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The larynx plays a crucial role in phonation, respiration and deglutition. Of all

malignant head and neck tumours, cancer of the larynx is the most common one in

the western world. General practitioners in the Netherlands use guidelines that

encourage referral of suspected patients to an otorhinolaryngologist to detect

laryngeal cancer in an early stage. This results in detection rates for larynx

carcinoma of about 60% in stage I and 20% in stage II1,2. In these patients laser

surgery or radiotherapy can be applied aming at curation and organ preservation.

Still in many patients with advanced laryngeal or hypopharyngeal cancer or with a

local recurrence after radiotherapy, a total laryngectomy is indicated. A

laryngectomy consists of a surgical removal of the larynx including vocal folds and

epiglottis. The proximal trachea is therefore divided from the larynx and led outside

anteriorly to the neck where it is sutured to the skin, forming a permanent

tracheostoma (see figure 1).

Figure 1. Schematic drawing of physiological situation before total laryngectomy (A) and after total
laryngectomy (B). 1= Nose, 2= Tongue, 3= Oropharynx, 4= Trachea, 5= Larynx, 6= Pseudoglottis
(pharyngo-esophageal segment).

This procedure has drastic consequences for the patient e.g. the loss of the

physiological glottic voice, loss of the ability to build-up sub-glottal pressure for

coughing and loss of the possibility to swallow tracheal secretions physiologically.

Also important functions of the nose are reduced such as: smell, filtration, heating

and moistening of the inhaled air3, 4.

Dr. Th. Billroth was the first known surgeon who performed a laryngectomy in

18735-9.

Thereafter many other surgeons improved the outcome by creating alternatives for

the original laryngeal functions10-23.
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The most disabling consequences of a laryngectomy is generally considered the

loss of normal vocal function and the social impact of a tracheal stoma.

Normal speech is composed by a power source (airflow and air pressure from the

lungs), a sound source (vocal folds) and a sound modifier (vocal tract; pharynx,

oral and nasal cavity, tongue and lips). To create speech after laryngectomy

(alaryngeal speech), at least an alternative sound source is needed.

The pharyngo-esophageal (PE) segment was regognized as a voice producing

element based on mucosal vibration due to airflow. This airflow was made

possible by creating a fistula to the PE-segment. At first an external, pharyngo-

cutaneous, fistula was created10-12, however, this technique has been abandoned

due to complexity of both the technique and the equipment needed and was

replaced by techniques creating an internal (TE or tracheo-pharyngeal) fistula by

using skin and/or mucosal flaps or creating a direct TE puncture with installation of

a shunt valve13-19, 24, 25.

Nowadays voice rehabilitation in Europe and the USA is usually performed by

placing a one-way shunt valve in a shunt fistula that has been created in the

tracheo-esophageal (TE) wall. This puncture can be performed primary, during

laryngectomy surgery, or secondary, after a healing period. A shunt valve prevents

aspiration of food and liquid and allows airflow from the trachea to the esophagus.

Closing the tracheostoma (with a finger, button or valve) forces air during

expiration through the shunt valve into the esophagus where soft tissues (the

pseudoglottis or pharyngo-esophageal segment) start to vibrate, creating a

substitute voice (figure 2).

The use of these indwelling shunt valves has been a subsequent development of

the non-prosthetic introduction of TE voice rehabilitation and the non-indwelling

shunt valve types that can be removed and cleaned by the patient such as the

Staffieri prosthesis17.

Besides TE speech, three other options in producing an alaryngeal voice are

available which are well known in post-laryngectomy care. Esophageal speech is

produced by regurgitating entrapped air from the lower esophagus and/ or

stomach to the upper esophagus and neo-pharynx. This causes vibrations of the

mucosa in the esophagus. Because of this vibrating airflow, speech is possible.

Unfortunately it produces a belch-like sound with limited loudness and limited

speech duration of only a few words. Not many people are able to learn this

method of speech. The advantages are that no (additional) surgical procedure or

prosthesis is necessary resulting in a reduction of financial cost and circumvents

the problems associated with a TE fistula.
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Figure 2. Schematic drawing of the situation after total laryngectomy and TE fistula 1= Nose,
2= Tongue, 3= Oropharynx, 4= Trachea, 5= TE shunt valve in the party wall, 6= Pseudoglottis
(pharyngo-esophageal segment). For TE speech the tracheostoma (dashed line) needs to be
occluded during expiration with a finger, HME button or tracheostoma valve.

Electrolarynges are electromechanical devices that are driven by a battery. A tone

is generated by a moving polymer or metal head. When the vibrating part of the

device is pushed against the tissues of the neck or cheek, the tone is transmitted

into the oropharynx, where sound is converted into speech. Also tubes are

available to use it as an intra-oral device. This may improve results in case of neck

oedema or fibrosis for example. It produces a unnatural, mechanical voice but the

device is easy to use and requires less dexterity than all other voice rehabilitation

methods. Nowadays, also devices with manual pitch and loudness control are

available (see figure 3).

A pneumatic sound source, such as the “Tokyo artificial larynx”20 and the “Taiwan

tube”21,22, is designed to use the expiratory air from the lungs as power source. It

consists of a cup-like shape with a hole at the “bottom” and a tube connected to it

(see figure 4). While covering the tracheostoma during the expiratory airflow, the

air is conducted to a sound source (rubber diaphragm or a reed) ending via a tube

in the oral cavity (see figure 5). The simple design, low financial device cost,

durability and easy maintenance makes it an attractive device for many

laryngectomised patients, especially in Asia. This non-TE voice rehabilitation26 is

not further addressed in this thesis.
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Figure 3. Example of an electrolarynx with volume and pitch control options.

Figure 4. Tokyo artificial larynx. 1= cup to cover the tracheostoma, 2= sound source, 3= tube,
4= mouth piece.

Figure 5. A patient using a pneumatic artificial larynx.
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1. Drawbacks of the TE voice rehabilitation

The TE voice produced by the pseudoglottis is, especially for women, low-pitched

often of poor quality and unpredictable. The local environment with food and fluids

passing the shunt valve stimulate the formation of a biofilm on the shunt valve27,28.

This biofilm causes the shunt valve to malfunction, either by leakage or permanent

valve closure, resulting in the necessity to replace the shunt valve frequently, on

average every 3-5 months29,30. Leakage also occurs around the shunt valve due to

a mismatch between the TE-fistula and the valve; this is often difficult to solve and

causes an increase of medical interventions31.

Only some patients are able to use a tracheostoma valve (TSV) to allow hands-

free speech. However, it can only be used by a minority of the patients because a

reliable fixation to the skin around the stoma is difficult. This results in

unpredictable loosening of the device and leakage of air and mucus along the

TSV.

Because the inhaled air does not pass the nose any more, this leads to higher

phlegm production and increased respiratory symptoms3,32. An HME (heat and

moisture exchange) filter that partly serves as an artificial nose could overcome

these problems, but again, fixation to the skin around the stoma is difficult. Moist,

mucus and pressure of the exhaled air during breathing or coughing promotes

early loosening. However, HME filter application is an important part of the

pulmonary rehabilitation for the patient.

Fixation of both devices on the peristomal skin can also result in serious irritation,

allergic reactions, skin maceration and in infection.

2. Eureka project “Newvoice”

The research presented in this thesis is based on the Eureka project (EU 2614)

“Newvoice” succeeding the previous Eureka project “Artificial larynx” (EU 723,

1994-1999)33 and focuses on improving the results of prosthetic TE voice

rehabilitation.

The New voice project is focussing on the following four main subjects.

(1) To improve the plight of laryngectomees, this project aims to produce a voice-

producing shunt prosthesis, consisting of an element that is able to produce a

voice with sufficient loudness, adjustable fundamental frequency and natural

intonation.

(2) The voice-producing element is integrated into a newly designed shunt valve

made of new developed biofilm-resistant material.

(3) The shunt valve is fixed to soft tissue structures via a tissue connector (TC),

an interface between soft tissue structures and the shunt valve.
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(4) By applying the same tissue connector principle, a tracheostoma valve with

an HME filter can be fixed to the trachea, thus enabling hands-free control of

the voice-producing prosthesis and prevention of trachea irritation.

The first concept of a tissue connector for these purposes was developed by

Geertsema et al.34,35, and based on the results of percutaneous devices,

developed by Jansen36-44.

In this thesis the design and test of two tissue connectors is described. These

tissue connectors must overcome the problems, related to the fixation of shunt-

respectively tracheostoma valves.

This first concept was composed of a subcutaneous ring with mesh and

percutaneous titanium (Ti) pins. It was tested in a two-stage procedure; first the

ring and mesh were implanted, after 6 weeks the percutaneous pins were placed

in the ring. It was concluded that the principle of this concept proved to be

effective: hardly any epithelial downgrowth appeared, and adhesion of soft tissue

was demonstrated. No infection or severe inflammation reaction was detected.

The tissue connector seemed appropriate for its intended use34.

In a subsequent study, a polypropylene mesh was implanted around the trachea.

The meshes were explanted after 6 and 12 weeks. In the final experiment, a TC,

consisting of two titanium quarter rings (inner ring and outer ring) was tested. The

quarter rings were fixed to each other with a polypropylene mesh like a sandwich

in between (figure 6). The titanium inner ring was implanted between two tracheal

rings thus penetrating the trachea with the mesh around the trachea and the fixed

titanium outer ring on the outside of the trachea. The TCs were removed after 12

weeks. Mesh around the trachea demonstrated complete infiltration by host tissue.

Inflammatory cells and high vascularisation were observed in 3 of 4 implants. In

the TC implantation, the mesh was completely incorporated by mature connective

tissue without inflammation reaction. At some areas, deposition of cartilage tissue

was observed. In conclusion, the TC was firmly embedded in the trachea.

Therefore it was considered being appropriate for its intended use35.

Jansen and co-workers showed in several experiments that percutaneous

implants can prevail for a long time40. Titanium fibre mesh structures were

demonstrated to be suitable for effective soft-tissue anchorage of percutaneous

access devices. A sufficient ingrowth of connective tissue was obtained in

superficial as well as in deeper soft-tissue layers37.
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Figure 6. Example of a quarter of a titanium ring that was implanted in the tracheal wall
(permucosal) by Geertsema et al. It consisted of a titanium outer ring with screws (not visible),
polypropylene mesh and a titanium inner ring.

Also implantation of percutaneous devices implanted in one procedure was

compared with an implantation procedure in two phases. Phase one consists of a

brief time of subcutaneous device stabilisation of part of the implant and phase two

consists of the situation that a percutaneous part is added. It was shown that the

two stage surgical procedure for implantation of a percutaneous device worked

better than the one-stage surgical technique43 and was therefore also the intended

strategy in our project.

First the fixation related problems that exist in prosthetic TE voice rehabilitation will

be presented (chapter 2). To improve fixation of tracheostoma devices an

approach with a percutaneous connection was chosen. To test the feasibility of the

new concepts, the use of an animal model has been necessary. Orientation on

several animal models used for tracheal research is reported in chapter 3. Finally

the Saanen goat was chosen as the best animal model.

The tracheostoma tissue connector (TS-TC) consists of a large ring made of

titanium or silicone rubber with a mesh attached to it. The ring is implanted under

the skin around the tracheostoma. Four pins will be placed in the ring. They

penetrate the skin to serve as an anchor for tracheostoma valves. Design, animal

experiments and histological assessment is described in chapter 4.

The TE tissue connector (TE-TC) consists of a small titanium ring with a circular

mesh attached to it. The titanium ring will be implanted in the fistula, partly

penetrating the TE wall. The hypothesis was that firm fixation of tracheal and

esophageal tissues to a mesh and a ring will provide a leakage proof interface for

a shunt valve and/or a voice producing element. Design, animal experiments and

histological assessment is described in chapter 5.
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Both TCs are during implantation initially fixated by means of sutures and/or tissue

glue. Long-term fixation will be achieved by soft tissue ingrowth in the mesh. In

chapter 6 experiments are reported to see if addition of fibrin glue during

implantation of mesh structures is histologically valuable or not.

The effects of a tracheostomy and the implanted prototypes in the goat with

detailed post-operative care and interventions are described in chapter 7.

In the final part the perspectives concerning future prosthetic voice rehabilitation

are considered (chapter 8) flowed by a summary and conclusions (chapter 9).
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