tissue surface between the
wax patterns and the cast model were measured. They
concluded that this procedure is an objective method to
quantify surface adaption between objects.

It is important to mention that there is very limited data
on the accuracy of 3D printed resins used with long-term
dental applications as denture bases. It is very likely that
significant quality improvement will occur in the future
making this technology very competitive with the existing
fabrication methods (21).

There are few published trials reported using the
CAD/CAM AM in the indirect construction of maxillary
obturators. While there is no published literature using
CAD/CAM AM in the direct construction of closed hollow
bulb obturators.

Thus, this research aimed to introduce and evaluate a
new technique using CAD/CAM AM in the direct
construction of one-piece closed hollow bulb obturators and
compare them to conventional heat-cured acrylic resin
obturators for patients with acquired maxillary defects.

The null hypothesis of this study is that the CAD/CAM
AM of obturators will not show any significant
improvement on digital evaluation aspects of dimensional
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changes and tissue misfit when compared to the
conventional ones.

MATERIALS AND METHODS

To carry out this study, a sample of six patients was selected
from those diagnosed at the maxillofacial prosthetic unit at
the Prosthodontic Department, Faculty of Dentistry,
Alexandria University.

All patients were partially dentate with a unilateral
maxillary surgical defect (Aramany’s classes | and I1) (22)
that was indicated for construction of hollow bulb obturator.
The surgical defect has healed with at least six months
elapsed from the completion of the surgical and/or
adjunctive treatment. Patients’ age range was 25 to 60 years
with mean of 43.83.

Written informed consents were obtained from all
patients who accepted to share in this study after the
procedures were explained to them. All patients received
appropriate dental care including removal of local factors,
education and motivation to maintain proper oral hygiene.

For each patient in this study, two obturators were
fabricated; a conventional heat-cured acrylic resin [Vertex
rapid simplified, Vertex Dental B.V., The Netherlands]
obturator  following  Elshimy’s  modifications to
conventional technique (9), and a closed hollow bulb acrylic
obturator fabricated using CAD/CAM AM system.

CAD/CAM prosthesis construction (23)

Preliminary impressions with irreversible hydrocolloid
impression material were made on a modified stock tray.
The maxillary final impression was made on customized
tray using elastomeric impression material. The final
impression was boxed and then poured in artificial stone to
obtain the master cast. On the master cast, all undesirable
undercuts were obliterated with pure stone and relief of
sensitive areas was carried. out as usual. The modified
master cast was then duplicated. Record blocks were
constructed and extended into the surgical part to assure
stability when the maxillo-mandibular relationships were
recorded. The relations' were then transferred. to an
articulator on which artificial teeth [New Ace & Naperce.
Yamahachi Dental, Japan] were arranged. Trial of the
waxed-up obturator was then made intraorally to assess
esthetics, occlusion, and facial support.

After the try-in, the laboratory optical scanner
[SmartOptics activity 855, Smartoptics Sensortechnik
GmbH. Germany] was used to obtain three virtual models
through scanning: the modified master cast alone, the
master cast with the waxed-up prosthesis on-it, and the
master cast with the prosthesis with no teeth on it.

The 3D CAD software [PlastyCAD, 3DIEMME. Italy.
Autodesk Meshmixer, Autodesk Inc. USA] was then used
for the following: 1) All virtual models were imported for
registration using the multipoint alignment and best fit
alignment commands. 2) Each two models were subtracted
to obtain two separate virtual replicas of the waxed-up
obturator base and the teeth on the software (Figure 1a). 3)
The bulb portion of the virtual obturator base was then
hollowed leaving a 2mm wall thickness all around (Figure
1b). 4) Two venting holes of 1Imm diameter were designed
and placed on the virtual obturator base; one at an anterior
tooth socket and another at a posterior one, to allow washing
the inner aspects of the bulb cavity with alcohol later on.
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Figure (1): Showing 3D CAD software used for designing of
CAD/CAM obturators. a) Original models were subtracted to
obtain two separate virtual replicas of the waxed-up obturator base
and the teeth on the software. b) Bulb portion of the virtual
obturator base‘was hollowed leaving a 2mm wall thickness all
around.

The 3D printing machine [Planmeca Creo, Planmeca.
Finland] was then used to produce two separate 3D prints:
a print of the obturator base in printable pink colored resin
material [NextDent Base. NextDent. The Netherlands], and
a print of the teeth in printable tooth-colored resin material
[NextDent C&B. NextDent. The Netherlands].

The supports of the 3D prints were mechanically
removed and the two prints were finished. The outer
surfaces of the finished teeth and obturator base prints and
the inner bulb cavity were then washed using 90% alcohol
solution to remove excess uncured resin. The finished
obturator base was then seated-over the duplicate master
cast after cutting off the defect part. Retentive boxes were
cut into the polished surface of the obturator base creating
space for the required wrought wire claps needed for
retention. The created space was then filled with a thin film
of uncured pink colored resin material to cover the retentive
tags of the clasps while in place. The uncured resin was then
cured using ultraviolet light-emitting-diode (UV LED)
flashlight pen for 30 seconds.

The venting holes were then sealed by applying a drop
of uncured pink colored resin then curing it using UV LED
flashlight pen for 30 seconds. The two prints of the
obturator base and teeth were then assembled together with
a thin film of uncured pink colored resin material that was
then cured using UV LED flashlight pen for 30 seconds.
The assembled obturator was then placed in the UV post-
curing machine [Otoflash post curing light pulsing unit,
EnvisionTEC Inc. USA] for final curing. The completed
obturator was then polished to be ready for delivery.

At time of each obturator delivery, obturator base was
relieved till the obturator seated without pressure and
artificial teeth were adjusted to eliminate interferences and
achieve comfort with the obturator. All patients were
provided by same instructions and tools for wearing,
cleaning and how to use their obturators.

Digital evaluation for obturator dimensional accuracy
(12,17)

For each fabricated obturator in this study, the laboratory
optical scanner was used twice to capture the geometries of
polished and fitting surfaces of the fabricated obturator;
generating two separate 3D scans. The two scans were then
imported in the CAD software for registration using the
multipoint alignment and best fit alignment commands,
then the two scans were combined to formulate a digital
replica of the fabricated obturator.
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Virtual models of CAD/CAM and heat-cured acrylic
obturators at time of delivery were imported to the CAD
software for registration to the 3D model of the waxed-up
obturator base and teeth formulated before 3D printing.
Two references for registration were used in this study; the
first used the obturator fitting surface, and the second used
the overall obturator surface for registration. Geometries of
both fabricated obturators were then compared to those of
the 3D obturator pre-printing model using the measuring
software package [GOM Inspect Software 2016. GOM
GmbH, Germany] to obtain color maps of dimensional
deviations (Figure 2). Mean values of dimensional
deviations of the overall as well as specified surfaces on the
obturator were then calculated and were used for statistical
analysis.

om

_Z.’
Figure (2): Showing color maps of dimensional deviation. a)

CAD/CAM obturator dimensional deviation. b) Heat-cured
obturator dimensional deviation.

Digital evaluation for obturator-tissue relation (20,24)
Multiple glass beads as radiographic markers were scattered
and attached to the polished surfaces of the two obturators
fabricated for each patient. Using CBCT machine [Morita,
Veraviewepocs 3D_R100. USA], three radiographic scans
were made to capture the geometries of patient’s mouth;
once with no obturator, once with CAD/CAM obturator,
and once with Heat-cured one. Each patient was instructed
to close gently on two cotton rolls placed bilaterally
between jaws during each CBCT scan made. All obtained
Digital Imaging and Communications in Medicine
(DICOM) data were converted to virtual 3D STL models:
The two obturators with attached glass‘beads were also
scanned using the optical laboratory scanner to formulate
digital replicas of the obturators.

All the virtual models were then imported to the CAD
software. All 3D models obtained from the CBCT were then
registered to each other using multipoint alignment and best
fit alignment commands. The glass beads surfaces were
then used to register the two digital replicas of both
obturators to their corresponding CBCT models (Figure 3).
The patient’s master cast 3D scan was then imported to the
CAD software, and was registered to the CBCT model of
the patient’s mouth with no obturators using the natural
teeth surfaces for registration.
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Figure (3): Showing registration process of an obturator to its
clinical position-to aid calculating obturator-tissue misfit. a) STL
models ready for registration; CAD/CAM obturator with attached
glass beads, and patient’s CBCT wearing that obturator, b) The
glass beads were used for registration of the obturator to its
accurate clinical position.

After registration, color maps of gap distance between
the fitting surface of each type of the two obturators and the
patient’s master cast were formulated using the measuring
software package (Figure 4). Mean values of gap distance
of the overall as well as specified surfaces on the obturator
were then calculated and used for statistical analysis.

b

Figure (4): Showing color maps of the obturator-tissue relation. a)
CAD/CAM obturator misfit. b) Heat-cured obturator misfit.

Statistical analysis (25,26)

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. Quantitative data
were described using Range (minimum and maximum),
mean, standard deviation and median. Data analysis of
mean values of dimensional deviations and obturators misfit
were done by Wilcoxon signed ranks and Mann Whitney
test. Significance of the obtained results was judged at the
5% level. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

Dimensional deviations of the two obturator groups
Table 1 shows the range (minimum and maximum), median,
mean, and standard deviation values of volumetric
dimensional deviations measured in mm for both types of
obturators. Figure 5a shows the mean values of dimensional
deviations of both types of obturators under study. Figure
5b shows a box-plot of the median and range values of
dimensional deviations of both types of obturators under
study.
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Figure (5a): Showing the mean values of dimensional deviations
of both types of obturators under study. Measurements are
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Figure (5b): Showing the median and range values of dimensional
deviations of both types of obturators under study. Measurements
are presented in mm.

Table (1): Showing comparison between volumetric
dimensional accuracy of CAD/CAM and Heat-cured acrylic
obturators. Measurements are presented in.mm.

Swurlace studied CAD/CAM-Design Heat-Design pl
Min. — Max. -0.43 --0.21 0.11-0.36
Teeth occlusal | ypep + g, 0342010 0212012 | 0.026'
_ ity Median 038 0.15
2 Min, — Max -0.09 - -0.05 0.05-0.12
I | Base/ Overall Mean = SD. -0.06 = 0.02 0.09=0.03 0.026"
é Median -0.05 0.09
= Base/ Fitting Min. — Max -0.02-0.01 0.02-0.05
g .§1lt‘f;n‘e = Mean = SD. 0.0+0.01 0.03=0.02 0.026"
“5 i Median 0.0 0.02
Z | Base’ Polished Min. — Max. 027 --0.15 0.08-0.26 5
£ surface Mean = SD. -0.19 =0.06 0.16=0.08 0.026°
= Median -0.16 0.13
Min. - Max -0.14 - -0.08 0.04-0.14
Prosth.Overall Mean £ SD. -0.10 = 0.03 0.08 =0.05 0.023"
Median -0.09 0.05
Min. — Max. -0.36 --0.12 0.02-0.25
Teeth occlusal Mean = SD. -0.26 =0.11 0.10=0.11 0.026"
units Median -0.31 0.04 :
| P2 0.023° 0.023°
. Min. — Max. -0.12 - -0.08 0.05-0.13
2| Base/ Overal Moap =50 b 003=0.04  OMEER
) [ P2 0.023° 0458
5' Min. - Max -0.11 - -0.09 0.05-0.12
E Base/ Fitting Mean + SD. -0.10 £ 0.01 0.07=0.04 0.023"
& surface Median -0.09 0.05 :
g | P2 0.023° 0.023°
= Min, — Max -0.14 - -0.06 0.09-0.16
E Base/ Polished Mean = SD. -0.10 =0.04 0.13=0.03 0.026"
=] surface Median -0.10 0.14 :
| p2 0.026 0.459
Min. — Max. -0.15 --0.10 0.04-0.14
Mean = SD. -0.12=0.02 0.08 =0.05 .
Prosth. Overall Median 011 0.05 0.023
| p2 0.023° 1.000

pl: p value of Wilcoxon signed ranks test for comparing between
CAD/CAM to Design and Heat-ceured to Design.

p2: p value of Wilcoxon signed ranks test for comparing between
fitting and overall registration values.

*: Statistically significant at p <0.05
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The CAD/CAM obturators showed negative deviation
values denoting that produced obturators were of more
extended dimensions when compared to the original design.
On the other hand, The Heat-cured obturators showed
positive deviation values denoting that produced obturators
were of smaller dimensions when compared to the original
design.

For CAD/CAM obturators, highest values of deviations
were recorded at occlusal units when fitting and overall
registration references were used, (-0.34 £ 0.10) and (-0.26
+ 0.11) consequently. For Heat-cured obturators, highest
values were recorded at occlusal units (0.21 £ 0.12) when
fitting surface. was used as reference. When the overall
surface of obturator was used as reference in Heat-cured
obturators, the highest values were recorded on the polished
surface of the obturator base (0.13 + 0.03).

There were statistical significant differences between
all dimensional deviations values measured at any part of
the prosthesis of both obturators when compared to each
other using both  registration references. When both
registration references were compared within each obturator
group, statistical significant differences were found except
for the heat-cured occlusal units, Heat-cured polished
surfaces, and Heat-cured overall prosthesis surfaces.

Results of misfit of the two obturator groups

Table 2 shows the range (minimum and maximum), mean
and standard deviation values of tissue misfit measured in
mm for both types of obturators. Figure 6 presents the mean
values of tissue misfit of both types of obturators under
study.

CAD/CAM obturators showed lower overall misfit
values (0.28 + 0.18) when compared to Heat-cured ones
(0.45 + 0.21). The highest values of misfit of both groups
were recorded at the oral extensions of the CAD/CAM and
Heat-cured obturators, (0.44 + 0.27) and (0.47 = 0.32)
consequently. However, there were no statistical significant
differences between both obturator groups at any measured
surface.

Table (2): Showing comparison between intimacy of fit of
CAD/CAM  and  Heat-cured acrylic  obturators.
Measurements are presented in mm.

CAD/CAM Heat-cured
(n=6) (n=6)

Misfit (mm)

Oral surface extension
Min. — Max.

Mean + SD.
Nasal surface extension
Min. — Max.
Mean + SD.
Overall surface
Min. — Max.
Mean + SD.

0.20-0.78 0.19-0.87
0.44+0.27 0.47 £0.32

0.02-0.28 0.18 - 0.66
0.18+0.12 0.44 +0.22

0.07-0.46 0.18 -0.62
0.28+0.18 0.45+0.21

p: p value of Mann Whitney test for comparing between the two
groups
*: Statistically significant at p < 0.05
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Figure (6): Showing the mean values of tissue misfit of both types
of obturators. Measurements are presented in mm.

DISCUSSION

Analysis of resulting dimensional deviations of the two
groups

The digital process of producing prostheses involves
various steps, each of which can be a source of dimensional
error. Errors can occur during the imaging, segmentation or
manufacturing phase. According to Salmi et al (18),
different manufacturing methods may cause significant
accuracy errors.

The CAD/CAM obturators constructed in this study
showed negative deviation values denoting that‘produced
obturators were of more extended dimensions when
compared to the original design. The meanvalue of overall
dimensional deviations of CAD/CAM obturators is -0.10 +
0.03. This finding is in line with the finding of Goodacre et
al (27) who measured the overall dimensional deviation of
fluid-resin dentures to be (-0.09 £ 0.154). For CAD/CAM
obturators, occlusal units are most likely for occlusal
interferences when delivered clinically. This could be
assumed from the dimensional findings observed for this
obturator group who.had highest values of deviations at
occlusal units when fitting and overall registration
references were used, (-0.34 #.0.10) and (-0.26 + 0.11)
consequently.  However,  dimensional accuracy of
CAD/CAM AM would require further research on material
properties and its manufacturing technique to obtain lower
dimensional deviations. Based on similar findings, Salmi.et
al (18) recommended that clinicians using AM in prosthesis
fabrication should be aware of these errors that originate
from the technology used, material and instance of machine
use

As the PMMA acrylic dough is pressed against the
actual sized master cast during flasking, the final prosthesis
is expected to show an overall reduction in dimensions as
polymerization reaction of PMMA results in shrinkage after
processing the prosthesis. The results of the Heat-cured
obturators studied in this research were in line with this
assumption. The Heat-cured obturators constructed in this
research had overall positive deviation values (0.08 + 0.05)
denoting that produced obturators were of smaller
dimensions when compared to the original design (28).

Polymerization shrinkage of conventional PMMA has
two main effects. The shrinkage distorts the palate of a
maxillary denture resulting in an inaccurate fit to the
supporting tissues, and it affects the position of the teeth on
maxillary and mandibular dentures, and thus the final
occlusion of the dentures (28,29) These two effects of
polymerization shrinkage were evident in this study. For
Heat-cured obturators, highest values were recorded at
occlusal units (0.21 + 0.12) when fitting surface was used
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as reference. When the registration reference was changed
to overall surface of obturator, the highest values were
recorded on the polished surface of the obturator base (0.13
+0.03).

When both registration references were compared
within Heat-cured obturator group, no statistical significant
differences were found for the heat-cured occlusal units,
Heat-cured polished surfaces, and Heat-cured overall
prosthesis surfaces. This varying results due to change in
reference for registration supports the recommendation of
Salmi et al (18) that a standard method should be developed
for measuring and verifying prosthesis accuracy fabricated
by AM. Further studies showed that imaging and
segmentation together can cause even bigger errors than the
manufacturing process itself (16,30,31).

Analysis of resulting miss fit of the two groups

As the overall CAD/CAM obturators tend to have more
extended dimensions, while the Heat-cured ones tend to
show smaller ones, it seemed logical to have statistical
significant differences between both groups when
obturator-tissue relation was . studied. However, this
assumption was clinically not true. Although CAD/CAM
obturators showed lower misfit values (0.28 + 0.18) when
compared to Heat-cured ones (0.45 + 0.21), there were no
statistical significant differences between both obturator
groups at any measured surface. These findings are in line
with those of Chen et al (20) who.found higher adaption
values for CAD/CAM bases.

The highest values of misfit of both groups were
recorded at the oral extensions of the CAD/CAM and Heat-
cured obturators, (0.44 + 0.27) and (0.47 % 0.32)
consequently. For the CAD/CAM group, it seems that the
overall increase in dimensions of the produced prosthesis
shifts the palatal extension of the obturator away from the
tissues. This seems logical as the mean misfit value of the
nasal extension of those prostheses was (0.18 + 0.12). For
the Heat-cured group, misfit could be attributed to distortion
occurring at the cross-arch region as stated by Parvizi et al
(28) that “the greatest distortion occurs in the cross-arch
region when the denture is deflasked. This has been
attributed to the release of internal stresses developed
during processing, and the difference in the coefficient of
thermal expansion between stone cast and acrylic resin”.

CONCLUSION

The CAD/CAM obturators constructed by AM have
tendency to have more extended dimensions when
compared to the original design. This would require further
research on material properties and its manufacturing
technique to obtain lower dimensional deviations. For
CAD/CAM obturators, occlusal units are most likely for
occlusal interferences when delivered clinically. This could
be assumed from the dimensional findings observed for this
obturator group. Accurate and solid reference for virtual
models registration is of great importance especially when
CAD/CAM accuracy is on the scale, as this could affect the
obtained results. CAD/CAM obturators showed closer
relation to oral tissues when compared to Heat-cured ones.
Based on these findings, CAD/CAM AM of obturators
could be an alternative processing technique to
conventional ones used for direct construction of one-piece
closed hollow bulb obturators. However, this assumption
should be further investigated.
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