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Abstract 
Background: To evaluate the thermal insulation of protective liners and glass ionomer cement during light-curing 
procedures.
Material and Methods: Human third molars underwent Class I preparations with dimensions 5 mm long × 4 mm 
wide × 4 mm deep in a standardized manner ensured a consistent ±0.5 mm dentin thickness at the pulpal floor. The 
teeth were attached to a customized oral cavity chamber simulator with a circulating bath at a standardized tempe-
rature of 34.2 ± 1oC. The temperature variations at the pulpal floor were captured in real-time by video using an in-
frared thermal camera (FLIR ONE Pro, FLIR Systems).  The materials evaluated were: Dycal (Dentsply), TheraCal 
LC (Bisco), Activa (Pulpdent), and Fuji II LC (GC). All light-activation procedures were performed with the same 
light-curing unit (Valo Grand, Ultradent) in standard mode, 1000 mW/cm2, and time of exposure following manu-
facturer instructions. A power analysis was conducted to determine the sample size considering a minimal power 
of 0.8, with α=0.05. Statistical analyses were performed using ANOVA and Tukey’s test for multiple comparisons.
Results: The temperature at the pulpal floor increased above the 5.5 ºC safety threshold difference for clinical 
scenarios tested. None of the materials provided proper thermal insulation for light-curing procedures (p = 0.25). 
The higher the number of light-cured steps, the longer the pulp remained above the 5.5 ºC temperature threshold. 
Conclusions: The materials tested provided improper thermal insulation (Δ > 5.5 ºC). Thus, prolonged or multi-
ple light-curing exposures can be harmful to the pulp tissues. Therefore, for indirect pulpal capping procedures, 
self-cured materials or a reduced number of steps requiring light curing must be adopted to reduce the amount of 
time the pulp remains above the 5.5 ºC safety temperature threshold.
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Introduction
Concerns regarding the impact of temperature increa-
ses on the dental pulp have been a longstanding issue in 
dentistry. These concerns range from the heat generated 
during cavity preparations to heat associated with li-
ght-curing procedures (1,2). In the latter, the visible light 
triggers a quantum transition in the material’s electrons, 
leading to a vibrational excited state. This state causes 
the atoms to collide and dissipate the energy in the form 
of heat (3). This generated heat can then transfer from 
the material to the tooth, posing potential risks, specifi-
cally to the pulp (4,5). 
Due to its composition, morphology, and properties, the 
dentin serves as a protective barrier against thermal da-
mage (6). However, in cases of deep preprations where 
only a thin layer of dentin remains, there is an elevated 
risk of thermal injury to the pulp (7). For this reason, it 
is recommended that liners and bases possess insulation 
properties similar to those of the the dentin they are in-
tended to replace. These properties include low thermal 
conductivity and thermal insulation against heat (8,9). 
For many years, calcium hydroxide cements have been 
considered the gold standard for pulp protection (10). 
These cements consist of a chemically cured dual paste 
system with a basic pH. The high pH makes these ce-
ments highly cytotoxic, immediately causing necrosis in 
tissues in direct contact and eliciting an inflammatory 
reaction. Despite these cytotoxic effects, this process 
stimulates the deposition of a reactive dentin bridge, 
which serves as a positive outcome (11,12). On the other 
hand, these cements are highly soluble and lack adhesi-
ve properties (13). To overcome these disadvantages, a 
light-cured resin-modified calcium silicate-based mate-
rial, TheraCal LC (Bisco), was developed. This material 
features reduced solubility and enhanced adhesive and 
mechanical properties (14).  
Resin-modified glass ionomer cements are also indica-
ted for deep tooth-preparations. These materials exhibit 
both chemical bonding to dental tissues and the ability 
to release fluoride while offering mechanical properties 
suitable for their use as a restorative material (15,16). 
A particular glass ionomer material, Activa (Pulpdent), 
described by its manufacturer as a “light-cured re-
sin-modified calcium silicate”, was designed to serve as 
an insulating layer for thermal protection in deep prepa-
rations while being used as a dental filling that can be 
applied in 4 mm thick increments (17,18). 
In solid materials such as dental liners, heat is transfe-
rred through conduction, moving from one particle to 
another particle (19). The varied compositions of exis-
ting materials used as liners in dentistry suggest they 
might have different thermal properties, particularly re-
garding their effectiveness in providing thermal insula-
tion. However, this aspect has received limited attention 
in dentistry. Therefore, this study focused on accessing 

the thermal insulation of different protective liners and 
glass-ionomer cements during light-curing procedures. 
The tested hypotheses of this study were: 1) protective 
liners would be effective in providing thermal insulation 
during light-curing procedures; and 2) base materials 
would be effective in providing thermal insulation du-
ring light-curing procedures.

Material and Methods
-Teeth preparation 
First, all human third molars extracted were submitted to 
an occlusal surface flattening using a polishing machine 
(AUTOMET 250, Buehler, Lake Bluff, IL, USA). Then, 
their roots were sectioned in the dental-enamel junction 
using a cutting machine (ISOMET 1000- Buehler Ltd., 
Lake Bluff, IL, USA). This preparation allowed for the 
subsequent measurement of the pulpal floor thickness, 
as further described. 
Class I preparations measuring 5 mm long × 4 mm wide 
and 4 mm deep were created using a rotatory hand drill 
(Kavo Dental, Charlotte, NC, USA) and cylindrical dia-
mond burs with the aid of a preparation standardizing 
machine (Odeme Dental Research, Pompano Beach, FL, 
USA). After the preparation, the pulpal floor thickness 
was measured with a dental caliper to ensure a remai-
ning dentin thickness of ±0.5 mm. For standardization 
purposes, the light-transmittance through the pulpal 
floor of the Class I preparations was evaluated to rando-
mize the samples (see light-transmittance standardiza-
tion analysis section).
-Light-curing unit characterization 
The mean radiant emittance (mW/cm2) for the light-cu-
ring unit used in the study (VALO Grand, Ultradent, 
South Jordan, UT, USA) was measured using a spec-
trometer-based instrument (MARC Resin Calibrator, 
BlueLight Analytics, Nova Scotia, Canada). The mean 
radiant emittance used in the study was 1009 ± 11.86 
mW/cm2.
-Light-transmittance standardization analysis 
The light-transmittance through pulpal floor of the 
Class I preparations were recorded with a spectropho-
tometer (MARC Resin Calibrator, BlueLight Analytics, 
Nova Scotia, Canada). Each tooth was positioned abo-
ve the input sensor of the spectrophotometer and, the 
light-transmittance (mW/cm2) was recorded. The li-
ght-transmittance results were used to randomize the 
samples. The randomization was statically evaluated 
using one-way ANOVA. The randomization distribution 
passed the Shapiro-Wilk normality test (W > 0.8; P > 
0.6) and three different variance analysis tests, the ANO-
VA, the Brown-Forsythe test, and the Bartlet’s test (P > 
0.9; R2 < 0.05).
-Temperature variations at the pulpal floor analysis 
To better simulate clinical conditions, the teeth contai-
ning the Class I preparations were placed in an oral ca-
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vity chamber simulator, customized with a circulating 
water bath with the temperature being digitally contro-
lled at 34.2ºC (± 1ºC). The specimenss were fixed with 
wax in the simulator with their occlusal surface facing 
upwards while leaving the pulpal floor uncovered and 
oriented towards the bottom, where an infrared came-
ra (FLIR ONE PRO, FLIR Systems, Wilsonville, OR, 
USA) was positioned immediately underneath to live 
record temperature variations (oC) in the pulp chamber 
during the light-activation processes, with a standardi-
zed fixed distance, as depicted in Figure 1.  

Fig. 1: Customized simulated oral cavity chamber: (A) Extracted third molar; (B) Class I preparation; (C) Circulating 
water bath with temperature digitally controlled; (D) curing light; (E) infrared thermal camera positioned below the 
pulp chamber to capture temperature variations by video in real-time, with a standardized fixed distance.

The infrared camera used had a thermal sensitivity of 
150 mK, or <0.10 ºC. The video database of each spe-
cimen was then transferred into a data sheet using the 
camera’s software (FLIR Tools, FLIR Systems, Wilson-
ville, OR, USA). 
-Pulp capping procedures 
The materials evaluated were: TheraCal (Bisco, Schaum-
burg, IL, USA), Dycal (Dentsply, Charlotte, NC, USA), 
Activa (Pulpdent, Watertown, MA, USA), and Fuji II 
LC (GC, Luzern, Switzerland).  
Activa: First, a single coat of universal adhesive (Adhe-
se Universal, Ivoclar Vivadent, Schaan, Liechtenstein) 
was applied with a micro brush for 20 seconds, air-dried 
for 5 seconds, and light-cured for 10 seconds. Activa 
was then dispensed in the Class I preparation in one la-
yer that was 4-mm thick and light-cured for 20 seconds. 
As recommended by the manufacturer, the first 2 mm 
of the mixed material was discarded prior to utilization.  
TheraCal: TheraCal was directly dispensed in the Class 
I preparation in a single layer that was less than 1 mm 
thick and light-cured for 20 seconds. The restoration 

process continued with Fuji II LC. Thus, its cavity con-
ditioner was applied as recommended by the manufactu-
rer and then rinsed and dried accordingly. Then, the Fuji 
II LC capsule was activated and mixed according to the 
manufacturer’s instructions before being applied over 
the TheraCal layer in two layers that were 2-mm thick 
and individually light-cured for 20 seconds. 
Dycal: Equal volumes of both the base and catalyst pas-
tes were dispensed onto a mixing pad and thoroughly 
mixed until a homogeneous color was achieved. The 
material was then applied to the pulpal floor in a thin la-

yer of less than 1 mm thick using a Dycal applicator. Af-
ter allowing a setting time of 3 minutes, the restoration 
process continued with Fuji II LC following the same 
steps as described above.
Fuji II LC: In this scenario, the restoration process inclu-
ded only the use of Fuji ll LC as described above with no 
liner application.
-Statistical Analysis 
A power analysis was conducted to determine the sam-
ple size to provide a power of at least 0.8 with α=0.05 
(β=0.2). Data normality and homoscedasticity were 
accomplished with Shapiro-Wilk and Levine’s test, 
respectively. Statistical analyses were performed using 
ANOVA and Tukey’s test for multiple comparisons. 

Results 
Figure 2 depicts an overview of the temperature varia-
tions at the pulpal floor associated with different resto-
rative scenarios tested in this study. Table 1 describes 
the peak temperatures achieved within each light-curing 
step performed in each restorative scenario. As can be 
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Fig. 2: Depiction of variations at the pulpal floor when restoring with (A) Activa (Pulpdent); (B) TheraCal (Bisco) and Fuji 
II LC (GC); (C) Dycal (Dentsply) and Fuji II LC (GC); (D) Fuji II LC (GC). 

Table 1: Temperature variations at the pulpal floor when restoring with Activa (Pulpdent); TheraCal (Bisco) and Fuji II LC (GC); Dycal 
(Dentsply) and Fuji II LC (GC); Fuji II LC (GC).

Capital letters indicate significant differences between different materials tested.

Group Peak temperature ºC

Initial 
temperature

First light-activation Second light-activation Third light-activation

Activa 34.4 (± 0,78) Adhesive (20 s)

50,54  (± 1,43)  A

Activa (20s)

52,59  (± 1,84)  A

-

TheraCal and Fuji II LC 34.11 (± 0,34) Theracal (20s)

53,66  (± 0,73)  A

Fuji II LC (20 s)

50,11  (± 2,39)  AB

Fuji II LC (20 s)

44,04  (± 3,52)  C
Dycal and Fuji II LC 34.27 (± 0,99) Fuji II LC (20 s)

52,41  (± 1,43)  A

Fuji II LC (20 s)

44,48  (± 2,13)  C

-

Fuji II LC 34.74 (± 1,09) Fuji II LC (20 s)

53,06  (± 3,32)  A

Fuji II LC (20 s)

46,58  (± 2,34)  BC

-
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observed in Table 1, there were no statistically signifi-
cant differences between the restorative scenarios with 
or without the application of a liner (p=0.25). All resto-
rative scenarios increased the pulpal floor temperature 
from the 34°C baseline over the 42.5°C safety baseli-
ne (5.5°C safety threshold). Even when Fuji II LC was 
applied as a second layer, the temperature increased abo-
ve the 42.5°C threshold. 

Discussion
Restorative procedures in deep preparations require par-
ticular measures, especially to prevent pulp damage from 
heat generation. Based on the findings of this study, the 
first tested hypothesis that protective liners are effective 
in providing thermal insulation during light-curing pro-
cedures was rejected. In all restorative scenarios tested, 
the temperatures at the pulpal floor exceeded the critical 
threshold of 42.5ºC, commonly considered the maxi-
mum temperature the pulp can tolerate without resulting 
in irreversible biological damages, such as necrosis and 
irreversible pulpitis (6,20,21).  
Liners used to be traditionally considered suitable ma-
terials for protecting the pulp from heat damage based 
on their lower thermal conductivity, which is even lower 
than those of dentin tissue (8). However, it is important 
to highlight that this information is outdated due to two 
primary reasons. Firstly, light-curing procedures were 
not commonly or necessarily employed during restorati-
ve procedures. Thus, concerns regarding heat generation 
were primarily focused on tooth preparation. Secondly, 
the curing lights available at that time, when applied to 
restorative procedures, were not the high-power LEDs 
that are used nowadays. According to the findings of this 
study, the lower thermal conductivity from these liners 
alone does not ensure that these liners can effectively 
serve as thermal insulators. While having a low thermal 
conductivity suggests that the material will not readily 
conduct thermal energy, it does not necessarily imply 
that it can offer adequate thermal insulation against tem-
perature rise during light-curing procedures (3). 
It is possible to consider that the temperatures reached 
during the light-curing process are not the ideal scena-
rios where the liners could act as thermal insulators sin-
ce thermal conductivity is a temperature-dependent ther-
mo-physical property, with respect to which each class 
of materials behaves differently (22,23). Therefore, 
when the temperature of the insulator material increa-
ses, its thermal resistance decreases, as if its insulating 
ability were partially lost (24). That way, ignoring the 
temperature dependency of the material’s thermal con-
ductivity property can cause under- or over-estimations 
of its behavior in front of heat flow (25). Thus, while 
previous studies have suggested that the low thermal 
conductivity of liners might protect the pulp against mi-
nor temperature fluctuations, such as those caused by 

hot or cold intake (8), this study has demonstrated that 
their thermal properties are insufficient for effectively 
insulating against the level of heat generated by light-cu-
ring procedures.   
On the other hand, in terms of critical temperature du-
ration, the use of the light-cured liner, TheraCal, increa-
sed the overall time that the pulp remained above the 
42.5ºC threshold, thereby increasing the risk of necrosis 
(21). Thus, chemically cured liners such as the calcium 
hydroxide cement could avoid an additional light-cu-
ring step, as well as an additional increase in the overall 
time that the pulp would remain above the 42.5ºC safe-
ty threshold. This is particularly important to take into 
consideration in light of the fact that studies indicate no 
statistically significant difference in the clinical success 
between Dycal and TheraCal for indirect pulp-capping 
procedures (10). 
The second hypothesis that glass-ionomer materials are 
effective in providing thermal insulation during light-cu-
ring procedures was also rejected. There were no diffe-
rences in the peak temperature achieved between the 
different restorative scenarios tested. According to the 
results of this study, statistical differences were observed 
between the Fuji II LC first and second increments. This 
outcome was anticipated since the thickness of the ma-
terial does not alter its thermal conductivity, but it does 
increase its thermal resistance, thereby mitigating heat 
flow (26). On the other hand, this increase in thermal re-
sistance was still not enough to prevent the temperature 
from rising above the critical safety threshold of 42.5ºC.
Throughout the entire restorative procedure, every sce-
nario examined in this study involved subjecting the 
pulp to at least 40 seconds of thermal damage. An ear-
lier ex-vivo experiment showed that a temperature in-
creases of 5.5°C or higher for 40 seconds can lead to 
pulpal death (2). Considering the possibilities to avoid 
pulp damage, clinicians should consider choosing and 
using materials in a way that minimizes the number of 
light-curing procedures. Alternatives could include the 
use of chemically cured materials, as well as bulk-cured 
materials, to reduce the number of light-curing steps re-
quired with light-cured materials (27). 
Studies show that Activa can be used in a single bulk-fill 
increment and still exhibits comparable or superior physi-
cal and mechanical properties to other similar glass iono-
mer cements (18,28). This attribute can expedite the ope-
rative procedure, in addition to minimizing the number of 
light-curing steps when compared to other glass ionomer 
cements. However, it is important to point out that the use 
of an adhesive system is recommended to improve bond 
strength when using Activa as the restorative material 
(29). In this case, its indication over other materials can 
be questionable depending on the depth of the preparation 
being filled and the number of increments each restorative 
technique would require light activation.
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To summarize, the practice of relying solely on thermal 
conductivity to assess the insulating capacity of a den-
tal liner was challenged in this study. The heat transfer 
within a material is influenced not just by its thermal 
conductivity but also by its heat capacity, both of which 
are temperature-dependent properties crucial for thermal 
insulation (30,31). Moving forward, the development of 
new liners and base materials should consider both ther-
mal conductivity and heat capacity, especially in light 
of the temperature ranges experienced during photoac-
tivation with high-power LEDs, to ensure adequate in-
sulating properties, taking into account the temperature 
dependence of these thermal characteristics. Moreover, 
in future studies, thermal conductivity and heat capaci-
ty should both be considered in a specific temperature 
range to achieve proper thermal insulation on liners and 
restorative dental materials.

Conclusions
Within the limitations of this in vitro study, it was pos-
sible to conclude the protective liners and glass ionomer 
materials tested provide improper thermal insulation (Δ 
> 5.5 ºC). Thus, prolonged or multiple light-activation 
exposures can be harmful to the pulp tissues. Therefore, 
for indirect pulp capping procedures, self-cured mate-
rials or a reduced number of steps requiring light acti-
vation must be adopted to reduce the amount of time 
the pulp remains above the 5.5ºC safety temperature 
threshold.

References
1. Nyborg H, Brännström M. Pulp reaction to heat. J Prosthet Dent. 
1968;19:605-12.
2. Lynch CD, Roberts JL, Al-Shehri A, Milward PJ, Sloan AJ. An 
ex-vivo model to determine dental pulp responses to heat and light-cu-
ring of dental restorative materials. J Dent. 2018;79:11-8.
3. Oliveira D, Rocha MG, Zoidis P, Pereira P, Ribeiro AP. The effect 
of different pulp capping methods on the intrapulpal temperature when 
using light-cured procedures. J Clin Exp Dent. 2022;14:633-8.
4. Chiang YC, Lee BS, Wang YL, Cheng YA, Chen YL, Shiau JS, 
et al. Microstructural changes of enamel, dentin-enamel junction, and 
dentin induced by irradiating outer enamel surfaces with CO2 laser. 
Lasers Med Sci. 2008;23:41-8.
5. Zarpellon DC, Runnacles P, Maucoski C, Coelho U, Rueggeberg 
FA, Arrais CAG. Controlling in vivo, human pulp temperature rise 
caused by LED curing light exposure. Oper Dent. 2019;44:235-41.
6. Lau XE, Liu X, Chua H, Wang WJ, Dias M, Choi JJE. Heat ge-
nerated during dental treatments affecting intrapulpal temperature: a 
review. Clin Oral Investig. 2023;27:2277-97.
7. Alfares R, Agha A, Jabour O. Temperature Changes in Primary and 
Permanent Teeth Dentine of Varying Thicknesses Following Irradia-
tion by Two Light Curing Units. Cureus. 2023;15:e44029.
8. Saitoh M, Masutani S, Kojima T, Saigoh M, Hirose H, Nishiyama 
M. Thermal properties of dental materials--cavity liner and pulp cap-
ping agent. Dent Mater J. 2004;23:399-405.
9. Karatas O, Turel V, Bayindir YZ. Temperature rise during polymeri-
zation of different cavity liners and composite resins. J Conserv Dent. 
2015;18:431-5.
10. Alqahtani AR, Yaman P, McDonald N, Dennison J. Efficacy of cal-
cium hydroxide and resin-modified calcium silicate as pulp-capping 
materials: a retrospective study. Gen Dent. 2020;68:50-4.

11. Kunert M, Lukomska-Szymanska M. Bio-Inductive Materials in 
Direct and Indirect Pulp Capping - A Review Article. Materials (Ba-
sel). 2020;13:1204.
12. Manaspon C, Jongwannasiri C, Chumprasert S, Sa-Ard-Iam N, 
Mahanonda R, Pavasant P, et al. Human dental pulp stem cell res-
ponses to different dental pulp capping materials. BMC Oral Health. 
2021;21:1-13.
13. Borghetti DLB, Zimmer R, Portella FF, Reston EG, Klein-Junior 
CA, Marinowic DR, et al. Effect of preheating on cytotoxicity and 
physicochemical properties of light-cured calcium-based cements. 
Acta Odontol Latinoam. 2020;33:82-9.
14. Gasperi TL, da Silveira J de AC, Schmidt TF, Teixeira C da S, 
Garcia L da FR, Bortoluzzi EA. Physical-mechanical properties of a 
resin-modified calcium silicate material for pulp capping. Braz Dent 
J. 2020;31:252-6.
15. Moberg M, Brewster J, Nicholson J, Roberts H. Physical property 
investigation of contemporary glass ionomer and resin-modified glass 
ionomer restorative materials. Clin Oral Investig. 2019;23:1295-308.
16. Paula A, Ribeiro D, Sacono NT, Soares DG, Alves E, Bordini F, 
et al. Human pulp response to conventional and resin-modified glass 
ionomer cements applied in very deep cavities. 2020;24:1739-48.
17. Bhatia K, Nayak R, Ginjupalli K. Comparative evaluation of a 
bioactive restorative material with resin modified glass ionomer for 
calcium-ion release and shear bond strength to dentin of primary teeth 
- an in vitro study. J Clin Pediatr Dent. 2022;46:25-32.
18. Lardani L, Derchi G, Marchio V, Carli E. One-Year Clinical per-
formance of ActivaTM bioactive-restorative composite in primary 
molars. Children. 2022;9:433.
19. Little PAG, Wood DJ, Bubb NL, Maskill SA, Mair LH, Youngson 
CC. Thermal conductivity through various restorative lining materials. 
J Dent. 2005;33:585-91.
20. Mouhat M, Stangvaltaite-Mouhat L, Mercer J, Nilsen BW, Örten-
gren U. Light-curing units used in dentistry: effect of their characteris-
tics on temperature development in teeth. Dent Mater J. 2021;40:1177-
88.
21. Zach L, Cohen G. Pulp response to externally applied heat. Oral 
Surg Oral Med Oral Pathol. 1965;19:515-30.
22. Yoo K, Shim J, Dutta P. Effect of Joule heating on isoelectric fo-
cusing of proteins in a microchannel. Biomicrofluidics. 2014;8:1-18.
23. Kumar R, Thakur AK, Gupta LR, Gehlot A, Sikarwar VS. Advan-
ces in phase change materials and nanomaterials for applications in 
thermal energy storage. Environ Sci Pollut Res. 2024;31:6649-77.
24. Čubrić G, Čubrić IS, Rogale D, Rogale SF. Mechanical and ther-
mal properties of polyurethane materials and inflated insulation cham-
bers. Materials (Basel). 2021;14:1541.
25. Du Y, Ge Y. Multiphase model for predicting the thermal con-
ductivity of cement paste and its applications. Materials (Basel). 
2021;14:4525.
26. Tay WM, Braden M. Thermal diffusivity of glass-ionomer ce-
ments. J Dent Res. 1987;66:1040-3.
27. Windle CB, Hill AE, Tantbirojn D, Versluis A. Dual-cure dental 
composites: can light curing interfere with conversion? J Mech Behav 
Biomed Mater. 2022;132:105289.
28. Alrahlah A. Diametral tensile strength, flexural strength, and sur-
face microhardness of bioactive bulk fill restorative. J Contemp Dent 
Pract. 2018;19:13-9.
29. Tohidkhah S, Kermanshah H, Ahmadi E, Jalalian B, Ranjbar 
Omrani L. Marginal microleakage and modified microtensile bond 
strength of Activa Bioactive, in comparison with conventional restora-
tive materials. Clin Exp Dent Res. 2022;8:329-35.
30. Duong TQ, Massobrio C, Ori G, Boero M, Martin E. Thermal re-
sistance of an interfacial molecular layer by first-principles molecular 
dynamics. J Chem Phys. 2020;153:074704.
31. Yeon S, Cahill DG. Analysis of heat flow in modified transient pla-
ne source (MTPS) measurements of the thermal effusivity and thermal 
conductivity of materials. Rev Sci Instrum. 2024;95:034903.

Confict of interest
None declared.


