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Abstract:

Background: The clinical performance of clear aligners depends substantially on the geometric
accuracy of auxiliary attachments that deliver the planned forces. As in-office three-dimensional
(3D) printing becomes more accessible, it is important to assess whether liquid crystal display
(LCD) printers can reproduce these attachments within clinically acceptable limits.

Objective: To evaluate the 3D printing accuracy of two clear aligner attachment designs
(horizontal rectangular and beveled rectangular) fabricated with an LCD printer at a fixed 50 pm
layer thickness, a commonly used clinical setting, using reverse engineering and Geomagic
Control X software.

Methods: In this in-vitro study, two digital attachment designs were positioned on a maxillary
central incisor model. Twenty models were printed with an LCD printer at a 50 um layer
thickness (10 horizontal rectangular and 10 beveled rectangular attachments). After post-
processing, all specimens were digitally scanned and superimposed onto the reference model in
Geomagic Control X. Initial alignment was followed by best-fit alignment based on the palatal
surface and unaffected tooth surfaces, while the attachment area was excluded from the
registration procedure to avoid measurement bias. Five comparison points were defined for each
attachment, and three-dimensional deviations and root mean square (RMS) values were
calculated.

Results: The mean RMS value was 0.1051 mm for the horizontal rectangular attachment and
0.0919 mm for the beveled rectangular attachment. An independent-samples t-test showed no
statistically significant difference between the two designs regarding mean RMS values (P =
0.400). Nevertheless, some individual points exhibited localized statistically significant
differences without affecting overall printing accuracy.

Conclusions: The tested LCD printer produced clear aligner attachments with deviations that
remained within clinically acceptable limits at a 50 um layer thickness. Within the limitations of
this in-vitro study, attachment geometry did not significantly influence overall printing accuracy.
These findings support the feasibility of cost-conscious in-office LCD printing workflows, while
broader validation under different printing settings remains necessary.

Keywords: Clear aligners; Orthodontic attachments; 3D printing; LCD printer; Reverse
engineering; Geomagic Control X
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