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(57) ABSTRACT 
Bioresorbable inflatable devices and tunnel incision tool and 
methods for treating and enlarging a tissue or an organ or a 
tube or a vessel or a cavity. The device is composed of a 
hollow expanding pouch made of a resorbable material or a 
perforated material that can be attached to a filling element. 
The pouch can be filled with a biocompatible materials, one 
or more times in few days interval, after the insertion of the 
device. While filling the pouch every few days the tissue 
expands and the filling material if it is bioactive start to 
function. The tunnel incision tool composed of a little blade 
that emerges from the surface of the tool in order to make 
shallow incisions in the Surrounding tissue therefore enabling 
easy expansion of the tissue. This device and method can be 
used for example for: horizontal and vertical bone augmen 
tation in the jaws and the tunnel incision tool is used to make 
shallow incisions in the periosteum when using the tunnel 
technique, sinus augmentation when the device is placed 
beneath the Schneiderian tissue, vessels widening if the 
pouch become a stent, fixating bone fractures etc. 
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BIORESORBABLE INFLATABLE DEVICES, 
NCISION TOOL AND METHODS FORTISSUE 
EXPANSION AND TISSUE REGENERATION 

0001. This is a Continuation of U.S. patent application Ser. 
No. 11/562,985 filed Nov. 23, 2006, which is a Continuation 
of U.S. patent application Ser. No. 10/291,477 filed Nov. 12, 
2002, which is a CIP of International Application No. PCT/ 
IL2001/00408, filed on May 9, 2001 and claiming priority 
from U.S. patent application Ser. No. 09/567,471 filed May 9, 
2OOO 

FIELD AND BACKGROUND OF THE 
INVENTION 

0002 The present invention relates to an improved meth 
ods and devices for treating and healing a tissue deficiency in 
a living human or animal body. The method and the device 
combine a mechanical action and a biological action. 
0003 For example, the present invention can be used for 
guided bone regeneration in the jaws as part of dental treat 
ment with dental implants. 
0004 The present invention consists of an expansion 
device based on a bioresorbable film or a perforated film and 
a method for tissue regeneration. In order to clarify the prin 
ciples of the present invention the following description will 
focus on three implementations: bone regeneration in the 
jaws preceding dental treatment with dental implants, widen 
ing a biological tube using a stent and fixating bone fractures. 
The same principles are implemented for other tissues and 
other organs and other areas of the body. 
0005 Treatment of edentulous patients with osseointe 
grated fixtures made of titanium is a well known procedure in 
the art. The procedure includes installing a fixture in the 
alveolar bone of an at least partially edentulous jaw. Usually 
several months are required for proper healing after fixture 
installation. 

0006 After healing, an abutment is installed on the upper 
portion of the fixture. After several weeks, an artificial tooth 
may be mounted on the abutment and the procedure is com 
plete. 

0007 Installation of implants requires sufficient alveolar 
bone, generally about 10 mm height and 6 mm width. 
0008 When a tooth is removed, the alveolar bone is gradu 
ally resorbed because of the absence of stimulus of ossifica 
tion-inducing pressure from the teeth. As the resorption pro 
cess advances, the size of the bone gets reduced, i.e. the bone 
on which the dental roots are positioned—the alveolar ridge 
start shrinking. 

0009. The absence of just one tooth can cause modifica 
tions throughout the dental arch and even prompt a possible 
softening (loss of insertion) which may cause the loss of other 
teeth. The absence of several teeth aggravates the problem. 
Bone loss may finally modify the patient’s appearance and, 
depending on the loss, may make him incapable of receiving 
bridges, implants or even dentures. 
0010. It is then necessary to carry out several surgical 
operations to reconstruct the alveolar ridge of the maxilla or 
mandible. 

0011 Although these methods of surgical reconstruction 
have been successfully performed, this type of operation has 
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had drawbacks. Certain methods have involved opening the 
mucoperiosteal tissue along the entire length of the atrophic 
alveolar ridge and then placing a bone graft material and a 
membrane on top of the graft and then Suturing the delicate 
mucoperiosteal tissue back together to cover the membrane. 
The role of the membrane is to maintain the bone graft in its 
place and to prevent the mucoepithelium from growing into 
the graft and interfering with the process of bone regenera 
tion. This Surgical operation has had drawbacks such as: 

0012 
0013 2. Migration of the bone graft in spite of the 
membrane. 

1. Tearing of the mucoperioSteal tissue. 

0014 3. Exposure of the membrane leading to infection 
and failure of the regeneration. 

0015 4. Necrosis of the mucoperiosteal tissue. 
0016 5. Insufficient enlargement of the alveolar ridge. 
0017 6. Obliteration of the buccal vestibule because of 
stretching of the mucoperiosteal tissue, necessitating 
vestibuloplasity. 

0018 7. Only lateral augmentation can be achieved bat 
not vertical. 

0019 8. All the hazards of a relative big operation in the 
mouth: bleeding, nerve damage, infection, pain etc. 

0020 Yet another technique involves creating an envelope 
or channel Subperiosteally and then inserting the bone graft 
material into the channel. The bone graft can be enclosed in a 
resorbable casing. This procedure which is a minor Surgical 
procedure overcome the problems of a relative big surgical 
procedure as described in the prior art bat has drawbacks: 

0021 1. It is difficult with this technique to place accu 
rately the graft. 

0022 2. The surgeon is often unable to achieve the 
desired reconstruction of the atrophied ridge without 
perforating or stretching of the mucoperiosteum to the 
point that pressure necrosis develops. 

0023. 3. Insufficient enlargement of the alveolar ridge. 
0024. In order to overcome some of these drawbacks, 
another Small Surgical procedure is done before the perfor 
mance of the procedures mentioned above. In this procedure 
an expandable device is placed beneath the periosteum 
through a small incision. This device made of silicon is gradu 
ally filled with a liquid through a cannula. While this expand 
able device expands tension is transferred to the periosteum 
leading to enlargement of the periosteum. When the perios 
teum reached the desired dimension the expandable device is 
taken out and a bone graft is placed as described above, but 
now there is no need to stretch the mucoperiosteal tissue 
therefor reducing the complications. 
0025 This procedure has two significant drawbacks: 
0026 1. Two surgical procedures are needed. A small 
procedure for insertion of the expandable device and a 
big procedure for placing the bone graft and the mem 
brane. 

0027 2. All the hazards of a relative big operation in the 
mouth. 
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0028. Another procedure of bone augmentation preceding 
the placement of dental implants is called sinus lift technique 
or Subantral augmentation technique. There are three basic 
methods to perform this augmentation of the maxillary sinus: 
0029. The sinus lift technique introduced by Dr. Tatum: 
0030 This procedure which is the most popular requires 
cutting a “trapdoor” in the lateral wall of the maxillary sinus 
and then lifting gently the Schneiderian membrane without 
tearing the membrane, then placing bone graft materials 
beneath the lifted membrane, then covering the “trapdoor 
with a membrane and Suturing. This technique has some 
drawbacks: 

0.031 
0032 2. The technique is complicated. 

1. It is a relative big operation. 

0033 3. The Schneiderian membrane can be easily torn 
resulting in infection of the sinus and failure of the 
operation. 

0034 4. The bone graft material can migrate beneath 
the Schneiderian membrane. 

0035. The sinus lift technique introduced by Dr. Summers: 
0036. This technique requires breaking the floor of the 
sinus after penetrating through the alveolar ridge beneath the 
sinus. The bone graft is pushed into the channel in the bone 
and therefore the Schneiderian membrane is elevated. This 
procedure has advantage over the Tatum's technique that the 
procedure is simpler and the operation is Smaller, bat has also 
drawbacks: 

0037 
0038 2. The Schneiderian membrane can be torn with 
out the awareness of the Surgeon resulting in filling the 
graft above the membrane and failure of the procedure. 

1. The amount of augmentation is limited. 

0039. 3. The bone graft material can migrate beneath 
the Schneiderian membrane. 

0040. The sinus lift technique introduced by Dr. Jerusalmy 
(U.S. Pat. No. 5,711,315): 
0041. This technique includes the steps of lifting the 
Schneiderian membrane from the antral floor, perforating the 
membrane and placing graft material between the Schneide 
rian membrane and the antral floor. The advantage of this 
technique is that no bone Surgery is needed, bat has draw 
backs leading for very limited use of this technique: 

0042 1. The technique is complicated. 

0043. 2. There is an intentional tear of the membrane 
that can cause infection and failure of procedure. (All the 
other techniques are trying to preserve the integrity of 
the membrane.) 

0044 3. The technique requires special equipment and 
skill that are not familiar to the surgeons involved in 
dental implantology. 

0045. 4. The bone graft material can migrate beneath 
the Schneiderian membrane. 

0046. The present invention is unique because it is the only 
method and device combining together a bioresorbable bar 
rier a graft material and an expansion device therefor avoids 
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most of the foregoing drawbacks and permits a more simpli 
fied and effective means for bone regeneration: 

0047 
ited. 

0048 
0049 

1. The amount of augmentation is almost not lim 

. The procedure is very simple. 

. There is only one Surgical procedure. 

0051 
0.052 
0053 
Smaller. 

. No tearing of the inucoperiosteal tissue 

2 

3 

0050. 4. The surgical procedure can be very small. 
5 

6. No Necrosis of the mucoperiosteal tissue 
7 . The risk of membrane exposure is much 

0054 8. The hazards of a big operation are avoided. 
0055 9. No obliteration of the vestibulum. 
0056 
0057 11. When used in sinus lift the chance of tearing 
the Schneiderian membrane is much smaller and even if 
the membrane is torn it is fixed automatically. 

0.058 
0059. In certain medical treatment procedures, a type of 
endoprosthesis device known as a stent is placed or implanted 
within a blood vessel for treating various problems such as 
Stenonses, strictures, oraneurysms in the blood vessel. These 
devices are implanted within the vascular system to reinforce 
collapsing, partially occluded, weakened or abnormally 
dilated sections of the blood vessel. Stents may also be 
implanted in the ureter, urethra, bile duct, or any body vessel 
which has been narrowed, weakened or in any of the other 
ways which requires reinforcement. 

10. No migration of the graft material. 

12. Vertical augmentation can be achieved. 

0060 A common approach for implanting stents in 
peripheral or coronary arteries is to first open the constricted 
region of the vessel via a percutaneous transluminally 
inserted angioplasty balloon catheter. The uninflated balloon 
at the tip of the catheter is advanced into the narrowed portion 
of the vessel lumen. The balloon is inflated so as to push the 
Stenotic plaque outward, thereby enlarging the luminal diam 
eter. Thereafter another catheter containing the stent is 
advanced to the region just enlarged by the balloon catheter 
and the stent is deployed. The catheter is withdrawn leaving 
the stent within the vessel. 

0061 The concept of implanting transluminally placed 
coil spring stents within an artery is not new. In one experi 
ment in 1969, six stents were implanted in arteries of dogs. 
Three stents were stainless steel covered with silicone rubber 
and the other three stents were bare stainless steel. All three 
silicone coated stents occluded within 24 hours while two of 
the three bare stents remained open for thirty months. The 
stents were deployed using a pusher catheter having the same 
outer diameter as the stent. 

0062. In 1983, thermally expandable stents were reported, 
in which an alloy wire was shaped at thigh temperature into a 
stent configuration. Later it was straightened at room tem 
perature into a configuration Suitable for transluminal place 
ment. Once placed within the vessel the stent was exposed to 
elevated temperatures to cause the alloy to return to its initial 
coil configuration. Canine studies of these stents, using the 
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alloy nitinol, an alloy of nickel and titanium, demonstrated 
restenosis and intimal thickening 8 weeks following implant. 

0063. In 1984, self-expanding stents were described in 
which a device was introduced percutaneously after torsion 
reduction and was deployed by applying a reverse torsion 
in-vivo. This type of device proved to be complex and limited 
by a small expansion ration. Another self-expanding stent 
used stainless steel wire in a Zig Zag configuration which 
resulted in incomplete vascular contact and only partial heal 
ing of the device. Yet another mechanical self-expanding stent 
was reported where a woven multi-filament stainless steel 
stent was deployed by a catheter with a constricting outer 
sleeve. Once in place, the outer sleeve was removed allowing 
self-expansion of the spring stent against the vessel wall. 

0064. Thrombosis occurred in these early prototypes, 
especially when the vessel tapered, and at branch points and 
at low expansion ratios. Canine aortic implantation resulted 
in multiple areas of vessel-to-stent adhesion at 3 weeks fol 
lowing implant. The stent exhibited minimal thrombogenic 

0065 Balloon expandable stents were first reported as 
being constructed of woven stainless steel wire where the 
cross points were silver soldered to resist radial collapse. The 
stent was deployed unexpanded over a balloon catheter, and 
once in position the stent was expanded by the outward force 
of the balloon. 8 of 11 stents implanted remained open for 1 to 
8 weeks. It has been observed that the amount of intimal 
hyperplasia to be inversely proportional to the initial vessel 
lumen diameter. In another version, silver soldering cross 
points were replaced by the use of a stainless steel tube with 
rows of offset slots which became diamond shaped spaces. 
Although neointimal hyperplasia was observed, all stents 
remained open in rabbit aortas for 6 months. 

0.066 Placement of a stent in a blood vessel is described in 
Lindemannetal U.S. Pat. No. 4,878,906 where a combination 
of sheath covered sleeve and a balloon catheter are used to 
locate and place the prosthesis. No recognition is given to the 
problems just discussed herein. 
0067. A prosthesis system using an expandable insert is 
shown in Garza etal U.S. Pat. No. 4,665,918, which is typical 
of those devices which are implanted without any express 
concern for the biocompatibility of the device being inserted. 
One can expect many of the foregoing problems and concerns 
to be evidenced by this device. 

0068 One device which is shown in U.S. Pat. No. 4,768, 
507 to Fischell etal describes a coil spring stent on which an 
application of a carbon coating or a carbon coated polytet 
rafluoroethylene has been applied on the surface of the coil 
spring. Fischell et all teaches that the thrombogenic potential 
of the device is reduced, through a passive methodology, but 
does nothing to address the biological response to the implant 
as a foreign body. Moreover, no suggestion is made of a way 
to inhibit neointimal hyperplasia, which inevitably follows 
balloon catheter induced injury to arterial vessels. 

0069 Yasuda U.S. Pat. No. 4,994,298 employs plasma 
polymerization to form a thin flexible coating on Stents, 
teaching that improved biocompatibility, such as non-throm 
bogenicity and tissue or blood compatibility may be 
improved. Again this process is a passive methodology as 
previously described. 
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0070 Spring like stents have been inserted using a sheath 
orrestraining element to keep the spring from expanding until 
It is in place. Other form of stent uses a method of expanding 
the stent once it is in place. Such as a balloon catheter, 
Kreamer U.S. Pat. No. 4,740,207 describes one version of the 
balloon catheter version. In this patent, a semirigid tube 
which has a smaller relaxed diameter which is expanded to a 
larger operating diameter which is maintained by a retaining 
ledge on the Inside of the graft. Concern here, of course, is 
that the inside located ledge and other retaining means may 
inadvertently function to cause further blockage of the tube 
once it is installed. Kreamer states that the tube is held in place 
by friction between the outer periphery of the graft and the 
inner periphery of the vessel to prevent displacement of the 
grant once in place In the vessel. The obvious concern is that 
the size must be precise or the tube will expand too much or 
too little, either damaging the vessel or escaping from the 
location for which it was intended. 

0071. A number of conventional stents in order to be easily 
expandable have a rolled up cylinder construction. For 
example, U.S. Pat. No. 5,443,500 to Sigwart discloses an 
intravascular stent intended for implantation in a stenotic area 
or Zone of obstruction of a blood vessel consisting of a flat 
sheet that is perforated to form a reticulated or lattice type 
structure with undeformable links and made of malleable 
material. The sheet is temporarily rolled up and locked in a 
spiral with a relatively small diameter on a deflated balloon 
mounted on the end of a catheter and is held in the rolled up 
state by a tie laced into overlapping links. Once the device is 
in place in the restricted area of the blood vessel to be treated 
and after the tie is removed, the rolled sheet is expanded to a 
desired diameter by inflating the balloon. 

0072 U.S. Pat. No. 5,423,885 to Williams discloses an 
expandable, balloon catheter delivered intravascular stent 
having a plurality of protrusions on its outer Surface for 
engaging the artery walls in which it is disposed. The stenthas 
a rolled up sheet construction, wherein apertures are formed 
in the stent body from the space vacated in the body by the 
material forming the protrusions. When the stent is expanded 
by the balloon catheter, the protrusions engage both the aper 
tures and the artery walls to lock the stent into the expanded 
diameter. 

0073 U.S. Pat. No. 5,306.286 to Stacket al. discloses an 
expandable stent having a rolled up mesh construction. The 
stent can be reduced in diameter by a rolling motion while still 
having a cylindrical configuration on its outer Surface for 
uniform engagement with a vessel wall. The rolled up, 
absorbable stent is mounted on either a balloon catheter, a 
mechanically expandable catheter, or other suitable stent 
delivery assembly. By expanding the distal balloon of the 
catheter or mechanically expandable distal end portion of the 
mechanically expandable catheter, the stent is expanded so as 
to engage the vessel wall. The stent comprises bioabsorbable 
porous material that reduces the likelihood of embolization 
and promotes tissue ingrowth in order to encapsulate the 
Stent. 

0074 U.S. Pat. No. 5,192,307 to Wall discloses a stent 
like prosthesis which is formed of plastic or sheet metal and is 
expandable or contractible for placement. The stent may 
selectively be biased towards a closed position and lockable 
in an open position or biased in an open position and lockable 
in a closed position. In the former case, the stent is put into 
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place in its collapsed condition, then forcibly expanded by a 
balloon to the desired locked condition. In the latter case, the 
stent may be held by a pin or the like in its collapsed condi 
tion, and the pin removed to allow the stent to assume its open 
position. The locking function is performed by one or more 
hooks formed into the wall which engage complementary 
recesses formed in an opposing wall to mechanically inter 
lock the rolled up sheet forming the stent. 
0075 U.S. Pat. No. 5,441.515 to Khosravi et al. discloses 
an intravascular stent comprising a cylindrical sheet having 
overlapping edges that interlock. The edges having a series of 
protrusions and apertures that interlock and ratchet as the 
stent expands to an open position to Support a section of 
arterial wall. The stent may be expanded by a balloon catheter 
or it may be self-expanding. A plurality of retaining members 
keep the stent open, and a buckle fastening member is used in 
one embodiment. 

0.076 There are also stents that have also therapeutic 
action. Often these catheters include specialized attachments 
for providing different treatment modalities. For example, the 
following references disclose catheters with attachments for 
administering a therapeutic agent and performing balloon 
therapy: 

0077 U.S. Pat. No. 4,824,436 to Wolinsky discloses a 
multi-lumen catheter having opposed ring balloons position 
able on opposite sides of a plaque formation in a blood vessel. 
Inflation of the ring balloons define an isolated volume in the 
vessel about the plaque. Heparin is then injected into the 
Volume between the ring to assist the body in repairing the 
plaque deposit. This patent also discloses a central balloon 
which can be employed to rupture the plaque prior to inflation 
of the ring balloon. 
0078 U.S. Pat. No. 4,832,688 to Sagae et al. discloses a 
multi-lumen catheter having an occlusion balloon position 
able distally of a tear in a vessel wall. Inflating the balloon 
occludes the vessel and isolates at the tear. A therapeutic 
agent, such as heparin or thrombin, injected from the catheter 
into the volume reduces the risk of thrombosis or restenosis. 
The balloon is then deflated and moved adjacent the rupture 
and reinflated to repair the ruptured wall by coagulation of 
blood thereat. 

0079 U.S. Pat. No. 5,254,089 discloses a balloon catheter 
having an array of conduits disposed within the outer wall of 
the balloon. The conduits include apertures in the other wall 
for delivery of medications through the wall of the balloon 
into the body of a patient. This type of balloon is often 
referred to as a channeled balloon. 

0080 U.S. application Ser. No. 08/105,737 to Lennox et 
al., discloses catheters having spaced balloons for treating 
aneurysms. The inflated balloons define an isolated volume 
about the aneurysm. A port connects a vacuum source to 
evacuate the volume and draw the aneurysmal wall toward its 
ordinary position. Inflating a third balloon with a heated fluid 
to contact the aneurysmal wall effects the repair. 
0081. Therapeutic agent and balloon delivery systems 
must meet certain criteria. That is, the cross-sectional dimen 
sion of the catheter must be minimized to enable transit 
through the vessel while also having Sufficient dimension to 
enable fluid flow to selectively inflate and deflate the balloon, 
guidewires to pass therein, and therapeutic agents to flow 
therethrough for delivery along the catheter. Catheters must 
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also have sufficient internal rigidity to prevent collapse of the 
lumens while having Sufficient flexibility for passage along 
vessels. 

0082 Stent delivery systems, as disclosed by the U.S. Pat. 
Nos. 5,158,548 and 5,242,399 to Lau et al. And U.S. Pat. No. 
5,108.416 to Ryan et al. patents, often include a catheter 
Supporting a compacted stent for transport in a vessel and an 
expansible device for expanding the stent radially to implant 
the stent in the vessel wall. After removal of the catheter, the 
expanded stent keeps the vessels from closing. 
0083. The U.S. Pat. No. 4,690,684 to McGreevy et al. 
patent discloses a stent formed of biologically compatible 
material. Such a frozen blood plasma or the like. According to 
McGreevy et al., a stent of this type carried by a catheter may 
be inserted into opposed ends of a ruptured vessel to Support 
the separated vessel walls while the ends are bonded together. 
Once deployed, the heat from the bonding operation and the 
body eventually melt the stent and clear the vessel. 
0084. The U.S. Pat. No. 4,922,905 to Strecker, patent 
describes a stent and delivery system. The stent is knitted 
from metal or plastic filaments and has a tubular structure. 
The delivery system includes a balloon catheter and a coaxial 
sheath. The catheter Supports and carries the compacted Stent 
to a site within the body. The sheath covers the stent prevent 
ing premature deployment and facilitating transit of the stent 
through passages in the body. Exposure of the stent by mov 
ing the sheath axially with respect to the catheter and expan 
sion of a balloon urges the stent into contact with the walls of 
the vessel. Deflation of the balloon frees it from the stent and 
enables withdrawal from the vessel of the delivery system. 
0085. In the U.S. Pat. No. 4,950,227 to Savinet al. patent 
a stent delivery system includes a catheter having an expan 
sible distal portion, a stent carried thereon in a contracted 
position for expansion thereby and sleeves that overlie the end 
portions of the stent. The sleeves protect the vessel and the 
stent during transit without Substantially inhibiting deploy 
ment of the stent. 

0086. In accordance with the Anderson patent a stent 
delivery system includes a dissolvable material that impreg 
nates a self-expanding stent in a compacted form. In one 
embodiment the removal of a sheath exposes the stent to body 
heat and liquids so that the material dissolves and the stent 
expands into a deployed position. 
0087 Stent delivery systems used in such procedures gen 
erally include catheters with selectively expansible devices to 
deliver and expand a contracted “stent” or restraints that can 
be removed to allow a self-expanding stent to assure an 
enlarged or expanded configuration. Stents are known and 
have a variety of forms and applications. For example, stents 
serve as prostheses and graft carriers in percutaneous angio 
plasty. Stents used as an endoprothesis and graft carriers to 
which the present invention relates usually comprise radially 
expansible tubular structures for implant into the tissue sur 
rounding vessels to maintain their potency. 
0088. Like the previously described therapeutic agent and 
balloon therapy systems, stent delivery systems must con 
form to several important criteria. First, it is important to 
minimize the transverse dimension of the delivery system, so 
the stent must be capable of compaction against a delivery 
device. Such as a catheter. Second, the delivery system must 
facilitate the deployment of the stent once located in a vessel. 
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Third, the stent delivery system must easily disengage from 
the stent after the stent is deployed. Fourth, the procedure for 
removing the delivery system from the body must be straight 
forward. Fifth, the delivery system must operate reliably. 

0089. It has been found that the administration of thera 
peutic agents with a stent can reduce the risks of thrombosis 
or Stenosis associated with stents. Stents administered along 
with seed cells, such as endothelial cells derived from adipose 
tissue, can accelerate the reformation of an afflicted area. 
Likewise, tears or other vessel damage associated with bal 
loon angioplasty can be reduced by a deployed stent used in 
combination with a therapeutic agent. 
0090 When both therapeutic agent and stent therapies are 
required, a physician generally (1) steers a guidewire to the 
treatment locus, (2) guides a catheter over the guidewire, (3) 
operates the catheter to provide the first stage of treatment, (4) 
inserts an exchange guidewire to the guidewire, (5) with 
draws the catheter, (6) guides a second catheter over the 
guidewire, and (7) operates the second catheter to provide the 
second stage of treatment. After this, the physician withdraws 
the guidewire, if not previously removed, and the catheter 
from the body of the patient. 
0091 U.S. Pat. No. 5,439,446 to Barry a stent delivery 
system that incorporates a drug delivery system in the cath 
eter. This device permits the Surgeon to use one catheter to 
deliver both the stent and the therapeutic agent at a selected 
site in the patient’s body. 

0092. Other references disclose the use of stents that 
release therapeutic agents associated with a deployed stent 
over time. For example U.S. Pat. No. 5,234,457 to Andersen 
commonly assigned as this invention discloses stents impreg 
nated with a gelatin that enables the release of the stent. It is 
Suggested that the gelatin could entrain a therapeutic agent 
that dispenses as the gelatin dissolves. 

0093. These references thus provide the ability to deliver 
stents and therapeutic agents to an afflicted site within a 
patient’s body and even enables the dispersion of the thera 
peutic agent from the stent over time. However, if additional 
therapeutic agent is needed at the site another catheter must be 
inserted to deliver the therapeutic agent or by generally intro 
ducing the additional therapeutic agent to the vessel Such as 
by injection in the case of a blood vessel or by bathing the 
esophagus for example. 

0094. In some cases where a slow release of the therapeu 
tic agent is desired, as by the release of a therapeutic agent 
entrained in a gelatin or other hydrophilic or hydrophobic 
polymers on a stent. Once the therapeutic agent was deliv 
ered, replenishment required one of two procedures. In one, a 
new stent was inserted to be adjacent the old stent. Sometimes 
this reduced the effectiveness of the therapeutic agent, par 
ticularly when the area of treatment was displaced from the 
second stent. An alternative that overcame that problem was 
substituting a new stent for the old stent. It is true that percu 
taneous transluminal procedures and other procedures 
involving the insertion of stents into the body have improved 
in recent years. Likewise the reduction in the size of the 
instruments inserted into the patient reduces the risk of dam 
age. However, it is still a fact that each insertion and extrac 
tion risks further damage to afflicted areas and damage to 
otherwise unaffected areas through which the instruments 
pass and can add to patient trauma. Moreover, insertion and 
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withdrawal of additional instruments in sequence increases 
the time of the physician, staff, and medical facility, and the 
cost of multiple instruments. Thus, reducing the number of 
instruments and the overall size of the instruments necessarily 
inserted and withdrawn from a patient, the steps required by 
the processes, and the overall size of each of the instruments 
is generally preferred. 
0.095 U.S. Pat. No. 5,857,998 to Barry enables replenish 
ment of a reservoir in the stent with therapeutic materials. 
0096. None of the prior art is enabling the widening of the 
vessel without temporarily blocking the passage through the 
vessel. 

0097. None of the prior art enables gradually widening of 
the vessel over some days therefor limiting the risk of rupture. 
0098. None of the prior art enables safely widening the 
vessel beyond the final desired diameter to compensate for 
future restenosis. 

0099. In none of the prior art the balloon is the stent None 
of the prior art has all the other properties of an ideal stent bat 
only some of them. 
0.100 The other ideal properties of a stent are: 

0101 1. The insertion of the stent is done in one phase. 
There is no need for a first balloon to widen the constric 
tion. 

0102 2. The stent is the balloon therefor no need of 
withdrawal of the balloon. 

0103 3. The stent is biocompatible. 
01.04 4. The stent is bioresorbable. 
0105 5. The amount of widening is determined and 
monitored while doing the procedure, without concern 
for the precise size of the stent being employed or the 
size of the vessel being treated or repaired. 

0106 6. The stent can be used to close ruptures of the 
vessel. 

01.07 7. The stent is well attached to the vessels walls. 
0.108 8. The stent has therapeutic material on its outer 
surface facing the walls of the vessel. 

0.109 9. The stent has therapeutic material on its inner 
Surface facing the lumen of the vessel. 

0110 10. The stent can release therapeutic materials 
from a reservoir. 

0111 
0112 12. The stent can produce rapid endothelializa 
tion with the least mount of intimal hyperplasia. 

0113 13. The stent is strongly attached to the vessels 
walls therefor the risk of embolization is small 

0114 14. The stent is easily inserted to the vessel there 
fore the risk of damaging the vessel is minimized. 

0115 15. The stent can adapt itself to bent shape of a 
vessel and furcations 

011 6 16. The stent in which problems associated with 
restenosis, thrombosis, infection calcification and/or 
fibrosis after implantation may be avoided. 

11. The reservoir can be replenished. 
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0117 
0118 18. The widening can be changed after the proce 
dure is over. 

0119 
crush. 

0120 20. The stent is flexible and compliant. 
0121 21. risk of embolization is small. 

17. The procedure is simple and short. 

19. The stentis mechanically strong and can resist 

0122 Therefore, it is an object of this invention to provide 
a method and apparatus that has some or all of these proper 
ties. 

SUMMARY OF THE INVENTION 

0123 The present invention provides a method and device 
by which inserting a biocompatible material into the body and 
at same time mechanically enlarging the Surrounding of the 
device. The biocompatible material can be a bioactive mate 
rial like a drug or inert material. 
0124. The device is made of a pouch or compartment that 
can be filled preferably through a filling element with the 
biocompatible material. The pouch is made fully or partially 
ofa bioresorbable material or a perforated material and it acts 
like a balloon that expands as it is filled with the biocompat 
ible material. 

0125 The pouch is filled one or more times every few days 
till the desired enlargement is reached. While the pouch 
expands it conducts tensile forces to the Surrounding tissues 
which reacts in proliferation and enlargement. At the same 
time more biocompatible materials are added. After the 
desired enlargement is reached the filling element can be pull 
out if necessary. There is no need to take out the pouch 
because it is made of bioresorbable materials. The end result 
is a new or enlarge compartment in the body filled with a 
biocompatible material. 
0126 The basic principle is to insert inside the body a 
biocompatible material to a predetermined location and try 
ing to reach a predetermined geometry and to allow contact 
between the tissue and the biocompatible material which 
preferably is bioactive. 
0127. The insertion of the device can be through a small 
incision to a tunnel So all the process is done with almost no 
Surgery. Through this incision the tunnel incision tool can be 
inserted before the insertion of the device. The tunnel incision 
tool makes shallow incision in the Surrounding tissue of the 
tunnel. These incisions allow initial expansion of the tissue 
and easy insertion of the device. 
0128. There are many possible implementations of the 
device and method depending on several factors: 

0129. 1. The place the device is inserted into. 
0130 2. The filling material. 
0131 3. The shape of the pouch. 
0.132 4. The kind of filling element that is in use. 
0.133 5. The kind of material the pouch is made of 

0134. The device and method can be therefore used for 
selective regeneration of more or less specialized tissues, for 
example, membranes demarcating body cavities and/or sepa 
rating different tissues and organs from each other, as well as, 
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for selective regeneration of different tissues within the 
organs, or the organs themselves in relation to the Surround 
ing tissues or nerves. Examples of membranes are the peri 
osteum, the membranes of the brain and the peritoneal mem 
brane; while examples of organs are the bones, bone cavities, 
liver, the throat, the ventricle, the kidney, the heart and the 
pancreas. Also, muscle tissue tendons, fat tissue, vessels, 
ducts, and tubes should be possible to regenerate with this 
device and method. 

0.135 The device and method are particularly useful for 
plastic Surgery, dental implantology, orthopedics and in car 
diac Surgery. In plastic Surgery it can be used for soft tissue 
enlargement like lips and breasts and for facial bones enlarge 
ment. In dental implantology it can be used for horizontal and 
Vertical augmentation of the alveolar ridge when the pouch is 
placed beneath the periosteum and for sinus augmentation 
when the pouch is placed beneath the Schneiderian mem 
brane preceding the placement of dental implants. In ortho 
pedics for fixating fractures and for minimal invasive deliv 
ering of bone regenerating materials to the gap between bone 
fragments. In cardiac Surgery it can be used as a bioresorbable 
stent for vessel widening. 

0.136. Other objects and features of the present invention 
will become apparent in the following detailed description 
when taken in connection with the accompanying drawings 
which disclose one embodiment of the invention. It is to be 
understood that the drawings are designed for the purpose of 
illustration only and are not intended as a definition of the 
limits of the invention. 

0.137 Thus, according to the teachings of the present 
invention there is provided, a method for expanding, stretch 
ing or displacing living tissue comprising: (a) inserting into 
the tissue an inflatable element made at least in part from 
bio-dissipative material; (b) introducing into the inflatable 
element a quantity of a biocompatible filling materialso as to 
displace the tissue; and (c) leaving at least part of the inflat 
able element in place for a period sufficient to allow the 
bio-dissipative material to disperse. 

0.138 According to a further feature of the present inven 
tion, the introducing is performed in a plurality of stages 
separated by at least a number of hours, each stage incremen 
tally stretching the tissue. 

0.139 According to a further feature of the present inven 
tion, the biocompatible filling material includes a bio-active 
material. 

0140. According to a further feature of the present inven 
tion, the biocompatible filling material includes material for 
promoting the growth of at least one type of tissue. 

0.141. According to a further feature of the present inven 
tion, the inflatable element is located beneath the Schneide 
rian membrane of the maxillary sinus or of the nose. 

0142. According to a further feature of the present inven 
tion, the inserting is performed such that the inflatable ele 
ment is located Substantially at a bone-soft tissue interface, 
the biocompatible filling material including material for pro 
moting the growth of bone such that, Subsequent to dispersal 
of the inflatable element, the biocompatible filling material 
promotes extension of the bone beyond the initial bone-soft 
tissue interface. 
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0143 According to a further feature of the present inven 
tion, the material for promoting the growth of bone includes 
at least one material selected from the group made up of an 
autograft, an allograft, a Xenograft, an alloplast, a cytokine, a 
hormone, a growth factor, a physiologically acceptable drug, 
a biological modifier, a protein, an antigen, a cell chemotaxis 
stimulator material, a material inducing osteogenesis, an 
osteoinduction material, and an osteoconduction material. 

0144. According to a further feature of the present inven 
tion, the inflatable element includes a guided bone regenera 
tion membrane located so as to be adjacent to the Soft tissue. 
0145 According to a further feature of the present inven 

tion, the inflatable element is configured to have a first region 
which exhibits a first mean time to dispersion and a second 
region which exhibits a second mean time to dispersion 
longer than the first mean time to dispersion. 
0146 According to a further feature of the present inven 

tion, the inflatable element is formed at least in part from a 
stretchable material. 

0147 According to a further feature of the present inven 
tion, the inflatable element is formed from more than one type 
of material. 

0148 According to a further feature of the present inven 
tion, the inflatable element is configured to have a first portion 
with a first stiffness and a second portion with a second 
stiffness differing from the first stiffness. 
0149 According to a further feature of the present inven 

tion, the inflatable element is formed at least in part from a 
material which serves as a selective barrier configured to 
allow at least a first material to traverse the barrier while 
preventing passage of at least a second material. 
0150. According to a further feature of the present inven 

tion, the inflatable element is formed at least in part from a 
self-expanding material. 

0151. According to a further feature of the present inven 
tion, the biocompatible filling material includes a self-ex 
panding material. 
0152 According to a further feature of the present inven 

tion, the introducing is performed via a filling conduit par 
tially inserted into the tissue. 
0153. According to a further feature of the present inven 

tion, the filling conduit is formed at least partially from non 
bio-dissipative material. 

0154 According to a further feature of the present inven 
tion, the filling conduit includes a sealing means for sealing 
the filling conduit after the introducing of the biocompatible 
filling material. 

0155 According to a further feature of the present inven 
tion, disinfecting material is introduced into the filling con 
duit after the introducing of the biocompatible filling mate 
rial. 

0156 According to a further feature of the present inven 
tion, the filling conduit is implemented as a bone implant. 

0157 According to a further feature of the present inven 
tion, the filling conduit is formed with at least one fixation 
feature. 
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0158 According to a further feature of the present inven 
tion, the introducing is by temporarily puncturing the inflat 
able element with a needle inserted through the tissue, the 
inflatable element being configured to be self-sealing on 
removal of the needle. 

0159. According to a further feature of the present inven 
tion, prior to inserting the inflatable element, a tunnel is 
formed into the tissue for insertion of the inflatable element. 

0.160 According to a further feature of the present inven 
tion, prior to inserting the inflatable element, a plurality of 
shallow, elongated incisions are formed in the tissue adjacent 
to the tunnel so as to facilitate stretching of the tissue. 
0.161 According to a further feature of the present inven 
tion, the shallow elongated incisions are formed manually by 
moving an elongated tool with at least one laterally projecting 
blade in a reciprocating motion within the tunnel. 
0162 According to a further feature of the present inven 
tion, the elongated tool is configured to produce incisions of 
depth no greater than about 2 mm. 
0.163 According to a further feature of the present inven 
tion, the elongated tool is configured to produce incisions of 
depth between about 0.1 mm and about 1 mm. 
0164. According to a further feature of the present inven 
tion, the inflatable element is configured to apply outward 
force on a Substantially cylindrical living tissue without com 
pletely obstructing a flow path which passes within the Sub 
stantially cylindrical living tissue. 

0.165 According to a further feature of the present inven 
tion, the inflatable element is configured as a double-walled 
sleeve. 

0166 There is also provided according to the teachings of 
the present invention, a device for expanding, stretching or 
displacing living tissue comprising: (a) an inflatable element 
for insertion into the tissue, the inflatable element being made 
at least in part from bio-dissipative material; and (b) means 
for introducing into the inflatable element a quantity of a 
biocompatible filling material so as to displace the tissue. 
0.167 According to a further feature of the present inven 
tion, the inflatable element is configured to have a first region 
which exhibits a first mean time to dispersion and a second 
region which exhibits a second mean time to dispersion 
longer than the first mean time to dispersion. 
0168 According to a further feature of the present inven 
tion, the inflatable element includes a guided bone regenera 
tion membrane. 

0169. According to a further feature of the present inven 
tion, the inflatable element is formed from a plurality of types 
of material. 

0170 According to a further feature of the present inven 
tion, the inflatable element is configured to have a first portion 
with a first stiffness and a second portion with a second 
stiffness differing from the first stiffness. 
0171 According to a further feature of the present inven 
tion, the inflatable element is formed at least in part from a 
material which serves as a selective barrier configured to 
allow at least a first material to traverse the barrier while 
preventing passage of at least a second material. 
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0172 According to a further feature of the present inven 
tion, the inflatable element is formed at least in part from a 
self-expanding material. 

0173 According to a further feature of the present inven 
tion, the inflatable element is formed at least in part from a 
stretchable material. 

0174 According to a further feature of the present inven 
tion, the means for inflating includes a filling conduit config 
ured for inserting into the tissue so as to be accessible from 
outside the tissue, the filling conduit being formed with at 
least one fixation feature configured to allow fixation of the 
conduit relative to the tissue. 

0175 According to a further feature of the present inven 
tion, the filling conduit is formed at least in part from non 
bio-dissipative material. 

0176 According to a further feature of the present inven 
tion, the filling conduit includes a sealing means. 
0177 According to a further feature of the present inven 

tion, the filling conduit includes a chamber for receiving 
disinfectant material. 

0178 According to a further feature of the present inven 
tion, the filling conduit is implemented as a bone implant. 

0179 According to a further feature of the present inven 
tion, the means for introducing includes a hollow needle 
configured to pierce part of the inflatable element for filling, 
the inflatable element being configured to reseal itself after 
withdrawal of the needle. 

0180 According to a further feature of the present inven 
tion, the inflatable element is configured to apply outward 
force on a Substantially cylindrical living tissue without com 
pletely obstructing a flow path which passes within the sub 
stantially cylindrical living tissue. 

0181. According to a further feature of the present inven 
tion, the inflatable element is configured as a double-walled 
sleeve. 

0182 There is also provided according to the teachings of 
the present invention, an elongated tool for forming shallow 
elongated incisions in living tissue adjacent to a tunnel 
formed through the tissue so as to facilitate stretching of the 
tissue, the tool comprising: (a) a handle; (b) an elongated 
shaft associated with the handle, the elongated shaft having a 
direction of elongation, a maximum transverse dimension 
measured perpendicular to the direction of elongation and a 
length measured parallel to the direction of elongation, 
wherein the maximum transverse dimension is at least about 
3 mm and wherein the length is at least five times the maxi 
mum transverse dimension; and (c) at least one blade project 
ing from the elongated shaft and configured to form incisions 
of depth no greater than 2 mm in adjacent tissue when the tool 
is inserted within the tunnel and moved parallel to the direc 
tion of elongation. 

0183 According to a further feature of the present inven 
tion, the length is at least about ten times the maximum 
transverse dimension. 

0184 According to a further feature of the present inven 
tion, the maximum transverse dimension is between about 5 
mm and about 10 mm. According to a further feature of the 

May 1, 2008 

present invention, the at least one blade is configured to form 
incisions of depth between about 0.11 mm and about 1 mm. 
0185. There is also provided according to the teachings of 
the present invention a method for expanding, stretching, 
displacing or fixating living tissue comprising: (a) inserting 
into the tissue an inflatable element, the inflatable element 
includes at least one not-sealed region being configured after 
being filled with a biocompatible material to enable contact 
between the tissue and the biocompatible material; and (b) 
introducing into the inflatable element a quantity of a bio 
compatible filling material, the introducing being performed 
in a plurality of stages separated by at least several hours. 
0186 There is also provided according to the teachings of 
the present invention a method for expanding, stretching, 
displacing or fixating living tissue comprising: (a) inserting 
into the tissue an inflatable element, the inflatable element 
being configured after being filled with a biocompatible 
material to enable immediate direct contact between the tis 
Sue and the biocompatible material; and (b) introducing into 
the inflatable element a quantity of a biocompatible filling 
material, the introducing being performed in a plurality of 
stages separated by at least several hours. 
0187. According to a further feature of the present inven 
tion the inflatable element is made at least in part from bio 
dissipative material. 

0188 According to a further feature of the present inven 
tion the inflatable element has one region which is sealed. 
0189 According to a further feature of the present inven 
tion the introducing is displacing the tissue. 

0.190 According to a further feature of the present inven 
tion the inflatable element has a first region with a first resis 
tance to passage of a given material and a second region with 
a second resistance to passage of the given material, the 
second resistance being less than the first resistance. 
0191 According to a further feature of the present inven 
tion the given material includes cells and blood vessels. 
0.192 According to a further feature of the present inven 
tion the biocompatible filling material includes a bio-active 
material. 

0193 According to a further feature of the present inven 
tion the inserting is performed such that the inflatable element 
is located substantially at a bone-soft tissue interface, the 
biocompatible filling material including material for promot 
ing the growth of bone such that, Subsequent to the contact of 
the biocompatible filling material with the tissue the material 
for promoting the growth of bone promotes extension of the 
bone beyond the initial bone-soft tissue interface. 
0194 According to a further feature of the present inven 
tion the inflatable element is configured to have a first region 
which exhibits a first mean time to dispersion and a second 
region which exhibits a second mean time to dispersion 
longer than the first mean time to dispersion. 

0.195 According to a further feature of the present inven 
tion the introducing is performed via a filling conduit partially 
inserted into the tissue. 

0196. According to a further feature of the present inven 
tion the filling conduit is implemented as a bone implant. 
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0197 According to a further feature of the present inven 
tion the inflatable element is configured to take a specific 
shape as the inflatable element is filled and to resist changes in 
the shape of the inflatable element as a result of forces coming 
from outside the inflatable element. 

0198 According to a further feature of the present inven 
tion the inflatable element is configured to expand in a tele 
scopic pattern. 

0199 According to a further feature of the present inven 
tion the inflatable element includes a component assisting in 
the enlargement of the inflatable element. 
0200. According to a further feature of the present inven 
tion the inflatable element includes at least one region having 
a first stiffness and a second region having a second stiffness 
less than the first stiffness so as to define a direction of 
expansion of the inflatable element. 
0201 According to a further feature of the present inven 
tion the inflatable element is closed by being attached to at 
least one surface of the tissue such that the inflatable element 
becomes inflatable after being attached to the tissue. 
0202 According to a further feature of the present inven 
tion the inflatable element is placed beneath the gums. 
0203 According to a further feature of the present inven 
tion the inflatable element includes a rigid element facing the 
gums, the rigid element being attached to a non rigid element 
configured so as to expand in a telescopic pattern, the rigid 
element includes at least one tube being configured to pro 
trude through the gums to the oral cavity, the tube being 
configured to be sealed with a sealing component. 
0204 According to a further feature of the present inven 
tion the non rigid element is a guided bone regeneration 
membrane. 

0205 According to a further feature of the present inven 
tion the inflatable element includes at least one elevating 
screw configured to allow displacement of the rigid element 
from the bone so as to displace the gums. 
0206. According to a further feature of the present inven 
tion the inflatable element includes at least one elevating nut 
configured to be threaded on the elevating screw, the elevating 
nut being configured to be accessible through the tube, the 
elevating nut being configured to touch the rigid element so as 
turning the elevating nut results in displacement of the rigid 
element. 

0207 According to a further feature of the present inven 
tion the elevating screw is hollow and perforated so as to 
allow insertion of bone augmenting material through the 
upper region of the elevating screw inside the space of the 
inflatable element, the upper region of the elevating screw 
being configured to be accessible through the tube. 
0208 According to a further feature of the present inven 
tion the elevating screw is a dental implant configured to 
Support a dental prosthesis. 

0209 According to a further feature of the present inven 
tion the tube is configured to be detached from the rigid 
element leaving a hole in the rigid element, the hole being 
wide enough to allow replacement of at least part of the 
elevating screw with a bone implant through the hole, the 
bone implant being connected to the rigid element by a sta 
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bilizing element, the stabilizing element includes one region 
configured to be threaded to the internal threads of the bone 
implant and a second region configured to be threaded to 
threads in the rigid element around the hole, the stabilizing 
element is configured to seal the hole. 
0210. According to a further feature of the present inven 
tion the inflatable element is inserted inside the breast and 
said biocompatible filling material is fat cells. 
0211. According to a further feature of the present inven 
tion the fat cell are sucked from another region in the body. 
0212 There is also provided according to the teachings of 
the present invention a method for expanding, stretching, 
displacing or fixating living tissue comprising: (a) inserting 
into the tissue an inflatable element having a first region 
which is perforated so as to allow penetration of cells and 
blood vessels and a second region which is resistant to 
ingrowth of tissue; and (b) introducing into the inflatable 
element a quantity of a biocompatible filling materialso as to 
displace the tissue. 
0213. According to a further feature of the present inven 
tion the inflatable element is made at least in part from bio 
dissipative material. 

0214. According to a further feature of the present inven 
tion the introducing is performed in a plurality of stages 
separated by at least a number of hours, each stage incremen 
tally stretching the tissue. 

0215 According to a further feature of the present inven 
tion the biocompatible filling material includes a bio-active 
material. 

0216. According to a further feature of the present inven 
tion the biocompatible filling material includes material for 
promoting the growth of at least one type of tissue. 

0217. According to a further feature of the present inven 
tion the inflatable element is located beneath the Schneiderian 
membrane of the maxillary sinus or of the nose. 

0218. According to a further feature of the present inven 
tion the inflatable element having one region that can be 
detached from the inflatable element and taken out of the 
tissue after filling of the inflatable element so as to enable 
direct contact between the biocompatible filling material and 
the tissue. 

0219. There is also provided according to the teachings of 
the present invention method for expanding, stretching, dis 
placing or fixating living tissue comprising: (a) inserting into 
the tissue an inflatable element, the inflatable element being 
configured after being filled with a setting biocompatible 
filling material to fixate the tissue as the setting biocompatible 
filling material sets; and (b) introducing into the inflatable 
element a quantity of a setting biocompatible filling material. 

0220 According to a further feature of the present inven 
tion the inflatable element is made at least in part from bio 
dissipative material. 

0221 According to a further feature of the present inven 
tion the inflatable element has a first region with a first resis 
tance to passage of a given material and a second region with 
a second resistance to passage of the given material less than 
the first resistance. 
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0222. According to a further feature of the present inven 
tion the inflatable element is configured to take a specific 
shape as the inflatable element is filled and to resist changes in 
the shape of the inflatable element as a result of forces coming 
from outside the inflatable element. 

0223. According to a further feature of the present inven 
tion the inflatable element is configured so as to enable con 
tact between the tissue and the setting biocompatible filling 
material. 

0224. According to a further feature of the present inven 
tion the inflatable element is configured to fix two tissue 
fragments in given spatial relation. 

0225. According to a further feature of the present inven 
tion wherein inflatable element has a first region which is 
perforated to allow not damaging leakage of the biocompat 
ible filling material and a second region which is resistant to 
leakage of the biocompatible filling material. 

0226. According to a further feature of the present inven 
tion the first region is facing bone and the second region is 
facing other tissues. 

0227 According to a further feature of the present inven 
tion the inflatable element is inserted into a space inside bone. 
0228. According to a further feature of the present inven 
tion the inflatable element is inserted between two bone frag 
mentS. 

0229. According to a further feature of the present inven 
tion the inflatable element is inserted into a crushed vertebra. 

0230. According to a further feature of the present inven 
tion the introducing is displacing the tissue. 

0231. According to a further feature of the present inven 
tion the introducing is displacing the fragments of the crushed 
vertebra. 

0232 There is also provided according to the teachings of 
the present invention a device for expanding, stretching, dis 
placing or fixating living tissue comprising: (a) an inflatable 
element for insertion into the tissue, the inflatable element 
includes at least one not-sealed region being configured after 
being filled with a biocompatible material to enable contact 
between the tissue and the biocompatible material; and (b) 
means for introducing configured to be accessible from out 
side the tissue and to allow filling of the inflatable element 
several times, the means for introducing including sealing 
means configured to seal the means for introducing. 

0233 According to a further feature of the present inven 
tion the inflatable element is made at least in part from bio 
dissipative material. 

0234. According to a further feature of the present inven 
tion the inflatable element has a first region with a first resis 
tance to passage of a given material and a second region with 
a second resistance to passage of the given material less than 
the first resistance. 

0235 According to a further feature of the present inven 
tion the inflatable element is configured to take a specific 
shape as the inflatable element is filled and to minimize 
changes in the shape of the inflatable element as a result of 
forces coming from outside the inflatable element. 

May 1, 2008 

0236 According to a further feature of the present inven 
tion the inflatable element is configured to expand in a tele 
scopic pattern. 

0237 According to a further feature of the present inven 
tion the inflatable element includes a component assisting in 
the enlargement of the inflatable element. 

0238 According to a further feature of the present inven 
tion the inflatable element is configured to be closed by being 
attached to at least one surface of the tissue such that the 
inflatable element becomes inflatable after being attached to 
the tissue. 

0239 According to a further feature of the present inven 
tion the inflatable element is configured to have a first region 
which exhibits a first mean time to dispersion and a second 
region which exhibits a second mean time to dispersion 
longer than the first mean time to dispersion. 

0240 According to a further feature of the present inven 
tion the means for introducing is a filling conduit. 

0241 According to a further feature of the present inven 
tion the filling conduit is implemented as a bone implant. 

0242. According to a further feature of the present inven 
tion the inflatable element includes at least one region having 
a first stiffness and a second region having a second stiffness 
less than the first stiffness so as to define a direction of 
expansion of the inflatable element. 

0243 According to a further feature of the present inven 
tion the inflatable element is formed at least in part from a 
material which serves as a selective barrier configured to 
allow at least a first material to traverse the barrier while 
preventing passage of at least a second material. 

0244. According to a further feature of the present inven 
tion the inflatable element is formed with at least one fixation 
feature. 

0245 According to a further feature of the present inven 
tion the filling conduit includes a chamber for receiving dis 
infectant material. 

0246 According to a further feature of the present inven 
tion the inflatable element includes a rigid element, the rigid 
element being attached to anon rigid element configured so as 
to grow in a telescopic pattern, the rigid element includes at 
least one tube being configured to protrude through the gums 
to the oral cavity, the tube being configured to be sealed with 
a sealing component. 

0247 According to a further feature of the present inven 
tion the non rigid element is a guided bone regeneration 
membrane. 

0248. According to a further feature of the present inven 
tion the inflatable element includes at least one elevating 
screw configured to allow displacement of the rigid element. 

0249 According to a further feature of the present inven 
tion the inflatable element includes at least one elevating nut 
configured to be threaded on the elevating screw, the elevating 
nut being configured to be accessible through the tube, the 
elevating nut being configured to touch the rigid element so as 
turning the elevating nut results in displacement of the rigid 
element. 
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0250. According to a further feature of the present inven 
tion the elevating screw is hollow and perforated so as to 
allow insertion of bone augmenting material through the 
upper region of the elevating screw inside the space of the 
inflatable element, the upper region of the elevating screw 
being configured to be accessible through the tube. 

0251 According to a further feature of the present inven 
tion the elevating screw is a dental implant configured to 
Support a dental prosthesis. 

0252 According to a further feature of the present inven 
tion the tube is configured to be detached from the rigid 
element leaving a hole in the rigid element, the hole being 
wide enough to allow replacement of the elevating screw with 
a bone implant through the hole, the bone implant being 
connected to the rigid element by a stabilizing element, the 
stabilizing element includes one region configured to be 
threaded to the internal threads of the bone implant and a 
second region configured to be threaded to threads in the rigid 
element around the hole, the stabilizing element is configured 
to seal the hole. 

0253 There is also provided according to the teachings of 
the present invention a device for expanding, stretching, dis 
placing or fixating living tissue comprising: (a) an inflatable 
element configured after being filled with a setting biocom 
patible filling material to fixate the tissue as the setting bio 
compatible filling material sets; and (b) means for introduc 
ing into the inflatable element a quantity of the setting 
biocompatible filling material. 

0254 According to a further feature of the present inven 
tion the inflatable element is made at least in part from bio 
dissipative material. 

0255 According to a further feature of the present inven 
tion the inflatable element having a first region with a first 
resistance to passage of a given material and a second region 
with a second resistance to passage of the given material less 
than the first resistance. 

0256 According to a further feature of the present inven 
tion the inflatable element is configured to take a specific 
shape as the inflatable element is filled and to resist changes in 
the shape of the inflatable element as a result of forces coming 
from outside the inflatable element. 

0257 According to a further feature of the present inven 
tion the inflatable element is configured so as to enable con 
tact between the tissue and the setting biocompatible filling 
material. 

0258 According to a further feature of the present inven 
tion wherein the inflatable element is configured to fix two 
tissue fragments in given spatial relation. 

0259. According to a further feature of the present inven 
tion wherein the inflatable element has a first region which is 
perforated to allow not damaging leakage of the setting bio 
compatible filling material and a second region which is 
resistant to leakage of the setting biocompatible filling mate 
rial. 

0260 According to a further feature of the present inven 
tion wherein the inflatable element has a first region which is 
perforated to allow only wetting of the external side of the 
inflatable element by the setting biocompatible filling mate 
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rial and a second region which is resistant to leakage of the 
setting biocompatible filling material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0261 The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 

0262 FIG. 1 is a side view illustrating the skull of a human 
being and indicating general areas in which the skull bone 
structure is often augmented; 
0263 FIG. 2 is a perspective view illustrating the novel 
device used in accordance with the invention to receive and 
contain bone augmentation material. in this preferred 
embodiment the filling element is a cannula. 
0264 FIG.3 is a perspective view illustrating the device of 
FIG. 2. After it was filled with bone augmenting material. 
0265 FIG. 4 is a bottom view illustrating the device of 
FIG. 3. 

0266 FIG. 5 is a sectional view of the device of FIG. 2. 
0267 FIG. 6A is a perspective view illustrating a filling 
instrument containing bone augmenting material. 
0268 FIG. 6B is a sectional view illustrating the filling 
instrument of FIG. 6A connected to and filling the device of 
FIG 2. 

0269 FIG. 7A is a side view illustrating the tunnel incision 
tool. 

0270 FIG. 7B is a top view illustrating the tunnel incision 
tool. 

0271 FIG. 8A is a front perspective view of a patients 
mouth prepared for the insertion of the device with incision 
on one side of the lower jaw. 
0272 FIG. 8B is a sectional view of the alveolar ridge of 
FIG. 8A. 

0273 FIG. 9 is a front perspective view of a patient’s 
mouth while inserting the tunnel incision tool into the Subpe 
riosteal tunnel. 

0274 FIG. 10 is a front perspective view of a patients 
mouth while inserting the pouch of the device subperiosteally 
using an insertion tool. 
0275 FIG. 11A is a front perspective view of a patient’s 
mouth after the insertion of the pouch of the device beneath 
the gums and Suturing the incision and fixating the protruding 
cannula. 

0276 FIG. 11B is a sectional view of the alveolar ridge of 
FIG. 11A after the insertion of the device. 

0277 FIG. 12A is a front perspective view of a patient’s 
mouth several days after the insertion of the device. The 
filling instrument is connected to the cannula and filling the 
pouch. 

0278 FIG.12B is a sectional view of the alveolar ridge of 
FIG. 12A after some filling of the device. 
0279 FIG. 13A is a front perspective view of a patient’s 
mouth at the end of the filling process and removal of the 
cannula. 
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0280 FIG. 13B is a sectional view of the alveolar ridge of 
FIG. 13A at the end of the procedure. 
0281 FIG. 14 is a sectional view of the maxillary sinus. 
0282 FIG. 15 is a perspective view illustrating the novel 
device used in accordance with the invention to receive and 
contain bone augmentation material. In this preferred 
embodiment the filling element is a hollow bone implant. 
0283 FIG. 16 is a sectional view of the device of FIG. 15. 
0284 FIG. 17 is a schematic illustration of drilling to 
reach the floor of the sinus. 

0285 FIG. 18 is a schematic illustration of breaking the 
floor of the sinus using an osteom. 
0286 FIG. 19 is a sectional view of the sinus after place 
ment of the device of FIG.15 beneath the Schneiderian mem 
brane. 

0287 FIG. 20A is a sectional view illustrating a filling 
Syringe filled with bone augmenting material for filling the 
device in sinus lift procedure. The Syringe is composed of two 
parts. 

0288 FIG. 20B is sectional view illustrating the filling 
syringe of FIG. 20A connected to and filling the device of 
FIG. 15. 

0289 FIG. 21 is a sectional view of the sinus after filling 
the pouch of the device of FIG. 15 with bone augmenting 
material and raising the Schneiderian membrane 
0290 FIG. 22 is a sectional view of the sinus after the 
removal of the hollow bone implant. 
0291 FIG. 23 is a perspective view illustrating the novel 
device used in accordance with the invention to widen a 
vessel. In this preferred embodiment the filling element is a 
catheter and the pouch is in the shape of a double wall sleeve. 
0292 FIG. 24 is a perspective view illustrating the novel 
device used in accordance with the invention to widen a 
vessel. In this preferred embodiment the filling element is a 
catheter and the pouch is in the shape of two connected 
perpendicular tubes. 

0293 FIG. 25 is a perspective view illustrating the novel 
device used in accordance with the invention to fixate a bone 
fracture. In this preferred embodiment the filling element is a 
catheter and the pouch is in the shape of a coil and the filling 
material is a bone cement that becomes rigid inside the pouch. 
0294 FIG. 26A is a perspective view illustrating the novel 
device used in accordance with the invention configured to 
guide enlargement upwards while being filled. 

0295 FIG. 26B is a sectional view of the device of FIG. 
26A before filling. 

0296 FIG. 26C is a sectional view of the device of FIG. 
26A after filling. 
0297 FIG.27A is a perspective view illustrating the novel 
device used in accordance with the invention configured to 
take a specific shape while being filled and resist forces com 
ing from outside the device. 
0298 FIG. 27B is a sectional view of the device of FIG. 
27A before filling. 
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0299 FIG. 27C is a sectional view of the device of FIG. 
27A after filling. 
0300 FIG. 27D is a sectional view similar to FIG. 27B 
showing the novel device having a telescopic configuration 
without a base so as to open towards the bone. 
0301 FIG. 28 is a sectional view illustrating the novel 
device used in accordance with the invention made from an 
inflatable pouch inside a telescope. 
0302 FIG. 29A is a perspective view illustrating the novel 
device used in accordance with the invention made from a 
rigid plate connected to a flexible sheet. 
0303 FIG. 29B is a perspective view of the device of FIG. 
29A when the sheet is folded vertically. 
0304 FIG. 29C is a perspective view of the device of FIG. 
29A when the sheet is folded horizontally. 
0305 FIG.30 is a sectional view of the device of FIG.29A 
that includes a perforated hollow screw and an elevating nut to 
displace the plate from the bone. 
0306 FIG. 31 is a sectional view of the device of FIG. 30 
to illustrate the use of two elevating screws and nuts. 
0307 FIG. 32 is a perspective view illustrating the novel 
device used with accordance with the invention wherein the 
device of FIG. 29 is used with an external elevating screw. 
0308 FIG. 33 is a sectional view illustrating the connec 
tion between the plate and a dental implant inserted at an early 
Stage. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0309 As mentioned further above there are many imple 
mentations of the invention in different tissues and organs. 
The following description will focus on embodiments in three 
fields in order to understand the principles of the device and 
method. The first is bone augmentation in the jaws the second 
is vessel widening using a bioresorbable stent, the third is 
fixating bone fragments. The same principles should be used 
in other tissues and organs. 
0310. Before turning to the features of the present inven 
tion in more detail, it will be useful to clarify certain termi 
nology as will be used herein in the description and claims. 
Specifically, it should be noted that the present invention is 
useful in a wide range of applications in which living tissue is 
to be expanded, stretched or displaced. The term “living tis 
Sue' is used herein to refer to any living tissue including, but 
not limited to, an organ, tube, vessel, cavity, bone cavity or 
membrane, and interfaces between any two or more of the 
above. Where used within a single type of tissue, the typical 
application of the present invention is for expanding the tis 
sue. When used at a tissue interface, the invention is typically 
used to displace one of the types of tissue, in many cases for 
the purpose of expanding/extending the other tissue. The 
invention may also be used to increase the inner dimensions 
of tubes, vessels cavities or bone cavities within the body. 
0311. In another matter of terminology there are many 
types of body canals, blood vessels, ducts, tubes and other 
body passages, and the term “vessel is meant to include all 
Such passages. In a further matter of terminology, it is noted 
that a large number of different types of materials are known 
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which may be inserted within the body during a Surgical 
procedure and which later dissipate, thereby avoiding the 
need for a separate Surgical procedure for their removal. Such 
materials are properly referred to, depending upon the mecha 
nism by which the material dissipates, as “bioresorbable'. 
“bioabsorbable' or “biodegradable'. Despite the differences 
between these different classes of materials, the aforemen 
tioned terminology is widely used interchangeably by medi 
cal professionals. Accordingly, and for conciseness of pre 
sentation, only one of these terms will generally be used in the 
following description, without implying the exclusion of the 
other classes of materials. Additionally, the phrase “bio-dis 
sipative material” is used herein in the description and claims 
to refer generically to any and all materials which dissipate 
without requiring Surgical removal, independent of which 
mechanisms such as dissolution, degradation, absorption and 
excretion take place. The actual choice of which type of 
materials to use may readily be made by one ordinarily skilled 
in the art, and is not generally essential to the present inven 
tion. 

0312 Finally with respect to terminology, reference will 
be made to a biocompatible filling material used to fill the 
inflatable elements of the present invention. It should be noted 
that this filling material may assume a wide range of compo 
sitions and consistencies, so long as the biocompatible mate 
rial may be forced into the inflatable element. Thus, possible 
consistencies for the filling material include, but are not lim 
ited to, consistencies described as watery, Viscous, gelati 
nous, moldable, waxen, particulate, and suspensions or mix 
tures combining any of the above. 

0313 Turning now in detail to the drawings, which depict 
the presently preferred embodiments of the invention for the 
purpose of illustrating the practice thereof and not by way of 
limitation of the scope of the invention, and in which like 
reference characters refer to corresponding elements 
throughout the several views, FIG. 1 illustrates the Zygomatic 
1, alveolar ridge 2, paranasal 3, and Submental 4 bone areas on 
one side of the face of the skull of a human being. These areas 
are often augmented. 

0314 FIG. 2, illustrates the novel device embodying the 
present invention for use in bone reconstruction and, in par 
ticular, for augmentation of atrophic alveolar ridges 2. The 
device is composed of resorbable pouch 5. The pouch can be 
made from autograft, allograft, Xenograft and alloplast and 
combination thereof. Preferably, pouch is made of conven 
tionally available polyglycolic acid (PGA) mesh, a high 
molecular-weight linear polymer made by the ring opening 
polymerization of the purified glycolide monomer, although 
other Suitable materials might be used e.g. polyglactin 910, 
i.e. polyglycolide co-galactide. In addition, collagen or PDS 
(another absorbable Suture material) or cellulose might pos 
sibly also be used as a pouch material. The pouch should be 
porous towards the bone to allow bone tissue ingrowth and 
block epithelial tissue ingrowth. The pouch should be resorb 
able to prevent a chronic foreign body reaction. The pouch 
should not allow the filling material to get out of the pouch 
and should stand out pressure. 

0315 The pouch 5 is connected to a conduit in the shape of 
a cannula 6. The conduit can be also catheter, Valve, bone 
implant, Syringe and combination thereof. Bone implant can 
be hollow bone implant, slotted bone implant, threaded 
implant, cylinder implant, Smooth surface implant, titanium 
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plasma sprayed implant, hydroxyapatite coated implant, acid 
etched Surface implant, Sandblasted Surface implant, S.L.A. 
Surface implant, ceramic implant, Zirconium implant and any 
combination thereof. 

0316 The conduit is made of a biocompatible material and 
can be made from more then one type of material bioresorb 
able or non-bioresorbable. Preferably the cannula is made of 
commercially pure titanium or titanium alloy used in the 
dental implant industry. The cannula is connected to the 
pouch in one side and in the other side it can be filled and 
closed with a screw 7 as a sealing component. Sealing com 
ponents can be also a valve, a clamping element, a knot and 
combination thereof. The conduit can have variable shapes, 
dimensions, cross section and elasticity The cannula 6 has 
preferably fixating components in order to prevent the can 
nula from moving, get out and cause uncomfortable filling to 
the patient. Thea fixation component can be selected from the 
group consisting of hook, hole for Sutures, slot, thread, bulge, 
screw, change in dimension, irregularity and any combination 
thereof. 

0317. In this preferred embodiment there are three fixating 
component. One fixating component is a slot 8that is near the 
pouch and inserted into the body. After the tissue heals around 
the slot it prevent the cannula from getting out easily. The 
other two fixating components are holes for sutures 9 that are 
near the sealing screw 7 and not inserted into the body. After 
the insertion of the device the pouch can be filled with bone 
augmenting material causing the wrinkled and compressed 
pouch 5 to expands and become a filled pouch 10 in FIG. 3. 
0318. The pouch can be made of more the one type of 
material. Preferably the pouch is composed of two types of 
resorbable materials illustrated in FIG. 4. One type that is 
rapidly resorbed 11 and allows bone ingrowth and the second 
type 12 that is slowly resorbed and prevent the ingrowth of 
epithelial tissue. When inserting the pouch the rapidly 
resorbed material 11 should face the bone. 

0319. The slowly resorbed material 12 can be also not 
resorbable material like ePTFE if in this case the gums are 
going to be open when placing the dental implants and then 
the not resorbable material can be taken out. 

0320 The pouch can include also self expanding compo 
nents. Materials include, either alone or in combination, met 
als or metal alloys, polymers, carbon and ceramics. Exem 
plary metallic members include stainless Steel, titanium, 
tantalum, shape-memory materials such as nickel-titanium 
alloy (NiTi) (Compounds using NiTi are manufactured under 
the marks NITINOL and ELASTINITETM and are available 
from several sources), Elgiloy (trade name) and NP35N 
(trade designation), which can provide desired degree of 
springiness, malleability and/or response to temperature 
changes. Exemplary polymers include polyurethanes, silicon 
rubbers, polyether Sulfones, fluoroelastomers, polyimides, 
polycarbonates, polyethylens, polylactic acid, polyglycolic 
acid, polyacrylates, and the like and combinations and 
copolymers thereof which provide a variety of abilities to 
bioabsorb or biodegrade or to be totally inert. The pouch can 
include springs and coils that are compressed before insertion 
and can include stretchable and elastic materials for example 
polyurethanes like polycarbonate urethane. 
0321. In another preferred embodiment the pouch can 
include materials with different degree of stiffness. The mate 
rial facing the bone can be less stiff the material facing the 
guns. 
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0322 The combination of several regions with different 
degree of stiffness can influence the direction of enlargement 
of the pouch and also the shape of the filled pouch. For 
example the lower part of the inflatable element, facing the 
bone and upper part facing the gums can be stiff with the form 
of a flat rectangle, and a non stiff sheet connecting them all 
around their edges. At the insertion into the Subperiosteal 
tunnel it is like a very low box and after filling the inflatable 
element it is in the shape of a higher box. 
0323 In another preferred embodiment illustrated in FIG. 
26A-C the inflatable element can be with 3 stiff rectangles. 
The middle rectangle 57 is connected to the two others with 
hinges 58 allowing the angle between them to be 0-90 
degrees. Between the two external rectangles 59 a non stiff 
sheet 60 is connected. At the insertion into the subperiosteal 
tunnel it has a very low configuration FIG. 26B and after 
filling the inflatable element it has a higher configuration FIG. 
26C. This design allows to guide the enlargement upwards 
and not to the sides. 

0324. In another preferred embodiment the inflatable ele 
ment can be configured to expand in a pre designed direction 
and take a specific shape as it is being filled. For example the 
inflatable element can be designed to expand in a telescopic 
configuration as illustrated if FIG. 27A-C. The inflatable 
element can be made from a stiff small container 61, that it’s 
open side is facing the bone 62 located inside a larger stiff 
container 63 that it's open side is facing the gums 64, between 
the walls of the containers one 65 or several smallwalls can be 
also. The base 66 of the bigger container that is touching the 
bone is preferably made from a stiff bioresorbable material 
like polylactic acid, the rest of the inflatable element can be 
made also from bioresorbable materials or from non-resorb 
able biocompatible materials like titanium. The diameter of 
the container and the walls in the region facing the bone is 
larger then the diameter in the opposite side. Therefore when 
pushing the Small container upwards towards the gumstill its 
lower region will reach the upper region of the adjacent wall 
it will pull the adjacent wall upwards. Each wall in this way 
will pull the next wall resulting in a higher and a bigger 
compartment with a pre designed shape illustrated in FIGS. 
27A and 27B. 

0325 Inanother preferred embodiment the walls can have 
small projections 67 on their inner side that allow only 
upward movement. The projections can have an incline on 
their lower part 68 and horizontal plain 69 in their upper part. 
This configuration prevents changes in the shape of the device 
as a result of forces coming from the gums. 
0326 In another preferred embodiment the inflatable ele 
ment can be made from two inflatable elements one inside the 
other. For example illustrated in FIG. 28 internal non stiff 
pouch 70 connected to a filling conduit 71 surrounded by an 
external stiff inflatable element 72. The internal inflatable 
element is to be filled and the external one will influence the 
shape of the entire device after filling. This configuration can 
allow the use of a porous 73 stiff external inflatable element. 
A porous material facing the bone will allow the entrance of 
blood vessels and regenerative cells. For example internal 
pouch that resorbs very fast inside a telescopic configuration 
as described above that have a porous base. This inflatable 
element is preferably fixated to the bone by a fixation feature 
74 like a screw or can be glued to the bone using a bone 
cement like, for example Skeletal Repair System (SRS) from 
Norian company. 
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0327 In another preferred embodiment the devices of 
FIG. 27.28 can be without a base and the bone becomes the 
base of the device. In this embodiment the device becomes 
inflatable after placing over the bone as illustrated in FIG. 
27D. The device can be made from non resorbable materials 
like titanium. In this device the bone is the bio-dissipative 
part. 

0328. In another preferred embodiment the pouch can be 
covered by a rigid structure with a pre designed form So when 
the pouch is filled it will take the form of the rigid structure. 
In another embodiment the rigid structure can be place over 
the gums So when the pouch beneath the gums is filled the 
pouch and the gums will take the shape of the rigid structure. 

0329. The pouch can have variable shapes and the volumes 
according to the use. For example to reconstruct the entire jaw 
the pouch will be elongated in C-shape and filling element 
will be attached in the middle. 

0330. In another preferred embodiment the pouch also 
includes a selective barrier that permits transfer of some cells 
and materials and prevents the transfer of other cells and 
materials. Therefore allowing bone forming cells and blood 
to get inside the pouch and block the entrance of connective 
tissue cells. This barrier can also permit the release of medi 
cation mixed with the filling material without letting the 
filling material to leak. This barrier should be adopted for its 
specific use for example to have little holes sized according to 
the medicine to be released. 

0331 In another preferred embodiment the inflatable ele 
ment can include a mechanical component that assists in the 
enlargement of the device. The mechanical component can 
include a screw that its activation enlarges the device. After 
the device was enlarged a biocompatible material like bone 
augmenting material can be inserted into the space created by 
enlarging the device. The tissue is displaced by activating the 
mechanical component and the filling of the device plays a 
minor role in the displacement of the tissue or no role at all. 
These embodiments utilizing the mechanical component are 
especially useful for vertical ridge augmentation. There are 
several options of using this principle. In one embodiment the 
device of FIG. 27 includes an elevating screw that is entering 
through the upper region of the Small container 61 and 
engages threads in the upper region of the container. The 
screw touches the base of the container 66. The screw pro 
trudes through the gums So when the screw is activated the 
Small container is displaced and the device is enlarged. The 
space can be filled with a bone augmenting material by using 
a filling conduit. The filling conduit can protrude from the 
upper region of the device. In this embodiment the upper 
region has two protrusions one the screw and the other the 
filling conduit. In a preferred embodiment the screw can be 
also the filling conduit. In this preferred embodiment the 
screw is hollow and perforated and configured to allow inser 
tion of bone augmenting material. In a preferred embodiment 
the screw is turned and filling is done simultaneously by using 
a special Syringe that can also rotate the screw. In a preferred 
embodiment the screw is a bone implant. In all the cases when 
a screw is mentioned it includes also the possibility of being 
a bone implant. If the screw is a bone implant it has significant 
advantage over a regular screw that there is no need for later 
insertion of bone implants therefore saving for the patients 
another Surgical procedure and the time of the treatment is 
reduced. In another preferred embodiment the device has no 
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base as mentioned before and the filling material is touching 
the bone. In this embodiment the elevating screw is touching 
the bone. In this embodiment drilling a hole in the bone for the 
tip of the elevating screw is recommended. In another 
embodiment a small base implant can be inserted to the bone. 
This base implant has an internal hole configured to stabilize 
the tip of the elevating screw. In this embodiment the elevat 
ing screw doesn't touch the bone, therefore activating the 
screw cause no pain to the patient. In this embodiment as 
mentioned before the screw can be a bone implant and also 
hollow and also perforated and function also as the filling 
conduit. 

0332. In another preferred embodiment illustrated in FIG. 
29A the device is made from two parts the upper part facing 
the gums 80 is a plate 81 made from a rigid material like 
titanium or a rigid bio-dissipative material and a membrane 
82 that is attached around the plate 81. The plate is preferably 
rough on its edges to strengthen the connection between the 
plate and the gums. The membrane 82 preferably forms a 
substantially a conical structure The small diameter of the 
cone is attached to the plate 81 and the large diameter is 
configured to be attached to the bone 83. The membrane 82 is 
attached to bone by little screws or bone tacks 84. The mem 
brane can be perforated at the edge near the bone so after 
placement of the device and Suturing the periosteum, the 
periosteum adhere to the bone through the holes 85 in the 
membrane so the membrane becomes attached to bone. The 
membrane 82 is folded at the beginning so the rigid plate 81 
is placed close to the bone. When the device is enlarged the 
folds are opened and the plate 81 is displaced from the bone. 
The enlargement can be by filling the device through a tube 86 
that is connected to the plate 81. The tube has preferably a 
sealing screw 87. The enlargement can be by using an elevat 
ing screw as described above. The use of a membrane 82 as 
the telescopic element instead of a rigid structure as described 
in FIG. 27 enables to fit easily the device to different mor 
phologies of bones. The membrane can be a guided bone 
regeneration membrane and can be bio-dissipative. The folds 
of the membrane can be in the vertical dimension as in FIG. 
29B or in the horizontal dimension as in FIG. 29C and in any 
configuration that allows for enlargement of the device. 
Another advantage of the use of a membrane is that the 
elevating screw allows vertical enlargement and displace 
ment of the gums and the filling of the device allows for 
horizontal enlargement and displacement of the gums. 
0333 Another preferred embodiment is illustrated in FIG. 
30. FIG. 30 is a sectional view of the device after placement 
on the bone 97 and being filled with bone augmenting mate 
rial 98. The inflatable device can be expanded by an elevating 
mechanical mechanism for example an elevating screw. The 
elevating screw 90 is fixated to the bone 97 and an elevating 
nut 91 is threaded on the elevating screw. The elevating screw 
can be partially inserted into the bone and to protrude above 
the bone. The elevating screw can be self tapping so it can be 
inserted even without drilling. The elevating nut is configured 
to displace the upper plate 92 and consequently unfold the 
folded membrane 99 that is attached to the plate as described 
in FIG. 29. In this embodiment the screw 90 helps also in 
stabilizing the plate 92 and in controlling the direction of 
enlargement. The screw 90 as mentioned can be hollow 93 
and perforated 94 and can be a bone implant. In the embodi 
ments that the screw is configured to be the bone implant, it is 
recommended that the screw will not be in direct contact with 
the oral environment, in order to keep the properties of the 
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surface of the bone implant. In these embodiments the plate 
can include a tube 95 that can be sealed with a sealing cup 96. 
The elevating screw 90 is placed in the space of the tube 95 
and activating the nut 91 is done through the tube 95. Filling 
the device can be through the screw 90 if it is hollow or 
through another opening in the plate. In another preferred 
embodiment illustrated in FIG.31 a device like the device of 
FIG. 30 has more then one elevating screw. FIG. 31 is a side 
view of the device after removal of the membrane. The plate 
100 is like the plate 92 of FIG.30 but is more elongated. There 
are two elevating screws 101, two nuts (one is illustrated 102), 
two tubes 103, two sealing cups 104. This embodiment is 
recommended for the augmentation of edentulous ridge 105. 
The use of more then one elevating screw 101 improves the 
stabilization of the device and prevents the rotation of the 
upper plate 100 when activating the elevating nuts 102. It is 
recommended that the tubes 103 are made of titanium. The 
screws 101 are preferably hollow and perforated. The screws 
are inserted by using a parallelism guide. After the screws 101 
are inserted the nuts 102 are placed over the screws and 
threaded to be adjacent the bone 105. Then the plate 100 is 
placed over the screws 101 and nuts 102 and the folded 
membrane is attached to the bone 105. The tubes 103 can be 
sealed by using sealing cups 104. The sealing cups 104 can be 
threaded to the tubes 103 if the tubes 103 have threads in their 
upper region. At the beginning the sealing cups 104 are high 
and should be replaced with lower cups as the device is 
enlarged. It is recommended to enlarge vertically the device at 
a rate of 1 mm per day. In each enlargement filling of the 
device with bone augmenting material is done. It can be done 
simultaneously or the filling is done after the mechanical 
enlargement or before the mechanical enlargement. The 
enlargement of the devices described here and above can be 
done in several steps or continuously over a period of several 
hours or days. The continuous manner can include a pump for 
continuous filling of the device and a mechanical or electrical 
component that exerts forces for a long period of time. After 
the device has reached its final dimension and it is filled with 
bone augmenting material, it is possible to add bio-active 
materials into the device even several weeks and months later. 
Bio-active material can be Bone Morphogenic Proteins 
(B.M.P) that accelerates the regeneration of bone or can be 
antibiotics in case of infection. 

0334. In another preferred embodiment the screws are 
bone implants that are not perforated and the filling is done 
through another opening or through the gap between the tube 
and the elevating screw. In this embodiment the tube is the 
filling conduit. 

0335. In another preferred embodiment illustrated in FIG. 
32 the elevating screw 107 can be placed outside the device as 
it is in external distractors. A base element 108 is fixated to the 
bone outside the region of the device. The plate 110 includes 
a lateral projection 109 outside the gums 116 and the elevat 
ing screw 107 passes through the projection 109 to the base 
element 108. When the screw 107 is activated, the plate 110 is 
displaced from the bone 111, the membrane 112 is unfolded 
and bone augmenting material can be inserted into the device 
through the tube 113. The membrane is fixated to the bone by 
screws or tacks 114 or by holes in the membrane 115 as 
described in FIG. 29. The advantage of this device is that there 
is no screw in the region where bone is to be regenerated, 
therefore the rate of success is expected to be higher. 
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0336. In another preferred embodiment the plate is con 
figured to allow replacement of the elevating screw with the 
final bone implant without taking the device out. In this 
embodiment the bone implant can be inserted in an early 
phase and shorten the treatment time. The elevating screw is 
preferably narrow in order not to interfere with the process of 
bone regeneration and to reduce the hole in the gums. The 
final bone implant is preferably wide in order to have more 
surface attached to the bone. Therefore it is recommended to 
replace the elevating screw, which can be also perforated and 
hollow with a final bone implant. The replacement can be 
done after the device has reached its final dimension and the 
filling is complete. The tube in this embodiment is threaded to 
the plate and they are not one piece. The hole in the plate after 
removing the tube should be at least 3.8 mm to allow the 
insertion of a regular 3.75 mm dental implant. After the tube 
is removed from the plate the elevating screw is taken out 
through the hole in the plate and the final dental implant is 
inserted instead. FIG. 33 illustrates a sectional view of the 
device after the insertion of the final bone implant and before 
closing the hole in the plate. After the final dental implant 120 
is inserted to the bone 121 a cover screw 122 is screwed inside 
the dental implant 120 (in the preferred case of an implant 
with an internal thread) and engaged the threads 123 in the 
hole of the plate 124. In this state, dental implant 120 stabi 
lizes the plate 124. The cover screw 122 has one region 125 
with threads that are compatible with the internal threads of 
the dental implantanda second region 126 that the threads fits 
the threads 123 of the hole in the plate and a region 127 that 
seals the connection between the plate and the cover screw. In 
this configuration for every dental implant in the market a 
special cover screw can be developed. After the insertion of 
the dental implant and the cover screw the bone is regenerated 
around the dental implant because the dental implant is Sur 
rounded by bone augmenting material 128that is closed in the 
space created by the membrane 129. The process of osseoin 
tegration of the implant occurs simultaneously with the 
regeneration of the bone therefore the treatment is shorter. It 
is also possible to place a final dental implant on to of at least 
part of the elevating screw therefore no need to take all the 
elevating screw out. 
0337 In another preferred embodiment the plate 
described in the embodiments above is a rigid mesh and a 
bio-dissipative membrane is attached to the mesh and closes 
the holes of the mesh. The advantage of this configuration is 
that the plate with the meshallows the filling of the device and 
prevents connective tissue to enter the space where bone is 
expected to regenerate, but after the membrane is resorbed 
blood vessels can enter from the periosteum and Supply the 
new bone. 

0338 FIG. 5 illustrates a sectional view of the device 
revealing internal threads 13 for the sealing screw 7 and 
another sealing component preferably a valve 14 that is open 
while filling the pouch and is closed otherwise. The chamber 
15 between the two sealing components the screw 7 and the 
valve 14 is preferably filled with biocompatible antiseptic 
material like chlorhexidine gel or calcium-hydroxide. The 
antiseptic material should be washed out before filling and put 
again when the cannula is closed. FIG. 6A illustrates a pref 
erably filling syringe to be used with the device. The syringe 
has threads 16 on its tip that mach the internal threads 13 in the 
cannula used for the screw. The syringe is preferably filled 
with bone augmenting material 17 in gelatinous consistency 
or Suspension. The filling material can be an autograft, an 
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allograft, a Xenograft, an alloplast, a cytokine, a hormone, a 
growth factor, a physiologically acceptable drug, a biological 
modifier, a protein, an antigen, a cell chemotaxis stimulator 
material, a material inducing osteogenesis, an osteoinduction 
material, an osteoconduction material, a bioactive material, a 
bioresorbable material, a bioabsorbable material, a biode 
gradable material and any combination thereof. The filling 
material can include materials that occupy a space in the body 
for at least several months. These materials preferably 
encourage the tissue to grow inside the space occupied by the 
filling material. This is the principle function of most bone 
augmenting materials available on the market. Preferably the 
bone augmenting material is resorbable. The filling material 
can be augmenting bone material available in the market like 
hydroxyapatite, bovine mineral (i.e. Bio-Oss available from 
Geistlich, Swiss), demineralized frozen dried bone, synthetic 
materials like PLA (i.e. FisioGraft from Ghimas) or suspen 
sion of bovine mineral in a liquid medium like PepGen 15 
Flow from Ceramed. The filling material can be also fully or 
partially not bioresorbable if the procedure is done only for 
aesthetic reason and implants are not going to be inserted, for 
example crystal hydroxyapetit. 

0339. The filling material can include therapeutic materi 
als and can include self expanding materials from the list 
mentioned above. Many of the bone augmenting material has 
the tendency to expand when getting wet by hydration. 

0340. In order to fill the device the screw 7 is screwed out 
and the syringe is screwed in illustrated in FIG. 6B. While 
inserting the Syringe into the cannula and Screwing the 
syringe the valve 14 is opened allowing the filling of the 
pouch5 with the filling material 17. When the syringe is taken 
out the valve is closed preventing the filling material to leak 
Out. 

0341 The pouch can be filled directly without a conduit if 
the pouch has a region prepared to be perforated by a needle 
ofa Syringe and has self sealing mechanism on removal of the 
needle as described in U.S. Pat. No. 5,695,338 to Robert. 

0342 FIG. 7A and FIG. 7B illustrates a side view and atop 
view of the novel tunnel incision tool. The tool consists of a 
handle 18 connected to a shank 19. From the surface of the 
shank 19 a little blade 20 is emerging. There can be more the 
one blade and the can be arranged in differentangles. The tool 
can be made from different types of materials like stainless 
steel and to enable replacing of the blades or plastic for one 
use only. The shank can be made from elastic materials. In 
another preferred embodiment the height of the blade can be 
regulated. 

0343. The shape size length and surface texture of the 
handle and the shank and the blade and the angle between 
them can be changed according to the region in the mouth. 
While inserting the shank 19 into a tunnel the blade 20 is 
making shallow incision to the tissue touching the blade. 
Because the height of the blade 20 is very small and the blade 
is Surrounded by the Surface of the shank, deep incisions and 
perforation of the tissue is avoided. If the tissue is verythin the 
use of the tunnel incision tool is not recommended. 

0344. The preferred method for using the device of FIG.2 
is illustrated in the following views. The purpose of the fol 
lowing preferred embodiment is to augment the bone on the 
buccal and occlusal aspects of the alveolar ridge on the right 
side of the mandible. FIG. 8A illustrates a small incision done 
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in the buccal aspect of the alveolar ridge on the right side of 
the mandible. FIG. 5B illustrates a sectional view of the 
alveolar ridge showing theatrophic alveolar ridge 50 covered 
by the mucoperiosteal tissue 51. After the incision is done 
touching the bone, a small perioSeatal elevator is inserted 
through the incision SubperioSeatally separating the periost 
from the bone and creating a subperiosteal tunnel. After the 
tunnel is prepared, the novel tunnel incision tool illustrated in 
FIG. 7 is inserted and taken out several times in different areas 
of the tunnel as illustrated in FIG. 9, creating shallow inci 
sions in the periosteum without perforating the mucoperisteal 
tissue. The incisions in the periosteum enable easy expansion 
of the mucoperiosteal tissue without large tension. After the 
tunnel is made a bone file is inserted to the tunnel Scratching 
the cortical bone to cause bleeding in order to induce bone 
repair cascade and to take out any granular tissue. After the 
tunnel and the bone are prepared the novel device illustrated 
in FIG. 2 is inserted using an insertion tool 21 through the 
incision occupying the tunnel as illustrated in FIG. 10. The 
device is inserted so the part of the pouch that resorbs first is 
facing the bone. The slot 8 of the device is inserted into the 
tunnel and the holes 9 for sutures are left outside the tunnel. 
After the insertion of the device the device is fixate by sutures 
using the holes 9 for sutures as illustrated in FIG. 11. FIG. 
11B illustrates a sectional view of the alveolar ridge showing 
the atrophic alveolar ridge 50 covered by the mucoperiosteal 
tissue 51 and the pouch 5 of the device in between. After the 
device is correctly placed and fixate it can be filled. The filling 
can be done immediately after the insertion or after several 
days. It is recommended to do some initial filling immediately 
after the insertion to verify the correct function of the device. 
FIG. 12A illustrates the filling process, a filling Syringe as 
illustrated in FIGS. 6A and 6B is screwed to the device 
without moving the device and filling the device with bone 
augmenting material until Some bleaching of the tissue above 
the pouch 5 is seen. It is important not to fill too much in each 
filling session and not to cause too much tension to the tissue. 
The filling process can be done once or several times in 2-3 
days intervals until the desired enlargement is reached. FIG. 
12B illustrates a sectional view of the alveolar ridge showing 
the atrophic alveolar ridge 50 covered by the mucoperiosteal 
tissue 51 and the pouch 5 of the device partially filled with 
bone augmenting material 17 in between. The mucoperioSteal 
tissue is expanded. When the time of the resorption of the part 
of the pouch connected to the cannula is reached the cannula 
is taken out and the orifice is closed. The end result is aug 
mented ridge seen in FIG. 13A. FIG. 13B illustrates a sec 
tional view of the new alveolar ridge showing the previous 
atrophic alveolar ridge 50 and the new bone 52 covered by the 
expanded mucoperiosteal tissue 51. After 6–9 months it is 
possible to proceed toward the insertion of dental implants in 
the augmented ridge. 
0345 The foregoing procedure has been described in 
terms of the mandible. Of course, the same procedure can also 
be applied to reconstruction of the maxilla and other bones 
and for other tissues in the body. 
0346 For example in another preferred embodiment a 
similar device can be inserted into the lips or breast filled with 
material that stimulate fat tissue regeneration or connective 
tissue regeneration resulting in enlargement of these organs. 
In these embodiments the pouch is preferably perforated and 
it is filled with fat cells. The fat cells can be sucked from 
another region in the body were there is excess offat or can be 
stem cells. The perforations are to allow rapid vascularization 
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of the cells. The advantage of using fat cells over silicon gels 
is that there are no side effects of silicon. Fat injection is a 
known treatment that has two basic drawbacks. One is that it 
is difficult to control the shape of the fat after injections 
resulting in not smooth appearance. The second problem is 
that fat injection has a tendency to have calcified regions in 
them that resembles calicifications inbreast cancer. The treat 
ment with fat injections demands many injections all around 
the breast in order to control the shape of the breast. Women 
that have received this kind of treatment needs many biopsies 
because the calcifications all around the breast look like can 
cer in mammography. In the present invention the fat is placed 
in one known place and the shape can be controlled. Several 
Successive introductions of fat cells will act as a tissue 
expander. The use of resorbable perforated tissue expander 
will eliminate the need for a second Surgery for taking out the 
tissue expander. 
0347 The use of cells can be done with other kinds of cell 
for example bone cells, condrocytes etc. according to the use 
of the device. 

0348 Another preferred embodiment can use a device that 
the filling element for example the cannula is made of two 
parts one is external made of nonresorbable material and the 
second is internal made of bioresorbable material. The border 
between the two is preferably the slot. In this device it is easy 
to take the nonresorbable part out by twisting the cannula and 
leaving the bioresorbable inside the body. 
0349 Another preferred embodiment of the device and 
method is bone augmentation of the maxillary sinus called 
also sinus lift. This procedure is done when the alveolar ridge 
beneath the maxillary sinus is too short—less then 8 mm 
height. FIG. 14 illustrates a sectional view of such a sinus 22 
near the nasal cavity 23. The floor of the sinus 24 is lined with 
a delicate membrane called the Schneiderian membrane 25. 
Beneath the floor of the sinus 24 is the short alveolar ridge 26 
covered by the gums 27. 
0350 FIG. 15 is illustrating a preferred device appropriate 
for this preferred embodiment. The pouch 28 of the device is 
preferably made of collagen and the cannula is preferably a 
hollow dental implant 29. FIG. 16 illustrates a sectional view 
of the device of FIG. 15. The device has preferably two 
sealing components a screw 30 and a valve 31. The pouch 28 
can be fully or partially packed inside the hollow implant 29. 
0351. The preferred method for using the device of FIG. 
15 is illustrated in the following views. The purpose of the 
following preferred embodiment is to augment the bone 
above the floor of the sinus 24 and beneath the Schneiderian 
membrane 25. The first step is drilling using a phisio-dis 
penser through the alveolar ridge and the gums until touching 
the floor of the sinus as illustrated in FIG. 17. Preferably 
several drills 32 in ascending diameters are to be used as is the 
technique in the osteotomy for dental implants. It is also 
possible to raise a small mucoperiosteal flap before the drill 
ing. It is also possible to do the osteotomy with osteoms 
instead of drilling. After the floor of the sinus is reached 
inserting an osteom 33 through the osteotomy and using a 
mallet 34 to gently brake the floor of the sinus crating a green 
stick fracture as illustrated in FIG. 18. After the break of the 
floor, the device of FIG. 15 is inserted through the osteotomy 
and raising the Schneiderian membrane approximately 1 mm 
as illustrated in FIG. 19. If the hollow implant is a thread 
implant as the implant of FIG. 15 it is screwed in place, if the 
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implant is cylindrical it is inserted using the mallet. The 
diameter of the last drill should fit the diameter of the implant 
and the length of the implant should fit the height of the 
alveolar ridge beneath the maxillary sinus. In this preferred 
embodiment there is no need for fixating components because 
the hollow implant is fixated by the bone. After the fixation of 
the device it can be filled with bone augmenting material 
preferably using the syringe illustrated in FIG. 20A and FIG. 
20B. The syringe is composed of two parts the body 35 and 
extension 36 of the syringe form one part and the tip of the 
syringe 37 is the second part. The tip 37 is screwed on the 
extension 36. After the parts of the syringe are assembled 
together the Syringe is brought to the hollow implant, taking 
the screw of the implant out and screwing the tip 37 into the 
hollow implant while holding the body of the syringe 35. 
When the tip is screwed inside the hollow implant it opens the 
valve 31 allowing the bone augmenting material 38 to fill the 
pouch 28 as illustrated in FIG. 20B. The purpose of this 
design of the Syringe is to allow access to the posterior part of 
the maxilla. 

0352 While the pouch is filled the Schneiderian mem 
brane is raised as illustrated in FIG. 21. Even if the membrane 
is torn in the procedure of inserting the implant or filling the 
pouch the tear is automatically closed by the pouch material. 
The end result of the procedure is illustrated in FIG. 22 the 
alveolar ridge is higher 39 compared to the alveolar ridge 
before the procedure. The previous floor of the sinus is 
marked by the dotted line. 
0353. In another preferred embodiment the upper region 
of the pouch is connected to resorbable cord. The cord is 
protruding through the osteotomy and can be slowly allowed 
to get inside the sinus. This method allows to control the 
vertical enlargement of the pouch. If the pouch is not allowed 
to grow vertically it will grow horizontally therefore the rais 
ing of the Schneiderian membrane will be more efficient and 
safe. 

0354. In another preferred embodiment the lower region 
of the pouch can be easily detached from the upper region. 
The two region can be connected by a suture that can be pulled 
out. The lower region can be connected to the filling conduit 
So when the filling conduit is taken out the lower region is 
coming out also leaving the bone augmenting material with 
direct contact with the floor of the sinus. In this embodiment 
the lower region can be not resorbable. 
0355. In another embodiment the filling conduit is a hol 
low bone implant that can be left in place and serve in the 
future to Support a dental prosthesis. 
0356. Another preferred embodiment of the device and 
method is the widening of tubes like fallopian tubes, urethra, 
intestines, trachea, vessels etc. Without blocking the passage 
through the tube. The preferred device and method for this 
purpose is illustrated in FIG. 23. In this preferred embodi 
ment the pouch is the shape of double wall sleeve 49. There 
are little cords 50 connecting the inner wall to the outer wall. 
0357. In another preferred device illustrated in FIG.24 the 
pouch is in the shape of two circular tubes that are connected 
40. This configuration is particularly useful where an intra 
venous filter function is required. 
0358. This pouch is connected to a catheter 41 (filling 
conduit) made of bioresorbable material that has a bioresorb 
able valve 48. The external part of the catheter 42 is made of 
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nonresorbable material and has a sealing component a screw 
43. There is a slot 44 in the catheter 41 which is the braking 
point for taking the catheter out after finishing all the filling of 
the balloon. The device can be made from different kinds of 
bioabsorbable materials. For instance, a polymer from the 
linear aliphatic family, Such as poly (lactic acid) PLA, poly(g- 
lycolic acid) PGA or polycaprolactone, and their associated 
copolymers, may be employed polyglactin (PGA-PLA), 
polydioxanone, polyglyconate (copolymer of trimethilene 
carbonate and glycolide). Biodegradable polymers such as 
polyorthoester, polyanhydride, polydioxanone and polyhy 
droxybutyrate may be also employed. By using PLA + PGA 
as bioresorbable polymer fibers, and by changing the mixing 
ratio, the half value period for resorption may be freely con 
trolled within a time period of from weeks to several months. 
The stiffness of the stent can be controlled as well. It is 
therefor possible to made the device from several types of 
materials for example the outer wall from one type, the inner 
wall from another type and the conduit from another material. 
0359 The outer surface of the pouch have arrow heads 45 
made of a harder bioresorbable material (like PLA) on the 
external surface for stabilizing the pouch to the walls of the 
vessel 46 to be widened. There are many ways to configure the 
shape of these stabilizing elements some of them are 
described in U.S. Pat. Nos. 5,593,434 and 5,423,885 to Wil 
liams. The basic idea is that the outer surface is not flat and 
Smooth but has holes or protrusions. 
0360 Briefly, and in general terms, when the stent is to be 
deployed in a coronary artery the stent is attached to a catheter 
prepared for PTCA angioplasty and using a guidewire and 
tracked by a fluoroscope the Stent is percutaneously intro 
duced into the vessel until the stent is positioned at the desired 
location. 

0361 To facilitate the placement of the stent of the present 
invention, the stent may be impregnated with a radiopaque 
material, making it opaque, and therefore visible, to X-rays. 
Suitable radiopaque materials include iodine based materials 
and solutions thereof, and barium salts, including materials 
containing iodipamide (sold commercially under the trade 
name Cholografin) and iopanic acid (sold under the trade 
name Telepaque). 
0362. After reaching the desired location starting filling 
the pouch with a biocompatible liquid. When the pouch of 
FIG. 23 starts to expand it forms a tube. The inner wall of the 
pouch facing the bloodstream the outer wall facing the walls 
of the vessel. Between the inner wallan the outer wall of the 
pouch the filling material is present. The little cords 50 
ensures that the inner wall is connected to the outer wall and 
not collapsing to occlude the vessel In this case when the 
pouch is inflated the vessel is widened and vessel is not 
occluded. When the pouch of FIG. 24 starts to expand it forms 
two perpendicular tubes that are widening the vessel. The 
joining points of the two tubes are reinforced with a harder 
bioresorbable material (like PLA) in the shape of a cross 47. 
These crosses assure that the two tubes are aligned perpen 
dicular to each other. When the pouch expands it forms two 
perpendicular tubes so the vessel is widened bat the vessel is 
not occluded because fluid can pass between the perpendicu 
lar tubes. The inflated pouch of FIG.23 and FIG.24 is now the 
stent The pouch can be inflated several times in Some days 
interval if necessary until reaching the desired widening. It is 
recommended to widen the vessel more then final desired 
widening to compensate for future restenosis. 
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0363. When the stent has been expanded to widen the 
vessel the stent is affixed in place by the arrow heads 45 
engaging the walls of the artery, including the endothelium 
layer. It is believed that the endothelium layer of the artery 
will grow into the stent over a short period of time (in 7 to 21 
days), to further retain the stent in place. The stent eventually 
will dissolve and endothelium layer growth into the stent and 
ensures that pieces of the stent will not discharge into the 
bloodstream and cause embolism as the stent is dissolved. 

0364. After the desired widening is reached the external 
portion 41, 42 is taken out leaving the bioresorbable device 
inside the tube. The device eventually will be resorbed there 
for the chances for chronic inflammation or excess hypertro 
phy of the vessel are Small and consequently reconstruction of 
the vessel may be inhibited. 
0365. This type of stent is flexible and compliant and crush 
resistant. This type of stent can be very small before inflation 
therefor can pass through Small vessels without damaging the 
vessels while insertion and can adapt itself to the bent shape 
of the vessel of to furcations. 

0366. In another embodiment the filling material can be 
self expanding. It can expands by hydration for example. The 
stent itself can have self expanding materials. 
0367. In another preferred embodiment of the device and 
method the stent can be attached to a catheter with plurality of 
lumens therein. These lumens terminates in plurality of con 
duits that open to the outer wall of the stent. This configura 
tion can enable the delivery of bioactive materials like medi 
cations. An example of this idea can be seen in U.S. Pat. No. 
5,254,089 to Wang. 
0368. In a similar embodiment the stent can be made of 
two tubular balloons. The first one as described for expanding 
the device and the second circumferentially disposed over the 
first one for delivery of medications. The outer wall of the 
second balloon should have little holes for the release of the 
bioactive materials. Each balloon is connected to a different 
conduit. 

0369. In another preferred embodiment the outer wall of 
the balloon is made of selective barrier and filled with at least 
two materials. The first material is for expanding the pouch 
and the second is a bioactive material. The expanding mate 
rial should be biocompatible liquid with high molecular 
weight. The outer wall barrier should enables only the release 
of the bioactive materials. The holes in the membrane should 
fit the bioactive material. In this embodiment the same con 
duit allows the expanding of the pouch an the administration 
of the bioactive materials. In this embodiment it is possible to 
add bioactive materials for a long time after the introduction 
of the stent with no Surgical procedure. 
0370 Bioactive materials can be also incorporated into the 
material of the pouch or can be impregnated with a therapeu 
tic agent to provide localized drug delivery. As the pouch is 
resorbed the material are released. Moreover, encapsulating 
the active agent in a dissolving material Such as albumin or 
various polymers which would effect a continuing release of 
the active agent proximate the irregular wall portion during 
the potency of the encapsulating agent. Examples of Such 
polymers would include pluronics gels, citric acid cycle poly 
mers, such as polylactic acid polyglycolic acid and deriva 
tives thereof, polyanhydrides, polyphophaZenes, polysaccar 
ides, such as alginic acid, chitin and derivatives thereof, 
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collagen and derivatives thereof, and glicosaminoglicans 
Such as hyaluronic acid and derivatives thereof. 

0371. In another embodiment the release of bioactive 
materials can be electrically monitored or monitored by tem 
perature as described in U.S. Pat. No. 5,857,998 to Barry for 
treating aneurismal wall. 

0372 The bioactive materials for all these embodiments 
may be selected from the group of heparin and derivative 
thereof, antiplatelet agents such as PPACK, iloprost, integre 
lin, chimeric antibodies such as c7E3 urokinase, t-PA, hiru 
din, prostacyclenes and analog thereof, antithrombogenic 
agents, thrombus lysing agents, steroids, ibuprofen, antimi 
crobials, antibiotics, tissue plasma activators, rifamicin, 
monoclonal antibodies, Snake venom protein by-products, 
antifibrosis agents, hyaluronate, cyclosporine, genetic thera 
pies including antisense oligonucleotides and various gene 
constructs, antiproliferatives such as angiopeptin, chemo 
therapeutic agents such as paolitaxel, antioxidants such as 
probucol, vasorelaxants such as nitroglycerin and papverine 
or ones with multiple effects such as nitric oxide and mixtures 
of these bioactive substances. 

0373. In this preferred embodiment of FIG. 24 there is 
only one step of insertion. It is true that percutaneous trans 
luminal procedures and other procedures involving the inser 
tion of stents into the body have improved in recent years. 
Likewise the reduction in the size of the instruments inserted 
into the patient reduces the risk of damage. However, it is still 
a fact that each insertion and extraction risks further damage 
to afflicted areas and damage to otherwise unaffected areas 
through which the instruments pass and can add to patient 
trauma. Moreover, insertion and withdrawal of additional 
instruments in sequence increases the time of the physician, 
staff and medical facility, and the cost of multiple of multiple 
instruments. 

0374 The device can be used also for the quick closure of 
a rupture in a vessel. 

0375. In another embodiment the stent can be modified by 
heating. 

0376. In another preferred device illustrated in FIG.25 the 
pouch is in the shape of a coil 51. This configuration is 
particularly useful for the fixation of tissues especially of a 
fracture 50 in a bone 49. This pouch is to be placed around the 
fracture and it is connected to a catheter 53 (filling conduit) 
made of bioresorbable material that has a bioresorbable valve 
55. The external part of the catheter 52 is made of nonresorb 
able material and has a sealing component a screw 54. There 
is a slot 56 in the catheter, which is the braking point for taking 
the catheter out after finishing all the filling of the pouch. The 
device can be made from different kinds of bioabsorbable 
materials as described before. 

0377 The filling of the pouch is with a biocompatible 
material that sets and becomes rigid inside the tissue. After 
the material has set the bone fragments near the fracture are 
fixated. Preferably the biocompatible filling material is a 
bioresorbable material that contains materials assisting in the 
process of bone healing like bone cements available on the 
market today, for example Skeletal Repair System (SRS) 
from Norian company, Healos from Orquest company, Osteo 
Genics and Orthovita's Orthocomp from Howmedical Leib 
inger company. 
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0378. This procedure assists in shaping the bone cement 
and prevents it's migration from the site of application. 
0379. In another preferred embodiment the inflatable ele 
ment can be inserted into a bone cavity like a bone cyst or a 
bone that suffers from osteoporosis. A bone cystis pathologic 
phenomena that a cavity is created inside the bone. Some 
times the cyst contains liquid and is surrounded by a mem 
brane. The cyst has a tendency to grow resulting in thinning of 
the walls of the bone around the cyst that leads to pathologic 
fractures. Filling the inflatable element with a bone augment 
ing material can lead to healing of the cyst. Bone augmenting 
materials are materials that occupy a space in the body for 
Several months and encourage the bone to grow inside this 
space and replace the bone augmenting material. In a pre 
ferred embodiment the filling bone augmenting material is a 
bone cement that sets inside the inflatable element. Filling of 
the cyst with a hard material strengthens the bone and reduces 
the risk of pathologic fracture, which is the main complica 
tion in bone cysts and osteoporosis. The inflatable device can 
be placed around a weak bone and not just inside in order to 
strength the bone. This can be preventive treatment to 
osteoporitic bones for example in the hip. The device can be 
like coil around the bone. It is also possible to fill the cyst with 
the bone cement without the use of the inflatable element but 
then the cement can leak outside the bone and can penetrate 
into blood vessels and nerves. In another preferred embodi 
ment the inflatable element can be configured to allow direct 
contact between the surrounding tissue and the filling mate 
rial. In a preferred embodiment the inflatable element is per 
forated with small holes that allow for a little amount of the 
bone cement to traverse the wall of the inflatable element and 
touch the bone. In this embodiment the chance of major 
leaking and entrance into blood vessels is reduced and the 
filling material is immediately touching the bone and starts its 
activity. In another preferred embodiment the inflatable ele 
ment is made from at least two areas one which is perforated, 
to be faced against the bone and a second area, which is not 
perforated, to be faced against other tissues like blood vessels 
and nerves. This embodiment is particularly useful for verte 
broplasty and kyphoplasty. In these procedures a bone cement 
is inserted into a crushed vertebra. The cement is connecting 
the lower segment and the upper segment of the crushed 
vertebra so they cannot move against each other. When the 
bone segments stop moving the pain is significantly relieved 
and healing is faster. The problem with these procedures is 
that the cement can leak inside the spinal cord and blood 
Vessels. By using an inflatable element which has one region, 
which is not perforated, that faces the spinal cord and another 
region, which is, perforated that faces the bone segments the 
vertebroplasty can be done safely. In kyphoplasty the bone 
segments are displaced to their original position before the 
crushing of the vertebra, by balloons and afterwards the bone 
cement is inserted. In the preferred embodiment described 
above kyphoplasty can be done also with no need for another 
balloon to displace the bone fragments. The inflatable ele 
ment as being filled with the bone cement is displacing the 
bone fragments. This makes the procedure shorter simpler 
and safer. The inflatable element can be made from non 
resorbable materials since it has a perforated area. In a pre 
ferred embodiment the inflatable element is made at least in 
part from bio-dissipative material. The principal function is to 
allow contact between the filling material and the surrounding 
tissue. Contact can be achieved by using a perforated inflat 
able element or by using a bio-dissipative material as part of 
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the inflatable element. These procedures can be done between 
any two bone fragments. The inflatable element is place 
between the bone fragments and/or around them so the per 
forated region is facing the bone fragments and the non 
perforated region is facing the surrounding tissues. The inflat 
able element is preferably configured to stabilize the bone 
fragments. In one embodiment the shape of the inflatable is a 
coil like in FIG. 25 but it can be also like a double walled 
sleeve placed so the bone fragments are inside the sleeve or in 
the shape of a double walled sheet that can be placed around 
the bone fragments. The bone fragments are attached to the 
cement that is leaking through the little holes and the shape of 
the cement after setting is fixating the bone fragments and 
strengthen the fracture region. The size of the holes in the 
inflatable element should be compatible with the filling mate 
rial. The holes should allow a minor leakage and direct con 
tact between the leaking material to the material inside the 
device. The leakage must be possible only for less than 2 mm 
from the device when there is pressure that is sufficient to 
displace the bone fragments. The contact between the mate 
rial inside and outside the device improves the stabilization 
and prevent migration of the filling material. 
0380 Although the present invention has been described 
and illustrated in the context of certain preferred embodi 
ments, it will be understood that modifications may be made 
without departing from the spirit of the invention. 
What is claimed is: 

1. A method for treating a bone within a living body com 
prising: 

(a) creating a tunnel inside a bone through the periosteal 
tissue of said bone, said tunnel, where it is passing 
through said periosteal tissue, being surrounded all 
around by said periosteal tissue, said bone being touched 
from one side by a first covering tissue of said bone and 
from another side being touched by a second covering 
tissue of said bone; 

(b) inserting a tube through said tunnel inside said bone; 
(c) advancing at least part of a folded expandable portion of 

a container through said tube inside said bone, the exter 
nal surface of said expandable portion of said container 
having at least one region which includes at least one 
opening which is open sufficiently to allow penetration 
of bone tissue and blood vessels; 

(d) expanding said expandable portion of said container so 
that the majority of the external surface of said expand 
able portion of said container is touching a tissue 
selected from the group consisting of bone, periosteal 
tissue and Schneiderian membrane and said opening is 
facing a bone surface of said bone, said expanding of 
said expandable portion of said container is unfolding 
said expandable container and displacing said first cov 
ering tissue from said second covering tissue so the 
distance between said first covering tissue to said second 
covering tissue is increased; 

(e) taking out said tube and leaving said expandable con 
tainer inside said bone, so bone tissue can regenerate 
inside said expandable container to enlarge the height of 
said bone. 

2. The method of claim 1, wherein said expanding is done 
by introducing a bone augmenting material inside said 
expandable container. 
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3. The method of claim 2, wherein said expandable con 
tainer includes an area which is less penetrable to tissue than 
said region. 

4. The method of claim 3, wherein said expandable con 
tainer is perforated. 

5. The method of claim 4, wherein said tunnel is sur 
rounded all around by bone. 

6. A method for augmenting the maxillary sinus and the 
nose comprising: 

(a) creating a hole in the maxillary bone towards the 
Schneiderian membrane; 

(b) Inserting through said hole a hollow tube, the external 
Surface of said tube includes at least one protrusion to 
prevent slipping of said tube inside the maxillary sinus; 

(c) Inserting through said tube a bone augmenting material 
to be between said Schneiderian membrane and said 
maxillary bone. 

7. The method of claim 6, wherein said protrusion is a 
thread. 

8. The method of claim 6, wherein said hole is done while 
preserving the integrity of said Schneiderian membrane. 

9. The method of claim8, wherein the location of said tube 
is adjustable. 

10. The method of claim 8, wherein said tube includes a 
Sealing means. 

11. A device for treating a bone within a living body com 
prising: 

a hollow tube for insertion inside bone and a folded 
expandable container inside said tube, the external Sur 
face of said expandable portion of said container having 
at least one region which includes at least one opening 
which is open sufficiently to allow penetration of bone 
tissue and blood vessels, said expandable container is 
designed to be pushed outside said container inside said 
bone so said region will be in contact with a bone Sur 
face. 
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12. The device of claim 11, wherein said container includes 
a filling conduit. 

13. The device of claim 11, wherein said container is made 
at least partially from a bio-dissipative material. 

14. The device of claim 11, wherein said container is made 
from a biocompatible implanted material. 

15. The device of claim 11, wherein said container is 
designed to be closed after filling of said container. 

16. A method for augmenting the maxillary sinus and the 
nose comprising: 

(a) creating a hole in the maxillary bone towards the 
Schneiderian membrane; 

(b) inserting through said hole a hollow tube, the external 
Surface of said tube includes at least one protrusion to 
prevent slipping of said tube inside said bone; 

(c) inserting through said tube an expandable container So 
said tube prevents damaging slipping of the base of said 
expandable container inside said maxillary sinus; 

(d) expanding said expandable container between said 
Schneiderian membrane and said maxillary bone so as to 
displace said Schneiderian membrane from said maxil 
lary bone. 

17. The method of claim 16, wherein said expandable 
container is expanded by inflation. 

18. The method of claim 17, wherein said hole is created 
while preserving the integrity of the Schneiderian membrane. 

19. The method of claim 18, wherein after said expanding 
the majority of the external Surface of said expandable con 
tainer is touching said Schneiderian membrane. 

20. The method of claim 19, wherein said expandable 
container is completely below said displaced Schneiderian 
membrane. 


