
 

 

 University of Groningen

Tracheostoma valves and their fixation
Geertsema, Albert Anne

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2000

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Geertsema, A. A. (2000). Tracheostoma valves and their fixation: towards an artificial larynx. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/2725a23e-34bd-4521-b3e6-d988340115e9


Chapter 2 dtp

Chapter 2

In Vitro Measurements of Aerodynamic
Characteristics of an Improved
Tracheostoma Valve for Laryngectomees

by A.A. Geertsema, M.P. de Vries, H.K. Schutte, J. Lubbers, G.J. Verkerke*

Abstract
Tracheostoma valves are often required in the rehabilitation process of speech
after total laryngectomy. In so doing, patients are able to speak without using their
hands to close the tracheostoma. The improved Groningen tracheostoma valve
consists of a “cough” valve with an integrated (“speech”) valve, which closes for
phonation. The cough valve opens as the result of pressure produced by the lungs
during a cough. The speech valve closes by the airflow produced by the lungs,
thus directing air from the lungs into the oesophagus at a deliberately chosen
moment. An experimental setup with a computer-based acquisition program was
developed to measure the pressure at which the cough valve opened and the flow
at which the speech valve closed. In addition, the airflow resistance coefficient of
the tracheostoma valve was defined and measured with an open speech valve.
Both dry air from a cylinder and humid expired air were used. Results showed a
pressure range of 1-7 kPa to open the cough valve and a flow range of 1.2-2.7 l/s
to close the speech valve. These values were readily attained during speech, while
the flow range occurred above values reached in quiet breathing. The device
appeared to function well in physiological ranges and was optimally adjustable to
an individual setting. No significant differences were measured between air from a
cylinder and humid expired air. Findings showed that methods used to obtain
results could be employed as a reference method for comparing aerodynamic
characteristics of tracheostoma valves.

                                                     
* With permission of Springer Verlag, Germany. European Archives of Otorhinolaryngology (1998)
255:244-249.
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2.1  Introduction

Surgical treatment of a malignant tumour in the area of the larynx often requires a
total laryngectomy. To facilitate rehabilitation of voice in such patients, a shunt
valve can be placed in a tracheostoma between the trachea and the oesophagus.

Figure 1: Situation after total laryngectomy with shunt valve

If the patient wants to speak, the stoma is closed with a finger or thumb to force
expired air through the shunt valve into the oesophagus. Soft tissue at the top of
the oesophagus (or “pseudoglottis”) starts to vibrate and functions as new vocal
folds (Fig. 1).

For many patients the tracheostoma may be a severe consequence of
laryngectomy. The stoma is always visible and potentially embarrassing, especially
during speech, because the required closure with a finger or thumb can attract
extra attention. Moreover, stoma closure can be impossible for certain individuals
and is unhygienic if patients’ hands are dirty. Conversation is also hampered if both
hands are occupied during such activities as: eating, driving or sport.1,2
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The tracheostoma valve has been a great improvement for patients with shunt
speech. Once placed in the stoma, the valve closes the stoma when the patient
wants to speak and directs air coming from the lungs to the esophagus.1-6

No significant difference has been found in tracheoesophageal speech quality
when speaking with and without a tracheostoma valve.7-9 Williams et al.10 even
reported a favourable influence of tracheostoma valve occlusion: total pause time
and total reading time occupied by pauses were lower and the mean maximum
phonation time was longer when valves were occluded. The temporal measures
using valve occlusion were also more favorable than those recorded for digital
occlusion. Conversely, due to the extraneous noise associated with valve
occlusion, digital occlusion was rated better in perceptional analyses.11-13 However,
visual presentation by valve occlusion was rated better. Although, there is hardly
any difference in tracheoesophageal speech quality when speaking with or without
a tracheostoma valve, extraneous speaking noise could be a problem and should
be avoided in any new concept of a tracheostoma valve.

Any useful tracheostoma valve has to meet several important requirements. The
attachment to the skin should be reliable, so that the tracheostoma valve can stay
in place for an adequate period of time.1,14-16 Another requirement related to this is
the device’s weight. The requirement of low weight limits to a great extent the
choice of the material used in constructions. The device should also be as short as
possible: i.e., it should not protrude too much, since this may result in detachment
of the device from the skin. Additionally, since tracheal phlegm can occlude a valve
the device should easily be detached manually, cleaned and replaced.

The preferred tracheostomal valve should permit speech by closing the
tracheostoma automatically at the moment the patient wants to speak without the
need for fingers closure.  If the stoma is closed during speech, the closure must be
complete without airflow losses to avoid noise. If the stoma is not closed, the
patient should be able to breathe quietly and also not feel severely hampered
under conditions that need a higher flow rate (e.g., under any physical exercise). It
would be preferable for the patient that the device opens quickly when the patient
has to cough unexpectedly, thus preventing a very oppressive situation. This would
be an advantage compared to other tracheostoma valves, which have to be
removed first to make coughing possible.1,3-6 The device should also be designed
in such a way that the aerodynamic effort to close and then open the tracheostoma
should be adjustable to fit into the personal needs of the patient. To meet all these
requirements, we have developed a new tracheostoma valve and now report the
aerodynamic characteristics of our valve.
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2.2  Materials and methods

2.2.1 Principle of the tracheostoma valve

The newly developed tracheostoma valve (Fig. 2) is produced by ADEVA Medical
(Lübeck, Germany) and is an improvement of an earlier prototype described and
tested by Verkerke et al.2

Figure 2: The ADEVA Medical tracheostoma valve with the closed cough valve (left) and opened
speech valve (view from tracheal side, left) and the opened cough valve (right).

 It can be adapted to a valve retainer, which is a flange that can be glued to the
skin around the tracheostoma. The diameter and height of the tracheostoma valve
are 3.5 cm and 2.5 cm, respectively. The tracheostoma valve is made of plastic
and consists of a cough valve with an integrated (“speech”) valve, which closes to
phonate for speech production. The speech valve is made of soft silicon rubber
that reduces extraneous speaking noise. Normally, the cough valve is closed and
the speech valve is opened by a magnetic force through a small piece of metal
connected to a magnet. Air passes through the total device for breathing. The
cough valve is opened by the pressure produced by the lungs and the
tracheostoma valve offers a maximal opening for the air and expectorated phlegm
when the patient is coughing. The pressure is created by high air volume
displacement.

The speech valve is closed by an extra spurt of airflow from the lungs, thus
directing air into the oesophagus at a deliberately chosen moment. After speaking
is finished, the speech valve opens again by inhalation.
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The magnetic force used to keep the cough valve closed and speech valve open
can be changed, thus making both valve mechanisms adjustable. The magnetic
force for the cough valve can be changed readily by sliding a metal plate over the
magnets (Fig. 3). This changes the contact surface between the magnet and metal
plate. The same principle is used for the speech valve. This makes it possible to
optimise the pressure needed to open the cough valve and the airflow rate needed
to close the speech valve to an individual setting.

small magnets

metal plate

Figure 3: Schematic illustration of adjustments possible in opening the cough valve by sliding the metal
plate over the small magnets.

The functioning of the cough valve is triggered by the pressure exerted on the
closed valve just before the valve opens. In contrast, the functioning of the speech
valve is triggered by the flow exerted on the open valve just before the valve
closes. Pressure and airflow rates

The experimental setup to measure the pressure to open the cough valve and the
airflow rate to close the speech valve is shown in Fig. 4. This consists of a
transparent flow tube with a flow head at the end of the tube and a pressure
transducer measuring the pressure difference before and after the tracheostoma
valve. The data measured are contained in the computer through the data
acquisition program Labview for Windows 3.01 (National Instruments, Austin,
Texas, USA). Airflow was produced by cylinder air as well as by blowing directly on
the tube by mouth. Airflow was measured in a flowhead (Lilly flowhead, Mercury
Electronics, Glasgow, Scotland). Calibration of the flowhead was accomplished
with a Brooks flowmeter (model GT1357, tube type R-6-25-B, float material
Tantalum, Brooks Instrument, Veenendaal, The Netherlands). The pressure
difference was measured with a pressure transducer (model 267BC, Hewlett
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Packard, Waltham, Mass., USA). The pressure transducer was calibrated with a
water manometer.

Figure 4: Experimental setup to measure flow and pressure.

2.2.2 Methods

The flow necessary to close the speech valve and the pressure necessary to open
the cough valve were measured. The speech valve was separated into eight
positions, with equal steps between positions 1 and 8 although position 1 of the
speech valve was the most difficult position to close. The cough valve was also
divided into eight positions, with position 1 as the most difficult position to open.
Three measurements per position were performed for airflow produced by blowing
and by using the cylinder.

Additional measurements were performed to calculate the airflow resistance
coefficient of the tracheostoma valve during breathing. To determine the airflow
resistance coefficient, the theory of internal incompressible viscous flow through
pipes and sudden contractions like valves was applied.17,18. Pressure losses due to
such effects (or “head losses”) were interpreted physically as a loss in mechanical
energy. The total head loss was regarded as the sum of losses due to frictional
effects in fully developed flow in a constant-area tube as well as geometric losses
due to such factors as entrances, fittings and area changes. Geometric losses
were determined by airflow through the tracheostoma valve in the flow tube as
forced to pass through a variety of abrupt changes in area. These geometric losses
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are encountered primarily as a result of flow separation after an abrupt change in
area (with energy eventually dissipated by violent mixing in the separated zones).
The geometric head loss (hl) was expressed as

2

2v
Khl = (1)

with v = velocity [m⋅ s-1] and K = loss coefficient [-] as determined experimentally for
each situation.

By using the energy balance, head losses were expressed as energy per unit of
mass of flowing fluid [m2⋅ s-2]:

pp
hl

21 −
= (2)

In this equation p1
 – p2 = pressure loss [kg⋅ m-1⋅ s-2] and ρ = density [kg⋅ m-3]. The

combination of equations (1) and (2) gives:

2

2
21 v

K
pp

=
−
ρ

(3)

Thus, pressure loss was described as:

2
21 2

v
K

pp ⋅⋅=− ρ
(4)

As such, pressure loss was proportional to the squared velocity and thus also
proportional to the squared flow

2
21 FRpp C ⋅=− (5)

RC was defined as the airflow resistance coefficient with SI dimensions [kg⋅ m-7] or

expressed in dimensions [Pa⋅ s2⋅ l-2].

Measurements were obtained by generating an increasing flow through the
flowtube, whereas the pressure difference p1

 – p2 (before and after the
tracheostoma valve) and the flow F were recorded simultaneously. To determine
the airflow resistance coefficient of the tracheostoma valve, pressure was plotted
against the squared flow. With linear regression, a straight line was calculated. The
slope of this straight line represented the airflow resistance coefficient. The airflow
resistance coefficient of the tracheostoma valve was established for a flow range of
0-1.4 l/s.



36 Chapter 2

Chapter 2 dtp

2.3  Results

The airflow values necessary to close the speech valve produced both by blowing
and from a gas cylinder are shown in Fig. 5.

Speech valve position

1 2 3 4 5 6 7 8

F
lo

w
 (

l/s
)

0.5

1.0

1.5

2.0

2.5

3.0

Mean blowing air
Mean cylinder air

Figure 5: Mean flow values (and standard deviation) necessary to close the speech valve with airflow
produced by blowing or by cylinder air

The flow values measured were reproducible for all the positions of the speech
valve. The airflow required to close the speech valve decreased almost linearly
with the valve positions. The airflow values to close the speech valve by blowing
were virtually equal to the airflow produced by the gas cylinder for different speech
valve positions. Since a very smooth flow tube was used, frictional losses could be
neglected.

The pressures measured to open the cough valve with air produced by a cylinder
are depicted in Fig. 6. The pressures measured show reproducible results for all of
the valve positions. The adjustability of the cough valve was not ideal for positions
2 and 3. In positions 1 and 2 the pressures to open the cough valve were equal,
while the pressure step between positions 2 and 3 was larger than the next steps.
Fig. 6 also shows the pressure produced by blowing to open the cough valve. The
mean curve from blowing air shows the same trend as the mean cylinder air curve.
Thus, no distinct differences were found between opening the cough valve by
blowing or by cylinder air.
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Cough valve position
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Figure 6: Mean pressure values (and standard deviation) necessary to open the cough valve with
airflow produced by blowing or cylinder air.

Figure 7: Pressure values against squared flow values plotted with 4900 dots. The straight line
represents linear regression; while the slope of this line is the airflow resistance coefficient of the

tracheostoma valve.
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The airflow resistance coefficient of the tracheostoma valve is shown in Fig. 7. This
graph shows the pressure difference as a function of the squared flow. The value
of the airflow resistance coefficient RC was RC = 1.2⋅102 [Pa⋅ s2⋅ l-2].

2.4  Discussion

The value of our newly developed tracheostoma valve allows speaking without
requiring the use of a finger or thumb to close the stoma. It also permits coughing
and thus permits the ready clearance of tracheal secretions.

It is possible to adjust the speech valve to an individual setting, as the flow range to
close the speech valve decreases nearly linearly from 2.7 to 1.2 l/s. This can be
easily attained by patients, allowing the patient to set the speech valve to an
individual setting and reduce extraneous speaking noise. As shown in Fig. 5, the
values for the closing force of the speech valve were reliable and reproducible and
demonstrated standard deviations of flow measurements to be very low.

The presence of the cough valve is an improvement with respect to other
frequently used devices.1,3-6 The range of the pressure to open the cough valve
was 1-7 kPa, thus allowing adjustment of the valve to an individual setting. In
healthy persons coughing begins with a deep inspiration followed by forced
expiration against a closed glottis. This increases intrapleural pressure up to 13
kPa or more.19 When laryngectomees use a tracheostoma valve, a similar process
occurs and requires forced expiration against a closed valve. With the intrapleural
pressure required for coughing, there has been no problem to open the cough
valve. The decrease in opening pressure for valve positions 1 - 4 of the cough
valve was not ideal and could perhaps be improved by adjusting the shape of the
area of the metal plate (Fig. 3).

The intra-tracheal pressure needed for speech for such voice prostheses as the
Groningen low-resistance button, the Blom-Singer duckbill prosthesis and the
Provox low-resistance prosthesis has varied from 3.3 to 1.36 kPa, respectively.
This means that it is possible to adjust the cough valve to such a position that it will
not open during speech when using different voice prostheses.20,21

No significant difference was found between airflow produced by a cylinder and
airflow produced by blowing in spite of differences in temperature and moisture
between both kinds of air. The calculated airflow resistance coefficient was

comparable to that of other tracheostoma valves and ranged from 0.8⋅102 to

3.2⋅102 [Pa⋅ s2⋅ l-2] in calculations provided by Verkerke et al.2 When compared to
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the entire airway resistance (i.e., alveolar pressure/flow), the coefficient in a
healthy person ranged from 1.2⋅102 to 4.7⋅102 [Pa⋅ s2⋅ l-2].22

In general, we prefer not to use the term airflow “resistance”, as the relationship
between pressure and flow is not linear.23 The term resistance suggests Ohm’s
law, which states that the resistance increases in a linear way when flow increases.
Our findings have shown that the airflow resistance of the tracheostoma valve
demonstrates a non-linear behaviour due to turbulent flow. Accordingly, it is better
to use the term “airflow resistance coefficient” instead of airflow (or airway)
resistance, which is a term employed by a number of authors.2,20,21,24-27

The methods used by us to obtain our results can be used as a reference method
for comparing the aerodynamic characteristics of various tracheostoma valves. Our
method described gives reproducible results and can also be used for all kinds of
flow-regulating devices, such as shunt valves, voice producing prostheses and
tracheostoma valves. The breathing properties of the tracheostoma valve can then
be determined with a given definition of the airflow resistance coefficient to provide
a basis for comparison with other (different) tracheostoma valves.

At present further tests are planned in vivo for our tracheostoma valve.
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