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DENTAL GRAFT FOR TREATING PERIODONTAL CONDITIONS

AND THIN BIOTYPES

Cross-reference to Related Applications

{0001 ] The present application clatms priority to and the benefit of LLS. provisional
pitent application Serial No. 617245 884, filed September 23, 2009, which application is

incotporated herein by reference in its entirety 1o the full extent allowed by applicable laws.

Field of the lnvenbion

10002] The present invention relates generally to materialy, kits, and methods related
to dental grafts and matrixes designed 1o facilitate bone and tissue growth in the
periodontiun. The invention also relates 10 a novel approach fo cosmetic enhancement

through surgical alteration of a patient’s oral biotype.

Background of the Invention

j0003] As people grow older, their faces start to show signs of aging that include
wrinkles, folds, lines, sagging, searing, unevenness and depressions, These could veeur
anywhere on the face, but tend to appear around the mouth, nose, oyes, jaw, and in the
cheels, For example, deep ape Hines tend to develop overlying the orbicularis oris muscle
surrounding the hips, and run from pear the nostril to the covner of the mouth, These
andesirable effects may also result from various health issues such as faciad paralvsis and
rapid weight Joss.

FO004] For those seeking & more vouthful, bealthy, or otherwise aesthetically pleasing
Jook, existing methods for reversing these effects include facial muscle exercise, topically
applied lotions, skin stretehing applisnces and denture modifications. However, resulis from
these existing methods are often uncertain or temporary. And with plastic surgeries such as
facelifts, faser resurfacing and cheek implants, fears for visible scarring and nerve damage

have prevented many patizats from undergoing such procedures.

Brief Summary of the Invention

0005 iy one aspect of the present invention, a dental graft for surgical application to
a patient’s periodontium is provided. The graft includes a biocompatible carrier, a growth

factor or a binlogical material capable of providing such a prowth factor, sakd growth factor
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or biological material contained in satd carrier, and hard spacers providing interstitial space
anddéor structural seatfolding in said dental grafl in order to encourage bone and tissue growth
and repair in the periodontium, The grafl may further include a barrier laver, eg., &
bivabsorbable membrane such as a vcollagen membrane, on the outside. The dental graft may
be adapted for application to both tooth-supporting bones and tooth-roots, The graft may alse
be adapted for application to the gum andfor connective tissae surrounding af least one tooth,
The grafl, in one featare, is capable of tuckening a patient’s oral biotype by permanently
thickening an aves of said patient’s periodontium by at least 0.5 mm, e.g., by providing a
filler or protuberance avound the cheekbones, apper or lower jaws or otherwise underneath
the cheeks or lips.

F0006] in one feature, the biocompatible carrier of the dental graft of the invention
comprises collagen. In various embodiments, the biological material of the dental graft of the
invention is selected from a platelet concentrate (PC), a platelet-rich plasma {(PRP), plasma
rich in growth factors, and bone morphogenctic proteins (BMPs). The growth facior or the
hiological material for providing the growth factor may be isolated from the patient’s own
hMood. The growth factor may be a recombinant growth factor. In an embodiment, the dental
grafl of the invention further imcludes a protein that promotes periodontal growth, such as

ename! matrix derivatives (EMD) protein,

0007 {nr one feature, the spacers of the dental graft have a durometer compatible to
that of a tooth-supporting bone. In other words, the spacers can he selected of materials hard

and durable enough that they provide more or fess a permanent or at least long-lasting
structures around the site of grafting. These permanent structures provide interstitial space
anddor scaffolding for tissue growth, The spacers, in various embodiments, are bone or bone-
like fragments selected from a xenografl, an allograft, an alloplast, an avtografl, and a
mixtare of any of the above.

{0008] in one aspect, the present fnvention also provides a kit for altering the
cosmetic appearance of a patient where the kit includes the dental grall of the fnvention
adapted to surgically thicken a patient’s existing oral biotype such that the appesrance of at
least an area of the patient’s face is altered, and instructions for effecting such alteration in
the appearance of patient’s face. In one embodiment, the kit mcludes multiple packages
separately sealed for apphication at multiple sites. The instructions may direct a surgeon to
ascertain that a candidate patient saffers from a thin or scalioped oral biotype prior o

application.
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10009 In one feature, the optional barrier layer s affixed to a side of the
biocompatible carrier in the grafl. In one foature, the kit instroctions state that the graft s
adapted to alter the appearance of facial fealures such as a cheek line, wrinkle, fold, pouch,
bayg, sagging skin and depression. The kit instructions may state effectiveness against signs
of aging, or perindontal conditions such as gingivitis and periodontitis. The pertodontal
conditions may have been caused by orthodontic procedures. The kit instraction may direct a
dental surgeon to apply said dental grafl to permanently fill one or more depressions or
provide one or more protuberances underneath the patient’s cheeks or lips. The instructions
may further instruct applving the dental graft at sites substantially syivunetrical about the
vertical axis defined by the patient’s nose bridge.

100010 In a further aspect; the present invention provides a method or procedure of
altering the cosmetic appearance of a patient, the method comprising surgically thickening a
patient’s oral biotype, a.g.. by surgically applying a graft, in particular, a dental graft of the
present invention, inside said patient’s mouth where the graft conprises a growth factorora
hiological material capable of providing such a growth factor. In one feature, the thickening
of the oral biotype is carried oot in a substantially syrmmetrical fashion, 1.¢., about the vertical
axis detined by the patient™s nose bridge. Besides applyving the dental graft of the invention,
the method may also include performing a plastic or recomstructive procedure either before or
after the dental procedure. The plastic or reconstructive procedure may be selected from the
sroup consisting of blepharoplasty, face sear revision, forchead lifts, hair replacement, laser
surgery, mentoplasty, otoplasty, rhinoplasty, skin resurfacing and face Bt surgery,

FO001 1 in the method of the present nvention, as in other apphications of the inventive
principles, the growth factor or said bivlogical material may be selected from the group
consisting of a platelet concentrate (PCY, a platelet-nich plasma (PRP), plasma rich in growth
factors, proteins, and bone morphogenetic proteins (BMPs). The growth factor or the
biological material for providing the growth factor may be isolated from the patient’s own
blood. The growth factor may be a recombinant growth factor. The graft can further include
a biocompatible carrier such as collagen. The graft can also include the hard spacers, such as
bone or bone-like fragments, as described hevein, Sull further, the graft roay inclode a barvier
layer.

fO0012] The method of the present invention can be applied fo at least ong tooth-
supporting bove, & woth-roof, 8 gum andfor connective tissue surrounding at Jeast one tooth
or even edentulous areas. The patient selected to undergo the inventive pmudum typieally

exhibit signs of a thin or scalloped biotype. The procedure alters the appearance of facal



WO 2011/038354 PCT/US2010/050422

features such as a cheek line, wrinkle, fold, pouch, bag, sagging skin and depression——such
features may have resulled al feast partly from aging, dental procedures or pertodontal
comyditions such as gingivitis, In an embodiment, the procedure achioves its goal by
providing at least one permanent filler or protuberance around the chegkbones, upper or

lower jaws or otherwise underneath the cheeks or lips.

Brief Description of the Drawings

FO0GE 3] FIG. LA §s a schematic view of the cross-section of an esnbodiment of the
dental graft according to the present irvention.

F000 4] FIG. 1B is a schematic view of the cross-section of an alternative embodiment
of the dental graft sccording o the present invention.

0001 5] FIG. 1C Is a schematic view of the cross-section of another alternative
embodiment of the dental graft according to the present invention

{0001 6] FIG. 2A 1s a photograpbic view of a patient’s gingival recession on the
maxillary first premolar and canine before undergoing a grafling procedure according to the
present invention.

§000171 FIG, 2B is a photographic view of the preparation of the reciptent site in the
patient shown in FIG, 2A.

{00018 FIG. 2C is a photographic view of one way of applying the graft of the
invention onto a recipient site. This was applied to a patient different from the one shown in
F1G. 2A.

{00019 FIG, 2D i a photographic view of the suturing of the dental grafl over the
recipient site in the pabient shown in FIG. 2A.

§000201 FIG. 2E 15 a photographic view of the recipient site with a coronally advanced
Hap sotured over the dental graft in the patient shown in FIG. 2A.

[00021} FIG. 2F 15 a photographic view of the recipient site in the patient shown in
FIG. 2A six months after the procedure.

[00022] FIG. 3A s a photographic view of the front of a female patient’s lower hail of
the face before a procedure.

000231 FiG. 3B 1s a photographie view of the right side of the same female patient’s

face before a procedure,
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100024} FEG. 3¢ shows four photographic views of the same female patient’s
pertodontiam prior to a procedure according to one embodiment of the invention: 3C-1:
overview; 3C-2: lower anterior; 3C-3: upper vight side; 3C-4: fower right side.

J00025] FHGL 3D shows three photographic views of the same female patient’s
recipient sites while full thickness flaps were being elevated: 3D-1: Jower right anterior; 3D-
2: apper vight side; 31-3: {ower right side,

1000261 FIG. 3E shows two photographic views of the same female patiem’s
pertodontiom after some of the recipient sites have been decorbicated: 3E-1: upper right side:
IE-2 tower right side.

1000271 FIG. 3F shows three photographic views of the same fernale patient’s reciprent
sites after dental grafis were applied and sutored: 3F-1: lower right anterior; 3F-2: upper vight

side: 3F-3: lower right side.

FOO028] FIG. 3@ shows three photographic views of the same female pati&ml"&
recipient sites after flaps were advanced coronally and sutured over the grafis: 3G-1: lower

ight anterior; 3G-20 upper right side; 3G-3: lower right side.
000291 FIG. 3H shows four photographic views of the same female patient’s lower
half face one month after the procedure: 3H-1: front view of right side which underwent the
grafting: 3H-2: front view of left side which did not underge grafting: 3H-3: side view of
hor right side; 3H-4: side view of her left side.
000301 FIG. 4A-4C show photographic views of one male patient’s lower half face
after undergoing a procedure according the present invention with 4A being a frout view, 4B
boing a side view of his right side, and 4C being a side view of his left side,
{00311 FEG. SA-3C show photographic views of another male patient’s lower hailf
face after undergoing a procedure according the present invention with SA being a front
view, 5B being a side view of his right side, and 3C being a side view of his Jeft sida.
{00032} FIG. 6A and FIG. 6B show photographic views of a portion of a feraale
pattent’s periodontiom before and afier, respectively, a procedure sccording to one

ambodiment of the invention.

[00033] FIG. 6C is a photographic view of preparing & dental graft of the invention.
100034} F1G. 61 is a photographic view of applymg the graft shown in FIG. 6C, i

paritcudar, with a layer of spacers, o a site on the periodontium shown 1 FIG, 6A.
f00035] FIG. 68 is a photographic view of applying a barrier fayer over the layer of

spacers shown in FIG, 6D,
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F000346] FIG. 6F is a photographic view of a step in the procedure of the invention,
specifieally, wing vertical sinips to help fastening the graft to the swrgical sie.

1000371 FIG. 71s atable showing clinical data of one pationt who underwent the
grafting procedure according to the invention, showing changes measured at the10-month
point alter the procedure.

100038} FIG. & 1s atable showing climeal data of another patient who underwent the
grafting procedure according to the nvention, showing chavges measured at thel S-month

pont after the procedure.

Betaiked Description of the Invention

1000391 The invention is herein described. by way of example only, with reference to
the accompanying drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for purposcs of illustrative
discussion of the preferred embodiments of the proesent tnvention ooly, and are preseoted in
the course of providing what is believed to be the most usefud and readily understood
description of the prineiples and conceptual aspects of the vention. Tn this regard, no
attenpt is made to show structural details of the invention o more detail than is vecessary for
a fundantental understanding of the nvention, the deseription taken with the drawings
making apparent to those skilled in the art how the several forms of the invention may be
embuodied in practice.

{00401 A key aspect of the present invention s the recognition that surgical alteration
of a patient’s oral biotype is a novel and viable approach to enhance his or her aesthetio
appearance.  This approach can erase ov at least dininish signs of sging, unhealthy, or
generally sesthetically andesirable looks in one’s face.

[00041] in ane embodiment of such approach, & dentad grafting composition or device
is provided that thickens the perfodontium that underlings one’s oral biotype, Le., changing
the biotype from thin to a more normal one. Periodontium, as used herein, typically includes
the bone, connective tissue, gum and caleified tssue that surround and support one or more
teeth, mcluding but not linmited to cementum, periodontal hgaments, gingiva and abveolar
bones. In vartous implementations, the dental graft ov matvix of the invention includes a
biocompatible carvier and at least one growth factor (or a generator of such growth factor).
Preforably, the dental graft also includes spacers, preferably bard spacers, which would

encourage and facilitate bone and tissue growth.
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100042} Each individual is genctically predisposed to a certain oral hiotype based on
his or her heritage. The types of dentitions with respect to the pertodontivm and gingival
structure are broken down into two basic biotypes: thin or scalloped versus thick or flat.
100043} A parson with a thick blotype bas relatively thick periodontal bone which
often appears flat across the cementoenamed janction (CED and in relationship to the CEL
The beight of the contour of bone tends to he very short with very Hitle curvature.

100044} A person with a thin biotype tends to bave thin gum tissue (by some standard,
thinner than 0.8 i as measured by altrasound) and thin bones in the mouth in general. That
person also tends to have hghly scalloped dental bones. Fhis can be quantified by measuring
the mterproximal height of the bone 1o the apex point on the mid-root of the toth. A thin
hiotype often visualives as protroding teeth and vearly transparent gingiva where capillaries
become visible, The thinger the biotype, the more prominent the roots of the teeth become.
People with thin biotypes are prone to suffering foundation losses that lead to diseases such
as periodontitis and gingivitis,

000451 A thin biotype is often genetically inherited but can be acquired too.
Acquisition of a thin biotype can happen ander various civcumstances, often involving some
type of bone loss. For example, after an orthodontic treatment, ¢.g.. where the patient puts on
dental braces or where tecth are realigned or moved, Ints of people start to show signs of
thinsting biotypes and exhibit gum recession a fow years later. BEven bad dental babits such as
overaggressive tooth-brushing may cause microinflammation and negatively affect normal
blood supply in the periodontivm, and can result in bleeding in the gum, recession in the gum
fine and loss of the enderbying comentum and bone mass. Other dental, sspecially
periodontal, conditions and diseases may also contribute 10 undesirable facial features that
include cheek Haes, wrinkles, folds, pouches, bags, sageing skin and depressions. Some of
these periodontal condifions, e.g., gingivitis, ave somuatimes related to thin biotypes but can
oceur i people with thicker biotypes as welll Another cause for the potentially undesirable
periodontal condition is the aging process, during which both the guadity and quantity of bone
mass become negatively affected, leading to thinner oral biotvpes. As people age, the lower
third of thetr taces become shorter as a result of bove loss. Consequently, wrinkles in the
face develop and deepen in the aging population.

f00046] After realizing that thin oral biotypes and certain perniodontal condibions can be
the cause for cosmetic defects and signs of aging, the present inventors have adopted a novel
approach to achieve cosmetic beatification through periodontal treatment. Such treatnent

uses surgical procedures to permanently, or at feast in the long term, alter or enhance a
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patient’s periodontivn 1o achieve a more acsthetically pleasing result both on the patient™s
face and penedontium. Specifically, the present invention provides help to {a) grow new
footh-supporting bone mass and improve the bone quantity and quality, (b)) grow or reatiach
connective tissues and gum, 1.e., the gingival and periodontal ligaments, that survound and
support the teeth, and/or {¢) thicken or repair tooth-protecting layers such as the caleified
tissue layer of cementam. Therefore, the present invention improves the outward appearance
of the patient and reverses certain aspects of the aging process including the bone foss
process while providing dental benefits to the patient. Tn one feature, the present invention
achieves cosmetic enhancement while treating various pertodontal diseases or conditions
such as gingival recession. The inventive procedure not only signmiticantly lessens the pain
and saffering otherwise experienced by a patient undergoing conventional grafiing
procedures such as free soft tissue grafiing and subepithelial connective tissue grafting, but
also provides postoperative gum line that has much less inflammation and appears much
healthior and smoother. In one enrbodiment, the present invention encompasses a periodontal
procedure using a dental graft in combination with a traditionally cosmetic procedure. In
another embodiment, the present invention cocompasses a periodontal procedure using a
dental graft in combination with another dental procedure, £.g., an orthodountic procedure.
(000471 Referring now to FIGS. 1A-1B, a dental graft 10 {or a matrix or scafiold} is
provided according to the present invention that can be used to alter the biotype or the
undertving tooth-supporting or tooth-profecting structures. In general, the dental graft 1048
provided to increase the mass of the periodontium, e.g., by thickening or lengthening the
tooth-supporting or tooth-profecting bone and/or tissue, i one feature, the thickness of the
periodontat bone andfor tissue can be increased by about 0.5-1.0 mm or even about 1.0-1.5
mm through appheation of the dental graft. In another feature, the vertical measurement (e,
length of the bone andfor tissee can be incressed by about §.5-1.0 pyn, about! . 0-1.5 num,
about 1.5-2.0 mm, or even about 2.0-2.5 mm through application of the deotad graft. Thigis
particilarly extraordinary as vertical bone growth around a living tooth has been long
considered impossible—that's why pertodontal procedures requiring more bone depth, such
as anchoring a dental implant, resorts to further drilling and subsequent filling of the hole
thereby deilled. As one can imagine, patients without deep enough mmh-suppoming bone bad
been therefore shut owt from procedures like dental implants,

[00048] The present invention offers these and other patients renewed hopes for dental
tissae and bone growth atany age, and receiving the resulting cosmetic and health henefits.

For instance, healthy gingival coverage normally calls for the gum Hine to be at or a fittle
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above the CEJ line and in a case of average gingival recession, the gum line is about 2.5 mm
below the CE ling, by growing the gingival, s attachment ligament andfor the underlving
bone such that the gum lne moves anvwhere from 1.0 mam o 2.5 mm towards the CE, the
present application adds significantly 1o existing gum coverage, and is capable of regrowing
the gum line completely back to health.
F00049] Sull referring to FIGS. 1A-1B, exenplary embodiments of the dental graft 10
of the invention typically include several components: a biccompatible carrier 12 that
contains a solution or a gel 14 having one or more growth factors or biological materials
capable of providing such growth factors; the carrier 12 optionally containg spacers 16, o.g
muliple bone or bone-bike fragments, as shown in FIG. 1AL Altematively, the spacers 16 can
he provided in a separate layer 20, e.g., a gelatin layer of coagulated platelet-rich plasma
(PRP}Y or similar blood components, A barrier layer 18 on one side of the dental graft 10 1s
optionally provided as well. In an embodiment, the barrier layer 18 is affixed o
biocompatible carrter 12, ¢.g.. through an adhesive such as glue.
F0G0OS50] The biocompatible carrier 12 can be a variety of materials, and preferably is
pliable and can hold a significant amount of liquid, semi-hquid, gel or powder. Inone
embodiment, the biocompatible carrier 12 is a soft, phable, nonfriable sponge that can be
used for wound dressing, such as collagen-based sponges sold under the trademarks
CollaCote®, ColaTape® or CollaPlug®: and manufactured by Integra LifeSeiences
Corporation {Plainsboro, NJ). The biocompatible carrier 12 is preferably bioabsorbable or
hioresorbable, Le., the carrier material can be dissolved and assimitated by the body, and
therefore, can be removed, replaced or left i sitw.
{0031 The biocompatible carrier 12 should also exhibit good adherence to muoist
wounds and to promote hemostasis. & porous structure is advantageous because # absorbs
blood and wound exudates and has some three-dimensional space built in for bone and tissue
regrowth. Collagen-based caveier is preferred because collagen is known to cause

aggregation of platelets, which bind to collagen fibrils in Jarge quantties.

[00052] The solution or gel 14 contsuned in blocompatible carrier 12 provides one or
more growth factors, e.g., platelet-derived growth factor (PDGEF), fibroblast growth factor

{(FGF}, epidermad gmwth factor (RGF), transforming growth factor (TGF)-B, insalin-like
growth factor-1, and bone morphogenctic protain (BMPY. Platelet coneentrate (PCY is known
to contain growth factors that stimulate cethudar profiferation and differentiation, and is a

preferred embodiment of the solution or gel 14 for the present invention. PC s an enbanced

concentration of platelets processed from platelet-rich plasma (PRP), which in tura, is the
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portion of plasma with a concentrated number of platelets, fibrin, cell adhesion molecales,
and white blood colls. PRP is the sccond component that pracipitates off when centrifuging
whole blood. B vitre studies have demonstrated that PRP atfects cell's biologic activities on

both genetic and cedludar Jevels, E.g., see Mars R., Plateler-rich plasma: A sowrce of sudiple

ENGINEERING

autologous growth factors for bone grafts, e Lynch 8o et al| eds, Tissug

71-82). In addition, the action of growth factors present i PRP is move complex than that of
a single recombinant growth factor, Le., they interact and regulate each other’s functions.
Hence, iy the present invention, the addition of PC o the carrier 12 s preferred over the
addition of just a single growth factor. Fuarther, since PC has o higher number of platelets per
milliliter, # ought to contain a higher concentration of growth factors in order to accelerate or
enhance bone and tissue regenerafion. Qkuda K. of al, L PERIODONTOL (2003; 74: 849-57).
100053 bt one feature of the present invention, the PC/PRP/growth factor
{colectively, the “source of growth factor™) is prepared from the patient’s own blood. In one
embodiment, the source of growth factor, e.z., the astogenous PC is collected using the
Platelet Concentration Collection System commercially available from 34, Implant
innovations Inc. (Pahm Beach Gardens, FI). The PC may be applied to the biocompatible
carrier 12 in solution or in gel form. One way to make the gel is fo activate the PRP by
adding calcium with or without thrombin, causing the platelets to release various growth
factors from their o granules and also initiating clotting thereby forming the gell Inan
alternative embodiment, the growth factor is recombinant or otherwise manmade,

{0034 Optionally, a growth-promating substance besides the source of growth factor
is alse added to the dental graft 10 of the invention. In one emsbodiment, such a substance
includes enamel matrix denvatives {EMD) proteins, also known as enamel matrix profeins,
EMD proteins bave been found to play an important role in development of tooth-supporting
tissues, Comumercially available from the Straumann Group headquartered in Based,
Switzertand, these proteins have been suggested to promote the secretion of certain growth
factors, such as TOF-BI by penodontal ligament cells,

fO00335] In some embodiments of the fnventions, spacers are further added to the dental
graft. These spucers provide pre-defined space in the dental graft for the underlying bone and
tissue to grow and ocoupy, and ave meant to be incorporated inte the growing bone and
tissae, and therefore, are preferably biocompatible. The spacers ave preferably hard and solid
in applications simed at growing tooth roots and other tooth-supporting bones. Inone

embodiment, the spacers have durometer compatible 1o a tooth or a tooth-supporting bone.

10
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§00036] In one embodiment, spacers 16 are embedded in the biocompatible carrier 12
as tlostrated in FIG. LA. The spacers 16 may be bone fragments or bone-tike fragments, and
can be 3 xenogralt, allogeaft, alloplast, autograft or a mixture of any of the above. Hard, non-
compressible spacers, even when small in dimension, add a baseline amount of interstitial
space andior structural scaffolding around them when the dental graft is compressed in order
for # 1o be fastened around a recipient site. Tn an embodiment, the spacers provide interstitial
space that amounts 1o abhoot at feast 0.1%, 0.5%, or 1% of the total volume of the
hiocompatible carrier when the carrier s compressed under typical wound dressing pressure.
Therefore, their addition 1o the demtal gralt guarantees small pockets of three-dimensional
space for bone and tissue growth., This anchoring or seeding benefit bas been observed in our
clinical expeniments, and is advantageous considering the remaimder of the dental graft
consists mostly of soft, phable spongy muaterials,

{00037 in another embodiment as fllustrated in FEG. 18, the spacers 16 are provided
in a layer 20, ez, a layer of coagulated blood conmponents such as a platelet-rich plasma, that
is separate from the carvier 12, In some embodiments (FIG. 1), carvier 12 15 not included in
the graft at all, and the surgeon relies on the barrier layer 18 to cover and hold the layver 20 in
place after the surgery. The layer 20 preferably inclode the source of growth thctor described
Bierein, and is phabls to snsure the overall pliability and compressibility of the dental graft
{O003%] Referring again to FIGS, {A-1B, to prevent premature dissolution of the
carrier and to prevent relocation of the graft caused by ity shrinkage, in some embodiments,
the dental grafi 10 of the invention further includes an optionat barrier laver 18 eg., a
hioabsorbable membrane. A barrier laver is also thought to be yseful in inhibiting mugration
and profiferation of the epithelial cells into the new wound-—as a result, no-wall defects, te.,
defects that by themselves lack the structural support to hold any treatment materials, can
now be treated using the graft of the present invention. In one embodiment, the barrier layer
18 1s a collagen membrane, such as a native collagen membrane sold by Kevystone Dental
under the trademark Dynadatrix, or a cross-linked membrane made by Colbar under the
trademark Ossis® ov Ossix Plus®, The barrier layer 18 can be sived to be slightly larger than
the rest of the grafl, 1.¢., the carrier 12, so that the barrier laver 18 has an overhanging edge
over the carrier sponge 12, Both examples of membranes have been used in goided tissue
regeneration mud gaided bone regeneration procedures, Other membranes that bave been
used 0 these and similar procedares, whether cross-finked or not, can be used herein as an

outer fayer of the dental graft as well,
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§00039] The dental graft 10 typically has one or twao biocompatible layers 12, with
growth-facter~-providing solution or gel 14 applied on at least one side and the barrier layer
13 on the other side. [n some embodiments, the biocompatible fayver 12 15 soaked in the
solution or gel 14 so that the solution permeates through the bipcompatible layer. The dental
graft 13, after being trinumed to cover the wound or recipient site, is then fastensed to the
treatment area, e.g., by being sutured onto the pertodontivm. A dental flap can be used to
further cover and secuare the graft.
100060} It one aspeet of the invention, a kit is provided for altering the cosmetic
appearance of a patient. The kit inclades the dental graft deseribed berein to surgically
thicken at least an area of a patient’s existing oral biotype such that the appearance of at least
an area of the patient’s face and periodontium is altered. Por example, by providing grafis
that stisr at permanently filling & depression or providing a protuberance around the
cheekbone or otherwise underneath the cheek of the patient, the kit can be used to smoothen a
cheok line, wrinkls or fold on the cheek. The kit further inchudes iustructions for effecting
uch alteration in the appearance of patient’s face. {n onc embodiment, the kit provides the
dental gralfl as one or two lavers of a sponge carrier pre-affixed, ¢.g., through an adhesive
such as glue, o a barrier layer. In one feature, the Kit finther includes reagents needed to
make frash, autelogous source of growth factors {(e.g., PC or plasma rich in growth factors) to
be added 1o the dental grafl, e.g.. the Platefet Concentration Collection System commercially
avatlabde from 31, Implant lanovations Ine, {(Palm Beach Gardens, F1).
{00061 In one application of the present invention, illustrated in FIGS. 2A-2F, a
patient with an inherited o acquived thin oral biotype i3 treated with the dental graft
desoribed herein, One or more recipient sites are selected, Factors that may be considered in
site selection include the degree of gingival recession, proximity to the existing age lines, and
symmetry of the potential sites. Computer programs and models can be developed to
preview expected results from the procedure, both for the periodontist and the patient. In one
erbodiment, relevant perimeters reflecting the patient’s oral biotype, pertodontal conditions,
il features and existing signs of aging are fivst entered into the program. Conseguently,
the parties can view the likely aesthetic outcomes as they change depending on chosen
variables sach as the location and size of the grafting sites, and matenials and compositions of
the gratts. In the particolar case lustrated, a recession about 2 mm long was found on the
buccal aspects of both the maxiitary right canine and first premolar and those two teeth were

selected to be the recipient site of the dental graft of the present invention (FI1G, 2A) The
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clinical probing depth was 2 mm, and the clinical atachment fevel was 4 mm from the CE
for both teeth, The width of keratintrad tissue was 3 mm.
1000621 in a preferred embodiment, on the day of surgery, blood is drawn from the
patient af chairside about 36 minuotes before the procedure to prepare an autogenous source of
growth factor, such as PRP or PC. which i turn, is used o soak a layer of properly trimmed
collagen sponge and a collagen membrane. Spacers, such as bone fragments, may also be
soaked 10 the same sowrce of growth factor—of course, the collagen sponge may be already
embedded with bone fragments as deseribed above. Sefficient amount of CaCly, with or
without thrombin, is added to the source of growth factor to initiate the coagdation process,
which can take as Hitle as a few seconds to gel. Alternative spacers include alloplast such as
Healos® hydroxyapatite bone substitute, FDBA (Freeze-Divied Bone Allograft) and DFDBA
{(Deminerahized Freeze-Dried Bone Allograft). In a preferred embodiment, the spacer
material is entirely synthetic or from a human origin.
§O0063] After or during the preparation of the dental graft, a surgical procedure is
performed on the patient after local anesthesia has been administered where the tooth root
underiying the selected sife is exposed with adeguate flap elevation, and scaled and planed
using hand and ultrasonie instruments (FIG. 2B). This step removes any infected soft and
hard tissues including degraded cementum and anderiying dentine, bacterial buildups and
plagues. Optionally, during the preparation of the site, the cortical layer of the alveelar bone
hetween the tooth roots may be decorticated to access the medullary taver of the bone such
that aufologous blood is sepplied to the recipient site in addition o the prepared source of
growth facter. One way to do this s to diill 2-53 small boles of about 2 mun deep into the
alveolar bone until the medullary laver is reached. The graft is then placed over the denuded
root and the supporting alveolar bone. In some cases where space allows, strips of the barrier
layer, e.g., a collagen membrane, can be placed in between teeth vertically over the sponge
carrier before ov after a horizontal fayer of the barrier is placed over the same sponge carvier
(FI1G. 20O). The graft is further stabilized by sutures (FEG. 2D} o the particular case
Hlustrated, the graft consists of PC on collagen sponge with overlying collagen membrane,
Subsequently, a flap is coronally positioned to completely cover the graft and secured using
sutare (F1G. 28). A periodontal dressing may optionally be placed over the recipient site and
the palatal gingiva,
[00064] Post-surgical care includes prescription of antibiotics and mouth-rinse.

-

Patients are instructed to avoid brushing the teeth involved for a period of tine, e.g., 2 weeks,

after surgery. Plague control can be carried out during follow-up visits with chiorhexidine,
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Complete root coverage can be achieved within 6 months after the procedure, often with
good ssue contowr and color (FIG. 2F). In the case iHostrated o FIG. 2F, 3-mm gains in
clinical attachment level for both teeth were achioved with no change in keratinized tissue
width.

100065} In combination with the surgical procedure using the dental graft described
herein, a plastic or reconstructive sargery can also be preformed on the same patient.
Examples of such plastic or reconstructive procedares are well known to one skilled in those
fields and do not need detailed deseription here. Some examples of such procedures include
and are not Himited to: blepharoplasty, face scar revision, forchead lifts, hair replacement,

laser surgery, mentoplasty, oloplasty, rhinoplasty, skin resurfacing and face Wit surgery.

An exemplary protocol using the graft of the invention is now deseribed i
more technical detal, The protecol can be used to trest both marginal gingival recession and
signs of aging (e.g.. wrinkles and cheek lines) at the same thue, Varjous aspects of the
protoeot, e.g., {BY and (), can be conducted seguentially, simultancously or overlapping in

e, unless indicated otherwise,

A PPREPARATION OF THE SQURCE OQF GRWOTH FACTOR

{00067 Aboyt 40-60 mL of blood is drawn from the patient into a 60~-mL syringe with

an anti~coagulant {e.g., citrate dextrose solutivn-A).
{00068 Platelet-Rich Plasma (PRP} is collected using a PRP Collection System
(currently preforred system is the Plasma Rich in Growth Factors or PRGE-system sold by

BTl according to manufactorer’s instruction.

B, PREPARATION OF RECIPIENT SITE

{00069 Local anesthesta s adnunistered to the patient.
{00070] Periodontal surgery is then performed on the patient to expose the root surface

and raise a full-thickness fap bevond the mucogingival jusction using standard surgical
instnoments, The ineiston needs 1o be far enough o allow adeguate relaxation of the flap for
later coronal posttioning. A periodontal probe may be used to measure the approximate
width needed for the graft. The papillae adjacent to the recipiont site may be de-
epithelialized to enhance blood supply t© the coronally advanced flap apon completion of the

procedurg,
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J0007 1} The root surface is scaled and planed using hand and ultrasonic instraments.
Any convexity on root surface is reduced using a curette or a foothall diamond bur,

§00072] Optionally, the alveolar bone s decorticated using 8 G.5-mm round bur,
§00G73] An antibacterial solution like tetracycline sohution (125 my tetracyehnefee of

stertle water) is prepared and applied to the root surface using cotton pellets. The fetracyeling
solution is apphed to provide antibiotic medicament, inlubit collagenase, remove the smear
layer form the root surface, and to enbance tssae attachment by opening the dentinal tubules

to expose collagen fibers. The solution is preferably prepared fresh for each procedure and
tetracycling can be dissolved in saline solution as well, Alernatively, citrie acid and EDTA
can be applied instead of tetracyeline solution.

100074} The approvimate width vecessary for the graft is measured using a periodontal

probe (typically, about 810 nus for vach tooth).

CPREPARATION OF GRAFT

§00G75] In a Petri dish, concurrently immerse the following components of the graft in

PRP prepared in (A for at least 3 min

¢ Collagen sponge {one or two layers);

o Collagen membrane:

o Bone fragments (about 0.1 g for sach recipient tooth).
[00076) After at fegst three minotes, coagulants are added to the above immersion for
about 7-12 minutes. Coagulants can be: (1) 1% caleium chloride (3 mil) and (1) elther heat
{about 38°C) or several drops of bovine thrembin (1,000 units). Caleium chioride is provided

in the PRGF gystem.

D GRAFT STABUAZATION

F00G77] The coagulated layer of bone fragments and PRP mixture from (C) is firgd

applied to the recipiont site (denuded root surface); the width of the layer can be estimated
empincally {tvpically 1.5-2.0 mm).
100078} The collagen sponge prepared according to (C) is placed ounto recipient site

over the laver of bone fragments,

000791 The collagen membrane also prepared sccording to {C} 1s placed over collagen
SpoRge.
fO00RG] The membrane is sived w0 be larger than the collagen sponge so that sponge s

entively enveloped.
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JO008 1] Graft is sulured, .., in & continuous erisscross pattern, to the site using 3-0

plain gut suture with 3 P23 neadle. Suture tvpe s selected o bindegrade relatively quickly.

L FLAP SUTURING

[O0082] A Bap is coronally positioned to completely cover the graft. The flap is
secured by continuous verlical mattress and sling sutures into the mesial and distal papiliae
usimg 5-0 bicabsorbable polvglactin material and a P-3 needle. Suture type is selected to
bindegrade more slowly.

FO00R3] Non-cugenn] pertodontal dressings are optionally placed over the site.

JO0084] A female pationt 35 vears of age is shown in FIGS. 3A and 3B with deep lines
extending bilaterally from both sides of her nose 1o just below her lower Hp. Age hines this
desp are abnovmal for her age. Referring to FIGS. 3C-1 to 3C-4, upon further examination,
she had a thin oral biotype with earty 1o moderate gingival recession particidarly in lower
incizors and all four premolar regions. While the reason fir her thin bintype was not
ascertained, it was noted that a potential contributing facter might be the FGG (Free Gingtval
Cieafty o area 20-22 performed by previous periodontisi(s).

100085} A treatment plan was devised where the right side of the patient would receive
dental grafts in three sites while the left side would remain untreated. Full thickness flaps
were elevaled in lower right anterior (FIG. 3D-1), upper right side (FIG. 3D-2) and lower
right side (FIG, 3D-3) to expose teeth roots and prepare the vecipient sites. The alveolar
hones on the upper nght side (FIG. 3B-1) and lower right side (F1G. 3E-2) were decorticated
using 0.5 mm round bur,

[O0086] Girafts consisting of autogenous PRP {source of growth factor) on collagen
sponge {carrier) and DFDBA (spacer) were placed over the recipient sites i lower vight
anterior {FIG. 3F-1), upper right side {FIG. 3F-2) and lower right side {(FIG. 3F-3}, each with
orvertying collagen membrane (barrier layer). The grafts were stabilized and secured with §-
O plain gut sutures, Flaps were advanced coronally and sutured with 5-0 Vieryl in fower
right anterior (F1G, 3G-1}, upper right side (FI1G, 3G-2) and lower right side (FIG. 3G-3},
fO008TY irr ong month, patient exhibited remarkable lessening of facial ines and
wrinkles on the right side of her face. Her frionds and even her nine-vear old son all noticed
and conumented on changes in her face on separate occasions. The contrasts between her

right side which received the dental graft and ber left side which did not can be seen by
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comparing FIGS, 3H-1 and 3H 3 {right side of the face) wiih FIGS. 3H-2 and 3H-4 (left side
of the face). On the right side, not only did multiple facial lines and wrinkles diminish, but
also some lines complelely disappeared, making that side appear mueh more youthful
Beeause this resulted from the improvement of the oral biotype from thin to more moderate,

the effects should be permanent or at least long lasting.

Example 3

fO0088] A first middie-aged male pationt with symptoms of a thin biotype underaent a
procedure aecording 1o present tnvention, simikar to the one described i Example 1, and the
resting changes in his facial appearance are shown in FIGS. 4A-C. A dental graft was
surgicalty apphied 10 the right side of his mouth undereath his cheek (FIG. 4B) and bis left
side (FIG. 4C) was not treated. As a result, the right side of tus cheek was much more fuller

and the cheek line was much less visible compared to the left side.

Example 4

{0008 ] A second middic-aged male patient also underwent a periodontal procedure
according o present invention, sinilar to the one deseribed in Example 1, and the resuliing
changes in s {acial appearance are shown in FIGS, 3A-C. A dental graft was surgically
apphied to the right side of his mouth underneath his cheek (FIG. 38) and his left side (FIG.
SO was not treated. As aresult of permanent bone growth underneath, the right side of his
cheek became better supported by a more protruding periodontivm, and fewer lines were

vigible than the left sids.

Hxample §

§000901 A fernale patient with severs loss of bone mass underneath some of her teeth
(FIG. 6A) underwent a periodontal procedure according to present invention. Prior to the
procedure, as shown in FIG. 6A, the bone supporting her tower right front tooth "2 is no
bigher than the bone sapporting her lower left tooth *b.” The result of the surgical site four
months after the procedure 15 shown in FIG. 68, Same alphabets correspond fo the same
teeth in the two figures, noting that FIG. 6A s a photograph of images captured in a mirror
placed next to the site. Note the remarkable verhical bone mass growih under fower night

B,

front tooth “8” as it s now much higher than the bone supporting tooth “b™ (FIG. 68}, which

was not part of the grafting site (see FIG. 6F, for instance).
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100091 Briefly, the procedure is now described with reference to FHIS. 6C-6F. As
shown in FIG, 6C, about 8.5 cc of bone fragments, as hard spacers, were yumersed in PRP o

form the fayer 16 of the graft. Collagon membranes 18 as well as a collagen sponge were
also nnmersed in the same PRP mixture,

100692} Referring specifically to FIG. 6D, the graft with the layer 16 of bone
fragments coagulated in PRP was apphied o a cleaned site avound three testh. The collagen
spongs, now carrying PRP. and the barrier fayver 18 were then sequentially placed over the

hone fragment faver 16 (FIG. (ﬂi}. Vertieal sn‘%ps of Cf}‘Hagen membrane were used in

Example &
AL RS Two patients underwent grafling procedure as deseribed in Example |
including the provision of spacers in the graft snd the use of vertical strips of collagen
membrang in botween the teeth (FIG, 2C). Results of their hard and soft tissue changes
measured at the 10-month (Patient 1) and 15-month (Patient 2} periods are shown in FIGS. 4
and 5, respectively. In FIG. 4, data regarding cach of Patient 1's six teeth that underwent the
procedure are shown in respective columas ("I for “distal,”™ “F” for “facial” and “Px” for
“interproximal.”} In FIGL 3, data regarding each of Patient 273 six teeth that underwent the
procedure are shown in respective columns, 1 the far left column which inclodes legend
inforaation for the clinical data in cach row, the subscript 1 stands for “initial”; the
subseript “F stands for “final™ “CPD” stands for “Chnical Probing Depth™; “KT™ stands for
“Keratinzed Tissue™ “MOF stapds for “Mucogingival Jenction™; “VGR™ stands for
“Vertical Gingival Recession™; “Stent” stands for “Measured by Stent-probe™; “BG™ stands
for “Buccal-gingiva”™ and "BP” stands for *Baceab-papitla.” Vertical Gingival Recession
{VGR) measures the distance from the CHI to the free gingival margin, Clinical Probing
Depth {CPD) measures the distance between the free gingival margin and the base of the
gingival crevice, Width of Keratinized Tissue (WKT) measures the distance from the free
gingival margin to the mocogingival jusction.
[O0094} Further, in FIGS. 4 and 3, “ree.” stands Tor “recession,” “red.” stands for
reduction” and “cor pos” stands for “coronally positionad.” 8o, as an example, T+ rec.
red.” stands tor “a positive valoe indicates recession reduction.” And the numbers 37 and
“57 in FUGLS s far left column stands for ™3 mm apical 1o the gingival margin® and »8 rom

apical 1o the gingival margin,” respectively.
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J00095] Referring to data presented in FIG, 4, Patient | had relatively thick gum to
start with, but suffered significant undertying bone toss in the periodontivm, therefore
making the patient a suitahle candidale for undergoing grafting procedure of the present
mmvention. After the procedure, significant improvements in both tissue and bone growth
were found. For example, the patient showed reduction in vertical gingival recession by an
average of 0.73 mm and as much as 2.0 vam in two teeth measurements (6F and 7F). Stent-
measured bone growth was also significant: as much as 3 num vertical gain as measured
interproximal teeth 7 and 8 (Px 7-8) and (.96 mm on average. [t is noted that the patient did
show some loss in the width of keratinized tissue, but the patient had exceptionally large
width to start with and the recorded loss might just be a short-term effect after the
procedure—after all, the post-surgery width of kertinized tssue was still well over the
acceptable value of 3 mm. The horizontal gains in both the gingival and bone were also
gncouraging.

000961 Referring to data presented in FIG. 5, Patient 2 had very thin biotype prior to
the procedure. Significant improvement in bone growth was recorded 18 months after the
grafting procedure, Stent-measured vertical bone growth reached 1.5 mm in two places and
1.0 e on average. The patient did exhibit an increase in the vertical gingival recession, hut
all sceurring in the papilla, The herizontal gains in both the gingiva and bone were
remarkable: the buccogingival gain was as much as 1.3 mm o several nweasuremends,
{00097 While the present invention has heen particularty shown and deseribed with
reference to the structures and methods disclosed herein and as tHustrated in the drawings, it
is not confined to the details set forth and this invention is intended to cover any
modifications and changes as may come within the scope and spirit of the following elatms.
All publications and patent lHeratore described herein are incorporated by reference in
entirety 1o the extent permitted by applicable faws and regulations,

{00098} We claim:
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Claims
b, A dental grafl for surgical application to a patient’s periodontium, said graft
conprising:
a.  # biocompatible carrier;
b, a growth factor or a biclogical material capable of providing such a growth
factor, said growth factor or biological matertal contained in sand carmier; and

hard spacers providing interstitial space in said dental graft in order to

[

encourage bone and fissue growth in the periodontiom.

Iad

The dental grall of claim | further comprising a barrier layver on the outside.

3. The dental graft of claim 2 wherein said barrier layer comprises a bioabsorbable

menmbhrane,

4. The dental graft of claim 2 wherein said harrier layer comprises a collagen membrane.

LH

The dental graft of claim 1 adapted for application to both tooth-supporting bones and

fooh-roots,

6. The dental graft of claim 1 adapted for application to gum andior connective tissue

surrounding at feast one tooth.

7. The dental graft of claim 1 wherein said blocompatible carvier comprises collagen.

o

The dental graft of claim ¥, wherein said growth factor or said biological material i
selected from the group consisting of a platelet concentrate (PC), a platelet-rich
plasma {(PRP}, plasma vich in growth factors, and bone morphogenetic proteins

{BMPs).

9. The dental graft of cladm 1, whevein said growth factor or said biological material is

isolated from patient’s own blood.
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14, The dental graft of claim 1, further comprising a protein that promotes periadontal

growth,

1. The dental graft of claim 10 whevein said protein comprises enamel matrix devivatives

(EMD) protem.

12, The dental graft of claim |, wherein saad spacers have a durometer compatible to that

ot a tooth-supporting hone.

13, The dental grafl of claim | whevein said spacers comprise bone or bone-like

fragments.

14, The dental graft of clatm 11, wherein said bone or bone-like fragments are selected
froms the group consisting of a xenograft, an allogralt, an alloplast, an autografi, and a

mixtare of any of the above,

A

. The dental graft of claim §, wherein sawd growth factor comprises a recombinant

growth factor,

16, The dental graft of claim 1 capable of permanently thickening an area of said patient’s

pertodontinm by at least 0.5 mm

17, The dental graft of clam | wheretn said bard spacers are embedded in said
hiocompatible carner,
18, The dental graft of claim | wherein sid bard spacers are embedded i a layer of

cosgulated blood components separate from said biocompatible carrier,

19, A kit for altering the cosmetic appearance of a patient, said kit comprising:
a dental graft adapted o surgically thicken a patient’s existing oval biotype such
that the appearance of at Jeast an area of the patient’s face 15 altered, swid graft
comprising:

a. & biocompatible carrier;
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b, agrowth factor or a binlogical material capable of providing such a
growwth factor, said growth factor or biological material contained
sutd carrier; and

¢. hard spacers providing interstitial space o said dengal graft in order
1o encowrage bone and tissue yrowth in a periodontal sie; and

instructions for effecting such alteration in the appearance of patient’s face.

20 The kit of claim 19, wherein the dental graft further comprises a bavrier layer.

ad

. The kit of claim 20 wherein said barrier layer s affixed to a side of the blocompatible

carner.

22, The kit of claim 19, adapted for application to both tooth-supporting bones and tooth-

FOOLs.

23, The kit of claim 19, adapted for application 1o gum andfor connective tissue

surrounding at least one tooth,

24, The kitof claim 19, wherein said biocompatible carrier comprises collagen.

25, The kit of claim 19, wherein said growth factor or satd hlological material is selected
from the group consisting of 3 platelet concentrate (PC), a platelet-rich plasma (PRP},

plasmua rich in growth factors, and bone morphogenetic proteins (BMPs).

26, The kit of claim 25, further comprising a reagent {or coagulating said blologieal

material.

o
-]

- The kit of clatm 19, further comprising reagents needed to obtain platelet growth

factor or said biologreal material from patient’s own blood.

28, The kit of clatm 19, wherewn said bard spacers comprise bone or bone-like fragments.
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k)
L

hak
M

The kit of claim 28, wherein said bone or bone-like fragments are selected from the
group consisting of a xenogratl, an allogralt, an alloplast, an audograft, and o mixtue

of any of the above.

). The kit of claim 192, wherein said growth factor is a recombinant growth factor.

. The kit of claim 19, wherein said growth factor is endogenous to the patient.

. The kit of claim 19 wharein said bard spacers are embedded in said blocompatible

carner.

- The Kit of claim 19 wherein said hard spacers are embedded in a layer of coagulated

blood components separate from saxd brocompatible carrier.

. The kit of clamm 19, wherein said jnstroctions direct s surgeon to ascertain that a

candidate patient suffers from a thin or scalloped oval bintype prior to application.

. The kit of claim 19, wherein said instructions state that said graft 1s adapted to alter

the appearance of at least one facial feature selected from the group consisting of a

cheek line, wrinkle, fold, pouch, bag, sagging skin and depression.

~

36, The kit of claim 19, whersin said instructions state effectiveness against signs of

aging, or a periodontal comdition,

7 The kitof claim 19, wherain said instructions divect applying said dental graft to

permanently il one or more depressions or provide one or more protuberances

anderneath the patient’s cheeks or fips.

. The kit of elaitm 19, further comprising multiple packages separately sealed for

application at multiple sites.

. The kit of clabm 19 wherein said instructions direct & surgeon to apply said dental

graft at sites sabstantially symmetrical in the patient’s face.
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