
According to International Organisation for Standardisation (ISO)
5725-1:1994, accuracy comprises trueness and precision. In the
context of 3D printing, precision can be defined as deviation
between repeated prints, whilst trueness is the deviation of the
printed model from the reference file fed to the printer. The
smaller the deviation, the more accurate the printed model is.

For quantitative analysis of trueness and precision, root mean
square (RMS) deviation was used to measure differences between
superimposed 3D structures.

Repeated measure two-way ANOVA analysis for trueness showed
a significant interaction of build orientation and printer
technology (p=0.014). In other words, the trueness of the 3D
printed models differed between the types of printer
technologies, and this effect varied depending on which build
direction was used (Table 1). Trueness of models built in the
vertical direction was generally lower than in the horizontal build
direction.

The effect of the type of printing technology on precision was also
qualified by an interaction with build direction (p=0.036). Polyjet
showed the highest level of precision in both build directions,
while SLA performed better than MSLA in terms of precision in
the vertical build direction, but MSLA models built in the
horizontal direction showed higher precision than SLA models
built in the horizontal direction (Table 2).

Generally, printing in the horizontal build direction resulted in
greater accuracy across the three printers used in this study. This
might be because for additive manufacturing technologies used
by these printers, errors in the print dimension (z-axis) in
particular may be accumulative.

The biggest purported benefit of printing models in the vertical
build direction is the ability to print more samples for a given
platform surface at the same time, which in turn translate to
lower averaged print time for each model. However, as this study
has shown, build orientation also influences accuracy. Accuracy
and other properties such as surface finish, amount of support
material required for the print job, may be considered more
important to the end-user and hence prioritised over print speed
in the ultimate decision of which build direction to use.

This study found that the accuracy of a 3D printed model can be
affected by printer technology and build orientation, though the
effect is small. The maximum mean RMS deviation that was found
was 104μm for trueness in vertically built SLA, which is still within
the amount of the deviation that is considered clinically
acceptable in literature.

Effect of build direction on accuracy of printed models 
using three different 3D printing technologies

BACKGROUND
With increasing adoption of CAD/CAM in dental offices and
laboratories, the fabrication of dental models, prostheses and
appliances is evolving towards a digital production process.

There are many 3D printers available today, with vast differences in
mechanical properties, feature definition, surface finish and
accuracy. In marketing materials, we observed that manufacturers
orientate their models differently on the build platform, but
present literature on accuracy of 3D printers have not specifically
studied the effect of build orientation on accuracy of 3D printed
models.

Build direction, otherwise known as print orientation, is an
important consideration in additive manufacturing techniques as it
affects the number of layers used to fabricate any given part and
the orientation of layers. Consequently, accuracy due to shrinkage
between layers is also a function of build direction. If a change in
build direction causes an increase in the number of layers to print a
given part, it could increase the potential for error, artefacts and
failure over the course of the print job, which could result in
decreased accuracy of the printed part .

The aim of the study was to evaluate the accuracy (precision and
trueness) of 3D-printed models reconstructed by three additive
manufacturing technologies commonly used in dental applications -
Polyjet based 3D printing, Stereolithography (SLA) and Mask
Stereolithography (MSLA) - and determine if build direction affects
the accuracy of these models.

MATERIALS & METHODS

For each digital maxillary model obtained from intra-oral scans of
12 patients, four reconstructed models were fabricated by each of
the three printers; two of the reconstructed models were printed in
a horizontal build orientation and the other two in a vertical build
orientation.

All 144 printed models were then digitized with a highly accurate
reference scanner. Surface superimpositions performed pairwise for
test of precision and also superimposed to the STL data file of their
corresponding reference models for test of trueness.
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Fig 1. The printers used in this study were Objet500 Connex3 (Stratasys, Ltd., Minnesota) which
uses material jetting, while Form2 (Formlabs, Berlin, Germany) and DentaForm (Structo Pte Ltd,
Singapore) are based on stereolithography and mask stereolithography technologies respectively.

Fig 3.
Superimpositions were made using
an automated best-fit algorithm in
three axes by software Convince™
(3Shape Dental Systems, Denmark)
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Horizontal (left) versus vertical build orientation
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Table 1. Trueness of reconstructed models by printers in the horizontal and vertical build direction

a comparison across three printers (Polyjet, SLA, MSLA)
b post-hoc analysis: Polyjet versus SLA 
c post-hoc analysis: Polyjet versus MSLA
d post-hoc analysis: SLA versus MSLA
e comparison between build direction (horizontal versus vertical) 
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Table 2. Precision of reconstructed models by printers in the horizontal and vertical build direction
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