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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. 

Lifetime of voice prostheses: a retrospective analysis
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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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