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Chapter 1

Introduction and Aims

Introduction

After laryngectomy, mostly performed to treat laryngeal carcinoma, the upper airways and

digestive tract are separated and as a result the patient breaths via a tracheostoma. With this

surgical procedure the vocal cords are removed as part of the larynx leaving the patient voice-

less. Indwelling silicone rubber voice prostheses are used by laryngectomized patients for

speech revalidation and present one of the most successful methods to restore speech.1,2 In

this method of alaryngeal speech air is exhaled from the lungs and by closing the

tracheostoma with a finger the air passes through the valve system of the voice prosthesis into

the neopharynx, where the remaining mucosal and muscular structures act as vocal cords and

are brought into vibration (Figure 1). This tracheo-oesophageal shunt speech method was

first described by Guttman in 1931, reporting on a patient piercing the tracheo-oesophageal

wall with a hot ice pick establishing a tracheal shunt.

Alternatives for voice restoration are oesophageal injection speech and the use of an

electrolarynx. In the oesophageal injection speech method, patients swallow air into the

oesophagus and by regurgitation the air is brought back in the neopharynx where the remain-

ing muscular structures modulate speech. Although very good results can be reached using

this method, it takes (more) time to master it and not all patients reach these results. However

in our clinic, oesophageal injection speech and tracheo-oesophageal speech using voice pros-

theses are both offered to the patient. 

Several types of voice prostheses have been produced since the first prosthesis was intro-

duced in 1980 by Blom and Singer. The main differences in between prosthesis types are
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design, airflow-resistance and introduction method. Although the choice which type of pros-

thesis is used depends on both patient (airflow resistance, introduction technique), and physi-

cian (introduction technique, availability)3 also a geographical factor plays a role; in our

clinic in The Netherlands, Europe the Groningen Low Resistance and Provox II voice pros-

theses are used (Figure 2), while in the United Stated Blom Singer prostheses are used most.

However, eventually all types of prostheses share the same problem: the development of a

biofilm, leading to deterioration of the silicone rubber and finally to dysfunction, after which

the prosthesis has to be replaced.

Biofilm formation and lifetime of voice prostheses

This biofilm formation starts from the first minute the device is placed in the fistula and exists

of various bacteria and yeast strains. The highly unsterile environment of the neopharynx

together with the presence of a tracheostoma, creates an ideal situation for these micro-

organisms to adhere to the surface of the voice prosthesis. Several research groups studied the

exact composition of the biofilm; identified were the normal oral flora as Streptococcus mitis,

Streptococcus salivarius and other streptococcal and enterococcal strains, while also skin

flora as staphylococci were frequently found. In certain patients even unexpected strains like
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Figure 1.

Schematic presentation of the oropharyngeal

anatomy of a patient before (A) and after total

laryngectomy (B). C. shows a schematic presentation

of a groningen voice prosthesis. D. shows the

anatomy after total laryngectomy with a voice

prosthesis inserted as a shunt-valve between the

trachea (anteriorly) and the oesophagus (posteriorly). 



Escherichia coli were identified, illustrating the differences in ecosystem of the neopharynx

in between patients. The yeast strains most commonly found were Candida albicans and

Candida tropicalis.4,5,6,7

Of these micro-organisms only yeast have demonstrated ingrowth into the silicone rubber

and were therefore held responsible for the deterioration of the silicone rubber, leading to dys-

function of the valve system, causing leakage through or around the prosthesis into the trachea

or higher phonatory resistance leading to difficulty to speak. Millsap et al.8 however, demon-

strated that the bacteria Rothia dentocariosa and Staphylococcus aureus enhanced the adhesion

of Candida albicans to silicone rubber. Interestingly, Elving et al.9 reported higher isolation fre-

quencies of these two bacteria in a patient population requiring frequent replacements (within

4 months). Millsap et al.8 also found that a salivary conditioning film on silicone rubber dis-

courages the adhesion of the candida strains, especially in the absence of bacteria. Therefore

both bacteria and yeast can be held responsible for the deterioration of the voice prosthesis.

The average lifetime of a voice prosthesis is 3 to 4 months after which the prosthesis has

to be replaced.3,10 Replacement of the prosthesis is an uncomfortable and time consuming pro-

cedure, and may lead to damage of the shunt with scar tissue formation, insufficiency or

stenosis. Also, these replacements lead to higher costs (travel expenses of the patient, medical
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Figure 2.

Schematic presentation of Groningen and Provox II voice prostheses.



personnel, new prostheses) in health care. For all of these reasons limited replacements of a

voice prosthesis would be advisable; reason why over the years different strategies have been

studied to prevent the formation of biofilm and to prolong lifetimes of voice prostheses.

Extending lifetime of voice prostheses 

One of the tactics used to prolong the lifetime of voice prostheses has been to prescribe

antimycotics, especially in patients with a limited prosthesis lifetime. It is still not clear if the

use of amphotericin B lozenges and buccal bioadhesive slow-release tablets containing

miconazole nitrate has a lasting effect on the lifetime of voice prosthesis. Recently Ackerstaff

et al.3 studied lifetimes of voice prostheses and demonstrated that anti-candida medication

was not significantly associated with a longer lifetime. Also, using this medication on a

regular basis could contribute to the development of resistant yeast strains, in a time where

antifungal agents are limited.11

Everaert et al.12 studied possibilities to modify the surface of the silicone rubber to dis-

courage biofilm formation. Although indeed these modifications have an effect in laboratory

conditions, extended research in patients still has to take place.

Following anecdotal evidence from laryngectomized patients and their support groups, it

was suggested that the use of buttermilk and the use of an aquarium device to blow through

the prosthesis lead to a longer lifetime of their prosthesis. Recently, an effect of buttermilk

was confirmed by Busscher et al.13, using the artificial throat model. Also a positive effect of

synthetic salivary peptides, containing bactericidal and fungicidal activities, was demon-

strated by Elving et al.14 under in vitro conditions.
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Aims:

The general aim of the study is to identify factors, which can prolong the lifetime of tracheo-

oesophageal shunt prostheses.

The specific aims of this thesis are:

1. To register and evaluate the lifetimes of Groningen and Provox II voice prostheses, intra-

and inter-individually, and to study possible influential factors that could explain the wide

variation in lifetimes and lead to insight in how to prolong the lifetime of voice prostheses

(Chapter 3). 

2. To investigate the effect of airflow through a voice prosthesis as another single factor to

prolong the lifetime of voice prostheses, by performing in vitro experiments using the arti-

ficial throat model (Chapter 4). 

3. To investigate the anecdotal suggestions that dairy products, containing active, pro-

biotic bacteria, and caffeinated soft drinks could prolong the lifetime of voice pros-

theses, by performing in vitro experiments using the artificial throat model (Chapters 5, 6,

7 and 8).
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