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Chapter 5

Biocompatibility of a Novel Tissue
Connector for Fixation of Tracheostoma
Valves and Shunt Valves

by A.A. Geertsema, H.K. Schutte, M.B.M. van Leeuwen, G. Rakhorst, J.M. Scha-
kenraad, M.J.A. van Luyn, G.J. Verkerke*

Abstract
Rehabilitation after laryngectomy often includes the use of a shunt valve and a
tracheostoma valve to restore voice. To improve the fixation method of these
valves, a new tissue connector has been developed, basically consisting of a ring
that will be integrated into surrounding tracheal soft tissue. The valves can be
placed in the ring. To test the principle of the tissue connector a prototype
consisting of a subcutaneous polypropylene mesh and a percutaneous titanium
stylus was implanted into the backskin of 10 rats by a two-stage surgical
procedure. We reasoned that if a firm connection can be realised with the skin, a
firm connection with the trachea will also be possible. The subcutaneous part was
implanted first, followed by the percutaneous part after 6 weeks. The complete
tissue connector with surrounding tissue was removed 8 weeks later and examined
histologically. The principle of the new tissue connector 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 seems appropriate for its intended use.

                                                     
* With permission of Elsevier Science. Biomaterials (1999) 20:1997-2005.
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5.1 Introduction

The surgical treatment of a malignancy in the larynx sometimes leads to a total
laryngectomy. This is often seen as a life-saving operation, as the malignancy is
taken away by removing the larynx surgically, including vocal folds and epiglottis.
The trachea is directed to a tracheostoma in the neck. To restore voice, the
surgeon inserts a shunt valve in the tracheoesophageal wall, and sometimes a
tracheostoma valve 1,2 is glued on the skin around the tracheostoma (Fig. 1).

Voice becomes possible by producing a rapid airflow, which closes the
tracheostoma valve; expired air then flows via the shunt valve through the upper
oesophageal sphincter (pseudoglottis), which starts to vibrate (comparable to
belching) and creates voice to make speech possible. The functioning of these
valves is often hampered due to air leakage as a result of poor fixation. To
overcome these fixation problems, a new tissue connector was developed to
establish an adequate fixation of these valves to the tracheal mucosa. The tissue
connector basically consists of a ring intended to be integrated into surrounding
soft tissue. Thereafter the valves can be placed in the ring (Fig. 2).

tracheo-
stoma valve

Figure 1: Rehabilitation after laryngectomy with shunt valve and tracheostoma valve.
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Fig. 2. Application of the tissue connector for fixation of a tracheostoma valve (left) and a shunt valve
(right).

This concept can also be used for the fixation of a total artificial larynx, which is
being developed at the University of Groningen.3

The new tissue connector is considered to be a permucosal implant, as the tissue
connector pierces the tracheal mucosa. Permucosal implants anchored by
osseointegration, which are applied in the field of dental surgery to replace teeth,
are commonly made of titanium.4 The same implant system is used for
percutaneous implants such as the bone anchored hearing aid (BAHA) 5-7, orbital
epistheses and auricle prostheses.8-10 The resemblance between skin and mucosa
can explain the success of this implant system for both percutaneous and
permucosal implants.

However, our tissue connector is not located near bone, but in soft tissue making
stabilisation by osseointegration impossible. To find a solution for the permucosal
tissue connector, percutaneous devices stabilised in soft tissue must be
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considered. One of the main failing mechanisms of these implants is epithelial
downgrowth along the implant, which finally results in extrusion by
marsupialization.11 Formation of an effective epidermal seal at the implant-skin
interface could prevent epithelial downgrowth. Several soft-tissue-anchored
percutaneous implants made of different kinds of material have been developed to
form such an epidermal seal.12-18 These soft-tissue-anchored percutaneous
implants can be applied for a permanent access to the body, such as left
ventricular assist devices (LVAD) 15, continuous ambulatory peritoneal devices
(CAPD) 19-21 percutaneous devices to deliver insulin into the abdominal cavity of
patients with diabetes 22 and percutaneous devices for enteral feeding and
drainage.23

Jansen et al 24,25 developed a new two-stage technique. As a first-stage operation a
titanium fiber mesh was implanted in subcutaneous tissue. A five-week healing
period was applied to ensure a sufficient stabilisation, so that a second stage
installation of a percutaneous implant would be successful.26 This technique
favours the functionality of percutaneous implants in soft tissue.

A good alternative for the titanium mesh might be polypropylene (Marlex®) mesh
for initial fixation. Polypropylene mesh is used clinically for repair of the abdominal
wall 27,28 and for tracheobronchomalacia 29,30 as well as experimentally for tracheal
defects.31,32

Application of horizontal microgrooves for percutaneous implants might be effective
for preventing epithelial downgrowth. Several studies have shown that surfaces
with uniform multiple parallel grooves can enhance cell adhesion by confining cells
in grooves and by mechanically interlocking them.33 Chehroudi et al. showed that
percutaneous dental implants with parallel grooved surfaces resulted in an
inhibition of epithelial downgrowth.34,35

For our application we developed a new tissue connector constructed from a new
material combination, consisting of a polypropylene mesh for a subcutaneous
anchorage and a titanium part for the percutaneous implantation. The aim of this
study is to test the biocompatibility of this novel tissue connector. These parts are
implanted by a two-stage surgical procedure. For simplicity we did not use a
tracheal model, but the new tissue connector was implanted into the backskin of
rats. We reasoned that if a firm connection can be realised with the skin, a firm
connection with the trachea will also be possible.
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5.2 Materials and methods

5.2.1 Implants

The configuration of the Tissue Connector (TC) is shown in Figure 3. It consists of a
subcutaneous polypropylene mesh (Bard® Marlex® mesh, Bard Benelux N.V.,
Leuven, Belgium) with a centrally fixed titanium ring and a percutaneous part (stylus).

Figure 3: The two-stage Tissue Connector consisting of a subcutaneous polypropylene mesh with a
fixed titanium ring and titanium stylus.

The titanium used is an alloy, TiAl6V4. The ring and the stylus are attached to each
other by a screw thread fixation. Three different combinations of TC’s are produced
with the characteristics listed in Table 1.

Table 1: Configuration of the three different two-stage TCs

Implant Subcutaneous

(1st stage)

Percutaneous

(2nd stage)

Roughness profile RA

(mean ± SD)

TC 1 Polypropylene

Mesh

Titanium stylus

(smooth)

RA = 0.42 ± 0.06 µm

TC 2 Polypropylene

Mesh

Titanium stylus

(microgrooves)

RA = 2.91 ± 0.14 µm

TC 3 Polypropylene mesh Teflon stylus

(smooth)

RA = 0.69 ± 0.05 µm
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The microgrooves are defined by RA, which is the arithmetical average value of all
absolute distances of the roughness profile from the centre line within the
measuring length lm:

∫ ⋅⋅=
ml

m
A dxy

l
R

0

1

TC 2 stylus is provided with microgrooves using a special chisel. TC 3 serves as a
control implant.

The implants were thoroughly cleaned, followed by gas-sterilisation according to
standard operation procedures.

5.2.2 Surgical procedure

Ten Sprague Dawley rats were used in this experiment, which was approved by
the faculty animal ethical committee. The two-stage surgical procedure implies the
subcutaneous implantation of the polypropylene mesh plus ring as the first stage,
and the addition of the percutaneous stylus fixed to the first part as the second
stage. In each rat 3 implants were placed; one on the left side, and two on the right

side of the spinal column (Fig. 4).
Anaesthesia was performed with
halothane as an introduction and
isoflurane for maintenance. After shaving,
subcutaneous pockets were created by
blunt dissection with scissors. A teflon
screw-cap was screwed in the fixed titanium
ring of the polypropylene mesh to prevent
tissue ingrowth. The polypropylene mesh
with fixed titanium ring was gently placed in
the pocket, and the wound was closed with
sutures (polysorb 4-0, USSC sutures,
United States).

The second stage was performed 6 weeks
after the first stage. The subcutaneous
implant was found by palpation of the skin.
The skin was incised over the teflon screw-
cap, which than was removed from the
titanium ring and replaced by the stylus. The

TC 3

Head

TC 1 TC 2

Tail

Figure 4: Schematic representation
of the position of the TC 1, TC 2 and
TC 3 on the back of the rat.
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skin was sutured in close approximation to the stylus.

The rats were housed separately in special cages in which they could not damage
their implants on their backs. The implants of the rats were checked daily for
mechanical damage and infection. The general health condition of the rats was
checked by monitoring their eating pattern and by weight control. Fourteen weeks
after the first operative stage, the rats were sacrificed by injection with Nembutal and
the TC’s with surrounding tissue were surgically removed.

5.2.3 Histological procedures

Immediately after explantation, the TCs with surrounding tissue were fixed in 4%
paraformaldehyde (PFA) in 0.1 M phosphate buffer. Subsequently, the implants
were trimmed to remove surplus tissue followed by a graded series of ethanol
dehydration and embedded in methylmethacrylate. Thin sections (20-30 µm) were cut
on a sawing blade microtome (Leica 1600, Rijswijk, Holland). Sections were stained
with basic fuchsine and toluidine blue for examination by light microscopy.

5.2.4 Histological Assessment

Three evaluation criteria were employed to assess each implant 36:

1) Epithelial downgrowth along the implant

2) Morphology of soft tissue around the titanium ring

3) Morphology of soft tissue around the polypropylene fibres

A histologic grading scale (Table 2) was developed to evaluate these categories
semi-quantitatively. The downgrowth of epithelium is subdivided in 5 areas (Fig.5).
No downgrowth scores 4 points, downgrowth up to or beyond the edge of the ring
scores 0 points. The other categories (2 and 3) consist of two subcategories;
occurrence of inflammatory cells (like granulocytes, macrophages, giant cells) and
the development of connective tissue (stage of fibroblasts). Soft tissue in category
2 and 3 scores 4 points, when connective tissue is mature (2 points) without
inflammatory cells (2 points). Zero points means no connective tissue (0 points)
and many inflammatory cells (0 points).

5.2.5 Statistics
Student’s t-test was used for statistical analysis (p < 0.05).
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Table 2: Histologic grading scale consisting of three evaluation criteria; epihelial downgrowth, soft tissue at
the titanium ring and soft tissue around the polypropylene fibers.

Outcome Score

Epithelial downgrowth no downgrowth 4

(Fig. 5) Along stylus 3
Along stylus-1st half of ring 2
Along stylus-2nd half of ring 1
Along stylus-ring-polypropylene 0

Soft tissue at titanium ring Mature connective tissue 2
Immature connective tissue 1
No connective tissue 0

No inflammatory cells 2
Few inflammatory cells 1
Many inflammatory cells 0

Soft tissue around Mature connective tissue 2
Polypropylene fibers Immature connective tissue 1

No connective tissue 0

No inflammatory cells 2
Few inflammatory cells 1
Many inflammatory cells 0

4

21
3

0

Stylus

Ring

Polypropylene
Mesh

Figure 5: Cross-section of the TC; grade of epithelial downgrowth: from minimal epithelial
downgrowth (4) to maximal epithelial downgrowth (0).
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5.3 Results

5.3.1 Implant failures

Table 3 shows the number of implants that were explanted completely and the
parts of the implants that were lost during the postoperative period. Three causes
can be distinguished for the loss of these implant parts:

1. The screw-thread fixation of the stylus to the ring failed in some cases.
This phenomenon caused loss of the stylus from the titanium ring. In these
cases, only the subcutaneous implanted polypropylene mesh and titanium
ring remained in place.

2. The connection between the polypropylene mesh and the titanium ring was
not always strong enough. This led to the loss of some styluses including
the titanium ring. Only polypropylene mesh was left in the subcutaneous
tissue.

3. The place chosen for TC 3 was not ideal for these implants; the rats were
able to assault and gnaw them.

Table 3: Overview of implanted and explanted tissue connectors.

Tissue
connector

Implanted Explanted
Complete TC

Lost styluses Lost styluses
and ring

TC 1 10 6 3 1
TC 2 10 7 2 1
TC 3 9 * 4 4 2

* One teflon stylus was not implanted due to a failing mesh ring connection

5.3.2 Macroscopic results

All animals remained in good general health during the entire experiment. They
took normal amounts of food and they did not lose weight. Throughout the
postoperative period, no infection or severe inflammatory reaction was observed.
The styluses (when present) were always in close contact with the skin tissue,
which showed no tendency to retract, so no epithelial downgrowth was detected
macroscopically.

Recovery of operation sites after the first stage procedure went well; a fibrous
capsule surrounded all implants at subcutaneous level of the implant
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(polypropylene mesh with titanium ring) when reopening the wounds in the second
stage.

At the moment of explantation all intact implants (17 out of 30) were judged as
successful, as no adverse tissue reaction and no clear skin retraction appeared.

5.3.3 Microscopic results

The implants were evaluated microscopically by applying a histologic grading
scale. The implants of which only the mesh remained were excluded from the
study. Table 4 gives the results of the microscopic assessment of epithelial
downgrowth of the three different TC’s.  Serious epithelial downgrowth, which is
the formation of a keratinized fibrous capsule parallel to the surface of the stylus
via the titanium ring to the mesh, was not observed. Epithelial downgrowth was
assessed zero for 10 of the 17 implants (Fig. 6 and 7).

Six of the 17 implants were scored 3 points, indicating a slight epithelium
downgrowth. Only one implantation was graded with a 2 for epithelium
downgrowth. TC 3 showed statistically significant less downgrowth than TC 1 and
TC 2. No statistical significant difference in epithelial downgrowth was noted
between TC 1 and TC 2.

The results of the soft tissue assessment around the titanium ring are also
presented in Table 4. In all TC’s a fibrous capsule surrounded the subcutaneous

S

4

E

D

Figure 6: Picture of soft tissue near the titanium stylus (S). Epithelium (E) shows no tendency to
grow down along the stylus. (D = dermis).
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implanted titanium ring in close contact. The scores for these capsules of the three
TC’s do not differ significantly (Table 4).

Table 4: Means and standard deviation of assessment of epithelial downgrowth, soft tissue at titanium
ring and polypropylene mesh for the TC 1, TC 2 and TC 3.

Tissue Connector TC 1 n TC 2 n TC 3 n

Epithelial downgrowth 3.3 ± 0.7 6 3.4 ± 0.5 7 4 ± 0.0 4

Soft tissue at titanium ring:

Bottom

Top

3.4 ± 0.6

3.1 ± 1.0

8

6

3.3 ± 0.9

3.3 ± 0.8

9

6

3.4 ± 0.9

3.1 ± 1.2

8

6

Soft tissue at polypropylene fibres 2.8 ± 0.5 8 2.4 ± 0.6 9 2.6 ± 0.4 8

Bundles of mature connective tissue fibres were observed parallel to the surface.
The capsule contained fibroblasts and collagen and was generally free from
inflammatory cells. The thickness of the fibrous capsule differed as shown in Figure
8 and 9.

Some differences could be noticed between the top and the bottom of the titanium
ring. At the top of the ring the capsule is often looser than at the bottom. The

D

E S

4

Figure 7: No epithelial downgrowth along the titanium stylus. (D = dermis, E = epithelium, S =
stylus).
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capsule at the top is denser and therefore very darkly stained, which made
histological evaluation more difficult (Fig. 10).

T

F

Figure 9: Picture of subcutaneous bottom of a titanium ring (T = titanium, F = fibrous tissue). A thick
fibrous capsule has formed around the ring.

F

T

Figure 8: Picture of subcutaneous bottom of a titanium ring (T = titanium, F = fibrous tissue). A thin
fibrous capsule has formed around the ring.
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The spaces between the fibres of the polypropylene mesh were filled with blood
vessels and immature connective tissue. Also fatty tissue was seen. Only
occasionally, scattered foci of macrophage or granulocyte accumulations were
detected. Generally, a fibrous capsule surrounded the polypropylene fibres (Fig. 11
and 12).

F

T

D

Figure 10: Picture of subcutaneous top of a titanium ring. Fibrous (F) capsule surrounds the top of
the titanium (T) ring (D=dermis).

T
P

P

P
P

P

C

Figure 11: Picture of polypropylene fibers (P) and part of titanium (T) ring (right). Polypropylene
fibers are surrounded by connective tissue (C).
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The scores of soft tissue around the polypropylene fibres are lower than the soft
tissue around the titanium ring, as the connective tissue is immature (Table 4). No
statistical difference for the assessment of soft tissue around the polypropylene
fibres was seen among the different TC’s.

5.4 Discussion

At the moment several problems exist in the fixing of shunt valves and
tracheostoma valves. The tracheostoma valve that is glued on the skin around the
stoma has a limited lifetime of not more than a few hours, and for this reason
tracheostoma valves are not frequently used. The only alternative is closure of the
tracheostoma by a finger, which has the disadvantage of calling attention to one’s
handicap. In addition, one hand always needs to be available. The fixation of shunt
valves strongly depends on the condition of the tissue around the fistula. Irritation
or damage of this tissue during exchange of shunt valves sometimes leads to
leakage around the prosthesis, which will cause aspiration. Consequently, there is
a great need for a reliable permucosal tissue connector to fix laryngeal prostheses,
like shunt valves and tracheostoma valves, to soft tissue.

A two-stage surgical procedure has been applied to test a prototype of our novel
TC, which consisted of a polypropylene mesh with a titanium ring for subcutaneous
implantation and a percutaneous stylus. This concept proved to be successful for

C

F

P

P

P

P

F
C

Figure 12: Picture of polypropylene fibers (P); fibers are surrounded by connective tissue (C) and
fatty tissue (F).
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the TC’s that were present at the end of the implantation period. Major epithelial
downgrowth along the styluses was not observed except for one case. Since no
bacteria reached the deeper tissues surrounding the implant, infection did not
occur. The TC apparently provides an effective epidermal seal.

The transverse microgrooves on stylus of TC 2 did not show a significant
difference with TC 1. This observation does not correspond with the suggestion of
Brunette et al. 37 that microgrooves could prevent epithelial downgrowth in-vivo. On

the other hand the stylus of TC 1, although considered smooth (RA = 0.42 ± 0.06
µm) has micro roughness as well, since it is manufactured using a chisel. More in-
vivo studies should be performed with different types of well-defined microgrooves
to study this phenomenon in more detail.

TC 3 showed no epithelial downgrowth at all; nevertheless, the evaluated series for
TC 3 is to small (n = 4) to establish that teflon would inhibit epithelial downgrowth
better than titanium. The general results provide the assumption that good initial
fixation is a more important factor than the choice of material for the stylus. This is
confirmed by various other studies in which epithelial downgrowth could be
prevented by different kind of materials.12-16

After histological procedures soft tissue was found to be not always in close
contact to the stylus, contrary to initial macroscopic observation. The reason for
this could be found in the fact that dehydration and embedding procedures caused
shrinkage of the soft tissue surrounding the stylus. Loosening of the fibrous
capsule around the top of the subcutaneous titanium ring (Fig. 10) can be similarly
explained.

A fibrous capsule, with hardly any inflammation cells, always surrounded the
subcutaneous ring and was in close contact to the surface of the bottom of the ring.
The absence of infectious or inflammatory reactions indicated that the
polypropylene mesh was effectively inert. Furthermore, connective and fatty tissue
ingrowth occurred. This behaviour is in accordance with findings in literature.27-32

These soft tissue reactions showed that the subcutaneous part is firmly anchored,
which stabilises the percutaneous stylus. It reduced mechanical stress between
percutaneous stylus and surrounding tissue, protecting the bond between the cells
and implant surface.

The implant failures, which did occur, were not due to bioincompatibility. To reduce
these implant failures, the implant design should be improved. The screw-thread
fixation should be better controlled to prevent loosening of the stylus. Also attention
should be paid to a stronger connection between the polypropylene mesh and the
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titanium ring. Subsequently, the location of implantation should be chosen for the
TC’s in such a way that the animal can cause no interference. All these
improvements will result in a reduction of implant failures.

This TC could also contribute to a solution towards applications that need a
permanent access to the body, such as left ventricular assist devices, continuous
ambulatory peritoneal devices, percutaneous devices for diabetes and enteral
feeding.15,19-23,38

The TC should function without infection or inflammation for a very long time.
Periods of more than ten years are required. Since the percutaneous styluses in
this experiment were implanted for only 8 weeks, a long-term follow-up experiment
must be set up to determine whether the percutaneous TC is stable for a longer
period of time.

The TC was tested in the skin of mammals in this study, but finally the TC should
function in the mucosa tissue of the trachea. This seems to be a reasonable
continuation, as implants like the bone-anchored hearing aid (BAHA) 5 and dental
implants 4 are also based on corresponding principles: BAHA’s as well as dental
implants are anchored in bone for a successful stabilisation of skin penetration and
gingival mucosa penetration respectively.

Research will be continued by two new versions of the TC that will be implanted
permucosally in the trachea, one for the fixation of the shunt valve, and one for the
fixation of the tracheostoma valve (Fig. 2). For the shunt valve, a polypropylene
mesh fixed to a titanium ring will be implanted around and through the shunt in the
tracheoesophageal wall. For the tracheostoma valve, a polypropylene mesh will be
implanted around the trachea. A titanium ring will be fixed to this mesh and will
pierce the tracheal wall. The ring will be placed between two tracheal rings, which
offers extra anchorage and stabilises this TC even more.
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