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INTRODUCTION 

 
Using silicone rubber tracheoesophageal shunt prostheses for prosthetic voice 

rehabilitation after total laryngectomy is an established clinical procedure. Unfortunately, 

voice prostheses only have a useful lifetime varying between 3 to 6 months.1-3 Replacements 

are necessary due to increased airflow resistance or leakage through the device, causing 

ingress of pharyngo-oesophageal contents into the trachea. It is assumed that biofilm 

formation on the oesophageal side of a prosthesis is the main cause of dysfunction 

interfering with proper opening and closure of the one-way valve.3,4 Ell and colleagues found 

that valve leakage was associated with the prevalence of Streptococci in biofilms in the valve 

and demonstrated an association between Candida in voice prosthetic biofilms and failure 

due to increased air flow resistance.5,6 Over the past years, an artificial throat model was 

designed in which oropharyngeal biofilm formation on voice prostheses could be effectively 

mimicked.7 Combinations of yeast and bacteria have been identified that induce the largest 

increases in air-flow resistance 8, while scanning electron microscopy indicated that micro-

organisms preferentially occupied sites near or in the pivotal valve 9-11, yielding leakage. On 

the other hand, the importance of extracellular polymeric substances (EPS) and connecting 

slime threads in maintaining the integrity of biofilms on voice prostheses has been shown.12 It 

was suggested that EPS not only functioned as glue for the biofilm, but it could also be 

causative to malfunctioning of the valve.  

Several studies have described in vitro flow dynamics of new and defective valves, 

including opening pressures and airflow resistances. This has resulted in a quest for valves 

with ultra-low airflow resistances.13-15 Although, according to many prospective clinical trials, 

the main reason for replacement is leakage through the prosthesis 1-3, no study has 

compared the leakage patterns of the different voice prostheses. 

The aim of this study was to compare the leakage patterns of three commercially 

available voice prostheses with and without a biofilm. First, an experimental set-up enabling 

comparison of in vitro leakage patterns through different types of prostheses in the absence 

and presence of a biofilm was developed. Second, the influence of a regular airflow through 

the prostheses during biofilm formation on the leakage pattern was determined. Finally, in 

vitro leakage patterns of different prostheses were related to the percentage valve failure due 

to leakage for 746 clinical replacements. 
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MATERIALS AND METHODS 
 

Voice prostheses. Three different types of voice prostheses were tested in this 

study: the Groningen Low Resistance (Medin Instrumenten B.V., Groningen, The 

Netherlands), the Provox®2 (ATOS) Medical AB, Hörby, Sweden), and the Blom Singer 

(International Healthcare Technologies, a division of Helix Medical, Inc, California, USA). All 

types of prostheses have different valve mechanisms, as shown in Figure 1. 

 

 
Groningen Low Resistance Provox®2 Blom Singer 

   

   
Figure 1. Voice prostheses evaluated in this study, with the valves shut and with the valves open. 

 

 

The Groningen prosthesis is made of silicone rubber and consists of a shaft with two 

flanges with a semicircular slit of 145º in the hat of the oesophageal flange, functioning as a 

one-way valve. The Provox®2 voice prosthesis is a biflanged device also made of implant-

grade silicone rubber. The hinge valve is molded into one piece with the prosthesis and 

supported by a radiopaque, fluoroplasic ring, which is fastened in the shaft of the prosthesis. 

The Blom Singer prosthesis is also a biflanged device, made of silicone rubber with a hinge 

valve, but in contrast with the Provox®2, the valve is inserted separately. 

All prostheses evaluated were new, and the valves were manually opened and closed 

several times prior to evaluation, similar as during clinical insertion of prostheses. Ten voice 

prostheses of each type were tested sequentially. The prostheses were tested first without a 

biofilm and afterwards the same voice prostheses were tested with a biofilm. 
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The artificial throat and leakage test. The artificial throat consists of a rectangular 

flow chamber of Plexiglas® suitable for stainless steel plugs holding prostheses.7 Different 

plugs were used to accommodate the different types of prostheses. The valve side of a 

prosthesis was positioned in the lumen of the cubicle and the artificial throat was placed such 

that the prosthesis was placed horizontally, with the oesophageal flange in the flow chamber 

and the tracheal part beneath (Fig. 2). 

Figure 2. Schematic drawing of the experimental set-up for measuring leakage through voice 
prostheses, based on the artificial throat. The water reservoir has a large surface area to ensure 
constant pressure conditions during the experiment. H is height in centimetres. 

 

 

A water reservoir, placed on a height-adjustable platform, was connected with the 

artificial throat equipped with one prosthesis. The amount of water leaking through the valve 

was measured as a function of time, while the water pressure was kept constant by the use 

of a reservoir with a large bottom area. 

Before and after formation of a biofilm on the voice prostheses, leakage of water 

through the valve was measured as a function of time for water pressures of 1, 5 , and 15 cm 

above the valve, corresponding with pressures of 0.7 to 11.0 mm Hg. These pressures are 

within the range of forward opening pressures as described in literature.16 Leakage around a 

prosthesis was never observed. All leakage experiments were performed at room 

temperature. 

 

Biofilm formation. After the initial leakage test of a prosthesis in the absence of a 

biofilm, a prosthesis was inserted in the artificial throat in order to grow a biofilm.5 Each 
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artificial throat was equipped with one Provox®2, one Blom Singer, and one Groningen Low 

Resistance voice prosthesis. During the experiment, the artificial throat was maintained at a 

temperature between 36ºC and 37ºC, as conditions found in a laryngectomized patient. 

To grow biofilms as found in laryngectomized patients, artificial throats were inoculated for 

five hours with a combination of bacteria and yeasts previously isolated from explanted 

Groningen voice prostheses. This combination comprised Candida tropicalis GB 9/9, 

Candida albicans GBJ 13/4A, Staphylococcus aureus GB 2/1, Staphylococcus epidermidis 

GB 9/6, Streptococcus salivarius GB 24/9 and Rothia dentocariosa GBJ 52/2B and 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 (NH4)2SO4, 1.5 g L-

asparagine, 10 mg L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophane, 1 g KH2PO4, 

500 mg MgSO4.7H2O, 500 mg NaCl, 500 mg CaCl2.2H2O, 100 mg yeast extract, 500 μg 

H3BO3, 400 μg ZnSO4.7H2O, 120 μg Fe(III)Cl3, 200 μg Na2MoO4.2H2O, 100 μg KI, 40 μg 

CuSO4.5H2O). After inoculation, a biofilm was allowed to grow on the voice prostheses 

during three days, by filling the devices with growth medium. From day four till day seven, the 

artificial throats were perfused three times a day with 250 ml phosphate-buffered saline (10 

mM potassium phosphate en 150 mM NaCL, pH7.0). After each perfusion, 5 of the 10 

prostheses used in this study were blown through with compressed air at three different 

pressures (10, 15 and 20 cm H2O), to mimic shunt oesophageal speech and to mobilize the 

valve system.  

Subsequently, the prostheses were left in the moist environment of the artificial 

throats. At the end of each day, the devices were filled with growth medium over half an hour 

and left overnight in the moist environment of the drained artificial throats. The tracheal sides 

of the prostheses were left in ambient air, similar to the situation with a stoma.15 Previously, 

this cycle of feast and famine and exposure to ambient air has been demonstrated essential 

to grow biofilms with features that cannot be distinguished from in vivo biodeterioration seen 

on explanted prostheses.7 

 

Evaluation of biofilms. On day eight of an experiment, voice prostheses were 

removed from the artificial throats. After measuring the leakage of the biofilm-covered 

prostheses, biofilm formation on the valve side of the prosthesis was assessed by 

determining the number of colony forming yeast and bacteria per unit area. Biofilms were 

removed by scraping and sonication and subsequently serially diluted. The serial dilutions 

were plated on MRS (de Man, Rogosa and Sharpe) agar plates for yeasts and blood agar 

plates for bacteria, and incubated at 37°C in an aerobic incubator for three days prior to 

enumeration.  
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Clinical study. In a 5-year retrospective study conducted in Groningen (The 

Netherlands, August 1995-August 2000), 138 patients were registered as having 746 

replacements of Provox®2 (n = 174) voice prostheses. Blom Singer prostheses were not 

routinely applied at that time in Groningen. Registration included the in vivo lifetime of the 

prosthesis and reason for replacement. 

 

Data analysis. Leakage (millilitres) related linearly with time (minutes). Yielding a so-

called leakage rate (millilitres/minute) by linear regression analysis (see also Fig. 3). Leakage 

rates were plotted as a function of the pressure applied and the area under the leakage 

curve (AULC) of a voice prosthesis was taken as a measure for the mean leakage of a 

prosthesis. 

The leakage and biofilm data of the different types of voice prostheses were analyzed 

using the Kruskal-Wallis test. The influence of biofilm on leakage was determined through a 

pair-wise comparison of the mean leakage of the prostheses in absence and presence of a 

biofilm using the Wilcoxon signed rank test. The effect of biofilm formation on leakage in the 

absence and presence of a regular airflow was subsequently expressed as � AULC. In order 

to reveal an influence of blowing air through the voice prosthesis, analysis of the � AULC 

and of the biofilm was done using the Mann-Witney test. 

As the mean leakage of the voice prostheses and microbial prevalence in the biofilms 

are not normally distributed, statistical comparison was done using nonparametric tests, 

accepting p < 0.05 as statistically significant. 
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Figure 3. Leakage through a Provox®2 voice prosthesis without a biofilm as a function of time at 
different pressures. (�) 1 cm H2O; (�) 5 cm H2O; (�) 15 cm H2O. 
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RESULTS 

 

Leakage test. All ten Provox®2, nine out of ten Groningen Low Resistance and six 

out of ten Blom Singer voice prostheses showed leakage in the absence of a biofilm. As an 

example, the mean leakage as a function of time is presented in Figure 3 for the Provox®2. 

The other types of voice prostheses also showed a linear relationship between leakage and 

time. The leakage rates (ml/min) resulting from the slope of the lines in Figure 3 are plotted 

as a function of the pressure applied in Figure 4.  

 
 

A 

 

B 

 

C 

 

 
Figure 4. Leakage rates of the 
different types of voice prostheses 
as a function of pressure in the 
absence and presence of a biofilm 
and after regular airflow during 
biofilm formation. [note: the y-axis 
of (B) has higher values than (A) 
and (C).] A) Groningen Low 
Resistance; B) Provox®2; C) Blom 
Singer. (�) Without a biofilm (n=10); 
(�) with a biofilm (n=5); (�) with a 
biofilm formed during regular airflow 
(n=5). 

 

The three graphs in Figure 4 represent the leakage patterns of the three different 

types of voice prostheses measured in absence and in presence of a biofilm and after 

regular airflow. The area under each leakage curve (AULC) in Figure 4, is a measure for the 
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mean leakage of the voice prostheses, as summarized in Table 1. In order to determine the 

effect of biofilm formation and regular airflow on leakage, changes in AULCs due to biofilm 

formation and airflow (� AULC) were calculated pair-wise (see also Table 1). 

 

 
Table 1. Area under the leakage curve (AULC) for different types of voice prostheses in the absence 
and presence of a biofilm and for prostheses after regular airflow during biofilm formation, together 
with the number of bacteria and yeast in the biofilm expressed in numbers colony forming units per 
cm2. � AULC has been calculated as a difference, i.e. the values in the presence of a biofilm minus 
the values in the absence of a biofilm, ± denotes the standard deviation over the indicated number of 
prostheses N. Note that 10 control prostheses have been measured, that split out in the two groups in 
the presence of a biofilm. 
 

 
 

N 
 

AULC 

(ml/min.cm 
H2O) 

 

 
�AULC 

(ml/min.cm 
H2O) 

 
bacteria  

(.104 cm2) 
 

 
yeast  

(.104 cm2) 
 

      

Groninger 
Button 

     

      
no biofilm 10 58 ± 72*    
      
biofilm, no air 5 25 ± 40 -59 ± 44* 340 ± 420 19 ± 12 
      
biofilm, air 5 18 ± 13 -15 ± 51* 283 ± 215 9 ± 8 
      
      
Provox®2      
      
no biofilm 10 954 ± 462*    
      
biofilm, no air 5 69 ± 55 545 ± 332* # 939 ± 567 75 ± 48 
      
biofilm, air 5 83 ± 75 1207 ± 403* # $ 807 ± 1034 53 ± 50 
      
      
Blom Singer      
      
no biofilm 10 4 ± 8*    
      
biofilm, no air 5 22 ± 25 14 ± 16* 356 ± 258 75 ± 115 
      
biofilm, air 5 1 ± 2 0.6 ± 2* 387 ± 263 18 ± 13 
      

 
* = Significant difference in leakage (Kruskal-Wallis, p<0.05) between the different types of voice 
prostheses; # = Significant decrease in leakage caused by formation of a biofilm on the Provox®2 
formed without blowing air through the prostheses as well as with blowing air through the prostheses 
(Wilcoxon signed rank test, p<0.05); $ = Significant increase in leakage caused by blowing air through 
the prostheses during biofilm formation (Mann-Whitney test, (p<0.05). 
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In the absence of a biofilm, all three types of prostheses had significantly different 

leakage patterns (Kruskal-Wallis; p<0.05): the Blom Singer demonstrated the lowest leakage, 

whereas the Groningen Low Resistance had a 10 fold higher and the Provox®2 had an even 

100 fold higher leakage. Biofilm formation on the prostheses significantly decreased the 

leakage rates of the Groningen Low resistance and particularly of the Provox®2 (Wilcoxon 

Signed Rank Test; p<0.05), while the Blom Singer prostheses leaked more in the presence 

of a biofilm (not statistically significant). Regular airflow during biofilm formation decreased 

leakage for the Groningen Low Resistance and the Blom Singer, though non-significantly, 

whereas it significantly increased leakage for the Provox®2 (Mann Witney; p<0.05). 

The prevalence of yeast and bacteria in the voice prosthetic biofilms is also shown in 

Table 1. Biofilm formation is roughly similar on the Blom-Singer and on the Groningen 

prostheses, but the Provox®2 prosthesis harvests more bacteria than the other types. A 

regular airflow through the prostheses during biofilm formation lead to a small decrease in 

bacterial prevalence on the Blom-Singer and the Groningen prostheses, concurrent with a 

decrease in the number of yeast. Alternatively, despite a reduction in bacterial prevalence on 

the Provox®2 after regular airflow, high numbers of adhering yeast and bacteria persist. None 

of these changes are significant. 

 

Clinical study. Generally, the main reason for replacement of prostheses was 

leakage through the device due to valve incompetence (72% of all Provox®2 and Groningen 

replacements), followed by leakage around the prosthesis (14%), increased airflow 

resistance (12%), formation of granulation tissue (1%), dislocation of the prosthesis (0.8%) 

and others (0.4%). 76% of all Provox®2 prostheses (434 of 572 devices) needed replacement 

due to leakage through the valve, which was significantly more than for the Groningen voice 

prostheses (57% or 100 of 174 devices). Blom-Singer prostheses were not routinely applied 

at that time in Groningen. 

 

 

DISCUSSION 
 

Although in vivo leakage is the most frequent reason for replacing voice prostheses in 

laryngectomized patients,1-3 no experimental in vitro models exist to compare leakage 

through voice prostheses under relevant clinically conditions. In this study, in vitro leakage 

patterns of three commercially available voice prostheses: Groningen Low Resistance, 

Provox®2 and the Blom Singer, were compared. An experimental set-up was developed to 

enable comparison of in vitro leakage patterns through the different types of voice 
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prostheses, in absence or presence of a biofilm. The set-up is based on a previously 

described artificial throat, designed to study voice prosthetic biofilm formation.7 Determination 

of the amount of leakage provides information about valve design and can lead to the 

development of new valve concepts less prone to leakage. Such a valve design could 

increase the device lifetime with fewer replacements for the patients, therewith contributing to 

the quality of life of the patients and lower healthcare costs.  

In the in vitro model presented, Provox®2 prostheses showed more extensive leakage 

than the other prostheses, regardless of the presence of a biofilm. These results are 

comparable with the results of the five-year clinical study, comparing the Groningen Low 

Resistance and the Provox®2 prostheses, the latter requiring significantly more replacements 

due to leakage through the valve. In different prospective clinical studies this is also seen, 

moreover showing a lower mean device life time of the Provox®2.17,18 Similarly, in vitro the 

Blom Singer shows less leakage than the Provox® and reportedly has a longer lifetime.19  

The different types of voice prostheses demonstrated different responses in leakage 

when pressure is increased. The Groningen Low Resistance showed less leakage with 

increasing pressure in contrast to the Provox®2 and the Blom Singer. This could be explained 

by the typical structural aspects at the valve design. The Groningen Low Resistance has a 

semicircular slit of 145° in the hat of the oesophageal flange, which closes under the 

influence of increasing pressure and consequently shows little leakage. The valve of the 

Provox®2 and the Blom Singer, however is a hinge valve, which also closes by external 

pressure, but when this pressure increases above a critical value it bulges towards the 

tracheal side of the prosthesis and starts leaking.  

Furthermore, leakage through Provox®2 was more extensive than through any of the 

other prostheses. Also here the design of the valve of the Groningen Low Resistance has a 

favorable influence on the leakage. A difference in design of both hinge valves of the 

Provox®2 and Blom Singer is the separate insertion of the hinge valve of the Blom Singer, in 

contrast with the valve of the Provox®2, which is molded into one piece with the prosthesis. 

Moreover, the silicone rubber used for the Blom Singer feels less elastic than that of the 

Provox®2. These factors seem to result in a better closure of the valve.  

Biofilm formation on the prostheses of the Groningen Low Resistance and the 

Provox®2 seems to seal the valve with a consequent decrease in leakage. Especially the 

Provox®2 shows an impressive decrease in leakage, possibly because this prosthesis 

attracts more bacteria, which are important in producing EPS and connecting slime threads. 

This not increases the airflow resistance,16 but on the other hand may decrease leakage. 

Leakage of the Blom Singer is so small that there is almost no margin for decreases due to 

biofilm formation.  
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Biofilm formation with occasionally blowing compressed air through the valve is more 

similar to the in vivo situation in which air is blown through the voice prostheses toproduce 

speech. The in vitro leakage rates of the Blom Singer and the Groningen Low Resistance 

decreases when regularly blowing air through, in contrast with the Provox®2, which shows a 

significant increase in leakage compared to the leakage through voice prostheses with a 

biofilm formed without blowing air through. This confirms that the prosthesis paradoxically 

needs the biofilm to ascertain adequate closure, in contrast with the other two prostheses, 

both closing well enough by intrinsic mechanisms. 

 
 
CONCLUSION 

 
This study presents a comparison of in vitro leakage patterns of three commercially 

available voice prostheses. An experimental set-up to compare leakage through voice 

prostheses, in the absence or presence of a biofilm, was developed. The three types 

of voice prostheses used in this study show significant differences in leakage when 

the prostheses are clean or covered with a biofilm. Leakage occurred more readily 

through Provox®2 than through Groningen Low Resistance and Blom Singer 

prostheses, which is in line with clinical observations and enforces the model. 

Regular airflow did not affect leakage through the Groningen Low Resistance and 

Blom Singer prostheses, but increase leakage through Provox®2 prostheses. 
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LETTER TO THE EDITOR 

I would like to comment on the recent paper by Oosterhof JJH, Van Der Mei HC, Free 

RH, Kaper HJ, van WR et al. “In-vitro leakage susceptibility of tracheoesophageal shunt 

prostheses in the absence and presence of a biofilm.” J Biomed Mater Res B Appl Biomater 

2005;73:23-28, which gives rise to grate concern with respect to the validity of some of the 

presented data and even more so to the questionable interpretations these data have 

seduced the authors to make.  

This, as such, well-conducted study apparently seeks to develop an in vitro model for 

the study of biofilm formation on silicon voice prostheses and its influence on leakage 

patterns of these devices intended for postlaryngectomy voice rehabilitation. Additionally, the 

authors attempt to ‘validate’ their in vitro findings by comparing these results with in vivo data 

from their institution. 

The basic problem I have with this study is that the chosen set-up leads to immediate 

leakage of the vast majority of the prostheses studied (10/10 Provox, 9/10 Groningen, and 

6/10 Blom-Singer). This by itself already should have indicated to the authors that there 

might be something questionable with this model, originally only designed for biofilm studies, 

and that this had to be adjusted to become an in vitro model for comparison with the in vivo 

‘leakage through problem.” If this observation would have any clinical relevance, this would 

mean that none of these prostheses should ever have become available to patients in the 

first place. Considering the present day quality control requirements by the authorities, such 

as the FDA, production and distribution of such questionable devices would not be 

acceptable and not likely to be tolerated (according to the manufacturer of the Provox 

prostheses every single prosthesis is checked for absence of leakage and proper airflow 

characteristics and this is most likely also true for the other two valves studied). The lack of 

clinical resemblance is also substantiated by publications of device life, showing that 

immediate leakage of any voice prosthesis directly post-insertion is an extremely rare event 

and if so, is more likely to be caused by an under-pressure in the oesophagus during deep 

inhalation.1

It is understandable that the authors wanted to avoid any leakage around the 

prosthesis, but by making a (too?) tight fitting lumen in a stainless-steel retainer, they 

obviously have introduced an artificial device distortion, leading to leakage of most of these 

prostheses. That this distortion is more prominent in the Provox valve (in view of the 

observed heavier leakage in this prosthesis) is irrelevant and is most likely due to the 

presence of a rigid-valve seat on which the silicon rubber is compressed by the metal 
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retainer. This phenomenon is unlikely to occur in vivo, since the retention is obtained in a 

soft-tissue fistula with little if any, rigidity. 

After noticing the prepublication of the paper on the website of your journal, the first 

and the senior author confirmed in a personal communication that with a slightly enlarged 

diameter of the metal retainer, this artificial leakage through phenomenon no longer existed, 

still without creating a ”leakage around” problem, which would have negatively influenced 

their measurements. Their argument that the chosen diameter of the lumen was identical to 

the manufacturers’ specifications for the outer diameter of the shaft of the prosthesis is not 

valid, since it should have been obvious that somehow the observed phenomenon of initial 

leakage was artificial. Moreover, if, as was checked for the Provox prosthesis, the position in 

the retainer is in the area outside the rigid-valve seat this phenomenon also disappears 

(personal communication Atos Medical). And, most likely something similar is the case with 

the other two devices studied, since, as already mentioned earlier, most of these valves are 

also leaking from the start in their model.  

If the authors would have recognized this problem at the beginning of their study and 

would have adjusted their original set-up, only intended for biofilm studies, with a more 

natural/flexible retainer to avoid leakage around, then this study would have had much more 

value. Now, only the biofilm information is of some relevance, although the finding that the 

Provox valve is leaking less with increasing biofilm build-up seems irrelevant, considering 

that in a proper set-up a nonleaking valve would have been the starting point anyway. 

The other major flaw in this study is the use of clinical data (as I assume so far 

unpublished, since no reference is given) to substantiate the in vitro data. The statistics used 

are not revealed, but even without this information it is obvious that the authors report their 

data in a biased way. For example, the 12% increase in airflow resistance is most likely only 

present in the Groningen prosthesis (see below). To state that there is a significant difference 

between Provox and Groningen with respect to leakage through, the prosthesis would 

involve comparing life-time of only those prostheses with this problem, while censoring for 

other events for which they are replaced. Prostheses may be removed for reasons such as 

local infection, leakage around, obstruction By bio-fouling, or irremovable mucus plugs. This 

obstruction problem occurs in Provox at a very low frequency, leaving leakage through as the 

almost only reason for valve failure. It is well-known and documented in the literature that the 

Groningen prosthesis, due to its closed and external valve-design, suffers more from this 

obstruction problem than Provox and Blom-Singer valves do. Further, the analysis should 

take into account the fact that multiple events take place to a different extent in individual 

patients and the analysis should be adjusted for potentially confounding factors such as 

radiotherapy history, time since surgery, age distribution, and so forth. 
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In conclusion, the authors have described an artificial leakage-promoting in vitro 

design far from being a potential model for the in vivo situation, and have used poorly 

interpreted in vivo data to substantiate their invalid in vitro claims. Given the well-known and 

generally high-quality work of this group in the field of in vitro biofilm formation, it is a pity that 

they have not realized this fundamental flaw in the presented research model and I would 

welcome a reaction of the authors onto my concerns. 

Frans JM Hilgers; The Netherlands Cancer Institute -Antoni van Leeuwenhoek Hospital- 

Amsterdam; Institute of Phonetic Sciences, University of Amsterdam; Academic Medical 

Center of Amsterdam, The Netherlands. J biomed mater res B appl biomater. 77:448-449. 
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AUTHORS REPLY 

Tracheoesophageal shunt prostheses act as a one-way valve to allow air-flow from 

the trachea to the oral cavity, therewith enabling laryngectomized patients to produce 

speech. At the same time, the one-way valve mechanism serves to prevent leakage of foods 

and drinks into the trachea. These prostheses are placed in a surgically created hole or 

fistula between the trachea and the oesophagus.  

Opening forces during speech have to be exerted by the patients building up 

pressurized air in their lungs, while closing the stoma (through which normal breathing 

occurs after surgery) with a finger. The desire of patients to breath more easily, has led to the 

development of prostheses that open more easily. These so-called low air-flow resistance 

prostheses can be made by different designs of the valve mechanism or the use of more 

elastic silicone rubber variants. 

The elastic force originating from the silicone rubber design is the sole force 

responsible for proper closing of the one-way valve and is often insufficient within weeks to 

months after insertion in patients. Leakage through the prosthesis is the main reason for 

replacement.

Clinically, there are a number of different factors that impede adequate valve closure. 

As righteously pointed out by Hilgers, even underpressure in the oesophagus during 

swallowing or deep inhalation can cause inadequate closure of the valve. However, 

inadequate closure also occurs when closure is impeded by trapping of food remnants, minor 

deformations due to uneven pressure exerted on the shaft by the fistula circumference, 

biofilm formation in the valve or deterioration of the elastic properties of the silicone rubber by 

ingrowing biofilm. Exactly these distortions of the valve mechanism are responsible for the 

frequent occurrence of leakage of prostheses during clinical use and illustrate the 

disadvantages of low closing forces. Recently, the Provox Acti Valve has been developed 

and marketed, a technologically highly sophisticated prosthesis, in which magnetic forces are 

applied to assist the elastic forces in preventing inadvertent opening of the valve during 

swallowing or deep inhalation.1

It goes without saying, that none of the currently used prostheses will exhibit leakage 

when measuring leakage in the absence of external distortions that challenge proper closing. 

Why should these prostheses leak? The elastic forces originating from the silicone rubber, no 

matter how small, will always close the valve. In a subsequent leakage experiment, leakage 

cannot occur, because the weight of any column of water placed on top of the valve will only 

assist more firm closure. 
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In our experimental set-up, not aimed at quality control requirements but at a clinically 

relevant comparison of different prosthesis types, prostheses were tested by inserting them 

in a lumen or artificial fistula with exactly the same diameter as the shaft of the prostheses. 

Subsequently, water columns of different heights were placed on top of the valves and 

leakage monitored. We fully agree with Hilgers that none of the prostheses should show 

immediate leakage when placed in an oversized lumen, but then again “why should they?” 

Unfortunately however, also in an oversized lumen, minor immediate leakage occurs for all 

types of prostheses (see Table 1). Note that clinically, oversized lumina are to be avoided, 

because then leakage around the shaft of the prosthesis occurs, as constitutes a reason for 

replacement in 14% of all cases in our experience.     

Table 1. Leakage of Groningen button, Provox ® 2 and Blom Singer voice prostheses in an exactly 
fitting lumen and in an oversized lumen. 

exactly fitting lumen1 oversized lumen1

prosthesis immediate

leakage

AULC

[mL/min cm H2O]

immediate

leakage

AULC

[mL/min cm H2O]

Groninger 

button

9 of 10 58 ± 72 2 of 10 0 ± 1 

Provox ® 2 10 of 10 954 ± 462 4 of 10 1 ± 1 

Blom Singer 6 of 10 4 ± 8 4of 10 3 ± 3 

1 for 1 cm H2O pressure. 

As explained above, the leakage data in an oversized lumen are futile in terms of 

clinical relevance, as closing of the valves is fully unchallenged. When challenged by the 

extremely small distortions as also occurring clinically, and mimicked in our experimental set-

up by an exactly fitting lumen all prostheses show immediate leakage (see also Table 1), 

with major differences in amount of leakage for the three prostheses evaluated. 

Therewith our data represent exactly the efficiency of closure of the different 

prostheses’ designs under clinical conditions; a statement which we feel is supported by our 

own clinical data and those of others. Table 2 specifies the results of these studies in terms 
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of life-time and percentage failure of different prostheses due to leakage and invalidate the 

criticism of Hilgers on the clinical part of our study, as all studies seem to indicate more 

failure due to leakage for Provox prostheses. 

Table 2. Specification of life times and failure reasons of the Groningen button (GB) and Blom Singer 
(BS) versus Provox ® 2 (PV) prostheses taken from the literature.

Prostheses compared Life-times reported 

[weeks] 

Failure due to leakage 

[%]

Reference 

GB versus PV 15.8 versus 13.0 58.8 versus 80.2 2

GB versus PV 19.8 versus 18.5 63.4 versus 80.0 3

GB versus PV 19.6 versus 12.8 57.0 versus 76.0 4, 5 

BS versus PV 15.0 versus 14.5 generally mentioned 6

In summary, we conclude that our experimental set-up to determine clinically relevant 

leakage characteristics of currently used voice prostheses is valid. In our opinion the myriad 

of different factors that challenge proper valve closure and the resulting life-times reported in 

the literature (see Table 2) can only be interpreted in our opinion to the support our 

experiments, because as always: the proof of the laboratory pudding is the clinical eating. 

Janine JH Oosterhof, Henny C Van der Mei, Henk J Busscher, Rolien H Free, Hans J Kaper, 

Ranny Van Weissenbruch, Frans WJ Albers. 2006. J biomed mater res B appl biomater.

77:448-449.
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