Bone Substitutes in Dental Practice
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Objective

¢ Perform a landscape search in the area of Bone Substitutes and with application in dental practice
¢ Use PCS to derive insights and gain competitive perspective
e Understand the value chain and recent M&A activities

Introduction

¢ Several non-biological materials are already being used to increase the alveolar bone volume to support dental implants. Stem cell therapy
has emerged as a promising biological substitute or adjuvant to enhance bone healing [Miguita L]

¢ Bone morphogenetic protein 2 is shown to be effective as an inducer of bone formation process independent biomaterial used mainly for
accelerating the resorption process of the framework [Da Silva de Oliveira JC]

e An implant simultaneously placed with sinus augmentation using rhBMP-2-loaded synthetic bone substitute can be successfully
osseointegrated, even when only a limited bone height is available [Myung-Jae Joo]

¢ ?-TCP(Tri-Calcium Phosphate) presents the same behavior as autogenous bone graft, which makes it a good bone substitute [Pereira RS]

Fig. INFUSE Bone Graft-Medtronics

Geldutlich Bio-Dss®

Fig. Geistlich Bio-Oss

Fig. Polarized image displays osseointegration of Straumann BoneCeramic particle in lamellar type of bone

Search in PCS

e Search Strategy:



https://www.ncbi.nlm.nih.gov/pubmed/28233169
https://www.ncbi.nlm.nih.gov/pubmed/28389833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5410556/%5d
https://www.ncbi.nlm.nih.gov/pubmed/28185708
https://www.dolcera.com/wiki/index.php?title=File:Bsdp_01.png
http://www.infusebonegraft.com/healthcare-providers/bone-grafting-options/categorization-of-bone-grafts/bone-morphogenetic-proteins/index.htm
https://www.dolcera.com/wiki/index.php?title=File:Bsdp_02.png
https://www.geistlich-na.com/en-us/professionals/bone-substitutes/bio-oss/user-benefits/
https://www.dolcera.com/wiki/index.php?title=File:Bsdp_03.png
http://www.straumann.us/content/dam/internet/straumann_us/resources/brochurecatalogue/flyers/en/NAMLIT.1048.BoneCeramic.Sell.Sheet.pdf

( text: bone substitutes OR text: osseointegrated dental implants OR text: bone morphogenic proteins OR text: bone graft substitute OR text: bone
substitute material OR text: bone replacement material OR tac:bmp OR tac: rhBMP OR text: bone graft material OR text: beta-tricalcium phosphate
OR tac:b-tcp OR tac:?-tcp OR tac:?-tricalcium phosphate OR text: allograft OR text: transforming growth factor beta OR text: tgf beta OR text:
platelet-derived growth factor OR tac: pdgf OR text: fibroblast growth factors OR tac: fgf OR text: calcium sulfate OR text: bioglass OR
text:hydroxylapatite ) AND

(tac: dental OR tac: dentistry OR tac: prosthodontics OR tac: endodontics OR tac: tooth OR tac: teeth OR tac: dentine OR tac: dentition)
AND

(CPC: AB1K)

[irat borw SubEifumed - et grited dectal wr b ¢ o proteing -« et bone graft substinne o e Bone sebestute matedial o e bons replscement materiel -« s g oo tac thBMIP o e Bone geafl materis
Sricalcism phosphabe o= wec ibrbop o= e fBcp o= Lec BHrcaloham phosphabe - v slogeafi oo et iransformming growih facior beis o e il barin oo 1est plarislet-derived growith facior o e pdgl oo e Sbroblast growih Reciors o e fgh oo e oo
et Bloglans o e ycroyiapalite | oo f e dental oo jec dentisfny ro e e erich % o s kodth oo e teeft o e denline o e deniition

Ry bt (P ey | ey g w5 e e W wheial o brp s o SR el el e el e i paeptopby 5w belop 5 e i

Ll
et plogre® = erwlorreg geet lacior bete £ w0 et pletwie decend et feoier 1 oy’ we Borctlest peet® faciony K eyl £ e osloaers mailfet @ et ogiem K e hpimeyipae & (e derie i deiiay X rmeiederiicn = srsintiontey
S e S O A

—— LA 43
e v -
[ " deye B
‘Wisai' Thisais Tegs At i
- DN O F By Sk B A Pk D AR Vi
D g [T BTN "y 7 B
Eerrae B v
[ e TRl L dcicngu, |
= na (LR [Py
. e ) ; vy sees ve. [
||l Bl P
{2
T W Ly
s - ' S e -
Crnm Froarses (u s - !
w Prostedoemsogy (83401 T8 o : weoosecrs ;. [
o d W1 BN 1
e o vt v [
=i P AT i
& — - Wk [ et = . = = ¥ * el
T TEES  TEMR WETD TR OB S (BB TER TEAT OO0 SEOM DM End geal Pl 5] _
St Frpsbamyn (L4 i ! et Ll |
= bl Bargeey [BIL0_TI81 a ] L] L] LE ] L :ﬂ
el W] [ VLT BT
R s L AL Ethe Top Geographa Top CPC Classss
i {179
v R Deanansy (LT INE] - e - a
R ——— us W TR

o o
o] i
‘inrwdears [T 18]
R - -~ I
Bk Mty [T *.,all wat [
Sl P by [ehee T il
Wi {1190 m_l H':I:-
w0 Pt [ FoaE AT LIII m!
L P | B2 o
e R ' 1 45 Y H.I o .
e 341§ iy | aEny '.
TR (e | Rl T
Arfeca Lo Paosrmaier (77170 “ll E rlm:! L
iciry By (1174 ] H] 400 ] ] (] (¥ ] a L] 1] 1] L LED
e o - A i
- L
f t
® L. ~ | & .' A t
« T - L el
u ‘.-'[ A i (
i . o o [
F,!: - i
[
Description Claims i
Th [N ETSEON NSNS 10§ [FO0SES fr (MO BN DFRERGITIve SUFIOE 00 3 OSITED Daody. SO00R 1D | Frocess. 17 i B (ENSETISrITVE Surta0e On 8 DTITEC by by chemically moddying ot e o pan of o mriece
cigim 1, a8 well ¥5 19 Eid body so0teg 19 caim 1§ The imeeniion terthes ieisies W T wee of te body & an ol T by, e DeTOESE g e e Gl g & caloium phosphale minensl on e s of B
mplan, gooerteng i clam 148, i pariose o (S0 molant oewic bas body By prossoieg o parclen g i calcasm phosprang mnenl io=pds the baso
Irplants, such aa [EEET) implants, are well knows in the ot They genenslly contist of & malerial, which s e ey ety T s e B g Mo
and which ¥ han g low manfic modubm and 5 Rugh ebeng S 1 Procmes scoording 1o claam 1, whersin the Bauc body with the calciun phoaplate minersl deposisd Sarsos B
Swfied i mperatues 5 which Tus calcium phosphate mineesl & nteprated o e be
Aprt from i biscompatbity ard e of s kant ’ . N . i
Ll ol e eTpoatanoe The Teee auleceslegiatoe i [T — y and R } Process aoconding i ol 1, wherein the Geesc body with e calckam phoaphans minel deposied Tares B
trtwinee b Dorm ard [ Gorficn Of P o Seaers imeend & ot cateoelegrala meass Tl e smplast Baasied 1o 4 bemparaeure of o1 lsast 11007 C
wher maching a pricaly Sabdiny By scieeing i me the bore, safely ool withie & R0 ealng Teme 50 il & 4 Procixi actording 10 ciaem 1 |, wheren the csloum ghosphale micersl o selecied bom the grous conslitrg of
o el e Bt WA el D 8 o] e Poocxisatite. (Y (TP ot )k L kb [irigshue

Top Assignees
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https://www.dolcera.com/wiki/index.php?title=File:Bsdp06.png
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* The top companies are big players in dental implants and devices companies:
+ Dentsply Sirona
+ Institut Straumann
+ Heraeus Kulzer
+ Danaher
¢ Various medical device companies that have also patented technologies in this space:
+ Zimmer Biomet
+ Medtronics
+ Stryker
* 3M, the material science company also has patents in this area

Bibliographic Analytics
Main CPC?s


https://www.dolcera.com/wiki/index.php?title=File:Bsdp0111.png
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Apart from dentistry(A61C), many patents have classes for methods or apparatus for surgical procedures(A61L) and cements and glass
ceramics(C04B)

IP Activity
Year Trends
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https://www.dolcera.com/wiki/index.php?title=File:Bsdp08.png
https://www.dolcera.com/wiki/index.php?title=File:Bsdp09.png

IP activity is on a surge in the last 20 years, with a peak in 2016

Geographical Distribution
Top Geographies

8 20 a0 w0 800 1,000
Most of the patents are from US or Europe. Very little from China. There is hardly any activity from other geographies

Top Assignees vs CPCs
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* Most of the top companies have patents in
# dentistry(A61C)
+ methods or apparatus for surgical procedures(A61L)
+ implants & prosthesis (A61F)
+ medical & dental preparations(A61K)

e Companies having patents in cements and glass ceramics(C04B) and coating and cleaning of metallic materials (C23C & C23F) are:
Zimmer Biomet
. ¢ Straumann
+ Dentsply
+ Calcitec

+ Bionet
+ 3M

Top Categories and Concepts


https://www.dolcera.com/wiki/index.php?title=File:Bsdp11.png
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¢ A lot of patents mentioned "restorative dentistry” as the top concept. Other materials formed a big part of patent disclosures as:
+ Biomaterials & biodegradable polymers
+ Structural proteins- collagens & integrins
+ Glass compositions
¢ Various growth factors:
+ Bone morphogenetic proteins
+ Transforming growth factor ? (tgfb)
+ Platelet-derived growth factor
+ Fibroblast growth factor
+ Growth differentiation factor

Categories and Concept in Detail


https://www.dolcera.com/wiki/index.php?title=File:Document3_11.png
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Procedures and treatments: Osseo integrations, allotransplantation, bone grafting and guided bone & tissue regeneration

Biomaterials: biodegradable polymers, polyglycolide, poly(methyl-methacrylate), polycaprolactone, polyhydroxybutyrate


https://www.dolcera.com/wiki/index.php?title=File:Document3_12.png
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Structural proteins: collagens, integrins, elastin, fibronectin, type-1 collagen, fibrin, cell adhesion proteins, laminin and actin
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Growth factors: Bone morphogenetic proteins (BMP- 3, 4, 5, 6, 7, 10 and 15), Transforming growth factor ? (tgfb) Platelet-derived growth factor,
Fibroblast growth factor, Growth differentiation factor

Materials and Assignees


https://www.dolcera.com/wiki/index.php?title=File:Document3_16.png
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e Zimmer Biomet, Medtronics, Dentsply have patents in almost all the categories listed.

¢ Bayer patents are structural proteins- collagens & integrins and biomaterials

¢ Patents in the area of biodegradable polymers are majorly from Medtronics, Zimmer Biomet and Woodwelding
¢ Patents for glass composition come from Danaher, Dentsply, Medtronics, Zimmer Biomet and Straumann

Biological Growth Factors and Assignees


https://www.dolcera.com/wiki/index.php?title=File:Document3_17.png
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¢ Medtronics has patents in all categories listed in the graph and only one with patents for stem cells

» Platelet derived growth factor patents are majorly from Dentsply Sirona
e Zimmer Biomet and Straumann patents disclose bone morphogenetic proteins and transforming growth factors

Value Chain Analysis



https://www.dolcera.com/wiki/index.php?title=File:Document3_18.png

Components & Devices

Biolase
e

Dentsply Sirona Inc.
Danaher Corp.

lwoclar Vivadent

Heraeus Kulzer
Iy A A g

im

BIOLASE

Dantsply
=' Sirono

.('_'.f.? DANAMER
woelar .
vivadani:

KULZER
M

Materials & Ingredients
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Latest M&A/Collaborative activity in the space

¢ DePuy Synthes Products, Inc. (J&J Family of Companies), has acquired 3D printing technology from Tissue Regeneration Systems, Inc. to

create patient-specific, bioresorbable implants with a unique mineral coating to support bone healing in patients with orthopaedic and
craniomaxillofacial deformities and injuries. [DePuy Synthes]
e lvoclar Vivadent has acquired equity interest in the Swiss startup company Kapanu AG. The company specializes in the application of

augmented reality technology for esthetic and restorative dentistry. [Ivoclar Vivadent]
¢ Dentsply Sirona has announced acquisition of RTD (Recherches Techniques Dentaires), a privately held French company. The acquisition will

complement Dentsply Sirona?s endodontic and restorative portfolios. [Dentsply Sirona]
¢ Dentsply Sirona and Kuraray Noritake Dental have announced partnership that allows Dentsply Sirona to supply its CEREC and inLab

customers with expanded range of composites and validated milling strategies for multi-layered zirconia discs from Kuraray Noritake Dental.

[Dentsply Sironal]


https://www.dolcera.com/wiki/index.php?title=File:Document3_19.png
https://www.depuysynthes.com/about/news-press/qs/depuy-synthes-acquires-tissue-regeneration-systems-3d-printing-technologies--to-treat-bone-defects
http://www.ivoclarvivadent.com/ids2017/en/ivoclar-digital
https://news.dentsplysirona.com/en/corporate-news/2017/dentsply-sirona-announces-acquisition-of-rtd--the-pioneer-in-fib.html
https://news.dentsplysirona.com/en/business-units/cad-cam/2017/dentsply-sirona-and-kuraray-noritake-dental-conclude-a-material-.html
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