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Abstract

Nowadays, the use of halogen or light emission diode (LED) devices in dental attention is constant for almost any oral
treatment. The need of providing an adequate light intensity for a correct photopolymerization of the resinous materials
is critical. Likewise, it is important to consider the biosecurity norms for avoiding cross-contamination by residues likely
to be accumulated at the top of the light guide in contact with oral cavity fluids. Therefore, the use of translucid barriers
at the top of the light guide is imperative to protect the health of the patient while providing a correct polymerization
of the resinous materials. The present study analyzes the effect of using four translucid barriers in the light intensity of
three dental lamps commercially available. The tested barriers are two of commercial availability, and two conventional
plastic wraps. Results indicate a significant reduction of light intensity without affecting the requirements for a correct
photopolymerization with any barrier. Differences among barriers points out a conventional plastic wrap as more
suitable than commercially available barriers, considering only light intensity provided.
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1. Introduction

Up to date, the use of resinous materials has increased drastically in general dentistry consult due to the aesthetic and
functional advantages of these materials. Restorations with composed resins needs the light emitted by photo
polymerization devices as physical means to be activated [1], [2].This is given due to the presence of traditional photo-
initiators in its composition such as canforquinone [3] or other alternatives as Lucirin TPO or Ivoceri, among others [1].

The halogen and light-emitting diode (LED) lamps are common types of light devices, with LED as the most used due to
its narrow wavelength with lower heat generation and no necessity for ventilation, representing lower costs. LED
devices are classified into three generations according to their radiation. The first generation presents a range from 100
to 280 mW*cm2, requiring long time exposures (around 60 seconds). The second-generation produce a wavelength
between 410 and 470 nanometers, presenting difficulties for the activation of alternative photo indicators. Finally, the
third generation LED devices surged due to these limitations, presenting a better functioning thanks to the wavelengths
between 380 to 500 nm, a combination of blue and violet light that allows the activations of both traditional and
alternative photo indicators [4]-[9].

The correct photopolymerization of these materials depends on several factors related to the lamp and its use, such as
light intensity (mW*cm-2), exposure time, heat produced by the device, distance, and angle between the light and the
resinous material. In the same way, we found biomaterial dependent factors as tone of resinous material, type of fill,
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quantity of photo indicator in the material, and its thickness [3]. Rueggeberg etal., [10] and Martin et al., [11] described
that the minimum intensity needed for the activation of a compound resin with a thickness of 2 mm must be 400
mW*cm-2 with an exposure time of 60 seconds. The decrease in light intensity alters the mechanical properties of the
material, allowing the creation of marginal micro filtrations. The low depth of photopolymerization entails to the
degradation of the material with massive fractures, discoloration of the restoration, and post-operatory sensibility [12].

The presence of dental materials residues at the active extreme of the light guide of the lamp prevents the correct light
supply, reducing the emitted intensity [13]. The presence of these residues in contact with oral fluids represents a risk
factor of cross-contamination. The Center for Diseases Control (CDC) has categorized the photopolymerization elements
as semi-critic due to its frequent relation with oral tissues and indicates that it has to be submitted to disinfection
biosecurity norms [14]-[17]. There exist four recommended ways to obtain a suitable biosecurity with the use of photo
activators devices:

Cold disinfection with ethanol solution at 70% or glutaraldehyde at 2% [18], [19]. The contact between the light guide
and the disinfectant solution has to be a minimum of ten minutes to guarantee the viricide and sporicidal action.
However, the glutaraldehyde solutions can reduce the light transmission or damage the fibers of the light guide [10].

The use of autoclavable fibers sterilized with distillate water at 134 °C for 20 minutes. In the same way, the autoclave
use can reduce the light transmission capacity by 50% after three autoclave cycles due to the accumulation of mineral
residues on the top of the guide light [18]-[20].

Use of plastic fibers pre-sterilized [18], [19].
Use of disposable translucid physical barriers [18]-[20].

This last option is recommended to avoid the cross-contamination and the dispose of materials waste at the top of the
optic fiber. The used barriers can be of different materials as low-density polyethylene (LDP) or polypropylene (PP),
which compounds different conventional plastic wrappings [14], [18]-[22]. Therefore, the main goal of this article is to
analyze the relation of light intensity with the use of different translucid barriers in photo curating lamps.

2. Material and methods

The present research is of type exploratory - descriptive, in which the variability of light intensity from three
photopolymerization devices were compared with the use of four translucid barriers. The light devices analyzed were:
Bluephase N (Ivoclar-Vivadent, Schaan, Liechtenstein) (BN), Elipar DeepCure-L (3M ESPE, St Paul, Minnesota, USA)
(EDC), and Maxima RU12000 (Henry Schein INC, Melville, New York, USA) (MRU). The selected barriers were two of
commercial availability: Pent Type Curing Light Sleeve 123 (PremiumPlus, Brooklin, New York, USA) (PTCLS) and
Plasdent Light Guide Sleeves PS 4500 (Perio Support, Novi, Michigan, USA) (PLGS); and two conventional plastic wraps:
Strech (Consultplast, Cuenca, Ecuador) (S) and Plastic Wrap (Diafano, Cuenca, Ecuador) (PW). The light intensity was
assessed with a dental radiometer Bluephase meter Il (Ivoclar-Vivadent). Measures were done after established the
diameter of the light guide for each device through the configuration of the dental radiometer and the integrated stencil
in its back.

Before measures, each light guide top was disinfected with methyl alcohol at 70% and removed any kind of residue
present in it, also, a maximum battery charge was considered with a continuous light output.

Techniques of descriptive and analytic statistics were used to determine the distribution of light intensity among the
replicates and test groups. Also, a one-way analysis of variance (one-way ANOVA) and post-hoc Tukey test was
developed to determine differences among lamps and test groups. All tests were developed in the software R and its
interface R-Studio with a significance of 5%.

3. Results

3.1. Light intensity distributions

The registered values of light intensity presented a no normal distribution for each analysis group. The lamps presented
intensities that differ significantly among the brands selected for this study. However, all lamps presented light
intensities above the recommended value for the photo-curate process. Table 1 indicates the distribution of light
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intensity values obtained for each analysis group, as well as the significance recorded from the Shapiro-Wilk normality
test.

Table 1 Light intensity values distribution and normality test significance.

Group | Lamp P Minimum Q1 Median | Mean Q3 Maximum
= 1 8,54E-06 750 750 750 753 750 770
=
= 2 4,67E-06 1170 1180 1180 1178 | 1180 1180
S 3 0,01228 1470 1472 1480 1478 | 1480 1490
- 1 0,03586 700 710 710 711 717,5 720
‘E 2 0,01541 1020 1020 1030 1027 | 1030 1040
> 3 0,001426 1430 1430 1430 1436 | 1440 1450

1 0,01541 710 710 720 717 720 730
§ 2 4,71E-05 1090 1092 1100 1097 | 1100 1100
B 3 0,03586 1420 1422 1430 1429 | 1430 1440
1 0,0001687 710 710 710 714 720 720
v 2 0,02195 1070 1080 1080 1080 | 1080 1090
3 0,004219 1430 1432 1445 1442 | 1450 1450
1 0,00128 720 720 735 731 740 740
E 2 4,71E-05 1100 1100 1100 1103 | 1108 1110
3 0,00601 1450 1450 1460 1460 | 1470 1470

Lamp: Bluephase N (1), Elipar DeepCure (2), Mdxima RU12000 (3).
Groups: Control, Pent Type Curing Light Sleeve 123 (PTCLS), Plasdent Light Guide Sleeves PS 4500 (PLGS), Strech (S), and Plastic Wrap (PW).

3.2. Differences between groups and lamps

Significant differences of light intensity among all cover groups were determined. The Tukey post-hoc analysis allowed
to determine to which group can be attributed such differences. Control groups were registered with values about 750,
1180, and 1480 mW*cm for lamps one, two, and three, respectively as observed in Figures one to three. This group
represent the main significant differences compared to each barrier group (p<0.05) as indicated in table two to four.
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Figure 1 Groups boxplot distribution for lamp 1
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Figure 2 Groups boxplot distribution for lamp 2
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Figure 3 Groups boxplot distribution for lamp 3

Table 2 Post-Hoc group comparison for lamp one.

Groups Differences Lower Upper P

PTCLS - Control -41 -51.6654 -30.33547 0.0000
PLGS - Control -49 -59.6654 -38.33457 0.0000
S - Control -35 -45.6654 -24.33457 0.0000
PW - Control -17 -27.6654 -6.33457 0.0004
PLGS - PTCLS -8 -18.6654 2.66543 0.2250
S - PTCLS 6 -4.6654 16.66543 0.5061
PW - PTCLS 24 13.3345 34.66543 0.0000
S - PLGS 14 3.3345 24.66543 0.0046
PW - PLGS 32 21.3345 42.66543 0.0000
PW-S 18 7.3345 28.66543 0.0001
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Table 3 Post-Hoc group comparison for lamp two.

Groups Differences Lower Upper 4

PTCLS - Control -154 -160.6165 -147.3834 0.0000
PLGS - Control -81 -87.6165 -74.38 0.0000
S - Control -98 -104.6165 -91.3834 0.0000
PW - Control -75 -81.6165 -68.3834 0.0000
PLGS - PTCLS 73 66.3834 79.6165 0.0000
S - PTCLS 56 49.3834 62.6165 0.0000
PW - PTCLS 79 72.3834 85.6165 0.0000
S - PLGS -17 -23.6165 -10.3834 0.0000
PW - PLGS 6 -0.6165 12.6165 0.0920
PW-S 23 16.3834 29.6165 0.0000

Table 4 Post-Hoc group comparison for lamp three.

Groups Differences Lower Upper 4

PTCLS - Control -42 -51.3571 -32.6428 0.0000
PLGS - Control -36 -45.3571 -26.6428 0.0000
S - Control -39 -48.3571 -29.6428 0.0000
PW - Control -22 -31.3571 -12.6428 0.0000
PLGS - PTCLS 6 -3.3571 15.3571 0.3739
S - PTCLS 3 -6.3571 12.3571 0.8911
PW - PTCLS 20 10.6428 29.3571 0.0000
S - PLGS -3 -12.3571 6.3571 0.8911
PW - PLGS 14 4.6428 23.3571 0.0009
PW-S 17 7.6428 26.3571 0.0000

Groups PTCLS, PLGS, and S for lamp one presented the lower values with PW as the higher, representing the next main
significant differences. Similar results were obtained for lamp two, where the barrier group PTCLS showed the lower
light intensity with a median about 1020 mW*cm-2and the barrier group PW with the higher (1100 mW*cm2). Finally,
the lower values for lamp three were presented in groups PTLCS and PLGS (1430 mW*cm-2), while PW presented the
higher (1460 mW*cm-2).

4. Discussion

Nowadays the importance of accomplishing with adequate biosecurity norms is critical for dental attention in general.
The correct management of the photopolymerization devices avoids adverse effects related to cross-contamination as
well as the level of preventive or restore treatments.

In the present study, significant differences in light intensity were observed in three photocuration lamps when

comparing the application of physical protection barriers. Al-Marzok [20] found similar results when evaluating the
relationship of two translucid barriers use with the hardness of its curated resin. Cellophane wrap presented the lower
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light intensity decrease in comparison to commercial disposable plastic. However, the study does not indicate
significant differences in Knoop hardness values for both analyzed groups.

Khode [18] compared the light intensity reduction in several protection barriers with the microhardness of the resin.
They point out that all the barriers effectively decrease the intensity and only one barrier of commercial availability and
fragments of latex globes decreased the microhardness.

Likewise, Ajaj [21] compared both the effect of using infection control barriers and time exposure with the light intensity
emitted. While a significant decrease in light intensity was observed, it does not differ with exposure times.

In another study, it has been demonstrated that the use of barriers and wrapping plastic reduced the light intensity
significantly but without impact on the dental curation or negative effects at the clinical level [23].

Rueggeberg [1] indicates that most of the wrapping plastic barriers are not standardized and interfere with light
intensity up to 40%, while recommends to not allocate the cover unions over the light guide, which will reduce even
more the light output.

In contrast, McAndrew [24] has not found differences between the use of commercial covers and wrapping plastic, while
using globes or matt barriers can present reductions in the light intensity.

5. Conclusion

The use of translucid physical barriers over the light guide reduces significantly the light intensity emitted by the devices
analyzed in this research. However, nowadays, its use is remarkably important to prevent any kind of cross-
contamination between the device and the oral tissues. When using these barriers, it is recommended to monitoring
continuously the light intensity to avoid the use of devices with critical intensities (< 400 mW*cm-2) that can affect the
curate of the restoring material.
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