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INTRODUCTION 

Computer aided design and manufacture (CAD/
CAM) techniques have been successfully intro-
duced in the field of fixed partial dentures(1,2) . Now-
adays different model cast techniques are applied, 
from conventional stone casts and milled CAD/

CAM casts and lately 3D printed casts have been 

introduced. This development was supported by the 

capability of modern imaging modalities, like spi-

ral CT and MRI, to produce continuous volumetric 

data sets, which provide the input data for model 

generation.
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ABSTRACT

Statement of problem: The conventional model fabrication methods have multiple error-
introducing steps such as impression, stone setting, waxing and casting; therefore a more reliable 
and quality controlled method of model fabrication is required

Objective: This research was designed to evaluate the effect of different model fabrication 
techniques: Conventional stone cast, Rapid Prototyping-3D printing and CAD/CAM on the 
marginal gap of implant supported fixed partial denture.

Materials and methods: An epoxy resin cast simulating a clinical case with missing lower first 
mandibular molar was fabricated that served as a master cast from which an optical impression was 
done to fabricate a 3D printed model and a milled model , and another rubber base impression was 
done to fabricate a conventional cast, upon these three casts, five three units bridge was fabricated 
on each model, then marginal gap of implant supported fixed partial denture was evaluated using 
stereomicroscope.

Results: Two-way ANOVA revealed significant differences were found between the model 
manufacturing techniques. 3D-printing showed the lowest marginal gap value among all groups. 



(1746) Maged Zohdy and Andy GabraE.D.J. Vol. 64, No. 2

However the literature on applications of Rapid 
Prototyping technologies in the dental areas still 
rare even though more and more attention has been 
paid to this area. Currently, most dental jobs are still 
being performed by dental technicians manually.

The use of dental implants to replace natural 
teeth has become common place in contemporary 
restorative and surgical dental practices throughout 
the world, it became the treatment of choice in many 
if not in most clinical situations. Their efficacy has 
been well documented in the dental literature. There 
have been many advances in surgical techniques 
and implant design features, and the use of implants 
in edentulous sites can be successful and can have 
predictable, functional, and esthetic outcomes.(3)

Many studies investigated the factors determin-
ing superstructure accuracy, mainly impression and 
definitive cast accuracy, accuracy of laboratories 
processes and the component machining tolerances 
provided by the manufacturer. Tan (4) pointed out 
that each single clinical and laboratory stage con-
tributes to the inaccuracy level of a bridge. 

1. Impression technique

Carr (5) compared a direct and an indirect impres-
sion technique for a 5- Implant model and conclud-
ed that the direct transfer method produced a more 
accurate cast.

Assif et al(6) Reported that using acrylic resin to 
splint transfer copings in the impression material 
produced more accurate results than splinting the 
transfer copings directly to the acrylic resin custom 
tray or leaving the transfer coping unsplinted. As-
sif et al reported that splinting pick up type impres-
sions copings during the impression phase would 
yield better results. 

2. Master cast accuracy

Master cast accuracy has been extensively stud-
ied, when conventional crown and fixed partial den-
ture techniques for the fabrication of the implant 
supported fixed prosthesis are used, the restoration 

are fabricated on master cast in the laboratory where 
die stone are the most commonly used die material. 
Expansion of the die stone occurs on setting of the 
fixed prosthesis . (7,8,9)

When an in vitro replica of the mouth was eval-
uated with spans of 50 mm across the arch in the 
molar area and 20 mm across the canine region, it 
was reported that the solid cast poured in die stone 
produced cross arch discrepancies of 201 µm be-
tween the posterior abutments and 77 µm between 
the anterior abutments when compared with the rep-
lica, Hence it can be concluded that die stone expan-
sion results in inaccuracies in the master casts when 
compared with the original patient replicas. On the 
other hand

3. Fabrication method

Another point of interest is the influence of dif-
ferent fabrication methods on the accuracy of the 
bridge. Carr et al(10) found that prefabricated gold 
cylinders would be advantageous for fabricating 
screw-retained bridges, 

Though he did not find any significant difference 
in using prefabricated gold components when com-
pared with conventionally used plastic copings.

Computer-aided design and manufacture (CAD/
CAM) techniques have been successfully intro-
duced in the field of fixed partial dentures(1)(11) over 
a number of years. Computer-assisted design and 
manufacturing (CAD/CAM) technology was intro-
duced in Europe in 1980s for rapid generation of the 
prostheses made of machinable ceramics. During 
the last two decades, dental CAD/CAM technology 
has been used to replace the laborious and time-
consuming, conventional lost-wax technique. CAD/
CAM technology has revolutionized dentistry. Res-
torations can be produced much more quickly and 
efficiently, eliminating the need for temporary res-
torations. Moreover, with the computer controlled 
design and manufacturing, making prostheses with 
consistent quality become possible.(12)
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Production of models through CAD/CAM versus 
Conventionally fabricated models

Dental CAD/CAM technology consists of digi-
tal image generation and data acquisition (Scan-
ner), computer-assisted milling systems and tooling 
systems. The scanner scans the dental preparation 
either intraorally or extraorally through scanning a 
laser visible stone casted model of the preparation. 
Various methods of scanning are used throughout 
dentistry, including laser and lined light.(13,14) The 
scanner can only collect data on surfaces within the 
line of sight. Areas on the surface that are obscured 
or at too great an angle to the line of sight will not 
appear in the scan data. Moving either the object 
or the scanner and repeating the process overcomes 
this problem. For scanning a cast of a patient, sev-
eral scans may be necessary to create a point cloud. 
Computer software is then used to create Surfaces 
from these points. This method creates the surface 
of a 3D object by approximating the point cloud 
with a series of connected triangular facets. These 
triangular faceted models, termed a stereolithogra-
phy or STL file, are commonly used in transferring 
CAD models where milling can be performed using 
a milling machine to produce the dental cast. 

On the contrary the conventional cast is made 
using clinical and laboratory steps where every 
step might incorporate some errors in the model fi-
nal production accuracy, starting with the impres-
sion material properties and dimensional changes 
through the dental stone proportioning and mixing 
and ending with model expansion. Other deficien-
cies arise from difficulties in their storage and re-
trieval due to their physical bulk. 

Advantages of using CAD/CAM

The exponential increase in the application of 
computer-aided manufacturing in prosthodontics 
is attributed to continuous systems development 
and refinement, greater ability for quality control, 
parallel material development, and the possibility 

of virtual evaluation. Other areas of refinement in-
clude scanning technology, modeling software, and 
production systems, and the systems are becoming 
more user friendly.(15)

a) Additive Manufacturing

Additive manufacturing systems have recent-
ly been introduced as a method to construct den-
tal restorations and medical devices usually layer 
upon layer.(16) Additive manufacturing is defined 
by the American Society for Testing and Materials 
(ASTM) as: 

The process of joining materials to make objects from 
3D model data, usually layer upon layer, as opposed to 
subtractive manufacturing methodologies. 

Additive manufacturing technology has attract-
ed enormous interest among researchers because it 
greatly facilitates the realization of three-dimensional 
(3D) objects. Common additive technologies in medi-
cine are Selective Laser Sintering, Fused Deposition 
Modeling, Multi-Jet Modeling and Stereo-lithography. 
Here the model is built layer by layer according to 3D 
contour data. In comparison to subtractive techniques, 
the additive technologies can produce arbitrarily com-
plex structures and cavities.(17)

Advantages and disadvantages of Additive man-
ufacturing

Among the advantages of additive manufac-
turing is the ability to produce customized work 
pieces that fit patient hard and/or soft tissues(18). 
The work pieces can include detailed morphology, 
sharp corners, undercuts, or voids. Such features 
may be desirable for facial prostheses. Because no 
drilling tool is involved, no compensation feature is 
required as is necessary for the subtractive manu-
facturing. Further, the whole production process is 
passive and involves no force application. However, 
due to the production procedure, which involves se-
quential layering, the external surface tends to have 
stepped and coarse morphology representing each 
fabrication layer along the construction direction.
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b) Subtractive Manufacturing

If we look at where we are today then in fact 
CAD/CAM in dentistry is primarily based upon 
the idea of subtractive manufacturing. Subtractive 
technique used for medical applications is milling, 
which was derived from numerically controlled 
(NC) machine processing. In this case, the shape of 
the model will be milled from a block. In this pro-
cess, a power driven machine tools and drills are 
used with sharp cutting tools to mechanically cut 
the material to achieve the desired geometry with all 
steps controlled by a computer program. Thus, one 
starts out with a block of the desired material and 
the machine cuts away the bits that are not wanted. 
The advantages are the low material costs and the 
possibility that these models can be worked on with 
surgical instruments.(19)

Advantages and disadvantages of Subtractive 
manufacturing:

As stated earlier, milling is anticipated to elimi-
nate waxing, investing, and casting of prostheses, 
which is assumed to improve the overall precision. 
However, there is a lack of compelling evidence 
supporting this assumption for tooth-supported 
restorations(20), because, in terms of fit, there is 
an overall tendency for the restorations produced 
by conventional methods to exhibit better fit than 
milled restorations. This applies to milled metal(21) 
and ceramic restorations.(22)

Margin adaptation

One of the most important criteria for the long-
term success of ceramic restorations is their mar-
ginal adaptation i.e. the distance between the finish 
line and the restoration margin [23]. It is necessary to 
minimize the marginal gap, since a significant space 
between the tooth and the restoration exposes the 
luting material to the oral environment, thus result-
ing in a more aggressive rate of cement dissolution 
caused by oral fluids and chemomechanical forces 
[24]. The consequent microleakage may result in in-

flammation of the periodontal tissues, and subse-
quent failure of the prosthesis [25,26].

Several methods for studying marginal adapta-
tion have been proposed in the literature. Among 
them, Holmes et al in 1989 [27] established a uni-
form vocabulary for referring to the characteristics 
under study: internal opening, marginal opening, 
horizontal and vertical marginal discrepancy, short 
and over marginal extension, marginal absolute dis-
crepancy and settlement discrepancy. Other studies 
on marginal fit [28,29], detail their evaluations in dif-
ferent regions: labial, mesial, distal and lingual.

MATERIALS AND METHODS

A cast simulating a clinical case with missing 
lower first mandibular molar was fabricated from 
epoxy resin that will serve as a master cast from 
which an optical impression will be done to fabri-
cate a 3D printed model and a milled model , and 
another rubber base impression will be done to fab-
ricate a conventional cast, upon these three casts, 
five three units bridge will be fabricated on each 
model to assess the marginal gap distance.

Master model Construction:

A one step addition silicone impression was 
taken for a clinical case having 2 implants placed, 
The first one in the lower second premolar region 
and the second implant in the lower second molar 
region after screwing the implant abutment to the 
implants, after complete setting of the impression 
material, the abutments were unscrewed from the 
implants and attached to the corresponding ana-
logues diameters and seated in place in the impres-
sion. Then the impression was boxed. Epoxy resin 
base and catalyst were then proportioned according 
to the manufacturer instructions in a glass container 
and mixed thoroughly using a glass rod on top of a 
vibrator. The epoxy resin was then left aside for ten 
minutes to allow escaping of air bubbles and then 
was poured slowly in the impression and around 
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the implant analogues and left to set in place ( Ini-
tial setting took about 24 hours, while final setting 
took around 3 days). Slight trimming of the model 
was made after final setting of the epoxy resin cast 
(Fig.1).

Fig. (1) Epoxy resin cast

A total of fifteen fixed-fixed bridges were con-
structed in this study (n=5), divided into three 
groups according to the model technique as follows

Group A: Three units fixed-fixed zirconia bridge 
fabricated using rapid prototyping cast 

Group B: Three units fixed-fixed zirconia bridge 

fabricated using a conventional stone cast made us-
ing an addition silicone impression.

Group C:  Three units fixed-fixed zirconia bridge 
fabricated using a milled cast

1. Group (A) Rapid Prototyping cast construction:

In this group a 3D printed cast was made by 
scanning the epoxy cast using 3Shape desktop 
(3Shape® dental Denmark, Fig:8) scanner and gen-
erating an .STL file where it can be directly sent to 
the 3D printing machine, Some editing in the .STL 
file was made including digital trimming of the cast 
base.

Using additive manufacturing device; the Envi-
sion TEC (Ferndale, MI) Perfactory®, 10) which 
is based on the idea of Continuous Digital Light 
projection (cDLP) which utilizes a DLP® (Texas 
Instruments, Dallas, TX) chip to print the cast layer 
by layer utilizing the projection of a UV light to po-
lymerize the layers until the whole cast is printed 
starting with the base and ending with teeth and 
abutments. The raw material used in in production 
of the printed item is a Photopolymer which in fact 
is a Mixture of acrylic acid esters and photoinitiator 
(Fig:2).

Fig. (2)
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2. Group (B) Model construction:

A One-step impression technique was made for 
the epoxy cast, by mixing an equal amount of Pa-
nasil soft (Kettenbach Gmbh & Co) putty base and 
catalyst and injecting Identium (Kettenbach Gmbh 
& Co) light body around the abutments, after com-
plete setting of the impression material the impres-
sion was boxed using pink wax. Dental stone type 
IV (Fuji GC USA) was proportioned according to 
the manufacturer’s recommendation and mixed us-
ing a vacuum mixing machine, poured slowly in 
the impression on top of a vibrator to allow for the 
escape of the air bubbles and prevent their entrap-
ment. The stone was allowed to set for 45 minutes, 
removed from the impression, trimmed and inspect-
ed for air bubbles(Fig:3)

3. Group (C) model construction:

Group C model was made using subtractive man-
ufacturing technique, The epoxy cast was scanned 
using 3Shape desktop (3Shape® dental Denmark) 
,scanner to generate an .STL file where it can be di-
rectly sent to the milling machine, Some editing in 
the .STL file was made including digital trimming 
of the cast base. The cast was milled using Zirkon-
zahn M5 (ZirkonZahn Italy) using a PMMA blank 
and grinding burs of 2L,1L and 0.5L(Fig:4)

Construction of the Zirconia monolithic bridges

After fabricating the 3 types of casts (convention-
al, 3D printed and milled cast) from the same epoxy 
master cast, each cast was scanned using Identica 
Blue desktop scanner (Medit Co Ltd Korea) to de-
sign the bridges , designing was done Using Exocad 
software version 2014.02 (Dental DB-Medit.) in 
windows 7 ultimate which is a 3 dimensional soft-
ware that features a menu controlled user interface 
that provide full capabilities for the operator to scan 
the preparation and design the required restorations 
through a step by step guidance.

Milling of the bridges

The bridges of group A,B and C was milled us-
ing VHF CAM 5-S1 impression machine through 
Dental CAM software v6.05.17 Beta

The .STL file obtained from the exocad was im-
ported and the material was selected in the dialogue 
box to Zirconia blanks (BruxZir translucent Zirco-
nia milling blanks Prismatik dental craft, Inc Irvine 
CA Glidewell)

After the bridges were milled the connecting 
sprue were cut using a straight hand piece and a 
mounted fissure bur, finishing of the bridges and 
smoothening of the sprue are done. All bridges were 
ultrasonic cleaned for 30 seconds in an ultrasonic 
cleaning machine filled with fresh distilled water 
to remove all residual zirconia dust, and then the 
bridges were left to dry for 2 minutes under a drying 
heat convection lamp. 

Sintering of Zirconia bridges

As the bridges were milled in pre sintered state, 
they underwent a sintering cycle, All bridges were 
placed in the sintering tray containing appropriate 
sized zirconia beads, the sintering firing cycle was 
carried out in Nabertherm (Bahnhofstrasse 20 Lil-
ienthal/Germany) furnace

Checking and verification

After finishing the sintering cycle, the bridges 
were checked on the corresponding models. All 
bridges were checked for the fitting surfaces, seat-
ing, adaptation and margins, where group A where 
checked on the 3D printed model cast, group B 
were checked on the stone cast and group C were 
checked on the milled casts.

Margin adaptation measuring 

Then morphometric measurements were done 
on an IBM compatible personal computer equipped 
with the Image-tool software (Image J 1.43U, Na-
tional Institute of Health, USA). which was used 
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for image analysis. Within the Image J software, all 
limits, sizes, frames and measured parameters are 
expressed in pixels. Therefore, system calibration 
was done to convert the pixels into absolute real 
world units. Calibration was made by comparing an 
object of known size (a ruler in this study) with a 
scale generated by the Image J software. The ver-
tical gap distance was measured for each shot [ 5 
equidistant landmarks along the cervical circumfer-
ence for each surface of the bridge (Fig.5) (Mesial, 
buccal, distal, and lingual). 

RESULTS

Data was checked for normal distribution and 
analyzed using two-way analysis of variance. Two-
way ANOVA revealed significant difference be-
tween the subgroups. Significant differences were 
found between the model manufacturing tech-
niques. The milling and the conventional techniques 
showed significantly higher marginal gap when 
compared to the 3D printing.

5 (Premolar) 7 (Molar)

3D Printing 42(5)a 51(5)a

Milling 87(7)b 74(4)b

Conventional 80(6)b 76(5)b

DISCUSSION

This research subject was chosen due to the 
claimed importance of passivity of fit on the long-
term success of implant supported fixed prosthesis. 
It was carried out to evaluate the effect of different 
model techniques on the passivity of fit of implant 
supported fixed prosthesis. 

Traditional conventional cast is fabricated using 
clinical and laboratory steps that might increase er-
rors in the model final production accuracy as im-
pression material properties, dimensional changes, 
dental stone proportioning and mixing and model 
expansion. 

Fig. (5) Stereomicrograph with lines of measurements at 
equidistant points.

Means with different superscript letters are statistically 
significant p<0.05
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Rapid Prototyping technology has attracted 
enormous interest among researchers because it 
greatly facilitates the realization of bespoke three-
dimensional 3D objects. 

To simulate a clinical case; a secondary impres-
sion was taken from a clinical case with a missing 
lower first molar and a standard abutments of size 
3.5mm and 5mm placed on the respective implants. 
After the impression was set the abutments were 
unscrewed and attached to the respective analogues 
and placed in the impression for epoxy pouring step. 
The analogues were about 14 mm apart, which is 
the average distance between lower second premo-
lar and second molar.(30)

The model was constructed from epoxy resin 
(Chemapoxy, CMB, Egypt) which has a modulus of 
elasticity similar to that of jaw bones(31)(32),

After setting of the epoxy master cast, The dif-
ferent models were fabricated either using an op-
tical impression as in case of 3D printed cast and 
milled cast, or from a conventional impression and 
pouring dental stone type IV 

The two newly introduced model materials 
were compared to the conventional cast. The first 
model was fabricated using 3D printed technology 
(EnvisionTEC Ferndale, MI Perfactory®), the sec-
ond model was fabricated using milling technique 
(Zirkonzahn M5 ZirkonZahn Italy) using a PMMA 
blank, both using an optical impressions to assess 
the additive, subtractive in comparison to conven-
tional technique.

The measurement model used was the master 
epoxy cast (30). on which the optical/conventional 
impressions was done on, The bridges were con-
structed on their master cast after scanning of the 
models using Identica Blue desktop scanner (Medit 
Co Ltd Korea) . 

Standardization of the bridges tested for passivity 
of fit was done using milled full contour monolithic 
Zirconia bridges using the same design (BruxZir 
Zirconia blanks Glidewell, USA) using Exocad  

software version 2014.02 (Dental DB-Medit.) in 
windows7. 

The purpose of using a full contour monolithic 
Zirconia is the elimination of the veneering factors 
that might affect the standardization, as it was stated 
earlier that there is a significant increase in strain 
development after ceramic veneering in the con-
ventionally fabricated screw-retained fixed partial 
dentures.(31)

Using light microscope for measuring margin 
adaptation

The vertical cervical marginal gap measurement 
was selected as the most frequently used to quantify 
the accuracy of fit of a restoration. [33] 

The assessment of the marginal adaptation of the 
crowns was performed using stereomicroscope; all 
measurements were made by the same operator to 
avoid error.

Abhishek et al in 2011 [34] indicate that the most 
commonly used method i.e. explorer, for evaluat-
ing the fit of castings may be even less reliable than 
reported. When margins are evaluated with an ex-
plorer acceptance is more likely to be based on the 
size and character of overhangs and ledges than on 
the actual size of opening of the margins

The sensitivity of explorer and elastomeric dis-
closing media as compared to stereomicroscope 
at 30 μm was 39% and 10% respectively. Higher 
values of sensitivity for explorer technique as com-
pared to elastomeric disclosing media indicate that 
explorer technique is more reliable as compared to 
elastomeric disclosing media in detecting marginal 
gaps

However values of sensitivity for both the tech-
niques evaluated is considerably low, indicating that 
these techniques may not be adequate to determine 
presence of marginal gaps of or less than 30 μm[34]

A recent study has reported that clinical detec-
tion of marginal gap size with similar sensitivity and 
specificity as stereomicroscope occurs at greater 
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than or equal to 124 μm[35]. Although the stereo-
microscope cannot be used to assess restorations 
intra-orally, the future development of an intraoral 
apparatus may be of value. However, the use of a 
stereomicroscope as a supplement method for as-
sessing castings on dies may provide a higher de-
gree of marginal gap detection prior to examination 
of these castings intra-orally [35] 

Though very important element in evaluating a 
restoration; there is no agreement in definition of a 
clinically acceptable margin [36].

In this study, the conventional cast showed the 
highest values of margin gap followed by the milled 
cast and then the 3D printed cast, This finding might 
be associated with conventional cast fabrication and 
pouring technique sensitivity, and in milled cast 
fabrication by grinding burs or milling axes, might 
be the cause of increased strain in the overall chan-
nel comparison.

In support of this results Karl M. et al in 2012 
found that intraoral digitization of dental implants 
appear to be at least as precise as conventional im-
pression taking and master cast fabrication(37)

The bridges fabricated on the stereolithography 
3D printed model showed the lowest amount of 
strains might be attributed to the fact that the 3D 
printed models exhibits no or nil amount of inter-
nal stresses due to the mode of fabrication through 
building the cast layer by layer rather than grinding 
as in milled cast or by a chemical reaction that in-
volves expansion or contraction as in case of con-
ventionally fabricated casts. (38)

This study showed that using digital virtual im-
pression, 3D printing and milling casts are as pre-
cise or better than conventional impression and 
casts pouring, potential fabrication inaccuracies due 
to processing of Zirconia ceramic may have coun-
teracted the greater precision resulting from digital 
impressions.(39)

However the literature on applications of Rapid 
Prototyping technologies in the dental areas still 

rare even though more and more attention has been 
paid to this area. Currently, most dental jobs are still 
being performed by dental technicians manually.

CONCLUSION

In this study it was concluded that virtual im-
pression, 3D printing and milling casts are as pre-
cise or better than conventional impression. 

Within the limitations of this in vitro study, it 
was possible to conclude that:

1) 3D printed casts have the lowest marginal gap 
values 

2) Conventional stone casts showed the highest 
marginal gap

Clinical recommendation:

3D printed casts can be used in fixed partial den-
tures with minimal marginal gap.
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