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An apparatus and method for
healing open wounds through enlarge-
ment of soft tissue surrounding said
wound is comprised of a dome (12)
configured to fit over the wound and
at least a portion of the surround-
ing soft tissue. The dome (12) has
a rim (14) with a surface area equal
to or greater than the normal area of
the dome opening to prevent med-
ical complications caused by exces-
sive pressure to the skin. A gas-
ket {(46) or other cushioning material
may be provided about the periphery
of the dome (12) for patient comfort
and improved seal. The dome (12)
also includes a vacuum pump (20)
with a power source (22), pressure
sensor (24), and servomechanism (26)
for regulating the pressure within the
dome (12) to any one of several proto-
cols using pressures which might tem-
porarily exceed non-damaging levels.
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METHOD AND APPARATUS FOR PROMOTING SOFT TISSUE
ENLARGEMENT AND WOUND HEALING

Background and Summary of the Invention
There are numerous instances where persons desire

enlargement of the soft tissues in their bodies. One
such instance is. for the replacement of one or both
breasts amputated during a mastectomy in order to restore
physiological symmetry and psychological well-being.
Other instances are for correction of natural
abnormalities such as dimpling. Still other instances
are for augmentation of physical attributes to improve
cosmetics and self-esteem. These latter soft tissue
enlargements are principally directed to breast
enlargement in females and penis enlargement in males.
Prosthetic implants have been developed for
insertion below the skin. However, the severity of the
potential complications including scarring, implant
rupture, capsular contracture, necrosis and implant

migration as well as the recent adverse publicity thereof
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have significantly reduced the desirability of these
implants. Thus, there is a societal need for other means
to obtain soft tissue enlargement.

some s0ft tissue enlargements occur naturally.
For instance, during pregnancy the skin over a woman's
abdominal region enlarges approximately nine times its
previous area to accommodate the fetus without a
proportional decrease in skin thickness. In other words,
the abdominal skin tissue actually enlarges and does not
merely stretch during pregnancy. Similarliy, the skin
will expand to accommodate any growth under the skin.

In the past, plastic surgeons have used this
phenomena to their advantage to expand skin in order to
accommodate prosthetic implants or provide tissue to
close wound defects. To conduct this procedure, the
surgeon inserts a balloon beneath the skin in the area
where additional skin is desired. By progressively
expanding the balloon, the skin first stretches and
eventually actually grows to accommodate the increased
volume underneath it. When the desired amount of skin is
formed, the balloon is deflated and removed, and the
implant is inserted into the cavity left by the balloon.
Also, the excess skin can be used to cover a wound
defect, an ulcer or a depressed scar. Similar methods
have been used by African native tribes to enlarge lips,
nostrils, and earlobes.

Other surgical techniques have used tissue
expansion to achieve other types of soft tissue growth.
For instance, balloons have been successfully situated
underneath nerves, veins, tendons, and the like to expand
and thereby elongate these tissues to repair damage and
alleviate various abnormalities.

A more advanced surgical method is known as
callotasis distraction osteogenesis or limb lengthening.
This method comprises cutting the bone about its
periphery at the location where lengthening is desired,

-
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leaving the tissues inside and around the bone intact.
Brackets are attached to the bone on each side of the
geparation, and the bone segments are slowly pulled away
from one another while remaining integral over a period
of several months. Not only does this cause the mended
bone to be longer, but also the soft tissue surrounding
the bone actually grows to accommodate the increased limb
length. Similar methods have been used by African native
tribes to lengthen necks for cosmetic purposes.

Each of these above-mentioned apparatuses and
methods requires an invasive surgical technigque to
accomplish the soft tissue expansion. Invasive
techniques increase the likelihood of the complications
associated with the procedure including those mentioned
above with respect to implant surgery. In addition, the
expense of surgery precludes many persons having their
abnormalities corrected or physical attributes enhanced.

Other soft tissue enlargement technigques have been
developed which use other mechanisms to cause the
enlargement. For instance, an instrument and technique
have been developed for the non-surgical correction of
inverted nipples due to short lactiferous ducts. The
instrument is comprised of a cup having an internal
volume shaped like that of the final desired nipple. The
user places the cup over the inverted nipple, pumps the
alr out of the cup with a syringe and adjusts the vacuum
within the cup using a check valve to just below the
threshold of discomfort. Thus attached, the device puts
the lactiferous ducts in tension and extends them
sufficiently after two to three months of wear at 8-12
hours per day.

Although this device 1is sufficient for its
intended purpose, it 1s not suitable for general soft
tissue enlargement. Laceration and contusion can occur
if too strong of a suction is applied to soft tissue. As
the pressure within the inverted nipple instrument is not
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regulated, contusion or laceration can occur. When a
vacuum is developed within the cup of the ingstrument, an
equal and opposite force is applied to the patient about
the rim of the cup. Excessive contact forces against the
patient can cause ulceration, laceration, and contusions.
As the contact forces are not regulated in the nipple
instrument, these further complications also can occur.
In addition, general soft tissue enlargement is not
feasible with the instrument due to the size and shape of
the cup.

Another prior art device is disclosed in U.S.
Patent No. 936,434 as a device for enlarging a woman's
breasts. This device included a pair of cups for
placement on the breasts and a pump for exhausting the
air. However, this patent provides no teaching as to the
pressures to be used, the potential danger to the skin
tissues, or any suggestions as to how the device is to be
retained in place during use. Apparently, the device is
used in a clinical setting and is not suitable for long
term ambulatory wear such as for 8-10 hours. As the
patent suggests that the vacuum acts to cause the veins
and arteries to engorge, thereby nourishing the breasts,
it is clear that the patentee is suggesting that the
breast tissue actually expands through this expansion of
blood vessels alone. This patent has been the subiject of
ridicule by at least one medical authority. See "An
Anthology Of Plastic Surgery" edited by Harry Hayes, Jr.,
M.D., Section 6, "Quackery and Nostrums" pub. 1986 by
Aspen Publishers, Rockville, Maryland.

Finally, another prior art device although
notorious is worthy of note. This device is commonly
referred to as a penis pump and is sold primarily as a
novelty as its long-term enlargement efficacy has never
been proven and is in fact universally disclaimed by its
distributors. The device is comprised of a cylinder
having one open end into which the penis is inserted and
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a pump attached to it such that a vacuum can be created
within the cylinder. Not only does this device have the
same drawbacks as the nipple instrument with respect to
potential complications, but also it is unlikely that
sufficient vacuum can be maintained by the device to
cause any notable long-term soft tissue enlargement.
Further, this device is apparently designed to accomplish
two tasks unrelated to enlargement. First, the device is
used for stimulation and sexual gratification. Second,
the device is used to promote erection by drawing blood
into the penis.

There is also another condition routinely
experienced by many patients in which the generation of
s0ft tissue is important. That condition evolves from
injuries or diseases which produce wound infections or
ulcers which have a tendency to exude bodily fluids and
resist healing. At least one effort has been made in the
prior art, as known by the inventor herein, to address
this problem. This prior art solution involves the use
of an occlusive, or airtight, dressing covering the wound
coupled with a suctioning of fluid from the wound either
once or repeatedly in order to dry it out and create an
environment more conducive to wound healing. It is not
believed that this prior art considers the problems of
excessive contact forces against the patient's skin which
can cause ulceration, laceration, and contusions. Also,
this prior art teaching is not focused on soft tisgsue
enlargement through the use of a vacuum alone and instead
relies at least in part on the use of suction for
removing wound fluid and creating an environment that
promotes healing. The importance of enlarging the
surrounding soft tissue to close the wound is not a clear
focus of this prior art method.

Most of these prior art devices and methods have
failed to achieve long term soft tissue enlargement while
preventing damage to the soft tissue being enlarged, as
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well as surrounding tissue. The inventor herein has
succeeded in designing and developing a new generalized
method and apparatus for soft tissue enlargement which
prevents damage to soft tissue. The apparatus used for
this enlargement is comprised of a rigid fluid-impervious
dome having a rim about its periphery and a vacuum pump
for reducing pressure to thereby apply a distracting
force to the soft tissue isolated by and within the dome.
The rim has sufficient surface area such that the
pressure applied to the patient by the rim is less than
or equal to the negative pressure applied to the soft
tissue under the dome. Thus, as long as pressure within
the dome is regulated to a limit below which medical
complications cannot occur, the opposing contact pressure
against the patient ig below this threshold as well.

With this approach, damage is avoided not only to the
soft tissue being enlarged, but the surrounding tissue as
well. 1In the preferred embodiment of the apparatus, the
vacuum pump has a self-contained power source. In
addition, a pressure sensor and servomechanism control
the pump such that the vacuum within the dome is
maintained at a magnitude less than 35 mm Hg. Variant
embodiments may be configured to fit over and enlarge a
human breast, a human penis, an infected wound, open
80re, ulcer, or any other desired area.

The method of use is comprised of the steps of
attaching the dome to the location of desired
enlargement, and creating a vacuum within the dome. The
vacuum should be maintained for a minimum of eight hours
per day and results should be sufficient after several
months.

While the practical advantages and features of the
present invention and method have been briefly described
above, a greater understanding of the novel and unique
features of the invention may be obtained by referring to
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the drawings and Detailed Description of the Preferred
Embodiment which follow.
Brief D ription of the Drawings

Figure 1 is a front elevation view of the soft
tissue enlargement apparatus of the present invention,
showing the breast augmentation embodiment:;

Figure 2 is a cross-sectional view of the breast
enlargement embodiment taken in the plane of line 2-2 of
Figure 1:;

Figure 3 is a cross-sectional schematic of a dome
and soft tissue in the early stages of enlargement;

Figure 4 is a cross-sectional schematic of a dome
and soft tissue in the latter stages of enlargement;

Figure 5 is an orthographic projection of the
penile augmentation embodiment of the present invention;
and

Figure 6 is a partial cross-sectional view of a
dome in place over an open wound.

Detailed Description of the Preferred Embodiment

The soft tissue enlargement apparatus 10 is
generally comprised of a dome 12 having a rim 14 and
vacuum pump assembly 16 for creating a vacuum within the
dome. Although the vacuum pump assembly 16 may be a
separate hand-held pump in one variant embodiment, in the
preferred embodiment the vacuum pump assembly 16 is a
self-contained vacuum pump 20 with an independent power
gsource 22, pressure sensor 24, and servomechanism 26 for
driving, regulating and controlling the vacuum pump 20.

Regulation of the pressure within the dome is
essential to prevent contusions caused by rupturing
capillaries adjacent the surface of the skin, separating
epidermis from dermis and causing blisters. Medical data
suggest that these contusions and blisters will not occur
1f pressure within the dome is maintained at less than
25-35 mm Hg for extended periods of time. Thus, the
vacuum pump 20 must be regulated to control the pressure

p— - S —— GO G G



WO 95/26690 : PCT/USHS/03480

10

15

20

25

30

35

i : 2186725

within the dome to within this limit. 1In addition, skin
ulceration can occur if excessive contact pressures are
applied thereto. Medical data suggest that a contact
pressure less than 15-20 mm Hg may be applied
indefinitely without such ulceration. However,
contusions may occur due to positive contact pressures
upon the skin at pressures for appreciable time periods
above this ulceration limit. The preferred embodiment of
the present invention was developed with these limits in
mind and will not apply a continucus vacuum or a
continuous contact pressure greater than 25-35 mm Hg.
Several forces are developed within the dome and
about the rim as a result of evacuating air from the
dome. A suction force is developed within the dome 12
equal to the vacuum pressure multiplied by the enclosed
tissue surface area 30. The vacuum or vacuum pressure
may also be thought of as a negative pressure. The
vector sum of the suction force upon the tissue surface
area 30 may be called the normal force and is equal to
the vacuum pressure multiplied by the normal area 32 of
the dome opening, i.e., the area bounded by the periphery
33. An opposing force is imposed on the user by the rim
14 to balance the normal force and is equal but opposite
to the normal force. The contact pressure of the rim 14
against the user is equal to this opposing force divided
by the annular rim surface area 34, i.e., the surface
area between the rim and patient which supports the
dome's pressure. Therefore, if the rim surface area 34
1s configured to be greater than or equal to the normal
area 32 at the dome opening, then the contact pressure
against the patient's skin will not exceed the magnitude
of the vacuum pressure within the dome 12. Another
physical phenomenon further aids in the enlargement
forces upon the soft tissue under the dome 12. If the
tissue only slightly protrudes into the dome as shown in
Figure 3 and as is typically the initial condition, then
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the surface area 30 under the dome is only slightly

S

larger than the normal area 32 at the dome opening.
Therefore, as the suction force is directly proportional
to the surface area of the tissue under the dome, the
suction force is only slightly larger than the normal
force. As enlargement occurs, more tissue protrudes into
the dome 12 as shown in Figure 4 thereby providing more
surface area 30 under the dome. Because the surface area
30 under the dome is larger, the suction force generated
is increased. Thus, the rate of enlargement increases as
treatment continues.

One specific embodiment includes a dome 12
configured to fit over a human breast as shown in Figures
1 and 2. This embodiment includes a rim 14 having a
surface area 34 greater than the normal area 32 of the
dome opening thereby preventing medical complications to
the soft tissue as long as the pressure is properly
regulated within the dome 12. The pressure reducing
means 16 is located underneath the patient's breast, so
that the apparatus 10 may be hidden under loose-fitting
clothes. As with the general embodiment, the vacuum pump
asgsembly 16 of this embodiment is preferably comprised of
a vacuum pump 20 with a power source 22, a pressure
sensor 24 and servomechanism 26 to drive and control the
vacuum pump and to regulate the pressure within the dome
12.

As shown in Figure 1, this specific embodiment may
take the form of a bra 40 having two domes 12 spaced by a
hinge 42. Straps 44 may be attached to the bra 40 to
retain the bra 40 in place. A gasket 46 may also be
included about the rim 14 to improve the patient's
comfort and enhance the seal about the rim. In the
preferred embodiment, this gasket 46 may be a silicone
gel cushion or other soft, conforming type material.
Petroleum jelly or other sealant gel may also be used to
supplement or supplant the gasket. A manual override 48
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ig included on the vacuum pump assembly 16 so that the
patient or doctor may vary the pressure below the optimal
level so as to be more comfortable. Although two vacuum
pump assemblies 16 may be used, one depending from each
dome 12 s0 as to provide different pressures in the
domes, the preferred embodiment places the domes in fluid
communication with a conduit 50.

A second specific embodiment is shown in Figure 5
wherein the dome 12 is configured to fit over a human
penis. As can be seen from the figure, this embodiment
comprises essentially the same features as the bra
embodiment described above. The principal differences
between these embodiments are the configurations of the
dome 12°' and rim 14' as well as the positioning of the
straps 44°'.

As shown in Figure 6, a dome 52 may be
conveniently located over an open wound 54. A pump 56
(including an appropriate control) draws a vacuum through
a connecting tube 58 in substantially the same manner as
has been explained above.

In order to use the invention, the patient places
the dome over the area of desired enlargement and adjusts
the straps for comfort. Then the patient simply turns
the vacuum pump on and the device goes to work. These
apparatuses are intended to be worn 8-12 hours per day
and can be worn during sleep. After several months,
notable and long-term enlargement should occur. When the
desired enlargement is achieved, the use of the device
may be suspended. If additional enlargement is desired,
then use may be continued. Occasional use or use at a
reduced pressure may also be desired to maintain the
desired enlargement.

For alternate applications, such as in a hospital,
clinic or other professional setting, the invention may
be applied to the area of desired enlargement, or over an
open wound or ulcer, and the vacuum pump and control
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turned on in order to automatically apply an appropriate
regimen of vacuum and rest. As noted above, a vacuum may
be developed with the invention and maintained at a
continuous negative pressure sufficient to provide tissue
enlargement and yet not cause damage to surrounding soft
tissue for extended time periods. Alternatively, a
"cycling"” regimen may be provided by the invention which
may promote more rapid tissue enlargement. For example,
the vacuum pump may be controlled to develop a pressure
as high as 100 mm Hg for several minutes and then return
to a much lower level considered to be safe for extended
periods, such as between 15-20 or even 35 mm Hg. Upon
further testing, other protocols for treatment or use may
be found to produce an accelerated enlargement of soft
tissue. The present invention should not be considered
as limited to any particular protococl as the inventor
contemplates that different protocols may be readily
learned and utilized with the present invention.

There are various changes and modifications which
may be made to the invention as would be apparent to
those skilled in the art. However, these changes or
modifications are included in the teaching of the
disclosure and it is intended that the invention be
limited only by the scope of the claims appended hereto.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. An apparatus for accelerating the closing of an
open wound through the enlargement of a patient’s soft

tissue surrounding the open wound, said apparatus

comprising:

a dome for enclosing said wound and at least a portion
of the soft tissue surrounding said wound, said dome having
an opening surrounded by a periphery defining a normal area,
salid dome having a rim for surrounding said open wound and
soft tissue portion, said rim having a contact surface area
configured for engaging the soft tissues, said contact

surface area being substantially equal to or greater than

sald normal area, and

a vacuum pump configured for evacuating the dome to a

pressure sufficient to promote growth enlargement of the

soft tissue surrounding the open wound,

sald dome belng configured to withstand a wvacuum

sufficient to promote growth enlargement of the soft tissue

surrounding the open wound.

2. The apparatus of Claim 1 wherein said dome 1is

sufficiently rigid to withstand 35 mm Hg of negative

pressure therewithin.

3. The apparatus of Claim 2 wherein said dome 1is

sufficiently rigid to withstand temporary peak negative

pressures of 100 mm Hg therewithin.

4 The apparatus of Claim 1 further comprising:

a regulator connected to said vacuum pump for

malntaining a desired vacuum within said dome.
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5. The apparatus of Clalim 4 wherein said rim
comprises a gasket.
6 . An apparatus for accelerating the healing of an

open wound through the enlargement of a patient’s soft
tissue at least partially surrounding said open wound, said

apparatus comprising:

a dome for enclosing said open wound and at least a
portion of said patient’s soft tissue surrounding said

wound,

sald dome having an opening surrounded by a periphery
defining a normal area and being sufficiently rigid to

withstand a vacuum therein, and

sald dome having a gasket for supporting said dome with
a contact surface area engageable with tissue of the
patient, said gasket being configured so that evacuation of
the dome causes a contact pressure between the contact
surtface area of the gasket and the tissue engaged thereby,
the contact surface area of the gasket being sufficiently
large so that when the dome is evacuated to a pressure
sufficient to promote growth enlargement of the soft tissue,

then the contact pressure is insufficient to cause damage to

the tissue.

7. The apparatus of Claim 6 wherein said contact

surface area 1s substantially equal to or greater than said

normal area.

8 . The apparatus of Claim 7 further comprising a

vacuum pump connected to said dome for generating the wvacuum

within said dome.
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9. The apparatus of Claim 8 further comprising a
regulator connected to said vacuum pump for use in varying
the pressure 1n said dome to thereby permit different

protocols of vacuum to be applied'to sald wound.

10. An apparatus for enlarging a patient’s soft tissue

comprising:

a dome for enclosing a portion of the patient’s soft
tissue desired to be enlarged, said dome having an opening
surrounded by a periphery defining a normal area and being

sufficiently rigid to withstand a vacuum therein; and

a rim adapted to surround said enclosed soft tissue for
supporting said dome said rim having a contact surface area
sufficiently large to provide a contact pressure less than a
pressure which will cause damage to the tissue beneath said

rim wherein said contact surface area is substantially equal

to or greater than said normal area.

11. The apparatus of Claim 10 wherein said dome is
sufficiently rigid to withstand 35 mm Hg of negative

pressure therewithin.

12. The apparatus of Claim 11 further comprising a

vacuum pump connected to said dome for reducing the pressure

therewithin.

13. The apparatus of Claim 12 further comprising a

regulator connected to said vacuum pump for maintaining a

desired vacuum within said dome.

14. The apparatus of Claim 13 further comprising a

gasket positioned between said rim and said patient for

improved comfort and sealing of said dome.
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15. The apparatus of Claim 14 further comprising a

manual control for said vacuum pump to permit patient

adjustment of the vacuum within the dome.

16. The apparatus of Claim 13 further comprising: a

second one of said dome and rim combinations;
a hinge joining said rims; and

a fluid communication means connected between said

domes to thereby equalize the wvacuum therein.

17. The apparatus of Claim 16 wherein each dome 1is

configured to surround a human breast.

18. The apparatus of Claim 13 further comprising:

a second one of said dome and rim combination;
a hinge jolning said rims; and

a second vacuum pump and regulator connected to said

second dome to thereby permit a different vacuum to be

induced in each dome.

19. The apparatus of Claim 13 further comprising: a

second one of said dome and rim combinations:
a hinge joining said rims; and

a fluid communication means connected between said

domes to thereby equalize the wvacuum therein.

20. The apparatus of Claim 13 wherein said dome is

configured to surround a human penis.
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21. An apparatus for enlarging a patient’s soft tissue

within the patient’s breast, sailid apparatus comprising:

a pair of domes, each of said pair of domes being
configured to surround one of the patient’s breasts, each of
said palir of domes having an opening surrounded by a
periphery defining a normal area and being sufficiently

rigid to withstand a vacuum therein; and

a palir of rims, each of said pair of rims adapted to
surround one of the patient’s breasts, each of said pair of
rims for supporting one of said pair of domes with a contact
surface area sufficiently large to provide a contact
pressure less than a pressure which will cause damage to the
tlssue beneath said pair of rims wherein each of said
contact surface areas 1s substantially equal to or greater

than each of said normal areas.

22. The apparatus of Claim 21 wherein each of said
pair of domes is sufficiently rigid to withstand 35 mm Hg of

pressure therewithin.

23. The apparatus of Claim 22 further comprising a
vacuum pump connected to each of said pair of domes for

reducing the pressure therewithin.

24. A portable apparatus for enlarging a patient’s
soft tissue desired to be enlarged, said dome being

sufficiently rigid to withstand a vacuum therein; and

sald dome being supported from said patient by a
contact surface area sufficiently large to provide a contact
pressure less than a pressure which will cause damage to the

patient’s tissue 1n contact with said contact surface area.
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25. The apparatus of Claim 24 further comprising a
second dome, each of said domes being adapted to surround

one of a woman’s breasts.

26. The apparatus of Claim 25 wherein said contact

surface area substantially surrounds each of said domes.

27. The apparatus of Claim 26 further comprising a
portable vacuum pump connected to said domes for maintaining

a vacuum 1in said domes.

28. The apparatus of Claim 27 further comprising a
regulator connected to said portable vacuum pump for

regulating the vacuum in said domes.

29. The apparatus of Claim 28 wherein said contact
surface area 1includes a gasket substantially surrounding

each of said domes.

30. The apparatus of Claim 29 wherein said gaskets are

made of a soft, conforming material.

31. The apparatus of Claim 30 wherein said gaskets are

made of silicone gel.

32. The apparatus of Claim 30 wherein said vacuum pump
includes a pressure sensor for sensing the vacuum in the
domes, and a servomechanism for regulating the pressure in

salid domes.
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