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Trueness of Stereolithographic Model Compared to
Conventional Model Using CAD/CAM Prosthesis
with Digital Photographs

Nabeel S. Martani'*

Abstract

Objective: Accuracy of the stereolithographic (SLA) model significantly influences their laboratory uses. The aim of this study was
to compare the accuracy of SLA models created from digital impressions to conventional die stone models obtained from elastomeric
impressions using full anatomic CAD/CAM fabricated fixed prosthesis.

Methods: A partially edentulous typodont model was prepared for this study with two-implant abutments as a reference model. Two
impression techniques were used to fabricate study models. Group one (n=5), SLA models were created from digital impressions
acquired by an intra-oral scanner. While in group two (n=5), die stone models obtained from vinyl polysiloxane impression materials
(VPS). A full anatomic zirconia bridge was fabricated using CAD/CAM system and high-resolution digital photographs from the
buccal surface were captured using a macro lens . The vertical distance between selected points was measured by three evaluators using
a calibrated digital software program. The t-test with 95% confidence interval was used to evaluate the accuracy of the models.

Results: There was a strong agreement among observers with a statistically significant difference in the seating of prosthesis on the
SLA model versus the conventional model, with a mean and standard deviation of -0.17+0.24 mm and 1.04+0.22 mm subsequently.
Their results of the t-test were showed fewer errors in the SLA group.

Conclusions: CAD/CAM fabricated bridge was better seated on SLA models from digital impressions compared with die stone models
from elastomeric impressions. Therefore, the trueness of 3D printed models was greater than conventional models compared to the
reference model.
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Introduction

Facial digital technology in dentistry controls many
fields. The digital impression and stereolithographic
models generate new scope, and it is believed that it will
solve the challenges and difficulties of conventional
techniques. Conventional impression with elastomeric
impression material and gypsum cast fabrication had
been considered the gold standard in fixed prosthesis
fabrication!-?),

Improvements were made to the traditional impression
materials to reduce tearing and improve quality. These
materials include: non-elastic as waxes, gums, resins,
plaster of Paris, zinc oxide eugenol, impression
compound, and eugenol-free past and elastic which
include hydrocolloids (Agar-Agar and Alginate) and
synthetic elastomers as polysulphides, condensation-
silicones, polyether and addition-silicon®.

The traditional method of fabrication of dental
prosthesis requires the use of gypsum products.
According to the American Dental Association (ADA)
Specification No. 25 the gypsum products are classified
into five types, type I: plaster for impression, type II:
plaster for model and laboratory, type III: low to
moderate strength dental stone, type IV: dental stone
high strength / low-expansion and type V: dental stone
high strength / high-expansion®.

The type IV gypsum product is the commonest die stone
material, obtained from natural gypsum rock. It is
workable, economical and involves the least equipment.
The disadvantages are expansion upon setting, rough
with the dehydrated surface, high viscosity leading to
surface voids, and susceptibility to abrasion during the
carving of wax pattern. Gypsum hardeners are added to
increase abrasion resistance®.

The accuracy of the impression depends on the
impression material themselves®!?. types of tray!!'"!3,
and impression techniques!#19, The accuracy of master
casts dependent on numerous items, including the
water/powder ratio, vacuum versus hand mixing, and
the type of dental stone and its compatibility with
impression materials. Each step in the process
introduces potential human and material error!’-!®),

The digital impression reduces patient and dentist
discomfort, eliminating the problems relating to tray
selection, it has unlimited storage time, indefinite reuse,
thus saving time with no need for disinfection. Whereas;
this technique requires a trained operator with good and
up-to-date laboratory support!®.

Additive manufacturing methods deal with the
sequential application of a thin layer of material to build
the final geometry directly from the 3D data as opposed
to the subtractive manufacturing method. Various
additive manufacturing methods are available, which
collectively termed rapid prototyping. Afterward,
additive manufacturing transforms from rapid
prototyping models to producing real parts for use as
final products named rapid manufacturing®29,

The first commercially available rapid prototyping
technology was stereolithographic (SLA), which is
characterized by application ultraviolet (UV) light to
cure photosensitive liquid polymer resin on a layer basis
after computer-aided design. A solid object is formed by
subsequent curing of the layers and bonding them
together by the self-adhesive feature of the material. The
final object is further cured in an ultraviolet cabinet®V.

The aim of this study was to compare the trueness of the
stereolithographic model and die stone model to a
reference model using the seating of CAD/CAD fixed
prosthesis with digital photographs. The null hypothesis
was the accuracy of both models are similar.

Materials and methods
Preparation reference model

A partiality edentulous typodont model was selected for
this study and two implants fixture were placed at teeth
numbered 46 and 47. Implant abutment fixed into the
implant to the simulated intraoral situation for abutment
level impression, a soft tissue diode laser (iLase from
BIOLASE, USA) was used to expose the margin of
abutments. The prepared model was used as a reference
model (Figure 1).

Figure 1: Occlusal and buccal view of reference model.

Manufacture of CAD/CAM prosthesis

The reference model was scanned by intraoral digital
scanner TRIOS® 3 (3Shape, Copenhagen, Denmark).
Full anatomic zirconia bridge was designed with a
cement gap of 60 pm and fabricated using Computer-
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Aided Design/Computer-Aided Manufacturing
(CAD/CAM) system by 3 Shape Dental System
(3Shape, Copenhagen, Denmark) as shown in Figure
2.

R

Figure 2: Design of full anatomic bridge.

The full anatomical bridge was milled by a five-axis
computerized numerically controlled milling machine
(Zirkonzahn GmbH, Gais, Italy) from a green-state
zirconia block (ICE zircon, zirkonzahn GmbH, Gais,
Italy) after machine calibration. The bridge was sintered
in a furnace (Zirkonofen 600; Zirkonzahn GmbH) at
1500°C, then glazed and seated on the reference model.

Stereolithographic model construction

The stereolithographic model's group one (n=5) were
fabricated from scans of a reference model, using
TRIOS scanner (3Shape TRIOS® 3, Copenhagen,
Denmark). The digital impressions were loaded into the
3Shape dental system using model builder module and
virtual digital models were prepared as revealed in
(Figure 3). The STL files of the designed models were
3D printed using PROJET MP 3500 printer, where resin
models were manufactured using a stereolithographic
technique, then cleaned and light-cured. All the models
were fabricated in the same production center with the
same printer setting.

Figure 3: Design of virtual model.
Conventional model construction

The conventional model group two (n=5) were
constructed from Vinyl polysiloxane (VPS) impression
material (Turboflex, R&S, Paris, France.), both putty
and light consistencies were used in a single step two
consistency technique. Disposable perforated plastic
tray was loaded and positioned over the reference
model. The tray was held in the same position for two
minutes according to manufacture instruction while
waiting for the final set of the impression material. A

total of five impressions were made by the same
procedure.

All impressions were poured after two hours using
BonTop type IV extra hard stone by vacuum mixing
machine according to the manufacturer’s instructions,
with a powder / liquid ratio of 100 g / 20 ml to obtain a
creamy and homogeneous consistency. The anatomical
portion of the models was poured using a low-speed
vibrator. Once all the teeth had been sufficiently filled
with the mixture, a larger increment of the mix was
added until the entire impression was filled. Afterward,
the impression was removed from the vibrator and left
undisturbed to set. A separate mix was made to construct
the model base, and the anatomical portion of the model
was inverted onto the base, keeping the occlusal surface
maintained in a parallel position to the countertop. The
models were trimmed using a model trimmer after their
separation from the impression tray, and the
conventional stone models were prepared.

Evaluation of models accuracy

The deviation from the reference model defines the
trueness of the method and evaluated by photographic
assessment of prosthesis seated on the reference model
compared to other groups. The flow-chart of the study
design shown in Figure 4.

Reference Model

(n=1)
VPS Impression Digital Impression
(n=5) (n=5)
Die Stone Model SLA Model
(n=5) (n=5)

<

Evaluation the Accuracy by Fixed Bridge

I 3 3

Die Stone Data SLA Data
(n=5) (n=5)

Reference Data
(n=1)

Figure 4: Flow-chart of the study design.

In order to minimize any potential distortions of the
photographs, a digital camera (Canon, EOS 550D,
Tokyo, Japan) with Canon marco lens EF 100 mm was
mounted on a stable tripod 150 mm away from the
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model, 1:1 high-resolution digital photographs were
taken in sequence with no change in the inclinations of
the camera®?.

The method of measurement was standardized by using
computer-aided design software AutoCAD 2019 that
architects and engineers rely on precise measure 2D
images. The calibrated images were imported into
software as layers and superimposed over each other’s;
a horizontal line was drawn and used as a reference line
in the software. All measurements were taken in
millimeter perpendicular from the two points on the
buccal surface of the prosthesis to this reference line and
evaluated by three observers.

The restoration was seated with normal thumb pressure
without any adjacent on all models and measurements
were recorded in the same procedure.

The trueness of the model was defined as a deviation of
the method and evaluated by comparing the reference
data to data achieved from both SLA and die stone
models.

Statistical analysis

The data were tabulated and statistically analyzed using
descriptive statistics and t-test to compare between the
groups. statistical software package (SPSS for Windows

v.16; SPSS Inc) was used to analyse the data and p value
< 0.05 was considered as statistically significant.

Results

The assessment of consistency and reproducibility of
dimensional measurements made by three observers
measuring the distances between the selected points was
assessed by a descriptive statistic using the intraclass
correlation coefficient (ICC) at 95% confidence interval
as shown in Table 1. The result revealed a strong
agreement between observers in all measurements
within groups and teeth (ICC more than 0.90).

Table 2 shows the descriptive statistics values for the
differences of the mean, minimum and maximum
differences between the two groups and the reference
model with the standard deviation. Less values revealed
closer matching with the reference model. Individual
tooth measurement at 46 and 47 indicated local trueness
while both group measurements indicated general
trueness of the model with less mean and standard
deviation in SLA group of -0.17+0.23 mm compared
with 1.03+£0.22 mm for conventional group.

The result of the t-test showed that there was a statistical
significant difference between the two groups, with
fewer errors in the SLA group than the conventional
method (Table 3).

Table 1: Results of intraclass correlation coefficient revealed strong agreement
between observers in all measurements.

95% Confidence Interval

Lower bound | Upper bound

All measurements AU

<0.0001

SLA

<0.0001

Conventional

<0.0001

Tooth

#46

<0.0001

#47

<0.0001
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Table 2: The mean, minimum, maximum values of differences and standard deviation between the two
groups and the reference model.

Tooth Group
no.

Minimum Maximum Mean

5 -0.313 0.127 -0.140 0.166
5 0.757 1.220 1.033 0.184
5 -0.757 -0.003 -0.207 0.311
5 0.62 1.393 1.045 0.285
10 -0.757 0.127 -0.173 0.237
10 0.62 1.393 1.039 0.226

Table 3: T -test to compare the distances between the two groups showed significant difference

between the two methods, with less error in the SLA group.

95% confidence interval of
the difference

Lower

Mean difference | Std. error
(SLA-Conv) difference

All teeth

p value
Upper
<0.0001

-1.173 0.111 -1.429

-0.918 -10.589 | <0.0001

-1.252 0.189 -1.687

-0.817 -6.636 <0.0001

Discussion

One of the important factors in fabricating indirect fixed
dental prosthesis is the production of an accurate model
either from conventional or digital impression systems.
Die stone model made from impressions using
elastomeric impression materials have been used for
fabrication of prosthesis for many years?>*¥, However,
these models are susceptible to the risk of loss, damage,
and wear®,

The stereolithography printing method used in this
study, because it is the commonly used method in
dentistry in terms of printing accuracy, speed, cost and
quality®,  computer-aided design/computer-aided
manufacturing (CAD/CAM) technology provides new
changes in dentistry, offering superior experience and
excellence™?”, The 3D virtual model can be
manufactured as a physical model through 3D printing
technology®®??). SLA technology forms each layer by
irradiating a UV laser to the photopolymer along the
contour of the object. After the layer is polymerized, the
platform moves vertically by the layer thickness, and the
laser cures the new layer®®, by repeating this process, a
3D object is created®?.

According to engineering science and metrology, the
term ISO 5725 ‘trueness’ is similar to accuracy that was
defined as ‘the ability of a measurement to match the
actual value®Y. Trueness describes the deviation of a
measurement from the actual dimensions of the
measured object. The high level of trueness indicates a
result that is near or equals to the exact dimensions of
the measured object®?.

The typodont model was used in this study because of
its durability, material stability, as well as providing the
same conditions®?. However, the structure, texture, and
other properties are different from natural teeth and
failed to reproduce clinical situations®®. Previous
studies evaluating the accuracy of dental models
manufactured by subtractive manufacturing or additive
manufacturing have mainly been limited to diagnostic
models in the field of orthodontics®+3%), In the field of
prosthodontics, it has been limited to single tooth®?.
Therefore, in this study measurements were taken from
two-point on fixed bridge for teeth numbers 46 and 47
to provide data about local and general trueness of the
models.

Previous studies have shown that the accuracy of dental
models has measured by linear distance
measurements®®). Therefore, the present study used
such an analysis to evaluate the accuracy of the model.
However, this method is limited because of the lack of
measuring points and the inability to measure repeatable
measuring points(Error! Bookmark not defined.) Ty addition, the
drawback is that a clear reference marker with a specific
shape for the measurement is needed, and it is
impossible to represent 3D changes of the model®®.
Three evaluators were taken the measurements in all
groups to minimize the bias and the effect of previously
mentioned points.

The small deviation from reference model in 3D printed
model in this study may be due to the cleaning and post-
curing which were used to increase the mechanical
properties of the printed model which was in agreement
with previous study revealed that the less-cured
photopolymer material may remain on the printed model
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surface due to carelessness of the operator during the
cleaning process. Shrinkage or warpage may occur
because of additional polymerization processes®?.

In this study, die stone models showed lesser trueness
than stereolithographic models, the low accuracy of die
stone models may be related to cumulative errors at each
stage of the convectional workflow, such as selection of
perforated plastic tray, manipulation of materials and
thumb pressure errors, this result was in disagreement
with previous study which concluded that stone models
are accurate as 3D printed models®”. This study was in
agreement with the a study that revealed that the water
requirement of high strength stone affects the final
product and the un-reacted water at the end of chemical
reaction weakens the stone product and decreases the
accuracy®¥,

The present study did not consider factors such as x—y
resolution, exposure time, manufacturing environments
and used printing materials that can affect the accuracy
of 3D printers®®, The type and performance of the
digital scanners and dental 3D printers used may also
influence the results of this study®**?. Therefore,
further research recommended being conducted
considering more varied environments, factors and
clinical situations.

Conclusions

Within the limitations of this in vitro study, results
showed that CAD/CAM fabricated bridge was better
seated on SLA models from digital impressions
compared with die stone models from elastomeric
impressions. This finding of higher trueness indicates
that the accuracy of the SLA model is closer or
equivalent to the reference model when compared to
gypsum models.

References

1. Rubel BS. Impression materials: a comparative
review of impression materials most
commonly used in restorative dentistry. Dent
Clin North Am. 2007;51(3):629-42.

2. Lee SJ, Betensky RA, Gianneschi GE, Gallucci
GO. Accuracy of digital versus conventional
implant impressions. Clin Oral Implants Res.
2015;26(6):715-9.

3. Anusavice KJ, Kenneth J. Phillips’ Science of
Dental Materials. 11th ed. Elsevier;
Amsterdam, The Netherlands: 2003;210-30.

10.

11.

12.

13.

14.

15.

16.

Sakaguchi RL, Powers JM. Craig’s Restorative
Dental Materials. 14th ed. Riverport Lane:
Elsevier. 2012;252-60,

Raghavendra JS, Nayar S, Bhuminathan S.
Review article: die materials and techniques:
part II. Indian J Multidiscip Dent.
2014;4(3):975-17.

Herbst D, Nel JC, Driessen CH, Becker PJ.
Evaluation of impression accuracy for
osseointegrated  implant-supported  super
structures. J Prosthet Dent. 2000;83(5):555-61.
Walker MP, Ries D, Borello B. Implant cast
accuracy as a function of impression
techniques and impression material viscosity.
Int J Oral Maxillofac Implants.
2008;23(4):669-74.

Lee H, Ercoli C, Funkenbusch PD, Feng C.
Effect of subgingival depth of implant
placement on the dimensional accuracy of the
implant impression: an in vitro study. J
Prosthet Dent. 2008;99(2):107-13.

Lee H, So JS, Hochstedler JL, Ercoli C. The
accuracy of implant impressions: a systematic
review. J Prosthet Dent. 2008;100(4):285-91.
Wee AG. Comparison of impression materials
for direct multi-implant impressions. J Prosthet
Dent. 2000;83(3):323-31.

Brosky ME, Pesun 1J, Lowder PD, Delong R,
Hodges JS. Laser digitization of casts to
determine the effect of tray selection and cast
formation technique on accuracy. J Prosthet
Dent. 2002;87(2):204-9.

Burns J, Palmer R, Howe L, Wilson R.
Accuracy of open tray implant impressions: an
in vitro comparison of stock versus custom
trays. J Prosthet Dent. 2003;89(3):250-5.
Ceyhan JA, Johnson GH, Lepe X. The effect of
tray selection, viscosity of impression material,
and sequence of pour on the accuracy of dies
made from dual-arch impressions. J Prosthet
Dent. 2003;90(2):143-9.

Chee W, Jivraj S. Impression techniques for
implant dentistry. Br Dent J. 2006;201(7):429-
32.

Vigolo P, Majzoub Z, Cordioli G. Evaluation
of the accuracy of three techniques used for
multiple implant abutment impressions. J
Prosthet Dent. 2003;89(2):186-92.

Vigolo P, Fonzi F, Majzoub Z, Cordioli G. An
evaluation of impression techniques for
multiple  internal  connection  implant
prostheses. J Prosthet Dent. 2004;92(5):470-6.




Vol 6(2)

Martani

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rudd RW, Rudd K D. A review of 243 errors
possible during the fabrication of a removable
partial denture: part II. J Prosthet Dent.
2001;86(3):262-76.

Yuzbasioglu E, Kurt H, Turunc R, Bilir H.
Comparison of digital and conventional
impression techniques: evaluation of patients'
perception, treatment comfort, effectiveness
and clinical outcomes. BMC Oral Health.
2014;30(1)14:10.

Van Noort R. The future of dental devices is
digital. Dent Mater. 2012;28(1):3-12.

Torabi K, Farjood E, Hamedani S. Rapid
prototyping technologies and their applications
in prosthodontics, A review of Literature. J
Dent. 2015;16(1):1-9.

Azari A, Nikzad S. The evolution of rapid
prototyping in dentistry: A review. Rapid
Prototyp J. 2009;15(3):216-25.

Tan PL, Gratton DG, Diaz-Arnold AM,
Holmes DC. An in vitro comparison of vertical
marginal gaps of CAD/CAM titanium and
conventional cast restorations. J Prosthodont.
2008;17(5):378-83.

Patzelt SB, Bishti S, Stampf S, Att W.
Accuracy of computer-aided design/computer-
aided manufacturing-generated dental casts
based on intraoral scanner data. J Am Dent
Assoc. 2014;145(11):1133-40.

Ender A, Mehl A. Accuracy of complete-arch
dental impressions: A new method of
measuring trueness and precision. J. Prosthet.
Dent. 2013;109(2):121-8.

White AJ, Fallis DW, Vandewalle K S.
Analysis of intra-arch  and
measurements from digital models with 2
impression materials and a modeling process
based on cone-beam computed tomography.
Am J  Orthod. Dentofac  Orthop.
2010;137(4):1-9.

Zhang ZC, Li PL, Chu FT, Shen G. Influence
of the three-dimensional printing technique
and printing layer thickness on model
accuracy. J Orofac Orthop. 2019;80(4):194—
204.

Mortadi AI, N, Eggbeer D, Lewis J, Williams
RJ. CAD/CAM applications in the
manufacture of dental appliances. Am J Orthod
Dentofac Orthop. 2012;142(5):727-33.

Beuer F, Schweiger J, Edelhoff D. Digital
dentistry: An overview of recent developments
for CAD/CAM generated restorations. Br Dent
J. 2008;204(9):505-11.

Ender A, Mehl A. Full arch
Conventional versus digital impressions—An

interarch

scans.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

in-vitro study. Int J
2011;14(1):11-21.

Pham DT, Ji C. Design for stereolithography.
Proc. Inst. Mech. Eng. Part C J. Mech. Eng.
Sci. 2000;214(50:635-40.

Nedelcu R, Olsson P, Nystrém I, Thor A.
Finish line distinctness and accuracy in 7
intraoral  scanners conventional
impression: an in vitro descriptive comparison.
BMC Oral Health. 2018;18(1):27-38.

Cho SH, Schaefer O, Thompson GA, Guentsch
A. Comparison of accuracy and reproducibility
of casts made by digital and conventional
methods. J Prosthet Dent. 2015;113(4):310-5.
Kim RJ, Park JM, Shim JS. Accuracy of 9
intraoral scanners for complete-arch image
acquisition: A qualitative and quantitative
evaluation. J Prosthet Dent. 2018;120(6):895-
03.

Camardella LT, de Vasconcellos Vilella O,
Breuning H. Accuracy of printed dental models
made with 2 prototype technologies and
different designs of model bases. Am J Orthod
Dentofac Orthop. 2017;151(6):1178-87.
Favero CS, English JD, Cozad BE, Wirthlin
JO, Short MM, Kasper FK. Effect of print layer
height and printer type on the accuracy of 3-
dimensional printed orthodontic models. Am J
Orthod Dentofac Orthop. 2017;152:557-65.
Kim SY, Shin YS, Jung HD, Hwang C J, Baik
H S, ChaJ Y. Precision and trueness of dental
models manufactured with different 3-
dimensional printing techniques. Am J Orthod
Dentofac Orthop. 2018;153(1):144-53.

Park ME, Shin SY. Three-dimensional
comparative study on the accuracy and
reproducibility of dental casts fabricated by 3D
printers. J Prosthet Dent. 2018;119(5):e1-e861.
Brosky ME, Major RJ, De Long R, Hodges JS.
Evaluation of dental arch reproduction using
three-dimensional optical digitization. J
Prosthet Dent. 2003;90(5):434-40.

Choi J-W, Ahn J-J, Son K, Huh J-B. Three-
Dimensional Evaluation on Accuracy of
Conventional and Milled Gypsum Models and
3D Printed Photopolymer Models. Materials.
2019;12(21):3499.

Comput  Dent.

versus



