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Silicone voice prostheses used for rehabilitation of speech after total laryngectomy are inserted 
in an non-sterile habitat. Deposits on explanted Groningen Button voice prostheses revealed a 
biofilm, due to heavy colonization of the silicone surface by bacteria and yeasts. Furthermore, it 
was demonstrated by scanning electron microscopy on sectioned explants that the silicone 
material was deteriorated by filamentous and vegetative yeast cells. The different explants 
showed a variety of sharp-edged, discrete yeast colonies. The yeasts grew just under the 
silicone surface and up to 700~m into the silicone material. Finally, nine different types of 
defects in the silicone material created by the yeasts are described. This deterioration of the 
silicone by yeasts seems to be the main reason for the failure and the frequent replacement of 
the prostheses. The mechanisms of silicone deterioration are still hypothetical. 
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Medical-grade silicone is a widely used biomaterial for 
different applications, including tubing, catheters, mam- 
mary implants, testicular implants, plastic reconstruction, 
encapsulation of electronic components and voice 
prostheses. For the long-term application of the silicones 
used, the stability and the biocompatibility of the 
polymers are crucial. 

Silicone voice prostheses are applied in throat cancer 
patients after laryngectomy. Compared to most other 
prostheses, voice prostheses are placed in an non-sterile 
environment. In addition, the patients receiving the 
prostheses for speech rehabilitation have a lowered 
immune defence, due to radiotherapy and/or chemo- 
therapy. The prostheses therefore become rapidly 
colonized by a mixed biofilm of bacteria and yeasts and 
as a result, have to be replaced quite frequently’. 

The Groningen Button silicone voice prosthesis [Figure 
I) used in this study is one of more than 10 different voice 
prostheses available’. The Groningen Button is inserted 
in a trachea-oesophageal shunt and is exposed with the 
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open end to the air and with the valve part to the digestive 
tract (Figure 1). Clinically, these prostheses are replaced 
when patients complain about leakage of food and liquid 
or increased air flow resistance. 

Although it is known through a few studies that a 
mixed bacteria/yeast biofilm colonizes these prostheses2-4, 
it is not known how this biofilm affects the silicone 
material. The aim of this study is to determine the effect 
of the biofilm on silicone voice prostheses on the 
integrity of the material itself by scanning electron 
microscopy (SEM) on explanted prostheses. 

MATERIALS AND METHODS 

Silicone voice prostheses 

Groningen Button silicone voice prostheses (Medin, 
Groningen, The Netherlands) were used in this study. 
The prostheses have a diameter of 14 mm and are 
available in several shaft lengths, ranging from 5 to 
11 mm. The prostheses are made of medical-grade, 
enhanced tear-resistant (ETR) silicone, Silastic Q 7-4750 
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Figure1 Diagram of the Groningen Button silicone voice 
prosthesis and anatomy after laryngectomy showing a Groningen 
Button implanted in the trachea-oesophageal shunt. 

(Dow Corning). To mould the prostheses, the two 
components A and B, as supplied by the company are 
mixed and heat cured for 10 min at 115’C. The properties 
include a durometer hardness: Shore A of 50, a tensile 
strength of 91 kg/cm’, a tear strength of 41 kg/cm, an 
elongation of 900% and a specific gravity of 1.14. 

Sample collection 

The Groningen Buttons were collected from different 
patients after various periods of implantation (l-434 d). 
The prostheses were removed for clinical reasons 
including leakage and increased air flow resistance. 
After explantation, they were transferred directly into 
reduced transport fluid. This fluid was composed of 
75 ml Solution I (1.2% NaCl, 1.2% (NH&SOB, 0.6% 
KH,PO(, 0.51% MgSO, X 7 H,O); 75 ml Solution II (0.6% 
K,HPO,); 10 ml 3.72% EDTA; 20 ml 1% cysteine HCl and 
820 ml distilled water. 

Scanning electron microscopy (SEM) preparation 

First, the Groningen Buttons were flushed with 6.8% 
sucrose and 0.1 MM cacodylate buffer (pH 7.4) for 5 min. 
After fixation in 2% glutar-di-aldehyde and 0.1 M 

cacodylate buffer, (pH 7.4) for 2-24 h at 4”C, they were 
flushed a second time. Post-fixation was carried out in 
1% 0~0, and 0.1 M cacodylate buffer by gently shaking 
for 3 h at room temperature. Dehydration involved 6.8% 
sucrose and 0.1 M cacodylate buffer: 20 min; bidistilled 
water: 3 X 10 min; ethanol series, 30, 50 and 70%: each 
20 min; ethanol 100%: 4 X 30 min. After critical-point 
drying with CO2 for 4 h, the specimens were mounted on 
SEM stubs and sputter-coated with gold (15 nm). SEM 
observations were taken using the International Scientific 
Instrument ISI-DS 130, with different working distances 
and tilting angles, at 7-15 kV. 

RESULTS 

On most explanted Groningen Buttons, brown deposits 
were already macroscopically visible. These deposits, 
identified as mixed biofilms, which sometimes covered 
the entire prosthesis, are shown in the scanning electron 
micrograph of a Groningen Button implanted for 434 d 
(Figure ~a). Colonization and biodeterioration by micro- 
organisms became obvious in sections which showed 
surface growth and ingrowth of the microbial colonies. 
The microbial colonization and biodeterioration of the 
medical-grade silicone affected the outer and inner 
regions of the prostheses (Figure ~b) and it could be 
observed along the shaft (Figure ZC) and on the tracheal 

Figure 2 a, i_ow-magnification scanning electron micrograph of a heavily colonized prosthesis implanted for 434 d. b, Section 
showing ingrowing yeast colonies at the inner and outer side of the same prosthesis. c, Section of the shaft of a 161 d old prosthesis 
with extended yeast colonies (see also Tab/e 7) forming a bed-like defect. d, Tracheal flange of a prosthesis removed after 40 d with 
bubble-like defects (see also Table I), caused by yeasts growing under the silicone surface. 
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flange of the prostheses. The tracheal flange often 
showed a bubble-like lifting of the silicone, with the 
yeasts growing just under the surface (Figure 2d). 

In general, biodeterioration was found on the entire 
prostheses; it was, however, most dominant on the 
oesophageal flange and in the valve part. The colonization 
of the latter is critical for proper functioning of the 
prostheses. A longitudinal view of a valve showed large 
ingrowing colonies inside the valve region (Figure 3a). A 
detailed view of the same area shows fine-structured 
yeast filaments and densely pressed yeast filaments, due 
to the presence of the other side of the valve (Figure 3b). 
A transversal section is shown in Figure 3c where the 
colonies covering the oesophageal side continued into 
the inner valve region, eventually resulting in a totally 
deteriorated valve (Figure 3d). 

On the tracheal flange of the prostheses, pillow- 
shaped deformation of the silicone was found. These 
pillows appeared to burst, due to the pressure of the yeast 
cells growing just under the silicone surface (Figure 4a). 
Other areas of the tracheal flange showed craters in the 
silicone surface, filled with yeast and bacteria (Figure 
4b). On the oesophageal side, the yeast colonies caused 
dents where the yeast colony growing on the surface was 
attached to the silicone (Figure 4~). If the yeast colonies 
grew very closely together into the silicone material, a 
comb-like ingrowth was found in sections, mainly in the 
oesophageal side of the prostheses (Figure 4d). 

In areas with multiple ingrowths, the yeast colonies 
produced a dome-shaped lifting of the silicone with 
several breaks through in the silicone surface (Figure 5~3). 
The ingrowing yeast colonies were also able to lift the 

silicone at the edge of the colony, leading to a volcano- 
shaped appearance (Figure 5b). A higher magnification 
of the same micrograph showed the densely packed yeast 
filaments inside the silicone and more loosely arranged 
yeast filaments in the outer regions (Figure 5~). However, 
other examples demonstrated bags filled with only 
vegetative yeast cells (Figure 5d). We noted that the yeast 
cells seemed to form an imprint in the silicone rubber. 
Filamentous and vegetative ingrowing yeast forms 
showed sharp-edged, bag-like colonies. 

The boundary of a typical ingrowing yeast colony can 
be seen in Figure 6a, in which the colony is partially 
pressed out of the silicone. A detail of the colony edge 
revealed a thin skin-like cover separating the yeast 
colony from the silicone material (Figure 6b). 

The prostheses were also colonized by different 
bacterial strains. However, the bacteria were always 
found on the silicone surface, associated with the outer 
yeast filaments or the upper third of the ingrowing yeast 
colonies (Figure 6c) and never in the defects. One sample 
showed ingrowing yeast colonies completely covered by 
filamentous bacteria (Figure 6d). 

In Table 1, the different types of deterioration of 
silicone by yeasts are listed and reference to the typical 
micrographs, illustrating the various defects, is given, 

DISCUSSION 

This investigation describes the biodeterioration by 
yeasts of medical-grade silicone used for voice prostheses. 
The bacteria in the mixed biofilm found on the prostheses 

Figure 3 a, Scanning electron micrograph of a prosthesis implanted for 71 d, with a longitudinal view of the valve demonstrating 
yeast colonies inside the valve region. b, Detail of the same valve, showing ingrowing filamentous partially densely pressed yeasts. 
c, Transversal section of a valve from a 40 d old prosthesis, with ingrowing yeast bags (see also Table 7) on the oesophageal side as 
well as the inoer valve region. d, Transversal section of another valve removed after 107 d, demonstrating the heavy deterioration of 
both edges of the valve. 
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Figure 4 a, Scanning electron micrograph of a prosthesis implanted for 161 d, showing the tracheal flange with a bursting silicone 
surface (see also Tab/e 7) caused by yeast colonies. b, Micrograph of the same prosthesis, demonstrating crater-like deterioration 
(see also Tab/e 7) on the tracheal flange. c, Section through a 133 d old prosthesis, presenting the oesophageal side with a dent 
defect (see also Tab/e 7) in the silicone caused by an attached yeast colony. d, Oesophageal side of a prosthesis removed after 84 d, 
showing comb-like defects (see also Tab/e 7) due to ingrowing yeast colonies. 

Figure 5 a, Scanning electron micrograph of a prosthesis implanted for 71 d, showing the shaft with ingrowing yeasts, producing a 
dome-like defect (see also Tab/e 7) of the silicone. b, Prosthesis removed after 190 d with a section through an ingrowing yeast 
colony (see also Table 7), producing volcano-like defects. c, Detail of the same micrograph with lifted silicone at the edge of the 
colony. d, Section through the inner oesophageal side of a prosthesis changed after 40 d, with a colony of vegetative yeast cells, 
demonstrating the sharp edge between the yeast colony and the silicone. 
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Figure 6 a, Scanning electron micrograph of a section through a 434 d old prosthesis, showing deep pockets filled with filamentous 
growing yeasts. b, Detail of the same micrograph, shawing the bottom part of a yeast colony, demonstrating a smooth layer around 
the yeast filaments. c, Prosthesis implanted for 84 d, with a section through the oesophageal flange presenting a densely packed 
colony, consisting of bacteria and yeasts. d, Section through the oesophageal flange of a 224 d old prosthesis, showing yeasts 
deteriorating the silicone (left), filamentous bacteria totally covering the yeasts (middle) and a surface view (right) of the mixed 
biofilm. 

do not seem to be directly responsible for the material 
defects, since they are only associated with the surface 
parts of the yeast colonies and are found directly on the 
silicone surface. Preliminary taxonomic tests revealed 
that most of the bacteria were Gram-positive, catalase- 
negative cocci, presumably S~re~~ucoc~us. The yeasts 
mainly comprised different Candida species. 

Biofilms on silicone voice prostheses were also 
described previausly3, but without emphasis on different 
material defects and the causative microorganisms. Our 
study revealed various types of defects in the silicone 
material (Table 11. The type of deterioration seems to be 
independent of the site of biofilm formation on the 
prostheses. 

The mechanism of the deterioration of the silicone is 
stilf unclear. There are two ways for yeasts to attack the 
silicone, mechanically and chemicatfy. 

A mechanical attack would require a certain tugor 
pressure of the yeast cells and filaments to penetrate the 
silicone material. Similar findings have already been 
described for a fungus, which could generate a turgor 
pressure of 8.0 MPa. The appressorium of ~~g~~porf~e 
grisea by this mechanism penetrated non-biodegradable 
mylar membranes with a hardness range from 140 to 250 
MPa’. This implies an adhesive force high enough to 
generate this pressure. For the filamentous growing 
yeasts, a similar mechanism might be possible. In this 
case, a root-like growth of the filaments inside the 
silicone might be expected. However, SEM of the yeast 
ingrowth revealed discrete colonies with a sharp edge 
between the colony and the silicone. If such a mechanical 
mechanism is responsible for the deterioration of the 
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Table t Different types of defects found in the biodeterioration 
of medical-grade silicone rubber caused by yeasts 

Designation Shape Figure 
number 

J-7 R 4b 

4c 

2c 

56 

4d 

2d 

4a 

5a 

Biomaterials 1993, Vol. 14 No. 6 



464 Biodeterioration of voice prostheses: T. R. Neu et al. 

silicone, decreasing the adhesive forces by surface silicone rubber is not only used in the biomedical field, 
treatment of the silicone material might prevent bio- but also in coatings, these results may have a great 
deterioration. impact on the application of silicone rubber. 

A chemical attack of the silicone could be mediated by 
a release of extracellular enzymes or free radicals’, 
which would result in a diffusion front, starting from the 
yeast colony. This diffusion could eventually lead to the 
sharp edge and discrete shape of the ingrowing yeast 
colonies. 
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