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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.

Chapter 1
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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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Chapter 2

Prevention and treatment of mixed species biofilms on
tracheo-oesophageal voice prostheses in patients following

total laryngectomy: the role of probiotics

Lifetime and design features of tracheo-oesophageal voice prostheses 

The optimal functioning of the tracheo-oesophageal voice prosthesis depends on several

internal and external factors, which will determine the efficacy of alaryngeal voice produc-

tion and valve closure during swallowing. Basically, accurate occlusion of the tracheostoma

is necessary to build-up sufficient intratracheal pressure to allow air passage through the one-

way valve system into the proximal oesophagus. Improper tracheostoma closure or limited

pulmonary capacity may interfere with this basic procedure.1 This may be part of patient’s

acuity to produce speech or other technical problems (manual dexterity problems, tra-

cheostoma size and shape, fistula location). Local problems may be troublesome, such as

excessive production of tracheal secretions and crust formation. Also, functional and struc-

tural problems located in the pharyngo-oesophageal segment can interfere with functional

alaryngeal voice production or insertion of the voice prosthesis. Strictures of pharynx and

oesophagus, hypertonicity, or spasm of the upper oesophageal sphincter will limit optimal

tracheo-oesophageal speech.2 These problems may also influence the condition of the

oesophageal flange and valve due to deformation of the silicone rubber components or hin-

der proper opening and closure. Swallowing disturbances will force patients to modify their

diet by using more fluids and soft blended foods. Fluids will increase the chance of leakage

through the valve system. Several diverticulae and niches in the pharyngo-oesophageal

segment will decrease the clearance of foods in the surroundings and will result in the build-

up of deposits of foods around the oesophageal flange. Unfortunately, critical analysis of

habitual diets of the laryngectomees has not been performed yet due to the immense multi-
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factorial dimensions of both inter- and intra-individual factors in time. But, certain foods may

act on the functioning of the valve system. The prosthesis-related factors depend on the size

of the shaft and the dimensions of the valve system. Some prosthesis-designs are more prone

to increased phonatory resistance due to a bulky shaped valve part and hinge system or inter-

nal leakage due to improperly constructed hinged valve sensitive for insufficient closure,

which is prone to mechanical forces in the oesophagus.

During normal use, the ‘wear and tear’ of the valve system is variable and depends on

various mechanical, chemical, and microbial factors. Airflow through the prosthesis may

attribute to auto-cleansing of the valve part, but frequent opening and closure may alter the

intrinsic characteristics of silicone rubber devices (e.g. delayed closure). The smoothness of

the valve design may determine the ease of accumulation of foods and other substances at the

valve slit or hinge. So, the prosthesis with the lowest airflow resistance may be technically

convenient for the patient (low phonatory efforts), but may be prone to internal fluid leakage.3

Further development and modification of critical design features requires intensive

research on the biofilm formation. Design features and valve components of Groningen,

Provox II, Blom-Singer indwelling, and VoiceMaster voice prostheses were determined in an

artificial throat study while biofilm was grown under dynamic growth conditions.3 Obstruc-

tion of the semicircular slit-valved Groningen prosthesis leading to increased airway

resistance was caused not only by a build up of deposits on the oesophageal flange and valve

hat, but also by accumulation of deposits on the semicircular valve seating. The hinged flap

valved Provox II prosthesis failed to close sufficiently because of biofilm formation on the

valve seating. These findings may facilitate future design modifications, which will limit

biofilm formation on critical sites of the valve system, while valve opening is not hampered

for optimal aerodynamic functions necessary for tracheo-oesophageal speech.

To determine which bacterial or yeast strains, isolated from explanted voice prostheses,

contribute most to increases in airflow resistance of silicone rubber voice prostheses, biofilms

consisting of either a bacterial or a yeast strain were grown on voice prostheses in the artifi-

cial throat model. The effects of these biofilms on airflow resistances were determined by cal-

culating the difference in airflow resistance of the individual voice prosthesis as covered with

a 7-day-old biofilm with the situation prior to biofilm formation. Conspicuously, voice pros-

thetic biofilms formed by the bacterial strains Staphylococcus aureus GB 2/1 and Rothia den-

tocariosa GBJ 41/25B and their excreted organic matter showed larger increases in airflow

resistance (more then 30 cmH
2
O s/L) than biofilms formed by Candida species. This is con-

trary to the literature, where there seems to be agreement that Candida species are mainly

responsible for clinical failure of silicone rubber voice prostheses.4

As with other implantable devices in man, biofilm formation on the prosthesis by oral and
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skin bacteria and yeast will gradually take place on and into the silicone rubber. This leads 

to dysfunction of the valve system, causing leakage into the trachea or higher phonatory

resistance with difficulty to speak, after which the prosthesis has to be replaced. This

replacement procedure is uncomfortable and time consuming, and in time may lead to tissue

damage of the shunt (patulous tracheo-oesophageal shunt). Also, these replacements lead to

higher costs (travel expenses of the patient, medical personnel, new prostheses and instru-

mentation expenses).5,6

Traditionally, an indwelling prosthesis is replaced by introducing a guide-wire through

the old prosthesis or fistula and slided upwards through the pharynx and out of the mouth.

Dependent on the type of prosthesis, the dysfunctional prosthesis is pulled out of the fistula

or partially removed through the mouth with the guide-wire. The new prosthesis attached to

the connector of the guide-wire will be pulled towards the fistula by the guide-wire by using

swallowing actions followed by careful introduction of the tracheal flange into the fistula.

Recently, this unpleasant replacement method has been abandoned in favour of an antero-

grade method (front loading technique) using a special introductory system.7 Although the

front-loading method is less stressful for the patient, frequent prosthesis replacements can

still damage the fistula.8 Various differences in lifetime between different types of voice pros-

theses have been reported which may vary between 4 months to up to 10 months.8,9,10,11

Biofilm formation

Van Leeuwenhoek was the first who observed micro-organisms growing on tooth surfaces in

a biofilm fashion. Later publications reported the typical assemblage of surface associated

microbial cells that are enclosed in an extracellular polymeric substance (EPS) matrix, which

is also highly resistant to various desinfectants. In 1978, Costeron et al.12 put forth a theory of

biofilm based upon observations of dental plaque and sessile communities in mountain

streams, that explained the mechanisms whereby micro-organisms adhere to living and non-

living materials and the benefits they have by growing in such an ecological niche. Electron

microscopy and standard microbiologic culture techniques for biofilm characterization

revealed insights into the biofilm-related growth, but the utilization of confocal laser scanning

microscopy to characterize biofilm ultrastructure, and genetic investigations regarding cell

adhesions and biofilm formation have dramatically impacted the understanding of biofilms. 

Micro-organisms exist predominantly as biofilms rather than as planktonic or free-float-

ing cells. Biofilms develop on surfaces after attachment of certain micro-organisms. The

process of attachment is known to be complex and is regulated by the available growth medi-
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um, substratum, and cell surface. Once the biofilm has been established it comprises micro-

bial cells and extracellular polymeric substance (EPS) matrix in a defined architecture, which

provides an optimal environment for growth and exchange of genetic material between the

cells. Biofilms are known for their role in certain infectious diseases and in a variety of

device-related infections. Each biofilm elicits specific mechanisms for initial attachment to a

surface, development of a community structure and ecosystem, and detachment.13

An ideal environment for the attachment and growth of micro-organisms is established by

the solid-liquid interface between a surface and aqueous medium. In case of biofilms on

voice prostheses similar effects of the substratum, conditioning films forming on the sub-

stratum of silicone rubber, hydrodynamics of the medium through the oesophagus during

swallowing, characteristics of the medium (fluids and food), and various properties of the cell

surfaces all play a role. In a biofilm the microbial cells are irreversibly associated with a sur-

face and enclosed in a matrix of primarily polysaccharide material.

Biofilm formation on voice prostheses starts developing from the first moment the device is

placed in the fistula, because it is a non-sterile environment. Depending on the environment in

which the biofilm has developed non-cellular materials may also be found in the biofilm matrix.

Usually, the environment is highly dependent on the local oropharyngeal flora and the various

components of the daily oral intake of foods. Biofilm formation on voice prostheses can be

caused by a mixture of bacterial and fungal species.14,15,16 The exact composition of the biofilm
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Figure 1. 

Sequential steps in the formation of a biofilm on a

voice prosthesis and subsequent biodegradation by

ingrowing yeasts.



will differ individually.17,18 In Figure 1 the different stages of biofilm development are presented.19

In literature, intensive studies on bacterial biofilms have been published in recent years

concerning their structure and properties.20 However, pathogenic fungi in the genus Candida

are getting more attention recently. Only a relative small number of Candida species are

pathogenic for humans. Candida species are capable of causing various superficial and inva-

sive mycotic infections. Most of these opportunistic pathogens attack immunocompromized

hosts. Usually, Candida species can be present in several morphological forms in these in-

fected tissues; oval budding yeasts, continuous septate hyphae or pseudohyphae. Nowadays,

Candida-species are well recognized as important nosocomial pathogens in modern medicine

due to the use of immunosuppressive and cytotoxic drugs, powerful antibiotics that suppress

normal bacterial flora, and the implantation of various devices. Any surgically implanted

device, such as a urinary catheter, endotracheal tube, voice prosthesis, will almost invariably

be associated with infections whereby biofilms can be detected on the surface of the

device.21,22,23 Also in case of the microbial colonization of dysfunctioning voice prostheses

Candida albicans and commensal oral microflora are predominantly involved.24 Inoculation

of the device can also occur during insertion by contamination via the skin or hands, by

migration along the wound or fistula, or due to passing food and saliva. 

The presence of particular combinations of bacterial and yeast strains in voice prosthetic

biofilms has been suggested to be crucial for causing valve failure.25,26 A possible difference in

biofilm composition of patients requiring frequent versus infrequent prosthesis replacements

was determined in Groningen voice prostheses, which were removed because of increased

airflow resistance or leakage of food or liquids through the prosthesis. The failing voice

prostheses were subdivided into a short lifetime group, corresponding with an implantation-

period less than 4 months and an extended lifetime group, comprising an implantation-period

over 9 months. The bacterial strain Rothia dentocariosa and the yeast strains Candida albicans

I and Candida tropicalis turned out to be the predominant strains isolated from biofilms on

voice prostheses in the short lifetime group, while in the extended lifetime group R. dento-

cariosa was found with a fourfold lower isolation frequency and C. albicans I was found with

a twofold lower isolation frequency. C. tropicalis was absent in the extended lifetime group.27

Drug resistance of biofilms

Microbial biofilms seem to protect their micro-organisms from the effects of antimicrobial

agents such as antibiotics, antimycotics, antiseptics and biocides. Compared to planktonic

living bacteria, biofilm related micro-organisms are 10 – 1000 times more resistant to antibi-

otics.28 Possibly some newer antifungal drugs which could interfere with the glucan synthesis

in the Candida cell walls could be an effective target for biofilms if this polysaccharide is
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present in the biofilm matrix.29,30 The suggested mechanisms of biofilm resistance to anti-

microbial agents are related to restricted penetration of drugs through the biofilm matrix,

phenotypic changes caused by decreased growth rate or limited nutrient sources, or expres-

sion of resistance genes induced by surface contacts.31 However, a multitude of mechanisms

are involved in the operation of micro-organisms which vary per biofilm and are dependent

on the administered antimicrobial agents.31

An enhanced antimicrobial resistance of mixed fungal and bacterial biofilms is suggested

in polymicrobial biofilms by the development of an increased matrix viscosity.32 The exten-

sive interspecies interactions can modulate the action of antibacterial agents, while bacteria

can affect the activity of antifungal agents in biofilms. 

Artificial throat

Ideally, a system designed to model biofilm formation on an indwelling medical device

would be one that simulated, as closely as possible, the conditions the device was exposed to

in the patient. In the literature various procedures have been described to characterize the

properties of bacterial and fungal biofilms.33 By using catheter discs, acrylic denture strips or

microtitre plates biofilm growth can be monitored quantitatively while excellent correlation

with biofilm dry weight is achieved. Unfortunately these methods only measure biofilm

formation under static incubation conditions. In vivo, biofilms are subjected to liquid flows.

These conditions can be partly mimiced by using sophisticated flow systems such as cylin-

drical cellulose filters or perfused biofilm fermenter, which can accurately control biofilm

growth rate.34

Further understanding of the process of development and inhibition of the colonization of

surfaces requires comprehensive clinical studies. However, in vivo research of the bio-

materials (e.g. voice prostheses) is difficult and time consuming. In order to simulate the

natural process of biofilm development under dynamic nutrient conditions, an artificial throat

was developed to determine the process of biofilm formation on voice prostheses.35 Biofilm

developed on Groningen button voice prostheses in vitro could not be distinguished from that

formed over several months in vivo. This method incorporated the ‘feast and famine’ cycle as

a standardized approach for studying functional and structural aspects of all commercially

available indwelling and non-indwelling voice prostheses, including the Groningen button

and Provox II prosthesis under various laboratory conditions.
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Prevention of biofilm formation

Since the deposits on dysfunctional prostheses have been regarded as potential hazardous

factors for their function and device life, research has been focussed on the composition of

these deposits which contained a wide mixture of oropharyngeal micro-organisms.36,37 The

ingrowing yeasts on the silicone rubber surfaces were primarily considered as pathogenic

microbes, which could colonize and destruct the material and the valve function. Once the

prostheses are colonized irreversable damage to the valve occurs and mechanical cleansing

will not be effective any more.3

Although typical biofilm formation will evolve on the surface of the silicone devices as

well as by ingrowth of yeasts into the material (consumption of silicone by fungi), some

Candida biofilms are reported to be limited to the surface of the devices.38 In these cases

mechanical cleansing, using a brush or airflow (Provox flush®), or the use of antimicrobial

rinses might be useful. 

Several clinical studies were conducted to evaluate the effects of antimycotic drugs on the

lifetime and function of different types of voice prostheses.36,39,40 A reduction of both the

oropharyngeal flora as well as on the voice prostheses was determined by most of these

studies. Bauters et al.41 assessed the colonization of tracheo-oesophageal voice prostheses by

albicans and non-albicans Candida species and determined their susceptibility for three

antimycotics that are frequently used for prophylaxis or treatment of oral candidiasis (i.e.,

miconazole, fluconazole, and nystatin). The predominant species isolated were Candida

albicans (40%), Candida glabrata (30%), Candida krusei (15%), and Candida tropicalis

(5%). A broad range of minimal inhibitory concentrations of the isolates was observed for

miconazole and fluconazole. But, a uniform sensitivity with minimal inhibitory concen-

tration values for nystatin was found for all isolates. Nystatin oral therapy significantly

prolonged the lifespan of the indwelling Blom-Singer voice prosthesis in case of fungal

colonization. After Nystatin therapy was stopped, the influence on lifetime persisted for the

next inserted prosthesis.42

A consequence of continuous application of antimycotic drugs might be further medi-

calization of the patient, but frequent replacement of these prosthetic devices by medical

professionals may substantially increase medical costs.43 Also, by using antifungal medica-

tion multiresistant bacteria and yeasts may develop in the complex mixtures of biofilms.44

One of the crucial facts in patients after laryngectomy is the effect of radiotherapy on the

surrounding tissues after and before surgery. The mucosa is changed by the destructive

effects of radiotherapy, while the salivary glands are also sensitive to irradiation. In relation

to biofilm several important functions can be defined for saliva. On all oral surfaces con-
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ditioning films are formed, which contribute to selection for microbial adherence. It also

serves as a medium for transporting planktonic bacteria within and between the mouth and

the pharynx up to the oesophagus. Reattachment to surfaces may be prevented by salivary

agglutinins, while attachment of dead cells may occur due to microbial proteins. These obser-

vations were primarily based upon laboratory studies.45 The effects of differences in salivary

function on oral biofilms are yielding inconsistent results in clinical studies. Some clinical

studies suggest that salivary proteins do influence the quantity and composition of strepto-

cocci in saliva.46 These findings may be important to devise ways to enhance salivary function

in persons who are in higher risk due to deficiencies in this property. 

In a retrospective analysis performed on 101 patients after total laryngectomy a relation-

ship between voice prosthetic lifetime and the irradiation dose applied to the neck node levels

(fields of the neck) in which the major salivary glands are partially included was established.

Also, a possible relationship between voice prosthetic lifetime and the irradiation dose

applied to the primary tumour site was studied. Irradiation of extensive neck fields, including

the submandibular glands, did not influence the voice prosthetic lifetime after total laryngec-

tomy. However, primary tumour doses exceeding 60 Gray significantly shortened the mean

voice prosthetic lifetime per patient.47

After irradiation the production of salivary proteins with antibiotic capacities decreases

and infections may occur. To investigate whether synthetic salivary antimicrobial peptides

have an inhibitory effect on the growth of bacteria and yeasts, the antimicrobial activities of

six synthetic salivary peptides (histatin 5, dhvarl, dhvar4, dhvar5, lactoferrin b 1730 and

cystatin S1-15) were determined for different oropharyngeal yeast (four) and bacterial (eight)

strains and for a “total microflora” isolated from explanted voice prostheses using agar diffu-

sion tests. Dhvar4 was the only one that was active against all micro-organisms tested,

including the total microflora. Therefore, the synthetic salivary peptide dhvar4 may represent

a useful drug, as an alternative for antibiotics and antimycotics employed in various ways to

prolong the lifetime of voice prostheses in laryngectomees.48

The incidence of pathological gastro-oesophageal reflux and laryngo-oesophageal reflux

in head and neck are common in cancer patients.49 Reflux may have a serious impact on the

mucosal surfaces and may contribute to extensive mucositis during irradiation in the head and

neck area. Secondary Candida mucositis infections are common and require effective

antimycotic therapy.50 The possible role of gastro-oesophageal reflux in candida biofilms on

dysfunctional voice prostheses was suggested in a study in which the gastric contents showed

stomach matched cultures from the prostheses. Also the prosthesis lifetime was markedly

increased in patients with reflux complaints who were treated with anti-reflux medication.51
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Modification of biomaterials

Alternatives for biofilm prevention were sought in the development of modifications of the

prosthetic materials, especially coatings. The application of surface modified silicone rubber

devices led to remarkable results in laboratory circumstances. Although some promising

surface modifications are available yet, definite manufacturing is troublesome due to tech-

nical difficulties and potential side effects, which may occur during long term application.19

Also the surface material affects biofilm formation; the use of latex or silicone elastomers

increase biofilm formation, while polyurethane or 100% silicone substantially decrease

biofilm formation in a disc model.52 Moreover, in vivo host proteins from serum or saliva will

be rapidly absorbed and create conditioning films, which promote biofilm formation.53

Dairy

In the Codex Alimentarius of 1992 yoghurt is defined as a coagulated milk product after

fermentation of lactic acid in milk by Lactobacillus bulgaricus and Streptococcus

thermophilus.54 Also other fermenting organisms can be combined with L. bulgaricus and 

S. thermophilus in yoghurt or fermented dairy products to produce lactic acid. Although milk

and yoghurt have similar vitamin and mineral compositions, yoghurt has less lactose and

more lactic acid, galactose, peptides, free amino acids, and free fatty acid than does milk.55

Varying reports of the therapeutic efficacy of lactic acid bacteria may be related to the

different fermenting organisms and the experimental procedures. Most studies indicated that

their potential therapeutic effects are due to changes in the microecology of the gastro-

intestinal tract. The increase of lactic acid bacteria may suppress the growth of pathogenic

bacteria that contributes to reduction of infections.56

However, these organisms must be able to colonize the human intestine and resist the in-

fluence of gastric acid. The conventionally used micro-organisms for yoghurt fermentation

are less resistant for gastric acid than the lactic acid bacteria that colonize the human intes-

tine. The inhibitory effects of these fermenting bacteria against disease causing bacteria are

due to metabolites of lactic acid fermentation: organic acid and bacteriocin.57,58 Also, con-

sumption of yoghurt with lactic acid bacteria can reduce antibiotic induced alterations of the

intestinal microflora.59

The therapeutic and preventive effects of yoghurt and other dairy products containing

lactic acid bacteria, which are commonly used to produce fermented foods and milk

products, have been studied extensively on diseases as cancer, infection, gastro-intestinal

disorders, and allergic disorders.54 The immune system is an important contributor to all of

these diseases; an immunostimulatory effect of fermented foods has been suggested and

investigated. Although several studies provide a strong indication of such an enhanced
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immune response, the hypothesis needs to be substantiated in well designed evidence based

studies. In general the results are limited by problems with study design, lack of appropriate

controls, inappropriate route of administration, limited duration, and lack of human studies.

Anecdotal evidence from patients and their support groups suggested that the use of

buttermilk and Turkish yoghurt had a positive effect on the lifetime of voice prostheses. This

was evaluated in experiments using the artificial throat. Prostheses removed from the artifi-

cial throat in the control group were covered with a thick biofilm. Scanning electron

microscopy showed microcolonies growing into the silicone rubber, similar to the ingrowth

observed on explanted Groningen buttons. The simulated consumption of buttermilk in the

other artificial throat almost fully prevented the formation of a biofilm on the prostheses

during the experimental period. These in vitro experiments in the artificial throat demonstrate

that the deterioration of voice prostheses can be limited by the daily intake of buttermilk

through its inhibitory effects on biofilm formation.60 Since the biofilms grown in the artificial

throat were similar to those found on dysfunctional prostheses removed from laryngec-

tomized patients a link to an alternative approach for biofilm prevention and or treatment was

established. 

Probiotics

The major consumption of probiotics by humans is in the form of dairy-based foods contain-

ing mainly lactobacilli and/or bifidobacteria, while probiotics are also available as powders

or tablets. In order to exert the maximum probiotic effects of bifidobacteria or lactobacilli it

is important that viable bacterial numbers in the food and the faecal recovery of the adminis-

tered bacteria are high. Although consumption of supplements containing pure probiotics to

reach the required level may be more convenient, food is a better choice due to the synergis-

tic effect between components of food and probiotic cultures. Dairy products containing pro-

biotics also provide a number of high quality nutrients including calcium, protein, bioactive

peptides, sphingolipids, and conjugated linoleic acids. Buffering of the gastric acidity by

food may also enhance the recovery of probiotics. Very important for a good compliance of

patients who should use these products for a long period is incorporating foods with pro-

biotics as a lifestyle habit based on one’s inherent need to eat.61

Many studies of probiotics on the physiologic effects show an effective dose of 109-1010

organisms per day. This corresponds to an intake of approximately a litre of acidophilus milk

per day. The consumption of more than one probiotic strain may exert a synergistic effect, so

that a smaller absolute volume is required. Also, simultaneous consumption may enhance the

lifespan and activity of the probiotics. Since probiotics do not permanently adhere to the

intestine, daily consumption is the best way to maintain their effectiveness. A fermented
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soymilk containing Bifidobacterium breve or Yakult-fermented soymilk showed to be an

excellent vehicle for live bifidobacteria. In volunteers with low levels of resident bifidobacte-

ria feeding of fermented soymilk significantly increased the number of total bifidobacteria.62

A number of studies suggest that lactic acid bacteria can decrease the incidence, duration

and severity of some gastric and intestinal illness. L. acidophilus may reduce the symptoms

of small bowel bacterial overgrowth.63 There is also evidence that probiotic bacteria inhibit

gastric colonization and activity of Helicobacter pylori. L. salivarius was found to inhibit H.

pylori colonization in vitro64, while an inhibition of H. pylori was shown in humans consum-

ing L. johnsonii.65 In a clinical trial by Wendakoon et al. the efficacy of an especially designed

yoghurt product containing specific probiotics was conducted on the eradication of 

H. pylori.66 The yoghurt contained three Lactococcus species (i.e. L. acidophilus, L. casei)

and a commercially available starter culture (L. acidophilus, L. bulgaricus, Streptococcus

thermophilus). All of these cultures were found to have an effective inhibitory potential on

the growth of H. pylori in vitro. Although the designed fermented milk containing lactobacilli

was effective in the inhibition of H. pylori in vitro, eradication of this infection in 27 subjects

was not achieved by consuming this product based upon a urea breath test.

The adhesion of probiotic bacteria to mucosal surfaces is considered as a first step in pre-

venting attachment of pathogens by physically blocking receptors for specific adhesin ana-

logues or by steric hinderance. Therefore, probiotics are defined as living micro-organisms,

which upon ingestion in adequate numbers exert positive health effects beyond inherent basic

nutrition.67 Besides preventing colonization by pathogens probiotics may strengthen the

epithelial barrier to prevent pathologic translocation of the epithelium by promoting acceler-

ated epithelial repair. This may be advantageous in patients undergoing radiotherapy to limit

radioinduced damage to the mucosal epithelium.68 The effects are suggested to relate to the

molecular mechanisms of probiotic and epithelial crosstalk to enhance mucosal immune

responsiveness and inhibit pathogen colonization.

The dominant presence of lactobacilli in the urogenital microflora of healthy women and

the absence of lactobacilli during urogenital tract infections has drawn attention to these

species.69 The strains have not been associated with disease and have been regarded as non-

pathogenic members of the intestinal and urogenital flora. Lactococcus rhamnosus GR-1 was

found to be the best of 34 isolated strains to adhere to squamous and transitional uroepithe-

lial cells, competitive exclusion of pathogens, and production of inhibitors of uropathogen

growth.70 Another characteristic of lactobacilli explaining their probiotic actions was the

production of biosurfactant by some 15 strains.71 Hydrogen peroxide-producing strains are

believed to be important in vaginal colonization, while lactic acid was shown to be more

potent in inhibiting the growth of uropathogens as Gardnerella vaginalis.72 A decrease of the

Prevention and treatment

27 | 2



frequency of urinary tract infections was shown in a study in which L. rhamnosus GR-1 was

given weekly as a suppository. The viable counts of lactobacillus recovered from vaginal

swabs increased during therapy and especially in the periods of decreased UTI’s. From these

studies it was also concluded that a low vaginal pH (<5) was not sufficient alone to prevent

infections.73

Future implications of probiotics

Over a wide range of clinical conditions there will be a considerable potential for the benefits

of probiotics. New food products as well as disease-specific medical foods will come on the

market to accelerate and identify the right strains for optimal benefit of the desired effects.

Originating as food supplements, probiotic micro-organisms are now most often ad-

ministered orally and offer an attractive alternative for treatment of intestinal disorders. A

better understanding of the mechanisms by which these micro-organisms act has now opened

up possibilities for designing new probiotic strains. Through genetic engineering, it is pos-

sible not only to strengthen the effects of existing strains, but also to create completely new

probiotics. These need not necessarily be composed only of bacterial products but can also

include elements of regulatory systems or enzymes derived from a foreign-human-source.

However, the problems with dosage and viability of probiotic strains, industry standardiza-

tion and potential safety issues must be overcome. If designed carefully and with absolute

attention to biological safety in its broadest sense, the development of genetically modified

probiotics has the potential to revolutionize alimentary health.74
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Chapter 3

Lifetime of Groningen and Provox II voice prostheses with
emphasis on exogenous factors: a retrospective analysis

R.H. Free, R. van Weissenbruch, F.W.J. Albers, H.J. Busscher, H.C. van der Mei

Head and Neck, submitted.

Introduction

Annually, approximately 600 patients are laryngectomized due to laryngeal cancer in The

Netherlands. Most patients use tracheo-oesophageal shunt speech with silicone rubber valved

prostheses to restore their ability to speak.1 Oesophageal speech and the use of an electro-

larynx are less popular and successful for voice restoration. Over the last 30 years several

types of indwelling silicone rubber voice prostheses were developed, all of which eventually

suffer from deterioration caused by biofilm formation.2-4 Due to this biofilm formation the in

situ lifetime of these devices may be limited to reported averages around 3-4 months. Based

on clinical observations, however, there seems to be a significant intra- and inter-individual

variation regarding the lifetime of these voice prostheses. The multitude of environmental

changes in the neopharynx of each patient and successively the difference in biofilm forma-

tion, consisting of various bacteria and yeast, are thought to be responsible for these dif-

ferences in lifetime. Recently, a difference in composition of the biofilm between patients

requiring frequent versus infrequent replacements was found.5

It is conceivable that the composition of a biofilm will be influenced by several factors;

endogenous as well as exogenous, which vary per individual and per prosthesis type, but

could also vary per episode of use. The combination of these influencing factors would hypo-

thetically determine the lifetime of the voice prosthesis and explain the intra- and inter-

individual differences in lifetime. Endogenous factors to be taken into account are oropha-

ryngeal, oesophageal and skin microflora, the residual flow and composition of saliva after

irradiation and the local shear forces of the posterior oesophageal mucosal surface on the
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prosthesis. Mechanical forces acting on a prosthesis may be regarded as the peristalsis of the

oesophagus and the intra-oesophageal pressure during phonation. The influence of gastro-

pharyngeal reflux, which may be considered as a potent chemical factor, is obvious since the

regurgitation of air and gastric contents is very common in laryngectomees. Also the age and

medical conditions of the individual patient must be regarded as potential relevant factors.

Exogenous factors are the type of prosthesis, nutrition, air temperature and airflow through

the prosthesis, speech method and the use of other specific products that could influence the

formation of a biofilm, among which the use of medication and the effect of intoxications like

alcohol or smoking. 

Based on anecdotal evidence from patients and their support groups in The Netherlands

and Turkey, the suggestion was raised that the regular use of certain dairy products, especially

buttermilk and Turkish yoghurt, prolongs the lifetime of voice prostheses. 

In this study we analysed 746 voice prosthetic (re)placements of 138 patients retrospec-

tively during a 5-year period, performed a retrospective analysis of patients’ records on

exogenous factors and registered the actual drinking habits of these patients. The aim of this

study was to determine the mean lifetimes of the Groningen and Provox II voice prostheses,

to register and study intra- and inter-individual differences in lifetime and to determine the

effect of regular use of dairy products (buttermilk, milk, yoghurt) and caffeinated soft drinks

on the biofilm formation on voice prostheses and consequently on the lifetime of these pros-

theses. 

Patients and Methods

Patients and patient-related factors

During a period of 5 years, from august 1995 until august 2000 all registered voice prosthetic

replacements carried out at the Department of Otorhinolaryngology in the University Hos-

pital Groningen were analysed. A standardised questionnaire was developed to evaluate every

prosthesis replacement. The reason for prosthesis failure, the type of prosthesis inserted,

dates of insertion and removal, the replacement method and the reason not to replace the

prosthesis were registered. Specific causes for valve failure were defined: leakage through

and around the valve, obstruction of the valve, increased airflow resistance, dislocation and

granulation tissue. Also, some diet-related factors like the use of beer, buttermilk, yoghurt,

milk, and caffeinated soft drinks were registered. One glass a day or more were regarded as

positive, while less frequent use was regarded as negative.
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Retrospective analysis of patients records

The records of 138 patients were analysed using a standardised form. Registered variables

were: age, sex, medical history, use of medication, pre-operative smoking behaviour (no

smoking; 1-20 cigarettes/day; more than 20 cigarettes/day), pre-operative alcoholic drinking

behaviour (no alcoholic drinks; 1-6 units/day; more than 6 units/day), year of laryngectomy

and location of tumour. Also TNM classification, pre- and post-operative radiotherapy, fistula

problems (granulation tissue) and dental status were registered.

Tumour management and primary prosthesis

According to UICC definitions and proposals the treatment of all included patients with

laryngeal cancer was based upon the TNM classification.6 In T1 and T2 tumours, the treat-

ment of choice is radiotherapy or, in selected cases, local evaporisation by CO
2 
laser surgery.

Total laryngectomy, usually followed by radiotherapy is generally performed in T3 and T4

tumours with uni- or bilateral neck dissection on indication. In cases of recurrence after pri-

mary treatment with radiotherapy, salvage surgery (total laryngectomy) is performed. 

During laryngectomy primary tracheo-oesophageal puncture and insertion of the primary

voice prosthesis is performed in combination with a unilateral myotomy of the musculus

cricopharyngeus and musculus pharyngis constrictor inferior.

Voice prosthesis and replacement method

In our clinic, two types of voice prostheses are being used for replacement; the Groningen

Low Resistance voice prosthesis and the Provox II voice prosthesis. In our clinic traditionally

all first prostheses introduced are Groningen LR voice prostheses. Subsequently, the Provox

is used in majority, because of lower airflow resistance (leading to better speech results) and

an easier anterograde replacement method (as well for the patient as for the physician). How-

ever, a select group of patients prefers the Groningen LR voice prosthesis (because of the

presumed higher airflow resistance and less leakage of the valve). Both types of prostheses

are interchangable.

Most replacements (anterograde and retrograde) are performed in the outpatient depart-

ment. Groningen voice prostheses are replaced using the retrograde technique. Before

replacement via the retrograde technique topical anaesthesia is applied around the fistula and

in the oropharynx and neopharynx. Rarely, anaesthesia is necessary around the fistula when

using the anterograde technique. Via the fistula a guidewire is introduced into the neopharynx

and pushed through towards the oropharynx and mouth. The new voice prosthesis is attached

to the head of the guidewire and pulled through the mouth and neopharynx and halfway

through the fistula, where it remains situated. 
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The Provox II voice prosthesis is inserted using the frontloading (or anterograde) replace-

ment method.7

Statistical analysis

A statistical analysis was performed to evaluate trends in the distribution of in situ lifetime of

Groningen and Provox II voice prostheses related to influencing variables. 

Also backward multiple linear regression was performed in order to identify the factors

most influential on in situ lifetime of Groningen and Provox II voice prostheses. The in situ

lifetime was used as a dependent variable, while age, medical conditions, use of medication,

pre-operative smoking and alcoholic drinking behavior, radiotherapy, dental status, the use of

beer, buttermilk, yoghurt, milk and caffeinated soft drinks were taken as independent vari-

ables. Variables were excluded when equal for all patients or if they correlated significantly,

with other variables as determined with Pearson’s correlation test. A 5% significance level

was used (P= 0.05). 

Results

Patient characteristics

From august 1995 until august 2000 138 patients were followed with in total 746 voice pros-

thesis (re)placements. This group included 123 men (89%) and 15 women (11%). The mean

age of the population was 68 years (median age 69 years, range 39-93 years). The distribution

of this population was normal. No previous medical history was determined in 58 patients

(43%). Of the 138 patients, 71 did not use any medication (53%).

Of the investigated population of 138 patients, 106 patients smoked pre-operatively

(79%), 60 of whom more than 20 cigarettes/day (45%). Also 91 patients used alcoholic

beverages pre-operatively (69%), 15 of whom more than 6 units/day (11%). 

Patient-related factors

The year of laryngectomy varied from 1980 until 1999. The most common tumour site was

the glottis (51%), followed by the supraglottis (39%), hypopharynx (7%) and oropharynx

(4%). The primary tumours were classified as T1 in 20% of the cases, as T2 in 25%, T3 in

18% and T4 in 37% of the cases. Thirty-nine patients (28%) had nodal metastasis. None of

the patients had distant metastasis. Total laryngectomy was performed as salvage surgery

after initial radiotherapy treatment in 66 cases (49%). In 53 patients a neck dissection was

performed (40 unilateral, 13 bilateral). 
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Radiotherapy

From the total of 138 patients, 64 (47%) received radiotherapy; 23 pre-operatively (17%) and

41 post-operatively (30%). 74 patients were not irradiated (54%). Twenty-seven received 50

Gray or less, 28 patients received 60 Gray and 9 patients received 70 Gray. 

Fistula problems

Sixty-eight patients developed granulation tissue around their fistula (49%). Granulation

tissue developed in the same degree by users of Groningen or Provox II voice prostheses

(25/58 Provox, 15/26 Groningen and 18/33 Change group). 

Dental status

More than half of the laryngectomized patients were edentulous (61%) and used dental pros-

theses. 

Lifetime of voice prostheses

Of the 138 patients included in this study, 21 did not have a replacement of the first prosthesis

because of different reasons (deceased, no use of tracheo-oesophageal shunt speech, closure

of shunt, preference of oesophageal injection speech). These patients were excluded from the

analysis. Of the remaining group of 117 patients 26 continued using Groningen voice pros-

theses during follow-up, while 58 patients turned to Provox II voice prostheses and 33

patients used both prostheses interchangeably (Change group). The interval between subse-

quent valve replacements was calculated in days. 

The lifetime of the first Groningen voice prosthesis of this group of 117 patients is 165

days. Of the 746 (re)placement procedures excluding the initial 138 prostheses 129 Gronin-

gen voice prostheses and 479 Provox II voice prostheses were replaced. The initial 138 pros-

theses were not included in the mean lifetime analysis and in the analysis of influencing

factors because of the bias caused by the clearly longer lifetime of a first prosthesis. 

The mean lifetime of Groningen voice prosthesis was 105 days (N=59, median 94, range

4-371). A mean of 2 prostheses per patient was changed (range: 1-13). The Provox II voice

prosthesis had a lifetime of 86 days (N=91, median 66, range 8-371). A mean Provox

exchange rate of 5 prostheses per patient was assessed (range 1-26).

Figures 1A and 1B show the distribution of the mean lifetimes of Groningen and Provox II

voice prostheses per patient related to frequency: a wide inter-individual lifetime exists, also,

from observations of the registration of lifetimes per patient there is a broad intra-individual

distribution. 
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Reasons for replacements

Of the 746 voice prosthetic replacements, in 71% the reason was leakage through the pros-

thesis, in 14% leakage around the prosthesis, in 11% increased airflow resistance or obstruc-

tion of the prosthesis. Only 6 prostheses were dislocated (0.8%). Thirteen prostheses were

changed because of a different reason (ea. granulation tissue, 1.7%). 
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Figure 1B.

The mean lifetime of Provox II

voice prostheses per patient in

relation to frequency. The mean

lifetime of Provox prostheses of

the population (n=91) is 86 days.

Figure 1A.

The mean lifetime of Groningen

voice prostheses per patient in

relation to the frequency. The

mean lifetime of Groningen

voice prostheses of the

population (n=59) is 105 days.



Statistical analysis

Backward multiple linear regression was performed in order to identify factors influential 

on in situ lifetime of Groningen and Provox II voice prostheses. None of the registered 

variables (age, medical history, use of medication, pre-operative smoking or alcoholic drink-

ing behaviour, radiotherapy, granulation tissue, dental status, the use of beer, buttermilk,

yoghurt, milk and caffeinated soft drinks) showed a significant correlation with the mean life-

time of Groningen and Provox II prostheses. These data were further elaborated in scatter

plots. 

Influence of dairy products and caffeinated soft drink

Figures 2A en 2B show scatter plots of the mean lifetimes of Groningen and Provox II voice

prostheses per patient correlated with consumption of buttermilk, yoghurt, milk and

caffeinated soft drinks. No specific trends in distribution were seen, indicating absence of a

possible relationship. 

Discussion

Since the introduction of the first indwelling silicone rubber voice prosthesis in 1980 by

Blom and Singer, several types of voice prostheses were developed.1 Eventually, all pros-

theses have limited lifetimes due to biofilm formation and need to be replaced. This voice

prosthetic biofilm consists of bacteria and yeast, which are held responsible for the deterio-

ration of the silicone rubber voice prostheses. A large number of different microbial species

have been isolated from the voice prosthetic biofilm by various research groups.3,4,5 More

specifically Candida species are found growing into the silicone rubber, but also Enterococci

and Streptococci play a role. In the search to extend the lifetime of voice prostheses anti-

mycotics were prescribed for extended periods of time, leading to the risk of induction of

resistant strains.2,7,8 Also adjustment of dietary habits, including the daily consumption of

buttermilk, bioyoghurt or caffeinated soft drinks has been suggested following anecdotal

evidence from patients in The Netherlands and Turkey. 

Several research groups have studied replacement, functioning and lifetime of different

types of indwelling silicone rubber voice prostheses during the last twenty years. In these

studies generally the mean in situ lifetime per prosthesis type is reported, sometimes also the

range and median is mentioned. Table 1 shows results of different groups. 
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Figure 2A.2

The mean lifetime of Groningen prostheses per

patient in relation to the intake of yoghurt. 0= no

intake of yoghurt. 1= yoghurt intake of one glass or

more per day. The mean lifetime of the population

is indicated by the line (105 days).

Figure 2A.1

The mean lifetime of Groningen prostheses per

patient in relation to the intake of buttermilk. 0= no

buttermilk intake 1= buttermilk intake of one glass

or more per day. The mean lifetime of Groningen

prostheses of the population is indicated by the line

(105 days).

Figure 2A.4

The mean lifetime of Groningen prostheses per

patient in relation to the intake of caffeinated soft

drinks. 0= no caffeinated soft drink intake 1=

caffeinated soft drink intake of one glass or more

per day. The mean lifetime of Groningen prostheses

of the population is indicated by the line (105 days).

Figure 2A.3

The mean lifetime of Groningen prostheses per

patient in relation to the intake of milk. 0=no milk

intake 1= milk intake of one glass or more per day.

The mean lifetime of Groningen prostheses of the

population is indicated by the line (105 days).
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Figure 2B.2

The mean lifetime of Provox prostheses per patient

in relation to the intake of yoghurt. 0= no yoghurt

intake. 1= yoghurt intake of one glass or more per

day. The mean lifetime of Provox prostheses of the

population is indicated by the line (86 days).

Figure 2B.1

The mean lifetime of Provox prostheses per patient

in relation to buttermilk intake. 0= no buttermilk

intake 1= buttermilk intake of one glass or more per

day. The mean lifetime of Provox prostheses of the

population is indicated by the line (86 days).

Figure 2B.4

The mean lifetime of Provox prostheses per patient

in relation to the intake of caffeinated soft drinks. 0=

no intake of caffeinated soft drink. 1= caffeinated

soft drink intake of one glass or more per day. The

mean lifetime of Provox prostheses of the

population is indicated by the line (86 days).

Figure 2B.3

The mean lifetime of Provox prostheses per patient

in relation to the intake of milk. 0= no milk intake

1= milk intake of 1 glass or more per day. The

mean lifetime of Provox prostheses of the

population is indicated by the line (86 days).
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Table 1. Lifetimes of various indwelling voice prostheses as determined by various authors.

Authors Type prothesis Mean lifetime  Median lifetime Range of Mean lifetime 

studied of the prosthesis of the prosthesis lifetimes of first prosthesis 

in days in days in days in days

Parker et al. Groningen 120 7-810

(1992, ref 13)

Hilgers et al. Provox I 235 141 21-1230 -

(1993, ref 14)

Heaton et al. Groningen 180 120 <30-1050

(1994, ref 15) High Resistance

Groningen 132 90 <30-780 -

Low Resistance

Provox II 123 60 30-630

Van den Hoogen et al. Groningen 111

(1996, ref 16) Provox I 91 - - -

Nijdam 133

Ackerstaff et al. Provox I - 126 10-583 -

(1999, ref 7) Provox II 104 7-372

Graville et al. Blom-Singer 148 135 14-330 -

(1999, ref 17) Provox II 148 135 14-330

Op de Coul et al. Provox I 163 89 - -

(2000, ref 18) Provox II 163 8

Leunisse et al. Groningen 132 - 12-551 180

(2001, ref 19) Low Resistance

Provox II 70

Elving et al. Groningen 132 - 12-551 180 (15-1426)

(in press, ref 20) Low Resistance

Provox II 90

Free et al. Groningen 105 94 4-371 165 (4-942)

(this article) Low Resistance

Provox II 86 66 8-371



Before starting to compare our results with the results of the other groups we would like

to mention that the definition of the mean in situ lifetime of a voice prosthesis is subject to

debate. As Figures 1A and 1B show, the mean lifetime per prosthesis type per patient is

widely distributed. In this study we defined the lifetime of the prosthesis by the number of

days between valve replacements. The only indication for displacement of the shunt pros-

theses was dysfunction of the device or device-related causes. During the study no mechani-

cal or medical intervention possibly influencing the lifetime of the prosthesis was allowed. In

between the research groups different reasons to replace prostheses are used and registered.

In other reports antifungal medication is used, as well as a brush to clean the prosthesis, with-

out adjustment of the measurements. This makes comparison between groups questionable.  

Our general mean lifetime of the Groningen Low Resistance prosthesis of 105 days and

the Provox II voice prosthesis of 86 days is shorter than of most other authors; this can be

explained by the fact that we excluded all first prostheses from the analysis. As reported, the

mean lifetime of the first voice prosthesis is significantly longer (165 days), leading to a bias

in the mean lifetime if included in the analysis. The fact that the first prosthesis is placed

under specific conditions following total laryngectomy in the operation centre, after which

the patient is being fed using a gastric tube could possibly explain the longer lifetime. The

difference in design between the Groningen and Provox II valve explains the shorter lifetime

of Provox II voice prostheses, a trend also seen in other studies. 

This study did not yet yield any effects of patient or environmental factors on the lifetime

of voice prostheses. It has been discussed that the biofilm development and growth on these

devices is a multifactorial process, which explains the wide distribution of lifetimes of voice

prostheses and the intra- and inter-individual differences in lifetime. In this experiment, a

broad array of exogenous factors was registered and statistically analysed, but no significant

effects were measured. However, this does not enervate the general assumption that the life-

time of voice prostheses is a multifactorial process that needs further research, preferably a

more controlled in vitro study design, followed by a randomised, double-blind prospective,

cross-over study under clinical conditions.  
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Chapter 4

Influence of the Provox flush®, blowing and imitated
coughing on voice prosthetic biofilms in vitro

R.H. Free, H.C. van der Mei, G.J. Elving, R. van Weissenbruch, F.W.J. Albers, 

H.J. Busscher

Acta Otolaryngologica (Stockh) 2003;123: 547-551

Introduction

Since 1980, when Blom and Singer were among the first to develop an indwelling voice pros-

thesis, different types of voice prostheses were developed to restore the speech of laryngec-

tomized patients.1 Although prosthetic voice restoration is the most successful form of

alaryngeal speech, biofilm formation on these prostheses still leads to malfunctioning,

including high airflow resistance and leakage of the valve, despite the use of antimicrobial

agents.2-4 These problems limit the average lifetime of voice prostheses to 3-4 months.5-7 Voice

prosthetic biofilms consist of oral and skin bacteria and yeasts, many of which have been iso-

lated by different research groups.8-11 Candida species are mainly held responsible for deteri-

oration of the silicone rubber, but other micro-organisms also play a role. Several studies

have indicated that certain combinations of Candida species and bacteria, most notably

Staphylococcus aureus and Rothia dentocariosa, are the most troublesome.12

The lifetimes of voice prostheses differ considerably due to various endogenous 

and exogenous factors that influence the microbial ecosystem in the neopharynx.13-14 Endo-

genous factors suggested to play a role are the amount and composition of saliva, pre- or 

postoperative radiotherapy and commensal microbial flora prior to and after laryngec-

tomy.15-17 Exogenous factors may include the daily consumption of buttermilk, bioyoghurts 

or caffeinated soft drinks.18-20 Within the community of laryngectomized patients, various

anecdotes circulate about measures supposed to increase the lifetime of voice prostheses. 

Our recent studies in an artificial throat model21 have successfully provided scientific 

evidence for some of these anecdotes; this would have been difficult to obtain otherwise
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because clinically the lifetime of voice prostheses is determined by a multitude of different

factors.

One of the anecdotes suggests that a regular flow of air through a prosthesis, repeatedly

generated using an aquarium air-pumping device, enhances its lifetime. Although regular air-

flow, as an isolated single factor affecting the lifetime of voice prostheses, has not been

assessed scientifically as far as we know, the development of the Provox flush® may have

been inspired by these anecdotes. Therefore, the aim of this study was to evaluate the in-

fluence of regular airflow on biofilm formation on voice prostheses in an artificial throat.

Material and methods

Voice prostheses

“Low-Resistance” Groningen voice prostheses (Medin Instruments and Supplies, Groningen,

The Netherlands) and Provox II voice prostheses (Atos Medical AB, Hörby, Sweden) were

used. The low-resistance Groningen voice prosthesis consists of a tube with 2 flanges with a

semicircular slit of 145° in the “hat” of the oesophageal flange, which functions as a 1-way

valve. The Provox II voice prosthesis is a biflanged device. The valve is molded into one

piece with the prosthesis and is supported by a radiopaque, fluoroplastic ring, which is

fastened into the shaft of the prosthesis. A diagrammatic comparison of both silicone rubber

prostheses has been given by Leunisse et al.21
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Figure 1.

Photograph, illustrating the Provox flush. The insert shows the flush head with four puncture holes.
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Biofilm formation in the artificial throat

The voice prostheses were placed in three transparent modified Robbins devices, known as

artificial throats, as described in detail previously.21 Each artificial throat was equipped with

four Groningen and four Provox II voice prostheses. The previously isolated, total cultivable

microflora from an explanted Groningen voice prosthesis, containing a variety of yeasts and

bacterial strains, among them Candida albicans, Candida tropicalis, streptococcal and

staphylococcal strains, was stored as a frozen stock. Aliquots were thawed at room tempera-

ture and cultured in a mixture of 30% brain heart infusion broth (OXOID, Basingstoke, Great

Britain) and 70% defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g 

L-asparagine, 10 mg L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophan, 1 g KH
2
PO

4
,

500 mg MgSO
4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100 mg yeast extract, 500 mg

H
3
BO

3
, 400 mg ZnSO

4
.7H

2
0, 120 mg Fe(III)Cl

3
, 200 mg Na

2
MoO

4
.2H

2
O, 100 mg KI, 40 mg

CuSO
4
.5H

2
O) and used to inoculate the artificial throats during 5 hours. Subsequently, a

biofilm was allowed to grow on the voice prostheses for 3 days by filling the devices with

growth medium. On the fourth day, one of each of the 2 types of prostheses per artificial

throat was used as a control and left undisturbed during the experimental period, a second

pair of prostheses was flushed 3 times per day using the Provox flush filled with air (see 

Figure 1), a third pair was flushed with compressed air using increasing pressures (10, 15, 20

cmH
2
O) for 20 seconds and the last pair was flushed with compressed air to imitate coughing

(20 cmH
2
0) for 6 seconds. After flushing, blowing or coughing, the artificial throats were

rinsed with 200 ml phosphate buffered saline (PBS; 10mM potassium phosphate and 150mM

NaCl, pH 7.0), after which the prostheses were left in the moist environment of the drained

artificial throats. This procedure was repeated three times a day for 9 days. At the end of each

day, the artificial throats were filled with growth medium for 30 minutes and left empty

during the night after draining. The experiments lasted 15 days in total and were performed

in triplicate at room temperature. The tracheal sides of the prostheses were left in ambient air

without taking precautions to prevent infections from the air, which is similar to the situation

with a stoma.

Provox flush and airflow generation

The Provox flush is a voice prosthesis cleansing device developed by Atos Medical AB. It

consists of a 20 ml balloon with a 10-cm long bent shaft with 4 puncture holes in the end 

(Figure 1). It is designed to blow air or water through a voice prosthesis in order to clean it.

In this study, we used the Provox flush filled with air to clean both the Provox II and Gronin-

gen voice prostheses.

For blowing and coughing, compressed air was applied in increasing order of air pressure

Influence of airflow on voice prosthetic biofilms



(10, 15, 20 cmH
2
O; 20 seconds in total) or at 20 cmH

2
O (6 seconds in total), respectively.

Pressures were measured using a pressure transducer, calibrated against a water manometer.

The resulting airflow (l/s) through the prosthesis was measured using a flow head, calibrated

with a Brooks flow meter. The pressure range applied was chosen to imitate physiological

conditions.

Evaluation of biofilms

On the 15th day of each experiment, prostheses were removed from the artificial throats after

a final perfusion with PBS. Subsequently, the biofilm was removed from the valve sides of

the prostheses by scraping and, after sonication (60 seconds), serially diluted in reduced

transport fluid (contents per liter: 0.9 g NaCl, 0.9 g (NH
4
)

2
SO

4
, 0.45 g KH

2
PO

4
, 0.39 g

MgSO
4
.7H

2
O, 0.45 g K

2
HPO

4
, 0.37 g EDTA, 0.2 g cysteine HCl). Microbial compositions of

the biofilms were evaluated by plating the serial dilution on MRS (de Man, Rogosa and

Sharpe) agar plates for yeasts and blood agar plates for bacteria. After 3 days at 37°C in an

aerobic incubator, the numbers of bacterial and yeast colony forming units (CFU)/cm2 were

determined for each prosthesis. Subsequently, the number of CFU on a prosthesis was

expressed as a percentage, relative to the number of CFU found on the control prostheses, in

order to minimize the influence of potential variations in biofilm formation over different

runs.

Results

The number of bacterial and yeast CFU on the control prostheses amounted to 2.2 x 104 and

4.5 x 105/cm2, respectively on the oesophageal surface of the “low-resistance” Groningen voice

prosthesis and to 1.4 x 104 and 1.3 x 105/cm2,  respectively for the Provox II voice prosthesis. 

Figure 2 summarizes the effect of flushing, blowing and coughing on the prevalence of

bacteria and yeasts in the voice prosthetic biofilms, relative to the amount of bacteria and

yeasts in voice prosthetic biofilms in the absence of any airflow. The use of the Provox flush

in combination with a Groningen voice prosthesis (Figure 2A) reduces the relative prevalence

of bacteria to 71% of the control value, whilst the amount of yeasts was not reduced (102%).

Imitated coughing produced a reduction of 56% in the prevalence of bacteria, whilst blowing

produced only a weak reduction (87%). Also, imitated coughing yielded a reduction in yeast

prevalence on Groningen voice prostheses to 62% of the control value.

Figure 2B shows similar effects of airflow on Provox II voice prosthetic biofilms. Use of

the Provox flush yielded a reduction in bacterial prevalence to 45% of the control value,
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Figure 2A.

Figure 2B. 

The relative prevalence of bacteria and yeasts in biofilms on Groningen (2A) and Provox II (2B) voice prostheses

after flushing, blowing and imitated coughing. The control, set at 100%, represents the amount of bacteria and

yeasts on the voice prostheses in the absence of airflow. Black bars represent bacteria, white bars represent yeasts.



whilst the prevalence of yeasts did not decrease significantly (90%). Blowing and imitated

coughing caused the prevalence of bacteria to be reduced to 45% and 46% of the control val-

ues, respectively. The relative amount of yeasts was reduced to 55% and 70% of the control

values after blowing and imitated coughing, respectively.

Discussion

All indwelling silicone rubber voice prostheses will suffer from biofilm formation in time,

leading to dysfunction and, eventually, replacement. Different methods of influencing

biofilm formation and thus prolonging the lifetime of voice prostheses have been investi-

gated, including treatment of the silicone rubber surface with non-adhesive coatings,22 the

daily use of antimycotics2, 6, 11 and various dietary regimes.18-20 In this study, the effects of

different forms of airflow through Groningen and Provox II voice prostheses on biofilm

formation were evaluated. All three forms of airflow used in this study reduced microbial

prevalence on the Provox II voice prosthesis, although blowing and imitated coughing

yielded stronger reductions than use of the Provox flush, especially on yeast prevalence. On

Groningen voice prostheses the effect of imitated coughing on microbial prevalence was

strongest, whilst the Provox flush and blowing had little effect. The difference in design

between these two voice prostheses makes it easy to understand that the Provox II voice

prosthesis is more influenced by airflow, as the valve is much more accessible to airflow than

that of the Groningen voice prosthesis. Also, the fact that the Provox flush is especially

designed for use on a Provox II voice prosthesis plays a role.

It is interesting that the relatively mild action of the Provoxflushshowed a stronger effect

with regard to the removal of bacteria than of yeasts, although previous in vitro studies have

shown that adhesion of yeasts to saliva-coated silicone rubber is not stronger than that of

oropharyngeal bacterial strains.23 This probably attests to the fact that yeasts can maintain

their position in the biofilm not only via adhesion but also via ingrowth into the silicone 

rubber. Electronmicrographs of sectioned, explanted voice prostheses have clearly shown

that yeasts grow in pockets in the material to protect themselves against detachment forces.8,9

Also, hyphal ingrowth may constitute additional strongholds for yeasts to adhere to. Whether

or not yeasts remaining on a voice prosthesis after the action of the Provox flush actually

contribute to malfunctioning of the valve is uncertain, as Elving et al.12 have suggested that

exopolymeric substances excreted by bacteria may be more influential than the presence of

yeasts.

In addition to the beneficial effects of the Provoxflush, this study shows that regular open-
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ing and closure of the valve reduces biofilm formation. As tracheo-oesophageal (TE) speech

also generates airflow through a prosthesis, it can be expected that frequent use of TE-shunt

speech will discourage biofilm formation on a voice prosthesis, thereby increasing its life-

time. In this respect the beneficial effects of airflow measured here could have been even larg-

er if the 3-day inoculation period prior to airflow had been replaced by inoculation whilst

occasionally flushing, blowing or coughing. Consequently, the present experimental set-up

enables a biofilm to mature before disruptive airflow can become operative.

This study adds another single factor to the multitude of factors that clinically influence

the lifetime of voice prostheses in laryngectomized patients. Moreover, it demonstrates that

patients should be instructed to frequently use their prostheses, preferably immediately after

insertion, in order to prevent the formation of a mature voice prosthetic biofilm and to pro-

long the lifetime of the prosthesis. Alternatively, a daily maintenance routine, such as the use

of the Provox flush or vigorous coughing through the prosthesis, may have a positive effect

and will lead to cost savings in terms of healthcare.
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Chapter 5

Preliminary observations on influence of dairy products on
biofilm removal from silicone rubber voice prostheses in vitro

H.J. Busscher, R.H. Free, R. van Weissenbruch, F.W.J. Albers, H.C. van der Mei

Journal of Dairy Science 2000;April;83(4): 641-7

Introduction

The number of dairy products available on the market with probiotic bacteria added is

steadily increasing. A number of health effects are attributed to the consumption of these

products, including suppression of diarrhea, anti-tumour activity, modulation of immunity,

relief of lactose intolerance and the maintenance of a healthy intestinal microflora, which

may be pivotal to all of the above.1,2,3 However, within the community of laryngectomized

patients, who are using voice prostheses, anecdotal evidence suggests that the consumption

of dairy products with probiotic bacteria added may also have a beneficial effect in the upper

digestive tract.

Laryngectomy is a surgical procedure carried out in patients with a malignant tumour of

the voice-producing organ and involves removal of the larynx including the vocal cords.4,5,6

After laryngectomy patients have to breathe through a permanent tracheostoma and can

receive a voice prosthesis for speech rehabilitation. Voice prostheses are implanted as a

shunt-valve between the digestive tract and the trachea. By closing the tracheostoma with a

finger, patients can direct an airflow through the valve into the oropharyngeal region where

remaining muscular structures act as pseudo-vocal cords (see Figure 1 for oropharyngeal

anatomy after laryngectomy).

The prolonged use of indwelling silicone rubber voice prostheses by laryngectomized

patients is limited to 3 to 4 months on average due to biofilm formation on the oesophageal

valve side of the prosthesis. Biofilm formation may cause leakage of the valve or increased

airflow resistance.7 Biofilms on voice prostheses consist of a large variety of oral and skin



micro-organisms, including streptococci, staphylococci and yeasts.5,8 The yeasts have a

tendency to grow into the silicone rubber and consequently avoid detachment by naturally

occurring shear forces in the oropharyngeal cavity.8,9 Oropharyngeal decontamination with

antimycotics has not been very effective6,10 and carries the risk of inducing resistant strains.11

There is anecdotal evidence among patients in The Netherlands that the consumption of

buttermilk, which contains Lactococcus cremoris, Lactococcus lactis spp., bacteria that can

produce antimycotics12 and lactoferrin13, prolongs the lifetime of indwelling voice prostheses.

Recent research has suggested that consumption of 2 kg per day of Turkish yoghurt ef-

fectively eliminates biofilm formation on indwelling voice prostheses, possibly related14 to

the presence of Streptococcus thermophilus and Lactobacillus bulgaricus in Turkish

yoghurt.2,15 Lactobacilli have long been known for their capacity to interfere with the adhe-

sion of uropathogens to epithelial cells15,16,17 and catheter materials18, while S. thermophilus

can effectively compete with yeasts in their adhesion to substratum surfaces, like silicone

rubber.14

The objective of the present research was to determine whether commercially available

dairy products affect the removal of oropharyngeal biofilms from silicone rubber voice pros-

theses.
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Figure 1.

Schematic presentation of the oropharyngeal anatomy

of a patient after total laryngectomy with a voice

prosthesis inserted as a shunt-valve between the

trachea (anteriorly) and the oesophagus (posteriorly).



Materials and methods

Voice prostheses and biofilm formation

“Low Resistance” Groningen button voice prostheses were kindly provided by Medin Instru-

ments and Supplies, Groningen, The Netherlands and placed in three transparent modified

Robbins devices or artificial throats (dimensions 61 x 2 x 2 cm), shown schematically in

Figure 2. Each artificial throat was equipped with four Groningen button voice prostheses.

The total cultivable microflora from a single explanted Groningen button voice prosthesis,

containing a variety of yeast and bacterial strains, including Candida albicans, Candida

tropicalis, streptococcal and staphylococcal strains, were cultured in a mixture of 30% brain

heart infusion broth (OXOID, Basingstoke, UK) and 70% defined yeast medium (per liter:

7.5 g of glucose, 3.5 g of (NH4)2SO4, 1.5 g of L-asparagine, 10 mg of L-histidine, 20 mg of

DL-methionine, 20 mg of DL-tryptophane, 1 g of KH2PO4, 500 mg of MgSO4.7H2O, 500

mg of NaCl, 500 mg of CaCl2.2H2O, 100 mg of yeast extract, 500 mg of H3BO3, 400 mg of

ZnSO4.7H2O, 120 mg of Fe(III)Cl3, 200 mg of Na2MoO4.2H2O, 100 mg of KI, 40 mg of

CuSO4.5H2O) and stored at -20°C, with 7% DMSO added as a cryoprotectant, in different 

1 ml batches that could be separately thawed for later inoculation of the artificial throats.

Previous studies have shown that only the combination of a large variety of bacterial and

yeast strains, as in this inoculum, permits the in vitro growth of oropharyngeal biofilms with

ingrowth phenomena, that cannot be distinguished from those on explanted prostheses.9,19

After thawing and culturing a microbial batch in the above described medium for 5 hours,

the artificial throats were inoculated with 240 ml each (titer of micro-organisms 108 to109 per

ml) and biofilm was allowed to grow on the voice prostheses during three days. During these

three days, the filled artificial throats were left as if a batch culture. On the fourth day, the

throats were flushed with sterilized phosphate buffered saline (10 mM of potassium

phosphate, 150 mM of NaCl, pH 7.0) to remove remnants of the growth medium.

In one artificial throat, serving as a control, 650 ml of phosphate buffered saline was then

perfused at a flow rate of 35 ml/min and the prostheses were left in the moist environment of

the drained artificial throat. In the other artificial throats, 650 ml of a dairy product was per-

fused, also at a flow rate of 35 ml/min, after which it was left drained. To remove remnants of

the dairy product prior to the next perfusion, phosphate buffered saline was perfused through

the device, followed by a dairy product after which it was left drained. This perfusion scheme

was repeated three times a day with 4 h time intervals in between, mimicing breakfast, lunch

and dinner. At the end of the day, the artificial throats were filled with growth medium for half

an hour, in order to let the biofilm grow and overnight the artificial throats were left in the

moist environment of the drained throat.
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Experiments were continued for 12 d at room temperature during which the tracheal sides

of the prostheses were left in ambient air, similar to the situation with a stoma.

Dairy products

Table 1 lists the dairy products employed in this study, together with the components thought

relevant for the present work. All products were commercially purchased, except Yakult

fermented milk drink, which was kindly provided by Yakult Nederland B.V., Almere, 

The Netherlands. Yakult was diluted tenfold, in order to get enough volume for one perfu-

sion, prior to use, either in water (this dilution will be denoted “Yakult fermented milk

drink”) or in buttermilk (“buttermilk/Yakult”). Mona mild and low-fat yoghurt were diluted

1 to 1 with water, to make it suitable for perfusion and are denoted “Mona mild and low-fat

yoghurt”.

For quality control of the products, 3 samples of each product were purchased with a 

1 week time interval in between the purchase of product types. The pH of each product was

measured and found to be constant within 0.1 pH-unit for all 3 purchases of a product (see

also Table 1). Products used to evaluate effects on biofilms had not been analyzed for bac-
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Figure 2.

Schematic presentation of the artificial throat (modified Robbins device), equipped with Groningen Button voice

prostheses. Although the device as used, is equipped for 10 voice prostheses, only four positions were occupied in

the present study. Flasks contain growth medium, sterilized phosphate buffer or the dairy product under evaluation,

respectively.



terial numbers and types. Subsequently, products were purchased at three different periods

and were examined for bacterial types and numbers by plating aliquots of the product on

blood agar and MRS agar (for lactobacilli) plates. Species present according to the product

label were always found, although not in the same numbers for all purchases (Table 1).

Evaluation of biofilms

After removal of the voice prostheses from the modified Robbins device, biofilm on the valve

side of one prosthesis was qualitatively assessed by electron microscopy and quantitatively

for the other three by plating of the biofilms on agar.

Electron microscopy

For scanning electron microscopy the voice prostheses were flushed with 6.8% sucrose in 0.1

M of cacodylate buffer (pH 7.4), fixed and stained in 2% glutardialdehyde and 0.2% rutheni-
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um red in 0.1 M of cacodylate buffer at 4°C and flushed again. Post-fixation and staining was

carried out in 1% OsO4 and 0.2% ruthenium red in cacodylate buffer by gently shaking for 3

h at room temperature. Buffer washes and dehydration involved the following rinsing proce-

dures: 20 min in 6.8% sucrose in 0.1 M of cacodylate buffer; 3 x 10 min in twice distilled

water; 20 min in 30, 50 and 70% ethanol, respectively and 4 x 30 min in 100% ethanol. After

critical-point drying with CO2 for 4 h, the voice prostheses were sputter-coated with

gold/palladium (15nm). SEM observations were taken, made using a JEOL 6301, with dif-

ferent magnifications at 15 to 25 kV.

Microbial enumeration

The number of colonizing yeasts were determined by serial dilution and plating on brain

heart infusion, while bacteria were enumerated from blood agar plates after removal of the

biofilms by scraping off, and sonication. Agar plates were stored at 37°C under aerobic con-

ditions for three days. Subsequently, the  inoculum density (cfu/cm2) was determined micro-

scopically for all prostheses exposed to a certain product. The consistency of quantity and

quality of the biofilms in the artificial throats was evaluated by comparing the number of bac-

teria and yeasts in the biofilms formed on the voice prostheses in the control artificial throat.

Results

A representative scanning electron micrograph of a Groningen button voice prosthesis

removed after 12 d from the control artificial throat is shown in Figure 3. Heavy biofilm

formation can be observed, extending over a major part of the valve, with clear ingrowth of

microcolonies similar to those observed on explanted voice prostheses. On average, voice

prostheses in the control artificial throat were colonized by 3 x 107 cfu yeasts/cm2 and 1.1 x

109 cfu bacteria/cm2 (standard deviations over all runs were less than 30% of the means) and

quantity and quality of biofilms in all artificial throats were considered consistent by visual

inspection over all experimental runs. The numbers of yeasts and bacteria isolated from the

experimental voice prostheses were expressed as percentages of numbers found on control

prostheses (Figure 4). Cultured buttermilk substantially reduced biofilm formation, for both

yeasts and bacteria. This effect was not observed with pasteurized buttermilk. Some of the

other products, most notably Yakult fermented milk drink, reduced the number of bacteria,

whereas the growth of yeasts was not inhibited. Interestingly, the buttermilk/Yakult mixture

did not show a similar effect on bacteria, as expected on the basis of the results of buttermilk

and Yakult fermented milk drink. Unexpectedly the growth of yeasts was found to be
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Figure 3.

Scanning electron micrograph of a Groningen button voice prosthesis removed from the artificial

throat in the control group, showing heavy biofilm formation with ingrowth features (B). The bar

equals 1 mm for the low magnification micrograph (A) and 10 �m for the high magnification

micrograph (B).

A

B



increased after mixing Yakult fermented milk drink and buttermilk (1:9 dilution). Although

the agar plates were specifically investigated for colonies of the bacterial strains present in

the products, we found no indications that the bacteria themselves were colonizing the voice

prostheses.

A compilation of electron micrographs of the valve sides of voice prostheses after

exposure in the artificial throats to different products is shown in Figure 5A. Exposure to

buttermilk leaves less biofilm compared with the control in Figure 3. The other products have

a less clear effect, at least when judged qualitatively by electron microscopy.

Discussion

After the first descriptions of health benefits of probiotic bacteria by Metchnikoff, published

in 1907, the development of probiotics slowed down in the 1930’s and 40’s when chemo-

therapy and penicillin were introduced.1 Presently, the worldwide development of antibiotic

resistance of pathogenic micro-organisms has renewed the interest in the use of probiotics for

health benefits. The results described in this paper suggest the consumption of certain

fermented dairy products may provide health benefits in the upper digestive tract for patients

with a voice prosthesis. Clinically, these results support suggestions from laryngectomized

patients that the consumption of buttermilk or Turkish yoghurt, a home-fermented drink in

Turkey, prolongs the life-time of their prostheses. 

In this study we have investigated potential effects of three types of dairy products 1)

traditional fermented milk products (buttermilk, yoghurt); 2) a traditional fermented milk

product with added probiotic bacteria (Mona Vifit); 3) milk, fermented by one single pro-

biotic strain (L. casei Shirota fermented milk, Yakult). The mechanisms by which various

products interfere with oropharyngeal biofilm formation may be different for the different

products and can only be speculated upon. Buttermilk is not only rich in lactoferrin13, which

possesses bactericidal and fungicidal activities against a number of oral pathogenic micro-

organisms including Actinobacillus actinomycetemcomitans, Streptococcus mutans and C.

Albicans.20,21,22 Buttermilk also contains L. lactis, which is a strain releasing antimycotic

substances.12 Lactobacilli, like L. acidophilus, Lactobacillus gasseri and Lactobacillus

jensenii, which are member of the normal healthy vaginal microflora17, have been shown to

interfere with adhesion of uropathogens in the urogenital tract. Production of lactic acid,

hydrogen peroxide, bacteriocins and release of biosurfactants are found to play a role in this

process.23 Other lactobacilli, like strains of some species of L. casei, Lactobacillus johnsonii

and Lactobacillus rhamnosus, are known as probiotic strains in dairy products and are used
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to restore a balanced, normal gastrointestinal microflora. Mechanisms of interference of pro-

biotic bacteria can be found at different levels. Production of lactic acid, bacteriocins, short

chain fatty acids are important, but also the modulation of the immune system and coloniza-

tion resistance and prevention of colonization by undesirable organisms, may play a role.

In this study we confirmed the previously reported potential of unpasteurized buttermilk

to remove oropharyngeal biofilms from silicone rubber voice prostheses and to inhibit later

growth. Also Yakult fermented milk drink, containing L. casei Shirota, strongly inhibited

bacterial growth on the voice prosthesis, whereas for the other products the inhibition was

less pronounced. Of all the tested products, only buttermilk, containing viable L. lactis and L.

cremoris, reduced colonization of yeasts. When Yakult fermented milk drink was diluted in

buttermilk (1:9) the inhibition of bacteria was less pronounced, but the growth of yeasts

increased. Also low-fat milk stimulated yeast growth. No explanation of this effect has been
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Figure 4.

Yeasts and bacteria isolated from voice prostheses in the artificial throat after perfusion with different dairy

products. All data are averages obtained from three prostheses in one experiments with a standard deviation of

30% of the mean.



found so far. Although the carbohydrate content of the mix of Yakult fermented milk drink

and buttermilk may improve yeast growth, sugar contents of other tested products was

comparable or even higher without stimulation of growth of yeasts. The metabolic activity of

the individual microbial strains in the products may change upon mixing. Change of pH and

activation of production of antibacterial compounds may alter reaction of the products.

S. thermophilus strains, normally found in yoghurt, also release biosurfactants24,25 and 

in vitro studies have shown that they can interfere with adhesion of individual oropharyngeal

yeasts to silicone rubber.14 However, this is not clear in the present study for any of the

products containing S. thermophilus. Likely, the total composition of the products is a major

contributing factor in explaining the results. It is unknown whether there is a synergistic

interaction between product matrix components.

This study demonstrates that the consumption of certain dairy products containing active

probiotics for the upper digestive tract may be associated with significant health benefits for

those using voice prostheses, for whom prevention or even delay of biofilm formation will

constitute a major relief, as each replacement brings the necessity of visiting a hospital and
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Figure 5A.

Scanning electron micrograph of Groningen button voice prostheses removed

from the artificial throats after perfusion three times daily with different dairy products, showing heavy biofilm

formation with ingrowth features (insert). Buttermilk (A), Mona mild (B), and Yakult fermented milk drink (C).

For product description see Table 1. The bar equals 1 mm for the low magnification micrograph and 10 �m for the

insert.
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Figure 5C.

Figure 5B.



the discomfort of the replacement procedure. Further research should be carried out to deter-

mine if it will be possible to treat other infections of the upper digestive tract, like oesophagi-

tis, with probiotic containing dairy products rather than with antibiotics.
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Chapter 6

Biofilm formation on voice prostheses: 
influence of dairy products in vitro

R.H. Free, H.C. van der Mei, F. Dijk, R. van Weissenbruch, H.C. Busscher, 

F.W.J. Albers

Acta Otolaryngologica (Stockh) 2000;120: 92-9

Introduction

In Western Europe and the United States approximately 10,000 patients per annum who have

malignant laryngeal cancer are treated with a total laryngectomy. Apart from profound

changes in respiration and deglutition, one of the most disabling consequences of this

procedure is the loss of verbal communication.1,2 Three methods of speech rehabilitation are

frequently used, among which the tracheo-oesophageal shunt speech method using

indwelling silicone rubber voice prostheses is the most successful. In this method voice

prostheses are implanted as a shunt-valve between the oesophagus and trachea. By closing

the tracheostoma with a finger, patients can direct their expiratory air through the valve into

the pharyngo-oesophageal region, where remaining muscular and mucosal structures act as

pseudo-vocal cords. In comparison with the oesophageal speech method and the use of an

electrolarynx, this is a highly effective procedure, which in the majority of cases gives a high

quality of alaryngeal speech and can be used within 14 days post-operatively. 

The use of the different types of indwelling silicone rubber voice prostheses is, however,

limited to 3-4 months on an average, due to biofilm formation leading to leakage and

increased airflow resistance.3-6 Replacement, albeit a simple procedure handled in the out-

patient department, is regarded by most of the patients as stressful and unpleasant, and can

lead to damage of the shunt with scar tissue formation, insufficiency or stenosis. Moreover,

frequent replacements lead to higher costs for the patient as well as the health provider,

including the cost of new voice prostheses, travel expenses and an increased demand of

medical care. Various endogenous and exogenous factors influence biofilm formation on
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voice prostheses. Endogenous factors include individual oral, oesophageal and skin flora, 

the residual flow and composition of saliva after irradiation, the local shear forces of the

posterior oesophageal mucosal surface on the prosthesis, and the effect of anatomical and

surgical variations. Exogenous factors identified are nutrition, airflow and air temperature,

and the use of other specific products that could influence the formation of biofilm. 

Interestingly, patients and their support groups in the Netherlands and Turkey suggest that

the use of certain dairy products, most notably buttermilk and Turkish yoghurt, prolongs the

lifetime of their voice prostheses. Recently, it has been affirmed in an artificial throat model

that buttermilk can delay, if not prevent, the formation of an oropharyngeal biofilm on voice

prostheses.7

Evaluation of single factors affecting biofilm formation on voice prostheses cannot easily

be carried out in vivo due to the multitude of patient lifestyles and environmental factors

involved. In the artificial throat model an inoculum of yeasts and bacteria, isolated from an
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Figure 1.

Scanning electron micrograph of a Groningen voice prosthesis explanted after

84 weeks from a laryngectomized patient, showing heavy biofilm formation

with ingrowth features (insert). The bar equals 1 mm for the low magnification

micrograph and 10 mm for the insert.



explanted voice prosthesis, is used to colonize voice prostheses in vitro.8 After twelve days of

cycling the artificial throat through feast and famine, in vitro biofilms and materials defects

can be demonstrated that are indistinguishable from those on an explanted voice prostheses

(see Figure 1 for an example) and thus makes it possible to study influences of single factors

on biofilm formation. Therewith, the artificial throat as described by Leunisse et al.8 consti-

tutes the only in vitro model in which clinically relevant biofilms on voice prostheses can be

effectively mimiced. 

The availability of a growing variety of commercial dairy products with active probiotics

and associated health claims calls for an evaluation of the effects of such products on oro-

pharyngeal biofilm formation on voice prostheses. In this paper these effects are investigated

using the artificial throat model.

Materials and methods

Voice prostheses

“Low-Resistance” Groningen voice prostheses were kindly provided by Medin Instruments

and Supplies (Groningen, The Netherlands) and Provox II voice prostheses by Atos Medical

AB (Hörby, Sweden). The low-resistance Groningen voice prosthesis is made of medical

grade silicone rubber and consists of a shaft with two flanges with a semicircular slit of 145°

in the hat of the esophageal flange, functioning as an one-way valve. The Provox II voice

prosthesis is a biflanged device, also made of medical grade silicone rubber. The hinge valve

is molded into one piece with the prosthesis and supported by a radiopaque, fluoroplastic

ring, which is fastened in the shaft of the prosthesis. Figure 2 shows both types of voice

prostheses in combination with the artificial throat. 

Biofilm formation in the artificial throat 

The voice prostheses were placed in two transparent modified Robbins devices, called artifi-

cial throats for the present purpose and shown schematically in Figure 2. Each artificial throat

was equipped with three Groningen and two ProvoxII voice prostheses. The third Groningen

voice prosthesis was placed in both throats for scanning electron microscopy purposes. The

total cultivable microflora, previously isolated from an explanted Groningen voice prosthesis

and containing a partly identified variety of yeasts and bacterial strains, including Candida

albicans, Candida tropicalis, and streptococcal and staphylococcal strains, was cultured in a

mixture of 30% brain heart infusion broth (OXOID, Basingstoke, Great Britain) and 70%

defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g L-asparagine, 10 mg 
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L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophane, 1 g KH
2
PO

4
, 500 mg

MgSO
4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100 mg yeast extract, 500 mg H

3
BO

3
, 400

mg ZnSO
4
.7H

2
0, 120 mg FE(III)Cl

3
, 200 mg Na

2
MoO

4
.2H

2
O, 100 mg KI, 40 mg CuSO

4
.5H

2
O),

and used to inoculate the artificial throats for 5 hours. Subsequently, a biofilm was allowed to

grow on the voice prostheses over three days by filling the devices with growth medium. On

the fourth day, the devices were perfused with phosphate buffered saline, pH 7.0, which

Figure 2.

Schematic presentation of the artificial throat equipped with Groningen voice prostheses, with a detailled

schematic presentation of a Groningen (left bottom) and Provox II (right bottom) voice prosthesis.



served as a control, or a dairy product, after which the prostheses were left in the moist

environment of the artificial throats. This perfusion scheme was repeated three times a day

for nine days. At the end of each day all artificial throats were filled with growth medium for

half an hour and left overnight, after draining. The experiments lasted fifteen days in total and

were performed at room temperature. The tracheal sides of the prostheses were left in

ambient air, similar to the situation with a stoma.

Dairy products 

Dairy products used are listed in Table 1, together with their bacterial and other essential

components. Buttermilk, pasteurized conservable buttermilk, Mona mildyoghurt, Mona vifit

yoghurt, semi-skimmed milk and low-fat yoghurt were commercially purchased. Yakult fer-

mented milk drink was provided by Yakult Nederland B.V. (Almere, The Netherlands), and

used after tenfold dilution in demineralized water. Both Mona mild yoghurt and low-fat

yoghurt were used diluted twofold in demineralized water. A mixture of buttermilk/Yakult

was also used (65 ml Yakult /585 ml buttermilk). For buttermilk, Yakult fermented milk and

the buttermilk/Yakult mixture duplicate runs were performed.  
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Table 1. Dairy products used in this study with their essential and bacterial componentsa



Evaluation of biofilms 

On the fifteenth day of the experiment the voice prostheses were removed from the artificial

throats after a final perfusion with phosphate buffered saline. Subsequently, the biofilm was

removed from the valve sides of the prostheses by scraping and, after sonication (60 s), seri-

ally diluted in reduced transport fluid (per liter: 75 ml of Solution I (1.2% NaCl, 1.2%

(NH
4
)

2
SO

4
, 0.6% KH

2
PO

4
, 0.51% MgSO

4
.7H

2
O); 75 ml of Solution II (0.6% K

2
HPO

4
); 10 ml

of 3.72% EDTA; 20 ml of 1% cysteine HCl and 820 ml of distilled water). Biofilms were

evaluated by plating the serial dilution on brain heart infusion or MRS (de Man, Rogosa and

Sharpe) agar plates for yeasts and blood agar plates for bacteria. After two days at 37°C in an

aerobic incubator, the number of bacterial and fungal colony forming units per ml (CFU/ml)

was determined for each prosthesis separately and expressed as a percentage with respect to

the control. The consistency of the biofilm formation in each run was monitored from the

control throat. 

Scanning electron microscopic (SEM) evaluation 

Scanning electron microscopy was done only on Groningen voice prostheses as biofilm

features can be more easily discerned on the constructively simpler Groningen pros-

thesis than on Provox II voice prostheses. For electron microscopic evaluation, one Gro-

ningen voice prosthesis from each artificial throat, with biofilm present, was flushed 

with 6.8% sucrose and 0.1 M cacodylate buffer (pH 7.4), fixed and stained in 2% glutar-

dialdehyde and 0.2% ruthenium red in 0.1 M cacodylate buffer at 4°C and flushed again.

Post-fixation and staining was carried out in 1% OsO
4
and 0.2% ruthenium red in cacodylate

buffer by gently shaking for 3 hours at room temperature. Buffer washes and dehydration

involved the following rinsing procedures: 20 min in 6.8% sucrose in 0.1 M cacodylate

buffer; 3 x 10 min in bidistilled water; 20 min in 30, 50 and 70% ethanol, respectively; 

and 4 x 30 min in 100% ethanol. After critical-point drying with CO
2

for 4 hours, the speci-

mens were mounted on SEM stubs and sputter-coated with gold/palladium (15 nm). SEM

observations were made at 20 kV using the JEOL 6301, with different magnifications and

angles.

Statistical analysis

The paired t-test was used for the statistical analysis of the results of buttermilk, Yakult fer-

mented milk and the buttermilk/Yakult mixture. 
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Results

Figure 3 shows the percentage of bacteria and yeasts on both types of voice prostheses

employed after the simulated consumption of various dairy products. On Groningen voice

prostheses, buttermilk reduced the amount of bacteria to 3% (p < 0.001) and the amount of

yeasts to 15% (p < 0.05) of the control, while on the other hand, a pasteurized conservable

buttermilk product increased the amount of bacteria and yeasts to 601% and 522% of the con-

trol, respectively. The other dairy products reduced the percentage of bacteria in various

degrees. Of these products, only Yakult fermented milk drink reduced the amount of bacteria

(to 12% of the control, p < 0.01) and the amount of yeasts (to 74% of the control, p < 0.05)).

Some of the other products (Mona vifit, skimmmed milk) even stimulated yeast colonization.

A combination of buttermilk and Yakult reduced the amount of bacteria to 33% of the control

(p < 0.05), but unexpectedly stimulated yeast colonization to 217% of the control (p < 0.1). 

The effects on the ProvoxII voice prostheses were less pronounced. Buttermilk yielded a

reduction of the amount of bacteria to 76% of the control and a reduction in the amount of

yeasts to 65% of the control (both not significant), in line with observations on Groningen

prostheses. Pasteurized, conservable buttermilk again showed an augmentation in both the

amount of bacteria and yeasts. Yakult reduced the amount of bacteria less with respect to the

control (only to 91%) than observed on Groningen prostheses, while the colonization of pros-

theses by yeasts was strongly stimulated. The combination of buttermilk and Yakult reduced

the amount of bacteria to 19% of  the control, but stimulated yeast colonization on Provox II

voice prostheses to 488% of the control. The other dairy products did not inhibit bacterial

colonization to the same extent observed on Groningen prostheses, or they slightly stimulated

bacterial colonization. Furthermore, only Mona mild yoghurt yielded a reduction in

colonization by yeast. Several of the other products (Mona vifit, low-fat yoghurt) stimulated

yeast colonization. 

Figure 4 shows scanning electron micrographs of Groningen voice prostheses removed

from the artificial throat following daily perfusion with phosphate buffered saline, butter-

milk, Yakult fermented milk drink and Mona mild yoghurt. On the Groningen prosthesis

rinsed with phosphate buffered saline, a thick biofilm is clearly visible, which covers the sur-

face extensively. The high magnification insert shows the ingrowth of colonizing yeasts into

the silicone rubber, while the surface is predominantly colonized by bacteria. The prosthesis

after perfusion with buttermilk shows little biofilm formation with occasional ingrowing

microcolonies and a remarkedly clean surface in comparison with the control. The surface of

the prosthesis from the artificial throat perfused with Yakult is colonized by small localized

microcolonies. A thick biofilm is present on the prosthesis from the artificial throat perfused

Biofilm formation on voice prostheses: influence of dairy
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Figure 3.

The percentage of bacteria and yeast isolated from Groningen and Provox II voice prostheses after biofilm

formation in the artificial throat and perfusion with various dairy products. Perfusion with a phosphate buffered

saline was taken as a control, set at 100%. For buttermilk, Yakult fermented milk and the buttermilk/Yakult

mixture duplicate runs were performed.



with Mona mild, and the high magnification insert shows that the yeasts have started to

develop hyphae.

Discussion

This study represents the first use of the artificial throat model, as described by Leunisse et

al.8 on the influence of various dairy products on biofilm formation on silicone rubber voice

prostheses. At this point it is important to emphasize that this study was inspired by anecdotes

circulating in patient support groups on possible beneficial influences of these products on

their prosthesis lifetime. Since this study demonstrates that such an influence may indeed

exist for certain products, most notably those containing probiotic bacteria, the results point

to alternatives for the use of antibiotics and antimycotics for laryngectomized patients, that

bear the risk of inducing antimicrobial resistance. 

During the last ten to twenty years, the growing demand in society for health-improving

nutrients has stimulated the development of an extensive assortment of dairy products which

claim to have a positive effect on health. In literature many beneficial effects have been

reported, such as suppression of diarrhoea, anti-tumour activity, stimulation of immunity,

reduction of cholesterol levels and relief of lactose intolerance. These effects are attributed to

the specific bacterial strains used in the preparation of these products.9-11 As early as 1907, the

Russian biologist Metchnikoff had already studied the effects of these so-called “probiotics”

on health. However, with the introduction of chemotherapy and antibiotics in the 1930’s, this

development was not further pursued. Nowadays, the growing appearance of resistant bacte-

rial and fungal strains, due to frequent and chronic use of antibiotics and antimycotics,

definitely shows the limitations of these therapies, leading to a renewed interest in probiotics.

Recently a biotherapeutic effect of probiotic bacteria on candidiasis in immunodeficient mice

has been reported.12

Probiotics are being defined as a food supplement containing living micro-organisms

which have a beneficial effect on the host.13 The best-known and studied strains are lactobacil-

li. Lactobacilli are generally considered crucial to the maintenance of a healthy urogenital and

intestinal microflora.14 The mechanisms employed by probiotic lactobacilli to exert their ben-

eficial effects are not solely based on competitive adhesion or displacement of pathogens, but

also include lactic acid and hydrogen peroxide production, as well as the release of anti-adhe-

sive biosurfactants.15 Thus, lactobacilli do not necessarily have to colonize a substratum sur-

face themselves in order to exert their beneficial effects. In fact, most lactobacillus strains have

very poor adhesion capacities, for which reason they do not, after oral consumption, adhere

Biofilm formation on voice prostheses: influence of dairy
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Figure 4A.

Scanning electron micrographs of Groningen voice prostheses removed from

the artificial throat. The bar equals 1 mm for the low magnification micrograph

and 10 mm for the insert.

A. After perfusion three times daily with phosphate buffered saline.

Figure 4B.

B. After perfusion three times daily with buttermilk.
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Figure 4C.

C. After perfusion three times daily with Yakult fermented milk drink.

Figure 4D.

D. After perfusion three times daily with Mona mild yoghurt.



extensively to surfaces in the human oral cavity with the potential threat of stimulating dental

caries by lactic acid production.16 By comparing Table 1 with Figure 3, it can be seen that sev-

eral of the effects observed might be due to the inclusion of lactobacilli in a product.

Similarly, in vitro studies have also demonstrated that Streptococcus thermophilus, found

in Mona mild and low-fat yoghurt, releases biosurfactants that interfere with the adhesion of

Candida spp. to silicone rubber. This might contribute to the reduction in the colonization of

voice prostheses by yeasts observed after simulated consumption of these products on Provox

II voice prostheses.17

Lactococcus lactis, found in buttermilk prior to pasteurization, releases antimycotic

substances18, which are likely responsible for the observed reduction in the colonization of

prostheses by yeasts and the extended lifetime of voice prostheses of laryngectomees that

consume extensive amounts of buttermilk, as reported within patient support groups. In

pasteurized, conservable buttermilk, made through very brief heating of the product to high

temperatures, probiotic bacteria will not survive and this conservable buttermilk actually

stimulates bacterial and yeast growth on the prostheses, thereby confirming the role of L.

lactis in the prevention of a biofilm. 

Alternatively, other components of the dairy products may also have a beneficial effect on

biofilm formation on the prostheses. Table 1 shows that the acidity of all products examined

is approximately 4.0 (except for semi-skimmed milk), suggesting that pH is not a determi-

nant of the reductions in biofilm formation, seen for only some products. Also, no relation-

ship between the amount of sugar or calcium and the extent of biofilm formation can be seen.

Lactoferrin, an iron-binding glycoprotein found not only in dairy products, but also in human

milk, saliva and tears has shown bactericidal and fungicidal effects against a number of oral

pathogenic microorganisms including Actinobacillus actinomycetemcomitans, Streptococcus

mutans and C. albicans19-21 and might be a determinant. 

It is beyond the scope of this work to discuss the details of the potential components of the

dairy products that cause the effects observed, but this study demonstrates that it is feasible to

formulate a dairy product based on probiotics that will strongly prevent, if not fully eliminate,

biofilm formation on voice prostheses. The development of such a product requires more than

simply combining products with an expected synergistic effect, as has become obvious from

the unexpected poor effect of combining buttermilk and Yakult fermented milk drink. 

With respect to the results, it is also obvious that the most efficient product should

decrease both the number of colonizing bacteria and yeasts on the prostheses. Although most

authors regard adhering yeasts as the main cause for prosthesis failure, this is by far not

ubiquitously accepted.3 Parker et al.22 stated that streptococci are responsible for leakage

problems, while enterococci were reported to be predominantly responsible for increased 
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airflow resistances. Since most of the products evaluated also contain bacteria by product

definition, but no yeasts, reduction in yeasts numbers can unequivocally be attributed to the

products, as can significant reductions in bacterial numbers. However, for several products it

cannot be ruled out that the bacterial enumerations include probiotic bacteria, although based

on the colony morphology this appears unlikely. 

It is difficult to apprehend why results for Groningen and Provox II voice prostheses are

different. Groningen voice prostheses contain fewer retention sites for colonizing organisms

to find a niche than ProvoxII voice prostheses, due to the difference in design. However, such

arguments would also be valid for the probiotic bacteria in a dairy product, although these

strains are generally less adherent than the organisms that cause failure of implanted voice

prostheses. In addition, the Provox II contains a number of different materials that might

attract biofilm organisms, probiotic bacteria and other product components in different quan-

tities than the single-material made Groningen prosthesis.

Finally, it is emphasized that the effects of the biofilm reductions observed on prosthesis

lifetime have not been determined. Controlled clinical trials, although probably difficult

because of the variations in device lifetime amongst one patient, the duration of such experi-

ments requiring long-term control of dietary conditions, and the influence of environmental

variables as humidity and temperature on the process of biofilm formation in a patient, will

be necessary to evaluate these effects. Nevertheless, this study provides not only evidence in

support of anecdotal evidence circulating in patient support groups in the Netherlands

(regarding buttermilk) and in Turkey (regarding S. thermophilus-containing yoghurts), but

also points to isolated single factors that might increase the prosthesis lifetime in individual

patients. 

Acknowledgement

This study was supported in part by Medin Instruments and Supplies, Atos Medical AB and

Yakult Nederland B.V. The authors are grateful to these companies for the supply of voice

prostheses and Yakult fermented milk drink. The authors are grateful for the financial support

provided by Astra Pharmaceutica B.V., making professional translation possible.

Biofilm formation on voice prostheses: influence of dairy

85 | 6



References

1. Blom ED, Hamaker RC. Tracheoesophageal voice restoration following total laryngectomy. In:

Myers EN, Suen J, eds. Cancer of the head and neck. W.B. Saunders Publishers, 1996:839-52.

2. Van Weissenbruch R. Voice restoration after total laryngectomy, Thesis. Groningen: Van Denderen,

1996.

3. Mahieu HF, Van Saene HKF, Rosingh HJ, Schutte HK. Candida vegetations on silicone voice pros-

theses. Arch Otolaryngol Head Neck Surg 1986;112:321-5.

4. Mahieu HF, Van Saene JJM, Den Besten J, Van Saene HKF. Oropharynx decontamination prevent-

ing Candida vegetation on voice prostheses. Arch Otolaryngol Head Neck Surg 1986;112:1090-2.

5. Van den Hoogen FJA, Oudes MJ, Hombergen G, Nijdam HF, Manni JJ. The Groningen, Nijdam

and Provox voice prostheses: a prospective clinical comparison based on 845 replacements. Acta

Otolaryngol (Stockh) 1996;116:119-24.

6. Hilgers FJM, Balm AJM.  Long-term results of vocal rehabilitation after total laryngectomy with the

low resistance, indwelling ProvoxTM voice prosthesis system. Clin Otolaryngol 1993;18:517-23.

7. Busscher HJ, Bruinsma G, Van Weissenbruch R, Leunisse C, Van der Mei HC, Dijk F, Albers FWJ.

The effect of buttermilk consumption on biofilm formation on silicone rubber voice prostheses in

an artificial throat. Eur Arch Otorhinolaryngol 1998;225:410-3.

8. Leunisse C, Van Weissenbruch R, Busscher HJ, Van der Mei HC, Albers FWJ. A new method for

standardization of in vitro experiments with tracheo-oesophageal voice prostheses. Acta Otolaryn-

gol (Stockh) 1999;119:604-8.

9. Fuller R. Probiotics: their development and use. In: Fuller R, Heidt PJ, Rusch V, Van der Waaij D,

eds. Probiotics: prospects of use in opportunistic infections. Institute for Microbiology and Bio-

chemistry. Germany: Herborn-Dill, 1995:1-8.

10. Sanders ME. Lactic acid bacteria and human health. In: Fuller R, Heidt PJ, Rusch V, Van der Waaij

D, eds. Probiotics: prospects of use in opportunistic infections. Institute for Microbiology and Bio-

chemistry. Germany: Herborn-Dill, 1995:126-40.

11. Havenaar R, Huis in ‘t Veld JHJ. Probiotics: a general view. In: BJB Wood, ed. The lactic acid bac-

teria in health and disease. London: Elsevier, 1992:151-70.

12. Wagner RD, Pierson C, Warner T, Dohnalek M, Farmer J, Roberts L, Hilty M, Balish E. Biothera-

peutic effects of probiotic bacteria on candidiasis in immunodeficient mice. Infect Immun 1997;65:

4165-72.

13. Fuller R, Gibson GR. Modification of the intestinal microflora using probiotics and prebiotics.

Scand J Gastroenterol 1997;32 Suppl 222:28-31.

14. Reid G, Bruce AW, McGroarty JA, Cheng K-J, Costerton JW. Is there a role for lactobacilli in pre-

vention of urogenital and intestinal infections? Clin Microbiol Rev 1990;3:335-44.

Chapter 6

6 | 86



15. Velraeds MMC, Van der Mei HC, Reid G, Busscher HJ. Physicochemical and biochemical charac-

terization of biosurfactants released by Lactobacillus strains. Coll Surf B: Biointerfaces 1996;8:

51-61.

16. Busscher HJ, Mulder AFJM, Van der Mei HC. In vitro adhesion to enamel and in vivo colonization

of tooth surfaces by lactobacilli from a bio-yoghurt. Caries Research 1999;33:403-4.

17. Busscher HJ, Van Hoogmoed CG, Geertsema-Doornbusch GI, Van der Kuyl-Booij M, Van der Mei

HC. Streptococcus thermophilus and its biosurfactants inhibit adhesion by Candida spp. On sili-

cone rubber. Appl Environ Microbiol 1997;63:3810-7.

18. Batish VK, Lal R, Chander H. Effects of nutritional factors on the production of antifungal sub-

stance by Lactococcus lactis spp. lactis biovar diacetylactis. Austr J Dairy Technol 1990;45:74-6.

19. Kalmar JR, Arnold RR. Killing of Actinobacillus actinomycetemcomitans by human lactoferrin.

Infect Immun 1988;56:2552-7.

20. Soukka T, Lumikari M, Tenovuo J. Combined inhibitory effect of lactoferrin and lactoperoxidase

system on the viability of Streptococcus mutans, serotype c. Scand J Dent Res 1991;99:390-6.

21. Soukka T, Tenovuo J, Lenander-Lumikari M. Fungicidal effect of human lactoferrin against Can-

dida albicans. FEMS Microbiol Lett 1992;69:223-8.

22. Parker AJ, Ell SR, Davies CM Clegg RT. Do bacteria play a role in silastic speaking valve failure?

In: Algaba J, ed. Proceedings of the 6th international congress on surgical and prosthetic voice

restoration after total laryngectomy. 1995.

Biofilm formation on voice prostheses: influence of dairy

87 | 6





Chapter 7

Biofilm formation on voice prostheses: 
in vitro influence of probiotics

R.H. Free, H.J. Busscher,G.J. Elving, H.C. van der Mei, R. van Weissenbruch, 

F.W.J. Albers

Annals of Otology, Rhinology & Laryngology 2001;110: 946-51

Introduction

Since the introduction of the “duckbill” prosthesis by Blom and Singer in 1979, several types

of indwelling silicone rubber voice prostheses have been developed, giving laryngectomized

patients the ability to speak again.1,2 Generally, a combination of personal preferences of the

patient and the physician determines the choice of the type of prosthesis, although most types

of prostheses are interchangable. Colonization of the valve side of prostheses by bacteria and

yeasts leads to deterioration of the silicone rubber, leakage of the valve, or a higher airflow

resistance, making it more difficult to speak.3-7 On average, a prosthesis has to be replaced

every 3 to 4 months. Replacement presents considerable discomfort for the patient and can be

detrimental to the tracheo-oesophageal fistula, leading to insufficiency, scar tissue formation

or stenosis. Frequent replacements also lead to higher costs for medical care, new prostheses

and travel expenses for the laryngectomized patients. 

The inter- and intraindividual variations in the lifetimes of prostheses are extensive, but

the differences within a prosthesis type are rather limited. In a group of 158 patients with 453

replacements, the lifetime of the Groningen prosthesis was on average 15.8 weeks (no range

or median indicated).8 A recent evaluation of the Provox II prosthesis revealed that the aver-

age lifetime in a population of 157 patients was 14.9 weeks with a range of 1 to 53 weeks,

although in this study patients who required replacement within 2 months were put on an

antimycotic regimen.9 Regular long-term exposure of bacteria and yeasts to antibiotics and

antimycotics unavoidably leads to the development of microbial resistance. As the overall 

5-year survival rate of laryngectomized patients is 70%, the prescription of antimycotics to
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laryngectomized patients solely to prolong the prosthesis lifetime may strongly contribute to

the development of antimycotic resistance amongst yeasts, as there exists only a limited num-

ber of antimycotics at present.10,11 The development of increasing resistance against anti-

biotics and antimycotics has renewed scientific interest in probiotic bacteria.12 The reported

beneficial effects of probiotics include suppression of diarrhoea, anti-tumour activity, stimu-

lation of immunity, reduction of cholesterol levels and relief of lactose intolerance.

A previous study examined the in vitro effects of various dairy products with probiotic

bacterial strains on biofilm formation on voice prostheses, inspired by anecdotes suggesting

that the consumption of buttermilk or Turkish yoghurt may prolong the device lifetime.13,14 In

an in vitro artificial throat model, it was demonstrated that buttermilk and Yakult fermented

milk drink (milk drink containing Lactobacillus casei Shirota; Yakult, Almere, the Nether-

lands) had a strong inhibiting effect on biofilm formation. The artificial throat enables isolat-

ed single factors influencing biofilm formation to be studied separately, in contrast with in

vivo studies.15 Interestingly, none of the previous attempts working in the artificial throat with

isolated pure cultures of bacteria or yeasts from explanted voice prostheses yielded biofilms

on voice prostheses that resembled those found on used prostheses. In a teleological

approach, inoculation with a mixture of bacteria and yeasts taken from an explanted Gronin-

gen voice prosthesis without identification of all strains and species included, provided us

with these clinically relevant biofilms.16 A teleological approach as applied here, has as the

scientific drawback that the inoculum is microbiologically less well defined, but because of

the multitude of strains and species in oropharyngeal biofilms working in concert while col-

onizing a prosthesis in an unsterile environment with constant new microbial challenges, 

a reductionistic approach with isolated single strains is likely to fail to mimic the clinical 

situation. 

The aim of this study was to investigate the antimycotic effects of probiotic bacteria on

colonized voice prostheses. For some of the probiotic strains used in this study, antimycotic

effects have been reported, while others are known to excrete biosurfactants that discourage

pathogen adhesion to biomaterials surfaces.17, 18

Materials and methods

Voice prostheses

“Low Resistance” Groningen voice prostheses (Medin Instruments and Supplies, Groningen,

The Netherlands) and Provox II voice prostheses (Atos Medical AB, Hörby, Sweden) were

used in this study. The low-resistance Groningen voice prosthesis consists of a tube with 2
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flanges with a semicircular slit of 145° in the “hat” of the oesophageal flange, functioning as

an 1-way valve. The Provox II voice prosthesis is a biflanged device. The valve is molded into

one piece with the prosthesis and supported by a radiopaque, fluoroplastic ring, that is fas-

tened in the shaft of the prosthesis. A diagrammatic comparison of both silicone rubber pros-

theses has been given by Leunisse et al.15

Probiotic strains

The probiotic bacterial strains used are listed in the Table 19-21 together with the pH of the sus-

pension, reported antimycotic or antibiotic effects, proven production of biosurfactants, the

growth medium used and the source of the strain. Each probiotic strain was cultured from

agar plates in its specific growth medium for 24 hours at 37oC. This culture was used to inoc-

ulate a second culture, that was grown for 16 hours. All strains were grown in ambient air

except for Lactobacillus strains which were cultured in 5% carbon dioxide. Bacterial cultures

were washed twice with demineralized water by centrifuging at 6500g for 5 minutes. The

bacterial pellets were resuspended in demineralized water at a concentration of 1x109 bacte-

ria per milliliter.

Biofilm formation in the artificial throat 

The voice prostheses were placed in 2 transparant modified Robbins devices, called artificial

throats, described in detail before.14 Each artificial throat was equipped with 3 Groningen and

2 Provox II voice prostheses. The third Groningen voice prosthesis was used for scanning

electron microscopic examination. The previously isolated, total cultivable microflora from

an explanted Groningen voice prosthesis, containing a variety of yeasts and bacterial strains,

among which Candida albicans, Candida tropicalis, streptococcal and staphylococcal

strains, was stored as a frozen stock. Aliquots were thawed at room temperature and cultured

in a mixture of 30% brain heart infusion broth (OXOID, Basingstoke, Great Britain) and 70%

defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g L-asparagine, 10 mg 

L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophane, 1 g KH
2
PO

4
, 500 mg

MgSO
4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100 mg yeast extract, 500 mg H

3
BO

3
, 400

mg ZnSO
4
.7H

2
0, 120 mg FE(III)Cl

3
, 200 mg Na

2
MoO

4
.2H

2
O, 100 mg KI, 40 mg CuSO

4
.5H

2
O)

and used to inoculate the artificial throats during 5 hours. Subsequently, a biofilm was

allowed to grow on the voice prostheses during 3 days by filling the devices with growth

medium. On the 4th day, the devices were perfused with phosphate buffered saline (10mM

potassium phosphate and 150mM NaCl, pH 7.0) serving as a control or a probiotic suspen-

sion, after which the prostheses were left in the moist environment of the drained artificial

throats. This perfusion scheme was repeated 3 times a day during 9 days. At the end of each
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Table 1. Probiotic bacteria used in this study 

Strain PH* Growth Source Probiotic effects [reference]

medium

Streptococcus thermophilus B 4.0 M17a, with 1% NIZO, Ede, the Production biosurfactants,

sucrose Netherlands inhibiting Candida adhesion19

Lactococcus lactis 53 5.3 BHI a Nutricia, Antimycotic effects20

Zoetermeer,

The Netherlands

Lactococcus rhamnosus 744 3.7 MRS a Nutricia, –

(ATCC7469) Zoetermeer,

The Netherlands

Lactobacillus  fermentum B54 6.3 MRS a Provided by Biosurfactant release 21

Dr. G. Reid,

London

Ontario, Canada

Enterococcus faecium 60 37.3BHI a Nutricia, –

Zoetermeer,

The Netherlands

Lactobacillus casei Shirota 4.3 MRS a Isolated from Biosurfactant release 21

Yakult®

fermented milk drink,

Yakult®,

Almere,

The Netherlands

Bifidobacterium  infantis 420 5.1 Defined Nutricia, –

medium Zoetermeer,

The Netherlands

Lactococcus lactis cremoris 5.9 BHI a, with NIZO, Ede, –

SK11 0.5% lactose The Netherlands

a. M17: (OXOID, Basingstoke, Great Britain) with 1% saccharose added 

MRS: de Man, Rogosa and Sharpe (Merck, Darmstadt, Germany)

BHI: brain heart infusion broth (OXOID, Basingstoke, Great Britain)

* Of diluted suspension as used in this study.



day all artificial throats were filled with growth medium for half an hour and left empty

during the night after draining. The experiments lasted 15 days in total and were performed

at room temperature. The tracheal sides of the prostheses were left in ambient air without

taking precautions to prevent infections from the air, similar to the situation with a stoma. 

Evaluation of biofilms 

On the 15th day of the experiment the prostheses were removed from the artificial throats

after a final perfusion with phosphate buffered saline. Subsequently the biofilm was removed

from the valve sides of the prostheses by scraping and, after sonication (60 seconds), serially

diluted in reduced transport fluid (per liter: 0.9 g NaCl, 0.9 g (NH
4
)

2
SO

4
, 0.45 g KH

2
PO

4
, 0.39

g MgSO
4
.7H

2
O, 0.45 g K

2
HPO

4
, 0.37 g EDTA, 0.2 g cysteine HCl). Microbial compositions

of the biofilms were evaluated by plating the serial dilution on MRS (de Man, Rogosa and

Sharpe) agar plates for yeasts and blood agar plates for bacteria. After 3 days at 37°C in an

aerobic incubator, the numbers of bacterial and fungal colony forming units per mL

(CFU/mL) were determined for each prosthesis and for those in the artificial throats perfused

with a probiotic bacterial suspension. Subsequently, the number of colony forming units on

prostheses in the artificial throat perfused with a suspension of probiotic bacteria, were

expressed as a percentage relative to the number of colony forming units found on the con-

trol prostheses. Subsequently, potential variations in biofilm formation over different runs

were monitored from the control throat and eliminated from the analysis.  

Electron microscopic evaluation

Electron microscopy was only performed on Groningen voice prostheses as biofilm features

can be more easily discovered on Groningen than on Provox II prostheses. Biofilm covered

prostheses were flushed with 6.8% sucrose and 0.1 M cacodylate buffer (pH 7.4), fixed and

stained in 2% glutardialdehyde and 0.2% ruthenium red in 0.1 M cacodylate buffer at 4ºC and

flushed again. Post-fixation and staining was carried out in 1% OsO
4
and 0.2% ruthenium red

in cacodylate buffer by gently shaking for 3 hours at room temperature. Buffer washes and

dehydration involved the following rinsing procedures: 20 minutes in 6.8% sucrose in 0.1 M

cacodylate buffer; 3 times for 10 minutes each in bidistilled water; 20 minutes in respective-

ly 30, 50 and 70% ethanol and 4 times 30 minutes each in 100% ethanol. After critical-point

drying with CO
2

for 4 hours, the specimens were mounted on SEM stubs and sputter-coated

with gold/paladium (15 nm). SEM observations were taken, made using the JEOL 6301, with

different magnifications at 15-25 kV.
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Results

Groningen voice prostheses 

Exposure of prostheses to a suspension of L. lactis 53 had the strongest inhibitory effect on

bacteria and yeast prevalence in the biofilms and reduced the percentages of bacteria and

yeasts to 17% and 22%, respectively. Suspensions of S. thermophilus B, L. rhamnosus 744,

B. infantis 420 and L. lactis cremoris SK11 yielded reductions in percentage numbers of bac-

teria ranging from 45% (L. rhamnosus 744) to 61% (B. infantis 420; Figure 1A), while they

reduced the percentages of yeasts from 33% (S. thermophilus B) to 74% (B. infantis 420). L.

casei Shirota reduced the amount of bacteria and yeasts to 82% and 39%, respectively.  

Provox II voice prostheses 

Strong reductions of the percentage number of bacteria by L. lactis cremoris SK11 (7%),

S. thermophilus B (14%) and Enterococcus faecium 603 (17%) were observed, while L. lac-

tis 53 and B. infantis 420 reduced the amount of bacteria to 19% and 38%, respectively 

(Figure 1B). A S. thermophilus B suspension fully eliminated all yeasts from the biofilm, but

of all other probiotic suspensions only those suspensions with L. lactis 53 and B. infantis 420

showed an inhibitory effect on yeast prevalence.

Scanning electron microscopy 

Figure 2A shows a scanning electron micrograph of a Groningen voice prosthesis from an

artificial throat perfused with phosphate-buffered saline solution. The surface shows a

biofilm consisting of bacteria and yeasts with clear ingrowth into the silicone rubber. The sur-

face of the voice prosthesis, taken from the artificial throat perfused with a L. lactis 53 sus-

pension on the other hand (Figure 2B) showed less biofilm and ingrowth features can hardly

be discerned.

Discussion

Extending the lifetime of voice prostheses has been attempted for several years as it would

improve the quality of life of laryngectomized patients as well as contribute to cost savings

in health care. Clinical studies are hampered by the multitude of environmental and dietary

factors influencing biofilm formation on voice prostheses, and the artificial throat was intro-

duced to enable the study of isolated single factors, as done here for probiotic bacterial sus-

pensions. 
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At the end of the 19th century, the Russian scientist Metchnikoff studied probiotic bacteria

and their effect on health and disease, but with the introduction of chemotherapy and peni-

cillin in the 1940s this line of research was not further pursued. As nowadays antimicrobial

resistance is a growing source of concern in modern medicine, and health-improving, func-

tional foods are gaining in popularity, the development of alternative prophylactic and thera-
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Figure 1.

Percentage of bacteria and

yeasts (see text for

abbreviations) isolated from

voice prostheses after biofilm

formation in artificial throat

and perfusion with various

probiotic suspensions. As a

control, set at 100%,

perfusion with phosphate-

buffered saline solution was

used. All experiments were

done in duplicate. 



Chapter 7

7 | 96

Figure 2.

Scanning electron micrographs of Groningen voice prostheses removed from the artificial throat

after 15 days. The bar equals 10 �m and pertains to both A and B.

A. Voice prosthesis taken from artificial throat perfused with phosphate buffered saline solution.

Biofilm and microbial ingrowth into the silicone rubber are clearly visible.

B. Voice prosthesis taken from artificial throat perfused with Lactococcus lactis 53 suspension. 

A

B



peutic agents, including the use of probiotics, has been revitalised again.12,17,18 Lactobacilli are

one of the most well known probiotic strains and play an important role in the maintenance

of a healthy intestinal and urogenital tract.21,22 Other strains known to have probiotic effects

are Lactococci, Enterococci, Bifidobacterium and Streptococci. Some strains, however, may

also have pathogenic trades and are therefore less suitable for clinical use. The mechanism by

which probiotic bacteria exert their beneficial effects is not entirely clarified yet. The Table

shows that some strains are able to release biosurfactants, while others are known to have

antimycotic effects and produce lactic acid or hydrogen peroxide. Also, competitive adhe-

sion,20,23-25 activation of the immune system,19 and nutrient competition26 have been suggested

as mechanisms by which probiotic bacteria exert their beneficial effects. 

The neopharynx in laryngectomized patients has major anatomical differences as com-

pared with a healthy pharynx, including reduced salivary flow rates as a result of post-

operative radiation therapy, and the presence of a foreign body, the voice prosthesis. Such

changes in ecosystem are known to affect the microflora, causing a shift towards a more

fungal-rich flora, as in denture wearers.27 We found that yeast prevalence in voice prosthetic

biofilms can be affected by introduction of probiotic bacteria in the ecosystem through the

consumption of L. lactis 53 when the foreign body is the Groningen prosthesis, whereas

introduction of S. thermophilus B has the greatest beneficial influence on yeast prevalence in

biofilms on Provox II prostheses. Possibly, the specific geometry of the different prostheses

influences which probiotic strain most successfully competes with the yeasts. Assuming

yeast prevalence is associated with failure of the prosthesis, increases in prothesis lifetime are

to be expected from consumption of these probiotic strains, in line with the anecdotes circu-

lating in patient populations. 

Parker et al,28 however, have suggested that besides yeasts, bacteria play an important role

in prosthesis failure; streptococci have been associated with valve leakage, while enterococ-

ci have been held responsible for increased airflow resistance. Despite the effects of the pro-

biotic bacteria on yeast prevalence in the biofilms, the probiotic strains apparently have a low

tendency to colonize the voice prostheses themselves (see Figure 1), as general bacterial

prevalence in the voice prosthetic biofilms had been reduced. This finding points to indirect

interference mechanisms on the part of the probiotic bacteria, such as lactic acid and hydro-

gen peroxide production or the release of biosurfactants.    

To summarize, it has been demonstrated that probiotic bacteria reduce biofilm formation

on voice prostheses. Increased prosthesis lifetimes can be expected from carefully designed

food supplements containing these bacteria. The bacteria can be administered in different

forms, such as freeze-dried in sachets or in a dairy product.
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Chapter 8

Caffeinated soft drinks reduce bacterial prevalence in voice
prosthetic biofilms

R.H. Free, G.J. Elving, H.C. van der Mei, R. van Weissenbruch, F.W.J. Albers, 

H.J. Busscher

Biofouling 2000;120: 69-76

Introduction

Silicone rubber tracheo-oesophageal voice prostheses, placed in a surgically created fistula in

between the trachea and the oesophagus, are used by laryngectomized patients to regain their

voice and speech. By closing the tracheostoma with a finger, air is conducted through the

valve of the prosthesis into the neopharynx, where remaining mucosal and muscular struc-

tures are brought into vibration. After 3–4 months,1,2 the voice prostheses usually fail because

of the formation of a biofilm on the oesophageal side of the prosthesis, consisting of a multi-

tude of bacterial and yeast strains.3,4,5 Yeasts, notably Candida albicans are mainly held

responsible for the dysfunction of the voice prosthesis, but also streptococci are believed to

cause leakage, while enterococci are held responsible for increased airflow resistance.6

Recenly Rothia dentrocariosa (Elving et al., personal observations) have been suggested as

causative organisms for prosthesis failure. Tracheo-oesophageal shunt speech, together with

oesophageal injection speech and the use of an electrolarynx, is the most succesful method of

speech restoration, leading to a high quality of speech within 14 days post-operatively.7 Aug-

mentation of the lifetime of voice prostheses would improve the quality of life of laryngec-

tomized patients, as well as lead to savings on health care.

Current practice in otorhinolaryngology to prolong the lifetime of voice prostheses

includes controversial, long-term prescription of antimycotics, although a clinical effect has

not been proven.2,8 In an era in which antibiotic and antimycotic resistance among micro-

organisms is rapidly emerging, the otorhinolaryngologist thereby contributes to the devel-

opment of microbial resistance.9 Alternatively, among laryngectomized patients, anecdotal
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evidence circulates about the potential beneficial effects of buttermilk, Turkish yoghurt and

caffeinated soft drinks. Scientific evidence is difficult to obtain in clinical studies, because

biofilm formation on voice prostheses is governed by a multitude of environmental and

patients life style-related conditions that are difficult to control over extended periods of time.

In order to evaluate the effects of isolated, single factors on the development of biofilms on

voice prostheses, an artificial throat10 has been designed, i.e. a modified Robbins device, in

which a number of voice prostheses could be fitted. Essential to establish clinically relevant

biofilms on voice prostheses in the artificial throat, is a so-called teleological biofilm model.11

In this approach, the entire microflora from an explanted voice prosthesis is used to inoculate

the device, without isolation and identification of the micro-organisms composing the flora.

A second important feature in the design of a relevant biofilm is that the colonizing organisms

are passed through cycles of feast and famine12, which is essential to stimulate the colonizing

yeasts to grow into the silicone rubber prosthesis material.

The aim of this study is to investigate the influence of caffeinated soft drinks, as an iso-

lated single factor, on the formation and microbial composition of a biofilm on silicone rub-

ber voice prostheses in an artificial throat.

Materials and methods 

Voice prostheses

“Low Resistance” Groningen voice prostheses were supplied by Medin Instruments and Sup-

plies (Groningen, The Netherlands) and Provox II voice prostheses were provided by Atos

Medical AB (Hörby, Sweden). The low-resistance Groningen voice prosthesis (Figure 1A)

consists of a tube with two flanges and a semicircular slit of 145° in the hat of the

oesophageal flange, functioning as an one-way valve. The ProvoxII voice prosthesis (Figure

1B) is a biflanged device. The valve is moulded into one piece with the prosthesis and sup-

ported by a radiopaque, fluoroplastic ring, which is fastened in the shaft of the prosthesis.

Both types are made of medical grade silicone rubber and only differ in their design. 

Soft drinks

The caffeinated soft drinks used are listed in Table 1, together with their pH and sugar con-

tent. A decaffeinated and a sugar-free version of one caffeinated soft drink were included. 

As controls phosphate buffered saline (PBS) and carbonated mineral water (CMW) were

used. 
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Biofilm formation in the artificial throat

The voice prostheses were placed in two transparant modified Robbins devices, described as

artificial throats.10 Each was equipped with three Groningen and two Provox II voice pros-

theses. The third Groningen voice prosthesis was used for electron microscopy. The total cul-

tivable microflora from an explanted Groningen voice prosthesis, containing a variety of

yeasts and bacterial strains, among which Candida albicans, Candida tropicalis, streptococ-

cal and staphylococcal strains, was cultured in a mixture of 30% brain heart infusion broth

(OXOID, Basingstoke, Great Britain) and 70% defined yeast medium (per liter: 7.5 g glu-

cose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g L-asparagine, 10 mg L-histidine, 20 mg DL-methionine, 20 mg

DL-tryptophane, 1 g KH
2
PO

4
, 500 mg MgSO

4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100

mg yeast extract, 500 mg H
3
BO

3
, 400 mg ZnSO

4
.7H

2
0, 120 mg FE(III)Cl

3
, 200 mg

Na
2
MoO

4
.2H

2
O, 100 mg KI, 40 mg CuSO

4
.5H

2
O) and used to inoculate the artificial throats

during 5 hours. Subsequently, a biofilm was allowed to grow on the voice prostheses over 3

days by filling the devices with growth medium. On the fourth day, the devices were perfused

with 650 ml phosphate buffered saline (10mM potassium phosphate and 150 mM NaCl, pH

7.0), serving as a control, or a soft drink, after which the prostheses were left in the moist

environment of the drained artificial throats. This perfusion scheme was repeated three times

a day over nine days. At the end of each day all artificial throats were filled with growth me-

dium for half an hour and left overnight after draining. The experiments lasted fifteen days in
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Figure 1.

Schematic presentation of Groningen Low Resistance

and Provox II voice prosthesis.



total and were performed at room temperature. The tracheal sides of the prostheses were left

in ambient air without taking precautions to prevent infections from the air, similar to the

situation with a stoma.

Evaluation of biofilms

On the fifteenth day of the experiment the voice prostheses were removed from the artificial

throats after a final perfusion with 200 ml PBS. Subsequently, the biofilm was removed from

the valve sides of the prostheses by scraping and, after sonication (60 s), serially diluted in

reduced transport fluid (RTF) (per liter: 75 ml of Solution I (1.2% NaCl, 1.2% (NH
4
)

2
SO

4
,

0.6% KH
2
PO

4
, 0.51% MgSO

4
.7H

2
O); 75 ml of Solution II (0.6% K

2
HPO

4
); 10 ml of 3.72%

EDTA; 20 ml of 1% cysteine HCl and 820 ml of distilled water). The microbial compositions

of the biofilms were evaluated by plating the serial dilution on MRS (de Man, Rogosa and
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Table 1. Soft drinks used, with their pH and sugar content.

Soft drink PH Sugar content Source

PBS, control 7.0 No sugar

Carbonated mineral water 3.7 No sugar Spa Rood, Spa Monopole N. V.,

Spa, Belgium.

Caffeinated soft drink I 2.6 Sugar Coca-Cola, The Coca-Cola company,

bottled by Coca Cola Enterprises

Nederland B.V., Schiedam,

The Netherlands. 

Caffeinated soft drink II 2.5 Sugar Pepsi Cola, Pepsico Inc. New York, 

U.S.A., bottled by Vrumona B.V. 

Antwerpen, Belgium.

Decaffeinated soft drink 3.2 No sugar. Replaced by aspartaam. Decaffeinated Coke Light, 

and acesulfaam – K The Coca-Cola company, bottled by

Coca Cola Enterprises Nederland B.V.,

Schiedam, The Netherlands.

Sugar free caffeinated 3.2 No sugar. Replaced by aspartaam Coca-Cola Light, The Coca-Cola 

softdrink and acesulfaam – K. company, bottled by Coca-Cola 

Enterprises Nederland B.V. Schiedam,

The Netherlands 



Sharpe) agar plates for yeasts, and blood agar plates for bacteria. After two days at 37° C in

an aerobic incubator, the numbers of bacterial and fungal colony forming units per ml

(CFU/ml) were determined for each prosthesis separately and expressed as a percentage

number with respect to the control. The consistency of the results was secured by comparison

with the control throat. 

Scanning electron microscopic evaluation

Electron microscopy was only done on Groningen voice prostheses as, due to their design,

biofilm features can be more easily assessed and compared on Groningen than on Provox II

voice prostheses. Biofilm covered voice prostheses were flushed with 6.8% sucrose and 0.1

M cacodylate buffer (pH 7.4), fixed and stained in 2% glutardialdehyde and 0.2% ruthenium

red in 0.1 M cacodylate buffer at 4° C and flushed again. Post-fixation and staining was car-

ried out in 1% OsO
4

and 0.2% ruthenium red in cacodylate buffer by gently shaking for 3 h

at room temperature. Buffer washes and dehydration involved the following rinsing proce-

dures: 20 min in 6.8% sucrose in 0.1 M cacodylate buffer; 3 x 10 min bidistilled water; 20

min in respectively 30, 50 and 70% ethanol and 4 x 30 min in 100% ethanol. After critical-

point drying with CO
2

for 4 h, the specimens were mounted on SEM stubs and sputter-

coated with gold/paladium (15 nm). SEM observations were taken, made using the JEOL

6301, with different magnifications at 15-25 kV.

Microbial growth inhibition test

To study the direct effect of the soft drinks used on oropharyngeal yeasts and bacteria a

growth inhibition test was performed as described by Elving et al.13 Candida albicans, Can-

dida humicola and Rothia dentrocariosa, Staphylococus epidermidis and Streptococcus

vestibularis, all voice prosthetic isolates, were cultured overnight and harvested by centrifu-

gation and diluted in RTF to a concentration allowing confluent growth when plated with a

cotton swab on the agar. Yeasts were plated on MRS, while bacteria were plated on brain

heart infusion agar. Agar plates were dried for 20 min at room temperature and 5 �l of soft

drink were spotted onto the surface of the agar plate. After overnight incubation, the agar

plates were screened for growth inhibition zones around the soft drink spots. 

Results

After perfusing an artificial throat intermittently over 9 days three times a day with 650 ml of

caffeinated soft drink I (see Figure 2), the number of bacteria in the biofilm on Groningen and
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Provox II voice prostheses was reduced to 1% of the number of bacteria found when perfus-

ing an artificial throat with PBS. The amount of yeasts in the biofilm was 116% and 81% of

the control, respectively. Caffeinated soft drink II reduced the amount of bacteria on the

Groningen prostheses to 5% and on the Provox II voice prosthesis to 4% of the control, while

the amount of yeasts were 172% and 197%, respectively. 

Perfusion of an artificial throat with a decaffeinated or sugar-free version of one of the

soft drinks did not have this inhibitory effect on bacterial prevalence in the biofilm on either

type of prostheses (see also Figure 2). In addition, CMW, used as a second control, did not

show any inhibitory effect on the Groningen prostheses, while it reduced bacteria on Provox

prostheses to 41% of the control.  

Figure 3 shows the surface of a Groningen voice prosthesis taken from the artificial throat

perfused with caffeinated soft drink I. Patches of biofilm are visible, while the high magnifi-

cation shows predominantly yeasts.  

In an agar diffusion test, it was separately assessed, that none of the soft drinks showed

any growth inhibition of oropharyngeal yeasts (Candida albicans and Candida humicola) or

bacteria (Rothia dentrocariosa, Staphylococcus epidermidis and Streptococcus vestibularis).

Discussion

Consumption of excessive amounts of soft drinks, notably caffeinated soft drinks has been

associated with both health and disease. Caffeinated soft drinks are well known among

travellers to have a positive effect on diarrhoea as an alternative for oral rehydration salts and

can be used to enhance resorption of medication. On the other hand, erosion of teeth may

occur after daily consumption of excessive amounts of caffeinated soft drinks.14 In addition,

effects on feeding tube clogging and on bolus obstruction in oesophageal strictures are

reported, as well as a spermacidal effect, when using caffeinated soft drinks as a post coitum

rinse.15,16,17

The present study investigates the influence of caffeinated soft drinks, as an isolated sin-

gle factor, on the formation of a biofilm on voice prostheses in vitro, as well as the prevalence

of bacteria and yeasts in these biofilms. Previously, dietary factors such as the consumption

of buttermilk18 and other dairy products with probiotic bacteria19,20 have been demonstrated to

have an inhibitory effect on the formation of voice prosthetic biofilms in an artificial throat.

In the present study only caffeinated soft drinks reduced bacterial prevalence in the biofilms,

while yeasts thrived. The small difference in effects between the two types of voice prosthe-

ses is most likely due to differences in design. Neither the decaffeinated soft drink (pH 3.2)

Chapter 8

8 | 106



with a slightly higher pH than caffeinated soft drink I (pH 2.6), nor the sugar-free version at

pH 3.2 (see Table 1) reduced the number of bacteria in the biofilm. This suggests that

caffeine, or a combination of a low pH and high sugar content, may be essential to the

inhibitory effects measured, although no inhibitory effects were measured of the caffeinated

soft drinks in an agar diffusion test. Alternatively, the caffeinated soft drinks may decrease the

cohesivity of the biofilms causing detachment during the perfusion steps, although it is hard

Caffeinated soft drinks and biofilms
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Figure 2.

The percentage of

bacteria and yeasts

isolated from silicone

rubber voice prostheses in

an artificial throat, after

daily perfusion with

caffeinated softdrinks.

Results are expressed

relative to phosphate

buffered saline, as a

control set at 100%. The

experiments with

caffeinated soft drink I

was performed four times,

all other experiments were

conducted in duplicate,

with two prostheses of

each type included per

run. Correspondence in

the absolute values of

microbial prevalence

between runs was better

than 5%.



to imagine why this would only affect bacterial prevalence. 

Yeasts are believed to be mainly responsible for the disfunctioning of voice pros-

theses,3,4,5,21 but Parket et al.6 suggested that certain bacterial strains are involved as well, in

which case the use of caffeinated soft drinks by patients could help augment the lifetime of

their voice prostheses through their effects on bacterial prevalence.

In summary, this in vitro study shows that caffeinated soft drinks reduce bacterial preva-

lence in voice prosthetic biofilms. The relevance of the present results for laryngectomized

patients has to be established in a clinical trial, which might be difficult because of the mul-

tiple factors influencing biofilm formation on voice prostheses in vivo. However, this study

points to rather simple alternatives to antibiotics and antimycotics to influence biofilm for-

mation on voice prostheses and prolong their lifetime through the incorporation of caffeinat-

ed soft drinks in a carefully designed diet for laryngectomees.
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Figure 3.

Scanning electron micrograph of a Groningen voice prosthesis taken from an

artificial throat perfused with caffeinated soft drink I. Patches of biofilm are

visible on the oesophageal side, while the insert shows predominantly yeasts.

Bar 1 mm and 10 �m for the insert. 
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Chapter 9

Summary and Conclusions

Summary

Laryngectomized patients use silicone rubber voice prostheses to regain their voice and

speech after removal of the larynx, mostly as the direct consequence of laryngeal cancer. This

tracheo-oesophageal shunt speech is regarded as the most successful method of voice restora-

tion, giving a high quality of alaryngeal speech and can be used within 14 days after laryn-

gectomy. Alternative methods of voice restoration are the oesophageal injection speech and

the use of an electrolarynx.

Since the introduction of the first indwelling voice prosthesis in 1979, several types 

of voice prostheses have been developed, all of which eventually suffer from deteriora-

tion caused by biofilm formation. Colonization of the prostheses by bacteria and yeast 

leads to deterioration of the silicone rubber, leakage of the valve or a higher airflow resis-

tance making speech more difficult. The average lifetime of these devices is limited to 3 to 

4 months, after which they have to be replaced. Frequent replacement can lead to damage 

of the shunt with granulation formation due to local cellulitis, scar tissue formation, insuffi-

ciency or stenosis, presents discomfort to most patients and leads to higher costs in health

care.

During biofilm formation various exogenous and endogenous factors are involved.

Endogenous factors include individual commensal bacteria from oral, oesophageal and skin

flora, influence of residual flow and composition of saliva after irradiation, local shear forces

of the posterior oesophageal mucosal surface on the prosthesis, gastro-oesophageal reflux,

and the effect of anatomical conditions after surgery. Exogenous factors identified are
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medication, intoxication, nutrition, airflow and air temperature, exposition to pathogenic bac-

teria, and the use of other specific products that could influence the formation of biofilm. 

In this thesis we have highlighted several aspects of biofilm formation on voice pros-

theses and discussed potential methods to lengthen the lifetime of voice prostheses by influ-

encing this biofilm development during implantation.

In chapter 2 the role of polymicrobial biofilms was discussed in relation to device failure. In

comparison to other implantable devices potential interventions are discussed and highlight-

ed. Any intervention should be based upon laboratory and clinical observations. Potential

probiotic strains effective in laboratory should be tested in well designed clinical studies. In

the future genetically designed microbes with beneficial health effects could be manufactured

for these applications. Since biofilm formation is a complex multifactorial process, these

applications should probably be more effective in mixed probiotic solutions with prolonged

local expositions. 

In chapter 3 746 (re)placements of Groningen and Provox II voice prostheses in 138 patients

were studied retrospectively to determine the mean lifetimes of these prostheses. With a mean

lifetime of 105 days for the Groningen prosthesis and 86 days for the Provox prosthesis, these

results are comparable with other research groups. The mean lifetime of the first inserted

prosthesis was significantly longer: 165 days.

Also, a statistical analysis was conducted in which the effects of various exogenous fac-

tors on the lifetime of Groningen and Provox II voice prostheses were evaluated. No signifi-

cant effect of any variable (age, health, medication, pre-operative smoking or drinking

behaviour, radiotherapy, granulation tissue, dental status or the consumption of buttermilk,

yoghurt, milk, beer or caffeinated softdrinks) was found. 

The broad variation in lifetimes of voice prostheses in between patients (inter-individual)

as well as per patient (intra-individual) registered in this study are in conformity with the con-

sideration that the formation of biofilm is a multifactorial process. However, evaluation of

multiple or even single factors affecting biofilm formation on voice prostheses cannot easily

be conducted in vivo, due to the multitude of changing factors in the patient lifestyle or envi-

ronment. To further study methods to prolong lifetimes of voice prostheses and to be able to

evaluate the effect of a single factor on biofilm formation, it was decided to design in vitro

experiments using the artificial throat to investigate single factors influencing biofilm forma-

tion on voice prostheses.
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Using the artificial throat in chapter 4 a possible effect of airflow on biofilm formation was

investigated. Groningen and Provox II voice prosthesis were placed in a modified Robbins

device and inoculated with the total microflora from an explanted Groningen voice prosthe-

sis. After three days, the prostheses were flushed with the Provox flush®, treated with an air-

flow of increasing air pressure (10, 15, 20 cmH
2
O) or vigorously perfused by means of

imitated coughing (20 cmH
2
O). As a control, prostheses were left undisturbed to promote

biofilm growth. This procedure was repeated three times a day during 9 days, imitating a

daily maintenance scheme, after which the throats were filled with growth medium for 30

minutes and left empty during the night after draining. After 12 days the microflora on each

prosthesis was quantified by plating. 

Results of this experiment show a reduction of bacterial prevalence on Groningen and

Provox II voice prostheses to 71% and 45% of the control. The amounts of yeast were not

affected. Increasing airflows and imitated coughing yielded reductions of 45-70% in bacterial

and yeast prevalence on Provox II prostheses. The effects on Groningen prostheses were less

pronounced (56-87%). Hence, the daily use of an airflow device like the Provox flush® has a

cleansing effect, especially on Provox  II voice prostheses and can be expected to prolong the

lifetime of these devices.

In chapter 5 and 6 evidence was found to confirm anecdotes from patients and their support

groups in The Netherlands and Turkey suggesting that certain dairy products prolong the life-

time of their voice prosthesis. For these studies the artificial throat-model was used. Perfu-

sion of the artificial throat with buttermilk three times daily for nine days reduced the amount

of bacteria and yeast in the biofilm on Groningen voice prostheses to 3% and 15% of the con-

trol, respectively. These effects were not observed with a pasteurized conservable buttermilk

product. Yakult fermented milk drink, Mona mild yoghurt, Mona Vifit yoghurt, semi-

skimmed milk and low-fat yoghurt reduced the amount of bacteria in various degrees rang-

ing from 12% (Yakult) to 88% (Mona mild) of the control, but these products did not inhibit

and sometimes even stimulated yeast growth. A combination of buttermilk and Yakult did not

show a synergistic effect, as expected. Effects for the Provox II voice prosthesis were less

pronounced. These in vitro experiments in the artificial throat demonstrated that biofilm for-

mation on voice prostheses can be lessened by the daily use of certain dairy products, of

which buttermilk had the strongest inhibitory effect, followed by Yakult.

Consecutively, in chapter 7 the influence of probiotic bacteria on biofilm formation on

Groningen and ProvoxII voice prostheses in an artificial throat was studied. Probiotic bacte-

ria are bacteria with a positive effect on health, and are being used to create dairy products.

Summary and Conclusions
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Biofilms on both types of voice prostheses were grown and exposed three times daily to a

probiotic bacterial suspension. As a control, we perfused an artificial throat with phosphate-

buffered saline solution. Perfusion with Lactococcus lactis 53 suspension reduced the per-

centages bacteria and yeast on Groningen prostheses to 17% and 22% and on the Provox II

prostheses to 19% and 45%, compared to the control, which was set at 100%. A suspension

of Streptococcus thermophilus B reduced the percentages bacteria and yeast, respectively, on

the Groningen prostheses to 53% and 33% and on the ProvoxII to 14% and 0%, as compared

to the control prosthesis. All other probiotic strains tested caused some reduction in the

percentages of bacteria or yeast, however strong differences between the types of prostheses

were observed. In  conclusion, L. lactis 53 and S. thermophilus B strongly reduced the occur-

rence of yeast and bacteria in voice prosthetic biofilms. 

In chapter 8 the influence of caffeinated soft drinks on biofilm formation on silicone rub-

ber voice prostheses was investigated in a modified Robbins device. Robbins devices 

were first inoculated with the total cultivable microflora from an explanted voice prosthesis

during three days, after which the devices were perfused three times daily over a 12 days time

period with 650 ml of either phosphate buffered saline or carbonated mineral water (con-

trols), caffeinated soft drinks (two brands), a decaffeinated or a sugar-free version of one of

the caffeinated soft drinks. Both caffeinated soft drinks reduced bacterial prevalence in the

biofilms to 1-5% of the control, while yeasts thrived in voice prosthetic biofilms exposed to

caffeinated soft drinks. The controls, nor the decaffeinated or the sugar-free version showed

these effects on bacterial prevalence. 

Conclusions 

The lifetime of a voice prosthesis is dependent on the amount and composition of the biofilm

on the prosthesis (and also on the type of prosthesis). This biofilm formation is a multifacto-

rial process which is difficult to study in an in vivo situation due to the multitude of influen-

tial factors. In a retrospective multifactorial analysis no factors could be found to have a

significant effect on the lifetime of these devices.

Therefore in this thesis, the effects of single factors on biofilm formation were studied

using the artificial throat model. Biofilm growth in the artificial throats was initiated using the

biofilm of an explanted Groningen voice prosthesis, without knowing the exact composition

of this biofilm. This teleological approach was based on practical and technical considera-

tions. As we used the same ‘explanted’ biofilm in all experiments including the controls, and

Chapter 9

9 | 114



performed the experiments in duplicate or triplicate, all experiments can be regarded as

reliable and reproducible, within the limitations caused by working with viable micro-

organisms. 

In future in vitro studies using the artificial throat it is recommended to start flushing the

artificial throat starting from day one, as comparable to the in vivo situation, and to imitate

the physiological condition of the body temperature in the artificial throat by adjusting a

heating device.

The use of airflow, dairy products like buttermilk (containing the probiotic bacterium

Lactococcus lactis), certain probiotic suspensions and the use of caffeinated soft drinks were

found to diminish biofilm formation on voice prostheses under in vitro conditions. Although

the exact ingredients responsible for the diminishing of biofilm formation including the via-

bility of probiotic bacteria in commercially available health products were not determined in

this thesis dairy products and probiotic suspensions have demonstrated a significant effect on

biofim formation. Evaluation of the promising results of this study should be performed in a

prospective, controlled cross-over in vivo study to further determine the relevance for the

clinical practice. 

Summary and Conclusions
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Samenvatting en Conclusies

Samenvatting

Spraakprothesen worden gebruikt door gelaryngectomeerde patiënten, die als gevolg van

stembandkanker hun strottenhoofd (glottis) inclusief stembanden verliezen en daarmee hun

vermogen tot spreken. Na de operatie (larynxextirpatie; laryngectomie) ademt de patiënt via

een tracheostoma in de hals, terwijl de voedingsweg van mond via slokdarm (oesophagus)

naar maag in stand is gebleven. De verbinding tussen luchtpijp (trachea) en mondholte is dus

opgeheven. Naast veranderingen in de ademhaling en het slikken, is het verlies van de eigen

stem één van de meest ingrijpende en psychisch belastende gevolgen van deze ingreep. Het

is derhalve van belang een snelle spraakrevalidatie te realiseren. 

De tracheo-oesophageale shuntspraak, waarbij een siliconen rubberen spraakprothese

wordt gebruikt is de meest succesvolle vorm van spraakrevalidatie, welke binnen 14 dagen

na de operatie al kan worden benut. Andere vormen van spraakrevalidatie zijn de oeso-

phageale injectiemethode en het gebruik van een electrolarynx. Bij de tracheo-oesophageale

shuntspraak wordt een spraakprothese geïmplanteerd tussen slokdarm en luchtpijp (tracheo-

oesophageale fistel). Deze functioneert met een klepmechanisme; hierdoor kan er geen

voedsel en speeksel vanuit de slokdarm in de luchtpijp lopen, maar is het wel mogelijk om

na afsluiting met duim of vinger van het tracheostoma in de hals, de luchtstroom vanuit de

longen via de spraakprothese naar de slokdarm en keelholte te geleiden. Deze luchtstroom

zet weefsel (slijmvlies en spieren) ter hoogte van de slokdarmingang in trilling (pseudo-glot-

tis; pharyngo-oesophageale segment), waardoor geluid kan worden geproduceerd (Figuur 1).

Sinds de introductie van spraakprothesen in 1979 zijn er verschillende typen prothesen
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ontwikkeld. In Nederland worden de Groningen spraakprothese (Figuur 2A) en de Provox II

spraakprothese (Figuur 2B) het meest gebruikt. Naast verschillen in ontwerp, manier van

plaatsing en luchtstroomweerstand hebben alle typen spraakprothesen uiteindelijk te maken

met een beperkte levensduur, doordat bacteriën en gisten zich hechten op het oppervlak van

de prothese (biofilmvorming) (Figuur 3). Als gevolg van deze kolonisatie van de prothese,

wordt het klepmechanisme aangetast en zal de prothese gaan lekken of zal het spreken steeds

moeizamer worden doordat de luchtstroomweerstand van de prothese te hoog wordt. De

prothese dient dan te worden vervangen door de keel-, neus- en oorarts. Dit is een voor de

patiënt belastende ingreep met kostengenererende consequenties. Frequente wisselingen van

de prothesen kunnen tevens leiden tot granulaties rondom de tracheo-oesophageale fistel, lit-

tekenweefselvorming met stenosering of een insufficiënte prothese door een te ruime fistel-

opening (lekkage langs de prothese). Er zijn dus meerdere redenen waarom het verlengen

van de levensduur van spraakprothesen gewenst is.
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Figuur 1.

A. Anatomie voor de laryngectomie. B. Anatomie na de laryngectomie met Groningen spraakprothese. C.

Schematische tekening Groningen spraakprothese.

Figuur 2A.

Groningen spraakprothese.

Figuur 2B.

Provox II spraakprothese.



De gemiddelde levensduur van spraakprothesen is 3 tot 4 maanden, alhoewel dit per patiënt

sterk varieert. Een aantal endogene en exogene factoren zijn van invloed op de biofilmvor-

ming op spraakprothesen. Endogene factoren omhelzen individuele commensale bacteriën in

mond- en keelholte en op de huid, de invloed van speeksel, mechanische krachten van de

posterieure slokdarmwand tegen het oesophageale deel van de prothese, gastro-oesophagea-

le reflux en het effect van anatomische condities na de operatie. Exogene factoren die kun-

nen worden onderscheiden zijn medicatie, rook- en drinkgedrag, voedingsmiddelen, lucht-

stroom en luchttemperatuur, blootstelling aan pathogene bacteriën, en het gebruik van spe-

cifieke producten die de vorming van biofilm kunnen beïnvloeden. 

In dit proefschrift werd de levensduur van Groningen en Provox II spraakprothesen

onderzocht en werden mogelijke beïnvloedende factoren bestudeerd. Tevens werd een aan-

tal methoden om de levensduur van spraakprothesen te verlengen met behulp van exogene

factoren onderzocht in een in vitro situatie.

In hoofdstuk 2 werd de rol van microbiële biofilms besproken in relatie tot het falen van een

spraakprothese. Ook werden mogelijke interventiemethodes besproken.

In hoofdstuk 3 werden 746 wisselingen van Groningen en Provox II spraakprothesen bij 138

patiënten retrospectief bestudeerd. De gemiddelde levensduur van de Groningen prothese

was 105 dagen, terwijl de gemiddelde levensduur van de Provox II 86 dagen betrof. Deze

resultaten komen overeen met de literatuur. De gemiddelde levensduur van de eerstgeplaat-

ste prothese was significant langer: 165 dagen.
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Figuur 3.

Ongebruikte Groningen spraakprothese (links) en

Groningen spraakprothese met biofilm vorming (rechts).



Daarnaast werd een statistische analyse uitgevoerd waarin de effecten van enkele exogene

factoren op de levensduur van Groningen en Provox II prothesen werden bestudeerd. Bij

geen van de onderzochte variabelen (leeftijd, algemene gezondheidstoestand, gebruik van

medicatie, preoperatief rook- of drinkgedrag, radiotherapie, granulatieweefsel, dentitie, of de

consumptie van karnemelk, yoghurt, melk, bier of frisdranken) kon een significant effect

worden vastgesteld.

De brede variatie in levensduur van spraakprothesen tussen patiënten onderling (inter-

individueel) en ook per patiënt (intra-individueel) zoals werd vastgesteld in deze studie leid-

de tot de conclusie dat biofilmvorming een multifactorieel proces was. Dit maakte het bui-

tengewoon gecompliceerd om onderzoek te gaan doen naar enkele of multipele factoren die

dit proces beïnvloeden, zeker in een in vivo situatie, waarbij een veelvoud aan wisselende

factoren bestaat. Om het onderzoek naar methoden om de levensduur van spraakprothesen te

verlengen te kunnen voortzetten, werd besloten om in vitro experimenten te ontwerpen.

Hiervoor werd gebruik gemaakt van een ‘kunstkeel’ waarin het effect van één factor op bio-

filmvorming op spraakprothesen kon worden onderzocht (Figuur 4).

Gebruik makend van de kunstkeel werd in hoofdstuk 4 het effect van luchtstroom op bio-

filmvorming onderzocht. Hiertoe werden Groningen en Provox II spraakprothesen in de

kunstkeel geplaatst en werd gedurende drie dagen een biofilm gekweekt na inoculatie met de

totale microflora van een geëxplanteerde prothese. Na drie dagen werden de prothesen door-

geblazen met de Provox flush®, behandeld met luchtstroom met oplopende druk (10, 15, 20

cmH
2
O) of krachtig doorgeblazen met een luchtdruk van 20 cmH

2
O. De controle prothesen

werden ongemoeid gelaten. Deze procedure werd driemaal daags gedurende 9 dagen uitge-

voerd, bij wijze van dagelijks onderhoudsschema, waarna de kunstkelen voor de nacht gedu-

rende 30 minuten gevuld werden met groeimedium. Na 12 dagen werd de microflora van de

prothesen geoogst, uitgeplaat en gekwantificeerd.
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Figuur 4.

De kunstkeel. In de bougie wordt spraakprothese

geplaatst met de oesophageale zijde naar de

binnenzijde van de kunstkeel. 



Resultaten van dit experiment waarbij de Provox flush® werd gebruikt tonen een afname van

bacteriën op Groningen en Provox II prothesen tot 71% en 45% ten opzichte van de contro-

le. Het aantal gisten veranderde niet. Oplopende druk en krachtig doorblazen lieten afnames

zien van bacteriën en gisten op Provox II prothesen tot 45 tot 70%. Het effect op Groningen

prothesen was minder opvallend (56-87%). Derhalve heeft het dagelijks gebruik van lucht-

stroom door de prothese, bijvoorbeeld met behulp van de Provox flush® een reinigend effect,

met name op Provox II spraakprothesen. Verwacht kan worden dat dit de levensduur van pro-

thesen verlengd.

In hoofdstuk 5 en 6 werd het wetenschappelijke fundament geleverd voor de anekdotische

aanwijzingen van patiënten en patiëntenorganisaties uit Nederland en Turkije dat het gebruik

van bepaalde zuivelproducten de levensduur van spraakprothesen verlengt (Figuur 5). Voor

deze studies werd de kunstkeel gebruikt. Perfusie van de kunstkeel met karnemelk driemaal

daags gedurende 9 dagen reduceerde de hoeveelheid bacteriën en gisten in de biofilm op

Groningen prothesen naar 3% en 15% ten opzichte van de controle. Deze effecten werden

niet gevonden bij gebruik van gepasteuriseerde karnemelk. Yakult, Mona mild yoghurt,

Mona Vifit yoghurt, halfvolle melk en magere yoghurt had ook een reducerend effect op de

hoeveelheid bacteriën, variërend van 12% (Yakult) tot 88% (Mona mild) ten opzichte van de

controle, maar deze producten hadden geen remmend effect (soms juist een stimulerend

effect) op gistgroei. De combinatie van karnemelk met Yakult liet geen synergistisch effect

zien. Effecten op Provox II prothesen waren minder uitgesproken. Deze in vitro experimen-

ten in de kunstkeel tonen aan dat biofilmvorming op spraakprothesen verminderd kan wor-

den door het dagelijks gebruik van bepaalde zuivelproducten. Hiervan had karnemelk het

sterkst remmende effect, gevolgd door Yakult (Figuur 6).
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Figuur 5. 

Ingezonden brief in de tweede stem, het blad van de

Nederlandse stichting voor gelaryngectomeerden

maakt melding van ‘de gouden tip’; het gebruik van

karnemelk ter verlenging van de levensduur van

spraakprothesen.



Vervolgens werd in hoofdstuk 7 de invloed van probiotische bacteriën op biofilmvorming

op Groningen en Provox II spraakprothesen bestudeerd. Probiotische bacteriën zijn bacteriën

met een positief effect op de gezondheid en worden gebruikt om zuivelproducten te fabrice-

ren. Perfusie van de kunstkeel met Lactococcus lactis 53 suspensie reduceerde de hoeveel-

heid bacteriën en gisten op Groningen spraakprothesen naar 17% en 22%, op Provox II pro-

thesen naar 19% en 45%, ten opzichte van de controle (100%). Een suspensie van

Streptococcus thermophilus B reduceerde de hoeveelheid bacteriën en gisten op Groningen

prothesen tot 53% en 33%; op de Provox II prothese tot 14% en 0%. Alle andere probiotische

suspensies hadden een reducerend effect op de biofilm, alhoewel er sterke verschillen tussen

de twee types prothesen werden waargenomen. 

In hoofdstuk 8 werd de invloed van een aantal frisdranken op biofilmvorming op spraak-

prothesen onderzocht. Gedurende drie dagen werd een kunstkeel geïnoculeerd met de bio-

film van een geëxplanteerde prothese, waarna de kunstkelen gedurende 9 dagen werden

gespoeld driemaal daags met 650 ml buffer oplossing of koolzuurhoudend mineraalwater

(controles), cafeïnehoudende frisdrank (2 soorten), of een cafeïnevrije of suikervrije versie

van de cafeïnehoudende frisdrank. Beide cafeïnehoudende frisdranken reduceerden het

voorkomen van bacteriën in de biofilm tot 1-5% ten opzichte van de controle, terwijl gisten

in het geheel niet werden geremd, maar juist toenamen. De controles, noch de cafeïnevrije

of suikervrije variant lieten een vermindering zien van bacteriën in de biofilm.
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Figuur 6A.

Oesophageale zijde van Groningen spraakprothese uit

kunstkeel, gedurende 9 dagen geperfundeerd met

phosphaat buffer. Het oppervlak is bedekt met biofilm.

Figuur 6B.

Oesophageale zijde van Groningen spraakprothese uit

kunstkeel, gedurende 9 dagen gespoeld met

karnemelk.



Conclusies

De levensduur van een spraakprothese is afhankelijk van de hoeveelheid en samenstelling

van de biofilm op de prothese (en van het type prothese). Deze biofilmvorming is een mul-

tifactorieel proces, welke moeilijk in een in vivo situatie valt te testen door de grote hoe-

veelheid beïnvloedende factoren. In dit proefschrift werden in een retrospectieve multifacto-

riële analyse geen factoren gevonden die een significant effect hadden op de levensduur van

spraakprothesen.

Daarom werden de effecten van enkele geïsoleerde factoren op biofilmvorming bestu-

deerd in een kunstkeelopstelling. De biofilmvorming in de kunstkeel werd geïnitieerd door

gebruik te maken van een totale biofilm van een geëxplanteerde in vivo prothese, zonder de

directe samenstelling van deze biofilm tevoren te analyseren. Deze teleologische benadering

werd verkozen om praktische en technische redenen. Omdat we bij alle experimenten inclu-

sief de controles dezelfde ‘geëxplanteerde’ biofilm gebruikten, en alle experimenten in twee-

of drievoud uitvoerden, kunnen deze experimenten als betrouwbaar en reproduceerbaar

worden beschouwd, binnen de beperkingen veroorzaakt door het werken met levende micro-

organismen.

In toekomstige in vitro studies met de kunstkeel kunnen de in vivo condities nog opti-

maler worden benaderd door te starten met de perfusie van de kunstkeel vanaf de eerste dag

en door de kunstkeel op lichaamstemperatuur te brengen door het toevoegen van een ver-

warmingselement. 

Het gebruik van luchtstroom, zuivelproducten zoals karnemelk (bevat Lactococcus lac-

tis), probiotische suspensies en cafeïnehoudende frisdranken heeft een remmend effect op

biofilmvorming op spraakprothesen in in vitro omstandigheden. Alhoewel de exacte ingre-

diënten verantwoordelijk voor dit effect, alsmede de levensvatbaarheid van de probiotische

bacteriën in commercieel verkrijgbare zuivelproducten, niet bepaald werden in dit proef-

schrift, laten deze factoren allen een significant effect zien op biofilmvorming. Verdere

bestudering van de veelbelovende resultaten van dit proefschrift zal uitgevoerd dienen te

worden in een prospectieve, gecontroleerde cross-over in vivo studie om de relevantie voor

de kliniek verder te kunnen bepalen.
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