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Abstract
Discharges from anopthalmic sockets are reported to be one of the highest concerns for the
patients wearing ocular prostheses. The main cause of mucoid discharge is known to be from
the build-up of deposits on the surface, but there has been no studies reported to date. The aim
of this study was to investigate the correlation between the effect of surface roughness on
biofilm adhesion to clear heat-cured poly(methyl methacrylate) (PMMA) used for ocular
prostheses. In this experiment specimens (N = 10) in 5 groups were polished with different
grit silicone carbide papers (Group 1 - P500, Group 2 - P800, Group 3 - P1200, Group 4 P2000 and Group 5 - P4000) and the specimens in Control (N = 10) were polished with the
standard dental laboratory polishing technique commonly used for polishing the ocular
prostheses. The surface roughness was measured with a confocal laser-scanning microscope
and calculated with ImageJ. The biofilm adhesion experiment was carried out using Candida
albicans (C. albicans) cultured from a YPD (Yeast Extract, Peptone and D-Glucose) agar
plate. The results from the experiment showed that the specimens in P1200 (Ra: 1.3308µm)
had the largest amount of C. albicans attachment with 28.60µm2 surface coverage, and the
Control had clinically acceptable average surface roughness (Ra) (0.205µm) with least
amount of C. albicans attachment with 3.58µm2.
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Chapter One: Introduction
Ocular prostheses are widely used for patients who underwent enucleation or evisceration. In
the past, a lot of surgeons preferred enucleation than evisceration due to various reasons
including risk of sympathetic ophthalmia (SO). The enucleation involves removal of the
diseased globe, creating a socket for an ocular prosthesis (Custer et al., 2003; Chalasani et al.,
2007). Evisceration involves removal of the cornea and ocular contents (iris, lens, vitreous,
retina, choroid) and an ocular implant is usually placed in the remaining sclera to restore the
globe volume (Pine et al., 2012). Originally, glass was used to manufacture artificial eyes but
from the late 1940s, PMMA acrylic resins begun to be used for manufacturing ocular
prosthesis (Benson, 1977; Osborn and Hettler, 2010). This material was originally used for
constructing dental prostheses such as complete dentures, temporary crowns and partial
dentures (Ulusoy et al., 1986).
For patients wearing an ocular prosthesis, discharge from the eye socket is reported as one of
the highest concerns. A survey carried out by Pine et al. (2012) reported that the main cause
of mucoid discharge might be from the build-up of deposits on the surface. However, the
definite cause and pathology of these discharges still needs further research (Pine et al., 2012).
Numerous studies have been done on the relationship of biofilm adhesion to Ra using denture
base resins and soft lining materials. They concluded that the general trend showed that the
increase in the amount of biofilm adhesion on the surfaces had a direct relationship to the
increase in the Ra of the material being tested (Quirynen, 1994; Bollen et al., 1997; Radford
et al., 1997; Radford et al., 1998; Radford et al., 1999; Bulad et al., 2004; Henriques et al.,
2004). As similar materials are used for ocular prostheses, these findings may have a
connection with the build-up of biofilm resulting in ocular discharge.
Generally infectious pathogens found in the eyes are the same as the ones found in other
organs and tissues (Barza, 1989). Endogenous endophthalmitis (ECE) is one of the most
common fungal infections found in ocular sockets, which is most commonly caused by C.
albicans (Sallam et al., 2006). Therefore C. albicans was chosen for this study.
No investigations on the effect of C. albicans adhesion onto the surfaces of the materials used
for ocular prostheses have been reported to date. This study may contribute to the
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understanding of the connection between surface roughness, biofilm adhesion and ocular
discharge.

1.1 Aim
The aim of this research was to investigate the relationship between the Ra of a clear heatcured PMMA used for ocular prostheses and the amount of C. albicans adhesion to the
surface.

1.2 Objectives
The objectives in this research are to produce heat-cured PMMA specimens polished with
different grit SiC papers and measure the Ra. Then expose the specimens to C. albicans prior
to measuring the levels of attachment on the surfaces so as to establish a correlation between
surface roughness and biofilm adhesion.
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Chapter Two: Literature Review
Literature was searched through electronic databases of Science Direct, PubMed, Google
Scholar and Web of Science with the following search terms; anophthalmic sockets, biofilm
adhesion, surface roughness and PMMA. However, ocular discharge is not very well reported
with limited publications on the topic available. With the literature retrieved from diverse
fields of the study, they were evaluated and main findings from the reports were collected.
It is unknown exactly when ocular prostheses were first made. In the nineteenth century,
Boissonneau was the first to use the term ‘ocularist’ while making‘glass eyes’ at the Centre
of Artificial Eye in France. This was later further developed by Ludwig Muller Uri making
the glass eyes more life-like with a technique of colouring the iris in 1853 (Benson, 1977).
The current technique of fabricating ocular prostheses has been in development since the
1940s using PMMA. The advantage of using PMMA for manufacturing an ocular prosthesis
is good aesthetics and biocompatibility, durability, colour permanence, adaptability of form,
cost and availability of the material (Benson, 1977; Cain, 1982; Osborn and Hettler, 2010).

2.1 Discharge from Ocular Socket

2.1.1 Causes
For patients with an ocular prosthesis, mucoid discharge is very common and can negatively
impact on the health of the remaining eye (Pine et al., 2012). From surveys carried out in
2010, it was reported that the recommended number of cleaning cycles and removal of the
prosthesis instructed to patients by the ocularists were different and there were no set cleaning
instructions recommended to them (Osborn and Hettler, 2010). However the definite cause of
the discharge is yet to be established. It is believed nonetheless, that the main cause may be
from build-up of deposits on the surfaces of these prostheses (Pine et al., 2012).
Pine et al. (2012) found that the cause of mucoid discharge is mainly due to the deposits on
the surfaces of the ocular prosthesis, excessive handling of the prosthesis, and dust and dirt in
the eye socket (Pine et al., 2012). The survey showed that most ocularists recommended to
their patients not to remove their prosthesis if it is not causing any discomfort or discharge,
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then there were also a high number of ocularists who recommended to leave the prosthesis in
place and to be removed only by an ocularist annually. Most of the patients who participated
in the survey removed and cleaned their prosthesis daily, which was followed by patients
removed their prosthesis for cleaning less than monthly. The main reasons for removing and
cleaning their prosthesis were excessive discharge, discomfort and hygiene (Pine et al., 2012).
The survey completed by the patients showed that frequent cleaning of prosthesis had a strong
association with the volume and viscosity of discharge. The patients cleaning the prosthesis
less often experienced a decreased volume and viscosity of discharge (Pine et al., 2013).

2.1.2 Pathology
Very few reports are published specifically dealing with mucoid discharges in anopthalmic
sockets. It has been found that there are bacteriological and cytological differences between
anopthalmic and natural sockets, but these differences had no associations with the cause of
discharges (Vasquez and Linberg, 1989; Kim et al., 2008). There are two accepted aetiologies
of the discharges: 1) bacterial growth, and 2) tear dysfunction. However, in the study by
Vasquez and Linberg (1989), hand-washing behaviour of patients was not investigated, which
could have been an additional factor causing discharges in sockets (Vasquez and Linberg,
1989). Frequent removal and cleaning of ocular prostheses resulted in more severe discharge
(Pine et al., 2012). This is in agreement with the report of Osborn and Hettler (2010), in
which it was stated that frequent removal and cleaning of ocular prosthesis keeps the eye
sockets irritated and cause continuous production of mucus. This may be due to the body
trying to reject the prosthetic eye until it is covered with mebomian oil, which can take up to 5
days to form, until then the prosthesis is covered with mucus. Therefore if the prosthetic eyes
are frequently removed and cleaned, mucus discharge will always be present (Osborn and
Hettler, 2010).
Reports on biofilm adhesion onto different kinds of biomaterials are numerous. Biofilm
formation and biofilm accumulation is an important factor as they can affect the oral hygiene
and cause oral infections (Kuhar and Funduk, 2005; Aykent et al., 2010; Lee et al., 2011; Li
et al., 2012). Lee et al. (2011) pointed out that the cleaning of dentures and mucosal tissues is
vital for good oral health for the elderly with the majority of these patients failing to keep
their dentures at an adequate hygienic level (Lee et al., 2011). The pathogens found in the eye
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are similar in other organs and tissues, and pathogens such as bacteria, fungi, viruses and
parasites can lead to ocular infection (Barza, 1989).
Surface roughness of denture base materials plays a more effective role in biofilm adhesion
than surface free energy. Furthermore, rougher surfaces attract more biofilm accumulation
and plaque formation than the smoother surfaces (Kuhar and Funduk, 2005). For these
reasons, finishing the surface of prosthesis at an acceptable roughness (Ra: 0.2µm) is an
important factor (Kuhar and Funduk, 2005; Whitehead et al., 2005).

2.2 Biofilm Adhesion
McCabe and Walls (2009) have reported that the exposure of porosities and voids on the
surface of denture base resins are brought up by abrasion (McCabe and Walls, 2009), which
can result in biofilm adhesion (Al-Rifaiy, 2010). Studies on denture base resins and soft lining
materials reported that the amount of biofilm adhesion on the surfaces of prosthesis differed
depending on the average roughness (Radford et al., 1997; Radford et al., 1998; Costerton,
1999; Bulad et al., 2004). The studies reported that this was due to the difference in physical
properties of the materials and the size of the microorganisms. The general trend of the
amount of biofilm adhesion onto the surfaces with different Ra was the rougher the surface,
the more the biofilm adhesion occurred (Quirynen, 1994; Bollen et al., 1997; Radford et al.,
1999; Bulad et al., 2004; Henriques et al., 2004).
In contradiction to this trend, Taylor et al. (1998) reported that PMMA specimens polished
with P1200 grit SiC paper (Ra: 1.24µm) produced a significant increase in Pseudomonas
aeruginosa (P. aeruginosa) and Staphylococcus epidermidis (S. epidermidis) adhesion while
specimens polished with the P400 (Ra: 1.86µm) and P120 (3.66µm) grit paper produced no
significant effect in biofilm adhesion compared to the surfaces of the sample groups polished
with higher grit paper than P1200 grit papers (Taylor et al., 1998). Katsikogianni and
Missirlis (2004) have reviewed a number of studies on the biofilm adhesion to biomaterials
including the study by Taylor et al. (1998) and they have concluded that further study is
required to investigate the cause of non-linear dependence of the biofilm adhesion on the Ra
(Katsikogianni and Missirlis, 2004).
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Whitehead and Verran (2006) reported on the contributing factors of biofilm adhesion onto
surfaces. Of these, the shape of the surface feature is the most important factor and depends
on the cell alignment (Figure 1) (Whitehead et al., 2005; Whitehead and Verran, 2006). When
the grooves on the surfaces are closer to each other for the rod shaped bacteria such as P.
aeruginosa, there is only a small cell-surface contact area. On the surfaces with wider grooves
where the distance between the grooves are about the size of the microorganism, the cellsurface contact area also gets larger and increases the cell-surface contact area. This results in
the increase in the amount of biofilm adhesion onto the surface. On the other hand, the
surfaces with wider grooves, larger than the microbial size, the cell-surface contact area gets
low due to the ‘wash out’ effect of the microorganism on the surfaces (Whitehead and Verran,
2006). However, in the other study done by Whitehead et al. (2005), the results showed that
there was increase in retention for C. albicans (4µm x 5µm) on larger surface defects
(Whitehead et al., 2005). Therefore, for the larger surface defects, cells might not be affected
with ‘wash out’ effect.

Figure 1. Image shows the affect of size of grooves on surface contact area: a) Grooves closed to each other decreased
cell-surface contact area, b) on surfaces where the size of the grooves were about the size of the microorganisms had
the most cell-surface contact area, c) wider grooves had low cell-surface area due to the ‘wash out’ effect (Whitehead
and Verran, 2006).
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2.2.1 Stages of Biofilm Adhesion
Radford et al. (1999) summarised the adhering behaviour process of C. albicans in four
phases: Transport to Surface, Initial Adhesion, Attachment and Colonization. First phase,
Transport to Surface covers the diffusive or active movement of the microorganism to the
surface. Second phase, Initial Adhesion includes the weak attraction to the surface made by
Van Der Waals forces. Third phase, Attachment is where the cell of C. albicans interacts with
the external environment. Radford et al. (1999) reported that the germ tube of the organism
produces an additional surface layer, which is thought to be responsible for the enhanced
adhesion. Finally, Colonization referred to the microorganism growth and the formation of
plaques, which are called biofilm in non-oral in vitro situations. The different phases depend
on surface free energy and the surface roughness for larger surface areas while also indirectly
providing a protected environment until firm attachment can be completed in phase three
(Radford et al., 1999).

2.3 Surface Roughness
According to the British Standards Institute, roughness is defined as “The irregularities in the
surface texture, which are inherent in the production process but excluding waviness and
errors of form” (Whitehead and Verran, 2006). To assess the effect of the surface roughness
in biological interactions, quantitative description of the Ra is necessary. The topography of
surfaces is constructed with peaks and valleys with various heights and spacing. However, the
characteristics of the surfaces can be different depending on the range of methods used to
treat the surface; cutting, grinding and polishing (Whitehead and Verran, 2006).
There are two principal planes in surface roughness: perpendicular to the surface (height
deviation) and plane of the surface (spatial parameter) (Whitehead and Verran, 2006). These
planes can further be described by four groups of parameters: amplitude parameters, spacing
parameters, functional parameters and hybrid parameters. The amplitude parameters are the
most important parameters in characterizing the surface topography. The amplitude
parameters are: Ra (the centre line average, the arithmetic average height) (Figure 2), Rq (root
mean square, standard deviation of the distribution of surface height), Rz (also referred to as
Rt, maximum height of the profile), Rsk (Skewness, measure of the symmetry of the curve
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describing the height distribution) and Rku (Kurtosis, representation of height distribution)
(Whitehead and Verran, 2006).

Ra	
  

Figure 2. Ra: the centre line average, the arithmetic average height (modified from Whitehead and Verran, 2006).

2.3.1 Measuring Surface Roughness
There are several techniques and methods used to measure and calculate the Ra of a material.
Two of the most commonly used techniques are the mechanical stylus system and non-contact
laser scanning system to measure the characteristic of the surface finishes and calculate the Ra
(Ulusoy et al., 1986; Blau et al., 1996).
There are two types of mechanical stylus system used: perthometer and profilometer
(Morrisonm, 1995; Blau et al., 1996; Abuzar et al., 2010; Al-Rifaiym, 2010). These two types
follow the basic concept of the mechanical stylus system but have slightly different methods
in collecting the results. The general concept of the mechanical stylus system is the tip of the
stylus penetrates into the deep crevices of a surface and as the stylus passes across the
specimen, the stylus remains in contact and the information of the surface characteristic is
recorded (Blau et al., 1996).
These mechanical stylus systems have been regularly used in many biomaterials research to
measure the surface of different kinds of dental materials. Aykent et al. (2010) used a
profilometer (Mitutoyo Surftest 402 Surface Analyzer; Mituoyo Corp, Kawasaki Kanogowa,
Japan) for measuring Ra of direct and indirect composite resin and ceramic material
specimens (Aykent, Yondem et al., 2010). Kuhar and Funduk have adopted a contact
profilometer (Talysurf 10; Taylor Hobson Lrd, Leicester, England) in their research for
measuring Ra of specimens (Kuhar and Funduk, 2005). Li et al. (2012) also used the
mechanical stylus system for measuring Ra of implant overdenture materials (i.e. PMMA,
Titanium and Hydroxyapatite) (Li et al., 2012). However there are several disadvantages and
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limitations to the mechanical stylus systems in deducing the surface roughness (Blau et al.,
1996). The problems are mainly in the physical configuration of the contacting tip (Whitehead
et al., 1999). Blau et al. (1996) reported that even with the narrow 2.5µm diamond tip stylus
there are limits in penetrating into the grooves that are narrower than the tip itself, resulting in
underestimation of the surface roughness (Blau et al., 1996; Whitehead et al., 1999). It has
been suggested to use a longer and narrower stylus tip but Whitehead and colleagues believe
that the tips can be too weak to use and easily damaged (Whitehead et al., 1999). Another
disadvantage of the profilometers is that the processing and measurement of the surfaces of
specimens were time consuming (Morrison, 1995). Morrison increased the speed of the
profilometer but this caused the tendency of the stylus to lose contact with the surface as it
transversely moves across the specimens (Morrison, 1995). Heurich et al. (2010) pointed out
that the styluses on the profilometers alter and effect destructively on the surfaces of softer
materials due to the stress applied from the stylus (Heurich et al., 2010). Therefore Heurich et
al. (2010) stated that the results for the two different brands of profilometers (FormTalysurf
Series 2, Taylor Hobson, Leicester, England and Hommeltester T1000, Hommel-Etamic,
Schwenningen, Germany) produced less accurate results than confocal laser-scanning
microscope (CLSM) (Zeiss 510 Meta, Carl Zeiss MicroImaging, Jena, Germany) (Heurich et
al., 2010).
The non-contact laser scanning system was first invented by Minsky in 1957 (Becker et al.,
2001). The confocal microscope system utilises a non-contact laser. It is widely used for
measuring surface profiles and producing 3D images (Zhao et al., 2005). Since then, the
system has been redeveloped to improve the measurements (Becker et al., 2001; Jones et al.,
2005; Zhao et al., 2005). Two main systems have been developed based on the confocal
microscope: the tandem-scanning microscope (TSM) and CLSM (Becker et al., 2001).
The TSM was developed by Petran from an improvement of Minsky’s original confocal
microscope system. The system consists of a Nipkow disk, which has hundreds of 50µmdiameter holes. A light source is shined through the holes on the disk to the surfaces of a
specimen and only the light that meets the material on the focus point will reflect back to the
disk and be recorded by the sensor (charge-coupled device (CCD) camera) (Becker et al.,
2001).
The CLSM is another widely used non-contact laser scanning system to measure surface
profiles and produce 2D/3D images of the surface. This system has the advantage of
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producing high quality images and improved shape measurement (Chae et al., 2004; Jones et
al., 2005). The CLSM scans the surface of a specimen in the x – y directions with a laser
beam pointing at a spot on the surface using an objective lens. The microscope detects the
reflected light from the specimen and displays the detected image on a monitor (Chae et al.,
2004). The confocal optics places a pinhole only on the confocal plane eliminating the lights
on the non-focused areas. This results in a darkened area on the image where the lights are
eliminated (Chae et al., 2004). Radford et al. (1997) adapted a confocal microscope to
measure the Ra of heat-cured PMMA and two soft denture base materials (Radford et al.,
1997). Nishioka et al. (2006) used a CLSM for their research on the wettability of denture
base materials (Nishioka et al., 2006). Because of the limitation of the accuracy in measuring
the Ra with the mechanical stylus systems, for this research it was more appropriate to use the
CLSM for more accurate and reliable results.

2.4 Poly(methyl Methacrylate)
PMMA is one of the most commonly used materials in dentistry for constructing dental and
maxillofacial prostheses (Ulusoy et al., 1986; Anusavice and Phillips, 1996). In the late 1940s
the heat-cured PMMA was first used for the manufacturing of ocular prosthesis (Osborn and
Hettler, 2010). PMMA is a result of a polymerisation, which is initiated by the free radicals
from benxoyl peroxide (Bettencourt et al., 2010). There are three different types of PMMA
depending on the types of activators for the polymerisation reactions: heat, light and
chemicals (Yau et al., 2002).

2.4.1 Polymerisation Reactions
There are two types of polymerisation processes: addition and condensation polymerisation.
PMMA used for prosthodontics is set by addition polymerisation, which takes three stages of
reaction: Initiation, Propagation and Termination. Initiation includes the addition of a free
radical source (i.e. heat, light or chemical). The unpaired electron on free radical attracts the
double bond methyl methacrylate and forms a new bond resulting in an unpaired electron and
new free radical on the molecule. Propagation involves the new free radical attacking another
molecule, breaking a double bond on the molecule and forming a new bond, which results in a
new, longer free radical. Termination involves two free radical ends bonding to each other
(Anusavice and Phillips, 1996; Darvell, 2002; O'Brien, 2008).
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2.4.2 Quality and Physical Properties of Heat-Cured Acrylic
The quality and the physical properties of the PMMA are one of the most important factors in
determining the success of prosthesis. Wolfaardt et al. (1986) have reported that according to
the American Dental Association Specification No. 12, PMMA cured according to the
manufacturers’ instructions should be nonporous and there should be no visible bubbles or
voids. This is due to the fact that the porosities of the material can reduce the resistance to
staining, calculus deposition and adherent substances (Wolfaardt et al., 1986). Also, PMMA
cured under pressure increased density and transverse strength, and a decrease in the level of
residual monomers increased the strength (Donovan et al., 1985; Machado et al., 2004).
Porosities in PMMA have a direct effect on the physical properties, causing internal stress and
vulnerability to distortion (Wolfaardt et al., 1986; Polukoshko et al., 1992). Porosities are
caused by several different factors, but the most common cause is due to residual monomers
in the cured PMMA (Polukoshko et al., 1992; Sadamori et al., 1994). Increase in the residual
monomers in the cured PMMA decreases the modulus of elasticity, yield strength and the
indentation hardness (Gettleman et al., 1977; Wolfaardt et al., 1986; Polukoshko et al., 1992).
In order to achieve successfully finished acrylic prosthesis, finishing and polishing the
surfaces following adequate polishing technique, using pumice and polishing pastes must be
carried out according to the manufacturer’s instructions for the material (Ulusoy et al., 1986;
Pine et al., 2012). To maintain the prosthesis functioning adequately, the patients should be
properly instructed in a method of cleaning their prosthesis and the importance of frequent
cleaning stressed (Welker et al., 1978; Peracini et al., 2010).

2.5 Summary
As clear PMMA is used for both dental and ocular prosthesis, the purpose of this study is to
investigate the relationship between the Ra of clear heat-cured PMMA used for
manufacturing ocular prosthesis and the amount of C. albicans adhesion to the surface. There
have been no investigations on the effect of C. albicans adhesion onto the surfaces of the
materials used for ocular prostheses to date. The findings from this study may contribute to
the understanding of the connection between biofilm adhesion and ocular discharge.
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Chapter Three: Materials and Method

3.1 Specimen Preparation
Eighty squares specimens (10 x 10 x 5mm) were produced in denture base wax (Modelling
Wax Toughened Wax No. 4, Kemdent, United Kingdom). The specimens were processed into
clear denture base resin (Shade 4, Vertex Rapid Simplified, Netherlands) by using the
compression moulding technique; two flasks (Hanau Dental Flask, Engineering Co. Inc.
Buffalo, NY USA) were prepared and the inner surfaces of the flasks were layered with
petroleum jelly (Petroleum Jelly, Oraltec, New Zealand) then vacuum mixed yellow stone
(100g: 32cc, Plaster of Paris, USG Company, USA) was poured into the bottom half of the
flasks. The wax specimens (n = 10 per flask) were embedded into the yellow stone (Figure 3).
After the stone was set, alginate separator (Separating Solution, Ivoclar Vivadent,
Liechtenstein) was layered on the surface of the stone then white plaster was hand mixed
(100g: 40ml, Victor Dental Plaster, New Zealand) and poured on the top part of the flasks.
Before the plaster was set the top lids were closed.

(b)	
  

(a)	
  
Figure 3. (a) Over view of the bottom part of the flask with embedded wax specimens in the vacuum mixed yellow
stone, (b) Close-up view of the flasks after the stone was set; for the complete closure of the bottom and upper part of
the flasks, the area where the parts meet must be stone free.

After the plaster is set, the flasks were put into water bath for dewaxing; the flasks were left in
the water bath for 8 minutes at 80°C. After 8 minutes the flasks were opened and all the wax
remains were removed using boiling water (Figure 4). The flasks were left to dry and the
surfaces of the stone mould were layered with the alginate separator (Separating Solution,
Ivoclar Vivadent, Liechtenstein).
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Figure 4. Stone mould after dewaxing; the flasks were left in the water bath for 8 minutes at 80°C. After 8 minutes
the flasks were taken out, the wax remains were removed with hot water and left to dry.

The acrylic polymer and monomer was mixed according to the manufacturers’ instructions.
When the dough reached the snappy stage it was divided to smaller portions and placed into
the moulds (Figure 5). The acrylic was packed using a single acrylic packing technique (no
trial packing stage).

Figure 5. Polymer and monomer were mixed according to the manufacturers’ instructions for powder/liquid ratio
(2.3g: 1ml). The polymer and monomer dough was divided and embedded into the stone mould after reaching the
snappy stage.

The flasks were closed and placed in a flask press. The pressure was slowly applied until the
flasks were completely closed and the pressure gauge reached 50kg/cm2. The flasks were then
put into a clamp and placed into a water bath for fast cure process (100°C for 30 minutes).
The flasks were taken out of the water bath and bench cooled until the flasks were cool
enough to handle. The flasks were opened and the specimens recovered. The specimens were
trimmed with a tungsten carbide bur (NTI 295FE060, New Technology Instruments,
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Germany) to remove any sharp points and trimmed to the desired dimensions (Figure 6). The
acrylic processing stages were repeated four times to make up to total of 80 specimens (n = 60
for biofilm adhesion experiments, n = 6 for Ra evaluation in the CLSM, n = 6 for SEM and n
= 8 for trial experiments).

5mm	
  
10mm	
  

10mm	
  

Figure 6. An example of a trimmed specimen; every specimen was trimmed with a tungsten carbide bur to remove
any sharp points and trimmed to desired dimensions (10 x 10 x 5mm).

Seventy-two specimens (n = 60 for biofilm adhesion experiment, n = 6 for RA evaluation, n =
6 for SEM) were randomly divided into 6 groups (N = 12; 10 specimens for biofilm
experiments, 1 specimen for roughness test and 1 specimen for SEM). The groups were
polished using sequentially decreasing grit sizes silicon carbide papers (SiC-Paper, Struers,
Denmark) to the following final roughness: Group 1 - P500, Group 2 - P800, Group 3 - P1200,
Group 4 - P2000 and Group 5 - P4000 on a polishing machine (Struers TegraPol-21, Struers,
Denmark) (Figure 7a) using the following technique. The surface of the specimens were
coloured with a permanent ink felt tip marker prior to polishing by hand until the ink had been
removed from the surface to indicate that the previous roughness has been replaced by the
current grit size. The grit sizes refer to the number of the particles embedded in the paper
according to the FEPA (Federation of European Producers of Abrasives) system, which is
same as the ISO 6344 standard (International Organisation for Standardisation). Therefore the
SiC paper with the higher ‘P’ value has smaller particles embedded in the paper. The
specimens in Group 6, the control group, were polished using a standard dental laboratory
polishing technique that would be used for the final polish of an artificial eye: pumice and
policing cream (Figure 7b). The specimens were polished on the pumice for 15 seconds then
polished by blue cream (Kenda 244 Blue, Kenda, Liechtenstein) until the surfaces were shiny
with a high lustre.
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(a)	
  

(b)	
  

Figure 7. (a) Showing specimens being ground by hand on rotating water-fed disk; (b) Shows control specimen being
polished using rotating pumice wheel.

3.2 Surface Roughness Measurement and Calculation
One specimen was randomly picked from each sample group (N = 6). The CLSM (Zeiss LSM
510, Carl Zeiss, Germany) was used to record the surface profiles of each specimen (Figure
10) into .lsm files (Laser Scanning Microscope) and software ImageJ (ImageJ 1.46, National
Institute of Health, United States of America) was used to analyse and calculate the Ra. The
specimens were attached to a glass slide and placed on the CLSM stage. The laser on the
microscope (x 20 objective) focused on each area to set the lowest and highest peak prior to
recordings the surface profiles (460.68 x 460.68µm). The data of each specimen was saved
via .lsm files.
The software program ImageJ was used to open the .lsm files and analyse the Ra. The plugin
‘Extended Depth of Field’ on the plugins menu was used to produce a height-map image. The
Speed/Quality was set at ‘High’ (Figure 8a) to produce a high quality height-map image
(Figure 8b).
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(a)	
  

(b)	
  
Figure 8. (a) ‘Extended Depth of Field’: the speed/quality set at ‘high’ for high quality height-map (b) On the heightmap image produced from ‘Extended Depth of Field’, the 2D image of the grooves on the surface became visible.

From the height-map image, the surface roughness information was calculated with the plugin
‘Surface Characterisation’. This data was then saved as an .xls file (Excel). This stage was
done for all sample groups: 500, 800, 1200, 2000, 4000 and control.

3.3 C. albicans Adhesion Experiment
The other specimens (N = 10) from each sample groups were used for the biofilm experiment.
C. albicans strain SC5314 was cultured on a YPD (refer to Appendix 1.1) agar plate (Figure 9)
and two prominent colonies were resuspended in 500µL of sterile water. 200µL of this milky
suspension was added into 300ml of GSB (Glucose, Salt and Biotin, refer to Appendix 1.2).
The yeast SC5314 was incubated in an incubator (Multitron Standard, Infors, Switzerland)
overnight at 30°C at 200 rpm.
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Figure 9. C. albicans (SC5314) were grown on a YPD agar and two prominent colonies were resuspended in 500µL of
sterile water.

The optical density (OD600nm) of the overnight culture was measured using a UV/Visible
Spectrophotometer (Ultrospec 6300 Pro, Amersham Bioscience, United States of America) to
ensure sufficient growth. The 300ml overnight culture was divided into 6 tubes (n = 50ml)
and centrifuged (Centrifuge 5804, Eppendorf, Germany) at 2600 xg for 10 minutes. The
pellets were re-suspended in 20ml of KCl (Potassium Chloride, refer to Appendix 1.3) and
centrifuged again at 2600 xg for 10 minutes. The resulting pellet was re-suspended with KCl
to make 20ml of solution. This was mixed with KCl to have a final volume of 200ml.
The prepared specimens for each group were attached to glass slides using dental sticky wax
(Sticky Wax, Ainsworth Dental, UK) then placed into a glass container. 200ml of C. albicans
SC5314 suspension was poured into the glass container until it covered all the specimens
(Figure 10). The container was covered with a lid and placed into an incubator (Multitron
Standard, Infors, Switzerland) at 40 rpm at 30°C for 4 hours. The yeast suspension was
removed from the container and the specimens washed 3 times with PBS (Phosphate Buffered
Saline, Life Technologies, New Zealand).
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(a)	
  

(b)	
  
Figure 10. (a) C. albicans suspension poured into the container; a line was drawn on the container to indicate for PBS
(Phosphate Buffered Saline), (b) the glass slices with the specimens in the container.

All the specimens from each group were viewed using a light microscope (Nikon Alphaphoy2, Nikon, Japan). The photos of the surfaces were taken with a digital camera (Canon
Powershot A640, Canon, Japan) with x50 magnification on the microscope lens and x4 zoom
on the camera. The photos were taken on one randomly picked area of a surface from each
specimen, therefore a total of 10 pictures were taken per sample (1 x 10 specimens). Using
same settings the photo of the objective micrometre (Olympus Stage Micrometre, Olympus,
Japan) was taken (Figure 11). These photos were used to calculate the areas of C. albicans
attached onto the surfaces.

Figure 11. Objective micrometer; inside the square there is a thin circle with grits which equals one micrometer per
grit (Olympus Stage Micrometer, Olympus, Japan).

One randomly picked specimen from each sample group was put into a glutaraldehyde
solution and taken to the SEM department for fixation process and to get a closer view of the
surface and C. albicans attachment.
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3.4 Measuring the Amount of C. albicans Adhesion
The photos taken with the light microscope was opened with Adobe Photoshop CS5 (Adobe
Photoshop CS5, Adobe, United States of America). Using the ‘Quick Selection Tool’ (shift +
W) all the areas were selected, and then using the deselect option on the ‘Quick Selection
Tool’, the areas with the C. albicans attachment were ‘deselected’. Once all the areas were
selected, the ‘Background Eraser Tool’ (shift + E) was used to erase the background (Figure
12). This step was done for every photo that was taken from the light microscope and saved as
JPEG file. (Also the contrast and white balance of some images have been adjusted for the
better image quality.)

(a)	
  
(b)	
  

Figure 12. Before using ImageJ to calculate the area of C. albican attachment, the images captured from the light
microscope were edited with Adobe Photoshop CS5, first (a) the area of C. albicans were selected, then (b) the
background was erased.

The photo of the stage micrometre was opened with ImageJ (Figure 13a). With the ‘Straight
Line Tool’, a line was drawn over 10 grids (10 micrometers, 10µm). On the menu ‘Analyse’
→ ‘Set Scale’ was opened, and on the ‘Set Scale’ tool bar, ‘known distance’ was set at 10 (10
micrometre, 10µm) and ‘Unit of length’ was set at ‘micrometre’ (Figure 13b, 13c and 13d).
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(b)	
  
(c)	
  
(d)	
  

(a)	
  
Figure 13. (a) The stage micrometer; One-grit equals one-micrometer therefore 10 grits equals to 10 micrometer; (b)
the ‘Known distance’ set at 10 µm; (c) The Unit of length set at micrometer; (d) Set ‘Global’ to remember the
information through out the experiment.

The photo from C. albicans attachment experiment was opened with ImageJ. With the photo
opened, on the tool bar ‘Image’ → ‘Type’ then the 8-bit was selected to turn the photo to 8-bit
image, then ‘Adjust’ → ‘Threshold’ was selected get the final threshold image (Figure 14).
With the threshold image open, ‘Analyze’ → ‘Measure’ was selected to get the final
measurement of the area of C. albicans attachment (in µm2).

Figure 14. Threshold image; the red area is the area where the C. albicans were attached and calculated.

3.5 SEM (Scanning Electron Microscope)
One specimen from each sample was randomly picked after the C. albicans attachment
experiment was sent for a further fixation process by a scanning electron microscope
laboratory technician.
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The specimens first went through primary fixation in 2.5% glutaraldehyde made up in 0.1M
phosphate buffer and washed for one hour. The specimens were washed in 0.1M phosphate
buffer for 10 minutes, 3 times.
The specimens went through secondary fixation in 1% Osmium tetroxide made up in 0.1M
phosphate buffer and washed for one hour. The specimens were washed in 0.1M phosphate
buffer for 10 minutes, 3 times.
The specimens were dehydrated in a graded series of Ethanol: 25% - 95%, 10 minutes washed
each step then 3 times 15 minutes of washes with 100% ethanol. The specimens were then
‘Critical Point Dried’ in a Bal-Tec CPD-030 critical point dryer (Bal-Tec AG, Balzers,
Liechtenstein).
The specimens were mounted on aluminium stubs using double-sided carbon tapes and then
coated with 15nm of the gold palladium using the Emitech K575X Peltier-cooled highresolution sputter coater (EM Technologies Ltd, England).
Each specimen was examined under SEM (Figure 15) (Cambridge S360, Cambridge
Instrument Company, England) using three different magnifications (x600, x1200 and x2000).
One blank specimen that was prepared at the beginning of the sample preparation (n = 6) was
also viewed under the same magnification as reference specimens. The images were captured
by computer software (Dindima Image Slave Frame Grabber v2.14, Dindima Group Pty Ltd,
Australia).

Figure 15. SEM used to examine the specimens using three different magnifications (x600, x1200 and x2000)
(Cambridge S360, Cambridge Instrument Company, England).
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3.6 Size Calculation of C. albicans
SEM images of P4000 at x4000 were used to measure the size of the C. albicans, as the
images produced clear view of the microorganisms for precise measurements. Twenty C.
albicans were measured in two directions: width and length, and only the ones that were
completely exposed in the images were measured.
Two P4000 SEM images were opened with ImageJ (Figure 16). With the ‘Straight Line Tool’,
a line was drawn over 10µm scale bar. On the menu ‘Analyse’ → ‘Set Scale’ was opened,
and on the ‘Set Scale’ tool bar, ‘known distance’ was set at 10 (10 micrometre, 10 µm) and
‘Unit of length’ was set at ‘micrometre’. With the ‘Straight Line Tool’, a line was drawn
across C. albicans, then ‘Analyze’ → ‘Measure’ was selected to get the measurement of C.
albicans (in micron, µm).
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(a)	
  

(c)	
  
(b)	
  

Figure 16. SEM images of P4000 at x4000; 20 C. albicans from the images were used to measure and calculate the
average width and length of the C. albicans: (a) 10µm scale bar used to set the scale in micrometres; (b) width of C.
albicans; (c) length of C. albicans.
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Chapter Four: Results

4.1 Surface Roughness
The mean roughness, Ra was calculated from the surface profiles measured from the CLSM
with the ImageJ (Table 1) (Figure 17). The results show that as the P grit value of the SiC
paper increased the Ra decreased and there are only slight difference in Ra between the P4000
and Control groups.
Table 1. Shows mean values in micrometers (µm) for Ra (the centreline average, the arithmetic average height).

P grit value

Ra

500

2.1465

800

1.8521

1200

1.3308

2400

0.8592

4000

0.2183

Control

0.205

Mean Surface Roughness (µm)

Mean Roughness of Sample Groups
2.5	
  
2	
  
1.5	
  
1	
  

Ra	
  

0.5	
  
0	
  
P500	
  

P800	
  

P1200	
  

P2400	
  

P4000	
  

Control	
  

Sample Group
Figure 17. Graph showing the general trend of the relationship between the surface roughness (Ra) and the grit
number (P); Ra decreased as P increased.
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4.2 C. albicans Adhesion
Images of the surfaces of the specimens from each group were captured with the light
microscope and digital camera after the C. albicans adhesion experiment (Figure 18). The
images show that there was more C. albicans attachment on the sample groups below P2400
than the sample groups of P4000 and Control.

Figure 18. Representative images of C. albicans attachment on the surfaces of the specimens captured from light
microscope; (a) 500, (b) 800, (c) 1200, (d) 2400, (e) 4000 and (f) Control (Refer to Appendix Two for rest of the
images).
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4.3 Area Calculation
With the images captured from the light microscope, the amount of surface area covered by
the C. albicans attached to the surfaces of each specimen was calculated with the mean and
standard deviation of each sample groups (µm2) (Table 2) and also the percentage of area
calculated from the total area (192 µm2) of the field (Table 3) (Figure 19). The results show
that as the P grit value of the SiC paper increased, the amount of C. albicans attached also
increased up to P1200 then decreased from P2400.
Table 2. Amount of surface area covered by C. albicans onto each specimen with the mean and standard deviation of
each sample groups (µm2).

Specimen
No.

P500

P800

P1200

P2400

P4000

Control

1

10.64

10.019

17.21

29.61

3.10

3.72

2

10.72

12.63

21.76

34.88

5.87

2.49

3

12.19

15.46

34.28

32.46

7.54

3.64

4

13.47

22.76

31.13

29.23

5.32

1.56

5

10.06

28.37

19.65

23.94

3.24

2.31

6

10.01

11.98

26.23

33.36

4.00

4.11

7

10.92

11.08

32.79

29.81

3.81

4.02

8

15.25

21.88

33.37

27.72

5.52

6.76

9

16.54

20.85

37.92

18.55

5.18

5.63

10

13.96

11.70

31.71

22.86

6.43

1.60

Mean

12.37

16.67

28.60

28.24

5.21

3.58

Standard
Deviation

2.31

6.31

6.97

5.11

1.44

1.69
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Table 3 Percentage of area calculated from the total area (192 µm ) of the field (%)

Specimen
No.

P500

P800

P1200

P2400

P4000

Control

1

5.54

5.22

8.96

15.42

1.615

1.94

2

5.58

6.58

11.33

18.17

3.06

1.30

3

6.35

8.05

17.85

16.91

3.93

1.90

4

7.02

11.85

16.21

15.22

2.77

0.81

5

5.24

14.78

10.23

12.47

1.69

1.20

6

5.2167

6.24

13.66

17.38

2.08

2.14

7

5.69

5.77

17.08

15.53

1.98

2.09

8

7.94

11.40

17.38

14.44

2.88

3.52

9

8.61

10.86

19.75

9.66

2.70

2.93

10

7.27

6.09

16.52

11.91

3.35

0.83

Mean

6.44

8.68

14.90

14.71

2.71

1.86

Amount of Surface Area Covered (μm2)	
  

Amount of Biofilm Adhesion with Different
Grit Sizes
40	
  
35	
  
30	
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10	
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16.67	
  

28.6	
  

28.24	
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3.58	
  

P500	
  

P800	
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P2400	
  

P4000	
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Sample Group

Figure 19. Graph showing the mean amount of surface covered by C. albicans with the standard deviation of each
sample group (µm2).
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4.3.1 t-Test
T-test was done between each group with Microsoft Excel to determine if the results between
the sample groups were statistically similar or dissimilar. The level of significance was set to
α=0.05 and the P-values calculated between the sample groups were compared (Table 4).
Table 4. Results from t-tests and caparison of the P-values with level of significant (α=0.05).

T-Test

P500-P800

P800-P1200

P1200-P2400

P2400-P4000

P4000-Control

P-value

0.067

0.00083

0.90

4.79E-08

0.059169853

P>0.05
(Similar)

P<0.05
(Dissimilar)

P>0.05
(Similar)

P<0.05
(Dissimilar)

P<0.05
(Similar)

4.4 SEM
The SEM images of the one specimen from each sample group before and after the C.
albicans adhesion experiment were analysed for surface characteristics and adhesion.

4.4.1 Before the C. albicans Adhesion Experiment
The SEM images of the surfaces of the specimens from each sample group were captured at
x600 magnification before the C. albicans adhesion experiment (Figure 20). The roughness of
the surfaces decreases as the P grit value of SiC paper increases and the surface characteristic
of the Control specimen was close to the P4000 grit paper (Figure 20e and 20f).
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Figure 20. SEM images before the C. albicans adhesion experiment at x600 magnification, showing the over-all
surface characteristics of each sample groups: (a) 500, (b) 800, (c) 1200, (d) 2400, (e) 4000, and (f) Control.

4.4.2 After the C. albicans Adhesion Experiment
The surfaces of the specimens from each sample group after the C. albicans attachment
experiment were captured at x1200 magnifications (Figure 21). The images showed the nature
of the adhesion and that the major trend of the C. albicans attachment was to follow the
grooves on the surfaces. From the P2400 the C. albicans started to form clusters.
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Figure 21. Representative SEM images after the C. albicans adhesion experiment at x1200 magnification, showing C.
albicans attachment onto each sample groups: (a) 500, (b) 800, (c) 1200, (d) 2400, (e) 4000, and (f) Control.

The surfaces of the specimens from each sample group after the C. albicans adhesion
experiment were captured again at x2000 magnifications for closer view to the surfaces
(Figure 22). The close-up view confirmed the observation at x1200 that the major trend of the
C. albicans attachment was to follow the grooves on the surfaces. From the P2400 the C.
albicans start to form clusters.
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Figure 22. Representative SEM images after the C. albicans adhesion experiment at x2000 magnification, showing
closer view to the C. albicans attachment onto the surfaces of each sample groups: (a) 500, (b) 800, (c) 1200, (d) 2400,
(e) 4000, and (f) Control.

4.4.2 Size calculation of C. albicans
The mean width and length of C. albicans were calculated from measurements with ImageJ
(Table 5). The results show that the average width of C. albicans is 1.9953µm and average
length equals 3.48µm.
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Table 5. Width and length of twenty C. albicans were measured with ImageJ and average values were calculated (µm).

	
  

Width

Length

1

1.535

4.088

2

2.718

3.429

3

2.129

4.498

4

2.152

4.637

5

2.138

4.235

6

2.332

3.138

7

2.247

2.617

8

1.723

3.121

9

1.928

4.651

10

2.061

3.556

11

1.609

2.001

12

2.264

4.379

13

2.737

3.528

14

2.262

2.422

15

1.527

4.285

16

1.681

2.626

17

1.657

2.708

18

1.463

3.559

19

2.062

3.175

20

1.681

2.947

Mean

1.9953

3.48
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Chapter Five: Discussion
The results from the experiment showed that PMMA specimens polished with P1200 (Ra:
1.3308µm) had the largest amount of C. albicans attachment with 28.60µm2 surface coverage.
The sample groups with lower P grit value than P1200 had a decrease in the amount of
biofilm adhesion even with higher Ra. The P4000 had similar Ra and similar amount of C
albicans attachment to the Control (P<0.05). However there was a significant decrease in the
amount of C. albicans attachment from P2400 to P4000 (P>0.05) and Control, which had
clinically acceptable Ra (0.2183µm and 0.205µm) proving that the standard dental laboratory
polishing technique provided adequate finished surface for ocular prostheses and also
confirmed that there is a definite correlation between Ra and the amount of C. albicans
attachment. However the results showed that there was still C. albicans attachment on the
surfaces of PMMA polished to clinically accepted Ra, which could initiate biofilm
accumulation.
The findings from this experiment were in agreement with the results reported by Taylor et al.
(1998). Even though they used rod shaped P. aeruginosa and S. epidermidis, the results
showed that there was the most amount of attachment on the surface of PMMA polished with
P1200 SiC paper (Ra: 1.24µm) (Taylor et al., 1998). This could mean that C. albicans may
ignore the relationship that rod shaped bacteria have on attaching onto the grooves of surfaces,
and have its own mechanism of attaching onto the surfaces. Also these results could support
the study reported by Whitehead et al. (2005) where they stated that C. albicans had an
increase in the retention on surface with larger defects (Whitehead et al., 2005). However the
similarity of results between the studies could be due to various reasons, such as the surface
features of the specimens and the characteristics of the microorganisms used in the
experiments.
From the comparison of the images from the SEM and the light microscope, relationship with
the surface features and C. albicans attachment could be analysed. However, during the
fixation process of preparing the specimens for SEM, the C. albicans could have been washed
off, thus affecting the amount of attachment present at time of observation. Therefore SEM
images before the C. albicans attachment experiment were used. The SEM images of the
surfaces of each specimen before the C. albicans attachment experiment (x600 magnification)
showed from P500 to P4000, the grooves were parallel to each other (Figure 20), which could
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be due to the method of specimen preparation; when the surfaces were polished on a polishing
machine, these specimens were held in a place by a hand (Figure 7). Therefore the particles
on SiC paper polished the surfaces in one direction only, causing the grooves to be in parallel.
The specimens in the Control were pumiced on the pumice wheel and kept moving in random
directions (Figure 7), resulting in the grooves to be in different directions (Figure 20). It was
also noticeable that the surface features of the sample groups were becoming smoother from
lower to higher P grit values and the surface features of the Control was similar with the
P4000, which was in agreement with the Ra measurements (Table 2; Figure 19).
The image from the light microscope and the SEM images of P500 showed the size of C.
albicans were smaller than the size of the grooves (i.e. low cell-surface contact area), which
may have caused the specimens for P500 to have less biofilm adhesion than the specimens in
P800 and P1200 despite having the higher Ra value. However the trend of the C. albicans
attached were following the direction of the grooves forming linear lines (Figure 23).

(a)	
  

(b)	
  

Figure 23. (a) Image from the light microscope and (b) SEM images of P500 at x600 magnification; the grooves on the
surface of the specimen were rough and wide causing low cell-surface contact area.

The same relationship applied to the P800. The cell-surface contact area may have increased
from P500. On the images from the light microscope, it was noticeable that in the areas where
the grooves were about the size of C. albicans, they were fitting in the grooves and small
clusters started to form around the C. albicans attached on the grooves (Figure 24).

	
  

34	
  

(a)	
  

(b)	
  

Figure 24. (a) Image from the light microscope and (b) SEM images of P800 at x600 magnification; some areas the
size of the grooves were similar to C. albicans and small clusters were started to form.

On P1200, the grooves were smoothened and flattened compared to the previous sample
groups. Although there were still some areas where rough grooves were still present possibly
providing adequate cell-surface contact area (Figure 25). The C. albicans were still attached
on the surfaces following the lines of the grooves in some areas, but it was noticeable that the
clusters around the grooves got larger than the previous sample groups. This may have
cooperated in increasing the amount of attachment.

(a)	
  

(b)	
  

Figure 25. (a) Image from the light microscope and (b) SEM images of P1200 at x600 magnification; the grooves on
the surfaces of the specimen are more smoothed and flattened than P800. The size of clusters increased.

The grooves on P2400 got much thinner and almost flat. It was noticeable that the C. ablicans
started to ignore the grooves and started to form clusters in random areas (Figure 26). This
may be due to the decrease of Ra, reducing the cell-surface contact area from the surface;
therefore the C. albicans started to form its own clusters to provide self-retention to stay
attached on the surfaces.
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(a)	
  

(b)	
  

Figure 26. (a) Image from the light microscope and (b) SEM images of P2400 at x600 magnification; the grooves were
much thinner and almost flat. The C. albicans started to ignore the grooves and started to form its own clusters.

The surface features of P4000 were very similar with the Control. The presence of the
grooves became almost invisible on both groups (Figure 27). Due to the similarity in the Ra
values, the amount of C. albicans attachment was also similar between the groups. The lack
of grooves present may have contributed in the significantly reduced amount of C. albicans
attachment, and the reduction of the cell-surface area, causing the decrease in the size of the
clusters. However, the results of the Control confirmed that the standard dental laboratory
polishing technique produced minimum surface defects, but showed that there was still C.
albicans attachment occurring.
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(a)	
  

(b)	
  

(c)	
  

(d)	
  

Figure 27. (a) Image from the light microscope, (b) SEM images of P400 at x600 magnification, (c) Image from the
light microscope and (d) SEM images of Control at x600 magnification; in both groups, the presence of grooves has
significantly reduced and the C. albicans were forming smaller clusters.

The presence of C. albicans on the Control could initiate the biofilm accumulation. Even
though an appropriately carried out polishing technique can be time consuming, to avoid
biofilm accumulation and discomfort for patients, the ocular prosthesis must be finished with
an appropriate polishing technique, following the instructions provided from the
manufacturers. As the fungal infections found in ocular sockets are commonly caused by the
C. albicans, which are same as the ones found in other organs and tissues, build-up of
deposits on the ocular prostheses could have a direct relationship to the cause of mucoid
discharges. Therefore the results from this experiment could support the further research in
the correlation of biofilm accumulation on ocular prostheses and the aetiology of ocular
infections in anopthalmic sockets, and also indicate directions in setting up the instructions
provided to the patients on removal and cleaning cycles.
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Chapter Six: Conclusion
Within the limitations of the study, there was a definite correlation between the Ra of clear
heat-cured PMMA used for ocular prostheses and the amount of C. albicans adhesion to the
surface. The PMMA specimens polished with P1200 had the largest amount of C. albicans
attachment, which had the third highest Ra. The study also showed that the standard dental
laboratory polishing techniques produced clinically acceptable surfaces.

6.1 Clinical Significance
This study has shown that it is important for ocularists to thoroughly polish the surfaces of
PMMA ocular prostheses, using a standardised dental laboratory polishing protocol, to
minimise the potential for biofilm adhesion build-up.
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Appendix One

Appendix 1.1: YPD Agar
Yeast Extract

(1%)

Bactopeptone

(2%)

D-Glucose

(2%)

Mix
Add agar

(2%)

Autoclave at 121°C for 15 mins
Cool to 55°C before pouring plates

Appendix 1.2: GSB
5 X stock solution (per 400 ml)
Ammonium sulphate (NH4)2SO4

2g

Potassium dihydrogenphosphate KH2PO4

4g

Magnesium sulphate MgSO4.7H2O

0.1 g

Calcium chloride CaCl2.H2O

0.1 g

Adjust to pH 5.5 with KOH
Biotin (prepared and stored at 4°C)
2.5 µg/100 ml filter sterilise
Working solution of GSB: To make 1 L
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Biotin

208 µl

Glucose

10 g

5 X stock solution

200 ml

Increase volume to 1 L.
Autoclave

Appendix 1.3: KCl
Part A) per 800 ml
KH2PO4 2mM

0.272 g

K2HPO4 2mM

0.456 g

KCL 5mM

0.373 g

Add 700 ml water, adjust to pH 6.5 with HCL, and increase volume to 800 ml
Part B) per 200 ml
CaCl2 1mM

0.147 g

Add 200 ml water
Autoclave separately, allow to cool and then add Part B to Part A

	
  

46	
  

Appendix Two
The followings are the images taken after the C. albicans attachment experiment, with a light
microscope (Nikon Alphaphoy-2, Nikon, Japan), and a digital camera (Canon Powershot
A640, Canon, Japan).

Appendix 2.1: P500
Ten randomly picked areas of the surfaces of P500 were captured with the light microscope.
The images showed the size of C. albicans were smaller than the size of the grooves (i.e. low
cell-surface contact area), which may have caused the specimens for P500 to have less
biofilm adhesion than the specimens in P800 and P1200 despite having the higher Ra value.
However the trend of the C. albicans attached were following the direction of the grooves
forming linear lines.
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Appendix 2.2: P800
Ten randomly picked areas of the surfaces of P800 were captured with the light microscope.
The cell-surface contact area may have increased from P500 due to size of the grooves. From
the images, it was noticeable that in the areas where the grooves were about the size of C.
albicans, they were fitting in the grooves and small clusters were started to form around the C.
albicans attached on the grooves.
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Appendix 2.3: P1200
Ten randomly picked areas of the surfaces of P1200 were captured with the light microscope.
The images showed that the grooves were smoothed and flattened compared to the previous
sample groups. However there were still some areas where rough grooves were still present,
which were possibly providing adequate cell-surface contact area. It was noticeable that the
clusters forming around the C. albicans on the grooves got larger than the previous sample
groups, which may have cooperated in increasing the amount of attachment.
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Appendix 2.4: P2400
Ten randomly picked areas of the surfaces of P2400 were captured with the light microscope.
The grooves on P2400 were much thinner and the C. ablicans started to ignore the grooves on
the surfaces and the clusters were started to form random areas (Figure 26). This may be due
to the decrease of Ra, which resulted in the reduction of cell-surface contact area from the
surface; therefore the C. albicans started to form its own clusters to provide self-retention to
stay attached on the surfaces.

	
  

(a)	
  

(b)	
  

(c)	
  

(d)	
  

(e)	
  

(f)	
  

53	
  

(e)	
  

(f)	
  

(i)	
  

(j)	
  

	
  

	
  

54	
  

Appendix 2.5: P4000
Ten randomly picked areas of the surfaces of P4000 were captured with the light microscope.
The presence of the grooves on P4000 became almost invisible. The lack of grooves caused
major decrease in the Ra value comparing to the previous sample groups (i.e., low cellsurface area), which may have contributed in the significantly reduced amount of C. albicans
attachment.
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Appendix 2.6: Control
Ten randomly picked areas of the surfaces of Control were captured with the light microscope.
The surface features of Control were similar to P4000. Due to the similarity in the Ra values
with P4000, the presence of the grooves on Control became almost invisible as well. However
these images showed that the standard dental laboratory polishing technique provided
minimum surface defects, but showed that there were still C. albicans present, which could
initiate biofilm accumulation.

	
  

(a)	
  

(b)	
  

(c)	
  

(d)	
  

(e)	
  

(f)	
  

57	
  

(g)	
  

(h)	
  

(i)	
  

(j)	
  

	
  

	
  

58	
  

