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Silicone rubber voice prostheses are implants which are inserted in a
non-sterile environment and therefore become quickly colonized by micro-organisms. The
micro-organisms exist on the medical grade silicone rubber as mixed biofilms of bacteria and
yeasts. A total of 79 bacterial and 39 yeast strains were isolated from these biofllms by soft
ultrasonic treatment. Gram-positive/catalase-negative and Gram-positive/catalase-positive
cocci represented the dominant bacterial strains. The yeasts were mainly Candida species.
Further characterization of cell surface properties such as hydrophobicity by microbial
adhesion to hexadecane and electrophoretic mobility showed a distinct difference when the
bacterial strains were compared with the yeasts. The bacterial hydrophobicities ranged from 0
to 100% adhesion to hexadecane, whereas the yeast strains, especially the Candida albicans
strains, all had markedly hydrophilic cell surfaces. A comparison of the electrophoretic
mobilities showed also differences between bacteria and yeast. The values for the bacteria
1,
whereas for the yeasts
were found to be between -25 to -O5 10-8 m2 V
electrophoretic mobilities were more positive. Based on the adhesive properties of the isolated
micro-organisms, strategies can now be developed to modify the properties of the silicone
rubber to reduce biofilm formation on such prostheses.
BUSSCHER. 1994.

INTRODUCTION
Biohlms related to health frequently arise from the micro
bial colonization of biomaterials used for implants. This is
even more so for invasive devices and for prostheses not
implanted inside the body but which are cxposcd to thc
environment Neu a a!. l992a. Typical examples are
shunts of the central nervous system, invasive vascular
devices, urinary tract catheters, intrauterine devices,
contact lenses, dental materials, endotracheal tubes and
voice prostheses.
Speech is an essential means of communication in human
life. Tumours in the larynx area therefore cause serious
problems. Patients with such tumours usually suffer total
laryngectomy. The anatomy after laryngectomy is shown in
Fig. Ia. As a result, the respiratory tract becomes separated
from the digestive tract and a tracheostoma has to be made
for breathing. There are serious consequences, such as the
Correspondence to: Dr Henk J. Busscher, Laboratory for Materia Technicti,
University of Crocingen, Antonius Deusinglaan 1, 9713 A V Groningen, The
Netherleinds.

loss of voice and speech, the disability of having a trache
ostoma and the loss of nasal air flow affecting smell and
taste. Sometimes also the swallowing mechanism is dis
turbed and psychological problems result.
The most widely used methods for voice and speech
rehabilitation are so-called shunt methods Herrmann
1986. Shunt methods require a puncture to connect the
airway with the upper digestive tract where sometimes
pseudo vocal cords are made from remaining muscular
structures. In order to speak, thc patients have to close the
tracheostoma using a finger to force the air through the

tracheo-oesophageal shunt. To prevent food and liquid
entering the trachea, a valve prosthesis is placed in the
tracheo-oesophageal shunt. Thus, one side of the device is
exposed to the air, while the other side is exposed to the
digestive tract and the middle part is exposed to the tissue.
There are at least 10 different types of voice prostheses
available. The so-called Groningen Button made of medical
grade silicone rubber is one of them Fig. ib. Basically, the
Groningen Button silicone voice prosthesis is a short tube
with a valve on the ocsophageal side. Thc prosthesis is kept
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The average life-time of the prostheses ranges from 2 weeks
up to more than a year, with an average of 4 months.
Apart from a few descriptive reports on the colonization
of voice prostheses by micro-organisms Herrmann et al.
1986; Mahieu ci al. 1986a, b; Izdebski et a!. 1987 the
micro-organisms have never been isolated for identification
and investigation of their adhesive surface properties. After
demonstrating the mixed biofllms on the silicone rubber
voice prostheses Neu ci a!. 1992b, 1993, this paper
describes the isolation and further characterization of the
micro-Organisms.
The aim of this study is to identify the micro-organisms
colonizing the Groningen Button silicone rubber voice
prostheses, and to examine their adhesive properties includ
ing hydrophobicirv and electrophoretic mobility. These
results may, in a later stage, be employed to develop stra
tegies to prolong the life-time of the prostheses.

MATERIALS AND METHODS
Explantation and transport of prostheses

valve

valve
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-

The voice prosthesis used, the so-called Groningen Button,
is made of medical grade silicone rubber, has a diameter of
14 mm and is available in a shaft length from 5 to 11 mm
Medin, Groningen, The Netherlands. Twenty-six Gron
ingen Buttons were received from various patients after
periods of implantation ranging from 1 to 434 d and were
all removed for clinical reasons. Explanted Groningen
Buttons were directly transferred to 60 ml plastic containers
filled with 30 ml of reduced transport fluid Syed and
Loesche 1972. Reduced transport fluid was a mix of: 75
ml of Solution I 12% NaCI, 12% NH47S04, 06%
KH2PO4, 051% MgSO4 .71-120; 75 ml of Solution II
06% K2HPO4; 10 ml of 372% EDTA; 20 ml of 1%
cysteine HO and 820 ml of distilled water.

Fig. 1 a Anatomy after laryngectomy showing the separation of
the airway and the digestive tract. b Sketch of the Groningen

Isolation of micro-organisms

Button voice prosthesis made of medical grade silicone rubber. c
Groningen Button inserted into the tracheo-oesophageal shunt

To isolate the micro-organisms, the prostheses were cut in
two. One part was used for scanning electron microscopy
and the other for the isolation of micro-organisms. Subse
quently, while still in the transport container, the pros
theses were immersed in an ultrasonic bath Bransonic 220,
Branson, Shelton, CT, USA filled with water to the same
liquid level as in the transport container. Loosely-associated
material was removed by exposing the prostheses to a short
ultrasonic pulse of 5 s. After transfer to a new transport
container, the prostheses were sonicated for 10, 20, 30, 60,
120 and 180 s and after each sonication period a sample of
02 ml was taken, pooled and finally plated. This procedure
was chosen in order to increase the possibility to isolate also
the ultrasonic sensitive micro-organisms.

in place by two retention flanges on both sides. Figure Ic
shows the Groningen Button situated in thc tracheo
oesophagcal shunt. In most patients its use results in a
quite acceptable voice production.
However, since the prosthesis is placed in a non-sterile
environment i.e. one side in ambient air, the other side in
the oesophagus the different voice prostheses become colo
nized with a biofilm resulting in frequent replacement of
the device due to leakage of food or liquid and increase in
air flow resistance caused by the presence of the bioflim.
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Culture conditions of micro-organisms
The micro-organisms were grown on Brain Heart Infusion
Oxoid agar plates at 37C. After several subcultures, the
purc bacterial cultures were kept at - 65C on plastic beads
in TSC vials Technical Service Consultants, Heywood,
Lancs, UK. Yeast cultures were stored at - 20C on
sterile silica gel 60 Merck 7734, Darmstadt, Germany.
For hydrophobicity and electrophoretic mobility measure
ments, the organisms were grown overnight in brain heart
infusion broth at 37C in a rotary water bath shaker G76,
New Brunswick, Edison, NY, USA at a speed of 110 rev
mm -‘.

twice in 10 mmol l potassium phosphate buffer, pH 7.
The cells were then resuspended to an optical density of
03-05 measured at 600 nm Spectronic 20, Bausch &
Lomb, USA. Then 150 pl of hexadecane was added to 3
ml of the cell suspension and the two-phase system was
shaken on a vortex Genie, Winn, Tolbert, The
Netherlands at highest speed for 60 s with a break of 15
at halftime. After 10 mm, to allow phase separation of the
mixture, the optical density was measured again. Percent
age adhesion to hexadecane was calculated using the follow
ing equation:
% adhesion to hexadecane

=

x 100

i

1

-

Taxonomy
Several commercially available test kits were used to iden
tify the micro-organisms. Bacteria were first examined by
light microscopy, Gram-staining and catalase reaction.
Then, the bacterial strains were identified by the API 20
STREP and API 1032 STAPH test systems BioMŒrieux.
In addition, strains were identified by the UP microplate
from BIOLOG for Gram-positive bacteria Biolog,
Hayward, CA, USA. The yeast strains were examined
with the API 1D32C test system BioMØrieux.

SEM preparation
The explanted Groningen Button silicone rubber voice
prostheses were flushed with 68% sucrose, 01 mol U’
cacodylate buffer, pH 74 for 5 mm. After fixation in 2%
glutar-dialdehyde, 01 mol 1-1 cacodylate buffer, pH 74,
for 2-24 h at 4C the buttons were flushed again. For postfixation the prostheses were slowly shaken in 1% 0504,
01 mol 1_i cacodylate buffer at room temperature for 3 h.
To dehydrate the specimens they were rinsed as follows:
68% sucrose, 01 mol U’ cacodylate buffer 20 mm; bidistilled water 3 x 10 mm; ethanol series, 30%, 50%, 70%,
each 20 mm; ethanol 100%, 4 x 30 mm. After the speci
mens were critical point dried CPD 020, Balzers,
Liechtenstein with CO2 for 4 h and mounted on Scanning
Electron Microscopy SEM aluminium stubs, they were
sputtered Sputtering Device, Baizers, Liechtenstein with
gold 15 nm. SEM observations were made using an
ISI-DS 130 International Scientific Instrument, Japan
with different working distances and tilting angles up to 70
at 7-15 kV.

Hydrophobicity
Hydrophobicity was determined b microbial adhesion to
hydrocarbons MATH. This test, originally published by
Rosenberg a a!. 1980, was modified arid used as follows.
The micro-organisms were harvested after 16 h and washed

in which A = optical density after vortexing and A0
optical density before vortexing.

=

Electrophoretic mobility
The micro-organisms were harvested after 16 h, washed
twice in 10 mmol I phosphate buffer p1-I 7 and
resuspended in this buffer to an optical density of about 03
measured at 600 nm. Electrophoretic mobilities were mea
sured using a Lazer Zee Meter 501 PenKem, Bedford
Hills, NY, USA. The instrument uses scattering of inci
dent laser light to allow the detection of the micro
organisms. To measure electrophoretic mobility, the
motion of a rotating prism is adjusted, until the apparent
motion of the cells appears to be stationary and the rota
tional speed of the prism is transferred into average particle
speed. Six readings were taken at an applied voltage of 150
V per filling of the cell, yielding an average standard devi
5-i
ation of approximately 014 10-8 m2 T

Source of chemicals
All chemicals used, unless stated otherwise, were of analyti
cal grade and purchased from Merck, Darmstadt,
Germany.

RESULTS
The explanted silicone rubber voice prostheses showed
brown deposits on their surfaces, especially on the oeso
phageal side of the prostheses. These deposits could not be
removed by sonication, but could later be identified as
macroscopically visible, microbial colonies with diameters
up to 1500 pm.
Typical examples of prostheses colonized by micro
organisms are shown in Fig. 2. In low magnification SEM
micrographs, the large microscopically visible colonies,
starting often at the edge of the oesophageal flange, became
very obvious Fig. 2a. These colonies consist mainly of
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Fig. 2 Scanning electron micrographs of explanted Groningen Button silicone rubber voice prostheses. a Low magnification of a
Groningen Button after 105 d implantation bar = 1000 jim. b Edge of a macroscopicall visible yeast colony on the oesophageal flange
together with a biofllm in between bar = 50 jim. c Details of the mixed bacteria/yeast bioflim with bacteria colonizing the yeast
filaments bar = 25 jim. d Typical example for the deterioration of the medical grade silicone rubber caused by yeasts growing up to 600
pm into the material bar = 100 pm. e Transversal section of the valve of a prosthesis showing yeast colonies on the oesophageal side as
well as the inner side of the valve bar = 340 pm. f Longitudinal view of the valve with a yeast colony deteriorating the silicone rubber
inside the valve bar = 50 pm

vegetative and filamentous yeast cells Fig. 2b. In the per
ipheral regions of these yeast colonies, a mixed biofllm of

yeasts, colonized by bacteria can be found Fig. 2c. In sec
tions, the biodeterioration of the medical grade silicone
rubber, due to the activity of yeasts, can be easily detected
Fig. 2d. Sections of the valve region showed the deterio
ration in this functionally crucial part of the prostheses
Fig. 2e, 0.
The removal of the micro-organisms colonizing the 26
voice prostheses resulted in a collection of 118 microbial
isolates of bacteria and yeasts. Gram staining shows that 73
strains were Gram-positive, five were Gram-negative and
one was Gram-variable. Further taxonomic tests showed
mainly Gram-positive/catalase-negative and Gram-positive
catalase-positive cocci. v1ost of these strains could be iden
tified as streptococci 16 strains and staphylococci 16
strains by the API 20 STREP and BIOLOG GP micro
titre plates. The other bacteria belonged to different genera
Table 1. The identification systems employed could not
classify 28 of the isolated bacterial strains. Of these, 16
strains were wrongly identified as Bacillus spp., as they

clearly showed a coccoid cell morphology. Five of the
strains revealed a multiple identification dependent on
whether the borderline outcomes are considered or not.
The remaining seven strains could not be identified.
The 39 yeast strains were mainly Candida species 29
strains, but others were Fichia 3 and Saccharomyt-es 2.
Five yeast strains could not be identified Table 2.
The hydrophobicity, measured by microbial adhesion to
hexadecane, gave a striking difference between bacteria and
yeast cells Fig. 3. The values for cell adhesion to hexadecane were arranged in 10 different groups from 0%
hydrophilic to 100% hydrophobic. It is obvious that the
bacterial hydrophobicities were scattered across the entire
range, whereas most of thc yeast strains conccntrated in the
first group with very hydrophilic values, The strongly
hydrophobic yeasts were Candida glabrata, C. /crusci and C.
tropicalis strains.
As a second cell surface characteristic, electrophoretic
mobility was determined. The values obtained were
arranged in eight different groups from -35 up to –049
5i
108m2 V
Figure 4 shows that the values for the
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Table 1 Taxonomy of bacteria isolated
from explanted Groningen Button silicone
rubber voice prostheses determined by the
API A and BIOLOG B identification
system

Bacteria/genera species

Isolates/taxonomy

Arcanobactertum haemolyttcum

Corynebacterium
Corynebacterium pseudodiphtericum
Micrococcus /eristinae
Neseria subflavu
Proteus mirabilis
Rot hia dentrocariosa

Staphylococcus
Staphylococcus aureus
capitis
epidermidis
haemolyticus
intermedius
xylosus

Streptococcus
Streptococcus equisimilis
mitis
salivarius
sobrinus
Stomatococcus mucilaginosus

Several taxa identifiedt
Wrong identificationt
Not identified

1
I
2

8
B
B
4 B
I B
2 B
3 B
2 B
4 B
4 B
2 B
1 B
2 B
I B
3 B
S B
3 B
4 B
A
I B
5 B
A
S B
16 B
7 B

Confidence
054
059-070
065-0’82
095
0-80
072-078
0-58-0-SI
0-69-0-81
053-061
079
0-72-0-74
065
069-095
078-0-94
083-094
98-5
057
071-084
99-9

*
API-probability in %; BIOLOG-similarity value.
t Different species were identified with or without borderline reactions.
Microscopically observed cocci were identified as rod-shaped Bacillus species.

bacteria range from -25 to -0-0 10 m2 V’ s.
The electrophoretic mobilities for the yeast strains were
shifted more to the positive side, when compared with the
results obtained for the bacteria.
DISCUSSION
Silicone rubber is used for a wide range of biomaterial
implants. For that reason the adhesion of micro-organisms
Table 2 Taxonomy of yeasts isolated from explanted Groningen
Button silicone rubber voice prostheses determined with the API
ID32C identification system
Yeast species

Iso’ates

Confidence*

Candida albicans
glabrata
krusei
parapsilosis
tropicalis
Pichia etchellsii
Saccharomyces cerevisiae

14
4
2
2
7
3
2
5

995-999

Not identified
*

API-probability in

%

976-999

886
665-917
969-99-9
96-5-998
99-7-99-9

to this seemingly inert material is of general interest for the
development of e.g. biocompatible prostheses or surgical
tubes. Scanning electron microscopy as well as the isolation
of the micro-organisms colonizing silicone rubber voice
prostheses showed that on these devices a mixed biofllm of
yeast and bacteria exists. Sections prepared for scanning
electron microscopy furthermore showed the biodeterioration of the silicone material by ingrowing yeasts.
The organisms stated were those generally found in the
oral cavity and on the skin as indigenous microflora Baron
1991; Marsh and Martin 1992. The two identification
systems did not give corresponding results. The API
system identified a few of the Gram-positive bacteria
whereas the BIOLOG system yielded more taxonomic
information. The BIOLOG system seems to be superior
compared with the API system as it is based on the uti
lization of a wide range of different carbon sources, at least
with respect to Gram-positive bacteria, However, also the
BIOLOG system could not classify 28 of the 79 bacterial
strains. The BIOLOG system has already been tested for
various Gram-negative bacteria Miller and Rhoden 1991;
Amy a a!. 1992; Klinger a a!. 1992; Stager and Davis
1992, but it seems to be necessary to test larger numbers
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Fig. 3 Comparison of the hydrophobicities of a bacteria and b
yeasts, determined by microbial adhesion to hexadecane. The
values in % are presented in 10 hydrophobiciry groups ranging
from hydrophilic 0% adhesion to hexadecane to hydrophobic
100% adhesion to hexadecane

of different Gram-positive bacteria to evaluate this system.
The API identification system, 1D32C for yeasts, revealed
a very high probability in the taxonomic agreement with
the data base.
Nevertheless, of all the micro-organisms associated with
the silicone rubber voice prostheses, the bacteria may not
be important for the final failure of the device, as the biodeterioration of the silicone rubber seems to be caused by
yeasts Neu a at 1993. However, it may be speculated
that bacteria are important in the initial colonization of the
material. The evidence for this stems from the high cell
surface hydrophobicity of most of the bacteria, favouring
their adhesion to the relatively hydrophobic silicone
material. Hydrophobic bacteria would be able to colonize
the hydrophobic silicone rubber as pioneering organisms,
thereby allowing the hydrophilic yeast to adhere in a later
stage of biofilm development. Similar findings were report
ed for the oral cavity, where bacteria have a role as condi
tioning organisms which facilitate the later adhesion of
yeast cells to polymethylmethacrylate dentures Verran and
Motteram 1987; Verran a a!. 1991. As a possible mecha-
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Fig. 4 Comparison of the electrophoretic mobilities of a bacteria
and b yeasts, determined by microelectrophoresis. The values
are arranged in eight different groups from - 35 to + 049 flY
m2 V l

nism, it is proposed that extracellular compounds released
by the bacteria condition the silicone rubber surface,
thereby enabling the yeasts to adhere to the now modified
silicone surface.
The cell surface properties of the yeast strains differed
from the bacteria mainly by their different hydropho
bicities. Most of the Candida strains isolated showed a very
hydrophilic cell surface. This finding is in agreement with
the studies of Hazen 1990 who also reported a hydrophilic
cell surface for C. albicans grown under similar conditions
at 37C. The values for the hydrophobic yeasts resulted
from the isolated C. glabrata, C. krusei and C. tropicalis
strains. Furthermore, this result is confirmed by previous
publications on the cell surface hdrophobicity of C. tropi
calls which has a hydrophobic cell surface regardless of the
growth temperature Hazen 1990. In other publications
the same difference between C. albicans, C. glabrata, C.
In-usci and C. tropicalis has been found Minagi
at 1986;
Miyake a iii. 1986.
The measurement of the electrophoretic mobilities of the

a

SILICONE RUBBER VOICE PROSTHESES

yeast strains gave a distribution of the values as received for
the bacteria, but the yeast distribution was shifted more to
the positive side of the scale. Similar values for electrophoretic mobilities of yeasts were published for other yeast
strains such as Saccharomyces cerevzsiae, Kluyveromycesfragills and Monilhiella polhinis Mores a a!. 1987, 1988. It
was also found that adhesion of the hydrophilic S. cerevisiae
cells to hydrophobic polymers was mainly controlled by
electrostatic interactions. For the hydrophobic Mon. pollinis
cells a more complex mechanism was suggested as the cells
adhere spontaneously to both hydrophilic glass and hydro
phobic polymers Mozes a a!. 1987, 1988. The electro
phoretic mobility may be also influenced by environmental
factors and antibiotics. This was described for C. albicans
where treatment with antibiotics affected the cell surface
charge and even enhanced the adhesion to acrylic surfaces
Mirake cC al. 1990.
Because of its mechanical properties medical grade sili
cone rubber may be the ideal material to build voice pros
theses, but it represents an unfortunate choice because of
its heavy colonization by bacteria and especially yeasts. The
yeasts are more attracted to the silicone rubber than to the
surrounding tissue and even grow into and inside the sili
cone rubber. The mechanism of thc biodeterioration of sili
cone rubber may be mechanical or chemical Neu cC al.
1993.
In conclusion, this study may be a first step in
developing strategies to prevent the microbial colonization
of silicone rubber voice prostheses. Therewith, the lifetime
of the voice prosthcscs would be extended. One approach
would be the change of the surface properties of silicone
rubber to oppose those of the organisms isolated. Possibly
this could be done by glow discharge, plasma deposition or
chemical treatment to reduce the adhesion of micro
organisms whose cell surface properties arc now known or
alternatively by embedding of antibiotics in the material.
Another approach would be to develop a mouth rinse
throat rinse that would either be antimicrobial or influ
ence the adhesive properties of the micro-organisms.
ACKNOWLEDGEMENT
We thank F. Dijk for assistance with the scanning electron
microscopy.
REFERENCES
Amy, P.S., Haldeman, 11!.., Ringelberg, D., Hall, D.H. and
Russel, C. 1992 Comparison of identification systems fot clas
sification of bacteria isolated from water and endolithic habitats
within deep subsurface. Applied and Environmental Microbiology
58, 3367-3373.
Baron, S. ed. 1991 Medical Microbiology. New York: Churchill
Livingstone.

527

Hazen, K.C. 1990 Cell surface hydrophobicity of medically
important fungi, especially candida species. In Microbial Cell
Surface Hydrophobicity ed. Doyle, Rj. and Rosenberg, V1. pp.
249-295. Washington, DC: American Society for Micro
biology.
Herrmann, I.E. cd. 1986 Speech Restoration Via Voice Pros
theses. Berlin: Springer-Verlag.

llcrrmann, I.E., Poschet, U. and Zbhren,

J.

1986 Wear and tear

on the silicon of valve prostheses in the uppcr digestive tracta
study using electron microscope scanning. In Speech Restoration
Via Voice Prostheses ed. Flerrmann, IF. pp. 69-73. Berlin:
Springer-Verlag.
Izdcbski, K., Ross, J.C. and Lee, S. 1987 Fungal colonization of
tracheoesophageal voice prosthesis. Laryngoscope 97, 594-597.
Klinger, J.M., Stowe, R.P., Ohenhuber, D.C., Groves, TO.,

Mishra, 5K. and Pierson, DL. 1992 Evaluation of the Biolog
automated microbial identification system. Applied and
Environmental Microbiology 58, 2089-2092.
Mahieu, HF., Van Saene, H.K.F., Rosingh, H.J. and Schutte,
H.K. 1986 Candida vegetations on silicone voice prostheses.
Archives of Otolaryngology, Head and Neck Surgery 112, 321325.
Mahico, H.P., Van Saene, J.J,M., Den Besten, J. and Van Saenc,
H.K.F. 1986b Oropharynx decontamination preventing
Candida vegetation on voice prostheses. Archives of Otolaryngology, Head and Neck Surgery 112, 1090-1092.
Marsh, P. and Martin, M. ed. 1992 Oral Microbiology.
London: Chapman & Hall.
Miller, J.M. and Rhoden, DL. 1991 Preliminary evaluation of

Biolog, a carbon source utilization method for bacterial identifi
cation. Journal of Clinical Microbiology 29, 1143-1147.
Minagi, S., Mivake, Y., Pujioka, Y., Tsuru, H. and Suginaka, II.
1986 C:ell surface hydrophohicit’ of Candida species as deter
mined

hr

the

contact-angle

and

hydrocarbon-adherence

methods. Journal of General Microbiology 132, 1111-IllS.
Miyake, Y., Fujita, Y., Minagi, S. and Suginaka, 11. 1986
Surface hydrophobicity and adherence of Candida to acrylic

surfaces. Microbios 46, 7-14.
Miyake, V., Tsunoda, T., Minagi, S., Akagawa, V., Tsuru, H.

and Suginaki, H. 1990 Antifungal drugs affect adherence of
Candida albicans to acrylic surfaces by changing the zeta poten
tial of fungal cells. FEMS Microbiology Letters 69, 211-214.
Mozes, N., Marchal, F., Hermessc, M.P., Van Haecht, J.L.,
Reuliaux, L., Leonard, A.J. and Rouxhet, P.C. 1987 Immo
bilization of microorganisms by adhesion: Interplay of electro
static and nonelectrostatic interactions. Biotechnology and
Bioengineering 30, 439-450.
Mozes, N., Leonard, A.J. and Rouxhet, P.C. 1988 On the rela
tions between the elemental surface composition of yeasts and
bacteria and their charge and hrdrophobicity. Biochimica et
Biop/iysica Aaa 945, 324-334.

Neu, T.R., Van der Mci, H.C. and Busscher, H.J. 1992a Bio
films associated with health. In Biofilms5cience and Tech
nology. NATO AS! Series ed. Melo, L.F., Bott, T.R., Fletcher,
M. and Capdeville, B. pp. 21-34. Dordrecht: Kluwer Academic

Publishers.
Neu, T.R., Dijk, F., Verkerke, G.J., Van der Mci, H.C. and
Busscher, H.J. I 992b Scanning electron microscopy study of

528 l.A. NEU ET AL.

bioflims on silicone voice prostheses. Cells and Matenals 2,
261-269.
Neu, T.R., Dijk, F., Verkerke, G.J., Van der Mel, ILC. and
Busscher, l-l.J. 1993 Biodeterioration of medical grade silicone
rubber used in voice prostheses-an SF.M study. Biomaterials

14, 459-464.
Rosenberg, M., Gutnick, 0. and Rosenberg, E. 1980 Adherence
of bacteria to hydrocarbons: A simple method for measuring
cell-surface hydrophobicity. FEMS Microbiology Letters 9,
29-33.
Stager, CE. and Davis, JR. 1992 Automated systems for identi

View publication stats

fication of microorganisms. Clinical Microbiology Reviews 3,
302-327.
Syed, S.A. and Loesche, W.J. 1972 Survival of human dental
plaque flora in various transport media. Applied Microbiology
24, 638-644.
Verran, J. and Motteram, 1C.L. 1987 The effect of adherent
streptococci on the subsequent adherence of Candida albicans to
acrylic in vitro. Journal of Dentistry 15, 73-76.
Verran, J., Lees, C. and Shakespeare, A.P. 1991 The effect of
surface roughness on the adhesion of Candida albicans to
acrylic. Biofouling 3, 183-192.

