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Accuracy of provisional crowns made using
stereolithography apparatus and subtractive

technique
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PURPOSE. To compare and analyze trueness and precision of provisional crowns made using stereolithography
apparatus and subtractive technology. MATERIALS AND METHODS. Digital impressions were made using a
master model and an intraoral scanner and the crowns were designed with CAD software; in total, 22 crowns
were produced. After superimposing CAD design data and scan data using a 3D program, quantitative and
qualitative data were obtained for analysis of trueness and precision. Statistical analysis was performed using
normality test combined with Levene test for equal variance analysis and independent sample t-test. Type 1 error
was set at 0.05. RESULTS. Trueness for the outer and inner surfaces of the SLA crown (SLAC) were 49.6+9.3 pm
and 22.5+5.1 um, respectively, and those of the subtractive crown (SUBC) were 31.8+7.5 pm and 14.6+1.2 um,
respectively. Precision values for the outer and inner surfaces of the SLAC were 18.7+6.2 pm and 26.9+8.5 pm,
and those of the SUBC were 25.4+3.1 pm and 13.8+0.6 pm, respectively. Trueness values for the outer and inner
surfaces of the SLAC and SUBC showed statistically significant differences (P<.001). Precision for the inner
surface showed significance (P<.03), whereas that for the outer surface showed no significance (P<.58).
CONCLUSION. The study demonstrates that provisional crowns produced by subtractive technology are superior
to crowns fabricated by stereolithography in terms of accuracy. [J Adv Prosthodont 2018;10:354-60]

KEYWORDS: Stereolithography apparatus; Subtractive technology; Provisional crown; CAD/CAM system

INTRODUCTION

Provisional restoration is an important step for successful
prosthetic treatment. In particular, the provisional restora-
tion protects the prepared teeth, roots, position stability,
occlusal function, and margin from oral bacteria and exter-
nal pressure. Therefore, during the manufacturing process,
it is necessary to secure safety of provisional restoration
and ensure that it is harmless to the human body, in manu-
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facturing it."?

Provisional restorations are generally produced from
self-polymerizing resin (polymethyl methacrylate resin). The
resin is made by mixing polymer and monomer and a small
portion of unpolymerized monomer is drawn in the course
of polymerization. Provisional restoration reduces mechani-
cal impact, triggers volume instability, and may cause allergy
or inflaimmation of the oral mucosa due to biological influ-
ence."” Accuracy of the provisional restoration varies
according to technical proficiency of the resin.

Currently, stable provisional restorations can be designed
and manufactured by applying chair-side computer-aided
design/computet-aided machine (CAD/CAM) approach to
achieve improved accuracy."” Dental CAD/CAM system,
consisting of scanner, CAD program, and CAM program,
leads to simplified production process.®

The CAM program can be applied to subtractive manu-
facturing or additive manufacturing. Because subtractive
manufacturing adopts a milling-only block, it can produce
equivalent restorations and reduce error in the restorations
generated in dental crafting. In many cases in dentistry, pro-
visional restorations are produced through subtractive man-
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ufacturing. However, this approach is material-intensive, and
detailed representation capability varies according to diame-
ter of the milling bur. In addition, vibration during milling
can influence the degree of precision.”® Therefore, dentists
have shifted their focus to additive manufacturing to over-
come this disadvantage.

Stereolithography apparatus (SLA) for use in additive
manufacturing technique comprises a photo-curable resin
and light source. Photo-curable resin remains liquid and
provisional restorations are produced under irradiation with
ultra-violet (UV) light through layer-by-layer system applica-
tion.”'” Because additive manufacturing accumulates materi-
als and creates solid shapes, it produces no waste and is eco-
nomical in contrast to subtractive manufacturing;

However, design of restorations by means of subtractive
and additive manufacturing through CAD/CAM systems
may lead to inaccuracies due to limited generating capabili-
ties."!

Accuracy is important in dental treatment. Production
of restorations under CAD/CAM approach requires consis-
tency at every stage and accuracy. Recently, a three-dimen-
sional (3D) program has been used to analyze and evaluate
possible errors in crowns made through CAD/CAM pro-
cess.'*P In particular, 3D analysis can precisely measure an
identical point without damaging the samples and allows for
both quantitative and qualitative data analyses.

Previous studies have reported accuracy of fixed resto-
rations made by using milling instruments.”"*!>

In contrast, there is little data on accuracy of provisional
crowns made through stereolithography apparatus and sub-
tractive technique.

The purpose of this study was to compare differences in
trueness and precision (accuracy) of the provisional crowns
made by means of stereolithography apparatus and subtrac-
tive technique.

The null hypothesis of this study states that there is no
difference between the trueness and precision of provision-
al crowns produced by the two techniques in CAD/CAM
method.

MATERIALS AND METHODS

The maxillary master model (Frasaco AG3 GmbH, Tettnang,
Germany) was selected for use in the study. The maxillary
right first molar (AG-3 ZPVK 16, Frasaco GmbH, Tettnang,
Germany) was selected for the abutment. The abutment
was manufactured by removing from occlusal height 1.5
mm, axial wall 1.5 mm, and 1.0 mm deep chamfer on the
margin.

To prepare the master model, a serial video filming intra-
oral scanner (CS3600, Carestream, New York, NY, USA) was
used to fabricate digital impression in the following sequence:
occlusal surface, buccal surface, and lingual surface. Data files
wete saved in STL (stereolithography) format.

The STL files were uploaded into CAD software (Dent
CAD, Delcam PLC, Birmingham, UK) and ideal margin was
set. Cement space was set to 30 um. The most clinical pro-

gram-generated library crown was applied to performance
of the CAD design.

Under CAM processing, complete CAD data were divided
into subtractive manufacturing and additive manufacturing,

For subtractive manufacturing, tool path was designated
using the CAD design data file, and saved as numerical con-
trol (NC) file through the CAM milling program (Hyperdent,
Open Mind Technologies AG, Wessling, Germany). The
NC file was used to process 11 subtractive crowns (SUBC)
from a PMMA block (VipiBlock PMMA, Vipi, Pirassununga,
Brazil) using automated five-axis milling machine (DWX-50,
Roland DG Corporation, Shizuoka, Japan).

For additive manufacturing, position from the CAD
design data file was assigned by using a 3D printer program
(ZENITH 7512, Dentis, Daegu, Korea). Angle of the crown
was set as 180° and support was allowed to occur on the
occlusal surfaces, with care to avoid the margin. Default val-
ues of the resin support were set as follows: bottom size,
2.0 mm; thickness, 0.7 mm; and end-point size, 0.6 mm.
PMMA-only liquid (Zmd1000B, Dentis) containing oligomer-
based photopolymer resin was poured, and 11 Stereolithography
Apparatus crowns (SLAC) were printed through stereo-
lithography apparatus (SLLA) printer (Zenith U, Dentis). The
crowns were washed for 2 minutes through immersion in
cleaning fluids and photo-cured for 10 minutes by means of
UV led curing machine (CURE DEN, Dentis). Subsequently,
support was removed from the finished crowns by using a
diamond disc, and carefully refined by using a rubber point
bur.

For measurement of the accuracy, the outer and inner
surfaces of completed provisional crowns were coated with
scan spray (Entwickler Nr. 3, Helling GmbH, Heidgraben,
Germany). Scan data were sequentially collected by means
of blue light scanner (Identica Blue, Medit, Seoul, Korea).

Three Dimension (3D) analysis program (Verify, Geomagic
GmbH, Stuttgart, German) was employed to measure the
accuracy. Trueness was assessed by superimposition of the
scan data and CAD design data for the SLAC and SUBC
groups. For analysis of the precision, RMS value was
assessed by superimposition of scan data within the group
with numerical combination (11C2 = 55).

Root mean square (RMS) was calculated according to

the following formula'’:

Z’ii=1(x1,i—x2,i)2

n

RMS =

Here, X, refers to reference data, X, refers to scan data
for the different groups, and n denotes measurement point
(Geomagic Verify 2015, Geomagic GmbH).

To examine the visual deviation of both sutfaces, toler-
ance limit level for the outer surface was within the range of
+ 50 pm and the maximum/minimum critical value was set
to + 150 um. Tolerance limit level of the inner surface
range was set to maximum/minimum value * 50 pm and
the maximum/minimum critical value was set to £ 100

17
pm.
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The trueness and precision data were compared through
quantitative and qualitative analysis by utilizing RMS and
color difference mapping. In addition, the outer surface and
inner surfaces of the crowns wete analyzed by means of
digital microscope (KH-7700, Hirox, Hackensack, NJ,
USA).

Data were processed using software (IBM Statistical
Package for the Social Sciences version 21 software, IBM
SPSS Inc., Chicago, 1L, USA) and statistical validity was
tested based on the mean and standard deviation. Shapiro-
Wilk test and Levene test was performed for equal variation.
RMS values for the SLAC and SUBC were measured by
independent sample t-test, and significant difference was
analyzed. Level of Type 1 error was set to 0.05.

RESULTS

The accuracy of the provisional crowns produced through
CAD/CAM system was evaluated. Trueness values for the
inner surface and the outer surface presented statistically
significant difference based on quantitative analysis (Table
1). Precision analysis result indicated statistically significant
difference for the inner surface, whereas no statistically sig-
nificant difference was observed for the outer surface (Table
2).

In figures (Fig. 1, Fig. 2, Fig. 3, Fig. 4), green indicates
data within the tolerance range based on qualitative analysis;
blue indicates negative error, and red indicates positive
error. Fig. 1 and Fig. 2 show the trueness; and Fig. 3 and

Fig. 4 indicate the precision values for the crowns made by
means of SLLA and subtractive processing.

Trueness analysis was performed for the outer surface
and inner surface, respectively. The outer surface of the
SLAC showed negative error for the distal and mesial sur-
faces, whereas positive error was obtained between the
occlusal surface and groove. In contrast, with regard to the
SUBC, in general and not for the occlusal region alone, data
were within the tolerance range. Both positive error and
negative error were obtained for the distal surface (Fig, 1).

Slight positive error was detected in the region between
the lingual and the occlusal aspects of the inner surface of
the SLAC. Negative error was observed for the distal cham-
fer margin and margin region. However, slight negative
error was observed for the distal chamfer margin in the
SUBC group (Fig, 2).

In the precision analysis, negative error was observed in
the lower region between the outer buccal and lingual sur-
faces of the SLAC and SUBC (Fig, 3).

In contrast, positive error was detected in the region
between the distal and mesial surfaces of the SLAC. Slight
positive error was detected for the lingual surface of the
SUBC (Fig. 4).

Fig. 5 and Fig, 6 show uniformly deposited layers on all
surfaces of the SLAC and the representation was relatively
poor compared to that of the SUBC under digital microsco-
py analysis of the surface of the provisional crowns in
respective groups.

Table 1. Trueness data based on RMS of the outer and inner surfaces of the crowns made by means of CAD/CAM

processing
Trueness
Inner surface Outer surface
Mean + SD 95% Cl P value Mean + SD 95% Cl P value
SLAC 225 +£5.12 18.9 - 26.1 49.6 + 9.32 42.9 - 56.3
< .001 < .001
SUBC 146 +1.2° 18.7-15.4 31.8+7.5° 26.4 - 37.2
Unit: pm

SLAC: stereolithography apparatus crown, SUBC: subtractive crown, Cl: confidence interval, SD: standard deviation.

ab P < .05, statistically significant differences.

Table 2. Precision data based on RMS of the outer and inner surfaces of the crowns made by means of CAD/CAM

processing
Precision
Inner surface Outer surface
Mean + SD 95% Cl P value Mean + SD 95% Cl P value
SLAC 18.7 £ 6.2 14.2 - 23.1 26.9 + 8.5 20.8 - 32.9
<.035 <.588
SUBC 13.8 +0.6° 183.3-14.2 25.4 £ 3.12 23.1-27.6
Unit: pm

SLAC: stereolithography apparatus crown, SUBC: subtractive crown, Cl: confidence interval, SD: standard deviation.

ab P < .05, statistically significant differences.
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Stereolithography apparatus (SLA)

Lingual Occlusal Buccal

Subtractive technology

Distal Lingual Occlusal Mesial

Fig. 1. Trueness of outer surface using color difference map. Green represents good fit, red represents positive error, and
blue represents negative error. (A) Stereolithography apparatus Crown, (B) Subtractive crown.

Stereolithography apparatus (SLA)

Distal Lingual Occlusal Buccal Mesial

Subtractive technology

Distal Lingual Occlusal Buccal Mesial

Fig. 2. Trueness of the inner surface using color difference map. Green represents good fit, red represents positive error,
and blue represents negative error. (A) Stereolithography apparatus Crown, (B) Subtractive crown.
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Stereolithography apparatus (SLA)

Distal Lingual Occlusal Buccal Mesial

Subtractive technology

Distal Lingual Occlusal Buccal Mesial

Fig. 3. Precision of the outer surface using color difference map. Green represent good fit, red represents positive error,
and blue represents negative error. (A) Stereolithography apparatus crown, (B) Subtractive crown.

Stereolithography apparatus (SLA)

Lingual Occlusal Buccal Mesial

Subtractive technology

Distal Lingual Occlusal Buccal Mesial

Fig. 4. Precision of the inner surface using color difference map. Green represents good fit, red represents positive error,
and blue represents negative error. (A) Stereolithography apparatus crown, (B) Subtractive crown.




Accuracy of provisional crowns made using stereolithography apparatus and subtractive technique

Fig. 5. Digital microscopy images of the crowns made
through stereolithography and subtractive techniques. (A)
Stereolithography apparatus crown, (B) Subtractive crown.

Fig. 6. Digital microscopy images of the provisional
crowns made by means of: (A) stereolithography
apparatus surface, (B) subtractive crown surface.

DISCUSSION

In previous studies, 2D analysis provides only marginal fit
of restorations due to limitations in method of measuring
the accuracy.®®'? Error analysis has become possible through
3D analysis approach for accuracy measurement.

In this study, the trueness and precision of the provi-
sional crowns were investigated by applying methods of
evaluating the accuracy of the digitizing device.'*"

The accuracy comprises the trueness and precision and its
determination involves quantification of systematic error and ran-
dom error. Thus, the accuracy reflects the trueness of size of
measured objects based on reference model and the precision is
an indicator of consistency of teplicate measutements.'>"

The trueness was evaluated by superimposition of scan
data from respective samples by setting CAD data as the
reference. The precision was measured by superimposition
of replicate scan data.

For the provisional crowns fabricated through subtrac-
tive technique and stereolithography using the CAD/CAM
system, the trueness showed statistically significant differ-
ence. Thus, the null hypothesis was rejected. However, the
null hypothesis was accepted for the precision of the outer
surface, as no statistically significant difference was identi-
fied (Table 1 and Table 2).

The trueness analysis demonstrated that the mean, SD, and
95% CI values for the outer and inner surfaces of the SLAC
were generally higher than those for the SUBC (Table 1), indi-
cating greater systematic error in the SLAC compared to that in
the SUBC. This deviation could be observed by quantifying the
trueness by means of color difference map, which revealed
group-wise difference in data (Fig; 1 and Fig, 2).

Differences in the trueness value are possibly caused by
the different processing methods of CAD/CAM system. The
dental milling machine used in this study is a five-axis machine
that processes restorations on the x, y, and z axes and a, b axes.
However, the SLA is a three-axis machine that operates on the
X, v, and z axes. Restoration through the latter shows remark-
ably low representation compared to that with the former.
Moreover, the SLA method employs a photo-curable resin
subjected to UV light and involves layer-by-layer accumulation
and consequent polymerization. It is possible that this could
trigger transformation in the distal-mesial direction.”!

In terms of the precision, the mean, SD, and 95% CI
tolerance value for the SLAC were generally larger than
those for the SUBC. Moreover, quantitative analysis revealed
local positive error in the region between the inner mesial
and distal surfaces of the SLAC. Data for the SUBC were
within the tolerance range (Table 2). In terms of the preci-
sion, the SUBC group showed highly reproducible data rela-
tive to that for the SLAC group. Lower reproducibility for
the latter is thought to be due to occurrence of random
error from light diffraction phenomenon during production
of the SLAC (Fig. 3 and Fig. 4).”* When the outet and inner
surfaces were observed under digital microscopy, the sur-
face of the SLAC showed poor representation due to for-
mation of layers. In contrast, the SUBC showed planar sur-
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face with superior representation of the occlusal surface
(Fig. 5 and Fig. 6). In addition, support of the crowns man-
ufactured through SLA was initially removed by using a dia-
mond disc, and remaining parts were carefully refined by
using a rubber bur. Nevertheless, traces of the support per-
sisted, which is considered a limitation of 3D printing
method. (Fig. 5 and Fig. 6).

Based on our findings, there are various influencing fac-
tors in the trueness and precision analysis. However, the
accuracy of restorations produced through SLA was inferior
to that through subtractive technology, which implies that
the accuracy of restorations through CAD/CAM system
may influence the marginal fit and internal fit. Moreover, in
the trueness analysis, negative errors were observed for the
outer surface of the SLAC. Thus, the SLAC may exert effects
on the adjacent teeth or contact points. Further studies
should be performed to produce various abutments and
bridge prostheses, and compare and evaluate the accuracy.

The limitations of this study include the use of a blue
light scanner, which involves absence of contact with the
crowns during the accuracy measurement. Despite equal
coating with the scan spray, its use may result in errors.
Moreover, the dental restorations may be limited in terms
of clinical application because the experiment employed
only the maxillary first molar.

CONCLUSION

For the provisional crowns under CAD/CAM processing, the
crown through subtractive processing was supetior in terms
of the trueness and precision compared to that through ste-
reolithography. For the SLAC, the accuracy of the outer sut-
face and the inner surface layers may be lowered by error.
Therefore, it is considered more appropriate to produce the
crowns through subtractive processing than stereolithography.

ORCID
Woong-Chul Kim  h#ps://oreid.org/ 0000-0002-6730-4960

REFERENCES

1. Nejatidanesh F, Lotfi HR, Savabi O. Marginal accuracy of in-
terim restorations fabricated from four interim autopolymer-
izing resins. | Prosthet Dent 2006;95:364-67.

2. Karaokutan I, Sayin G, Kara O. In vitro study of fracture
strength of provisional crown materials. ] Adv Prosthodont
2015;7:27-31.

3. Ferracane J. Elution of leachable components from compos-
ites. ] Oral Rehabil 1994;21:441-52.

4. Young HM, Smith CT, Morton D. Comparative in vitro evalu-
ation of two provisional restorative materials. ] Prosthet Dent
2001;85:129-32.

5. Poticny DJ, Klim J. CAD/CAM in-office technology:
Innovations after 25 years for predictable, esthetic outcomes.
J Am Dent Assoc 2010;141:58-9S.

6. Ng J, Ruse D, Wyatt C. A comparison of the marginal fit of

360

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

crowns fabricated with digital and conventional methods. ]
Prosthet Dent 2014;112:555-60.

Kim CM, Kim SR, Kim JH, Kim HY, Kim WC. Trueness of
milled prostheses according to number of ball-end mill burs.
J Prosthet Dent 2016;115:624-29.

Kim DY, Lee HN, Kim JH, Kim HY, Kim WC. Evaluation of
marginal and internal gaps in single and three-unit metal
frameworks made by micro-stereolithography. ] Adv Prosthodont
2017;9:239-43.

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

Braian M, Jimbo R, Wennerberg A. Production tolerance of
additive manufactured polymeric objects for clinical applica-
tions. Dent Mater 2016;32:853-61.

Koch GK, Gallucci GO, Lee SJ. Accuracy in the digital work-
flow: From data acquisition to the digitally milled cast. J
Prosthet Dent 2016;115:749-54.

ISO-12836. Digitizing devices for CAD/CAM systems for indirect
dental restorations - Test methods for assessing accuracy.
International Standards for Organization (ISO), Geneva,
Switzetland, 2012. Available at: https://wwwiso.otg/iso/store.html.
ISO-5725-1. Accuracy (trueness and precision) of measure-
ment methods and results. Part 1: General principles and defi-
nitions. International Standards for Organization (ISO),
Geneva, Switzerland, 1994. Available at: https://www.iso.org/
iso/store.html

Kirsch C, Ender A, Attin T, Mehl A. Trueness of four differ-
ent milling procedures used in dental CAD/CAM systems.
Clin Oral Investig 2017;21:551-8.

Bosch G, Ender A, Mchl A. A 3-dimensional accuracy analy-
sis of chairside CAD/CAM milling processes. | Prosthet
Dent 2014;112:1425-31.

Schaefer O, Watts DC, Sigusch BW, Kuepper H, Guentsch A.
Marginal and internal fit of pressed lithium disilicate partial
crowns in vitro: A three-dimensional analysis of accuracy and
reproducibility. Dent Mater 2012;28:320-26.

Jeong ID, Kim WC, Park J, Kim CM, Kim JH. Ceramic molar
crown reproducibility by digital workflow manufacturing: An
in vitro study. ] Adv Prosthodont 2017;9:252-56.

Lee WS, Lee DH, Lee KB. Evaluation of internal fit of inter-
im crown fabricated with CAD/CAM milling and 3D print-
ing system. ] Adv Prosthodont 2017;9:265-70.

Kim KB, Kim JH, Kim WC, Kim JH. In vitro evaluation of
marginal and internal adaptation of three-unit fixed dental
prostheses produced by stereolithography. Dent Mater |
2014;33:504-9.

Park JY, Bae SY, Lee JJ, Kim JH, Kim HY, Kim WC.
Evaluation of the marginal and internal gaps of three differ-
ent dental prostheses: Comparison of the silicone replica
technique and three-dimensional superimposition analysis. |
Adv Prosthodont 2017;9:159-69.

Al-Imam, Hiba, M Gram. AR Benetti, K Gotfredsen. Accuracy
of stereolithography additive casts used in a digital workflow.
J Prosthet Dent 2018;119; 580-85.

Kim DY, Jeon JH, Kim JH, Kim HY, Kim WC. Reproducibility
of different arrangement of resin copings by dental microste-
reolithography: Evaluating the marginal discrepancy of resin
copings. ] Prosthet Dent 2017;117:260-65.



