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ABSTRACT 
Background & Objective:  Autopolymerized acrylic denture base resins are widely used in dentistry due 
to many desirable properties. However, it is possible to have residual monomer leakage from these re-
sins even after setting is completed. Therefore, the objective of present study was to measure the amount 
of residual monomer leached from two commercial acrylic polymers by High Pressure Liquid Chroma-
tography (HPLC) at different time intervals. 

Methods:  Two Autopolymerized denture base polymers, pink-veined (Universal Dental, Meadway, 
England) and clear acrylic (Universal Dental, Meadway, England) were selected to measure the resi-
dual monomer concentration by HPLC (Waters System, Woldbronn, USA). Twelve disc-shaped speci-
mens (5 mm × 25 mm) were prepared for each group (pink) and clear acrylic) and stored in distilled 
water sealed glass container at 37˚C at time intervals of 1, 2, 6, 12, 24 hours and 1 week. Mean con-
centration was recorded in parts per million (ppm) as final monomer concentration of the specimen. 
The data was analyzed by ANOVA and t-test to determine the differences in monomer released at 
different time intervals and p value < 0.05 was considered significant. 

Results:  HPLC showed statistically significant differences among two groups (P < 0.05) in the amount 
of eluted monomer There were significant differences at one hour (T 1) (p = 0.001), at two hours (T2) 
(p = 0.011) and insignificant difference (p = 0.606) was observed at the six hours (T3 ) interval in the 
residual monomer release in two groups. However, at 12 hours (T4) and one week (T6) intervals, there 
was a gradual decrease of residual monomer release in both groups. 

Conclusion:  There was significant (P < 0.05) amount of residual monomer released from both pink-
veined and clear Autopolymerized resins at different time intervals. 
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INTRODUCTION 
Acrylic resin or polymethyl methacrylate (PMMA) are 
frequently used in dentistry for the construction of ma-
xillofacial prosthesis, dentures, surgical splints, and 
orthodontics appliances.1 The biocompatibility, low 
cost, good physical and chemical characteristics of PM-
MA have led to their multiple use in the oral prosthe-
sis.2 
 PMMA are polymerized by different methods such 
as autopolymerization, photopolymerization, micro-
wave polymerization and thermopolymerization but 
autopolymerization technique is commonly used in 
dentistry due to clinical applications and fast setting.3 
 Auto-polymerizing or cold-cure acrylic resins are 
manipulated by various methods. The dough technique 
involves mixing powder and liquid, whereas in sprin-
kle-on (addition) technique the polymer is saturated 
by its monomer.2 In the polymerization process of 
acrylic resins, the powder and liquid (monomer) are 

mixed to obtain a homogenous mass. However, not all 
monomer is involved in the saturation process and 
some remains unreacted. Therefore, residual mono-
mer concentration varies depending on the methods 
and conditions of polymerization.4,5 The residual mon-
omer is either trapped in the polymer or leached into 
the surrounding environment.6 Leaching of monomer 
may produce a local or systemic reaction to cause irri-
tation, pain, inflammatory and allergic reactions to 
oral mucosa.7-10 
 Several studies have reported a high amount of 
residual monomer release11-13 from the chemical-cured 
acrylic resins, especially during the first 24 hours and 
the cytotoxic effects of the residual monomer has also 
been reported.14-16 
 Different methods such as gas chromatography, 
infrared spectrometry and chemical detection have 
been described to evaluate the levels of residual MMA 
monomer.2-4 HPLC is popular in analytical chemistry 
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as it is a nondestructive method that enables simulta-
neous analysis of various substances and provides 
correct estimates of the degree of residual monomer in 
acrylic resins. 12 As far as the scientific data on the 
amount of unreacted residual monomer released from 
denture based polymers is concerned, there is limited 
date available on leaching of residual monomer after 
one hour time interval. 
 Therefore, this study was carried out to determine 
the amount of residual monomer leached from two 
polymers by high pressure liquid chromatography 
(HPLC). 
 
METHODS 
The study was conducted in Government College Uni-
versity, Lahore. The duration of the study was one 
month. Two commercial brands of autopolymerized 
denture base polymers, super-cure deep pink-veined 
(Universal Dental, Meadway, England) and super-cure 
shade clear (Universal Dental, Meadway, England) 
were selected. Test samples were prepared following 
manufacturer’s recommendations for powder to liquid 
ratios by volume and polymerization time according to 
EN ISO standard 10993-12:2012 17 under aseptic con-
ditions using sterile Teflon (PTFE) standardized mo-
uld measuring 25 mm in diameter and 5 mm in thick-
ness (Figures 1a, 1b, 1c). 
 The powder (2.5 g) was measured on an electronic 
balance and liquid (1 ml) was measured in calibrated 
glass cylinder. At the dough stage, the samples were 
packed into the Teflon mould, covered with cellophane 
paper, closed with a lid and placed in dental pressure 
pot for 10 minutes under 20 pounds psi pressure. Fol-
lowing removal from the mould, each sample was poli-
shed with pumice slurry and immediately immersed in 
a glass flask containing 20 ml of distilled water and 
sealed with bees wax to avoid leakage and evaporation 
of the monomer.11 
 Twelve samples were prepared for each group. 
Group (pink acrylic) and group (clear acrylic) was sub-
divided in six subgroups according to different storage 
time. The distilled water storage time interval for resi-
dual monomer detection was 1 hour (T1), 2 hours (T2), 
6 hours (T3), 12 hours (T4), 24 hours (T5) and 1 week 
(T6). 
 HPLC (Waters System, Woldbronn, USA) was 
used to identify the residual monomer (MMA) content 
at the time intervals of T1, T2, T3, T4, T5 and T6 of 
immersion in distilled water after the sample prepa-
ration. The analysis used an Agilent UV detector at 
230 nm, an Ace 5 C18 column of 25 cm length, particle 
size of 1 µm as stationary phase, a binary pump and 
manual injector systems. For the mobile phase, a mix-
ture (50:50 volume ratios) of acetonitrile (HPLC gra-
de) and distilled water was used and flow rate was 
1 ml/min. The residual monomer concentration was 
determined by measuring the absorbance at 230 nm 

using the calibrated standard solution at 1600 ppm. To 
quantify the amount of residual monomer release from 
acrylic resin, 20 µl extracted solution of each sample 
was injected three times into the chromatographer and 
mean concentration was recorded in ppm as the final 
monomer concentration.12 
 The SPSS 20.0 software program (SPSS Inc, Chi-
cago, IL, USA) was used for statistical analysis to dete-
rmine the differences within each group over different 
periods and ANOVA test and t-test was used to deter-
mine the differences in monomer released at different 
time intervals. The data is presented as mean and sta-
ndard deviation and a value of p < 0.05 was accepted 
as statistically significant. 
 
RESULTS 
Figures 2 and 3 demonstrate chromatogram of two dif-
ferent samples which were prepared in this study. 
Mean and standard deviation of residual monomer 
concentration between two different groups at diffe-
rent time intervals are presented in Table 1. Leaching 
 
Table 1: Mean residual monomer concentration in 

ppm at various time intervals between two 
groups (Pink and Clear acrylic). 

 

Time Groups 
Mean 
(ppm) 

Standard 
Deviation 

P-value 
(ANOVA) 

T1 Pink 86.80 48.47 
.001 

 Clear 233.40 42.60 

T2 Pink 27.40 12.82 
.011 

 Clear 82.80 35.10 

T3 Pink 126.20 9.34 
.606 

 Clear 116.40 39.76 

T4 Pink 94.40 8.96 
.001 

 Clear 143.40 20.23 

T5 Pink 82.60 2.41 
.012 

 Clear 101.60 12.93 

T6 Pink 62.80 9.42 
.008 

 Clear 78.80 4.15 
 

The residual monomer released from two Autopolymerized 
acrylic resins at six different time intervals (mean ±standard 
deviation [SD]). 
P-value < 0.05 is significant according to ANOVA. 

 
profile of monomer is shown in Figure 4. 
 The results revealed statistically significant diffe-
rence in amount of residual monomer release within 
groups at different time intervals except at the T2 
interval (Table 1). ANOVA showed that the maximum 
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Fig. 1 (a):  Teflon mold used for specimen preparation. 

 

 
 

Fig. 1 (b): Specimen of pink acrylic Figure 1 (c): Specimen 
of clear acrylic. 

 
amount (233 ± 42.60 ppm) of monomer release was 
from clear acrylic after one hour (T1) of immersion in 
distilled water, whereas the lowest amount of mono-
mer release (27 ± 12.82 ppm) was from pink veined 
acrylic after two hours (T2). 
 According to HPLC method, the amount of resi-

 
 

Fig. 2: Typical chromatogram of standard monomer con-
centration (1600ppm). 

 

 
 

Fig. 3: A sample chromatogram of specimen after soaking 
in distilled water for 6 hours’ time interval. 
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Fig. 4: Mean monomer release (ppm) of pink acrylic (gro-
up A) and clear acrylic (group B) at different time 
intervals. 

 
dual monomer ranged from 27.40 ppm to 233.40 ppm. 
There were significant variations in amount of residual 
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monomer release between the two groups at T 1 (p = 
0.001) and T2 time intervals (p = 0.011), whereas in-
significant difference (p = 0.606) was observed at the 
T3 interval. There was gradual decrease of residual 
monomer release at T3 and T5 time intervals in both 
groups (Table 1, Figure 4). 
 
DISCUSSION 
Poly methyl methacrylate is commonly used for fabri-
cation of acrylic resin based appliances. The most un-
favorable characteristic of denture based polymers is 
the presence of unreacted monomer which acts as a 
plasticizer and decreases their strength. The biological 
effects of methyl methacrylate must be kept in mind 
during fabrication acrylic appliances. MMA is a well-
known allergen and if remained in contact with oral 
mucosa it may cause local adverse reactions, such as 
burning sensation, necrosis, fissures, edema and pain 
to the mucosa as well as systemic reactions.12,23-25 
 Goncalves et al. reported that acrylic resins exert 
cytotoxic effects on epithelial cells. Therefore, it was 
recommended to reduce the residual monomer con-
tent as low as possible before dental prostheses are in-
serted. To reduce the residual monomer content, post-
polymerization treatments are reported in literature, 
such as microwave irradiation and immersion in hot 
water.14 Nonetheless, the risk of adverse effects of 
polymer based materials is higher for personnel in 
dental clinics and laboratories during handling of this 
materials.13 
 The results of our study showed that the residual 
monomer rate was significantly higher (233.40 ppm) 
in clear acrylic as compared to pink veined acrylic after 
one hour of storage in distilled water (Fig. 4). There 
was variation in amount of residual monomer release 
from one hour to six hours, but after 12 hours (T4) the 
monomer release was decreased gradually (Table 1, 
Fig. 4). The variation in amount of monomer release 
from one to 12 hours may be due to great difference in 
standard deviations during these study hours (Table 
1). Significant (p < 0.05) monomer elusion was obser-
ved when one hour (T1) immersion time was compared 
against two (T2), 12 (T4), 24 (T5) hours and one week 
(T6). This result is in accordance with Meister et al.21 
who reported that significant residual methyl metha-
crylate was released from tested acrylic samples within 
first 24 hours of immersion in water. It suggested that 
two mechanisms would be responsible for 24-hour re-
duction in monomer release; late conversion of resi-
dual monomer into polymer once there are free radi-
cals that remain on the surface after curing; and diffu-
sion of the monomer out of acrylic specimen. 
 Ica et al.12 reported that the maximum amount of 
residual monomer release from cold cure orthodontic 
acrylic resins was till 24 hours and then gradual reduc-
tion till one week. Our study showed that there was 
significant difference (p < 0.05) in monomer elusion 

from both pink and clear acrylic at one week (T6). 
Conversely, Nik et al. observed no difference in amo-
unt of monomer release from different study groups 
after one week.11 However; they concluded that this 
difference may be due to different polymerization tech-
niques and different brand of orthodontic cold cure 
resins used in the study. Significant amount of residual 
monomer was reported by researcher after 48 hours of 
immersion of samples in water followed by long time 
release of monomer till 15 days.22 
 Several factors such as temperature, time, polyme-
rization technique, method of specimen preparation, 
thickness of the acrylic resin and polymer-monomer 
ratio influence the release of residual monomer. Pith-
on et al. showed that the amount of leached residual 
monomer is generally around 1.5% to 4.5% in self-cur-
ing acrylic resins.19 Yilmaz et al. used ISO 1567 as a 
reference for the release of residual monomer as it lim-
its the level of residual monomer to 4.5% for self-cur-
ing acrylic resins.20 
 Furthermore, biocompatibility of Autopolymerized 
acrylic resin has been studied by different researchers 
who suggested that this material is cytotoxic.23-25 But 
water storage of denture base acrylic resins can lead to 
reduction of residual methyl methacrylate resins by 
diffusion into water.24 Therefore, it is suggested that 
one of the methods for reducing the monomer release 
is storing the denture and acrylic appliance in water 
for 24 hours before insertion in patients’ mouth. The 
water storage for one week may be recommended to 
minimize the adverse effects of residual monomer lea-
ching from Autopolymerized acrylic resins since mon-
omer elusion continues for one week. However, for 
feasibility purposes and high patient demands, at least 
24 hours of water storage time must be undertaken 
before delivering such prostheses to the patients. In 
vitro investigations for longer intervals of water sto-
rage is recommended using artificial saliva instead of 
water. 
 In conclusion within limitation of this study the-
re was significant amount of residual monomer relea-
sed from both pink-veined and clear Autopolymerized 
resin. The eluting residual monomer leached from bo-
th types of acrylic gradually reduced from 12 hours 
(T4) till one week (T6) of water storage. 
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