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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-

Chapter 4

4 | 54



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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