
1                   EP 0 466 820 B1                    2 Description
surgical site or perforation of the graft material through the gingival
tissue at some point after initial healing has occurred. In either case,
exposure of the graft material occurs with subsequent infection The present
invention provides articles for   5   and loss of graft material. treatment
of bony defects. Although examples de-        WO-A-86-00517 describes an
article for use in scribed herein relate to bone defects in the mouth,
prosthetic implants and capable of supporting pref- similar treatment is
applicable throughout the hu-   erential connective tissue growth and/or
attachment man body.                                           for treating
bone defects. The article comprises a A bony defect is any unnatural or
irregular  10  flexible, flattened member, respective portions de- anatomy
of the bone structure, particularly where   fining first and second
juxtaposed surfaces. The bone is missing from the natural anatomy. Bone
second surface, which is impermeable, surrounds defects are commonly found
in the oral cavity       the first surface which is porous and capable of
including the jaw bone, and are often the result of  supporting connective
tissue ingrowth and/or at- traumatic injury to the teeth and bone, disease
15  tachment. affecting pulp canals of the teeth, periodontal dis- ease,
tooth root fractures, tumors, cancer, or con-  SUMMARY OF THE INVENTION
genital defects. These defects may be functional or aesthetic in     The
invention is defined in appended claim 1. nature and have been treated in
the past by graft-  20  In contrast to the article described in WO-A- ing
either natural or synthetic materials to increase  86/00517, the permeable
first surface surrounds the tissue volume. The natural grafting materials
in-     second surface which is impermeable to connec- clude iliac, rib, or
oral bone harvested from the   tive tissue ingrowth and/or attachment and
to bac- patient who will receive the graft (I.e. autogenous),  teria.
cortical or cancellous bone harvested from an in-  25   The invention
provides a biocompatible porous dividual different from the patent (i.e.,
allogenous),  article for successful treatment of bony defects or cortical
or cancellous bone harvested from a      particularly in the jaw bone of
the mouth. Treat- different mammalian species (i.e. xenogenour).       ment
involves placement of the article over the Synthetic materials include
particles or blocks of   bony defect thus creating a space .between the
either solid or porous hydroxylapatite, particles or   30  article and the
bone in the region of the defect into blocks of synthetic polymers such as
poly (methyl-   which bone cells proliferate. The article itself pro-
methacrylate) or processed collagenous material     tects the defect space
thus created from epithe- usually obtained from a bovine source.
lium, fibrous connective tissue, and bacteria all of There are two major
difficulties associated with  which would normally be detrimental to bone
tissue the use of the above materials. First, none of the   35  healing
within the defect region. The article thus above-mentioned materials
predictably result in     allows predictable resolution of bony defects
even resolution of the bony defect with viable bone tis-  in the event of
exposure of the article to the oral or suee Autogenous iliac grafts result
in the most     outside environment through dehiscence of the su-
predictable bone healing, but require a painful sur-  ture line,
perforation of the overlying soft tissue or gical procedure to harvest the
iliac graft material.    40  inability to obtain primary or complete
closure of After surgical placement of any of the above-     the soft
tissue. mentioned graft materials into a bone defect, bone     It is to be
understood that both  the foregoing cells and fibrous connective tissue
cells compete to  general description and the following detailed  de- fill
the void space within the graft material or to  scription are exemplary and
explanatory only and replace the graft material as it resorbs. Because   45
are not restrictive of the invention, as claimed. fibrous connective tissue
can grow and form faster      Additional advantages of the invention will
be than bone tissue, the above-mentioned graft ma-      set forth in part
in the detailed description which terials may attach or be partly ingrown
with bone;  follows, and in part will be obvious from the de- however, the
majority of healing is accomplished     scription or may be learned by
practice of the by ingrowth of soft connective tissue. In addition,  so
invention. The advantages of the invention may be with particulate
materials, the particles tend to mi-  realized and attained by means  of
the instrumental- grate over time through the soft tissue beyond the
ities and combinations particularly pointed out in margins of the bone
defect thereby reducing or      the appended claims. minimizing therapeutic
results.                         The accompanying drawings, which are
incor- The second major problem is that all of the   55  porated in and
constitute a part of the specification, above-mentioned materials are prone
to either de-   illustrate embodiments of  the invention and, to- hiscence
of the suture line due to stretching the    gether with the description,
serve to explain the gingival tissue over them  during closure of the
principles of the invention. 2 
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DESCRIPTION OF THE DRAWINGS                   connection tissue 105 are
separated from the al- veolar ridge of the jaw bone 107 leaving exposed
Figure 1 is a three-dimensional view of uniax-  the bony defect 109. As
shown in Figure 4, one ially expanded polytetrafluoroethylene.
embodiment of the article 120 comprising a flexi- Figure 2 is a
three-dimensional view of an    5   ble, flattened member having first and
second jux- embodiment of a prior art article described in Ex-  taposed
surfaces meeting at a boundary is posi- amples 1 and 2 wherein a first
portion of the article  tioned over the affected region of the bone and is
is porous and a second portion of the article is    fixed in a laminar
relationship to a portion of the substantially impermeable to oral tissues.
alveolar ridge. In the most preferred embodiment, Figure 2A is a
cross-sectional view of the em-   10  the first surface 121 is formed of a
porous, biocom- bodiment of Figure 2 taken along line A-B.
patible material capable of supporting the ingrowth Figure 3 is a
three-dimensional view of a bony   of connective tissue and thus preventing
or retard- defect  in  the  alveolar  ridge  wherein  the       ing the
migration of gingival epithelium into the mucoperiosteal flaps have been
elevated thereby      defect region. This first surface is configured to be
leaving the alveolar bone ridge exposed.        15  peripheral to a second
surface and sized and con- Figure 4 is a three-dimensional view of a bony
figured so as to surround the perimeter of the defect in the alveolar ridge
similar to that of Figure  defect area, and adapt closely to the contours
of 3 repaired with an embodiment of the invention.     the bone adjacent to
the defect area when the Figure 5 is a bucco-lingual cross-sectional view
article is in place. The second surface 123 is of the inventive embodiment
placed over the alveo-   20   preferably configured so that it is
surrounded by lar ridge bony defect and mucoperiosteal flap resu-  the
first surface. The second surface is formed of a tured over the article.
material substantially impermeable- to oral tissues Figure 5A is a view
similar to that in Figure 5  and bacteria and configured to fully  cover
the bony but showing the addition of bone filler material to  defect. The
second surface also creates a space the defect.
25  (e.g. Figure 5, space 131) between the surface and Figure 5B is a view
similar to that in Figure 5  bone defect to allow bone cells to proliferate
within but showing dehiscence at the juncture of the        the space
without competition from cells originating mucoperiosteal flaps.
from the fibrous connective tissue and epithelium. Figure 6 is a surface
view of the inventive      This results in filling of the defect space by
viable embodiment and configured for treatment of bony   30   bone tissue.
Because the article will protect the defects wherein a first peripheral
surface of the    defect space from epithelium, gingival connective article
is capable of supporting tissue ingrowth and  tissue, and bacteria, bone
tissue will fill the space a second central surface of the article is
imperme-  even in the event that the article is exposed to the able to
tissue ingrowth.                            outside environment due to
suture line dehiscence, Figure 6A ks a cross-sectional view of Figure 6
35   perforation, or inability to obtain primary or com- taken along line
E-F.                                plete closure of the overlying tissue.
In some situ- Figure 6B shows an alternative construction      ations,
complete closure of the tissue may not be similar to that in Figure 6 but
having wire reinforce-  possible (e.g., sites where a tooth  is extracted
ments.                                              leaving a gap in the
soft tissue). In these cases the Figure 6C is a cross-sectional view of the
con-   40  tissue should be closed as much as possible and struction shown
in Figure 6b taken along line C-C.  stabilized with sutures. Also,
allogenous, autogen- Figure 7 is a bucco-lingual cross-sectional view  ous,
or alloplastic  materials  134  (Figure 5A) can of the inventive embodiment
wherein a dental im-     optionally be used to help fill the bony defect by
plant is placed within the alveolar ridge defect    providing a matrix for
bone cell growth and/or to underlying the article.
45   prevent collapse of the article. into the defect space. DETAILED
DESCRIPTION OF THE PREFERRED                   Finally, as shown In Figure
5 and 5A, the EMBODIMENTS
mucoperiosteal flaps are repositioned so that soft tissue completely covers
the  implanted . material Reference will now be made in detail to the   so
121 and 123, and the flaps are sutured closed 133. present preferred
embodiments of the invention,     The article may be further secured in
the area of examples of which are illustrated in the accom-      the defect
with various biocompatible glues, su- panying drawings.
tures, filaments and the like. However, the present The present invention
provides articles for the  invention is intended to function satisfactorily
even treatment of defects in bones, particularly in the  554  in the event
of dehiscence of the flaps at their jaw bone of the mouth. For use of the
article, as   juncture, as is depicted at 137 in Figure 5B. 



shown in Figure 3, the mucoperiosteal flaps 101         It is intended that
the, materials comprising including the gingival epithelium 103 and
gingival  either of the articles for treatment of bony defects 3    5
EP  0  466 820 B1                         6 be similar to those described
in WO-A-86/00517     and mean flow pressure are measured according to id be
made from biocompatible materials. The      the American Society for
Testing and Materials porous material must also allow for the rapid ing-
Standard F316-80 using ethanol. rowth of gingival connective tissue to
inhibit the     The density of expanded PTFE determines the apical
migration of gingival epithelium along the   5   amount of void space in
the material which may surface of the material. Preferably the porous ma-
become ingrown with connective tissue The den- terial is soft and flexible
so that it will conform to  sity of expanded PTFE is the ratio of the mass
of a the curvature of the tooth and surrounding bone    given sample of
expanded PTFE to its volume. and not cause tissue necrosis in the tissues
against   The fibril length of expanded PTFE is defined which it is placed.
Suitable biocompatible materials  to  herein as the average of ten
measurements be- which can be made porous include, but are not      tween
nodes connected by fibrils in the direction of limited to, silicones,
polyurethanes, polyethylenes,  expansion. Although Figure 1 illustrates
material polysulfones, polyacrylics, polycarboxylates, poly-  expanded in
one direction only, PTFE expanded in esters,        polypropylenes,
poly-       more than one direction is thought to be equally
(hydroxyethylmethacrylates),  and  perfluorinated   is  applicable to the
invention. In order to measure the polymers, such as fluorinated ethylene
propylene,  average fibril length of expanded PTFE, two par- and
polytetrafluoroethylene.                       allel lines are drawn across
a photomicrograph of The above-mentioned may be made porous by       about
40 to 50 times magnification of the surface of any techniques known to
those of ordinary skill in  the material so as to divide the photograph
into the art which will render the materials capable of  20  three equal
areas. If the material has been uniax- supporting gingival connective
tissue ingrowth     ially expanded, these lines are drawn in the direc-
while preventing apical migration of gingival epithe-  tion of expansion
(i.e., direction of orientation of lium. Such techniques include, but are
not limited  fibrils). Measuring from left to right, five measure- to,
sintering carefully controlled sizes of beads;  ments of fibril length are
made along the top line in combining the materials with a partially
resorbable  25  the photograph beginning with the first node to implant
that would resorb or could be resorbed, in  intersect the line near the
left edge of the photo- vivo or in vitro, to leave a porous surface;
weaving  graph and continuing with consecutive nodes inter- or knitting
fibers together to form a fabric-like ma-  secting the line. Five more
measurements are terial; or using a foaming agent during processing  made
along the other line from right to left begin- to cause bubbles to form and
leave pores as the   30  ping with the first node to intersect the line on
the material hardens.                                  right hand side of
the photograph. If the material is The porous material may be treated or
filled    expanded in more than one direction, the lines are with
biologically active substances such as antibiot-  drawn and fibril lengths
measured as above, except ics, fibrin, thrombin, and collagen. These sub-
when a node is not attached by fibrils to a node stances may enhance
connective tissue formation   35  intersecting the drawn line. In this
case, the fibril within the porous material and inhibit infection dur-
length from the node to a node which creates the ing healing.
least angle with the drawn line is measured along Each of the articles may
be comprised of a      the fibril,s axial orientation. The ten measurements
suitable   bioresorbable,   biodegradable,   or    obtained by this method
are averaged to obtain the hydrolyzable material so that the article
dissolves   40  average fibril length of material. i over a period of time.
It is most preferred, however,   Starting materials of expanded PTFE with
aver- that the porous material be expanded poly-         age fibril lengths
greater than about 60 microns, tetrafluoroethylene (PTFE) which is
subsequently   and preferably greater than 100 microns, densities processed
to a desired microstructure such as by   less than 1 g/cc and preferably
about 0.3 to 0.1 application of heat and pressure. Expanded PTFE   45  g/cc
and a wall thickness of about 1 mm are most is an extremely inert and
biocompatible material   preferred and are subsequently compressed in cer-
with a history of medical implant use. U.S. Patent  tain regions to achieve
desired microstructures. Numbers 3,953,566 and 4,187,390, the disclosures
When expanded PTFE is compressed by the of which are incorporated herein by
reference,     application of heat and pressure, the microstructure teach
methods for producing expanded PTFE and   so  of nodes and fibrils distorts
so that characterization characterize its porous structure. The porous
struc-  by fibril length becomes impractical. Nodes be- ture of expanded
PTFE is further illustrated in    come positioned more closely together as
the Figure 1. The microstructure of expanded PTFE is   amount of
compression is applied to the point 



a three-dimensional matrix of nodes 9, connected   where the material
begins to approach a state by fibrils 10.                                55
where there are no void spaces between the The pore size of expanded PTFE
can be char-     nodes. In situations such as these, a preferred acterized
by determining the bubble point and the  parameter used to characterize the
microstructure mean flow pressure of the material. Bubble point   is the
internodal distance of expanded PTFE rather 4    7                 EP 0 466
820 B1                      8 than fibril length. Internodal distance is
defined  required. herein as the average distance between edges of
Figure 6 shows the preferred shape for the nodes in the direction of
expansion based on at      article for treating a bone defect wherein the
article least 20 random measurements of internodal dis-       has a
rectangular shape, the center of which has a tance from three fields of
view at 200X. Measure-   5   further compressed oval shaped region. Figure
6A ments were made on a Nikon medical research          shows the member in
cross-section with the more microscope.
compressed  region  in the center. Alternative The articles of the
invention include one em-    shapes, sizes and configurations are intended
to be bodiment, which comprises a layered structure        within the scope
of the articles of this invention for wherein a first layer having a porous
surface ca-  10  treatment of bony defects. pable of supporting ingrowth or
attachment of con-      The article used in the treatment of bony de-
nective tissue is arranged in laminar relationship  fects may be used in
conjunction with bone filler with a second support layer which is
substantially   materials including but not limited to autogenous,
impermeable and incapable of penetration by tis-    allogenous, or
xenogenous bone  synthetic bone sues or bacteria. Here the first porous
layer allows   15   materials such as hydroxylapatite, tricalcium phos-
fibrous connective tissue ingrowth into the porous   phates or polymeric
materials including bioresor- material or attachment along the outer
surface of   bable, biodegradable, or hydrolyzable sponges, the porous
material to inhibit or retard epithelial  particles, gels or blocks of
material. migration. The backing layer substantially prevents
Additionally, the articles for treatment of bony undesirable tissue and
bacteria from entering the   20   defects may be used in conjunction with
biologi- space of the bony defect and allows desirable bone   cally active
materials or molecules Including but cells to proliferate in the space
created by the       not limited to cell activators, antibiotics, or
materi- layered article.                                     als which
serve as a structural framework for cel- The second embodiment, and the
most pre-         lular migration such as collagen, fibronectin, or ferred
article, for treatment of bony defects is  25  fibrin. The biologically
active  materials may be shown in Figures 6, 6A, 6B and 6C and comprises
bound to the surface of the article, incorporated an integral member having
a portion with a first    into it so that they may be released in  a
controlled porous compressed surface 121 with an average       fashion over
a period of time, or placed within the internodal distance greater than 8
microns and       bony defect space protected by the article. preferably in
the range of 15-20 microns, a wall  30    The articles for the treatment of
bony defects thickness of about 0.20mm (0.008 inches) and a       may also
incorporate biocompatible reinforcement density of about 1.0 g/cc. The
member also has a    components such as metallic. (e.g., titanium) or
second surface 123 positioned to be central to and   polymeric wires,
struts, or meshes to allow molding surrounded by the first surface which is
juxtaposed  or shaping of the article to specific configurations in planar
relationship thus forming a boundary en-   35  or to support the article
and prevent its collapse circling the second surface. The portion of the
into the defect space. Such reinforcement means member forming the second
surface is more great-    can, for example, comprise optional wire supports
ly compressed so that it is substantially imperme-   135 at least partially
attached to article 120, as able to oral tissues and bacteria; however
there    shown in Figures 6B and 6C. may be some tissue attachment
topically along the   40  Finally, the article may be used in conjunction
second surface. The portion of the member for-      with a dental implant
as shown In Figure 7 and ming the second surface preferably has an average
described in Example 3 wherein the implant 150 is internodal distance of
less than 5 microns, a den-   placed in the defect region and the article
120 of sity of about 1.5 g/cc and a wall thickness of about  the invention
is placed over it and extends over the 0.13mm (0.005 inches). These
articles may be of  45   bone ridge. laminar or integral construction.
All articles of the present invention are prefer- To construct the member
portions having the    . ably sterilized prior to insertion into a
periodontal representative first and second surfaces of this     pocket or
covering a bone defect. Preferably, the embodiment, application of heat and
pressure to      articles are sterilized and are contained in a pack- the
starting expanded PTFE material similar to that  50  age, the interior
environment of which is sterile. 



previously described is used. The degree of com-        The following
examples were designed to elu- pression to achieve each of the surfaces is
con-    cidate the teachings of the present invention and trolled by the
use of plates designed to be sepa-    not to limit the scope of the
invention. Various rated at predetermined distances. Similar to the
other modifications and equivalents of the exam- previous embodiments for
treatment of periodontal  55   ples will readily suggest themselves to
those of disease, because the two surfaces are compressed     ordinary
skill in the art, particularly after issuance from the same starting
material, no means for        of this patent, without departing from  the
present attachment of the first and second surface are       claimed
invention. 5    EP 0 466 820 B1                    10 Example 1 (Prior Art)
soft tissue completely covered the implanted ma- terial and the flaps were
sutured closed. Ponchos similar to that shown in Figure 9 of       The dogs
were sacrificed at various time inter- WO-A-86/00517 illustrated in Figure
2 were made    vals between one and three months post-oper- with a starting
material of expanded PTFE made in   5   atively and the experimental teeth
were removed accordance with the description in Patent Nos.     en bloc for
histological processing and evaluation. 4,187,390 and 3,953,566. The poncho
had a center   When analyzed histologically, it was found that the 18 which
forms a first porous surface and an outer  epithelium had not migrated past
the porous cen- circumference 20 which forms a second imperme-     tral
region of the ponchos and that the porous able surface. The starting
material had an ethanol  to  central regions were extensively ingrown with
con- bubble point of below about 5.17 x 104 dyne/[err]    nective tissue
and mononuclear cells. It was found (0.75 psi), an ethanol mean flow
pressure below    also that some connective tissue had grown within about
2.07 x 10[err]  (3 psi), an average fibril  the compressed peripheral
region where the inter- length greater than 100 microns, a density of about
nodal distances were greater than 8-10 microns 0.3 to 0.1 g/cc, and a wall
thickness of about 1mm.   15  with more tissue ingrown where the internodal
dis- A sheet of the starting material was clamped    tances were greater
than 15 microns. In many into a metal frame to hold the material in place.
instances, the connective tissue penetrated the full The frame was
positioned between two plates that   wall thickness of this peripheral
region. However, had been fixed on a pneumatic press. Each plate    because
of the ingrowth of connective tissue in this was machined so that a
rectangular central portion   20  compressed peripheral region, epithelium
could not having dimensions of 4mm x 12mm was relieved       migrate along
the compressed region in the event such that compression of the expanded
PTFE         that the open-structured porous region became ex- would take
place peripheral to the central relieved  posed to the oral environment.
area but not within the central relieved area. The     New  cementum  with
collagen fibers was central relieved area remained porous with an open   25
present on the previously  denuded root surface structure. Shims were used
in the press as stops to  and varying amounts of new bone tissue had
control the degree of compression. The shims were  healed into the defect
space between the patch arranged to prevent the plates from contacting
and the tooth root. each other by about 0.007 inches. The plates were
heated to between 300 * F and 400 F and the   30   Example 2 (Prior Art)
expanded PTFE was compressed between the heated plates for about thirty
seconds.                Expanded PTFE ponchos with integral two-part The
resulting compressed region of expanded     constructions were made similar
to that described PTFE had a density of about 1.0 g/cc and a wall    In
Example 1. In this case, compression of the thickness of about 0.18mm
(0.007 inches). The  35  compressed peripheral region was increased by
compressed region also had internodal distances    reducing the shim stop
thickness to 0.005 inches. ranging from about 5 microns to 50 microns with
This resulted in a poncho member  having a porous an estimated mean
internodal distance of about 15  central region surrounded by a compressed
periph- to 20 microns.                                     eral region
having a wall thickness of 0.005 inches, The resulting membrane was thus
similar in  40   a density of about 1.5 g/cc and an internodal dis- shape
to the poncho illustrated in Figure 2 with a   tance ranging from 0 to 40
microns with an es- central surface of open-structured porous PTFE
timated mean internodal distance, of about 5 to 10 and a peripheral surface
of compressed expanded    microns. PTFE.
Ponchos of this type were implanted into surgi- Six of these ponches were
implanted into five  45  cally created periodontal defects on dog premolars
dogs.   Buccal  and   lingual  full-thickness      similar to that
described in Example 1 . The dogs mucoperiosteal flaps were elevated and
buccal or   were sacrificed at various time intervals between 



circumferential periodontal defects were surgically  one and three months
post-operatively and the created on mandibular pre-molar teeth. Each pon-
experimental teeth removed en bloc and processed cho was placed over the
teeth with the open-  so  for histological evaluation. structure porous
region adapted closely to the         Histologically, the  experimental
sites showed tooth surface at or just apical to the cemen-      the
epithelium had halted its apical migration at or toenamel junction. The
compressed, less porous,    coronal to the open-structured porous central
re- peripheral portion of each poncho was carefully    gions of the ponchos
the surface of which central trimmed so that the defined surface completely
55  porous regions ponchos were extensively ingrown covered the bony
margins of the defect.            with connective tissue and mononuclear
cells. After  placement  of  the  poncho,  the            In one case, the
coronal margin of the flap was mucoperiosteal flaps were repositioned so
that the  located apical to the porous region of the poncho    11
EP 0 466 820 B1                        12 thereby exposing this region and
a portion of the  where If = final length, li = initial length, and t =
compressed region to the oral environment. The      total time of
expansion. Subsequent to stretching, epithelium was located about 1.5 to 2
mm apical to  the tube was restrained longitudinally and heat the junction
between the porous region and the     trated about 375[err] for about 75
seconds. The compressed region of the ponchos. A Brown-Brenn    5
expanded PTFE tube was then slit longitudinally bacteria stain showed the
presence of gram posi-   through its walls and laid flat. The wall was
about tive bacteria throughout the interstices of the open-  1mm thick and
had nodes passing through its wall structured porous regions and on the
surface of the  thickness. The ethanol bubble point of the material
compressed portion of the ponchos which was ex-    was about 3.45 x
[err](0.5 psi) and the posed to the oral environment. In addition, there
10  ethanol mean flow pressure was about 6.89 x 104 was localized
penetration by bacteria into the com-  dyne/[err] (1.0 psi). The average
fibril length was pressed region exposed to the oral environment     about
200 microns and the density was approxi- but the bacteria did not penetrate
through the en-  mately 0.2 g/cc. tire wall thickness.
In this example, the patch did not have two Since the compressed region was
more com-   15  juxtaposed surfaces formed by materials of dif- pressed
than that of the material described in Ex-  ferent relative porosity but
the entire patch was ample 1, the presence of connective tissue was
compressed so that the article implanted in each markedly less although
there was some connective   subject consisted of compressed expanded PTFE
tissue attachment to PTFE fibrils on the surface of  with a density of
about 1.5 g/cc and a wall thick- this compressed region. It was noted
however that  20  ness of about 0.13mm (0.005 inches). The inter- this
localized presence of connective tissue ele-  nodal distance was about 5 to
10 microns. The ments and attachment to the surface aided in re-
dimensions of each article were about 30mm x tarding epithelial migration.
40mm. In the site where 2 to 3mm of the porous           The articles were
implanted into six sites in region and compressed region had become ex-  25
humans where bony alveolar ridge defects were posed to the oral
environment, the space between   present and prevented or compromised
placement the poncho and the tooth surface coronal to the    of dental
implants. Vertical incisions were  made flap margin was filled with viable
connective tissue  across the alveolar ridge crest mesial to the bony which
showed evidence of collagen deposition, this  ridge defect and distal to
sites proposed for dental in spite of moderate acute inflammation. The
pres-  30  implant placement. These incisions were connect- ence of viable
connective tissue indicated that ba-    ed on the labial side of the ridge
by a horizontal teria were unable to permeate the compressed       incision
placed apical to the mucogingival junction. portion in a sufficient amount
to produce infection  Full thickness mucoperiosteal pedicle flaps were and
cause necrosis. It appeared that the larger the  elevated and receptor
holes drilled  in.the bone to intemodal distance, the greater the
susceptibility to  35  accept dental implants. The dental implants were
bacterial penetration through the wall thickness of  then placed into the
prepared receptor sites. In the material.
each case a portion of the implant was not sur- rounded by bone because of
the  bony defect. In Example 3
three cases, a particulate hydroxyapatite material 40   was used as a
filler in the defect to. prevent the Expanded PTFE patches were made with
the        article from collapsing into the defect and space starting
material made according to the description  below. In the other three
cases, no filler or support in Patent Nos. 4,187,390 and 3,953,566 as
follows:  was provided. A mixture of PTF resin in a liquid lubricant was
The sterile patches were trimmed  to the appro- extruded into a tubular
form. The extruded tubular  45  priate size and were draped over the bony
defect 



form was dried for approximately 96 hours at about  and surrounding area
and the dental implant. The 300 C, which removed the lubricant. The tubular
flaps were replaced and sutured to enclose the form, held at a temperature
of about 295[err] was     patches. then stretched at a constant velocity
along the        Post-operative healing events were uneventful central axis
of the tube at a rate of about 75% per  50  in 4 of the 6 sites. At one
month post-operative, second until it was approximately 10 times its
two of the sites showed perforation of the gingival original length, where
rate was defined as         tissue by the patches. Each article was removed
by elevating the gingival tissue and peeling the patch off of the bony
surface. Upon removal of [err]                                  like
tissue. The gingival tissue flaps were replaced and sutured and the sites
were allowed to heal for 7    13                 EP 0 466 820 B1
14 an additional two to five months prior to placement  tance less than 8
microns and a density of 1.5 g/cc abutment posts and bridgework.
is preferred. The second region less compressed The remaining four patches
were removed at      and thus more porous is peripheral to the central,
between 1 and 3 months post-operatively. Removal   highly compressed
region. This peripheral region was similar to the removal of similar cases
with   5   would be capable of preferential connective .tissue elevation of
the gingival tissue and observation of  ingrowth for inhibition of
epithellal migration and the defect sites. In all cases, a hard, apparently
should extend beyond the margins of the bony calcified, bone-like tissue
had filled each defect  alveolar ridge defect. It has been found that com-
space. These sites were allowed to heal for an     pressed expanded PTFE
with an internodal dis- additional one to five months prior to placement of
10  tance greater than about 8 microns and density of the abutment posts
and bridgework. All cases were  about 1.0 g/cc is preferred for the
peripheral re- restored with bridgework and functioned assymp-    gion.
tomatically.                                           To construct such a
two-part member, pref- In these cases, the patches were used to cre-
erential compression was used rendering a central ate and protect a bony
defect space into which   is  portion that was highly compressed compared
to a viable bone tissue could grow. Had there been no   peripheral region
with relatively less compression. patch, the defect space would have filled
with fi-  This is in contrast to the patches in Examples 8 brous connective
or scar tissue, thus compromising  and 9 which utilized a non-compressed
center re- the function of the dental implant. These cases    gion and a
compressed peripheral region. Although were ideal because enough space
existed mesial  20  preferential compression of an integral expanded and
distal to the defect sites to prepare the pedicle  PTFE member is the
preferred method of making flaps. This prevented any suture lines from
being    such a member, bonding a central portion substan- located directly
over the articles. In many cases, it  tially impermeable to tissue ingrowth
to a periph- is not possible to make pedicle flaps and the      eral more
porous region capable of supporting con- incision must be placed on the
ridge crest. In such   25  nective tissue ingrowth could also be used
instances, the patch must be capable of both limit-    By placing the more
compressed region 123 ing the migration of epithelium and protecting the
over the bony alveolar defect as shown in Figure 4 defect site from
bacteria.                         so that it extends 1 to 2mm beyond the
margins of the defect and the peripheral (more porous) region Example 4
30  121 capable of supporting tissue ingrowth extends beyond the more
compressed  region, a defect Based on the results of Examples 1, 2 and 3,
space can be created and  protected from invasion the following article is
theorized to be the most  by gingival connective and epithelial tissues and
preferable embodiment. The article has been con-   bacteria. This protected
space thus creates an op- structed but has not been implanted in any sub-
35  portunity for bone cells to proliferate and fill the jects.
defect with viable bone tissue. As Examples 1 and 2 showed, patches having
The two-part member is designed to be re- regions of compressed expanded
PTFE with inter-    moved after adequate healing has occurred, gen- nodal
distances greater than or equal to 8 microns  erally after 1 month;
however, in applications where showed predictable connective tissue
ingrowth with  40  exposure of the article is unlikely the two-part greater
permeation as the internodal distances in-  member may remain in place for
the life of the creased (i.e., leaving the membrane more porous)   patient.
and corresponding increased potential for perme-      It will be apparent
to those skilled in the art that ation of bacteria.
various modifications and variations can be made 



The preferred article for treating bony defects,  45  in the articles and
processes of the  present inven- particularly where exposure of at least a
portion of  tion. Thus, it is intended that the present invention the
article to the oral cavity is a possibility, is  cover the modifications
and variations of this inven- comprised of an integral flexible flattened
patch or  tion provided that they come within the scope of member,
preferably of expanded PTFE having  two    the appended claims. juxtaposed
surfaces exhibiting differing average in-  so ternodal spacings. To
construct the member, and    Claims as shown in Figure 6, a central region
123 of the member was compressed to a sufficient degree,      1. An article
(120) of manufacture for use in pros- such that it was made substantially
impermeable to    thetic implants and capable of supporting pref- oral
tissues and bacteria. The compressed region   55  erential connective
tissue ingrowth and/or at- of which would be placed directly over the bony
tachment for treating bone defects, the article alveolar ridge defect. It
has been found that com-    comprising a flexible, flattened member having
pressed expanded PTFE having an internodal dis-        respective portions
defining first (121) and sec- 8    13                 EP 0 466 820 B1
14 an additional two to five months prior to placement  tance less than 8
microns and  a density of 1.5 g/cc abutment posts and bridgework.
is preferred. The second region less compressed The remaining four patches
were removed at      and thus more porous is peripheral to the central,
between 1 and 3 months post-operatively. Removal    highly compressed
region. This  peripheral region was similar to the removal of similar cases
with   5   would be capable of preferential connective tissue elevation of
the gingival tissue and observation of  ingrowth for inhibition of
epithelial migration and the defect sites. In all cases, a hard, apparently
should extend beyond the margins of the bony calcified, bone-like tissue
had filled each defect  alveolar ridge defect. It has been found that com-
space. These sites were allowed to heal for an     pressed expanded PTFE
with an internodal dis- additional one to five months prior to placement of
10  tance greater than about 8 microns and density of the abutment posts
and bridgework. All cases were   about 1.0 g/cc is preferred for the
peripheral re- restored with bridgework and functioned assymp-     gion.
tomatically.                                           To construct such a
two-part member, pref- In these cases, the patches were used to cre-
erential compression was used rendering a central ate and protect a bony
defect space into which   is  portion that was highly compressed compared
to a viable bone tissue could grow. Had there been no    peripheral region
with relatively less compression. patch, the defect space would have filled
with fi-  This is in contrast to the patches in Examples 8 brous connective
or scar tissue, thus compromising  and 9 which utilized a non-compressed
center re- the function of the dental implant These cases      gion and a
compressed peripheral region.  Although were ideal because enough space
existed mesial  20  preferential compression of an integral expanded and
distal to the defect sites to prepare the pedicle  PTFE member is the
preferred  method of making flaps. This prevented any suture lines from
being   such a member, bonding a central portion substan- located directly
over the articles. In many cases, it  tially impermeable to tissue ingrowth
to a periph- is not possible to make pedicle flaps and the       eral more
porous region capable of supporting con- incision must be placed on the
ridge crest. In such   25  nective tissue ingrowth could also be used
instances, the patch must be capable of both limit-   . By placing the more
compressed region 123 ing the migration of epithelium and protecting the
over the bony alveolar defect as shown in Figure 4 defect site from
bacteria.                          so that it extends 1 to 2mm beyond the
margins of the defect and the peripheral (more porous) region Example 4
30  121 capable of supporting tissue ingrowth extends beyond the more
compressed: region, a defect Based on the results of Examples 1, 2 and 3,
space can be created and. protected from invasion the following article is
theorized to be the most   by gingival connective and epithelial tissues
and preferable embodiment. The article has been con-    bacteria. This
protected space thus creates an op- structed but has not been implanted in
any sub-   35  portunity for bone cells to proliferate and fill the jects.
defect with viable bone tissue. As Examples 1 and 2 showed, patches having
The two-part member is designed to be re- regions of compressed expanded
PTFE with inter-     moved after adequate healing has occurred, gen- nodal
distances greater than or equal to 8 microns  erally after 1 month;
however, in applications where showed predictable connective tissue
ingrowth with  40  exposure of the article is unlikely the  two-part
greater permeation as the internodal distances in-  member may remain in
place  for the life of the 



creased (i.e.  leaving the membrane more porous)    patient. and
corresponding increased potential for perme-      It will be apparent to
those skilled in the art that ation of bacteria.
various modifications and variations can be made The preferred article for
treating bony defects,  45  in the articles and processes of the present
inven- particularly where exposure of at least a portion of  tion. Thus, it
is intended that the present inverition the article to  the oral cavity is
a possibility, is  cover the modifications and variations  of. this inven-
comprised of an integral flexible flattened patch or  tion provided that
they come within the scope of member, preferably of expanded PTFE having
two     the appended claims. juxtaposed surfaces exhibiting differing
average in-  so ternodal spacings. To construct the member, and     Claims
as shown in Figure 6, a central region 123 of the member was compressed to
a sufficient degree,       1. An article (120) of manufacture for use in
pros- such that it was made substantially impermeable to     thetic
implants and capable of supporting pref- oral tissues and bacteria. The
compressed region   55  erential connective tissue ingrowth and/or at- of
which would be placed directly over the bony        tachment for treating
bone  defects, the article alveolar ridge defect. It has been found that
com-    comprising a flexible, flattened member having pressed expanded
PTFE having an internodal dis-         respective portions defining first
(121) and sec- 8    ond (123) juxtaposed surfaces, said first sur-   11.
The article of claim 1 wherein said member face (121) totally surrounding
said second sur-      portion defining said second surface (123) is face
characterised in that said first surface is    made from one or more
biocompatible materi- capable of supporting connective tissue ing-
als selected from the group consisting of sili- rowth and/or attachment and
the first surface    5   cones, polyurethanes, polyethylenes, polysul- has
a permeability to connective tissue ing-        fones, polyacrylics,
polycarboxylates, polyes- rowth which is greater than that of the second
ters,   polypropylenes,   poly(hydroxyethyl) surface and said second
surface has a per-           methacrylates and polyfluorinated polymers.
meability to bacteria different to that of said first surface and is
substantially impermeable   10  12. The article of claim  1 wherein said
second to bacteria and connective tissue ingrowth.         surface is
centrally located with respect of said first surface. 2. The article of
claim 1 wherein said member (120) is an integral member.
Patentansprflche 15 3. The article of claim 1 further including means    1.
Ein Erzeugnis (120) zur Verwendung in prothe- (135) for supporting said
member in conform-         tischen Implantaten und mit der Fdhigkeit zum
ing relation to the bone in the vicinity of the      Unterst~tzen eines
bevorzugten Bindegewebs- defect.
Hineinwachstums und/oder einer bevorzugten 20      Bindegewebs-Anheftung
zur Behandlung von 4. The article of claim 3 wherein said support
Knochendefekten, wobei das Erzeugnis ein means (135) includes wire means
embedded             biegsames, abgeflachtes Element aufweist, das in said
member.                                      jeweilige .Abschnitte besitzt,
die.erste (121) und zweite (123) nebeneinander.angeordoete Ober- 5. The
article of claim 4 wherein said wire means   25  flachen definieren, wobel
-die, genannte erste (135) includes titanium wire.
Oberflache (121) vollstAndig die genannte Zweite Oberfldche umgibt, ; 6.
The article of claim 1 wherein said first surface    dadurch
gekennzelchnet, is  formed   by   an   expanded   poly-              dal3
die genannte erste Oberfl'che dazu befA- tetrafluoroethylene material
having an inter-  so    higt ist, das Bindegewebs-Hineinwachstum nodal
distance of greater than or equal to 8         und/oder die
Bindegewebs-Anheftung zu unter- microns and a density of about 1.0 g/cc.
stUtzen, und die erste Oberflkche eine Per- meabilit~t fUr das
'Bindegewebs-Hineinwachs- 7. The article of claim 6 wherein said member is
turn aufweist, welche gr6loer als diejenige der integrally formed, and
wherein the thickness of  35  zweiten Oberflache ist, und dad -die genannte
said member portions forming said first (121)        zweite Oberflache eine
BakterienpermeabilitAt and second (123) surfaces is about 0.20mm
aufweist, die gegentIber derjenigen der ersten (0.008 inches) and  about
0.13mm  (0.005             Oberflache unterschiedlich ist, und fur Bakte-
inches) respectively.                               rien und fUr
Bindegewebs-Hineinwachstum im 



40      wesentlichen undurchlAssig ist. 8. The article of claim 1 wherein a
biologically active substance is releasably contained in      2. Das
Erzeugnis gemAB Anspruch 1, be! wel- said member.
chem das genannte Element (120) ein einstUk- kiges Element ist. 9. The
article of claim  1 wherein at least the   45 member portions (121) having
the greater per-    3. Das Erzeugnis gemAB Anspruch 1, weiterhin meability
are made from one or more biocom-          umfassend Mittel (135) zum
Tragen des ge- patible materials selected from the group con-       nannten
Elementes in eine'r sich anpassenden sisting    of   silicones,
polyurethanes,          Beziehung zu dem Knochen in der Umgebung
polyethylenes, polysulfones, polyacrylics, poly-   so  des Defektes.
carboxylates. polyesters, polypropylenes, poly- (hydroxyethyl)
methacrylates, and perflourinat-  4. Das Erzeugnis gemAl3 Anspruch 3, bei
weli ed polymers.                                         chem die
genannten Triger-Mittel (135) Draht- Mittel aufweisen, welche. in dem
genannten 10. The article of claim 5 wherein said support  55     Element
eingebettet sind. means (135) include a polymeric mesh. 5. Das Erzeugnis
gem9B Arispruch 4. bei wel- chem die genannten Draht-Mittel (135) Titan- 9
draht umfassen.                                 Revendications Das
Erzeugnis gemAg Anspruch 1, bei wel-        1. Article de fabrication (120)
destine a 8tre utili- chem die genannte erste Oberflche durch ein       s6
dans des implants proth6tiques et A m8me Material aus expandiertem
Polytetrafluoreth-   5  de supporter la pendtration d'un tissu conjonc-
ylen gebildet ist, das einen Zwischenknoten-       tif pr6f6rentiel et/ou
sa fixation, pour traiter des Abstand von grf3er als oder gleich zu 8 Mi-
d6fauts osseux, I'article comprenant un ele- kron und eine Dichte von
ungefahr 1,0 g/cm3        ment aplati souple ayant diff6rentes parties
autweist.                                          d6finissant une premibre
(121) et une deuxie- 70      me (123) surfaces juxtaposees, la premibre 7.
Das Erzeugnis gemaB Anspruch 6, bei wel-            surface (121) entourant
totalement la deuxieme chem das genannte Element einstUckig ausge-
surface, caract~ris6 en ce que la premibre formt !st, und bel welchem  die
Starke der         surface peut supporter la pen6tration par un genannten
Abschnitte der Elemente, welche          tissu conjonctif et/ou sa
fixation, et que la die erste Oberfliche (121) und die zweite  i5
premibre surface presente une perm6abilit6 Oberflache (123) bilden, jeweils
ungefahr 0,20     vis-a-vis de la pen6tration  par un tissu mm  (0,008
inches) und ungefahr 0,13 mm            conjonctif, qui est sup6rieure a
celle de la (0,005 inches) betr~gt.                            deuxibme
surface, la deuxibme surface ayant une perm6abilite aux bact6ries
diff6rente de 8, Das Erzeugnis gemdB Anspruch 1, bei wel-  20        cella
de la premibre surface et dtant essentiel- chem  elne biologisch wirksame
Substanz in         lement impermeable aux bacteries et a la pd- x
freisetzbarer Weise in dem genannten Element       netration du tissu
conjonctif. vorhanden !st. 2. Article selon la revendication 1, dans lequel
9. Das Erzeugnis gemal Anspruch 1, be! wel-  25       I'element (120) est
un 6l6ment integral. chean  zumindest die Elementen-Abschnitte (121) mit
der groBeren Permeabilitat aus ei-    3. Article selon la revendication 1,
qui comprend nem oder mehreren biovertraglichen Materia-        en outre un
moyen (135) pour supporter l'616- lien hergestellt sind, die ausgewdhIt
sind aus     ment de facon qu'il 6pouse l'os .au. voisinage der Gruppe
bestehend aus Silikonen, Polyuret-  30  du ddfaut. hanen, Polyethylenen,
Polysulfonen, Polyacryl- Werkstoffen, Polycarboxylaten, Polyestern, Po-  4.
Article selon la revendication 3, dans lequel le lypropylenen,
Poly(Hydroxyethyl)-Methacryla-       moyen  de  support (135). comprend
des ten, und perfluorierten Polymeren.                 moyens de fil
metallique noy6s dans l'616ment. 35 10. Das Erzeugnis gemalB Anspruch 5,
bei wel-      5. Article selon la revendication 4,: dqns lequel las chean
die genannten Trager-Mittel (135) ein        moyens de fil metallique (135)
comprennent un polymeres Netz umfassen.                           fil de
titane. 



11. Das Erzeugnis gemi8 Anspruch 1, be! wel-  40  6. Article selon la
revendication. 1, dans .lequel la \,,   chean der genannte, die genannte
zwelte Obor-       premibre surface est form6e d'un mat~riau de fiache
(123) deflnierende Abschnitt des Ele-       polyt6trafluor6thylene exparis6
ayant une dis- mentes aus einem odor mehreren biovertragli-       tance
internodale superieure ou 6gale & 8 mi- chen Materialien hergestellt ist,
die aus der      crometres et une masse volumique d'environ Gruppe
ausgewAhlt sind, bestehend aus Siliko-  45  1,0 g/Cm3. nen, Polyurethanen,
Polyethylenen, Polysulfo- nen, Polyacryl-Werkstoffen, Polycarboxylaten,
7. Article selon la revendication 6, dans lequel Polyestern,
Polypropylenen,     Poly-           I'616ment est form6 d'une manieire
int6grale, et (Hydroxyethyl)-Methacrylaten und polyfluorier-     ou
I'4paisseur des parties de I'el6ment.formant ten Polymeren.
so      la premibre surface (121) et la deuxieme surfa- ce (123) est
respectivement d'environ 0,20 mm 12. Das Erzeugnis geama  Anspruch 1, bei
wel-          (0,008 inch) et d'environ 0,13 mm (0,005 inch). chean die
genannte zweite Oberfltiche in Be- zug auf die genannte erste Oberfl~che
mittig    8  article selon la revendication 1, dans lequel angeordnet ist.
55      une  substance  biologiquement active est contenue dans 1'6l6ment
d.e fagon a pouvoir s'en liberer. 10    19                  EP 0 466 820 B1
20       *       |         1 9. Article selon la revendication 1, dans
lequel au moins les parties d'616ment (121) ayant la per- mdabilit6 la plus
grande sont constituies d'un ou plusleurs mat6riaux biocompatibles choisis
parmi l'ensemble comprenant les silicones, les   5 polyurdthanes, les
polyethylenes, les polysulfo- nes, les polyacryliques, les
polycarboxylates, les polyesters, les polypropylbnes, les poly-
(methacrylates d'hydroxy6thyle) et les polymb- res perfluor6s.
10 10. Article selon la revendication 5, dans lequel le moyen de support
(135) comprend un tamis polymbre. J5 11. Article selon la revendication 1,
dans lequel la partie d'616ment definissant la deuxieme surfa- ce (123) est
constitu6e d'un ou plusieurs mate- riaux biocompatibles choisis parmi
l'ensemble comprenant les silicones, les polyur6thanes,  20 les
polyethylbnes, les polysulfones, les polya- cryliques, les
polycarboxylates, les polyesters, les polypropylbnes, les
poly(methacrylates d'hydroxy~thyle) et les polymbres polyfluords. 25 12.
Article selon la revendication 1, dans lequel la deuxibme surface est
dispos6e en position centrale par rapport a la premiere surface. 30 35 40
45 50 55    


