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the acceptance limits established by manufacturers and international irradi- Jorge Homero Wilches-Visbal®

ance standards. Materials and Methods: Analytical, cross-sectional study. The
irradiance of ten curing lights from health centers in Santa Marta was mea-
sured at different distances (0, 2, and 4 mm) using a Woodpecker LM-1 Inten-
ity Meter. Th It d with the manufacturers’ recommended CORRESPONDENCE
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of the health centers evaluated, the lamps failed to meet the irradiance levels
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90% when compared to the traditional standard of 300-400 mW/cm?. Dis-

cussion: The curing lights used in the health centers do not comply with the BY

manufacturers’ recommendations, and several also fall short of the current
thresholds recommended in the scientific literature. These findings under-
score the need to implement quality control measures for dental equipment.
Conclusion: The irradiance of curing lights should be regularly monitored to
ensure successful polymerization. It is recommended that maintenance pro- Adhesives, Reference
tocols be implemented to improve the quality of dental treatments, along with Standards, Calibration,
ongoing education for dentists regarding the technical parameters and bio- Community Health
physical principles of light-curing technology.
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Resumen

Objetivo: Evaluar la irradiancia de las lamparas de fo-
tocurado empleadas en los centros de salud de la ESE
Alejandro Prospero Reverend de Santa Marta (Colombia),
en relacién con los limites de aceptacién establecidos
por los fabricantes y los estAndares internacionales de
irradiancia. Materiales y Métodos: Estudio analitico y
transversal. Se midi6 la irradiancia de 10 lJdmparas de
fotocurado de los centros de salud de Santa Marta a di-
ferentes distancias (0, 2 y 4 mm) utilizando un radiéme-
tro LM-1 Woodpecker. Los resultados se compararon
con los niveles recomendados por los fabricantes y
los estandares internacionales (300 - 500 mW/cm?).
Resultados: Se encontré que la irradiancia disminuyé
significativamente con la distancia desde la fuente de
luz. En el 63% de los centros de salud analizados, no se
cumplieron con los niveles recomendados por los fabri-
cantes. En general, la irradiancia fue adecuada en el 60%
de las lJdmparas al cotejarse con el estandar mas recien-
tes de 500 mW/cm?; alcanz6 el 90% cuando se comparé
con el estandar tradicional de 300 - 400 mW /cm?.
Discusion: Las lamparas de fotocurado en los centros
de salud no cumplen con las recomendaciones de los
fabricantes y varias no alcanzan los umbrales actuali-
zados recomendados en la literatura cientifica. Por lo
tanto, es imperativo implementar medidas de control de
calidad para los equipos dentales. Conclusion: Se debe
verificar constantemente la irradiancia en las ldamparas
de fotocurado para garantizar el éxito de la polimeriza-
cién. Se recomienda la implementacién de protocolos de
mantenimiento para mejorar la calidad del tratamiento
odontoldgico, asi como una educacién continua para los
odontdlogos sobre los pardmetros técnicos y los prin-
cipios biofisicos de las ldamparas de fotocurado.

Palabras clave: Resinas Compuestas, Curaciéon por
Luz de Adhesivos Dentales, Estdndares de Referencia,
Calibracién, Centros Comunitarios de Salud.

Introduction and
Background

Curing lights are essential electronic devices in clinical
dental practice. They emit visible light within the blue to
violet spectrum (400-500 nm), which activates the pho-
toinitiators in resin-based composite materials, allow-
ing them to polymerize and solidify. The technology of
curing lights has evolved significantly in recent decades,
transitioning from traditional halogen lamps to modern

Resumo

Objetivo: Avaliar a irradiancia das lampadas de foto-
polimerizagdo utilizadas em alguns centros de saude
da ESE Alejandro Préspero Reverend em Santa Marta
(Colémbia), em relagao aos limites de aceitacdo estabe-
lecidos pelos fabricantes e aos padrdes internacionais
de irradiancia. Materiais e Métodos: Estudo analitico e
transversal. Foram avaliadas 10 lampadas de fotopolime-
rizacdo dos centros de saide de Santa Marta, medindo-se
airradiancia a diferentes distancias (0, 2 e 4 mm) utili-
zando um radiémetro LM-1 Woodpecker. Os resultados
foram comparados com os niveis recomendados pelos
fabricantes e com os padrées internacionais (300 - 500
mW/cm?). Resultados: Observou-se que a irradiincia
diminuiu significativamente com o aumento da distancia
da fonte de luz. Em 63% dos centros de saiide analisados,
as lampadas nao atenderam aos niveis recomendados
pelos fabricantes. De modo geral, a irradidncia foi ade-
quada em 60% das lampadas quando comparada ao
padrido mais recente de 500 mW/cm?, atingindo 90%
quando comparada ao padrao tradicional de 300 - 400
mW/cm?. Discusséo: As lampadas fotopolimerizadoras
dos centros de satide ndo atendem as recomendagdes
dos fabricantes e varias delas ficam fora dos limites re-
comendados pela literatura cientifica atual. Portanto, é
urgente implementar medidas de controle de qualidade
para esses equipamentos odontolégicos. Conclusdo:
E necessario verificar constantemente a irradiancia das
lampadas de fotopolimerizagao para garantir o sucesso
da polimeriza¢do. Recomenda-se a implementacao de
protocolos de manutengao para melhorar a qualidade do
tratamento odontolégico, bem como a educacgdo continua
dos dentistas sobre os parametros técnicos e os princi-
pios biofisicos das lampadas de fotopolimerizacao.

Palavras-chave: Arco dental, Grupo com Ancestrais
Nativos do Continente Americano, Grupo com Ances-
trais do Continente Europeu.

light-emitting diode (LED) devices. LED curing lights
offer several advantages, including greater energy effi-
ciency, longer lifespan, and more uniform and focused
light emission.®

There are various types of curing lights, each with
distinct features and benefits. The first to be used in den-
tistry were quartz tungsten halogen (QTH) lamps. The
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first aesthetic, light-cured restorative composite applied
with this technology dates back to 1976. QTH lamps
emit visible curing light from a tungsten filament enclosed
in a transparent quartz casing filled with a halogen-
based gas. However, they are inefficient in energy use
and have a limited lifespan. Additionally, they generate
considerable heat, which may cause patient discomfort
and reduce the effectiveness of restorative materials.®)

Light-emitting diode (LED) curing lights have had a
significant impact on dentistry, standing out for their en-
ergy efficiency, durability, narrower emission spectrum
in the blue range, and reduced heat output compared to
other units. This lower heat generation helps minimize
the risk of burns or soft tissue damage®. Another type
of equipment is the plasma arc lamp, which produces an
intense, broad-spectrum light. However, its use has
declined due to high cost, short lifespan, and ozone gen-
eration, which may be harmful to oral tissues.®

Regardless of the equipment used, the goal of pho-
topolymerization remains the same: “to transform
composite materials into solid, durable structures.” To
successfully achieve this process, it is critical that cur-
ing lights emit sufficient irradiance—or power density
—within the optimal absorption range (ideally at the
peak) of the photoinitiator’s wavelength. The energy of
emitted photons can be calculated by the equation:

hc
E=7x (1)

where h is Planck’s constant, c is the speed of light in the
medium, and A is the wavelength of the emitted photons.

Irradiance is defined as the power of light per unit
area, expressed in milliwatts per square centimeter
(mW/cm?)®):

= (2

where P is the emission power at a given wavelength,
and A is the irradiated area. However, since curing lights
emit across a spectral range (or emission spectrum), to-
tal irradiance is calculated as:

A2
=/ LAk (3)

where I represents the irradiance at a specific wave-
length, and 1 and 2 are the minimum and maximum
emission wavelengths, respectively.

The energy transmitted (E) to the restorative ma-
terial can thus be determined by:

E=(IAdt (4)
tl

where t, and t,represent the start and end times of ir-
radiation. The unit of energy is the joule (J). In addition

to irradiance, the likely key parameter is exposure
dose, or energy density, derived from Equation (4):

t
D= tf Idt  (5)

This value is expressed in joules per square centimeter
(J/cm?). From this, it follows that irradiation time can
compensate for lower irradiance levels. The higher the
irradiance, the less time is needed for proper curing and
polymerization. Indeed, several studies have shown that
an energy density between 16 and 24 ] /cm? is required
for optimal polymerization. For example, older QTH
lamps with irradiance levels around 400 mW/cm? re-
quired approximately 50 seconds to cure a restoration,
whereas modern LED devices—with irradiance levels
10 to 12 times higher—achieve the same effect in just 4
to 5 seconds.®

More specifically, the relationship between irradiance
and photoinitiators is directly proportional: the higher
the irradiance, the greater the number of photons im-
pacting the composite resin, increasing the likelihood
that they will deliver sufficient energy to effectively initiate
polymerization.”

However, it is also important to understand the wave-
length range in which a photoinitiator most effectively
absorbs light. Ideally, the radiation’s wavelength should
match the photoinitiator’s absorption peak.® There are
two types of photoinitiators: type I (Lucirin TPO and
Ivocerin) and type Il (camphorquinone and phenylpro-
panedione). Type I photoinitiators exhibit higher quan-
tum efficiency than type II, meaning they require fewer
photons to generate enough free radicals to initiate po-
lymerization. All of these photoinitiators react to wave-
lengths between 320 and 510 nm, with particularly high
reactivity at wavelengths below 330 nm. Focusing on the
range above 330 nm, camphorquinone has an absorp-
tion peak near 470 nm (blue region), phenylpropane-
dione peaks at 405 nm, while Lucirin and Ivocerin peak
at 380 nm and 410 nm, respectively. Therefore, slight
variations in the emission spectrum (Eq. (3)), even if im-
perceptible to the human eye, can be relevant for photo-
polymerization—hence the importance of knowing the
specific photoinitiators contained in each resin.*”

To ensure optimal polymerization, it is crucial that
dentists understand and adhere to the technical speci-
fications of curing lights, as indicated by the manufac-
turer, especially regarding irradiance and/or exposure
time, as well as the properties of the material being used.
Nevertheless, many practitioners continue to select
lamps primarily based on their shape or price, overlook-
ing the type and irradiance of the device.*? As a result,
these professionals may lack an understanding of the es-
sential characteristics and operating parameters of cur-
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ing units, which can lead to inappropriate equipment
choices and treatment failure.

Therefore, the aim of this study was to determine
whether the irradiance levels of the curing lights used in
selected public health centers in a city on the Colombian
Caribbean coast meet the acceptance standards estab-
lished by the manufacturers and those reported in the
international scientific literature.

Materials and Methods

STUDY TYPE

Cross-sectional analytical study.

TABLE1
Technical details of the curing lights used in the health centers included in the study.

POPULATION

The initial population consisted of 11 curing lights from
the nine health centers of E.S.E. Alejandro Préspero

Reverend in Santa Marta, Colombia, which have agree-
ments with the University of Magdalena. However, the

lamp from one center (Manzanares) was excluded be-

cause it was out of service during the measurement

period (October 2024). Consequently, the final study

population included 10 lamps from the remaining eight
health centers. The brand, serial number, and the irradi-
ance acceptance threshold provided by the manufactur-
er were recorded (Table 1).

IRRADIANCE
HEALTH CENTE CURING LIGHT N¢ SERIES THRESHOLD*
(mW/cm?)
1 Woodpecker LED F L1840297F 1600
La Candelaria
2 Woodpecker LED F L1840280F 1600
1 Woodpecker LED D L1440092E 500
Almendros

2 Coltoux_LED 120614014 300
Bastidas 1 Oral_galaxy MIA5Y0324 2700
El Parque 1 Woodpecker LED F L1840290F 1600
Malvinas 1 Coltoux_LED 120615062 300
Bonda 1 Coltoux_LED 120615091 300
La Paz 1 Woodpecker LED F L17B0279F 1600
Gaira 1 Woodpecker iLED E00322 1000

Source: own work. *Irradiance recommended by the manufacturer or the minimum recommended when given as an
acceptable range.
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INSTRUMENTS

An LM-1 Woodpecker intensity meter was used to
measure the beam irradiance of each curing light. For
this purpose, the tip of each lamp’s light guide was po-
sitioned at distances of 0, 2, and 4 mm, perpendicular to
the sensitive area of the intensity meter, and irradiation
was maintained for 10 seconds. Ten measurements
were taken per lamp. The data were entered into an MS
Excel 365 spreadsheet for subsequent export to the
statistical software.

STATISTICAL ANALYSIS

Normality tests were performed to determine the dis-
tribution pattern of the irradiance data for each lamp.
Based on these results, either the mean and standard de-
viation (SD) or the median and interquartile range (IQR)
were calculated for each lamp in the health center. In ad-
dition, the mathematical relationship between the mean
irradiance of all lamps and the irradiation distance was
established to evaluate the degree of proportionality.

Subsequently, a t-test (or Wilcoxon test) was ap-
plied to one sample to identify significant differences
between the mean or median irradiance of the curing
lights in each health center and the corresponding ac-
ceptance threshold, as reported by the manufacturer.
The null hypothesis was that “there is insufficient sci-
entific evidence to assert that there are differences be-
tween the irradiance of the curing lights in the health
centers and the irradiance recommended by the man-
ufacturer for each of them.”

Likewise, the irradiance of the curing lights grouped
by brand was compared using the Kruskal-Wallis test.
In this case, the null hypothesis was that “there is insuf-
ficient scientific evidence to affirm that there is a differ-
ence between the irradiance of the curing lights of the
different brands.”

For all statistical tests performed, a significance lev-
el of 0.05 (p < 0.05) was established. Regarding the effect
size( of the t-test (or Wilcoxon test) of a single sample,
Cohen’s d (6) was used for irradiance values with normal
distribution, and the biserial rank correlation (BRC) was
used in all other cases.!?*3 Regarding the effect size of
the Kruskal-Wallis test, the squared epsilon (£%)% was
used (Table 2).

ETHICAL CONSIDERATIONS

This study complied with current ethical regulations in
Colombia, in accordance with Resolution 8340 of 1993

issued by the Ministry of Health. Under this resolution,
the research is classified as risk-free, since it involves the
analysis of inert materials and does not entail any direct
or indirect intervention involving humans or animals.

TABLE 2

Interpretation of the effect size for the t-test (or
Wilcoxon test) of independent samples and the
Kruskal-Wallis test.

EFFECT SIZE* INTERPRETATION

< 0,2: very small
0,2 - 0,49: small
0,5-0,79: moderate
> 0,8: large
< 0,1: very small
0,1 -0,29: small
CBR
0,30 - 0,49: moderate
> 0,8: large
< 0,01: very small
0,01 - 0,05: small

0,06 - 0,13: moderate

> 0,14: large

Source: Own work adapted from.** *A negative value
indicates that the measurement is below that of the
reference group (as specified by the manufacturer).
The open-access software Jamovi v. 2.3.28 was used
to conduct the above statistical tests.

Confidentiality and data custody were ensured through
security protocols, including storage in controlled en-
vironments accessible exclusively to the research team.
At all times, rigorous measures were implemented to
safeguard data integrity and prevent any form of ma-
nipulation, in line with both Colombian ethical and le-
gal standards and the guidelines of E.S.E. Alejandro
Préspero Reverend.
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Results

Upon inspecting the structural condition of the curing
lights, signs of improper or prolonged use without re-
placement or preventive-corrective maintenance were
suspected. Several units showed scratches, discoloration,
and wear on the identification plate. In addition, the tips
revealed moderate to severe wear; loss of transparency,
cracks, and other issues (Table 3).

Wear on the light guide tips compromises beam quality
and, consequently, the polymerization efficiency of
light-curing procedures.

The mean irradiance values for all curing lights were
484 (170), 324 (113), and 268 (97.4) mW/cm? at dis-
tances of 0, 2, and 4 mm from the tip, respectively. The
results show a decrease in irradiance with increasing
distance—over 30% at 2 mm and nearly 50% at 4 mm
(Figure 1).

Based on the irradiance measured at 0 mm, the curing
lights in the 10 health centers would require at least
42 seconds to achieve adequate polymerization in 2 mm
increments. If the irradiation distance increases to 4
mm from the resin surface, the curing time would need
to be extended to approximately 75 seconds, according
to Eq. (5).

On the other hand, when comparing the irradiance
of the curing lights by brand, no significant differences
were observed between Woodpecker LED F, Coltoux LED,
and Oral Galaxy. However, significant differences were
found when these were compared with Woodpecker
LED D and Woodpecker iLED (Figure 2).

The Woodpecker LED D curing light exhibited signifi-
cantly higher irradiance (p < 0.001) than all other brands,
while the Woodpecker iLED showed significantly lower
irradiance (p < 0.001) compared to the rest. Additionally,
the effect size by brand was large (g% = 0.38).

When examining the irradiance of the curing lights
in each health center, it was found that in 5 (63%) of
them—La Candelaria (both lights), Bastidas, El Parque,
La Paz, and Gaira—at least one of the evaluated distances
did not meet the levels recommended by the manufac-
turer. At 0 mm, only 3 lights (20%)—Dboth in Almendros,
the one in Bonda, and the one in Malvinas—met the
standard (Table 4).

TABLE 3
Structural and functional condition of the curing lights
based on visual inspection.

STRUCTURAL AND FUNCTIO-
NAL CONDITION

CURING LIGHT

Moderate wear on the light guide tip.

Microcracks and adhesive deposits on
Woodpecker

the optical fiber.
LED F
Slight loss of transparency.
No casing fractures observed.
Small fractures in the optical fiber.
Slight reduction in beam intensity.
Woodpecker

LEDD Opaque discoloration in some areas;

may affect transmission.

Potential alteration of light-curing
uniformity.

Advanced signs of aging on the guide
tip.

Scratches and edge wear causing light

Oral_galaxy dispersion.

Evaluation for replacement or main-
tenance is recommended.

Most structurally deteriorated light.

Surface visibly damaged, scratched,
with small fractures at the ends.

Beam dispersion is more diffuse, com-

Coltoux_LED . . .
promising curing quality.

Suspected constant use without pro-
per replacement of the guide tip.

Immediate replacement is recom-
mended to prevent deficiencies in
clinical procedures.

Moderate wear, no visible fractures on

the guide tip.
Woodpecker Small surface irregularities that may
iLED reduce light intensity.

No major defects reported, but periodic
monitoring is advised.

Source: own work.
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Figure 1 Inverse relationship between the average irradiance of the curing lights in all health centers and the distance
from the source to the tooth surface. The percentage decrease in irradiance relative to its maximum value (at 0 mm) is

also shown.
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Figure 2 Comparison of the irradiance of curing lights used in the health centers, grouped by brand. WpF: Woodpecker
LED F, Ct: Coltoux LED, OG: Oral Galaxy; WpD: Woodpecker LED D, Wpi: Woodpecker iLED.
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TABLE 4
Measures of central tendency for the irradiance of the ten curing lights from the eight health centers included in the
study, and their statistical comparison with the acceptance thresholds reported by the manufacturer.

IRRADIANCE (mW/cm?)

CENTER DE:::)C < CURING LIGHT 1 CURING LIGHT 2
M/Md:{  SD/IQRE M/Md:{  SD/IQRE ES
0 705 40,5 222, 1%%* 375 & 0F 1k
La Candelaria 2 453 79,5 -14,4* 275¢% 18,8 ¢ Sk
4 385 39,4 -30,8** 200¢ 0¢ -1**
0 670 23,0 7,4 538 25 11,3
Almendros 2 500 48,3 0,01 298¢ 34,3 ¢ -0,1
4 415 44,4 -1,9** 235¢ 37,8¢ S A
0 525 & 113¢ L NA NA NA
Bastidas 2 298 60,6 -39,6%** NA NA NA
4 223 & 50% L NA NA NA
0 600¢ 23,8¢ S R NA NA NA
El Parque 2 317 25 -41,1%%* NA NA NA
4 225 50 -29,2%*x* NA NA NA
0 595 28,4 10,39 NA NA NA
Malvinas 2 410 55,5 1,98 NA NA NA
4 385 47,5 1,7 NA NA NA
0 438¢ 28,8¢ 1 NA NA NA
Bonda 2 334 22,0 1,5 NA NA NA
4 270 28,4 -1 NA NA NA
0 300 & 18,8% L NA NA NA
La Paz 2 250 & 0t B NA NA NA
4 225¢ 18,8% L NA NA NA
0 150 ¢ 37,5¢ -40,2%%* NA NA NA
Gaira 2 120§ 15§ SRR NA NA NA
4 110 ¢ 20¢ S oo NA NA NA

&: nonparametric measure. M: mean; Md: median; SD: standard deviation; IQR: interquartile range; ES: effect size.
NA: not applicable (center with only one curing light). Statistical significance (measured value differs significantly from
the manufacturer’s expected value): *p < 0.05; **p < 0.01; ***p < 0.001.
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Only one health center (12.5%)—Malvinas—had a cur-
ing light that met the acceptance threshold at the three
evaluated distances. In two others (25%)—Almendros
and Bonda—the threshold was not met only at 4 mm.
The centers with the greatest deviations from the thresh-
old at the three distances were, in order: La Paz, El
Parque, and Gaira.

On the other hand, if the universal acceptance criteri-
on of 300-400 mW/cm? is applied, 9 (90%) of the lights
would be considered to have acceptable performance:
7 (70%) exceeded 300 mW/cm?, and 2 exceeded 400
mW/ cm?. However, the minimum irradiance level cur-
rently recommended by curing light manufacturers has
increased to 500 mW/cm? due to the need to reduce
curing times.®*> Under this criterion, only 6 (60%) of the
curing lights in the health centers reached acceptable
levels. Furthermore, since polymerization in clinical set-
tings is most likely to occur at a distance of 2 mm, only
1 (10%) of the lights analyzed in this study met this re-
quirement (Almendros Health Center, light 1).

Discussion

This study evaluated the irradiance of curing lights used
in health centers in Santa Marta, Colombia. The observed
decrease in irradiance with increasing distance under-
scores the importance of proper positioning during
photopolymerization, as well as the need for period-
ic irradiance recalibration, as recommended by man-
ufacturers. However, this decrease did not follow the
inverse square law, as is typically expected.*®) On this
point, Price et al.®) have reported that the effect of dis-
tance on irradiance is not consistent across all curing
lights, clearly stating that “the reduction in irradiance
received does not follow the inverse square law of dis-
tance.” This discrepancy is due to variations in beam
dispersion, which depends on each device’s level of col-
limation. Consequently, it is recommended that manu-
facturers provide irradiance values not only at the tip of
the curing light but also at clinically relevant distances—
from 0 mm (standard reference point) up to 10 mm—to
offer more accurate guidance for clinical use.

In addition, the results showed that a significant num-
ber of curing lights (7 out of 10) did not meet the irradi-
ance levels recommended by their manufacturers. This
discrepancy may stem from the fact that manufacturer
guidelines are designed to ensure adequate curing with-
in short irradiation times, assuming scenarios where res-
in layers may exceed 2 mm in thickness and the light is
positioned directly at 0 mm from the surface—condi-
tions that are rarely replicated in clinical practice.®

Prado et al,*” in a thesis aimed at evaluating the irra-

diance levels of eleven curing lights at the dental clinics
of the University of Narifio, Armenia campus, reported an
average irradiance of 506.4 mW/cm? across all devices.
They noted that one lamp did not exceed 300 mW /cm?
and four failed to reach 400 mW/ cm?—values that, ac-
cording to the scientific literature, represent the recom-
mended acceptance thresholds. They also observed that
no regular monitoring of irradiance was being conducted
in those clinics. To compensate for reduced irradiance,
the authors suggest increasing exposure time by 10 to 20
seconds compared to lights that meet the recommend-
ed standards.

In relation to Prado et al’s"” findings, the average
irradiance of the curing lights in this study is similar.
However, it was observed here that two lamps showed
irradiance levels below 300 mW/ cm?, while the rest ex-
ceeded 400 mW/cm? at a 0 mm distance from the sur-
face. One possible explanation for this difference is that
all the lights analyzed in the current study were LED-
based, whereas four of the lights evaluated by Prado et
al. were quartz-tungsten halogen lamps.

Cordonero,*® in a descriptive study on the irradi-
ance and power output of thirteen LED curing lights at
the dental clinic of the American University (Nicaragua),
assessed performance at distances of 0, 2, 4, and 6 mm.
They found that six lights registered no irradiance val-
ue—meaning their output was below 300 mW/cm?—al-
though power values were still recorded. The remaining
devices showed irradiance levels above 500 mW/ cm?,
reaching up to approximately 1700 mW /cm?. All the
lights with low irradiance levels were of the Coltoux
brand. Additionally, the study noted that irradiance de-
creased with distance—by 35% at 3 mm and 50% at
6 mm. They concluded that the greater the distance,
the lower the irradiance and power values, and that the
lights with the lowest irradiance had been in use for
more than five years.

These results are consistent with those of this study
in that a decrease in irradiance with distance was also
observed, although slightly more pronounced (33% at
2 mm and 45% at 4 mm). They differ, however, in that
Cordonero’s study reported a higher average irradiance
in Woodpecker LED curing lights than what was found in
this study.

Lehmann et al,** in a study evaluating the light irra-
diance of 21 Woodpecker LED curing lights across dif-
ferent exposure modes (standard, soft start, and pulsed)
and distances from the light source to the radiometer sur-
face (ranging from 0 to 8 mm in 2 mm increments), found
that the average irradiance exceeded 1,000 mW/cm? in
all three modes, dropping to 587 mW/cm? in soft start
mode. They concluded that the standard mode appears
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to be the most effective for curing deep cavities, as it is
less affected by distance, while the soft start mode may
be suitable for anterior teeth or the cervical region.

In this study, the standard mode was used. Compared
with Lehmann et al’s results,*® the irradiance here was
clearly lower by nearly 50%. The authors of that study
indicated that the lights were in good condition, undam-
aged, and recharged after every five exposures. In con-
trast, several curing lights in the health centers showed
visible signs of deterioration, to the point that their brand
names were almost illegible. Although not explicitly stat-
ed, this may suggest that the devices had been in use
for several years. Given that both extended use (over
four years)® and untimely recharging can affect per-
formance,? this may partially explain the lower irra-
diance observed in comparison to the manufacturer’s
specifications.

Considering that irradiance values above 2,000
mW /cm? may cause direct damage to the dental pulp,
especially in the presence of deep restorations,?*?? the
lights used in health centers would not pose such a risk.
However, when the curing light is positioned farther
from the surface, irradiance values drop. To compen-
sate, clinicians may arbitrarily increase exposure time,
but prolonged exposure can lead to thermal trauma to
the dentin-pulp complex. Therefore, it is advisable to use
curing lights that begin with optimal irradiance, reduc-
ing polymerization time and improving clinical efficien-
cy.329 Since dental professionals in health centers often
work under time constraints, lights with higher irradi-
ance would be preferable.

As the curing lights in these health centers do not
meet the manufacturers’ recommendations, and several
also fall below the latest threshold recommended in the
scientific literature (500 mW/cm?), it is essential to
implement quality control measures for dental equip-
ment. This issue may stem from various factors, such as
a lack of awareness among staff regarding the impor-
tance of irradiance, the absence of regular maintenance
and calibration protocols, and resource limitations in
some health centers.(?52%

Another factor to consider is the insufficient knowl-
edge of the technical specifications of curing lights,
which could lead to inadequate maintenance and lack of
monitoring of clinical performance. Indeed, Kopperud
et al.®® found that most respondents (78.3%) were un-
aware of their curing light’s irradiance value, resulting in
uncertain curing times and reduced effectiveness in res-
torations. They also observed that dentists performed
less regular maintenance on their curing lights compared
to the rest of the respondents.

Interestingly, the curing lights from the Bonda and
Malvinas health centers, both Coltoux brand, maintained

irradiance levels within acceptable limits despite pre-
senting the most visible structural deterioration. It can
be hypothesized that this may be due to lower usage,

possibly associated with a lower patient flow in these
facilities.

Additional recommendations for optimal polym-
erization include:

1. Curing depth: for thin layers, an irradiance level
between 300 and 400 mW/cm? may be sufficient;
for thicker layers, higher irradiance is required.

2. Type of restorative material: more translucent ma-
terials may require shorter curing times.

3. Radiation beam wavelength: curing lights should
be selected based on the absorption spectrum of
the photoinitiators in the restorative material.

4. Irradiation uniformity: more powerful curing
lights can ensure better radiation distribution
across the surface.

5. Devices with adjustable settings: allow clinicians
to tailor curing parameters to specific needs.

6. Modern equipment: high-power devices reduce
curing time, making them particularly useful in
high-demand healthcare settings. However, they
must be used with caution to avoid thermal dam-
age to dental tissues. Consulting the user manual
or clinical guidelines is essential for proper use.

The limitations of this study include:

I.  notusinga more accurate intensity meter such
as the Ivoclar Bluephase Meter I1,?7 due to its
high cost and limited commercial availability in
the country;

II.  nothaving access to data such as usage time
and number of preventive maintenance pro-
cedures (despite having requested it), which
would have allowed for an analysis of their pos-
sible association with low irradiance; and

III. not having inspected the prior condition of the
light batteries.
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Conclusion

Most of the curing lights in the health centers of the ESE Alejandro Préspero Reverend in
Santa Marta (Colombia) do not meet the levels recommended by the manufacturers, making
it urgent to either repair or replace the devices. Alternatively, irradiation times may be increa-
sed as a provisional measure. However, more than half of the units appear to fall within
the traditionally suggested acceptance range (300-400 mW/cm?) and the more current
threshold established in the global scientific literature (500 mW/cm?).

Irradiance decreased significantly with increasing distance from the light source, under-
scoring the importance of proper lamp positioning during photopolymerization. Compared
to previous studies, the results of this research show a similar trend in irradiance reduc-
tion, although some irradiance values were lower than those previously reported. This
highlights the need for ongoing irradiance monitoring in dental clinics and continuing
education for practitioners regarding the appropriate selection, calibration, and mainte-
nance of light-curing units.

Future research could focus on identifying the factors that lead to irradiance degradation
over time and on designing more effective maintenance protocols. Dentists are advised to
regularly verify the irradiance output of their curing lights, follow manufacturer guidelines,
and stay informed about technological advances in light-curing techniques.
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