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Abstract 

Introduction: Light intensity emitted by the curing lamps represents an essential factor in the activation of 
photosensitive materials. The adequate supply of intensity, as well as the correct functioning of the device, it ensures a 
correct dental treatment. Objective: To know the light intensity, type, and fiber state of the curing lamps used in private 
dental offices in the city of Cuenca - Ecuador. Materials and methods: The cross-sectional descriptive study assessed the 
light intensity of 366 light-curing lamps from private clinics with the use of a Bluephase Meter II radiometer, besides 
the Likert-scale based evaluation of its type and condition. Data analysis was done with the software R v.3.2 and its 
interface R-Studio v.1.2. Results: Inadequate light intensities were observed in 18% of the total analyzed units. 
Inadequate light intensities corresponded at 46% of Halogen lamps, and 12% of LED units. Likewise, 17% of units 
presented fiber fracture, while 52% showed residues of biomaterials on it. The predominant diameter in the units was 
8mm, representing 65% of the total of light-curing lamps analyzed. Conclusions: LED lamps presented adequate light 
intensities in higher proportion in comparison to halogen lamps. It was shown that the presence of fractures and 
residues decrease the intensity of the photocuring units. Furthermore, we indicate that a periodic control of the light-
curing units is necessary to prevent future problems in oral treatments.  
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1. Introduction

Photocuration lamps are of higher importance in dentistry due to the use of photoactive material in several treatments 
such as: direct and indirect restorations, cementation of orthodontics accessories, and grooves sealing, among others 
[1, 2]. Light curing units must present a minimum light intensity of 400 mW*cm-2 [3-8] to guarantee the success of the 
dental treatments. Light intensity is defined as the number of photons emitted by the device with its measuring units in 
milliwatts per square centimeters (mW*cm-2) [9]. Clinic repercussions of deficient light intensities comprehend 
marginal micro-filtrations, solubility affectation, dimensional stability, and restoration discoloration with further 
development of dental caries [10, 11]. 

Light sources are available in four types: Halogen, Light Emission Diode (LED), Xenon Plasma Arc (PAC) and Laser [12]. 
Halogen and LED are the most used in private dental clinics [13, 14]. Halogen lamps were introduced in the ‘70s [15] 
and were considered as standard units for several years [16]. However, since its beginning, the generation of excessive 
radiant energy was its main limitation, considering it to use only 1% of this energy to emit light [17]. These units possess 
bulbs with a lifetime between 50 to 100 hours [11, 18], and present a wavelength of 410 to 500 nanometers (nm), which 
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difficult the activation of materials with alternative photo activators with emission of light intensities oscillating 
between 400 to 800 mW*cm-2 [14, 15, 19]. On the other hand, LED units started to be used in the ‘90s [20], this use 
joints with semiconductors to generate light, emitting wavelengths from 450 up to 486 nm [3,11] with intensities 
ranging between 1000 to 2000 mW*cm-2. These units present a lifetime of about 100 hours [13, 18] and can be 
presented as wire or wireless devices, they are noiseless due to no need for ventilation, with less weight, producing less 
heat [18], and allow less work time[21, 24]. Therefore, LED devices replaced halogen units and up to date are the most 
used and commercialized [16]. 

Both, halogen and LED devices, emit its light through optic fiber guides [20], available in the market in several diameters 
around 6 to 12 mm, presenting the same size in its proximal and distal end [25-26]. It is recommended that the guide 
light does not present alterations such as grooves, fissures ,or fractures, as well as the presence of material residues in 
its structure, because of negative interferences with light intensity emitted [12, 27]. 

Dental radiometers are used to assess the light intensity emitted by the light-curing units, those are formed by silicon 
or selenium photodiodes that transform light into electric current and reflects it in a digital or analog meter [28]. ISO 
10650 norm establishes the use of a laboratory power meter, calibrated according to the radiation emitted by the 
photopolymerization devices. However, this is distinctly for industrial use and dental radiometers have to be used for 
monitoring the lamps functioning in dental offices. 

Shimokawa CAK et al., evaluated the accuracy of four dental radiometers (“Bluephase Meter II, SDI LED Radiómetro, 
Kerr LED Radiometer y LEDEX CM4000”) and concluded that “Bluephase Meter II” (Ivoclar-Vivadent) radiometer does 
not shown significant differences compared to the power meter in laboratory. Therefore, this is a suitable device for 
light intensity measure 29], besides it is used for measuring intensities between 300 to 1200 mW*cm-2 and wavelengths 
ranging from 380 to 550 nm [30]. 

The objective of the present study is to determine the light intensity, type, and status of the optic fiber in photocuration 
lamps used in several private offices of the city of Cuenca – Ecuador.  

2. Material and methods 

The present observational descriptive study selected 366 lamps through a no probabilistic sampling due to the scarce 
information of devices use in the city as well as limited resources for this study. 

A Bluephase Meter II, Ivoclar-Vivadent was used to measure the light intensity of the devices. Guide light diameter was 
determined with the use of a stencil located in the back of the radiometer for its configuration before measurements. 

Three measurements were done for each device considering a battery with maximum charge and continuous light 
output for LED type, allowing a variability of 25 mW*cm-2. Lamp type, brand, commercial model, presence or absence 
of fractures, and dental materials residues in the guidelight, as well as its diameter were recorded. All data were 
registered in a data form for this research. 

Statistical analysis was done with the use of the software R v.3.2 and its interface R-Studio v.1.2. Chi-square and One-
Way ANOVA tests with its respective Tukey post hoc analysis were developed to determine light intensity differences 
among devices and categories recorded. Also, a Pearson correlation coefficient was determined among all variables.  

3. Results  

67 out of 366 measurements registered negative values, which were considered as outliers and deleted from the 
database for the statistical analysis. Table 1 shows the proportion of Halogen and LED units with light intensities that 
meet or are below the required intensity. LED devices accounted for 82% of total units, registering 12% of its units with 
light intensities below 400 mW*cm-2. On the other hand, Halogen units represented 18% of the sample with intensities 
below required in 46% of its units.  
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Table 1 Halogen and LED devices composition by intensity requirements in oral treatments. 

 

 

 

 

Halogen devices showed mean light intensities of 479,3 mW*cm-2 with minimums of 303 and maximums of 1047 mW*cm-2, while LED mean 
intensity was of 801 mW*cm-2 with min values of 310 and max of 2690 mW*cm-2. 17% of total units presented fractures in its light guide, 52% 

presented dental materials residues, and 65% registered a diameter of 8mm. 

Figure 1 shows the light intensity distribution for both Halogen and LED devices considering the presence or absence 
of fracture in the optic fiber. Absence of fractures resulted in significantly higher light intensities for both lamp types 
(p-value <0.03). As observed in Figure 2, light intensity was significantly higher in units with absence of biomaterials 
residues (p-value <2.2e – 05). Also, significant differences of light intensity were determined according to optic fiber 
diameter. Such differences were attributed to the lower light intensities of diameter 9 mm in relation with 8 mm (Figure 
3). The other diameter groups have not presented significant differences for light intensity. 

 

Figure 1 Light intensity distribution according presence/absence of fractures in device light guide. 

 

 Photocurate units Total (%) 

Halogen (%) LED (%)  

Below required intensity 24 (46%)  28 (12%) 52 (18%) 

Meet Required intensity 29 (54%) 218 (88%) 247 (82%) 

Total 53  246  299  
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Figure 2 Light intensity distribution according presence/absence of residues in device light guide. 

 

 

Figure 3 Light intensity distribution according to light guide diameter. 

4. Discussion 

Light intensity emitted by photocuration lamps is an important factor in the clinical practice and its monitoring must 
be continuous in order to avoid negative effects in dental treatments. The present study analyzed the light intensity 
emitted by devices used in private offices in the city of Cuenca, and compared its measurements with factors associated 
with the optic fiber of the devices, including the presence of materials residues, diameter, and type of lamp. 
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Results indicate that 18% of analyzed units presented an inadequate light intensity (< 400 mW*cm-2). Similar results 
were obtained by Eren D et al., where values below recommended intensity constituted 10, 7% [7], as well as Alquria T 
et al., with 13% [13]. However, Madhusudhana K et al., reported an increase of up to 44% of units with inadequate 
intensities [31]. 

Halogen units presented a higher percentage of inadequate intensities with 46% of its units in comparison to 12% of 
LED devices. These results contrast with those indicated by Omidi B-R et al., describing 97% and 93% of adequate 
intensities for Halogen and LED types respectively [12].   

LED devices were most frequent (82%) in comparison with Halogen (18%), similar to results obtained by Alquria T et 
al., which showed a tendency of 88,5% for LED over 11,5 of Halogen lamps [13]. Also, Nassar HM et al., indicated a higher 
frequency for LED (82, 9%) than Halogen (17, 1%) [9]. 

The mean light intensity of LED and Halogen devices in this study were 801 and 479, 3 mW*cm-2 respectively, similar 
to 865,2 and 527,6 mW*cm-2 registered by Alquria T et al., but higher to 598 and 260 mW*cm-2 registered by Al Shaafi 
M et al. [8].  

It has been determined that the presence of residues as well as fractures on the light guide had a negative influence on 
the light intensity emitted by the device. Similar results are presented by Madhusudhana K et al., which indicates that 
residues can block the light output [31]. Therefore, Sword R et al., recommends the use of polyvinyl or polyurethane 
translucid physical barriers, which does not interfere significantly with emitted intensity [32]. 

Results obtained in this study cannot be extrapolated by complete to the city of Cuenca due to the no probabilistic 
sampling, as well as values below 300 mW*cm-2 were not able to be recorded by the radiometer and exclusion of those 
records were done. 

5. Conclusion 

Most of particular dental offices use photocuration lamps with recommended light intensity, which is of importance to 
provide a guarantee in the several dental treatments for the patients. In the same way, LED devices are the most used, 
allowing dentists to done photopolymerization processes in less time compared with Halogen lamps use. Also, with the 
analysis of lamp characteristics, a low proportion (17%) presented fractures in the optic fiber, and half sample (52%) 
shown accumulation of biomaterials residues, which influence the device lifetime and performance. Thus, a correct 
cleaning and maintenance of the device is highly recommended. 
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