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The effect of post-polymerization treatments (MW-microwave irradiation and WB-water-bath) on the degree 
of conversion (DC) of three reline resins (Ufi Gel hard-U, Kooliner-K, and Tokuso Rebase Fast-T) and one denture 
base resin (Lucitone 550-L), submitted to two polymerization cycles (LS-short and LL-long), was evaluated 
by using FT-Raman spectroscopy (n = 5). The molecular weight (Mw) of the powder of all materials and of K 
polymerized specimens (control; MW; and WB; n = 3) was analyzed using GPC. DC data were analyzed using 
Kruskal-Wallis test (α = .05). For control specimens, there were no significant differences between U (68%) 
and LL (77%) and among LL, K (81%), and T (84%). LS (92%) had the highest DC (P < 0.05). Only material 
K exhibited an increased DC after WB (P < 0.05). All powders had Mw from 4.0 x 105 to 6.5 x 105 and narrow 
Mw distributions (2.1 to 3.6). Polymerization and post-polymerization produced K specimens with Mw similar 
to that of K powder.
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1. Introduction

Due to the alveolar bone resorption, which is an inevitable conse-
quence of tooth loss, removable prostheses require periodic relining 
to reestablish tissue support for the denture base. Two techniques 
for relining dentures can be applied, the direct and the indirect1. The 
relining of denture bases directly in the oral cavity using autopolymer-
izing hard reline acrylic resins is faster than the laboratory-processed 
reline system. Because of the simplicity of the method and the good 
fit obtained2, the direct relining technique has been used to improve 
the retention and stability of removable prostheses2, thus providing a 
more equal distribution of the load over the residual ridge.

During the polymerization reaction of the acrylic resins, the con-
version of monomers to polymers is incomplete and some unreacted 
monomers are left in the polymerized materials3. Polymerization 
time and temperature affect the residual monomer content, which is 
usually higher in autopolymerizing than in heat-polymerizing acrylic 
resins4,5. The residual monomer content is a major factor influencing 
the properties of the polymers6,7. The higher the degree of conversion 
of double bonds, the greater the mechanical strength of the resins6,7. 

In addition, the unreacted monomer may leach from the polymerized 
material and irritate the soft tissue8. 

It has been observed that the amount of residual monomer of 
acrylic resins can be reduced by post-polymerization treatments 
such as immersion in hot water9-11 or microwave irradiation11-13. 

These treatments have also resulted in improved mechanical proper-
ties13,14 and biocompatibility of the polymerized materials10. While a 
number of studies have evaluated the degree of conversion of dental 
composites7,15,16, little information is available regarding denture base 

acrylic resins3,17. Moreover, no information could be identified by the 
authors concerning the degree of conversion of autopolymerizing 
hard reline resins.

Molecular weight is another important aspect that can influence 
the performance of a polymer18-20. The polymerization of acrylic 
resins represents a conversion of low molecular weight molecules 
(monomers) into high molecular weight macromolecules (polymers). 
Some properties such as fatigue resistance18,21, fracture toughness21, 
tensile strength, modulus of elasticity, hardness22, impact strength, 
and glass transition temperature may be affected18 when the average 
molecular weight of narrow molecular weight distribution acrylic is 
below a limiting value of approximately 105 2020. The molecular weight 
of the prepolymer powder and the particle size distribution are also 
important factors influencing the doughing time of acrylic resins23,24. 

Some studies have investigated the molecular weight of original 
powder and polymerized denture base acrylic resins19,23. However, 
there is limited information regarding the molecular weight of hard 
chair-side reline resins25.

The aim of this study is to measure the degree of conversion 
(DC) of three hard chairside reline resins and one heat-polymeriz-
ing denture base acrylic resin, processed using two polymerization 
cycles. The effect of two post-polymerization treatments on the DC 
of these materials was also investigated. In addition, the molecular 
weight of the prepolymer powder of all materials and the molecular 
weight of a reline resin without crosslinking agent after polymeriza-
tion and after being submitted to the post-polymerization treatments 
were analyzed.
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2. Material and Methods

The identification codes, brand names, batch numbers, manufac-
turers, powder/liquid ratios, compositions, and polymerization condi-
tions of the materials used in the present study are listed in Table 1.

2.1. FT-Raman spectroscopy

The DC of the materials under investigation was determined by 
FT-Raman spectroscopy.

Specimens (n = 15) of the heat-polymerizing resin Lucitone 
550 (L), with dimensions of 10 x 4 x 4 mm, were produced by using 
stainless steel master dies, which were duplicated in silicone rubber 
to facilitate the removal of the processed specimens from the flask. 
These silicone molds were then invested in conventional metal dental 
flasks in Type IV dental stone to create working molds from which 
the specimens were made. The polymer powder and monomer were 
mixed following the manufacturer’s directions (Table 1) and left 
covered until the dough stage was reached. The dough formed was 
packed into the molds, the flasks were closed and left under pres-
sure for 30 minutes. The specimens were then polymerized using 
one of the two processing cycles recommended by the manufacturer 
(Table 1). After polymerization, the flasks were allowed to cool for 
30 minutes in air, followed by 15 minutes in running water before 
deflasking. The specimens were then stored in distilled water at 
37 ± 1 °C for 48 hours26.

For the hard chair-side reline resins, specimens (n = 15) were 
fabricated using a stainless steel mold with a breakaway compartment 
(10 x 4 x 4 mm). The mold was placed on the center of a glass plate, 
the materials were mixed following the manufacturers’ instructions 
(Table 1) and inserted into the metal mould. A second glass plate was 
placed over the material, and pressure was applied until polymeriza-
tion was complete (Table 1).

Specimens of all materials were then divided into three groups 
of five specimens each. Control group specimens were left un-
treated (C). MW group specimens were submitted to post-polym-
erization treatment by placing them in an adjustable microwave 
oven and irradiating with the following power/time combinations: 
550 W/3 minutes – L (short cycle - LS and long cycle - LL); 
550 W/5 minutes – Kooliner (K); 500 W/5 minutes – Tokuso Rebase 
Fast (T); and 550 W/4 minutes – Ufi Gel hard (U). These power/time 
settings were determined in a preliminary study, which evaluated 
the effect of nine different power/time combinations on the flexural 

strength of these materials14. The power/time setting, which produced 
the highest flexural strength value for each material, was used in this 
study. For WB group, the heat-polymerized specimens (LS and LL) 
were submitted to a post-polymerization treatment by immersion in 
water bath at 55 ± 1 °C for 60 minutes following the recommendation 
for denture base resins reported by Tsuchiya et al.10 . Reline resin 
specimens were immersed in water at 55 °C for 10 minutes, follow-
ing a reline material (Duraliner II, Reliance Dental Mfg. Co., Worth, 
Ill., USA) manufacturer’s recommendation to reduce the monomer 
taste. In addition, the results from a previous study suggested that 
further polymerization could be achieved by using these MW and 
WB post-polymerization treatments11.

FT-Raman spectra of all specimens were recorded at ambient 
pressure and temperatures using a Bruker RFS 100/S instrument 
(Bruker Optics Inc, Billerica, MA, USA) equipped with a broad-
range quartz beamsplitter, defocusing optics, and an InGaAs detector. 
Spectra were obtained with 100 scans at a resolution of 4 cm-1 within a 
wavelength from 1.000 to 4.000 cm-1 in the transmission mode, under 
a nitrogen gas purge, using 300 mW of Nd:YAG laser power.

The DC (%) of monomer-to-polymer was calculated by com-
parison of the absorbance ratio using a standard baseline technique27 

of the C = C peak from the methacrylate group at 1640 cm-1 to that 
of the unchanging C = O peak from the ester group at 1720 cm-1, 
which was used as a reference peak, before (monomer) and after 
polymerization (group C), and after the two post-polymerization 
treatments (groups MW and WB). By taking the ratio between the 
two absorbances, the fraction of unreacted double bonds could be 
calculated from the formula:

 (1)

The DC values were then analyzed by Kruskal-Wallis test at 95% 
level of confidence.

2.2. Gel permeation chromatography (GPC)

GPC was used to determined the weight average molecular weight 
(Mw), which represents the ratio of the overall weight of the molecules 
to the weight of the individual molecule, number average molecular 
weight (Mn), which is the ratio of the whole molecules present in the 

Table 1. Materials evaluated in this study.

Code Brand name Batch number Manufacturer Powder (P)/
Liquid (L) 

ratio (g.mL-1)

Composition Polymerization condition

Powder Liquid

K Kooliner 080700A (P)
062900A (L)

Coe Laboratories, 
Inc.,York, Chicago, Ill., 
USA

1.4/1.0 PEMA IBMA 12 minutes at room temperature

T Tokuso 
Rebase Fast

437 (P) 
094 (L)

Tokuyama Dental Corp., 
Tokyo, Japan

2.05/1.0 PEMA MAOP and
1,6-HDMA

6 minutes at room temperature

U Ufi Gel hard 330936 (P)
321892 (L)

Voco GmbH, Cuxhaven, 
Germany

1.76/1.0 PEMA 1,6-HDMA 7 minutes at room temperature

LS Lucitone 
550
(short cycle)

65173 (P)
64979 (L)

Dentsply International 
Inc., York, Pa., USA

2.1/1.0 PMMA MMA and
EGDMA

90 minutes at 73 °C and then 
boiling water for 30 minutes

LL Lucitone 
550
(long cycle)

65173 (P)
64979 (L)

Dentsply International 
Inc., York, Pa., USA

2.1/1.0 PMMA MMA and
EGDMA

9 hours at 73 °C

PEMA, poly (ethyl methacrylate); IBMA, isobutyl methacrylate; MAOP, β-methacryloyl oxyethyl propionate; 1,6-HDMA, 1,6-hexanediol dimethacrylate; 
PMMA, poly (methyl methacrylate); MMA, methyl methacrylate; EGDMA, ethylene glycol dimethacrylate. 
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mixture to the number of molecules, and polydispersivity (Mw/Mn) 
which expresses molecular weight distribution, of the original powder 
of all materials. GPC analysis was also used to evaluate the effect of 
microwave irradiation and water bath post-polymerization treatments 
on Mw, Mn and polydispersivity of polymerized specimens of K reline 
resin, the only material that does not contain crosslinking agent in 
its composition (Table 1). During the polymerization reaction, the 
presence of a crosslinking agent in the liquid monomer leads to the 
formation of an insoluble crosslinked network (gel)3, which impairs 
the dissolution of samples in tetrahydrofuran19,23. Since this dissolu-
tion is a pre-requisite for analyzing molecular weight by means of gel 
permeation chromatography, in the present investigation no attempt 
was made to examine the molecular weight of the polymerized ma-
terials Lucitone 550, Tokuso Rebase Fast and Ufi Gel hard materials, 
which contain crosslinking agents.

K specimens (10 x 10 x 1 mm) were fabricated following the 
manufacturer’s instructions and then divided into three groups (n = 3). 
Control group specimens (C) were left untreated. For the MW and 
WB groups, the specimens were submitted to post-polymerization 
treatments by microwave irradiation or immersion in hot water, 
under the same conditions as described for the analysis of degree of 
conversion of material K.

Polymeric samples (original powder of all materials and 
specimens of the reline resin K) were left for 24 hours to dissolve 
in HPLC-grade tetrahydrofuran at concentrations of 0.1% w.v-1. 
Polystyrene standard samples (n = 12) of known molecular weight 
were also dissolved in tetrahydrofuran. Both samples (polymeric 
and standard) were filtered through a 0.45 µm filter and injected into 
the GPC system (Waters model 410, Mildford, Mass., USA). Three 
size-exclusion columns (HR-3, HR-4, and HR-5E, Waters, Mildford, 
Mass., USA) were used and the column temperature was kept at 
40 °C. The mobile phase used was tetrahydrofuran at a flow rate of 
1 mL/min. The injection volume was 100 µL and a refractometer 
was used as detector.

Polystyrene standard samples were used to generate a calibration 
curve of log Mw vs. elution volume. Since the volume of eluant is 
proportional to the log of the molecular weight, a molecular weight 
distribution was then derived18. Polymeric samples were chromato-
graphed under conditions identical to those used for the molecular-
weight standard determinations.

3. Results

The mean DC (%) and standard deviations for all materials and 
groups evaluated are given in Table 2. 

For group C, the highest (P < 0.05) DC mean value was observed 
for LS specimens. The reline resins T and K, and the denture base 
resin processed using the long cycle (LL) did not differ statistically 

from each other (P > 0.05). In addition, there was no significant dif-
ference (P > 0.05) between LL and the reline resin U. When materials 
were submitted to microwave irradiation (group MW), no significant 
differences (P > 0.05) were found in the DC mean values of LS, 
T and K specimens. After water bath post-polymerization treatment 
(group WB), no significant difference was observed when LS and 
K materials were compared, and the DC mean value of K specimens 
was not significantly different from that of T specimens (P > 0.05). 
After both post-polymerization treatments, the DC mean values of 
LL and U materials were comparable and significantly lower than the 
other materials evaluated (P < 0.05). Statistical analysis also revealed 
that only material K exhibited a significant increase (P < 0.05) in 
the DC mean value after water bath post-polymerization treatment. 
Figure 1 shows Raman spectra between 1600 cm-1 and 1800 cm-1 
of representative specimens of Kooliner, with the C = C, and C = O 
vibrations upper labeled.

The results of the weight average molecular weight (Mw), number 
average molecular weight (Mn), and polydispersivity (Mw/Mn) of the 
original powder of all materials are presented in Table 3. The peak 
molecular weights were found to be between 4.0 x 105 and 6.5 x 105. 
All materials investigated in this study demonstrated a distribution 
of Mw/Mn less than 4 (from 2.1 to 3.6). Table 4 shows Mw, Mn, 
and Mw/Mn mean values of the polymerized K specimens. It can be 
seen that, both conditions, polymerization and post-polymerization 
treatments, did not affect molecular weight values.

The molecular weight distribution curves (MWD) for the original 
powder of all materials are presented in Figure 2 (2A – the entire 
MWD curves; 2B – enlargement of the MWD curve in the region 
of molecular weight lower than 105; 2C – enlargement of the MWD 
curve in the region of molecular weight higher than 106). The calcu-
lated weight fraction of chains with molecular weight values lower 
than 105 for the original powder of L, K, U, and T were 18, 10, 6.0, 
and 10%, respectively. The calculated weight fraction of chains with 
molecular weight values higher than 106 for the original powder of 
L, K, U, and T were 7.0, 7.0, 19, and 14%, respectively. Figure 3 
shows the Chain Branching Distribution Function (CBDF)28, which 
quantified the differences between the molecular weight distribution 

Table 2. Degree of conversion (%) expressed as mean values with standard 
deviations and results of statistical analysis.

Material Group

C MW WB

LS 92 ± 2.0 Aa 89 ± 4.0 Aa 92 ± 1.0 Aa

T 84 ± 1.0 Ba 89 ± 2.0 Aa 87 ± 1.0 Ba

K 81 ± 5.0 Ba 86 ± 6.0 Aab 88 ± 3.0 ABb

LL 77 ± 7.0 BCa 77 ± 7.0 Ba 73 ± 7.0 Ca

U 68 ± 6.0 Ca 74 ± 1.0 Ba 71 ± 6.0 Ca
Horizontally, means with identical small letters are not significantly different 
(P > 0.05); Vertically, means with identical capital letters are not significantly 
different (P > 0.05).
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Figure 1. Raman spectra of material K: (liquid) monomer, (C) after polym-
erization, (MW) after microwave irradiation with 550 W for 5 minutes, and 
(WB) after immersion in water at 55 °C for 10 minutes.
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curves of denture base (L) and reline resin (K, U, and T) powders. 
The CBDF curves were calculated using Excel software running a 
macro. The macro calculates the shift between a point in the reference 
curve and its correspondent in the other curve29.

The molecular weight distribution curves for K powder, K after 
polymerization (C), and K after post-polymerization treatments 
(MW and WB) are showed in Figure 4. The calculated weight fraction 
of chains with molecular weight values lower than 105 for K control, 
K after MW, and K after WB were 10, 9.0, and 13%, respectively. The 
calculated weight fraction of chains with molecular weight values 
higher than 106 for K control, K after MW, and K after WB were 
10, 8.0, and 10%, respectively. Figure 5 shows the Chain Branching 
Distribution Function (CBDF)28, which quantified the differences 
between the molecular weight distribution curves of K powder, K after 
MW, and K after WB compared with K control.

4. Discussion

FT-Raman scattering used in the present investigation is an alter-
native method that has been widely used to determine the degree of 
conversion of polymeric materials by measuring the carbon double 
bonds (C = C) converted into carbon single bonds (C-C)15,16. The 
low-power near-infrared laser in the FT-Raman spectrometer makes it 
possible to analyze colored samples, which can heat in the laser beam, 
without the loss of sensitivity due to fluorescence of organics30. This 
technique can be applied to normal denture materials with pigments 
in contrast to the direct infrared method, which can be used only for 
transparent polymeric materials31. Other advantages of FT-Raman 
scattering include: 1) rapid analysis with a minimum of sample prepa-
ration, because the incident radiation can be focused on the sample 
and the scattered radiation collected with suitable collection optics; 
2) the sensitivity of Raman scattering to the highly symmetrical C = C 
vibration of the acrylate resins used in the dentistry16. 

It has been stated that there is an inverse relationship between 
the degree of conversion and the residual monomer content, thus 
the higher the former the lower the latter4-6,32. In a previous study In a previous study11, 
high performance liquid chromatography (HPLC) was conducted to 
determine the residual monomer content of materials Lucitone 550, 
Tokuso Rebase Fast, Ufi Gel hard, and Kooliner, under the same 
conditions used in the present investigation to evaluate their degree 
of conversion (Table 2). The results from both studies revealed that 
this inverse relationship was observed for materials Lucitone 550, Ufi 
Gel hard and Tokuso Rebase Fast. In addition, when these materials 

Table 3. Number average molecular weight (Mn), weight average molecular 
weight (Mw), and polydispersivity (Mw/Mn) of the original powder samples 
for all materials evaluated

Material Mw Mn Mw/Mn

L 4.0 x 105 1.1 x 105 3.6

T 5.2 x 105 2.2 x 105 2.3

U 6.5 x 105 2.9 x 105 2.2

K 4.3 x 105 2.1 x 105 2.1

Table 4. Number average molecular weight (Mn), weight average molecular 
weight (Mw), and polydispersivity (Mw/Mn) of K specimens after polymeriza-
tion (C), and after the two post-polymerization treatments (MW and WB).

Group Mw Mn Mw/Mn

C 4.7 x 105 2.1 x 105 2.2

MW 4.7 x 105 2.1 x 105 2.3

WB 4.8 x 105 2.2 x 105 2.1
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Figure 2. Molecular weight distribution curves for the original powder of 
all materials. (a) the entire MWD curves; b) Mw/Mn for Mw lower than 105; 
c) Mw/Mn for Mw higher than 106.

were compared, the results followed a similar pattern in both stud-
ies. Therefore, the Lucitone 550 specimens polymerized using the 
short cycle, which included a terminal 30 minutes at 100 °C, showed 
significantly higher degree of conversion (Table 2) and lower residual 
monomer levels11 than those processed with the long cycle, in all 
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Rebase Fast. In addition, in both studies, the values obtained for 
Ufi Gel hard and Tokuso Rebase Fast reline resins were comparable 
with those of the denture base resin Lucitone 550, processed using 
the long and the short cycle, respectively (Table 2)11. These find-
ings differ from results of conventional methyl methacrylate-based 
resins. For these resins, the residual monomer is usually higher in 
the autopolymerized than in the heat-polymerized materials5,6, due 
to the lower degree of conversion achieved by the use of a chemical 
activator than that generated by heat-activation. One factor that may 
have accounted for the favorable results observed for materials Ufi 
Gel hard and Tokuso Rebase Fast is their composition. These reline 
resins contain the cross-linking agent 1,6-hexanediol dimethacrylate34, 
whereas Lucitone 550 denture base resin contain the cross-linking 
agent ethylene glycol dimethacrylate (Table 1). The increased distance 
between the methacrylate groups of the cross-linking agent 1,6-hex-
anediol dimethacrylate probably enhanced the reactivity of the second 
double bond, thus favoring the monomer to polymer conversion33. 
Therefore, despite the fact that the polymerization of Ufi Gel hard 
and Tokuso Rebase Fast was chemically activated, their degree of 
conversion and residual monomer level were similar to those of the 
heat-polymerizing denture base resin Lucitone 550.

Differently from the other materials, a comparison of the results 
from this study with those of the previous investigation11 demon-
strated that an indirect relationship between degree of conversion 
and residual monomer content was not observed for Kooliner reline 
resin. Table 2 shows that the degree of conversion of Kooliner material 
did not differ from that of Tokuso Rebase Fast, and was significantly 
higher than that of Ufi Gel hard, in all groups evaluated. In contrast, 
the residual monomer level of Kooliner was found to be significantly 
higher than those of reline resins Ufi Gel hard and Tokuso Rebase 
Fast11. The difference in results between the two studies could be 
related to the materials composition as well as the analytical meth-
ods used in each investigation. Ufi Gel hard and Tokuso Rebase Fast 
contain dimethacrylate monomer, whereas Kooliner liquid contains 
the monofunctional monomer isobutyl methacrylate (Table 1). As 
the polymerization progresses, the network formation decreases the 
mobility of monomers resulting in unreacted double bonds. Part of 
these unreacted methacrylate groups remain as monomers that can 
leach out from the polymerized material. Part of the dimethacrylate 
monomers react only to one of the double bond, resulting in pendant 
molecules, which remain bound within the polymer network, and 
are not free to elute35. While Raman spectroscopy used to determine 
the degree of conversion measures all the unreacted double bonds in 
the polymer, including pendant groups and extractable species, the 
HPLC analysis is performed by extraction of the free monomer from 
the polymerized material11. Other investigators also have stated that 
only a fraction of the unreacted carbon-carbon double bonds in the 
polymer matrix are present on residual monomer32,35. This may help 
explain why the residual monomer levels of Ufi Gel hard and Tokuso 
Rebase Fast were lower than that of Kooliner, even though they all 
had quite similar degree of conversion. Another possible explana-
tion for the differences between this and the previous study could 
be the fact that the residual monomer was extracted from the whole 
polymer matrix of each specimen in HPLC analysis. However, Ra-
man spectroscopy is essentially a surface measuring technique, thus 
spectra reveal the absorption in the actual region representative of 
the top five microns of the specimens33. To validate this hypothesis, 
however, Raman spectroscopic analysis at different depths of reline 
resin specimens should be made.

When the effect of post-polymerization treatments on the degree of 
conversion of the materials evaluated is considered, it was found that 
only material Kooliner exhibited a significant increase in the degree of 
conversion after water bath post-polymerization treatment compared 
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groups evaluated. These results can be attributed to the polymeriza-
tion temperature used in the long cycle, which is lower than the glass 
transition temperature (Tg) of the matrix phase of the resin Lucitone 
550 (97.0 to 100 °C)33. As a result, the conversion was limited due 
to lower molecular chain motions and immobilization of monomer 
in the glassy polymer3.

For the reline resins Ufi Gel hard and Tokuso Rebase Fast, the 
results from the present investigation also agree well with those pre-
viously reported11. Ufi Gel hard exhibited higher residual monomer 
content11 and lower degree of conversion compared with Tokuso 
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to control (Table 2 and Figure 1). The reduction in the intensity of the 
aliphatic (C = C) peak at 1640 cm-1 in relation to the carbonyl (C = O) 
peak at 1720 cm-1 is observed when comparing the spectrum of mono-
mer (liquid) to the control group (C), and the control to the water-bath 
post polymerization group (WB). These results are also different 
from those of a previous study11, in which both post-polymerization 
treatments promoted a significant reduction in the residual monomer 
content of materials Kooliner, Ufi Gel hard and Tokuso Rebase Fast. 
The denture base resin Lucitone 550 polymerized using the short cycle 
also showed a significant decrease in the residual monomer after being 
immersed in hot water. The differences between the two studies may 
be partially explained by the effects of the post-polymerization treat-
ments on the polymer matrix. During these treatments, mechanisms 
such as diffusion into water4,9, hydrolysis36, further polymerization at 
active sites9,13, and monomer volatilization37 may reduce significantly 
the free unreacted monomer, but do not necessarily have an effect on 
pendant double bonds, which may remain unaltered in the polymer 
matrix. Therefore, the mechanisms involved in the post-polymeriza-
tion treatments were more effectively detected when using the HPLC 
method than by using Raman spectroscopy.

The original powders of all materials were evaluated using gel 
permeation chromatography (GPC) to determine the weight average 
molecular weight (Mw), number average molecular weight (Mn), and 
polydispersivity (Mw/Mn). GPC analysis was chosen because it is a 
reliable method of molecular weight determination, enabling molecu-
lar weight distributions to be established quickly and accurately38, 
and has been used by several investigators18,19,23,39.

It has been shown that the existence of chains with molecular 
weights of less than 105 may have a plasticizer effect, thus weakening 
the polymer40. According to Ruyter and Svendsen33, the strength of 
a polymer increases with increasing molecular weight. However, the 
strength becomes fairly constant at molecular weights above 6.0 x 105 
for polymethyl methacrylate. Figure 2 (A and B) shows that, in com-
parison to the reline resins, the Lucitone 550 powder contained sig-
nificantly higher amount of polymer chains having molecular weight 
lower than 105. Large amounts of polymer chains with molecular 
weight higher than 106 was also found for materials Ufi Gel hard and 
Tokuso Rebase Fast. Figure 3 corroborates this finding, showing that 
the difference between denture base powder and reline resin powders 
is more pronounced below 105. Among the reline resins tested, the 
Ufi Gel hard exhibited higher concentration of chains with molecular 
weight greater than 105, when compared with Lucitone 550. This is 
demonstrated in Figure 3, where the CBDF curve of material Ufi Gel 
hard is at a greater distance from the zero line. These results indicated 
that the polymeric beads of the reline resins are polymerized by the 
suspension method at a higher degree of polymerization than the 
denture base material. Despite of this, the Mw of all original powders, 
including the Lucitone 550 material, was greater than 105 (Table 3), 
at which chain entanglement occurs29, and was in the range where the 
properties are largely independent of molecular weight.20 Hence, it is 
likely that the molecular weights of the powders will have little effect 
on the mechanical properties of the polymerized materials.

In addition to the strength, the flow property of a methacrylate-
based resin can be regulated by the molecular weight of polymer 
powders24, mainly by the increase in the fraction of molecules with 
molecular weight higher than 106, as observed for materials Ufi Gel 
hard and Tokuso Rebase Fast. Table 1 shows that the hard chair-side 
reline resins manufacturers have also added monomers with molecular 
weight higher than that of methyl methacrylate (100.12), such as 
isobutyl methacrylate (142.20), and 1,6-hexanediol dimethacrylate 
(254.33). For reline materials composed of high molecular weight 
monomers and prepolymers, the working time of the bulk polymeriza-
tion decreases due to the increase in the material’s viscosity. A clinical 

evaluation of some hard chair-side reline resins demonstrated that 
the working and setting times were significantly shorter for Tokuso 
Rebase Fast than for Kooliner2. In addition, Kooliner was considered 
unsatisfactory in 47% of cases because of the high flow, which make 
border moulding particularly difficult2. Thus, it is likely that the flow 
characteristics of Ufi Gel hard and Tokuso Rebase Fast mixtures 
may play a role in producing satisfactory functional impression of 
the denture-bearing area. However, other studies should evaluate the 
influence of flow on the impression accuracy and the resulting fit of 
the relined denture.

It is known that the molecular weight distribution is more impor-
tant than the attainment of a high average molecular weight, provided 
that the amount of polymer chains with a molecular weight of less 
than 105 is reduced to a minimum40. The chains have the same length 
and weight when the ratio Mw/Mn is equal to 1.0. However, this is an 
ideal situation, which is not possible in practice. Polydispersivity up to 
5.0 would indicate a narrow distribution and between 5.0 and 20 a me-
dium distribution23. In this work, all materials investigated have shown 
a narrow molecular weight distribution with polydispersivity indices 
between 2.1 and 3.6 (Table 3). The value for Lucitone 550 resin is 
in general agreement with those obtained with a conventional cross-
linked denture base resin for water-bath polymerization13. Moreover, 
the values obtained for Tokuso Rebase Fast and Kooliner are similar 
to those obtained by Arima et al. (1.8 and 1.7, respectively).25

The results for Kooliner polymerized specimens are not in agree-
ment with Huggett et al.19, who demonstrated that the polymerized 
material generally displayed higher molecular weight values than the 
original powder component. Tables 3 and 4 present the Mw values of 
Kooliner powder and Kooliner after polymerization, respectively. The 
weight average of Kooliner polymerized was slightly higher than that 
of Kooliner powder, but the difference is not significant because it is 
within the systematic error of the method. This observation is also 
evidenced by the superimposition of all molecular weight distribution 
curves (Figure 4), and their calculated shift, in terms of the CBDF 
function, being almost zero (Figure 5). Thus, the molecular weight 
distribution achieved in bulk polymerization of Kooliner material 
was shown to be similar to that obtained by the manufacturer during 
the polymerization of the polymeric powder.

Higher temperatures usually favor faster monomer conversion, 
since propagation constants and diffusion coefficients increase with 
temperature. A temperature increase can also affect polymer quality, 
for example, by affecting the molecular weight distribution or even 
degrading the polymer chains12. However, the molecular weight of 
Kooliner reline resin was not affected by the heating produced by the 
post-polymerization treatments (Table 4, Figures 4 and 5).

5. Conclusion

Within the parameters of the study design and materials tested, 
the following conclusions can be draw:

1. The degree of conversion of material Ufi Gel hard was similar 
to that of Lucitone 550 polymerized using the long cycle, and 
lower than those of the other materials;

2. In all groups evaluated, the short polymerization cycle produced 
Lucitone 550 specimens with a significant higher degree of 
conversion than the long cycle;

3. Water-bath post-polymerization treatment increased the degree 
of conversion for Kooliner material. The degree of conversion 
of the other materials was not influenced by both microwave 
and water-bath post-polymerization treatments;

4. Polymer powder of all materials have weight average molecular 
weights exceeding 105 and narrow molecular weight distribu-
tions; and
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5. After polymerization and post-polymerization, the weight av-
erage molecular weight values obtained for Kooliner material 
were similar to that of the original Kooliner powder.
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