























Figure 3.9 SEM of Candida albicans biofilms grown on three denture
acrylics

C. albicans biofilms were formed on (A) self cured, (B) conventional pressure
packed and (C) injection moulded acrylics. Note the expansive biofilms

comprised of intertwined hyphae that are similar irrespective of the material

(x1000).
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3.3.3 Discussion

The ability of Candida spp. to form a biofilm quickly has important
repercussions, in both the resulting biofilms ability to evade host defences and
subsequent resistance to the effects of antifungal agents. The formation of a
biofilm on the denture surface also serves as a reservoir for continuous and
repeated infection (Douglas, 2002; Kojic, 2004). Ultimately the impression
surface of the maxillary denture is in contact with the patient’s palatal mucosa;
therefore, it is this region of the denture which may clinically act as reservoir

for Candida spp. (Budtz-Jorgensen, 1981; Samaranayake et al., 1980).

SEM was undertaken to assess variation in the physical aspects of three
material surfaces, and to investigate the attachment characteristics of C.
albicans and its subsequent ability to form biofilms. Material surface flaws,
either in the form of porosity or surface cracks, may increase candidal
attachment to the denture base. This may result in varying degrees of denture
induced stomatitis (Radford et al., 1999). The formation of biofilms in cracks
and imperfections has been shown to increase difficulty of biofilm removal by

brushing (Baillie & Douglas, 1999; Ramage et al., 2002).

In this study the difference in levels of C. albicans attachment between the
materials tested may be owing to their surface characteristics and in particular
their physical properties. Although not quantifiable in this study, SEM images
of self cured PMMA resin samples did visually appear to show a higher

density of C. albicans cells initially adhering to the resin surface. As has been
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already discussed, the self cured PMMA samples were found to be rougher
than either injection moulded or conventional sample groups when subjected
to profilometry. The finding that, initially, more candidal cells are adherent to
the self cured samples concurs with previous research indicating that
increased surface roughness increases the adherence of Candida albicans to

the acrylic resin surface (Nevzatoglu et al., 2007; Verran & Maryan, 1997).

The presence of Candida spp. within saliva, adhesion to the oral mucosa, and
colonisation and development of biofilms on the denture surface are
associated with mild to severe pathophysiological effects. According to
Newton’s classification, there is a range of fungal induced stomatitis (Newton,
1962). This pathogenesis is related to attachment of C. albicans cells to the
impression surface of a denture, which is considered to be dependent on non-
specific factors affecting the material surface, and specific factors relating to
Candida spp. (Cannon et al., 1995; Holmes, 1995; Millsap, 1999; Pereira-
Cenci et al., 2007). Candidal specific factors include the presence of adhesins
and the ability to recognise ligands on the cell surface. Candida spp. are also
able to coaggregate and/or bind to bacteria (Cannon, 1999; Holmes, 1995;

Millsap, 1999).

The findings regarding adhesion to self cured PMMA samples are contrary to
those which may have been expected based on the profilometry, and perhaps
SEM images taken of the material surfaces after initial candidal adhesion.
Previous studies have shown a direct correlation between increasing surface

roughness and candidal adhesion (Radford et al., 1999; Verran & Maryan,
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1997). Although sonication is an effective way to remove micro-organisms
(Kobayashi et al., 2009; Ramage et al., 2001), increasing surface roughness,
and therefore retentive characteristics of the material, may, in a similar way to
surface imperfections and tooth brushing, decrease the efficacy of such
methodology. Thereby, although a higher number of candidal cells may
adhere to the sample; these cells may not be efficiently removed for counting
by sonication. Therefore, lower quantities of adherent cells would be

observed.

The physical and chemical composition of denture acrylic is particularly
important in terms of reducing the ability of pathogenic yeast cells to attach
and form biofilms (Nevzatoglu et al., 2007). This study has clearly shown that
although there was no significant variation of strain attachment between the
acrylic sample groups, a significant reduction in attachment to self cured
denture acrylics was observed. These data indicate that material surface
factors may play a greater role in promoting or preventing candidal adhesion,

than the organism per se.

The chemistry of the various materials may also influence levels of candidal
attachment determined. It has been demonstrated that storing PMMA resin
denture bases in water decreases residual monomer levels, resulting in
increased candidal adherence (Waltimo et al., 2001). In order to minimise this
as a source of error, all samples in this study were stored in water for one
month prior to adhesion testing. However, within the restraints of this study, it

was not possible to measure residual monomer levels within the 3 sample
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groups. Both SC and IM materials are known to contain a higher level of
barbituric acid based initiators than conventional materials (Ruyter, 1982).
The effects of barbituric acid on Candida spp. are unknown, however, other
materials containing this initiator have been shown to contain higher residual
monomer levels (Frangou et al., 1990). The content of this agent in the
material samples may therefore also have influenced the data obtained. SC
PMMA resins have been demonstrated to be more cytotoxic than
conventionally processed PMMA resins (Sheridan et al., 1997), this may be
due to the initiators mentioned above, along with higher residual monomer

levels, however this requires further examination.

C. albicans were found to adhere to all 3 types of PMMA resin studied. If left
undisturbed, the Candida cells will proliferate to form a biofilm following initial
adherence (Davenport et al.,, 2001; Ramage et al.,, 2004; Ramage et al.,
2005). This was demonstrated by the SEM images of the 24 hour biofilms.
Candidal infection has been indicated by previous clinical studies to be
directly related to a decrease in frequency of denture hygiene procedures
(Kanli et al., 2005). Therefore, in those patients most at risk of Candida
infection, the differences exhibited between the material groups in this study
are likely to be of little relevance. Only where the biofilm is removed by
frequent brushing and disinfection, would the small differences seen between

adhesion levels for the three sample groups perhaps become relevant.
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Chapter 4.
DISCUSSION
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There are currently some 15 million denture wearers within the United
Kingdom. A minority of these experience problems, such as denture induced
stomatitis. This condition represents a significant clinical and socioeconomic
burden (Coulthwaite & Verran, 2007). Denture stomatitis is of multi-factorial
origin influenced by factors such as salivary flow, denture cleanliness, age of
prosthesis, denture base material, denture trauma, continuous denture
wearing, smoking and nutritional intake (Oksala, 1990; Soysa et al., 2004;
Soysa & Ellepola, 2005; Soysa et al., 2006). The data presented in this thesis
demonstrates that the physical and mechanical properties of denture acrylics
are influenced by processing methods, which has been discussed in detail
within each section. These properties may then impact upon how microbial
factors, including yeasts, adhere and are retained upon denture acrylic.
Ultimately, as soon as dentures are placed into the oral cavity they become
colonised by microbial species resident to this environment irrespective of the
physical properties of dentures. Therefore, there are also more general

factors that must be considered in relation to the production of dentures.

With such close similarities between injection moulded and conventional
PMMA materials studied herein, it is necessary to examine other factors
before being able to recommend one technique over the other. As stated in
previous research, implementation of new therapies is usually governed by
financial considerations, so efficacy must take into account cost comparisons
(Heydecke et al., 2005). Overall costs of conventional pressure packed
complete dentures have been examined in multiple studies in comparison to

mandibular implant retained overdentures (Heydecke et al., 2005; Lewis,
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1998; MacEntee & Walton, 1998). These studies have demonstrated that
although implant retained over dentures were more expensive, they did result
in significantly better oral health related quality of life scores than conventional
complete dentures. However, no data exists on the cost effectiveness of
conventionally processed compared to injection moulded complete denture

bases, when related to quality of life scores.

In addition to the cost implication, the time required to process the materials
may vary significantly between differing techniques. According to
manufacturers’ instructions, conventional heat cured acrylic processing takes
9 hours. In contrast, the processing time for injection moulding systems, is 35
min combined with 5 min to inject and 30 min polymerisation in the water bath
(approximately 70 min in total). This represents only 13% of the time for
conventional manufacture. Whilst the initial set up cost appears to be
relatively high, in the long term, this expenditure may be re-couped. The
injection moulding technique also has the added benefit that 2 denture bases
can be produced simultaneously within the apparatus. Ganzarolli et al. (2007)
stated that for injection moulding it was ‘necessary to evaluate and balance
the cost-effectiveness of techniques that are more expensive and time-
consuming’. They also reported from their studies, more time consuming resin
processing techniques may not be cost effective, considering the material’s

overall physical properties and clinical results.



There are some caveats to injection moulding. Specialised equipment is
required, with increased initial outlay costs. The flasking technique is also
more complex. Care must be taken during wax up of injection moulding
sprues to ensure they are attached in the optimal region and that no
undercuts are present in the wax up. Should an undercut be present where
the sprue attaches to the denture base, fracture of the base in this region may
occur when attempting to de-invest. Denture teeth must also be pre-treated
after the boiling out stage to avoid de-bonding from the finished denture base.
Additionally, care must be taken to ensure injection of the acrylic is performed
at the appropriate moment. If injection is undertaken too early, then acrylic
resin will be injected too rapidly through the flask set-up and voids or porosity
may occur. These may result in enhanced microbial retention (Karaagaclioglu
et al., 2008; Nevzatoglu et al., 2007; Pereira-Cenci et al., 2007). If injection is
left until too late, then the material will become too viscous and again may
result in voids or other inaccuracies. Interestingly, Ganzarolli et al. (2007)
determined injection moulded denture base samples to possess significantly
greater porosity than either conventional or microwave processed PMMA

resins.

A reduction in the magnitude of occlusal inaccuracies has been reported with
use of the injection moulding system (Keenan et al., 2003; Nogueira et al.,
1999). This is likely to be favourable to the clinician both in terms of ease of
denture delivery, but also in terms of clinical time costs. This was confirmed
by Nogueira et al. (1999), who stated that although there was no appreciable

difference in laboratory working time between injection moulding and
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conventional processing techniques; injection moulding would save
considerable time post-denture processing. They reported that with the
improved dimensional accuracy of the injection moulding technique, less

adjustment would be required at chairside (Nogueira et al., 1999).

Prevalence of edentulousness is gradually decreasing. However, over 25% of
the UK population wears complete or partial dentures and 13% are currently
edentulous (Kelly et al., 2000). The UK has been ranked sixth highest WHO
region/country with regards to prevalence of edentulous elderly (Peterson &
Yamamoto, 2005). It is therefore likely that, for the considerable future at
least, provision of complete dentures will continue to be of significant
importance within dentistry. Since its introduction over 70 years ago, PMMA
resin has been the most widely used denture base material (Johnson, 1994).
It seems somewhat surprising that in all this time, little has changed in the
way dentures are processed despite an ever present demand. This thesis has
demonstrated that although injection moulding may possess some
advantages over conventional pressure packed acrylic resins, the method is

not without its flaws.

It is possible that in the future we may see a move towards other techniques
aimed towards reducing denture inaccuracies, for example CAD/CAM
techniques. This technique was described as far back as 1997 for duplication
of complete dentures. However, difficulties were encountered with scanning
acutely curved denture surfaces (Kawahata et al., 1997). CAD/CAM

technology has been reportedly successful in construction of removable



partial dentures (Williams et al., 2006). In this report, the construction of a
cobalt chrome framework by CAD/CAM technology was judged to be at least
as accurate as conventional methodology. With high initial set up costs,
reported in this paper to be in the region of $25,000, it seems unlikely that the
use of CAD/CAM technology in denture construction will be permissible
unless it is able to exhibit a greater magnitude of improvement compared to

existing techniques.

In this study, injection moulded materials were not determined to exhibit any
significant reductions in candidal adhesion, when compared to conventionally
processed materials. Once candidal cells are adherent to material surfaces,
they will rapidly proliferate to form a biofilm (Davenport et al., 2001; Ramage
et al., 2004; Ramage et al.,, 2005). Denture hygiene of dependent elderly
people is known to be poor (MacEntee, 2000; Preston et al., 2006; Sweeney
et al., 2007). In such cases as these, surface modification to prevent the
adherence of Candida may show promise (Chandra et al., 2005), Yoshinari et
al. 2006). Acrylic resin surface treatments have included incorporation of
methacrylic acid to alter surface charge (Park et al., 2003) and incorporation
of apatite-coated TiO, photocatalyst and ammonium compound (Pesci-
Bardon et al., 2006). All of these modifications have been shown to effectively

reduce candidal adherence and may warrant further investigation.
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4.1 Conclusion

From the results obtained, both the conventionally processed and injection
moulded PMMA materials are acceptable for use as denture base materials.
In terms of overall base-plate adaptation, mean weights of vinyl polysiloxane
(VPS) present between denture impression surface and master cast for both
the injection moulded and conventional pressure packed PMMA samples
were small. Such magnitudes of dimensional inaccuracy, as demonstrated
herein, are unlikely to impact upon the clinical success of the denture base.
Polymerisation shrinkage of PMMA type denture base materials is, however,
a well recognised problem (Craig, 2002). There is a desire to overcome this
shrinkage via the development of changes in processing methods and

modified or new materials.

The studies undertaken within this thesis have demonstrated injection
moulded PMMA resin to be superior in terms of dimensional accuracy
compared to conventional pressure packed PMMA resin. However, as the
differences observed were very small, and the sample size also relatively

small, it is debatable whether they would actually be of significance clinically.

Overall adaptation of the denture base is also of paramount importance when
considering likelihood of candidal infection. A poorly fitting denture base is
more likely to cause trauma to the denture bearing tissues. It is also more
likely to allow the ingress of food and thereby plaque formation on the denture
impression surface. Both these factors increase the likelihood of candidal

infection of the denture base material, which may act as a reservoir, and of
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the denture bearing tissues. The dimensional accuracy of the chosen denture

base material and candidal adhesion to this are therefore closely associated.

The data did not indicate any statistically significant differences between
injection moulded PMMA resin and conventional pressure packed PMMA
resin materials in terms of candidal adhesion. As was previously mentioned,
Candida will proliferate following initial cell adhesion. Therefore unless
adhesion cell counts were found to be zero, or denture hygiene procedures
were carried out often enough to prevent biofilm formation, the observed
differences in attachment are likely to be of limited clinical importance in the

prevention of candidal infection.

Having discussed the described techniques with experienced laboratory
technicians and having used them throughout the laboratory stages of the
research reported in this thesis myself, it is difficult to say if one technique is
hugely advantageous over the other, either in terms of the dimensional or
candidal adherence results described, or the ease of laboratory processing.
However, it seems reasonable to suggest that a busy commercial laboratory,
with a high volume of complete denture cases may wish or elect to choose the
injection moulding system, which has a significant reduction in processing

time, with similar or slightly more favourable material properties.
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4.2 Suggestions for further work

The three in vitro studies reported in this thesis have been performed in order

to compare the in vitro performance of two, or in the case of the

microbiological study, three commercially available PMMA resin type denture

base materials. As a result, a number of other areas for potential investigation

have been identified. These may provide useful in supplementing the data

obtained so far.

Suggestions for further research include:

1)

2)

3)

An in vivo study of candidal adherence to injection moulded and
conventional pressure packed acrylic resins to determine any

significant differences.

An analysis of the patients involved in above the study to determine if
statistical differences present in candidal attachment levels to the two
materials correlate with clinical differences in levels of candidal

infection and clinico-pathological effects.

In the experiments reported in this thesis, the un-finished surface of
PMMA resin samples was examined. It would be useful to establish if
significant differences exist in candidal adherence between the two

materials after polishing.
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4)

5)

6)

As mentioned in Section 1.4.3.5, there are 2 possible heat regimes
used for curing heat activated PMMA denture bases. The first of those
involves heating at 72°C for at least 16 hours. The second technique
involves heating at 72°C for 2 hours, then increasing the temperature
to 100°C and heating for a further 2 hours. The samples used in this
study were processed by the latter method. A study comparing
conventional pressure packed PMMA samples produced by the first
method and injection moulded PMMA samples, in terms of both

candidal adherence and dimensional accuracy may be useful.

Residual monomer is present in denture base acrylic resin to some
degree (Lung & Darvell, 2005). Various post polymerisation treatments
have been described in attempts to reduce this (Jorge et al., 2007). An
investigation may be performed to determine residual monomer levels
present in conventional pressure packed PMMA samples versus
injection moulded samples, and the impact of this on candidal

adherence levels.

The data in this study indicated that material surface factors may play a
greater role in promoting or preventing candidal adhesion, than the
organism per se. Further consideration should therefore be given to
studies investigating the modification and/or development of improved
denture base materials that may provide a more biocompatible material

to the oral environment.
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7)

8)

9)

The chemistry of the three materials used in this study varied. In order
to explain the differences seen in adhesion levels between the groups,
further investigation as to the impact of barbituric acid on candidal

adhesion is required.

The results of this in vitro study demonstrated statistically significant,
but very small differences in the dimensional accuracy of conventional
pressure packed versus injection moulded PMMA samples. An
investigation to determine whether or not these differences are actually
significant in the clinical success of the two materials as denture base

materials would be of benefit.

The use of potentially more accurate 3D imaging techniques to
determine and compare overall base-plate adaptation for the two

denture base material sample groups would be of interest.

10) Further investigation into the relationship between the injection

moulding inlet location and magnitude of dimensional inaccuracies

present in denture base samples in relation to this, would be beneficial.
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