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Abstract
AIM: The aim of this study is interpreting the dental student’s knowledge of light-curing units from different universities 
and colleges in Riyadh city and to evaluate the intensity of the light output of light-emitting diode (LED)-curing devices 
in dental school clinics in Riyadh, Saudi Arabia.

METHODS: One hundred eighty-two visible light-curing (VLC) units were randomly selected to have their light intensity 
output evaluated using Demetron® L.E.D. Radiometer – Kerr among dental school clinics in Riyadh city. The university 
hospitals we visited are King Khalid University Hospital, King Saud bin Abdulaziz University Hospital, Dar Al Uloom 
University Hospital, Alfarabi colleges’ dental clinics, and Princess Nourah Bint Abdulrahman University Hospital. To 
evaluate the knowledge of dental students about light intensity output, a questionnaire was given to the students.

RESULTS: Out of the VLC units, 22 units (12%) measured inadequate intensity, 91 units (50%) measured marginal 
intensity, and 69 (37%) measured adequate intensity. The statistical significance was up to p < 0.05, p = 0. Most 
students and interns did not think that light-curing unit intensity influenced the tooth pulp (55.8%) and also reported 
not know the minimum wavelength of light cure intensity (62%).

CONCLUSION: A significant difference was found between the light cure intensities in universities. As for the 
students’ knowledge, the research revealed poor insight toward basic concepts of VLC units and its maintenance.
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Introduction

The dependence on light-curing units increased 
with the higher demand for bonded restorations, for they 
are now the most used restorative material for posterior 
and anterior restorations [1]. Visible light-curing (VLC) 
units (light-curing unit [LCU]) became an essential part 
of everyday dental practice. Many factors affect the 
adequate polymerization of a resin composite restoration; 
LCU-related, composite-related, and practitioner-related. 
The factors relating to the LCU, the irradiance, and type of 
LCU influence the photopolymerization of the composite 
restoration. The type of resin, the filler particles, and the 
shade are the restoration-related factors. As for the factors 
regarding the dentist’s use of LCU, the duration of exposure, 
the amount of distance from the LCU to the tooth, and the 
positioning of the LCU tip (perpendicular to the surface of 
the restoration), all play an important role in the success of 
the resin composite restoration [2], [3], [4]. The inadequacy 
of light intensity also affects the microhardness and the 
color stability of the resin composite [5].

There are many forms of continuous curing 
techniques some of which are: Uniform continuous cure 
(light of moderate-intensity is applied for a period of time, 
it is the most commonly used form), step cure (first we 
start with low energy then step up to higher energy), and 

ramp cure (low-intensity light is applied at first then the 
intensity increases gradually – it decreases polymerization 
shrinkage). The other type of curing techniques would 
be discontinuous cure technique or pulse delay cure. In 
this technique, the restoration receives a single pulse of 
low intensity light for a short duration. Then after waiting 
a couple of seconds it receives another pulse of longer 
duration and higher intensity. [6]. Maintenance is required 
because with lack of monitoring VLC units’ qualities 
diminish over time resulting from heat buildup within 
the unit, bulb frosting, tip contamination with remains of 
composite, and sterilization problems [7], [8]. When the 
LCU’s intensity is lower than 400 mW/cm2, it means that 
the bulb is deteriorating and needs to be replaced [9].

A study conducted in governmental health 
institutions in Riyadh found that current light-emitting 
diodes (LEDs) showed higher intensities than earlier 
ones. And that is a result of the improved qualities of 
current LEDs in regard to higher light intensities and 
broader light spectrum [10]. Resin composites have 
photoinitiators that are activated by the LCU, the 
most common photoinitiator is camphorquinone. This 
component is activated by the light-curing device at a 
wavelength between 420 and 580 nm [11]. This range 
is only successful for composite increments less or 
equal to 2 mm in thickness. The depth of curing may 
vary for different composite materials which would 
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be due to scattering of light at the particle interfaces 
and light absorbance by pigments in the resin-based 
material and photoinitiators [12]. New resin composites 
include additional photoinitiators that could be filled as 
a bulk (no need for increments), but they require higher 
wavelengths of at least 1000 mW/cm2 [11]. Bulk-fill 
composite restorations could be placed in increments 
of 4 mm or more as they also have more sensitive 
photoinitiators [4].

A study conducted at the University of Eskisehir 
concluded that dentists have unsatisfactory knowledge 
of the properties of light-curing units which indicate a void 
in the dental education system [11]. With a radiometer, 
dental clinicians or dental assistants are expected to 
check the intensity of the light-curing device which should 
range between 400 and 520 nm [13]. VLC devices and 
their effects and maintenance are a topic not many 
researchers touched on in Riyadh city and that gap needs 
to be filled considering how essential that it is to consider 
the intensity of daily-used curing devices and how it 
could have negative effects on the pulp, the longevity 
of the restoration, and the likelihood of recurrent caries. 
Dental practitioners should have all the basic knowledge 
with regard to our topic. Therefore, it is more important 
to make sure dental students gather all the basics while 
they are still learning. With the improvements in LED 
devices and their higher intensities, students should 
be aware of the clinical effects of the high intensity of 
light-curing devices on the pulp before they start their 
clinical practice. There are no previous studies focusing 
on dental students’ knowledge and information about 
light-curing devices and their effects on the tooth and 
restoration in Riyadh, Saudi Arabia.

Our aim in this study is to interpret the dental 
student’s knowledge of LCU’s from different universities 
and colleges in Riyadh city and evaluate the intensity 
that emits from the light source of many LED-curing 
devices in the clinics of dental schools in Riyadh, 
Saudi Arabia.

Methodology

Study was approved by the Institutional Review 
Board of Riyadh Elm University. IRB approval number 
RC/IRB/2019/294. One hundred eighty-two LED-curing 
devices from different dental school clinics in Riyadh 
city were randomly selected to have their light intensity 
output evaluated using (Demetron® L.E.D. Radiometer 
– Kerr) among dental school clinics in Riyadh city. The 
(Demetron® L.E.D. Radiometer – Kerr) is a chairside 
radiometer calibrated from 0 to 2000 mW/cm2, which 
will provide us a score for the range of intensity of the 
light-curing device.

The university hospitals that were visited 
are King Saud University Medical City, King Saud bin 

Abdulaziz University Hospital, Dar Al Uloom University 
Hospital, Alfarabi colleges’ dental clinics, and Princess 
Nourah Bint Abdulrahman University Hospital and 
Riyadh Elm University Hospital included three campus 
sites (An Namuthajiyah Campus, Olaya Campus, and 
Munisiya Campus). The inclusion criteria were only 
to include LED devices with them being the most 
commonly used devices in general and especially by 
undergraduate dental students. We excluded every 
other light-curing device such as plasma arc, quartz 
tungsten halogen, and laser VLC units. To standardize 
the methodology, a pilot study was performed 
before starting. Every device was preheated for 60 s 
before placing it above the radiometer. Then, it was 
perpendicular to the target on the radiometer, as close 
as possible without touching the surface. The LCU was 
turned on for 20 s 3 times with 1 s to rest in between the 
readings to avoid overheating. An average from those 
three readings was calculated. After the final readings 
have been calculated, they then were categorized into 
three groups: The inadequate intensity with values 
equals of <400 mW/cm2, the marginal intensity with 
values between 400 and 850 mW/cm2, and the adequate 
intensity with values equals or more than 850 mW/cm2.

As for the second part of the study, a total of 
325 questionnaires from dental students and interns 
all around Riyadh city were collected to evaluate their 
knowledge regarding light intensity output and using the 
Statistical Package for the Social Sciences (SPSS) that 
the findings were analyzed. The investigation began 
after an agreement between the research group and 
clinical directors of the targeted dental schools.

Results

We measured the intensity of 182 light cure 
devices from eight different dental schools around 
Riyadh city using the Demetron® L.E.D. Radiometer – 
Kerr. The Statistical Package for the Social Sciences, 
version 26 (SPSS), was used to analyzes the findings 
to produce cross-tabulation statistics and descriptive 
statistics using a one-sample test. The statistical 
significance was up to p = 0.05, p = 0.

Out of the 182 LCUs, 22 units (12%) measured 
inadequate intensity (≤400 mW/cm2), 91 units (50%) 
measured marginal intensity (between 400 and 
850 mW/cm2), and 69 (37%) measured adequate 
intensity (more than 850 mW/cm2).

In addition, most of the respondents to the 
questionnaire were female. They constituted 73.9% 
of a total of 325 dental students and interns. Males 
were only 26.1%. Furthermore, 88.4% were of Saudi 
nationality and 11.6% were non-Saudi. As for the 
academic level or year, 43.8% from all universities and 
colleges were interns and the rest were from the 4th year 
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(14.2%), 5th year (23.2%), and 6th year (18.8%). Most of 
the students and interns did not think that LCU intensity 
had an effect on the tooth pulp (55.8%) and they also 
reported not to know the minimum wavelength of light 
cure intensity (62%). Table 1 summarizes the answers 
to the questionnaire gathered from all our target dental 
schools.

Table 1: Students knowledge of using light cure 
Questions and answers Count, n (%)
Do you think that light cure intensity should be measured regularly?

Yes.
No.

274 (84.57%)
50 (15.43)

If yes, how often do you think it should be measured?
1-3 months.
3-6 months.
6-12 months.
More than 12 months.

52 (16.05%)
126 (38.89%)
90 (27.78%)
6 (1.85%)

What is the optimum distance for the tip of light-curing unit and filling 
material?

Touching the surface.
As close as possible to the surface without touching.
3-5 mm above the surface.
More than 5 mm above the surface.

37 (11.42%)
227 (70.06%)
58 (17.90%)
2 (0.62%)

What is the minimum wavelength of light cure?
300nm.
400nm.
450nm.

75 (23.15%)
122 (37.65%)
127 (39.20%)

do you ever check the light cure tip before curing your restoration?
Yes.
No.

222 (68.52%)
102 (31.48%)

Do you think light cure intensity plays a role in the failure of risen 
bonded restoration?

Yes.
No.

291 (89.81%)
33 (10.19%)

How many seconds is needed for curing time for each increment of 
composite restoration?

10s.
20s.
30s.
40s.

17 (5.25%)
171 (52.78%)
59 (18.21%)
77 (23.77%)

Do you think increasing time or light intensity affects the pulp?
Yes, it could cause thermal irritation or damage.
No, pulp can’t be affected by it.

143 (44.14%)
181 (55.86%)

When using darker shades of composite restorations (A3.5) or darker 
you will need to:

Use the same curing time.
Increase curing time.
Decrease curing time.

181 (55.86%)
111 (34.26%)
32 (9.88%)

What can be the result of inadequate polymerization (you can choose 
more than one)?

Toxic reactions.
Allergic reactions.
Secondary caries.
Marginal leakage.
Marginal discoloration.
Tooth sensitivity.
Physical and mechanical proprieties of the material weakness.
Others.

29 (8.4%)
25 (7.2%)
191 (55.4%)
252 (73%)
163 (47.2%)
159 (46.1%)
231 (67%)
29 (8.4%)

Discussion
The aim of our study was to interpret the dental 

student’s knowledge of light-curing units from different 
universities and colleges in Riyadh city and to evaluate 
the intensity of the light output of LED-curing devices in 
dental school clinics in Riyadh, Saudi Arabia.

Most of the studies done about the intensity of 
light-curing devices and the time required for curing in 
private dental offices found that curing devices showed 
weak performances due to lack of maintenance, while 
the curing time was still constricted to only 20 s [1]. 
About 52.78% of the students in our study also constrict 
the curing time to 20 s, but with no correlation to the 
intensity, although 18.21% cure their restorations for 
30 s and 23.77% cure their restorations for 40 s also 

in no correlation to the intensity of the LCU. In 2019, in 
Punjab, India two-thirds of dentists did not use barriers 
for infection control on the light-curing tip, while only 
one-third of dentists did use barriers [9]. In comparison, 
68.52% of our students answered yes on the question 
“Do you check the light cure tip before curing your 
restoration?.” Moreover, although the percentage is 
more assuring than that concluded from the study done 
in Punjab, most if not all dentists and dental students 
should follow the infection control protocol and check 
the tips of the LCU every time that they attempt to use 
it.

A study in Riyadh city that was targeting private 
clinics to evaluate light cure intensities found that 18 
units showed (400 mW/cm2), 81 units showed (400–850 
mW/cm2), and 101 delivered more than (850 mW/cm2). 
Most of the dentists showed a lack of awareness and 
claimed that they do not measure their devices’ light 
intensity outputs. Most of them also had no knowledge 
of the minimum accepted wavelength in an LED device 
[14]. The devices with adequate intensity were the larger 
percentage, while, in our study, the large percentage 
was the devices of marginal intensity (91 units [50%]). 
The previously mentioned findings agree with the 
findings that we concluded from the questionnaires 
in our study, the only difference being that our target 
group was dental students/interns while the target 
group of the previous study were dentists (GP). We 
also found that students from younger years had better 
LCU knowledge than seniors and interns, which may be 
due to how recently they have learned that information. 
The light-curing device and its types, components, and 
intensities are usually taught in the first clinical year of 
dental school. However, more than half of the students 
(55.8%) were unaware that increasing the curing 
time negatively affects the pulp. Photopolymerization 
generates heat that could damage the gingival and 
pulpal tissues. Although dentin behaves as an isolator 
when there is less than 1 mm of dentin remaining, it 
should be a cause for concern [1].

A study also done in Riyadh city compared 
their results to a study was done in India and their light-
curing devices were superior to those measured in India. 
Different studies showed many different values and that 
directly relates to the maintenance and the quality of 
care for their light-curing devices [10]. Another study 
concluded that to achieve, the best photopolymerization 
effectiveness a protocol of preventive maintenance for 
LCUs should be enforced on the dental staff [3].

A study done in Brazil observed that 90% of 
the light sources measured in a dental university in 
Goiânia, which had fractures and cracks, remaining 
composite on the transmitter tip as well as an 
adhesive agent on the tip. As for the intensity of the 
light source, 55% of them showed densities lower than 
300 mW/cm2 [6]. In this study, the inadequate intensity 
standard was (≤400 mW/cm2) and only 22 LCUs (12%) 
were of that group.
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This study showed that 746.6485 mW/cm2 
was the mean value of light cure intensity which was 
slightly lower than a study done in Riyadh measuring 
light cure intensities in private clinics. Their mean value 
was 862.3 mW/cm2 [14]. Another study done in private 
clinics in cities Dammam and Khobar also found a 
higher mean intensity of LED light-curing units, which 
was 865.2 mW/cm2 [15]. That difference in mean value 
could be due to higher maintenance in private clinics.

One of the limitations in our study was that 
some clinics did not know the exact age of their LCUs 
nor provide us with company names; therefore, we 
could not relate the age/company to the efficacy of the 
LCU.

Conclusion

Most of the respondents had poor knowledge 
about light cure intensity. Our results agree with 
previous studies concluding that dental clinicians 
or future dental clinicians in our case have poor 
knowledge and the dental schools’ curriculums should 
pay attention to that void and work on the educational 
system in regards to knowledge about LCUs. In addition 
to altering the curriculums, students in clinical years 
should be evaluated on their correct use of the LCU, 
such as making sure they check the tip for fractures 
or resin remnants. As well as being tested on their 
knowledge regarding LCUs every month to ensure 
their knowledge is sufficient. Another suggestion is to 
include radiometers if not in every clinic at least one in 
every dental hospital while training the students on how 
to use it to monitor how efficiently the LCU is working.
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