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INTRODUCTION

CONCLUSIONS

PURPOSE

This research measured and compared the spectral irradiance profiles of a
commercial dental post-curing unit as well as a commonly used, UV fingernail
gel polymerization unit. The irradiance map of the horizontal plane of light
striking an item in the middle of the chambers of these devices was obtained

HYPOTHESES

1. There would be a significant difference in the spectral profile delivered to a
specimen from both of these post-curing devices, with the commercial,
LED-based oven providing a much narrower spectral distribution than that
of the more broad spectrum expected from the fluorescent bulbs in the UV
hand-gel polymerizer

2. There will be a significant difference in irradiance delivered throughout the
plane of exposure in both post-curing units

3. For a given exposure duration, the commercial light-curing unit will provide
significantly greater radiant exposure than the UV hand-gel polymerizer.

METHODS

RESULTS

1. The Commercial post-curing unit generated two very high output peaks in the UV
and near-UV. The UV Hand Gel unit produced similar peak outputs as the
Commercial unit (much smaller) as well as some at shorter visible wavelengths

2. Both types of post-curing units exhibited significant differences in irradiance with
respect to angular measurement: much less variation in the UV Hand Gel unit
than in the Commercial product.

3. Using each unit for the manufacturer’s recommended duration of post-curing at
elevated temperature (15 minutes), specimens exposed using the Commercial
unit received approximately 3 times the radiant exposure than did specimens
exposed using the UV Hand-gel product

COMMERCIAL POST-CURE UNIT AND UV HAND-
GEL IRRADIANCE DIFFERENCES
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STATISTICAL ANALYSES

LIGHT OUTPUT CHARACTERIZATIONS

Initial use of digital technology in manufacture of dental appliances used
subtractive technology, where virtual constructs of the finalized item were
deconstructed into CNC paths for drill bits to remove existing material from a
pre-made block or puck. This process (“CAD-CAM”) has the advantage that the
final product composition is well-known and controlled. However, the cost of
software, equipment and its maintenance can be quite high. In addition, the
CAM portion of fabrication cannot produce detailed constructs, as were
common with hand-made devices. The same virtual, digital file used to produce
an item using CAD-CAM technology can also be sent to a 3D printer. In this
process, the digital file is deconstructed into a series of layered “slices,” that are
then sent to the printer to lay down and initially photocure, before the
succeeding layer is deposited. The extent of cure of the initial layer is
intentionally not driven to its optimal potential because covalent bonding is
desired to between the successively added layers, providing an initial “green
strength.” Following initial form fabrication, the item is alcohol-washed to
remove surface, unpolymerized resin, after which, it is subjected to high
intensity “UV” light for the propose of providing optimal polymerization of the
partially cured item. This final curing step provides the ultimate physical and
biological properties of the object: optimal polymerization yields high strength
and lowers the potential for residual, unreacted monomer leaching, providing a
higher degree of biocompatibility.

The extent to which the as-printed item will undergo additional polymerization
is correlated with the amount of radiant exposure supplied to its surface during
post-curing. The wavelength of exposure during this process is extremely
important, because those photons need to interact with residual, unreacted
photoinitiator remaining in the as-printed object, to cause a secondary
polymerization reaction. A mis-match between wavelength of the post-curing
light source and the spectral absorption of the photoinitiator will not result in
optimal physical or biological properties of the end product. In addition,
specimen temperature rise during this process can significantly increase
specimen curing. If the fabricated item must adhere to FDA guidelines for
intraoral use, then the entire 3D fabrication process (software, printer, printing
resin, alcohol rinsing, and post-cure processing) must all undergo an official
clearance process to be accepted for its intended purpose.

Often, persons using 3D printing do not adhere to these FDA guidelines, and
choose to post-cure items using non-FDA cleared sources. A popular, non-
approved post-curing unit used by 3D printers is a UV-Gel nail polymerization
unit used in the cosmetic industry. Differences in the spectral profile and
irradiance to which an object is subjected in this unit or in a commercially
available post-curing oven specifically designed for dental purposes remains
unknown.

1-way ANOVAs, Examining the effect of angular position (8 levels) on irradiance within each post-
curing unit Preset alpha= 0.05

MELODYSUSIE UV GEL-CURING UNIT

Significant difference in 21/28 
position comparisons (75%)

LEARNING OBJECTIVES
1. State why 3D printed materials require supplemental polymerization to

optimize physical properties and minimize biological impact of fabricated
objects

2. State how post-curing exposure results in additional specimen
polymerization as well as heating of the processed item.

3. State differences in irradiance delivered to a post-cured object, and how
these differences might affect final properties of the fabricated item

SOURCE OF VARIATION  DF  SS  MS   F   P 

DETECTOR ANGULATION IN POST-CURING UNIT 7 0.523 0.0748 59.332 <0.001

Residual 32 0.0403 0.00126

Total 39 0.564

SPRINTRAY PRO CURE COMMERCIAL UNIT

Significant difference in 26/28           
position comparisons (93%)

SOURCE OF VARIATION  DF  SS  MS   F   P 

DETECTOR ANGULATION IN POST-CURING UNIT 7 690.455 98.636 718.888 <0.001

Residual 32 4.391 0.137

Total 39 694.846

OVERALL MEAN IRRADIANCE 

(mW/cm2)
15 (+/-) 4

HIGH 22

MIN 8

DIFFERENCE 14

AVERAGE RADIANT EXPOSURE

J/cm2     (15 min)
13 (+/-) 4

COMMERCIAL POST-CURING UNIT

SPRINTRAY PRO CURE
OVERALL MEAN IRRADIANCE 

(mW/cm2)
5.53 (+/- 0.01)

HIGH 5.72

MIN 5.27

DIFFERENCE 0.46

AVERAGE RADIANT EXPOSURE

J/cm2     (15 min)
4.98 (+/- 0.11)

UV HAND-GEL UNIT

MELODYSUSIE

POST-CURING UNITS TESTED

CAPTURING SPECTRAL IRRADIANCE

STS UV-VIS-RAD

Ocean Optics

SPECTRA COLLECTED EVERY 45° IN 
THE MIDDLE HORIZONTAL PLANE

POSITIONED ON A JACK 
STAND WITH DETECTOR 
WINDOW IN THE UNIT 

CENTER 

RADIOMETER HELD IN CENTER OF 
PRO CURE LIGHT CHAMBER

IRRADIANCE MEASUREMENT – RADIANT EXPOSURE CALCULATION

N = 5 replications at every 45°at middle horizontal plane

COMMERCIAL POST-CURING UNIT
LED lights Temperature-controlled

Sprint Ray Pro Cure

UV GEL-NAIL CURING UNIT
Model DR-301C

Fluorescent lights   no temperature control
MELODYsusie

2 UV  GEL-NAIL UNITS JOINTED TO 
PROVIDE 360° EXPOSURE

RADIOMETER HELD IN CENTER OF 
MELODYSUSIE LIGHT CHAMBER

Unpaired, 2-tailed Student’s         
t-tests:

Irradiance and Radiant 
Exposure of Commercial Unit 

sig > than that of the UV Hand-
gel unit: p < 0.001


