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INTRODUCTION

CONCLUSIONS

PURPOSE

This research measured and compared the time-temperature profiles of the
same 3D printed part (already post-cure processed) when undergoing post-cure
exposure in a commercially available dental post-curing unit as well as in a
commonly used, UV fingernail gel polymerization unit.

HYPOTHESES

1. At completion of the same duration of post-curie exposure, the same
specimen will reach a higher temperature in the commercial post-curing
unit than in the UV hand gel polymerizer

2. The rate of specimen temperature increase will be greater in the
commercial post-curing unit than in the UB hand gel polymerizer

3. Specimen temperature would reach a plateau with time in both types of
post-cure polymerization.

METHODS

RESULTS

1. Using the same printed specimen, the peak temperature rise from a 20-minute
cycle of post-cure exposure was significantly greater when using the non-
standard, UV Hand Gel polymerization unit.

2. Once the specimen temperature in the Commercial Post-cure unit reached about
35°C, the rate of temperature increase (slopes of the time-temperature plots) of
the two different units were not visually different.

3. Within the duration of temperature monitoring, the specimen temperature in
either post-curing unit did not show evidence of reaching a plateau level, but
continued to rise with increasing treatment time.

COMMERCIAL POST-CURE UNIT AND UV HAND-
GEL LIGHT TEMPERATURE DIFFERENCES
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TEMPERATURE RISE

3D printing of dental restorative, surgical components, and laboratory models is
becoming common place. Clinicians can now fabricate needed items for lower
cost in-office, and have them much sooner than they might have been available
from a local dental lab.

The 3D construction process is a stream of interlinked steps, each depending on
the previous process for a successful outcome. Contemporary 3D systems
(printer, monomer, post-curing unit, and software) exist as either “open” or
“closed” systems. In the open system, a manufacturer of hardware (printer
especially) might have obtained a license to use resin from a different
manufacturer, who would then provide the specific printing parameters for
using their resin in a different printer. In a closed system, the manufacturer
does not share monomer for use with other systems, nor do they advocate
using their hardware for printing objects made of a competitor's monomers. All
these aspects might not be considered important, except that, if an item is to
be used intraorally and is considered as a Class II item by the FDA, then the
entire sequence of steps (scanning, software, printer, resin, and post-curing
unit) must be “cleared” by the FDA. Failure to do so may result in labs or
individual practitioners held liable for using products in a non-compliant
manner. What is at the heart of this issue is the compatibility of resins with
differing needs for photoactivation wavelengths and irradiance, as well as the
parameters under which the initially printed material is brought to its final
extent of polymerization: the post curing step. In this stage of fabrication, after
removal of superficial, uncured monomer by alcohol immersion, the specimen
is subjected to a long duration of high intensity UV light for the purpose of
creating free radicals deep within the formed product. This process causes a
new polymerization reaction to take place and thus determines the
polymerization extent of the final form, which in turn, results in its
characteristic strength and biocompatibility. The temperature at which this
post-cure processing occurs is also very influential to the final extent of cure
and biocompatibility of the item. Post-curing light is responsible for directly
interacting with photoinitiators remaining in the as-printed item. However
added heat during this process helps to increase the reactivity of formed
radicals from light exposure, as well as increases monomer mobility – both of
which can lead to a significant increase in the cure of the final fabricated form.
Although there is an increase in temperature occurring as a result of the
exotherm from additional methacrylate polymerization, additional, direct
heating of the item could also play a significant role in developing final item
properties. Knowledge of the influence of added heat, not related to the curing
exotherm, but only from going through the post-curing process, has yet to be
evaluated. Such information may help to understand how best to control one
portion of the many variables involved with the final processing of 3D printed
objects. In addition, knowledge of the heating effects of non-standardized post-
curing units and commercially available ones needs to be clarified.

MELODYSUSIE UV GEL-CURING UNIT

Unpaired, 2-tailed Student’s t-test:

UV-HAND GEL LIGHT PRODUCED SIGNIFICANTLY HIGHER MAXIMUM SPECIMEN TEMPERATURE 
(15.1°C) AND HIGHER TEMPERATURE RISE OVER STARTING BASELINE VALUE (16.3°C) THAN 

WHEN USING THE COMMERCIALLY AVAILABLE POST-CURING UNIT (p < 0.0001)

LEARNING OBJECTIVES

1. State why post-cure polymerization is required to optimize physical
properties and minimize biological impact of fabricated objects

2. State what is involved with post-curing, and how this process results in
further polymerization of the already, initially cured 3D printed part.

3. State why there might be differences in object temperature as it is being
post-cured in different units, and how this heat may impact further curing

SPRINTRAY PRO CURE COMMERCIAL UNIT

POST-CURING UNITS TESTED

THERMOCOUPLE PLACEMENT DURING POST-CURE EXPOSURES

SYSTEM CALIBRATED TO ROOM-
TEMPERATURE WATER USING 

NIST-TRACEABLE DIGITAL 
THERMOMETER

ANALOGIC

SPECIMEN PLACED INSIDE OF 
VERTICALLY ORIENTED MELODYSUSIE

HIGH-SPEED 8-CHANNEL THERMOCOUPLE 
INTERFACE CARD

Omega Engineering

TCIC-FULL-ENC

10 data points / second

Accuracy: +/1 1.5°C, resolution 0.024°

3D PRINTED AND POST-CURED SURGICAL
GUIDE BAR WITH EMBEDDED K-TYPE

THERMOCOUPLE ON JACK STAND
Same guide used for all testing

REAL-TIME TEMPERATURE MEASUREMENT DURING POST-CURE EXPOSURE

N = 10 replications of 20-minutes of post-cure exposure

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

MEASURING TEMPERATURE OF SPECIMEN IN 
REAL-TIME INSIDE PRO CURE UNIT

Set to Surgical Guide setting: 20 min 30°C

ROOM TEMP, WATER-

FILLED BOTTLE

NIST-TRACEABLE 

THERMOMETER

OUTPUT FOR REAL 

TIME RECORDING

CUSTOM LABVIEW PROGRAM

REAL-TIME DATA COLLECTION
SYSTEM CALIBRATION TO RT WATER

PRIOR TO EACH TEST

DATA ANALYSIS, GRAPHS

START TEMP (°C)

SPECIMEN END 

TEMP 

(@ 20 min)

SPECIMEN TEMP 

ABOVE START TEMP 

(Deg C)

AVG 20.4 60.5 39.9
STDEV 2.7 1.7 2.7

CV 13.0 2.8 6.9

TOTAL DURATION 

POST-CURE 

TREATMENT (min)

DURATION OF PRE-

WARMING (MIN)

TEMP END OF PRE-

WARM (DEG C)

DURATION OF LED 

HEATING (min)

RATE OF TEMP RISE - LED 

HEATING (Deg/Min)

MAX SPECIMEN TEMP 

FROM POST-CURING 

(DEG C)

SPECIMEN TEMPERATURE 

INCREASE OVER RT 

BASELINE (DEG C)

AVG 18.6 4.2 4.8 14.39 0.84 45.4 23.7
STDEV 1.1 1.0 0.8 0.14 0.02 0.6 0.5

CV 5.8 24.9 17.8 0.98 2.72 1.2 2.3

TIME-TEMPERATURE PROFILES OF THE SAME SPECIMEN POST-CURED IN THE 2 DIFFERENT UNITS

(after about 7 min, the rates of temperature increase (slopes) of the time/temperature plots appeared similar)


