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(57) ABSTRACT

A method for producing bone grafts using 3-D printing is
employed using a 3-D image of a graft location to produce
a 3-D model of the graft. This is printed using a 3-D printer
and a printing medium that produces a porous, biocompat-
ible, biodegradable material that is conducive to osteoin-
duction. For example, the printing medium may be PCL,
PLLA, PGLA, or another approved biocompatible polymer.
In addition such a method may be useful for cosmetic
surgeries, reconstructive surgeries, and various techniques
required by such procedures. Once the graft is placed,
natural bone gradually replaces the graft.

13 Claims, 11 Drawing Sheets




US 10,579,755 B2
Page 2

(60)

(1)

Related U.S. Application Data

No. 14/447,085, filed on Jul. 30, 2014, now aban-

doned.

Provisional application No. 61/901,043, filed on Nov.
7,2013, provisional application No. 61/867,755, filed

on Aug. 20, 2013.

Int. CL.

AG6IF 2/28 (2006.01)
AG6IF 2/30 (2006.01)
GO5B 19/4099 (2006.01)
B29K 33/00 (2006.01)
B29K 1/00 (2006.01)
B29K 105/04 (2006.01)
B29K 105/00 (2006.01)
B29L 31/00 (2006.01)
B29K 29/00 (2006.01)
B33Y 70/00 (2020.01)
B33Y 10/00 (2015.01)

B29C 48/25
B29C 48/02
B29K 67/00
U.S. CL

CPC

(52)

(2019.01)
(2019.01)
(2006.01)

... B29K 2995/0056 (2013.01); B29L
2031/7532 (2013.01); B33Y 10/00 (2014.12);

B33Y 70/00 (2014.12); GOSB 2219/45168
(2013.01); GO3SB 2219/49023 (2013.01)

(56)

References Cited

U.S. PATENT DOCUMENTS

2016/0129637 Al*
2016/0136887 Al*

2017/0057169 Al*
2017/0218228 Al*

* cited by examiner

52016 Zhou .........cccoennen. GO6T 19/20
700/98

5/2016 Guillemette .......... B29C 69/001
428/375

3/2017 Grbic ..o B29C 64/386
82017 Jose .covviiiviiiiinn. C09D 11/03



US 10,579,755 B2

Sheet 1 of 11

Mar. 3, 2020

U.S. Patent

244G

110

155

FiG. 1

FiG. 2



US 10,579,755 B2

Sheet 2 of 11

Mar. 3, 2020

U.S. Patent

FiG. 3

FIG. 4



U.S. Patent Mar. 3, 2020 Sheet 3 of 11 US 10,579,755 B2

140
FiG. 5
o ae 190 195
(145, 170, 175) ~ |~ (165,185,180, 265)
o 150 e
235
230
S
/«\120
| —




U.S. Patent Mar. 3, 2020 Sheet 4 of 11 US 10,579,755 B2

701 OBTAIN 3-D IMAGE OF GRAFT LOCATION

%

702  CREATE 3-D MODEL OF CUSTOM BONE GRAFT

¥

703 MIX PRECURSOR POWDER & LIQUID TO FORM INK

704

e ~_ NO | 705  PRINT NEXT
< FINAL LAYER PRINTED? >

LAYER

¥
707 POST PRINT PROCESSING OF GRAFT

k4
708 INSERT CUSTOM BONE GRAFT AT INTENDED GRAFT
LOCATION

FiG. 7



U.S. Patent Mar. 3, 2020 Sheet 5 of 11 US 10,579,755 B2

345

~360

355

FiG. 9



U.S. Patent Mar. 3, 2020 Sheet 6 of 11 US 10,579,755 B2

380
120 390

xx

395

98]
4
U

FlG. 10

410 435,380

~ 430
430

420

415"

FiG. 11



US 10,579,755 B2

Sheet 7 of 11

Mar. 3, 2020

U.S. Patent

e e T P LR v i o
e e e e T BB YR P
t R e e e A A LA
w1 N S L e R h B A R A A 2 S A
(TR AR ThY .,.w.,..m.,..m..,,w..,wwm...wwmmmamamwﬂ.mm.mm.mm.m

e Bk e K € O B D, B,

AT R P R DR Lk

e e Tt ey w...m...m_wm_r.m_.r.m.‘,.mamam.rmamﬂh.mm.mm.mm.

e e DR e S U S el L

e am;mwmzmﬁ.%.mwmwm;mmm&mﬁ ! m.,..m.w
ff,.uzumumumumumamae-",...f._.f

X ..u..u...u....r...r..r}.n...m....u....u
”.ﬂn..u %o, ..u....r...r.f.ﬂ.!.”..u...m...m
LRI PR R Rk
ST A AT AR Y
S
SRR AR R,
% ﬂ..n A ﬂ.nﬂ.nx.ux.u.n.wﬁ.wﬁmnﬁ:..ﬁﬁn
LR R R,
o ﬂuum.MMMuu@uu@.u@.ﬂJ..ﬂJ.mm.Mu.h

FiG. 12

330
NN
'\a'\a'\a
‘u‘u'\a
"\1‘\1‘\1
S
R
"-"-"-
"-"-"-
"-"-"-
‘k‘k‘k
‘k‘k‘k
‘k‘k‘k
‘u‘u'k
‘n’\n'\n
‘u‘u‘u

ke Atk e L
b S T LT R, LR, % s S e e e e e Y R
DO AE LA AL AT AT AT wmwm...h....m.....mﬁ.,..ﬁff
a0 1 o S o o S SRR AR R R R R R R e

120

370G

FiG. 13



U.S. Patent Mar. 3, 2020 Sheet 8 of 11 US 10,579,755 B2

425

FiG. 14 A FiG. 14 B

A W

g 390
405 465 460

FIG. 14 €

FiG.14 D



U.S. Patent Mar. 3, 2020 Sheet 9 of 11 US 10,579,755 B2

515

[Sx}
N3
1

530

e 220




U.S. Patent Mar. 3, 2020 Sheet 10 of 11 US 10,579,755 B2

FiG.16 A

FiG. 16 B



U.S. Patent Mar. 3, 2020 Sheet 11 of 11 US 10,579,755 B2




US 10,579,755 B2

1
METHOD FOR 3-D PRINTING A CUSTOM
BONE GRAFT

CLAIM OF PRIORITY

This application is a divisional application of U.S. appli-
cation Ser. No. 15/285,169 filed on Oct. 4, 2016, now
abandoned, which claims priority to U.S. application Ser.
No. 14/447,085 filed on Jun. 30, 2014, now abandoned,
which claims priority to U.S. Provisional Patent Application
61/901,043 filed on Nov. 7, 2013 and to U.S. Provisional
Patent Application 61/867,755 filed on Aug. 20, 2013 the
contents of all of which are hereby fully incorporated by
reference in their entirety.

FIELD OF THE EMBODIMENTS

The field of the invention and its embodiments relate to
producing a custom bone graft, and more particularly to
methods of producing custom bone grafts or implants using
3-D printing. In particular, the present invention may be
useful for reconstructive surgeries and cosmetic surgeries,
and any other procedure requiring such augmentation.

BACKGROUND OF THE EMBODIMENTS

Bone grafting is possible because bone tissue, unlike most
other tissues, has the ability to regenerate completely if
provided the right environment, including a space into
which to grow, or a matrix to grow on. As native bone grows,
it replaces the graft material, so that over time, the graft is
replaced by a fully integrated region of new bone.

Bone regeneration occurs through osteoinduction, a pro-
cess in which connective tissue is converted into bone by an
appropriate stimulus. Osteoinduction allows bone formation
to be induced even at non-skeletal sites and is initiated by
bone morphogenetic proteins (BMP).

The ideal bone graft material would be a strong, porous
biocompatible material infused with BMP that did not cause
inflammation and would ultimately be reabsorbed into the
body as it is replaced by natural bone.

Bone is composed of 50 to 70% inorganic mineral, 20 to
40% organic collagen matrix, 5 to 10% water, and <3%
lipids. The inorganic mineral content of bone is mostly
hydroxyapatite [Ca.sub.10(PO.sub.4)6(OH).sub.2]. The
inorganic mineral provides the mechanical strength and
rigidity, whereas the organic collagen matrix provides elas-
ticity and flexibility.

Demineralized bone matrix (DBM) is allograft bone, i.e.,
bone from other humans, that has had the inorganic, mineral
material removed, leaving behind the organic collagen
matrix and the BMPs that induce osteoinduction. DBM is
conducive to osteoinduction, but lacks the load bearing
strength. It is typically used with a 2-4% hyaluronate carrier
as a paste or putty to fill a space needing bone, and allows
real bone to grow into it within weeks to months.

The present invention provides a system and method of
producing custom bone grafts that are made of a porous,
biocompatible material infused with BMPs that can be used
as ink in a 3-D printer to produce bone grafts of any desired
shape.

Review of Related Art

U.S. Patent Application 2011/0151400 published by A.
Boiangiu et al. on Jun. 23, 2011 entitled “Dental Bone
Implant, Methods for Implanting the Dental Bone Implant
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and Methods and Systems for Manufacturing Dental Bone
Implants” pertains to a dental bone implant having a first
fitted bone graft sized and shaped to fit tightly to a buccal
surface of a periodontal alveolar bone around at least one
tooth and to reconstruct at least a portion of one or more
periodontal bone defect and a second fitted bone graft sized
and shaped to fit tightly to a lingual/palatal surface of a
periodontal alveolar bone around at least one tooth and to
reconstruct at least an additional portion of at least one
periodontal bone defect. The portion and the other portion
complementary cover the one or more periodontal bone
defects.

U.S. Patent Application 2004/0120781 published by S.
Luca et al. on Jun. 24, 2004 entitled “Customized instru-
ments and parts for medical-dental applications and method
and blank for on-site machining of same” pertains to a
customized prosthesis, or instrument, for medical/dental
applications which replicates the desired bone-graft, tooth,
or tool, being replaced. The dimensions of the prosthesis, or
instrument, are determined by mathematically interpolating
key-points that characterize a specific part. A computer
controlled machine then cuts the desired part out of a
pre-fabricated blank, directly at the site of operation. Meth-
ods of the invention relate to selecting the type of part being
replaced, identifying and measuring the coordinates of key-
points for that part, and initializing the automated machining
process. Also, special supporting devices that include pre-
fabricated features common between certain parts are used
in order to facilitate the machining process. The identifica-
tion of key-points is done by comparing a schematic draw-
ing of the type of part being replaced to the actual part. A
grid is then used to measure the coordinates for those
key-points.

U.S. Pat. No. 6,671,539 issued to Gateno et al. on Dec. 30,
2003 entitled “Method and apparatus for fabricating ortho-
genetic surgical splints” pertains to a method of forming a
surgical splint to receive a patient’s dentition and thereby
align the upper jaw and the lower jaw during surgery
includes generating a CT computer model of bone structure,
generating a digital dental computer model of the patient’s
dentition, and then combining the CT computer model and
the digital dental computer model to form a composite
computer model. The composite computer model may be
displayed, and at least one of the upper jaw and lower jaw
repositioned relative to the patient’s skull and the composite
computer model to form a planned position computer model.
Using this desired position computer model, a computer
model surgical splint of the patient’s dentition may be
formed, which is then input into a fabrication machine to
form a surgical splint. The method also includes forming and
displaying the composite computer model. A workstation
includes a CT machine, a digital scanner, a computer, an
input command mechanism, a display, and a fabricating
machine.

U.S. Pat. No. 8,021,154 issued to Holzner et al. on Sep.
20, 2011 entitled “Method for manufacturing dental pros-
theses, method for creating a data record and computer-
readable medium” pertains to a method for manufacturing
one or several dental prostheses, comprising the steps of:
performing a rapid prototyping method for manufacturing
one or several dental prostheses and subsequent working,
such as reworking, of the one or several dental prostheses
with a machining method, such as a milling method. In
addition, a method for creating a data record which can be
used for a rapid prototyping method for manufacturing a
dental prosthesis wherein an end data record is obtained
from a starting data record, so that in at least one area of a






