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In restorative dentistry, the replacement of quartz tungsten halogen with light-emitting 

diodes (LEDs) light curing units for photocuring dental composites has been a trend due to their 

narrow bandwidth of operation, lower heat generation, and better power efficiency. These 

advancements along with the ever-increasing demand from dentists for reduced chair side times 

has led to high irradiance (e.g., >2 W/cm2) LED light curing units [1]. The justification of using 

high irradiance and short curing time springs from an archaic law, borrowed and derived from 

Bunsen-Roscoe reciprocity law [2] in photochemistry, termed as exposure reciprocity law (ERL). 

The ERL states that for a given radiant exposure, defined as the total light energy received per unit 

area (= irradiance × exposure time), the final physical and mechanical properties of the composite 

do not change with any combination of irradiance and irradiation time. The applicability of ERL 

has been tested in literature with regards to several properties, some of them are, degree of 

conversion (DC) [3-7], flexural strength [8-10], flexural modulus [4,10-12] and hardness 

[11,13,14].  A great number of these studies have been done on commercial materials and the 

subsequent discussion was based on known partial knowledge of its constituents [5,6,15,16].  

Feng et al. [3,7] have stated for a variety of resin mixtures and composites that ERL was 

valid only if the resin viscosity was above a certain threshold value. When the resin viscosity was 

below the threshold, the DC achieved at the high irradiance was significantly lesser than that at a 

lower irradiance for the same radiant exposure. Accordingly, other studies suggested that the ERL 

would be held given that a minimum irradiation time is allowed when high irradiances are used. 

Similar conclusions on the minimum irradiation time was reached with experiments on 

commercial composites in literature [8,13,17]. However, to the best of the authors’ knowledge, no 



effort has been made to estimate this minimum time requirement, in other words, minimum radiant 

exposure requirement needed for validity of ERL at higher irradiances for different resin mixtures. 

Some articles discussed that high irradiance curing of dental resin-based composites may 

increase polymerization stress (PS) and decrease their bond strength to the tooth [18-20]. An 

increase in DC rate, as a result of increasing irradiance, will cause an increase in the PS rate but it 

is speculative as to whether it will lead to an overall higher PS, considering that the radiant 

exposure is kept a constant [21-26]. Also, the increase in DC rate increases the exothermic 

temperature rise due to polymerization, this along with the temperature rise due to absorbance 

form the high irradiance should be of significant concern as they can potentially lead to pulpal and 

tissue damage. Only a few studies in literature [11,27], have considered the effect of these high 

irradiance on the temperature change (TC) in the composites.  

The current research addresses some of these issues by systematically studying the 

polymerization of various experimental model composites using a NIST-developed cantilever-

beam based instrument [28,29]. The instrument provides real-time, simultaneous measurements of 

the DC, TC and PS and thereby reduces ambiguity in measurements generally perceived when 

making such measurements from different yet similar samples [30]. Model dental composites 

comprising of traditional dimethacrylate monomers, mixed with the visible-light initiator system, 

camphorquinone and ethyl 4-dimethylaminobenzoate, and commercial silanized micro-sized glass 

fillers were used to conduct this study. The results show that ERL is valid above a threshold radiant 

exposure which is defined by a function of the viscosity of the resin of the composite. At this 

threshold radiance exposure, the PS varied with irradiance for the composites in no particular trend 

which can be attributed due to a competition between a multitude of factors, whereas, the peak 

TC, as expected, increased with irradiance.  
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