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Statement of problems. The heat produced during polymerization of polymer-based pro-
visional materials may cause thermal damage to the vital pulp.

Purpose. This study was performed to evaluate the exotherm reaction of the polymer-
based provisional materials during polymerization by differential scanning calorimetry and
to compare the temperature changes of different types of resins.

Material and methods. Three dimethacrylate-based materials (Protemp 3 Garant, Luxatemp
Plus, Luxatemp Fluorescence) and five monomethacrylate- based material (Snap, Alike,
Unifast TRAD, Duralay, Jet) were selected. Temperature changes of polymer-based provisional
materials during polymerization in this study were evaluated by D.S.C Q-1000 (TA Instrument,
Wilmington, DE, USA). The following three measurements were determined from the temperature
versus time plot: (1) peak temperature, (2) time to reach peak temperature, (3) heat capacity.
The data were statistically analyzed using one-way ANOVA and multiple comparison
Bonferroni test at the significance level of 0.05.

Results. The mean peak temperature was 39.5°C (+ 1.0). The peak temperature of the
polymer-based provisional materials decreased in the following order: Duralay > Unifast TRAD,
Alike > Jet > Luxatemp Plus, Protemp 3 Garant, Snap, Luxatemp Fluorescence. The mean time
to reach peak temperature was 95.95 sec (£ 64.0). The mean time to reach peak temperature
of the polymer-based provisional materials decreased in the following order: Snap, Jet > Duralay
> Alike > Unifast TRAD > Luxatemp Plus, Protemp 3 Garant, Luxatemp Fluorescence. The mean
heat capacity was 287.2 /g (+ 107.68). The heat capacity of the polymer-based provisional mate-
rials decreased in the following order: Duralay > TRAD, Jet, Alike > Snap, Luxatemp
Fluorescence, Protemp 3 Garant, Luxatemp Plus.

Conclusion. The heat capacity of materials, determined by D.S.C., is a factor in determining
the thermal insulating properties of restorative materials. The peak temperature of PMMA was
significantly higher than others (PEMA, dimethacrylate). No significant differences were
found among PEMA (Snap) and dimethacrylate (P >0.05). The time to reach peak temperature
was greatest with PEMA, followed by PMMA and dimethacrylate. The heat capacity of
PMMA was significantly higher than others (PEMA, dimethacrylate). No significant differences
were found among PEMA and dimethacrylate (P >0.05).
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The fabrication of provisional crowns or fixed
partial dentures is a necessary procedure in fixed
prosthodontic treatment. The most widely used
material for the fabrication of the provisional
restoration is polymer-based material. This mate-
rial is set by radical polymerization reaction after
mixing. During the polymerization reaction,
bond-dissociation energy is released from the
monomer.* This energy emits heat during poly-
merization.? The fabrication of the restoration
with polymer-based materials by the direct tech-
nique imposes heat on the prepared teeth. Since
the dental pulp is particularly sensitive to the ele-
vated temperature, direct fabrication of provisional
restorations may be traumatic to the prepared
teeth.? This may induce inflammatory reactions of
the pulp tissue such as vascular injuries and tis-
sue necrosis, protoplasm coagulation, expansion
of the liquid in the dentinal tubules and pulp with
increased outflow from the tubules.* Zach and
Cohen found that when external heat was applied
to intact monkey teeth, a 10°F rise in the tem-
perature of the pulp caused vitality loss in 15% of
the pulp. 20°F rise caused vitality loss in 60% of
the pulp, and a 30°F rise in the temperature of the
pulp evoked irreversible pulpal necrosis in 100%
of the pulp.® Hence, in order to minimize thermal
injuries of the tissue of vital teeth, dentists must
be aware of the heat formation of the polymer-
based materials used in dental practice.
Temperature changes from the exothermic
reaction of the polymer-based provisional mate-
rials have been studied previously by various meth-
ods.** Moulding and Teplisky® investigated the heat
produced by the provisional materials with the
thermocouple. Driscoll et al.® evaluated the
exothermic release of the provisional materials by
a mercury thermometer method. Kim and Watts®
also evaluated the exothermic reaction of con-
temporary polymer-based provisional materi-
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als during polymerization with the thermocouple.
Howvever little data has been reported regarding
the exothermic reaction of the polymer-based
provisional materials measured by a differen-
tial scanning calorimetry.

The purpose of this investigation were i) to
evaluate the exotherm reaction of the polymer-
based provisional materials during polymeriza-
tion measured by a differential scanning calorime-
try and ii) to compare the temperature changes
among different types of provisional materials. The
null hypothesis to be tested was that there is no
difference in heat generation between the
monomethacrylate-based materials and the
dimethacrylate-based materials.

MATERIAL AND METHODS

Eight commercially available polymer-based
self-curing provisional materials were investi-
gated in this study (Table I). Five monomethacry-
late-based materials (Snap, Alike, Unifast trad,
Duralay, and Jet) and three dimethacrylate-based
materials (Protemp 3 Garant, Luxatemp, and
Luxatemp fluorescence) were selected. Five spec-
imens were fabricated for each material.

Temperature changes of the materials during
polymerization were evaluated by DSC Q-1000 (TA
Instrument, Wilmington, DE, USA) (Fig. 1). To sim-
ulate the temperature of the oral cavity, DSC Q-
1000 was pre-conditioned to 37°C isothermally for
10 minutes. Each material was mixed according
to the manufacturers’ instructions. The mixing ratio
of powder and liquid was 2:1 by volume. 20mg of
polymer powder of each material were mixed with
the following each liquid; Alike 8mg, Snap 8mg,
Jet 7.4mg, Duralay 9mg, Unifast trad 7.4mg. The
other materials were mixed by an automix dis-
penser tip. The mixed material was placed in a pre-
weighed aluminum sample pan. The weight of pan
containing the mixed material was determined by



Table I. The polymer-based provisional materials investigated

Material Lot No. Shade Characteristics Manufacturer
Alike 401051 67/B3 Monomethacrylates (PMMA) COE, Alsip, lllinois, USA
ot 14302040 66/A3 Monomethacrylates Lang Dental Mfg Co. Inc, Chicago,
(PMMA) lllinois, USA
Uniifast TRAD 101041 A2 Monomethacrylates GC Dental Products Corp., Japan
(PMMA)
Duralay P:122303 A2 Monomethacrylates Rellance_: D_ental, Worth,
L:09140L (PMMA) lllinois, USA
Snap 90306 65/D3 Monomethacrylates Parkell, Farmingdale,
(PEMA) NY, USA
Protemp 3 Garant 156186 A3 Dimethacrylates 3M- ESPE, St Paul, MN, USA
Luxatemp Plus 512843 A2 Dimethacrylates DMG, Hamburg, Germany
Luxatemp 532093 A2 Dimethacrylates DMG, Hamburg, Germany
Fluorescence

Fig. 1. DSC Q-1000 (TA Instrument, Wilmington, DE,
USA).

reweighing the sample pan. The pan with the
mixed material was transferred to DSC cell. The
preparation process was finished within 30 sec-
onds after the start of mixing. The characteristic
curves were produced on a recorder chart during
the setting processes of the materials. The following
three measurements were determined from heat
flow versus time plot: i) peak temperature, ii) time
to reach peak temperature, iii) heat capacity. TA
Instrument Universal Analysis 2000 (TA
Instrument, Wilmington, DE, USA) was used to
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calculate the three measurements. All data were
statistically analyzed using one-way ANOVA
and multiple comparison Bonferroni test at the
significance level of 0.05. SPSS software (Version
10.1, SPSS Inc., Chicago, Ill, USA) was used for
these statistical analyses.

RESULTS

The representative heat flow versus time plots
of each material investigated is presented in
Fig. 2.

Peak temperature was determined as the peak
point on heat flow versus time plots. It was
expressed as the difference between the actual max-
imum temperature and the pre-conditioned tem-
perature (37°C).

Peak temperature and time to peak temperature
were calculated by TA Instrument Universal
Analysis 2000 when the peak point was clicked.
The heat capacity of the material was the quantity
of heat (cal) required to raise the temperature of
1g of the material by 1°C. The area under heat flow
versus time plot was proportional to the heat
of reaction. Under the heat flow versus time plot



from starting point to 600 seconds, thermal effects
can be quickly identified and the heat capacity val-
ues can be determined using pre-weighed mate-
rial quantities (mg). The point of 600 seconds
was assumed to be the time to reach the equi-
librium heat flow state in all investigated mate-
rials.

1. Peak temperature

The results for peak temperature are presented
in Table 1l and Fig. 3. The peak temperature of the
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Fig. 2. The representative heat flow versus time plots of the
polymer-based provisional materials.

Table II. Mean (standard deviation) of peak
temperature of the polymer-based provisional
materials investigated

Material Peak temperature ('C)

Mean SD

Alike 405 03

Jet 396 02

Unifast TRAD 4047 05
Duralay 411 03

Snap 386 0.1
Protemp 3 Garant 38.7 03
Luxatemp Plus 389 03
Luxatemp Fluorescence 384 0.1
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polymer-based provisional materials decreased
in the following order: Duralay (41.1°C) > Unifast
trad (40.5C) > Alike (40.5C) > Jet (39.6C) >
Luxatemp plus (38.9°C) > Protemp 3 Garant (38.7
‘C) > Snap (38.6°C) > Luxatemp fluorescence
(38.4C). The one-way ANOVA test demon-
strated statistically significant differences between
materials (P < 0.05). A multiple comparison
Bonferroni test showed that no significant differ-
ences were found between Alike and Unifast
trad (P > 0.05). Luxatemp plus, Protemp 3 Garant,
Snap, Luxatemp fluorescence were comparable (P
> 0.05). The mean peak temperature of the
monomethacrylates was 40.0°C (+ 0.9) and that
of the dimethacrylates was 38.6C (+ 0.3). Its
difference was significant (P < 0.05).

2. Time to peak temperature

The results for time to reach peak tempera-
ture are presented in Table 11l and Fig. 4. The mean
time to reach peak temperature of the polymer-
based provisional materials decreased in the fol-
lowing order: Snap (177.9 sec) > Jet (175.1 sec) >
Duralay (157.9 sec) > Alike (98.2 sec) > Unifast Trad
(79.7 sec) > Luxatemp plus (27.5 sec) > Protemp
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Fig. 3. Peak temperature (‘C) of the materials investi-
gated.



3 Garant (25.7 sec) > Luxatemp fluorescence
(25.6 sec). The one-way ANOVA test demon-
strated statistically significant differences between
materials (P < 0.05). A multiple comparison
Bonferroni test showed that no significant differ-
ences were found between Jet and Snap (P >
0.05). Protemp 3 Garant, Luxatemp plus, Luxatemp
fluorescence were comparable (P > 0.05). The
mean time to peak temperature of the
monomethacrylates and the dimethacrylates
were 137.8 sec (£ 42.4) and 26.3 sec (*+ 2.8)
respectively. The value of the monomethacry-
lates was significantly higher than that of the
dimethacrylates (P < 0.05).

Table III. Mean (standard deviation) of time to
reach peak temperature of the polymer-based
provisional materials investigated

Material WIEE=s)
Mean (SD)
Alike 98.2 @1
Jet 175.1 9.2
Unifast Trad 79.7 (12.3)
Duralay 1579 (7.3
Snap 1779 6.3)
Protemp 3 Garant 25.7 (39
Luxatemp plus 275 0.9)
Luxatemp fluorescence 256 (29)

Table IV. Mean (standard deviation) of heat
capacity produced by the polymer-based provi-
sional materials investigated

Material Heat capacity(/g)
Mean SD
Alike 3359 127
Jet 3837 320
Unifast TRAD 3999 84.0
Duralay 4149 448
Snap 220.3 304
Protemp 3 Garant 1785 317
Luxatemp Plus 176.9 325
Luxatemp Fluorescence 187.6 312
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3. Heat capacity

The results for heat capacity are presented in
Table IV and Fig. 5. The heat capacity of the
polymer-based provisional materials decreased
in the following order: Duralay (414.9J/q) >
TRAD (399.91/9) > Jet (383.7/g) > Alike (335.9)/9)
> Snap (220.3J/g) > Luxatemp Fluorescence
(187.6J/9) > Protemp 3 Garant (187.5)/g) >
Luxatemp Plus (176.9J/9). The one-way ANOVA
test demonstrated statistically significant differ-
ences between materials (P < 0.05). A multiple com-
parison Bonferroni test showed that no significant
differences were found among Unifast TRAD, Jet

Time to peak temperature(sec)

Heat capacity(J/g)

Fig. 5. Heat capacity.



and Alike (P > 0.05). Snap, Protemp 3 Garant,
Luxatemp Plus, Luxatemp Fluorescence were
comparable (P > 0.05). The mean heat capacity of
the monomethacrylates (350.9)/g) was significantly
higher than that of the dimethacrylates (181.0J/9)
respectively (P < 0.05).

DISCUSSION

Eight self-curing polymer-based provisional
materials were investigated in this study. Five
monomethacrylate-based materials (Snap, Alike,
Unifast TRAD, Duralay, and Jet) and three
dimethacrylate-based materials (Protemp 2
Garant, Luxatemp Plus, and Luxatemp
Fluorescence) were selected. The temperature
at which the specimens were polymerized was 37
‘C to simulate the temperature of the oral cavity.
The temperature change was recorded by DSC Q-
1000. It should be emphasized that the differ-
ential scanning calorimetry instrument (DSC),
working under isothermal conditions, measures
the quantity of heat removed from or put into a
test material in order to keep it at the same con-
stant temperature as the reference sample pan. DSC
instrument is capable of being used isothermal-
ly at any pre-set temperature in which case a
plot is obtained as a recorder of rate of heat out-
put or input against time. If chemical reaction is
carried out at constant temperature, a peak is
obtained on the recorder trace. The area under the
peak is proportional to the heat of reaction.
McCabe and Wilson11 established that DSC is a
suitable method for evaluation of setting char-
acteristics of cavity lining, restorative, and tem-
porary crown and bridge materials. Also, the
heat capacity of materials, determined by D.S.C.,
is a factor in determining the thermal insulating
properties of restorative materials. The advantages
of D.S.C were to permit the direct measurement
of specific heat and to determine heat content
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changes by integration of the specific heat func-
tion clearly*.

The mean peak temperature of all materials
was 39.5C (% 1.0). The amount of exothermic heat
during polymerization depends upon the volume
of materials.”* Thus, there are differences in the peak
temperature according to methods. The mean
peak temperature of the monomethacrylates
(40.0°C) was significantly higher than that of the
dimethacrylates (38.6°C), and in the monome-
thacrylate group the peak temperature of PMMA
was significantly higher than that of the PEMA.
This is in accordance with the study of Moulding
and Teplisky.®* However, in this study, the peak
temperature of PEMA was lower than that of
dimethacrylate. Driscoll et al.° concluded that
the temperature increase produced by PMMA was
statistically higher than that of the vinylethyl
methacrylate, urethane dimethacrylate and bis-
acryl composite resin. This finding agrees with a
previous report in which it was found that the peak
temperature on polymerization can be reduced by
substitution of higher molecular weight methacry-
lates for methylmethacrate.*® On the other hand,
Kim and Watts® concluded that the dimethacry-
late-based materials (except for fast setting mate-
rial) exhibited no significant differences in peak
temperature and total peak area from the
monomethacrylate-based materials. This can be
explained by the mixing ratio of the constituents
and different ambient temperature.?*®* The mixing
ratio of monomethacrylates and ambient tem-
perature they used were 3:1 (powder:liquid) by
volume and 23°C respectively. But in this study,
the mixing ratio of the monomethacrylates and
ambient temperature used were 2:1 (powder:lig-
uid) by volume and 37°C respectively. Haas et al16
showed that by increasing the powder to liquid
ratio, i.e. decreasing the volume of monomer,
the peak temperature was reduced consider-
ably. The exothermic reaction of the polymer-based



provisional materials in vitro finding was evaluated
in this study. But from the clinical point of view,
the heat formation on the resin surface and its dis-
sipation at the interface between dentin and
resin were more important than the peak tem-
peratures during polymerization. Therefore the
results of in vitro studies on peak temperatures did
not correlate exactly with in vivo finding. An
intrapulpal temperature rise of 55°C (10 °F) in rhe-
sus Macaca monkeys caused 15% of the pulps to
lose vitality according to the histologic studies of
Zach and Cohen.” However, they investigated ther-
mal change in intact teeth. In clinical situations,
the dentinal surface was exposed after tooth
preparation. The dentin is usually vital and con-
tains protoplasmic extensions of cells. The different
properties of the organic structure in the tubules
of vital and non-vital teeth and the effect of cir-
culation of dentinal fluids must be considered. The
condition and quality of the pulpal vascular
structures may determine the degree of dam-
age from thermal trauma.*® In addition, the thick-
ness of the residual dentin is a critical factor in
reducing thermal transfer to the pulp because of
its low thermal conductivity.** If fabrication of pro-
visional restorations by direct technique is pre-
ferred, precautionary measures must be used to
minimize temperature increase of the tooth struc-
ture from the exothermic reaction of the resins. The
temperature rise may be reduced by using air and
water coolant or irrigating the restorations with
cool water and by using a matrix material that can
dissipate the heat rapidly.?

The mean time to reach peak temperature was
95.95 sec (£ 64.0). The time to reach the peak tem-
perature of the monomethacrylates (137.8 sec) was
significantly longer than that of the dimethacry-
lates (26.3 sec). The differences in the time to
reach peak temperature were statistically sig-
nificant for the three group resins (PMMA, PEMA
and dimethacrylate). This can be explained by the
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slower onset of the reaction for the methacrylates.
This result was in well accordance with the result
of Kim and Watts.®* However, if polymerization
took place at a higher temperature, the peak
temperatures were attained at a faster time."”
Therefore, the time to reach peak temperature in
this study (95.5sec) was faster than the time in the
result of Kim and Watts (241.0sec). Attention
should be paid to prevent tooth structure from
potential damage during that period. The
dimethacrylate-based materials were preferable
because the faster setting reaction can reduce
the fabrication time.” It is necessary for the pro-
visional restoration to be removed from the
mouth, cooled in water, and then reinserted onto
the prepared tooth several times during poly-
merization.®

The mean heat capacity was 287.2 /g (+
107.68). The mean heat capacity of the
monomethacrylates and the dimethacrylates
were 350.9 J/g and 181.0 J/g, respectively. This
meant that more energy was required to increase
the temperature of the monomethacrylates than
that of the dimethacrylates. No significant dif-
ferences were found between the PEMA and
the dimethacrylates. Little data have been report-
ed regarding comparison of heat capacity of
multiple polymer-based provisional materials.
Thus, comparison of this result with other stud-
ies was difficult.

A number of resin materials are available for the
fabrication of provisional restorations. One of
the oldest acrylic resins is polymethylmethacry-
late (PMMA). It remained popular as a provisional
restoration material due to its ease of manipula-
tion, smooth surface, and cost. However the
residual free monomer in the setting materials was
toxic to vital pulp tissue and the exothermic
reaction occurring during polymerization may
damage the pulp and periodontal tissue.??*
Dimethacrylate materials have been developed



which produce less chemical and exothermic
irritation to the pulp and periodontal tissue.
Advantages of the dimethacrylate included the ease
of manipulation, low exothermic reaction and
decreased polymerization shrinkage. However
there are disadvantages of these materials includ-
ing poor surface polish, increased cost and frequent
fracture.”* Understanding of not only structur-
al characteristics of the provisional materials,
but also exothermic reaction may offer significant
advantages in clinical performance of the mate-
rials. Also visible-light activated resin was found
to produce a temperature rise significantly low-
er than that of other polymer-based provisional
materials5. However, this aspect was not includ-
ed in this study and requires further investigation.

CONCLUSION

Within the limitations of this study, the fol-
lowing conclusions were drawn:

1. The mean peak temperature was 39.5C (£ 1.0).
The peak temperature of the polymer-based pro-
visional materials decreased in the following
order: Duralay > Unifast TRAD, Alike > Jet >
Luxatemp Plus, Protemp 3 Garant, Snap,
Luxatemp Fluorescence. The peak temperature
of monomethacrylate was significantly high-
er than that of dimethacrylate (P < 0.05).

2. The mean time to reach peak temperature
was 95.95 sec (£ 64.0). The mean time to
reach peak temperature of the polymer-based
provisional materials decreased in the fol-
lowing order: Snap, Jet > Duralay > Alike >
Unifast TRAD > Luxatemp Plus, Protemp 3
Garant, Luxatemp Fluorescence. The time to
reach peak temperature of the monomethacry-
lates was significantly longer than that of the
dimethacrylates (P < 0.05).

3. The mean heat capacity was 287.2 J/g (+
107.68). The heat capacity of the polymer-
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based provisional materials decreased in the fol-
lowing order: Duralay > Unifast TRAD, Jet,
Alike > Snap, Luxatemp Fluorescence, Protemp
3 Garant, Luxatemp Plus. Heat capacity of
the monomethacrylates was significantly high-
er than that of the dimethacrylates (P < 0.05).
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