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HUMAN MPLANTABLE TISSUE EXPANDER 

REFERENCE TO RELATED APPLICATIONS 

0001 Reference is made to U.S. Provisional Patent Appli 
cation No. 60/695,028, entitled HUMAN IMPLANTABLE 
TISSUE EXPANDER, filed Jun. 28, 2005, the disclosure of 
which is hereby incorporated by reference and priority of 
which is hereby claimed pursuant to 37 CFR 1.78(a)(4) and 
(5)(i). 

FIELD OF THE INVENTION 

0002 The present invention relates to implantable tissue 
expanders. 

BACKGROUND OF THE INVENTION 

0003. The following published patent documents are 
believed to represent the current state of the art: 
0004 U.S. Pat. Nos. 6,315,796 and 6,605,116; 
0005 French Patent Nos. 2,859,098 and 2,862,523; and 
0006 U.S. Patent Application Publication Nos. 2001/ 
00.10024; 2003/0074084 and 2004/0148024. 

SUMMARY OF THE INVENTION 

0007. The present invention seeks to provide improved 
implantable tissue expanders. 
0008. There is thus provided in accordance with a pre 
ferred embodiment of the present invention a human implant 
able tissue expander including a biocompatible implantable 
structural skeleton element having a predetermined overall 
three-dimensional shape and defining at least one wall por 
tion having formed therein apertures extending from an inte 
rior thereof to an exterior thereof and being operative, when 
implanted in human tissue, to permit fluid flow through the 
apertures and to generally maintain the predetermined three 
dimensional shape generally independently of its orientation 
relative to gravitational acceleration. 
0009. In accordance with a preferred embodiment of the 
present invention the human implantable tissue expander also 
includes at least one cap associated with an exterior of the 
skeleton element, the skeleton element being operative to 
maintain the at least one cap in a predetermined three-dimen 
sional configuration generally independently of its orienta 
tion relative to gravitational acceleration. Preferably, the skel 
eton element is integrally formed with the at least one cap. 
Alternatively or additionally, the skeleton element and the cap 
are formed of the same material. 
0010. In accordance with another preferred embodiment 
of the present invention the skeleton element includes a plu 
rality of ribs. Preferably, the skeleton element is operative 
when implanted in human tissue, to maintaina predetermined 
non-circularly symmetric three-dimensional configuration 
generally independently of its orientation relative to gravita 
tional acceleration. Additionally or alternatively, the skeleton 
element is formed of one of polyurethane and silicone. Pref 
erably, the skeleton element is formed by injection molding. 
Additionally or alternatively, the skeleton element is resilient. 
0011. In accordance with yet another preferred embodi 
ment of the present invention the skeleton element is resil 
iently deformable to a deformed shape in which it has a 
Substantially reduced minimum dimension, thereby to permit 
insertion of the skeleton element through an aperture in a 
cutaneous layer when the skeleton element is in the deformed 
shape and to allow the skeleton element, by virtue of its 
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resiliency, to regain a desired original shape when placed at a 
desired location within the body. 
0012. There is also provided in accordance with another 
preferred embodiment of the present invention a human 
implantable tissue expander including a flexible enclosure for 
at least one material having at least one fluid flow character 
istic and a flexible and resilient skeleton associated with the 
flexible enclosure and being operative to maintain the flexible 
enclosure in a predetermined three-dimensional configura 
tion generally independently of its orientation relative to 
gravitational acceleration. 
0013. In accordance with a preferred embodiment of the 
present invention the flexible and resilient skeleton is inte 
grally formed with the flexible enclosure. Preferably, the 
flexible and resilient skeleton and the flexible enclosure are 
formed of the same material. 
0014. In accordance with another preferred embodiment 
of the present invention the flexible and resilient skeleton 
includes a plurality of ribs. Preferably; the flexible and resil 
ient skeleton is formed of one of polyurethane and silicone. 
Additionally or alternatively, the flexible and resilient skel 
eton is formed by injection molding. 
0015. In accordance with still another preferred embodi 
ment of the present invention the flexible enclosure and the 
flexible and resilient skeleton are resiliently deformable to a 
deformed shape in which they have a substantially reduced 
overall minimum dimension, thereby to permit insertion of 
the flexible enclosure and the flexible and resilient skeleton 
through an aperture in a cutaneous layer when the flexible 
enclosure and the flexible and resilient skeleton are in the 
deformed shape and to allow the flexible enclosure and the 
flexible and resilient skeleton, by virtue of resiliency of the 
flexible and resilient skeleton, to regain a desired original 
shape when placed at a desired location within the body. 
0016. In accordance with yet another preferred embodi 
ment of the present invention the at least one material is a gas. 
Alternatively, the at least one material is a liquid. As a further 
alternative, the at least one material is formed of particles. 
0017. In accordance with a further preferred embodiment 
of the present invention the flexible enclosure includes an 
injection port. Preferably, the flexible enclosure contains the 
at least one material. Additionally or alternatively, the flexible 
enclosure does not contain the at least one material when the 
flexible enclosure is inserted through the aperture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The present invention will be understood and appre 
ciated more fully from the following detailed description, 
taken in conjunction with the drawings in which: 
(0019 FIGS. 1A and 1B are simplified respective top and 
bottom pictorial view illustrations of an implantable breast 
tissue expander constructed and operative in accordance with 
a preferred embodiment of the present invention; 
0020 FIG. 1C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 1A 
and 1B to reduce the minimum dimension thereof; 
0021 FIGS. 2A and 2B are respective pictorial and sec 
tional illustrations of the implantable breast tissue expander 
of FIGS. 1A and 1B, implanted in a patient positioned in a 
standing orientation; 
0022 FIGS. 3A and 3B are respective pictorial and sec 
tional illustrations of the implantable breast tissue expander 
of FIGS. 1A and 1B, implanted in a patient positioned in a 
prone orientation; 
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0023 FIGS. 4A and 4B are respective top and bottom 
pictorial view illustrations of a gas filled implantable breast 
tissue expander constructed and operative in accordance with 
another preferred embodiment of the present invention; 
0024 FIG. 4C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 4A 
and 4B to reduce the minimum dimension thereof; 
0025 FIGS.5A and 5B are simplified respective pictorial 
and sectional illustrations of the implantable breast tissue 
expander of FIGS. 4A and 4B, implanted in a patient posi 
tioned in a standing orientation; 
0026 FIG.5C illustrates addition of fluid to the implant 
able breast tissue expander of FIGS. 4A-5B, thereby increas 
ing the internal pressure thereof; 
0027 FIGS. 6A and 6B are simplified respective pictorial 
and sectional illustrations of the implantable breast tissue 
expander of FIGS. 4A and 4B, implanted in a patient posi 
tioned in a prone orientation; 
0028 FIGS. 7A and 7B are simplified respective top and 
bottom pictorial view illustrations of an implantable breast 
tissue expander constructed and operative in accordance with 
a further preferred embodiment of the present invention: 
0029 FIG. 7C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 7A 
and 7B to reduce the minimum dimension thereof; 
0030 FIGS. 8A and 8B are simplified respective pictorial 
and sectional illustrations of the implantable breast tissue 
expander of FIGS. 7A and 7B, implanted in a patient posi 
tioned in a standing orientation; 
0031 FIGS. 9A and 9B are simplified respective pictorial 
and sectional illustrations of the implantable breast tissue 
expander of FIGS. 7A and 7B, implanted in a patient posi 
tioned in a prone orientation; 
0032 FIGS. 10A and 10B are simplified respective top 
and bottom pictorial view illustrations of an implantable 
breast tissue expander constructed and operative in accor 
dance with yet another preferred embodiment of the present 
invention; 
0033 FIG. 10C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 
10A and 10B to reduce the minimum dimension thereof; 
0034 FIGS. 11A and 11B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 10A and 10B, implanted in a patient posi 
tioned in a standing orientation; 
0035 FIGS. 12A and 12B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 10A and 10B, implanted in a patient posi 
tioned in a prone orientation; 
0036 FIGS. 13A and 13B are simplified respective top 
and bottom pictorial view illustrations of a fluid-filled 
implantable breast tissue expander constructed and operative 
in accordance with yet another preferred embodiment of the 
present invention; 
0037 FIG. 13C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 
13A and 13B to reduce the minimum dimension thereof; 
0038 FIGS. 14A and 14B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 13A and 13B, implanted in a patient posi 
tioned in a standing orientation; 
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0039 FIGS. 15A and 15B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 13A and 13B, implanted in a patient posi 
tioned in a prone orientation; 
0040 FIGS. 16A and 16B are simplified respective top 
and bottom pictorial view illustrations of an implantable 
breast tissue expander constructed and operative in accor 
dance with still another preferred embodiment of the present 
invention; 
0041 FIG.16C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 
16A and 16B to reduce the minimum dimension thereof; 
0042 FIGS. 17A and 17B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 16A and 16B, implanted in a patient posi 
tioned in a standing orientation; 
0043 FIGS. 18A and 18B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 16A and 16B, implanted in a patient posi 
tioned in a prone orientation; 
0044 FIGS. 19A and 19B are simplified respective top 
and bottom pictorial view illustrations of a fluid-filled 
implantable breast tissue expander constructed and operative 
in accordance with still another preferred embodiment of the 
present invention; 
0045 FIG. 19C is a simplified illustration showing defor 
mation of the implantable breast tissue expander of FIGS. 
19A and 19B to reduce the minimum dimension thereof; 
0046 FIGS. 20A and 20B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 19A and 19B, implanted in a patient posi 
tioned in a standing orientation; 
0047 FIGS. 21A and 21B are simplified respective picto 
rial and sectional illustrations of the implantable breast tissue 
expander of FIGS. 19A and 19B, implanted in a patient posi 
tioned in a prone orientation; 
0048 FIGS. 22A and 22B are simplified respective top 
and bottom pictorial view illustrations of an implantable tis 
Sue expander constructed and operative in accordance with a 
further preferred embodiment of the present invention; 
0049 FIG.22C is a simplified illustration showing defor 
mation of the implantable tissue expander of FIGS. 22A and 
22B to reduce the minimum dimension thereof, and 
0050 FIGS. 23A, 23B and 23C are simplified pictorial 
illustrations of the implantable tissue expander of FIGS. 22A 
and 22B implanted in the buttocks of a patient. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0051 Reference is now made to FIGS. 1A-3B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with a preferred embodiment of the present 
invention. The breast tissue expander of FIGS. 1A-3B is 
generally characterized in that it comprises a biocompatible, 
preferably resilient, implantable structural skeleton element 
100 having a predetermined overall three-dimensional shape, 
defining at least one wall portion having formed therein aper 
tures extending from an interior thereof to an exterior thereof 
and being operative, when implanted in human tissue, to 
generally maintain the predetermined three-dimensional 
shape generally independently of its orientation relative to 
gravitational acceleration. 
0.052 The term "skeleton element” is used throughout to 
refer to an element which itself provides structural support 
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and defines a predetermined three-dimensional shape, irre 
spective of whether and to what extent it is inflated or other 
wise filled with a fluid or other material. It may thus be 
appreciated that a skeleton element is distinguished from 
prior art prostheses which comprise a flexible bag which is 
filled with a fluid or geland whose three-dimensional shape is 
governed by the extent to which it is filled or is readily 
changeable in response to its orientation. 
0053. The skeleton element of the present invention may 
be incorporated in or associated with a fluid-filled enclosure 
to define a tissue expander. In Such a case, the overall shape of 
the tissue expander is determined generally by the shape of 
the skeleton element rather than by the enclosure, the extent 
of its filling or its internal pressurization. 
0054 As seen in FIGS. 1A and 1B, the skeleton element 
100 is typically in the shape of a truncated, generally coni 
cally-shaped coiled elongate element 102 having variously 
directed positioning barbs 104 located at base locations the 
realong. Elongate element 102 is preferably formed of a bio 
compatible plastic material. Such as polyurethane or silicone. 
A Suitable stiffener, such as a metal wire, may be incorporated 
in the elongate element 102. Elongate element 102 preferably 
defines at least one wall portion 106 having formed therein 
apertures 108, extending from an interior thereof to an exte 
rior thereof, which are operative, when the breast tissue 
expander is implanted, to permit fluid flow therethrough. 
0055 As illustrated in FIG. 1C, it is a particular feature of 
a preferred embodiment of the present invention that skeleton 
element 100 is resiliently deformable from its normal shape, 
as shown in FIGS. 1A and 1B and designated generally in 
FIG.1C by reference numeral 110, having a minimum dimen 
sion L1, to a deformed shape, designated generally by refer 
ence numeral 112, in which it has a substantially reduced 
minimum dimension L2, thereby to permit insertion of the 
skeleton element 100, in its deformed shape 112, through an 
aperture (not shown) in a cutaneous layer (not shown) and to 
allow the skeleton element 100, by virtue of its resiliency, to 
regain its normal shape 110 when placed at a desired location 
within the body (not shown). 
0056 Turning to FIGS. 2A and 2B, which illustrate the 
tissue expander in the form of skeleton element 100 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 100, as it appears 
in FIGS. 1A and 1B, is maintained when the skeleton element 
100 is implanted. Considering also FIGS. 3A and 3B, it is 
appreciated that the general three-dimensional configuration 
of the skeleton element 100, as it appears in FIGS. 1A and 1B, 
is maintained essentially unchanged irrespective of whether 
the patient is standing or lying prone, as shown by distance A 
in FIGS 2B and 3B. 

0057 Reference is now made to FIGS. 4A-6B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with another preferred embodiment of the present 
invention. The breast tissue expander of FIGS. 4A-6B is 
generally characterized in that it comprises a biocompatible 
resilient implantable structural skeleton element 150 entirely 
enclosed in a fluid enclosure 152 having a shape which is 
generally determined by the predetermined overall three-di 
mensional shape of the skeleton element 150. The breast 
tissue expander of FIGS. 4A-6B is operative, when implanted 
in human tissue, to generally maintain the predetermined 
three-dimensional shape generally independently of its ori 
entation relative to gravitational acceleration. 
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0058 As seen in FIGS. 4A and 4B, the skeleton element 
150 is typically in the shape of a truncated, generally coni 
cally-shaped coiled elongate element 154 and the fluid enclo 
sure 152 has variously directed positioning barbs 156 located 
at base locations therealong. Elongate element 154 is prefer 
ably formed of a biocompatible plastic material. Such as 
polyurethane or silicone. A Suitable stiffener, such as a metal 
wire, may be incorporated in the elongate element 154. The 
fluid enclosure 152 is preferably formed of an elastomer, such 
as silicone, and preferably includes a conventional injection 
port 158. 
0059. As illustrated in FIG. 4C, it is a particular feature of 
a preferred embodiment of the present invention that skeleton 
element 150 and fluid enclosure 152 are resiliently deform 
able from their normal shape, as shown in FIGS. 4A and 4B 
and designated generally in FIG. 4C by reference numeral 
160, having a minimum dimension L1, to a deformed shape, 
designated generally by reference numeral 162, in which they 
have a substantially reduced minimum dimension L2, thereby 
to permit insertion of the skeleton element 150 and the fluid 
enclosure 152, in their deformed shape 162, through an aper 
ture (not shown) in a cutaneous layer (not shown) and to allow 
the skeleton element 150 and the fluid enclosure 152, by 
virtue of the resiliency of the skeleton element, to regain their 
normal shape 160 when placed at a desired location within the 
body (not shown). It is appreciated that the skeleton element 
150 may be separate from the fluid enclosure 152 as illus 
trated in FIG. 4C. Alternatively, the skeleton element 150 may 
be wholly or partially joined to the fluid enclosure 152. 
0060 Turning to FIGS. 5A and 5B, which illustrate the 
tissue expander in the form of skeleton element 150 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 150, as it appears 
in FIGS. 4A and 4B, is maintained when the tissue expander 
is implanted. Considering also FIGS. 6A and 6B, it is appre 
ciated that the general three-dimensional configuration of the 
skeleton element 150, as it appears in FIGS. 4A and 4B, is 
maintained essentially unchanged irrespective of whether the 
patient is standing or lying prone, as shown by distance A in 
FIGS 5B and 6B. 
0061 FIG.5C schematically illustrates changing the pres 
surization inside fluid enclosure 152, as by injection of a fluid 
into the interior of the enclosure 152 via injection port 158. 
Alternatively, a material formed of particles, which are pref 
erably smaller in diameter than the diameter of the injection 
device, may be used to change the pressurization inside 
enclosure 152. The change in pressurization may take place at 
any Suitable time prior to or following implantation of the 
tissue expander. 
0062 Reference is now made to FIGS. 7A-9B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with a further preferred embodiment of the 
present invention. The breast tissue expander of FIGS. 7A-9B 
is generally characterized in that it comprises a biocompatible 
resilient implantable structural skeleton element 200 having 
associated therewith a flexible cap 202 having a shape which 
is generally determined by the predetermined overall three 
dimensional shape of the skeleton element 200. The breast 
tissue expander of FIGS. 7A-9B defines at least one wall 
portion having formed therein apertures extending from an 
interior thereof to an exterior thereof is operative, when 
implanted in human tissue, to generally maintain the prede 
termined three-dimensional shape generally independently 
of its orientation relative to gravitational acceleration. 
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0063. As seen in FIGS. 7A and 7B, the skeleton element 
200 is typically in the shape of a truncated, generally coni 
cally-shaped coiled elongate element 204 having variously 
directed positioning barbs 206 located at base locations the 
realong. Cap 202 and elongate element 204 are preferably 
formed of biocompatible plastic materials, such as polyure 
thane or silicone. A Suitable stiffener, such as a metal wire, 
may be incorporated in the elongate element 204. Elongate 
element 204 preferably defines at least one wall portion 208 
having formed therein apertures 210, extending from an inte 
rior thereof to an exterior thereof, which are operative, when 
the breast tissue expander is implanted, to permit fluid flow 
therethrough. 
0064. As illustrated in FIG.7C, it is a particular feature of 
a preferred embodiment of the present invention that skeleton 
element 200 is resiliently deformable from its normal shape, 
as shown in FIGS. 7A and 7B and designated generally in 
FIG.7C by reference numeral 212, having a minimum dimen 
sion L1, to a deformed shape, designated generally by refer 
ence numeral 214, in which, it has a Substantially reduced 
minimum dimension L2, thereby to permit insertion of the 
skeleton element 200, in its deformed shape 214, through an 
aperture (not shown) in a cutaneous layer (not shown) and to 
allow the skeleton element 200, by virtue of its resiliency, to 
regain its normal shape 212 when placed at a desired location 
within the body (not shown). 
0065 Turning to FIGS. 8A and 8B, which illustrate the 
tissue expander in the form of skeleton element 200 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 200, as it appears 
in FIGS. 7A and 7B, is maintained when the tissue expander 
is implanted. Considering also FIGS. 9A and 9B, it is appre 
ciated that the general three-dimensional configuration of the 
skeleton element 200, as it appears in FIGS. 7A and 7B, is 
maintained essentially unchanged irrespective of whether the 
patient is standing or lying prone, as shown by distance A in 
FIGS. 8B and 9B. 

0066 Reference is now made to FIGS. 10A-12B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with yet another preferred embodiment of the 
present invention. The breast tissue expander of FIGS. 10A 
12B is generally characterized in that it comprises a biocom 
patible resilient implantable structural skeleton element 250 
having a predetermined overall three-dimensional shape and 
being operative, when implanted in human tissue, to gener 
ally maintain the predetermined three-dimensional shape 
generally independently of its orientation relative to gravita 
tional acceleration. 

0067. As seen in FIGS. 10A and 10B, the skeleton element 
250 has a generally conical shape having a generally hemi 
spherical vertex 252. Skeleton element 250 includes a plural 
ity of generally circular discs 254 extending radially outward 
from a core 256 (FIGS. 11B and 12B) and additionally sup 
ported by ribs 258, defining at least one wall portion having 
formed therein apertures extending from an interior thereofto 
an exterior thereof, which are operative, when the breast 
tissue expander is implanted, to permit fluid flow there 
through. 
0068 Skeleton element 250 preferably defines at least one 
wall portion 260 having formed therein apertures 262, 
extending from an interior thereof to an exterior thereof. 
Variously directed positioning barbs 264 are located on a base 
disc 266 located at base locations therealong. Skeleton ele 
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ment 250 is preferably formed of a biocompatible plastic 
material as polyurethane or silicone. 
0069. As illustrated in FIG.10C, it is aparticular feature of 
a preferred embodiment of the present invention that skeleton 
element 250 is resiliently deformable from its normal shape, 
as shown in FIGS. 10A and 10B and designated generally in 
FIG. 10C by reference numeral 268, having a minimum 
dimension L1, to a deformed shape, designated generally by 
reference numeral 270, in which it has a substantially reduced 
minimum dimension 12, thereby to permit insertion of the 
skeleton element 250, in its deformed shape 270, through an 
aperture (not shown) in a cutaneous layer (not shown) and to 
allow the skeleton element 250, by virtue of its resiliency, to 
regain its normal shape 268 when placed at a desired location 
within the body (not shown). 
(0070 Turning to FIGS. 11A and 11B, which illustrate the 
tissue expander in the form of skeleton element 250 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 250, as it appears 
in FIGS. 10A and 10B, is maintained when the skeleton 
element 250 is implanted. Considering also FIGS. 12A and 
12B, it is appreciated that the general three-dimensional con 
figuration of the skeleton element 250, as it appears in FIGS. 
10A and 10B, is maintained essentially unchanged irrespec 
tive of whether the patient is standing or lying prone, as shown 
by distance A in FIGS. 11B and 12B. 
(0071 Reference is now made to FIGS. 13 A-15B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with still another preferred embodiment of the 
present invention. The breast tissue expander of FIGS. 13 A 
15B is generally characterized in that it comprises a biocom 
patible resilient implantable structural skeleton element 300 
entirely enclosed in a fluid enclosure 302 having a shape 
which is generally determined by the predetermined overall 
three-dimensional shape of the skeleton element 300. The 
breast tissue expander of FIGS. 13 A-15B is operative, when 
implanted in human tissue, to generally maintain the prede 
termined three-dimensional shape generally independently 
of its orientation relative to gravitational acceleration. 
0072. As seen in FIGS. 13A and 13B, the skeleton element 
300 has a generally conical shape having a generally hemi 
spherical vertex 304, Skeleton element 300 is formed of a 
plurality of generally circular discs 306 extending radially 
outward from a core 308 (FIGS. 14B and 15B) and addition 
ally supported by ribs 310. Variously directed positioning 
barbs 312 are located on a base disc 314 located at base 
locations therealong. Skeleton element 300 is preferably 
formed of a biocompatible plastic material. Such as polyure 
thane or silicone. The fluid enclosure 302 is preferably 
formed of an elastomer, such as silicone, and preferably 
includes a conventional injection port 318. 
(0073. As illustrated in FIG. 13C, it is aparticular feature of 
a preferred embodiment of the present invention that skeleton 
element 300 and fluid enclosure 302 are resiliently deform 
able from their normal shape, as shown in FIGS. 13A and 13B 
and designated generally in FIG. 13C by reference numeral 
320, having a minimum dimension L1, to a deformed shape, 
designated generally by reference numeral 322, in which they 
have a substantially reduced minimum dimension L2, thereby 
to permit insertion of the skeleton element 300 and the fluid 
enclosure 302, in their deformed shape 322, through an aper 
ture (not shown) in a cutaneous layer (not shown) and to allow 
the skeleton element 300 and the fluid enclosure 302, by 
virtue of the resiliency of the skeleton element, to regain their 
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normal shape 320 when placed at a desired location within the 
body (not shown). It is appreciated that the skeleton element 
300 may be separate from the fluid enclosure 302 as illus 
trated in FIG. 13C. Alternatively, the skeleton element 300 
may be wholly or partially joined to the fluid enclosure 302. 
0074 Turning to FIGS. 14A and 14B, which illustrate the 
tissue expander in the form of skeleton element 300 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 300, as it appears 
in FIGS. 13A and 13B, is maintained when the skeleton 
element 300 is implanted. Considering also FIGS. 15A and 
15B, it is appreciated that the general three-dimensional con 
figuration of the skeleton element 300, as it appears in FIGS. 
13A and 13B, is maintained essentially unchanged irrespec 
tive of whether the patient is standing or lying prone, as shown 
by distance A in FIGS. 14B and 15B. 
0075. It is appreciated that the pressurization inside fluid 
enclosure 302 may be changed, as by injection of a gas or a 
liquid into the interior of the enclosure 302 via a suitable 
injection port, Such as injection port 318. Alternatively, a 
material formed of particles, which are preferably smaller in 
diameter than the diameter of the injection device (not 
shown), may be used to change the pressurization inside 
enclosure 302. Such a change in pressurization may take 
place at any Suitable time prior to or following implantation of 
the tissue expander. 
0076 Reference is now made to FIGS. 16A-18E3, which 
illustrate a breast tissue expander constructed and operative in 
accordance with still another preferred embodiment of the 
present invention. The breast tissue expander of FIGS. 16A 
18B is generally characterized in that it comprises a biocom 
patible resilient implantable structural skeleton element 350 
having a predetermined overall three-dimensional shape and 
being operative, when implanted in human tissue, to gener 
ally maintain the predetermined three-dimensional shape 
generally independently of its orientation relative to gravita 
tional acceleration. 
0077. As seen in FIGS. 16A and 16B, the skeleton element 
350 is typically in the shape of a cage formed of a generally 
parallel array of differently sized and shaped bent elongate 
elements 352 which are held together by one or more trans 
verse elongate elements, here including a surrounding elon 
gate element 354 and two other elongate elements, designated 
respectively by reference numerals 356 and 358. Skeleton 
element 350 preferably defines at least one wall portion 360 
having formed therein apertures 362, extending from an inte 
rior thereof to an exterior thereof, which are operative, when 
the breast tissue expander is implanted, to permit fluid flow 
therethrough. 
0078. It is appreciated that one or more of the various bent 
elongate elements 352,354,356 and 358 may have differing 
mechanical characteristics such as stiffness and resiliency. 
The skeleton element 350 may be integrally formed, as by 
injection molding. The skeleton element 350 may include 
variously directed positioning barbs 363 located at base loca 
tions therealong, and is preferably formed of a biocompatible 
plastic material. Such as polyurethane or silicone. 
0079. As seen in FIG. 16C, which illustrates the breast 
tissue expander of FIGS. 16A and 16B rotated by approxi 
mately 45 degrees counter clockwise with respect to the ori 
entation shown in FIG. 16A, it is a particular feature of a 
preferred embodiment of the present invention that skeleton 
element 350 is resiliently deformable from its normal shape, 
as shown in FIGS. 16A and 16B and designated generally, in 
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FIG. 16C by reference numeral 364, having a minimum 
dimension L1, to a deformed shape, designated generally by 
reference numeral 366, in which it has a substantially reduced 
minimum dimension L2, thereby to permit insertion of the 
skeleton element 350, in its deformed shape 366, through an 
aperture (not shown) in a cutaneous layer (not shown) and to 
allow the skeleton element 350, by virtue of its resiliency, to 
regain its normal shape 364 when placed at a desired location 
within the body (not shown). 
0080 Turning to FIGS. 17A and 17B, which illustrate the 
tissue expander in the form of skeleton element 350 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 350, as it appears 
in FIGS. 17A and 17B, is maintained when the skeleton 
element 350 is implanted. Considering also FIGS. 18A and 
18B, it is appreciated that the general three-dimensional con 
figuration of the skeleton element 350, as it appears in FIGS. 
18A and 18B, is maintained essentially unchanged irrespec 
tive of whether the patient is standing or lying prone, as shown 
by distance A in FIGS. 17B and 18B. 
0081 Reference is now made to FIGS. 19A-21B, which 
illustrate a breast tissue expander constructed and operative in 
accordance with still another preferred embodiment of the 
present invention. The breast tissue expander of FIGS. 19A 
21B is generally characterized in that it comprises a biocom 
patible resilient implantable structural skeleton element 400 
entirely enclosed in a fluid enclosure 402 having a shape 
which is generally determined by the predetermined overall 
three-dimensional shape of the skeleton element 400. The 
breast tissue expander of FIGS. 19A-21B is operative, when 
implanted in human tissue, to generally maintain the prede 
termined three-dimensional shape generally independently 
of its orientation relative to gravitational acceleration. 
0082. As seen in FIGS. 19A and 19B, the skeleton element 
400 is typically in the shape of a cage formed of a generally 
parallel array of differently sized and shaped bent elongate 
elements 404 which are held together by one or more trans 
verse elongate elements, here including a surrounding elon 
gate element 406 and two other elongate elements, designated 
respectively by reference numerals 408 and 410. It is appre 
ciated that one or more of the various bent elongate elements 
404, 406, 408 and 410 may have differing mechanical char 
acteristics Such as stiffness and resiliency. The skeleton ele 
ment 400 may be integrally formed, as by injection molding, 
and is preferably formed of a biocompatible plastic material, 
Such as polyurethane or silicone. 
I0083. The fluid enclosure 402 may include variously 
directed positioning barbs 412 located at base locations the 
realong. The fluid enclosure 402 is preferably formed of an 
elastomer, Such as silicone, and preferably includes a conven 
tional injection port 414. 
0084. As seen in FIG. 19C, which illustrates the breast 
tissue expander of FIGS. 19A and 19B rotated by approxi 
mately 45 degrees counter clockwise with respect to the ori 
entation shown in FIG. 19A, it is a particular feature of a 
preferred embodiment of the present invention that skeleton 
element 400 and fluid enclosure 402 are resiliently deform 
able from their normal shape, as shown in FIGS. 19A and 19B 
and designated generally in FIG. 19C by reference numeral 
420, having a minimum dimension L1, to a deformed shape, 
designated generally by reference numeral 422, in which they 
have a substantially reduced minimum dimension L2, thereby 
to permit insertion of the skeleton element 400 and the fluid 
enclosure 402, in their deformed shape 422, through an aper 
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ture (not shown) in a cutaneous layer (not shown) and to allow 
the skeleton element 400 and the fluid enclosure 402, by 
virtue of the resiliency of the skeleton element, to regain their 
normal shape 420 when placed at a desired location within the 
body (not shown). It is appreciated that the skeleton element 
400 may be separate from the fluid enclosure 402 as illus 
trated in FIG. 19C. Alternatively, the skeleton element 400 
may be wholly or partially joined to the fluid enclosure 402. 
I0085 Turning to FIGS. 20A and 20B, which illustrate the 
tissue expander in the form of skeleton element 400 
implanted in a breast, it is seen that the general three-dimen 
sional configuration of the skeleton element 400, as it appears 
in FIGS. 19A and 19B, is maintained when the skeleton 
element 400 is implanted. Considering also FIGS. 21A and 
21B, it is appreciated that the general three-dimensional con 
figuration of the skeleton element 400, as it appears in FIGS. 
19A and 19B, is maintained essentially unchanged irrespec 
tive of whether the patient is standing or lying, prone, as 
shown by distance A in FIGS. 20B and 21B. 
I0086. It is appreciated that the pressurization inside fluid 
enclosure 402 may be changed, as by injection of a gas or a 
liquid into the interior of the enclosure 402 via a suitable 
injection port, Such as injection port 414. Alternatively, a 
material formed of particles, which are preferably smaller in 
diameter than the diameter of the injection device (not 
shown), may be used to change the pressurization inside 
enclosure 402. Such a change in pressurization may take 
place at any Suitable time prior to or following implantation of 
the tissue expander. 
0087. Reference is now made to FIGS. 22A-22C, which 
illustrate a tissue expander constructed and operative in 
accordance with a further preferred embodiment of the 
present invention. The tissue expander of FIGS. 22A-22C is 
generally characterized in that it comprises a biocompatible 
resilient implantable structural skeleton element 500 having 
associated therewith a flexible cap 502 having a shape, which 
is generally determined by the predetermined overall three 
dimensional shape of the skeleton element 500. The tissue 
expander of FIGS. 22A-22C defines at least one wall portion 
having formed therein apertures extending from an interior 
thereof to an exterior thereof and is operative, when 
implanted in human tissue, to generally maintain the prede 
termined three-dimensional shape generally independently 
of its orientation relative to gravitational acceleration. 
0088. As seen in FIGS. 22A and 22B, the skeleton element 
500 is typically in the shape of a truncated, generally coni 
cally-shaped coiled elongate element 504 and the cap 502 is 
preferably formed with variously directed positioning barbs 
506 located on a base 508. Cap 502 and elongate element 504 
are preferably formed of biocompatible plastic materials, 
Such as polyurethane or silicone. A Suitable stiffener. Such as 
a metal wire, may be incorporated in the elongate element 
504. Elongate element 504 preferably defines at least one wall 
portion 510 having formed therein apertures 512, extending 
from an interior thereof to an exterior thereof, which are 
operative, when the tissue expander is implanted, to permit 
fluid flow therethrough. 
I0089. As illustrated in FIG.22C, it is aparticular feature of 
a preferred embodiment of the present invention that skeleton 
element 500 is resiliently deformable from its normal shape, 
as shown in FIGS. 22A and 22 and designated generally in 
FIG. 22C by reference numeral 514, having a minimum 
dimension L1, to a deformed shape, designated generally by 
reference numeral 516, in which it has a substantially reduced 
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minimum dimension L2, thereby to permit insertion of the 
skeleton element 500, in its deformed shape 516, through an 
aperture (not shown) in a cutaneous layer (not shown) and to 
allow the skeleton element 500, by virtue of its resiliency, to 
regain its normal shape 514 when placed at a desired location 
within the body (not shown). 
0090 Reference is now made to FIGS. 23A, 23B and 23C, 
which are simplified pictorial illustrations of tissue expanders 
of the type shown in FIGS. 22A and 22B implanted in the 
buttocks of a patient. 
0091. It is seen that the general three-dimensional con 
figuration of the skeleton element 500 is maintained when the 
buttocks expander is implanted, and is essentially unchanged 
irrespective of whether the patient is standing or lying prone, 
as shown by distance A in FIGS. 23B and 23C. 
0092. It is appreciated that the tissue expanders described 
hereinabove with reference to FIGS. 1A-23C are examples of 
various types of tissue expanders not limited in their applica 
tion to breasts and buttocks. Similar tissue expanders may be 
utilized to expand any Suitable human tissue. 
0093. It is appreciated that some or all of the biocompat 
ible materials employed in the tissue expanders described 
hereinabove may contain medicinal materials which may be 
released into the Surrounding tissue or into the fluid enclosure 
at a desired rate. 
0094. It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove. Rather the 
scope of the present invention includes both combinations 
and subcombinations of the various features described here 
inabove as well as modifications and variations thereof as 
would occur to a person of skill in the art upon reading the 
foregoing specification and which are not in the prior art. 

1. A human implantable tissue expander comprising: 
a biocompatible implantable structural skeleton element 

having a predetermined overall three-dimensional shape 
and defining at least one wall portion having formed 
therein apertures extending from an interior thereof to an 
exterior thereof and being operative, when implanted in 
human tissue, to permit fluid flow through said apertures 
and to generally maintain said predetermined three-di 
mensional shape generally independently of its orienta 
tion relative to gravitational acceleration. 

2. A human implantable tissue expander according to claim 
1 and also comprising at least one cap associated with an 
exterior of said skeleton element, said skeleton element being 
operative to maintain said at least one cap in a predetermined 
three-dimensional configuration generally independently of 
its orientation relative to gravitational acceleration. 

3. A human implantable tissue expander according to claim 
2 and wherein said skeleton element is integrally formed with 
said at least one cap. 

4. A human implantable tissue expander according to claim 
2 and wherein said skeleton element and said cap are formed 
of the same material. 

5. A human implantable tissue expander according to claim 
2 and wherein said skeleton element comprises a plurality of 
ribs. 

6. A human implantable tissue expander according to claim 
1 and wherein said skeleton element is operative, when 
implanted in human tissue, to maintain a predetermined non 
circularly symmetric three-dimensional configuration gener 
ally independently of its orientation relative to gravitational 
acceleration. 
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7. A human implantable tissue expander according to claim 
1 and wherein said skeleton element is formed of one of 
polyurethane and silicone. 

8. A human implantable tissue expander according to claim 
1 and wherein said skeleton element is formed by injection 
molding. 

9. A human implantable tissue expander according to claim 
1 and wherein said skeleton element is resilient. 

10. A human implantable tissue expander according to 
claim 1 and wherein said skeleton element is resiliently 
deformable to a deformed shape in which it has a substantially 
reduced minimum dimension, thereby to permit insertion of 
said skeleton element through an aperture in a cutaneous layer 
when said skeleton element is in said deformed shape and to 
allow said skeleton element, by virtue of its resiliency, to 
regain a desired original shape when placed at a desired 
location within the body. 

11.-23. (canceled) 


