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ABSTRACT

Background: Electromyographic (EMG) activities of single implant-retained mandibular
overdentures (MODs) has been dubious. Midline fracture of the denture is the most common
complication related to Single implant-retained MODs. Thermoplastic polymethylmethacrylate
(PMMA) acrylic resin achieves even distribution of forces and helps in absorption of impact forces
which occurs during functional and parafunctional activities.

Aim of the study: This clinical study aimed to investigate whether thermoplastic PMMA can
improve the EMG activity and decrease the incidence of denture fracture in single implant- re-
tained MODs. Materials and Methods: A randomized controlled trial was designed, where 28
completely edentulous patients (15 male, 13 female) were enrolled and randomly divided into two
equal groups. Group I (control group) received single implant- retained MOD fabricated from con-
ventional PMMA and group II received a single implant- retained MOD fabricated from thermo-
plastic PMMA acrylic resin. Patients’ muscle activity was evaluated at baseline and at 3, 6 and 12
months using EMG. The survival rate of MOD was evaluated by recording the incidence of mid-
line fractures. Results: There was a significant improvement in the EMG activity of the masseter
and temporalis muscle of the thermoplastic PMMA group in all the follow-up periods. There was a
non-statistically significant difference in the MOD survival between groups. However, the decrease
in fracture incidence was clinically significant in the thermoplastic PMMA acrylic MOD group.

Conclusion: Within the limitation of this study, it was concluded that the fabrication of single
implant-retained MODs from thermoplastic PMMA acrylic resins improves masticatory muscle
activity and overdenture survival.
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INTRODUCTION

The traditional management of completely eden-
tulous patients with conventional complete dentures
has developed many problems of discomfort, dif-
ficulty in chewing, pain, and retention.! Introduc-
tion of dental implants helped to overcome many of
these problems.

Rehabilitation of completely edentulous patients
with implant-retained MODs; improves muscle
activity, maximum biting force, chewing efficiency,
and obviously increases patient satisfaction.>* When
compared to conventional dentures; several studies
found that
improvement in EMG activity. +¢

implant-supported MODs showed

Mandibular single implant-retained MODs have
emerged as a treatment modality that addressed the
limited financial resources of patients and simulta-
neously enabled the management of conventional
complete denture problems. "

Clinical studies evaluating EMG activities of
single implant- retained MODs are scarce and rare.
Studies comparing single implant-retained MODs
to conventional dentures reported that patients com-
plaining from discomfort and functional difficul-
ties with their conventional mandibular dentures,
have shown a significant increase in the maximum
bite force and improvement in the chewing abil-
ity when rehabilitated with single implant-retained
MODs. 614

However, a randomized controlled trial queried
the masticatory muscle activity of the single
implant-retained MODs when compared to two
implant-retained MODs and reported that the two-
implant subjects presented a statistical significant
improvement in EMG activity."”

Midline fracture of the denture is considered
the most common complication associated with
single implant-retained MOD. A high incidence
of fracture of the acrylic resin denture base at the
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area of the implant may be explained by the fact
that the single implant may act as a pivot and
the MOD at the midline is usually thin. Many
approaches have been introduced to overcome this
problem. Reinforcement with metal mesh has been
introduced as one of the solutions of this problem
and was reported to be a reliable treatment option.
1617 Tn 2007, a study by Gonada et al advocated the
reinforcement of the single implant MOD to reduce
the strain and prevent the MOD deformation and
subsequent fracture. '3

Retention, support and stability are three im-
portant factors which affect the masticatory func-
tion of dentures and their fracture resistance. One
of the treatment alternatives that help in increasing
denture retention, support and improve mastica-
tory performance is the thermoplastic denture base
materials.

Flexible acrylic resin achieves even distribution
of forces and reduces localized pressure. Besides,
the flexible acrylic resin probably helps in
absorption of impact forces which occurs during
functional and parafunctional activities.*® Improved
flexural and impact strength are claimed advantages
of thermoplastic PMMMA. Moreover, flexible
dentures are more esthetic and highly acceptable
by the patients.”' It is characterized by dimensional
stability, absence of porosity and improved denture
adaptation 2%

Up to our knowledge, there are no previous stud-
ies comparing the EMG activity and overdenture
survival in single implant-retained MOD with dif-
ferent denture base materials. This clinical study
aimed to investigate whether thermoplastic PMMA
can improve the EMG activity and decrease the in-
cidence of denture base fracture in single implant-
retained MOD. The null hypothesis is that there is
no significant difference in EMG activity and over-
denture survival between conventional heat polym-
erized hard PMMA and thermoplastic PMMA.
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MATERIALS AND METHODS

A randomized controlled trial was designed,
twenty eight completely edentulous patients (15
male, 13 female) were enrolled according to the in-
clusion and exclusion criteria from the Removable
Prosthodontic clinic, Faculty of dentistry, MSA

University.

Sample size calculation:

If the difference in the response of matched pairs
is normally distributed with standard deviation 20
and the true difference in the mean of EMG activity
is 20. A total of 28 patients (14 in each group) was
required to be able to reject the null hypothesis that
the difference in response is zero with probability
(power) of 0.8 and type I error probability is 0.05.

Participants were assigned to two equal groups
randomly. Patients of group I (control group) re-
ceived single implant-retained MODs fabricated
from heat-polymerized hard PMMA (Dentaplast
Opti-Press TM bredent GmbH & Co.KG, Senden,
Germany). Group II received a single implant- re-
tained MOD fabricated from thermoplastic PMMA
(Polyan IC TM bredent GmbH & Co.KG, Germa-
ny). Allocation concealment was performed using
computer generated random number (RANDOM.
ORG). Each participant selected a sealed opaque
envelop that determined his/her number. Only sin-
gle blinding was feasible (the assessor).

Inclusion criteria: completely edentulous patients
of age range 55 to 70 were selected, medically
and psychologically eligible patients for implants
placement. Patients with adequate bone quality and
quantity at midline and adequate interarch space
detected clinically and radiographically.

Exclusion criteria: patients suffering from un-
controlled diabetes, osteoporosis, temporomandib-
ular disorders, bleeding disorders or any medical
condition that preclude implants placement were
not enrolled. Patients taking chemotherapy or ra-
diotherapy and heavy smokers were also excluded.
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The study was approved by the Scientific Re-
search Ethics Committee of MSA University. The
participants signed an informed consent after being
well-informed of the trial procedures.

Presurgical preparation:

New complete dentures were fabricated to be
utilized during radiographic evaluation and to serve
for temporization. The mandibular dentures were
duplicated and gutta percha markers were inserted
in the potential implant site (denture midline).
Participants were scanned using CBCT (CBCT,
i-CAT Vision®; Imaging Sciences International)
and blue sky Bio software (Blue Sky Plan® V3,
Blue Sky Bio, LLC, USA) was used for implant
planning.

The gutta percha markers were then removed
and midline sleeve was made in the radiographic
stent which was kept in 0.2% Chlorhexidine to be
used as a surgical stent on the day of the surgery.

Preoperative antibiotics (1gm Augmentin®,
prednisone) and mouth washes (0.2% chlorhexidine
digluconate) were prescribed to the participants 2
hrs before surgery and continued for one week.

Surgical procedures:

For all patients, a standardized 2-stage submerged
surgical protocol was implemented to place a single
implant in the midline of the edentulous mandible.
Small crestal incision was cut and a mucoperiosteal
flap was reflected. Implant sites were indicated using
the surgical template which was perfectly stabilized
in place. Sequential drilling was performed under
copious irrigation according to manufacturer
instructions. Twenty eight implants of screw shaped,
root form, self-tapping implants were placed in the
midline for both groups (DENTIUM dental implant
system, Korea). Implants were of the same length
and diameter (12 mm X 4.1 mm)

During the osteointegration period, temporiza-
tion was performed by relining and fitting of the
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previously fabricated dentures using a tissue con-
ditioner (Temporary soft liner, Dentsply). A second
stage surgery was performed eight weeks after to
place the healing abutments, which were replaced
with the locator attachments (Dentium system, Den-
tium Co. Kore) after two weeks.

Prosthodontic procedures:

Conventional upper complete denture and MOD
were fabricated for group I using compression
molding technique following the manufacturer
instruction. %

For group II, a conventional upper complete
denture was fabricated, and a thermoplastic
PMMA MOD was fabricated using thermoplastic
biocompatible “Polyan IC” (Polyan IC, Modified
methacrylate, Bredent, Germany) processed by
injectable molding technique (Thermopress 400
version 2.4/2.56, Bredent, Germany) following the

manufacturer instruction (figure 1). »
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Direct pick up

For both groups, white block-out spacers were
slipped around the male part of the locator attachments
(figure 2a). The black processing cap was fitted in the
metal housing which was placed on the locator attach-
ment’s female part. The newly fabricated MODs of
both groups were then modified to accommodate the
locator attachments, midline sleeves were cut in the
MODs opposite to the attachments.

Proper seating of the MODs and absence of any
interference between the fitting surface of the MODs
and locator attachments were verified by absence of
rocking and perfect occlusion.

Chairside self-cure acrylic resin (Heraeus Kulzer
GmbH, Germany) was mixed and injected using a
plastic syringe in the prepared sleeves. Patients
were instructed to occlude on their dentures until
complete polymerization of the acrylic resin. The
MODs were then removed with the picked-up
metal housing in their fitting surface (figure 2b).
Finishing of the MODs was performed and the
black processing cap was replaced with the red
locator nylon cap (figure 2c).

Fig (2) a) ite block-out spacers slipped around the male part of locator attachments b) picked-up metal housing. ¢) black processing
cap replaced with red locator nylon cap
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Participants were trained on insertion and re-
moval of their MODs and instructed to wear them
for two weeks. After two weeks of implants load-
ing, patients were recalled for electromyographic
evaluation.

Electromyographic evaluation

Patients’ muscle activity was evaluated at
baseline (two weeks from new MOD insertion)
using surface EMG during chewing hard and soft
food. A clear plastic sheet was customized for
each patient for precise reposition of the surface
electrode in the successive patient recalls. The oral
commissures and the outer canthus of the eye were
taken as reference points for future relocating of the
plastic sheet during reading intervals.

During the electromyographic evaluation, pa-
tients were instructed to maintain a comfortable
erect position with their head unsupported and their
hands resting on their thighs. The surface electrodes
were positioned on the superficial masseter and an-
terior temporalis muscle (Figure 3a) and these posi-
tions were transferred to the clear template which
was pierced at these points.

Alcohol swabs (70% isopropyl alcohol) was
used to clean their skin at the marked positions.
The ground electrode (reference electrode) was
filled with a conductive EEG paste (K-Ygel Ten 20
Weaver and Co. Aurora, U.S.A) on its inner sides
and placed on the patients’ forehead. Adhesive tape
was used to fix the reference electrodes on the cor-
responding positions.

The right and left temporalis and masseter
muscles’ surface EMG activity was recorded during
patients’ chewing (figure 3b,3c). The total time of
the experiment was 8 minutes, during which the
patients chewed 1 cm of hard food (carrot) and 1
cm of soft food (banana) on each side. The food was
placed on the first molar region of each chewing
side. To decrease the influence of fatigue, a 1-minute
interval was imposed between each evaluation.
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For each type of food, the test was repeated 5
times with 2 minutes recovery rest period, then the
mean was calculated and statistically analyzed. All
EMG’S tests were performed for all patients by the
same assessor and under the same environmental
conditions. The technique used and the guidelines

were previously explained to the patient.

Survival rate of MODs

The survival rate of MODs was evaluated by
recording the incidence of mid-line fractures. A
visible crack in the acrylic resin of the MOD or
complete separation of its parts were considered
as a fracture. Fractured dentures were identified
in this study as not surviving. The survival rate of
MODs (time to fracture) in each group throughout
the 12 months follow up period was calculated and
compared using Kaplan-Meier (alpha=.05) method
and long-rank test.

The statistical method

Statistical description of data was in terms of
mean + standard deviation (+ SD) and was tested
for the normal assumption using Shapiro Wilk test.
For independent samples, comparison between
the studied groups was performed using Student ¢
test. Within group comparison between the differ-
ent time points was done using repeated measures
analysis of variance (ANOVA) test with multiple
paired t test as posthoc multiple 2-group compari-
sons after applying Bonferroni adjustment of mul-
tiple comparisons. Survival analysis was done us-
ing Kaplan Maier statistics calculating the median
survival time for each group and the corresponding
survival graphs. Two-sided P values was considered
statistically significant if less than 0.05. All statisti-
cal calculations were done using the computer pro-
gram IBM SPSS (Statistical Package for the Social
Science; IBM Corp, Armonk, NY, USA) release 22
for Microsoft Windows.
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Fig. (3a) Surface electrode placed on the temporalis muscle and
masseter muscle
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Fig. (3b) Patients chewed 1lcm of carrot then 1cm of banana
on each side.
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Fig. (3¢c) Surface EMG activity of the right and left masseter and temporalis muscles

RESULTS

Twenty eight patients were included in this study
(15 male, 13 female), with age range 55 to 70. All
the included patients finished the 12 months follow-
up period with no dropouts. There was no implant
failure during the follow-up period, with a survival
rate of 100%.

EMG activity

Comparison between the conventional hard
PMMA and thermoplastic PMMA groups re-
garding EMG activity

The effect of different denture base materials on
the EMG activity of the masseter and temporalis
muscles is shown in table 1 and table 2 respectively.

As shown in table 1; except for the baseline, a
significant decrease (improvement) in the EMG
activity of the masseter muscle was shown in the
thermoplastic PMMA group when compared to
conventional PMMA group at 3,6 and 12 months
with P-value of (0.002, 0.011, 0.001) respectively.
Furthermore, the temporalis muscle EMG activity
improved significantly in the thermoplastic group
over the follow-up period with P-value of 0.004 at 3
months and < 0.001 at 6 and 12 months.

Effect of time on muscle activity

The effect of time on the EMG activity of
temporalis throughout
different follow-up periods in the conventional hard
PMMA and thermoplastic PMMA groups is shown

masseter and muscles
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in figure 4, table 1 and table 2. Survival rate of overdenture

The effect of different denture base materials on
the survival rate of the MOD is shown in figure 5

As shown in figure 4a and table 1, there is a
significant decrease in EMG activity of the masseter

muscle over the study time points with P< 0.001. A non-statistically significant difference was

found inthe overdenture survival in the thermoplastic
PMMA group when compared to conventional hard
PMMA group in all the follow-up periods (P=0.1).

Additionally, there is a significant decrease in EMG
activity of temporalis muscle with P< 0.001 as
shown in figure 4b and table 2.

TABLE (1) Comparison of EMG results between the 2 groups over the study time points in Masseter muscle

Conventional PMMA Thermoplastic PMMA
Item (n=14) (n=14) p value
Mean SD Mean SD
Base line 150.29° 8.37 150.93* 9.52 0.852
3 months 129.54° 11.31 116.24° 8.42 0.002"
6 months 117.49¢ 10.25 105.92¢ 11.97 0.011"
12 months 114.65¢ 11.21 99.36¢ 921 0.001"
p value <0.00"* <0.001

* statistically significant

TABLE (2) Comparison of EMG results between the 2 groups over the study time points in Temporalis muscle

a, b, c, d: different letters means statistically significant difference in pairwise comparisons

Conventional PMMA Thermoplastic PMMA
Item (n=14) n=14) P value
Mean SD Mean SD
Base line 142722 1243 144512 11.83 0.699
3 months 122.53° 9.76 111.95° 7.92 0.004"
6 months 117.79¢ 10.53 96.91°¢ 6.32 <0.001"
12 months 109.11¢ 8.29 88.96¢ 7.56 <0.001"
p value <0.001" <0.001"

=
2
o
a
2
<

Fig 4 a) Line graph showing the effect of time on the
masseter muscle activity of heat cured hard PMMA

* statistically significant
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a, b, c, d: different letters means statistically significant difference in pairwise comparisons
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Fig. 4 b) Line graph showing the effect of time on the
temporalis muscle activity of heat cured hard PMMA
and thermoplastic PMMA
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Fig. (5) Kaplan-Meier analysis
DISCUSSION

The purpose of this randomized clinical trial
was to compare the masticatory muscle activity
and the survival of single implant-retained MODs
fabricated from two different denture base material;
either conventional hard PMMA or thermoplastic
PMMA acrylic resins.

Surface electromyography was used to evaluate
muscular activity as it showed a great efficiency in
the analysis of muscle activity in implant-retained
dentures.?**” The choice of surface electrodes was
for several reasons, as they are considered less
painful than needle electrodes which can change the
records of the EMG activity. In addition, they help

in the assessment of a larger area of muscles.”

Masseter and temporalis muscles were selected
to denote the activity of the muscles of mastication
as they are the strongest and largest muscles of
mastication and they play an important role in
mandibular movements.”” A higher EMG activity
of the masseter muscle was shown in the results of
our present study when compared to the temporalis
muscle. This can be due to anatomical and functional
differences between both muscles. Furthermore,
this can be attributed to the fact that during chewing,
the masseter muscle exerts greater effect on the

prosthesis than the temporalis muscle.*
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Blinding of the subjects or the care provider was
not possible due to the obvious difference between
the two types of MODs. However, an independent
assessor who was not aware of the intervention
type, assessed the electromyographic activity of the
masseter and temporalis muscles.

Patients rehabilitation with single implant
-retained MOD fabricated from thermoplastic
PMMA showed an improvement in muscle activity.
Therefore, the null hypothesis that there is no
significant difference in EMG activity between the
conventional hard PMMA and thermoplastic PMMA
acrylic MOD was rejected. The findings of our study
showed that there is a significant improvement in
muscle activity of thermoplastic PMMA acrylic
resin group when compared to conventional hard
PMMA acrylic resin group. Additionally, there was
a gradual improvement in the mean EMG activity of
masseter and temporalis muscles in both groups at

3,6, and 12 months follow-up periods.

These results are in agreement with a previous
study hard PMMA
with flexible MODs retained by two implants.
It was stated that chewing with flexible MODs
resulted in faster and fewer chewing strokes which

comparing conventional

improves the masticatory activity and preserves the
masticatory system. There was an improvement in
muscle activity of implant MODs fabricated from
flexible acrylic resin, and they proposed it’s use as
an alternative treatment option for implants MOD
patients. *'

The gradual improvement in the mean EMG
activity can be due to the adaptation of the
neuromuscular system to the implant-retained MOD
and hence the masticatory effort decreases with
time.*? Previous studies revealed that rehabilitation
of edentulous patients with implant-supported
MODs aided in better neuromuscular coordination
by improving stability, support and retention of
the denture. Accordingly, the masticatory muscles
are directed towards the masticatory function
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instead of controlling and stabilizing the denture
during function.*** This can be explained from a
neurologic perspective, as less electric activity is
used by the muscle to do the same function.

The null hypothesis of comparing the fracture
incidence of single implant — retained mandibular
MOD fabricated from conventional hard PMMA
versus thermoplastic PMMA acrylic resin was not
rejected, as a non-statistically significant difference
was revealed in the fracture incidence of the two
groups.

Despite the statistically insignificant difference
in overdenture survival between the two groups
reported in this study, a clinically significant
decrease in fracture incidence was recognized in
the thermoplastic PMMA acrylic MOD group, it
is relevant to mention that two MODs fractured in
the conventional MOD group with no fractures in
thermoplastic MOD group. The higher flexural and
impact strength as well as the better adaptation of
thermoplastic PMMA acrylic resin may explain this
result 2%

The results of this study agree with a study
reported that the denture base affect the load applied
to implant and act as important factor for MOD
survival rate. Close adaptation of the denture base
reduces the movement of the denture and allow the
forces distribution over the implants and supporting
structure in turn decrease the stress concentration
around the implants. **7 Therefore, the clinically
significant decrease in fracture incidence in the
thermoplastic PMMA acrylic MOD group may
also be attributed to the low strain in peri-implant
area, low stress in the abutments and absence of
damaging strain concentration around the only
implant achieved by the thermoplastic PMMA
acrylic resin.

In this study, the Polyan IC was selected to use as
a material for fabrication of denture bases processed
by injection molding technique. It is a thermoplastic
resin biocompatible, colour stable and residual
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monomer content < 1% so no mucosal irritation
Moreover, this thermoplastic can be relined and
repaired easily.”®

Gharechahi et al. compared the dimensional
accuracy of acrylic resin denture bases processed
using conventional molding technique to those
fabricated using injection molding technique. They
assumed that, injection molding technique revealed
higher dimensional precision when compared to the
conventional molding technique, leading to higher
denture base adaptation.*

It was claimed that the combination of

polymerization shrinkage and distortion of

denture bases due to thermal stresses which
occur in compression molding technique affects
the adaptation accuracy of denture base to the
underlying tissues creating a microgap. Injection
molding technique is an alternative technique which
may overcome these problems and increase denture

base adaptation.*#!

Besides the type of prosthesis which is an
that
distributes the load between the residual ridge and

implant-tissues  supported  overdenture
the implant, this prosthesis has the ability to protect
the implants by using locator attachments which act
as stress breakers. Additionally, it had been claimed
that lateral loads have more deleterious effect
on dental implants than vertical loads. The low
profile height of locator attachments had decreased
the lateral load on the MOD. Lastly, it should be
observed that the opposing arch was restored with
upper complete denture that applies less forces on
opposite arch in comparison to natural dentition or
fixed restorations.

The non-significant difference may also be
attributed to a decreased number of events and the
number of patients included in the study. More
randomized clinical trials with longer follow up
periods and bigger sample size are recommended to
provide an evidence based conclusion.
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CONCLUSION

Within the limitation of this study, it was
concluded that thermoplastic PMMA denture base
processed by using injectable mold may ensure
well fitted denture base and subsequently improved
masticatory muscle activity and decreased fracture
incidence compared to PMMA hard denture base
processed by conventional method, when single
implant- retained mandibular MOD are used.
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