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1

SKIN EXPANSION DEVICE AND METHOD OF
MAKING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to implantable inflatable
devices, and in particular, it relates to an implantable
skin expansion device.

2. Description of the Prior Art

Present tissue expansion technology includes the im-
plantation of a device having an inflatable envelope
beneath the skin. One example of such an inflatable
device is described in the Radovan et al U.S. Pat. No.
4,217,889, which is presently assigned, in part, to the
same assignee as the present invention. The device of
the Radovan et al patent is incrementally expanded over
a period of time to develop additional tissue surface that
is used for surgical reconstruction or repair.

The following patents describe other types of skin
expanders and inflatable protheses:

Inventor U.S. Pat. No.
Pangman 2,842,775
Boone 3,600,718
Arion 3,860,969
Lynch 3,883,902
Lake 4,095,295
Cox, Jr. 4,178,643
Schulte 4,190,040
Lincoff 4,299,227
Berguer 4,309,776
Sahbabian 4,312,353
Bartolo 4,428,364
Hyans 4,459,318

The Radovan et al. device includes an inflatable en-
velope attached to a base. A filling tube is glued or
flanged to the inflatable envelope at one end and is
connected to an injection chamber at another end
which is implanted a distance away from the envelope.
There are several disadvantages associated with attach-
ing the filling tube to the inflatable envelope.

When the inflatable envelope is inflated, it rises. The
area where the tubing is connected to the inflatable
envelope or junction also rises. The rising junction
results at times in local necrosis of surrounding tissue
and erosion of the device. Also, during inflation, the
rising junction of the tubing and the inflatable envelope
resuits in the junction being moved further from the
injection chamber since the injection chamber is station-
arily implanted, and results in increased tensile forces
on the envelope proximate the junction. The increased
tensile load remains until the device is deflated.

In addition to the increased tensile load, stresses
occur proximate the junction from constant flexing
while the device is implanted since the filling tube and
the envelope have different flexural moduli. The
stresses due to the constant flexing at the junction result
at times in a compromise of the envelope integrity.

After the envelope is deflated, the envelope is re-
moved through a relatively small incision. The enve-
lope is often simply pulled through the incision by pull-
ing on the filling tube. The tubing and envelope may
separate during removal resulting in an inconvenience
to the surgeon.
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2
SUMMARY OF THE INVENTION

The present invention includes an improved skin
expanding device having an inflatable envelope, fluidly
connectable to an injection chamber. The improvement
includes a base thicker than the envelope having at least
one fluid channel fluidly connectable to the injection
chamber and extending through the base from a posi-
tion proximate the perimeter of the base to a location
within the perimeter of the base to fluidly communicate
with the interior of the inflatable envelope.

The present invention by including a base with a fluid
channel permits connecting a fill tube to the base at one
end and connecting the fill tube to the injection cham-
ber. The fill tube and the base are the two strongest
components of the device and together create a more
structurally reliable device able to withstand higher
shock loads and longer cyclic loadings and facilitate
removal of the device from a patient through a small
incision by pulling on the fill tube. Removal of the skin
expander is facilitated because the base tends to fold
into a more removable shape when pulled by the at-
tached fill tube, allowing easier removal through small
incisions. In addition, stresses on the inflatable envelope
resulting from the connection of the fill tube are elimi-
nated, and when the inflatable envelope is inflated, the
fill tube remains in substantially the same plane as it was
when implanted thereby minimizing tissue necrosis and
erosion of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the skin expansion
device of the present invention.

FIG. 2 is a exploded perspective view of the skin
expansion device of the present invention.

FIG. 3 is a cross-sectional view illustrating the at-
tachment of the filling tube to a base of the device taken
along the line 3—3 in FIG. 1.

FIG. 4 is a cross-sectional view showing the layers
comprising the base and the fluid channels in the base
taken along the line 4—4 in FIG. 3.

FIG. 5 is a top view with a slip cover washer and
inflatable envelope removed illustrating the positioning
of the wires between the base and a slip cover when the
channels are being formed.

FIG. 6 is a top view with the washer and inflatable
envelope also removed illustrating the slip cover having
been trimmed.

FIG. 7 is a cross-sectional view showing the layers
comprising the base and the fluid channels in the base
taken along the line 7—7 in FIG. 1.

FIG. 8 is a perspective view of an alternative embodi-
ment illustrating insertion and removal of the skin ex-
pansion device having a base with a circular configura-
tion into and from an incision in a pocket formed under
the skin.

FIGS. 9-11 are partial sectional views of the skin
expansion device implanted, illustrating the unchanged
position of the connection of the fill tube to the base and
the unchanged position of the fill tube during inflation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The improved skin expansion device is generally
indicated at 10 in FIGS. 1 and 2. Skin expansion by an
inflatable prosthesis is well known in the art, having
initially been described in the Radovan et al U.S. Pat.
No. 4,217,889, which is presently assigned, in part, to
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the same assignee as the present application, and is
hereby incorporated by reference. The skin expander of
the Radovan et al patent has been used satisfactorily for
both creating skin grafts and for breast reconstruction
following radical mastectomy.

The present invention is an improved skin expansion
device having an inflatable envelope 12 attached to an
improved base 14. Fluid for inflating the envelope is
conveyed to and from the envelope 12 through the base
14 via preferably a fill tube 16 connected to the base 14,
preferably by a connecting boot 18.

The inflatable envelope 12 is an integral shell having
a bottom wall section 13 for attachment to the base 14
and is made in a well known manner of a biocompatible
medical grade silicone polymer. A patch 20 having an
uncured bottom layer is required to cover a mandrel
hole 22 created during the production of the envelope
on a mandrel (not shown).

The base 14 includes a plurality of fill channels 24,
which are best illustrated in FIGS. 3 through 7. The
base 14 includes a substantially flat, vulcanized base
sheet 26 as best illustrated in FIG. 2, preferably having
an upper unvulcanized layer of silicone polymer, a
cover slip 28 made of a top layer of vulcanized silicone
polymer and a bottom layer of unvulcanized silicone
polymer, and cover slip washer 30 made of unvulcan-
ized silicone polymer. The cover slip 28 and the base
sheet 26 are joined together to form the fill channels 24,
as will be discussed subsequently. The base sheet 26 is
typically 3 to 4 times, and at the very least twice, the
thickness of the inflatable envelope 12. The base sheet
26 is substantially non-extensible preferably with mini-
mum stretching characteristics in the direction indi-
cated by arrow 29. The non-extensible base permits
controlled expansion of the envelope 12 as discussed in
the Radovan et al. patent. In one working example, the
base sheet 26 was approximately 1.0%5 mm thick, the
cover slip 28 was approximately 0.016 inches thick and
the cover slip washer was approximately 0.020 inches
thick. Although the base 14 is described in detail, other
alternate embodiments containing fill channels are in-
cludable within the scope of the present invention.

Referring to FIGS. 3 and 4, the fill tube 16 is securely
attached to the boot 18, such as with an adhesive, and
has a fluid channel 32 in fluid communication with a
manifold chamber 34 of the boot 18. The boot 18 in turn
is securely attached to the base 14, also by an adhesive.
The manifold chamber 34 is in fluid communication
with the fill channels 24 so that the fluid flows unob-
structed between the fluid channels 24 of the base 14
and the fluid passage 32 of the filling tube 16.

To manufacture the improved skin expansion device
of the present invention, a plurality of wires 36 are
positioned on the top surface of the sheet 26. The sheet
26 has an integral forward projecting tongue section 38.
The wires 36 are positioned on the top unvulcanized
layer of the sheet 26 such that first ends 32 of the wires
extend inwardly to a location on the sheet 26 designated
by reference character 40, and second ends 39 extend
outwardly beyond the edge of the tongue section, as
illustrated in FIG. 5. The wires 36 are spaced apart from
each other preferably in a substantially parallel arrange-
ment. The cover slip 28 includes an aperture 42 that is
disposed over the end portions 37 of the wires 36. In one
working embodiment, the wires 36 were spaced apart
approximately 0.07+0.1 inches and were approxi-
mately 0.028 inches in diameter. The tongue section was
approximately 0.32:=0.02 inches wide.
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The cover slip washer 30 is then positioned on top of
the cover slip 28 as illustrated in FIG. 2. The cover slip
washer 30 also includes an aperture 44 that is substan-
tially coaxially aligned with the aperture 42 of the cover
slip 28.

The inflatable envelope 12 also includes an aperture
46 in the bottom wall section 13 and is positioned over

. the base 14 such that the aperture 46 is aligned with the
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apertures 44 and 42 and the bottom wall section 13 is
positioned over the base sheet 26 with the tongue sec-
tion 38 extending beyond the inflatable envelope 12.

Preferably, a pair of anti-occlusion disks 48 are placed
within the envelope 12 on opposite sides of the aperture
46. The disks 48 are made of a silicone polymer and
have a bottom unvulcanized layer. In one working ex-
ample, the aperture 46 was 7.0%0.5 mm in diameter and
the anti-occlusion disks were also 7.020.5 mm in diam-
eter and approximately 0.016 inches thick, and were
spaced from the aperture 46 approximately 0.04 inches.
The disks 48 prevent the envelope 12, when being de-
flated, from occluding the aperture 46 thereby avoiding
difficulties in deflating the device of the present inven-
tion.

The assembled skin expansion device of the present
invention is then heated to a temperature that causes
flow of the unvulcanized layers of the base sheet 26, the
anti-occlusion disks 48, the patch 20, the cover slip 28
and the unvulcanized cover slip washer 30 so that the
base sheet 26, cover slip 28, cover slip washer 30, enve-
lope 12, patch 20 and anti-occlusion disks 48 adhere to
one another. In addition, the unvulcanized silicone pol-
ymer of the cover slip 28 and base sheet 26 flows around
the wires 36 to form the fill channels 24.

The wires 36 are then removed, forming fill channels
24, as illustrated in FIG. 6. The end of the tongue sec-
tion 38 of the base sheet 26 and the cover slip 28 that
extends over the tongue section 38 are trimmed. In
addition, edges 50 of the cover slip 28, as illustrated in
FIG. 5, are trimmed to form a finished end, as illustrated
in FIG. 6.

The boot 18 is then adhesively secured to the tongue
section 38 and the filling tube is inserted into an aperture
52 of the boot 18 and is adhesively secured to surfaces
forming the aperture 52.

As illustrated in FIG. 7, which is a sectional view
taken along the line 7—7 in FIG. 1, the base sheet 26,
the cover slip 28 and the cover slip washer 30 form an
integral base 14 having a plurality of fill channels 24,
their position indicated by broken lines 24, that are in
fluid communication with the aligned apertures 42, 44
and 46 and the interior of the envelope 12. As also illus-
trated in FIG. 7, the anti-occlusion disks 48 extend
above the upper edge of the aperture 46 of the envelope
12 to prevent occlusion when deflation of the envelope
occurs prior to removal of the skin expander from a
patient.

FIGS. 8 through 11 illustrate the improved skin ex-
pansion device 10 in use. (FIG. 8 illustrates a skin ex-
pansion device having a circular base 14A and an enve-
lope 12 also having a generally circular configuration as
compared to the rectangular base configuration illus-
trated in FIGS. 1 and 2.) The skin expansion device 10
is inserted through an incision 52 with the base 14A
folded over the envelope 12A in a deflated state, as
illustrated in FIG. 8. Before the skin expander is in-
serted through the incision 52, a pocket 54 is made
beneath the skin and subcutaneous layer. An injection
chamber 56, such as described in the Radovan et al
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patent, previously mentioned above, having a connect-
ing tube §8, is attached to the fill tube 16 by a suitable
connector (not shown).

As illustrated in FIG. 9, the injection chamber 56, the
connecting tube 58, the fill tube 16, the boot 18 and the
skin expansion device 10 are all implanted under the
skin 60 and the subcutaneous layer 62 on top of underly-
ing tissue and muscle 63. The chamber is filled until the
tissue is under slight pressure and then the tubing is
connected to the injection port. A hypodermic syringe
64 is then used on subsequent serial inflation to pierce
the injection chamber 56 by puncturing the skin 60,
subcutaneous layer 62 and the injection chamber 56. A
saline solution is injected using the hypodermic syringe
64 into the injection chamber 56 causing flow through
the connecting tube 58 and the fill tube 16 through the
boot 18 and into the fill channels 24 of the base 14 into
the interior of the envelope 12. The envelope 12 inflates
expanding the skin 60 and the subcutaneous layer 62, as
illustrated in FIG. 10. The injections occur over a per-
iod of time, typically several weeks, allowing the skin to
stretch over an increasingly larger inflated envelope 12,
as illustrated in FIGS. 10 and 11.

As the envelope 12 is inflated, the connecting tube 58,
the fill tube 16 and the boot 18 remain in the same plane
as initially implanted in FIG. 9. Unlike prior art devices,

- the connecting tubing 58, the fill tube 16 and the con-
nection of the fill tube 16 to the skin expander 10 by the
boot 18 does not rise during inflation, thereby reducing
tissue necrosis and erosion of the device. Further, since
the connecting tubing 58, fill tube 16 and boot 18 do not
rise, the connection represented by the boot 18 is not
moved further from the injection chamber 56, eliminat-
ing the stresses the inflatable envelope that have oc-
curred in prior art devices.

FIG. 8 also illustrates the removal of the skin expan-
sion device 10 of the present invention. To remove the
skin expansion device 10, an incision smaller than the
width of the base is made, and the base folded back over
(after deflation) and removed by pulling on the fill tube
16. With the fill tube 16 attached directly to the base,
the expansion device is withdrawn in a much easier
manner than prior art devices.

Although a specific embodiment of the present inven-
tion has been described, it will be understood by those
skilled in the art that the various dimensions and shape
of the skin expansion device 10 of the present invention
may be varied to fit particular needs of the patient. For
example, the base sheet 26 may be reinforced with a
fabric mesh such as described in the Radovan et al pa-
tent. Additional layers of sheeting material may be used
to form the base sheet 26, or the thickness of the base
sheet 26 may be varied depending on the particular
application of the device of the present invention but
always having a substantially non-extensible character-
istic.

In addition, the width and length of the base sheet 26
can be reduced to simply accommodate the formation
of the fill channels 24 by forming the base 14 and by
attaching the base 14 to the envelope in substantially the
same manner as described above. In a further variation
of the device of the present invention, the fill channels
can be formed into the bottom wall section 13 of the
inflatable envelope 12.

Furthermore, the configuration of the fill tube can be
changed or integrated into the expansion device and the
shape, number and layout of the fill channels can be
varied. In addition, the injection chamber, or multiple
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6

injection chambers, can be integrated into the base 14
and directly connected to the fill channels without the
use of fill tube 16. The fill channels may be designed to
enter the interior of the inflatable envelope 12 at dispa-
rate locations, further reducing the likelihood of occlu-
sion during deflation.

In addition, slight protruberances, instead of the anti-
occlusion disks 48, may be in situ incorporated about
the envelope aperture 46 to avoid occlusion by the
inflatable envelope when withdrawing fluid during
deflation.

In summary, the device of the present invention pro-
vides a number of advantages.

1. A fluid path is incorporated into the base of the
device, avoiding stress concentrations in the material of
the inflatable envelope 12 and providing a stronger
junction between the fill tube and the skin expansion
device.

2. The fluid path remains in the same plane as when
implanted in a deflated state, even after the skin expan-
der is inflated, minimizing the likelihood of fluid path
disruption or increasing tensile load on the fill tube/skin
expansion device connection during inflation.

3. A flat bottom surface of the base is preferably
retained, avoiding stress concentrations on underlying
tissue such as would occur with prior art inflatable
devices that have tubing leading to a bottom entry site.

4. The multiple fill channels make occlusion of the fill
path to the envelope less likely.

5. Removal of the skin expander is facilitated by the
attachment of the fill tube directly to the base providing
more extraction force to be applied to the base in the
direction of pull which permits easier withdrawal
through a small incision. '

Although the present invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed is:

1. An improved implantable expansion device having
an inflatable envelope with a fluid retaining interior for
implantation, the envelope being fluidly connected by a
fill tube to a remote implantable injection site, the im-
provement comprising:

said envelope being fixedly attached to a substantially

non-extensible base having a base perimeter and
said base having a tongue portion extending be-
yond said base perimeter said fluid retaining, the
channel being formed in said base and extending
from said opening through the base to a position
proximate a perimeter of the base into said tongue
portion and fluidly connectable to the injection site
from the position proximate the perimeter so that
inflating fluid flows between the injection site
through the fill tube into said tongue portion
through said channel and said opening and into the
interior of the envelope, such that when the enve-
lope is inflated after implantation, the base and the
fill tube remain in substantially the same plane as
when implanted. _

2. The device of claim 1 wherein the base includes a
plurality of fluid channels.

3. The device of claim 2 wherein the fluid channels
have first ends disposed inwardly in the base and the
envelope has an aperture in fluid communication with
the second ends of the fluid channels and means for
preventing occlusion positioned proximate the aperture
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to prevent the envelope from occluding the aperture
during deflation.

4. The device of claim 3 wherein the means for pre-
venting occlusion includes at least two spaced-apart
sections of sheet material secured to the bottom wall
portion of the envelope proximate the aperture.

5. An improved implantable expansion device having
an inflatable envelope with a fluid retaining interior for
implantation, the envelope being in fluid communica-
tion with an injection site, the improvement comprising:

said envelope being fixedly attached to a substantially

non-extensible base having a base perimeter, and
said base having a tongue portion extending be-
yond said base perimeter;

said base having at least one fluid channel with an

opening communicating with said fluid retaining
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8

interior, said channel being formed in said base and
extending from said opening through said base into
said tongue portion and fluidly connectable to the
injection site from a position proximate said base
perimeter so that inflating fluid-flows between the
injection site through a fill tube into said tongue
portion through said channel and said opening into
the interior of the envelope,
and means for positioned proximate said opening for
preventing the envelope from occluding the open-
ing during inflation.
6. The device of claim 5 wherein the means for pre-
venting occlusion includes at least two spaced-apart
sections of sheet material secured to the botiom wall

portion of the envelope proximate the opening.
* * * * *



