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CHAPTER 1

GENERAL INTRODUCTION 

Laryngectomized patients lose their natural ability to speak as a result of rigorous 

anatomical changes after surgery. Due to the surgical resection of a laryngeal tumour, the larynx 

or voice box is taken out and the trachea is sutured in the neck. As a consequence the airflow 

through the oropharynx, and so the ability to articulate and speak is lost (Fig. 1A). Luckily 

however, we do not necessarily need our vocal cords to produce sound, since sound is nothing 

more than a series of alternate increases and decreases of air pressure, transmitted as a wave. 

Based on this mechanism laryngectomized patients can learn to speak again for example by 

oesophageal speech. Swallowed air into the oesophagus will come out with regurgitation 

vibrating the mucosa of the neopharynx. However this method has been abandoned because it 

is difficult for most patients to learn this technique, tracheoesophageal shunt speech is generally 

preferred.

A B
Figure 1. Anatomy of the larynx in relation to the oesophagus and the oropharynx A) before 
laryngectomy B) after laryngectomy

Tracheoesophageal shunt speech uses a so-called tracheoesophageal shunt prosthesis 

to regain speech for laryngectomized patients. In order to place this prosthesis, a surgical fistula 

is made to connect the trachea with the oesophagus. The prostheses are in essence no more 

than one way valves, placed in this tracheoesophageal fistula, to prevent aspiration of food, 

drinks or saliva from the oesophagus into the trachea. By closing the tracheostoma after 
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inhalation, patients can blow air through the prosthesis to the neopharynx where the mucosa act 

as pseudo vocal cords (Fig. 1B). This wave of air can be molded by the tongue, teeth and lips as 

air passes through the oral cavity eventually resulting in articulated speech. Different prostheses 

have been produced over the past decades, and the main prostheses currently applied in The 

Netherlands are the Groningen and Provox tracheoesophageal shunt prostheses generally 

called voice prostheses (Fig. 2).  

Figure 2. A) Groningen Low 
Resistance and B) Provox voice 
prosthesis closed valves.

A B

However because of the restricted lifetime of the prosthesis this is not an elegant solution 

for every patient. The mean useful lifetime of a voice prosthesis varies between 3-6 months.1- 3

The main reason to replace a voice prosthesis is dysfunctioning of the valve due to biofilm 

formation. This causes an increase in air flow resistance impeding speech, leakage of 

oropharyngeal fluids around the prosthesis, or leakage through the prosthesis, which constitutes 

the main reason for replacement of a prosthesis as done by an otorhinolaryngologist. For 

patients, this means a visit to the hospital along with the burden of a, not always pleasant 

replacement.

Biofilm formation. Biofilms are found in natural or artificial environments, where a 

surface is exposed to adequate moisture. Biofilms are formed after initial contact of free-floating 

(planktonic) bacteria with a foreign surface, such as a voice prosthesis. The valves of voice 

prostheses are prone to biofilm formation because of their unsterile environment, the 

oesophagus, and the continuous exposure to food and drinks. 

Biofilm formation starts from the first minute after the device is placed in the fistula, and 

the first step is the formation of a conditioning film.4 After initial attachment, planktonic bacteria 

adhere irreversibly to the surface and proliferate to transform into bacterial microcolonies.5

Subsequently bacteria generate a coating of extracellular polymeric substances (EPS), which is 
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essential for the development of the architecture of any biofilm matrix; it provides a framework 

into which microbial cells are inserted.6 Confocal laser scanning microscopy indicates that 

microcolonies within a biofilm are three-dimensional structures of mushroom-like bacterial 

growth with water channels running between them for a constant supply of nutrients.7 The most 

part of the biofilm, perhaps up to 97%, consists of water.8 The microbial cells form only about 2-

5% of the biofilm.

Earlier research identified Candida species to be the major causative organism for 

dysfunctioning of silicone rubber voice prostheses, since the yeast can grow into the silicone 

rubber and cause deterioration and subsequent dysfunctioning of the valve. 3,9-11 However, the 

micro-organisms which are identified on explanted prostheses not only comprise of Candida but 

many other strains and species are involved.12 Elving et al. identified a group of micro-organisms 

which are significantly more present in biofilms of prostheses that failed within 4 months 

compared to their presence on prostheses failing after 9 months from the time of insertion: 

Candida tropicalis, Candida albicans and Rothia dentocariosa.13 It has also been suggested that 

yeast cells need bacteria in order to adhere to the prostheses.14-16 Moreover a mixture of the 

earlier mentioned micro-organisms complemented with Staphylococcus aureus, Staphylococcus

epidermidis and Streptococcus salivarius, caused an increase in air flow resistance after biofilm 

formation on voice prostheses.17 In this thesis, this combination of strains is used in an in vitro

model to grow biofilms on voice prostheses in order to evaluate strategies to decrease biofilm 

formation.

Prevention of biofilm formation. Nowadays, many different biomedical materials are 

used in many different parts of the human body. Nearly all clinical medical specialities use 

biomaterials for the restoration of function, either temporarily or for permanent use. Biofilm 

formation on biomaterials however can lead to dysfunctioning of implanted devices and 

sometimes to lethal sepsis of a patient. Therefore implanted materials with the biofilm need to be 

removed as they constitute the source of infection, or replaced when dysfunctional because of 

the biofilm. The latter being the main reason for replacing voice prostheses. Different strategies 

can be used to reduce or prevent biofilm formation on voice prostheses. 

External influences which can decrease biofilm formation are antibiotics and antimycotics 

and these have indeed been used as systemic or local drugs but also as a modification of 

biomaterials surfaces on implanted devices.18-20 However, resistance of biofilms to antibiotics is 

as much as 1,000 times higher than of planktonic cells of the same species.21 Moreover, 
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bacteria or fungi can induce antibiotic or antimycotic resistance. Therefore the need for new 

antimicrobial agents is urgent. One of our own defence systems against oropharyngeal micro-

organisms is formed by so-called antimicrobial proteins and peptides, which are secreted in 

saliva.22 They have a broad spectrum of activity against Gram-positive and Gram-negative 

bacteria as well as against fungi. In contrast to antibiotics, bacterial resistance to antimicrobial 

peptides is a rare phenomenon making them promising candidates for therapeutic drugs.23 In 

this thesis the influence of antimicrobial peptides on the bioflm of the voice prostheses is 

investigated as an external influence, but also as a prosthesis coating.  

Changing the biomaterial surface properties by coating the implant, to decrease biofilm 

formation, has been tried by many researchers in different fields with a large variety of coatings. 

These coatings can exist of antimicrobials like peptides or antimicrobial material like silver 24,25,

or is intended to act as a reservoir for antimicrobials to be released in situ. 26,27 Gottenbos et al.

described the antibacterial properties of the quaternary ammonium compound (3-

(trimethoxysilyl)-propyldimethyloctadecylammonium chloride (QAS) coating.28 This coating is 

positively charged which yields strong attraction of negatively charged bacteria, but there 

seemed to be less growth after initial adhesion. In this thesis the influence of this coating on a 

mixed biofilm of the voice prostheses is investigated together with a commercially available 

disinfectant containing quaternary ammonium compounds, as the only specified active 

ingredient.

Another strategy to decrease biofilm formation on the voice prostheses is modification of 

the material it self. Surface roughness for example, can increase microbial adhesion. Bruinsma 

et al. described an increase in deposition of Pseudomonas aeruginosa when rigid gas 

permeable contact lenses exceeded a surface roughness of 14 nm.29 Also within dentistry, it has 

been shown30 that rough surfaces will promote oral biofilm (plaque) formation. In this thesis the 

effect of surface roughness of the voice prostheses is studied. 

Aim of this thesis. The aim of this thesis is to find (a) way(s) to decrease biofilm 

formation on the voice prosthesis in order to lengthen its in situ lifetime. 
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