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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.
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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. 
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