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INTRODUCTION
Digital technology has drastically improved all areas
of modern medicine and surely will continue to do
so." It favors more accurate treatment planning, mini-
mizes patient chairside time, and leads to greater sur-
gical accuracy in modern implant dentistry.>> More
than 10 years have now passed since the technology
was commercialized, and it remains one of the fast-
est growing industries in dentistry with digital scan-
ning, planning, and even printing being widespread
in many dental offices. In implant dentistry specifi-
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(PRP) was launched as a first-generation platelet con-
centrate with the ability to rapidly stimulate tissue
regeneration, drawbacks—including its use of antico-
agulants—Ied d generation with the aim of
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er short resorption period—characterized as a

cally, many implants require additional bone grafting
prior to implant placement to augment lost or miss-
ing bone.%” While routine implant cases, including
implant positioning, can be fully planned using digital
software platforms, the technology has been utilized
more recently to custom mill accurate bone blocks
from either allograft or xenograft sources.** While
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require much additional pla
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host tissue. The reported drawbacks include cost, addi-
tional wait times, and the potential lack of blood supply
within the custom bone block. Nevertheless, ongoing studies have
continued to investigate their potential uses.

More recently, implant surgeons have been custom printing
3-D surgical guides in-office following a plethora of growing
courses available on the topic.”**# Several 3-D printers now exist
with the ability to cheaply print molds following CBCT and intra-
oral digital scans. Therefore, the ability to utilize DICOM data
and STL files from intraoral scanners may also be used to fabricate
an array of molds that may be later printed in-office at relatively
low cost."> ™4

This article discusses the design of a custom bone graft based on
2 major advancements in technology: the first being that of digi-
tal technology/planning/printing***# and the second being based
on platelet concentrate therapy.’> While platelet-rich plasma
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ek period.* Very recently, it has been shown

to 6 months via heat treatment.”® Therefore, the
ed stability of PRF following thermal process-
was hypothesized to additionally lead to superior
mechanical properties if incorporated into custom
bone grafts.

This article also outlines a simplified, low-cost pro-
tocol for the fabrication of a custom 3-D bone block
made of particulate bone allograft in combination with
heat-treated PRE. Briefly following a 3-D scan, a digi-
tally planned 3-D custom bone mold was created and
incorporated with bone allograft and liquid PRE. Since
recent research has demonstrated the ability of heat
treatment of PRF to increase its mechanical stability,
the bone mold complex was put into an incubator at
37°C for 15 minutes to improve the mechanical stabil-
ity of the graft. Thereafter, the bone mold was removed,
and a custom bone graft with precise 3-D architecture,
improved mechanical strength, and comprising supra-
physiological concentrations of platelets and growth factors was
created. The following case report describes in detail the step-by-
step protocol utilized to create this low-cost custom bone allograft
complex, including living cells and growth factors with excellent
mechanical properties for bone augmentation procedures during
implant placement.

CASE REPORT
A 36-year-old male patient was seen in an initial consultation for 3
missing teeth, including the upper right central and lateral incisors
and upper right canine. The patient was medically healthy with
no contraindications to dental implant therapy. The edentulous
ridge (Figure 1) was sufficient for implant placement, but a buccal
continued on page xx
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Figure 1. Preoperative image of the eden-
tulous ridge.

Figure 5. Digital orientation of the digital
bone mold with the bone graft.
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Figure 2. A 3-D model of the pre-op ridge
and planned implant sites using CBCT
software.

view, showing the digital planning of the
guides, molds, implant, and bone graft
(shown in yellow).

Figure 9. Four platelet-rich fibrin (PRF)
membranes were prepared, along with 2
liquid-PRF tubes.
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deficiency requiring bone augmenta-
tion was noted. A digital impression
using a TRIOS scanner (3Shape) and a
CBCT scan were taken for diagnostic
records and the treatment planning
process.

Digital Planning for Implant Place-
ment and Creation of a Bone Mold
The DICOM data from the CBCT
scan and STL data from the intraoral
scan were then uploaded into the
planning software (Co-Diagnostix).
Implant positions were planned for
screw-retained restorations. Once
the implant positions were digitally
planned (Figure 2), additional bone
grafting was digitally created for
contour and long-term stability of
the implants. This was completed by

DENTISTRYTODAY.COM « OCTOBER 2020

2 vials of liq
allograft.

e models®f the implants
a out of the Co-Diagnostix
andintothe computer-aided
D) software (Meshmixer).
The size volume of the digital bone
graft was created and customized in
Meshmixer with ideal shape for the
specific site, making this a custom,
patient-specific graft (Figures 3 and
4). Four retention pins were digitally
placed into the bone model to help
stabilize the bone mold in the correct
axis/position (Figure 5). The modi-
fied models and bone graft were then
imported back into the CBCT plan-
ning software to create the cover of
the bone mold (Figure 6). The surgical
guide creation tool was used to fabri-
cate the cover of the bone mold. The
same software tool was then used to
create a pilot drill osteotomy guide
for the placement of 3 implants. The
bone mold (2 pieces) and the surgi-

Figure 3. A digitally modelled bone graft
over the ridge.

Figure 11. Sticky bone was inserted into
the bone mold.

cal guide were then exported for 3-D
printing in a surgical guide resin
material (Figures 7 and 8).

Surgical Protocol
The surgical guides and bone mold
were sterilized in an ethanol solution
and then rinsed with saline prior to
use. Local anesthesia was adminis-
tered, and 60 mL of blood was drawn
from the patient to help create the
carrier for the particulate bone to be
inserted into the mold. Two white
top tubes and 4 red top tubes (Vacu-
ette [Greiner Bio-One]) were used dur-
ing blood draw for the production
of liquid-PRF and solid-PRF, respec-
tively. Immediately upon drawing
the blood, the tubes were centrifuged
at 1,200 rpm for 12 minutes using a
Process Duo centrifuge. After the
spin cycle, PRF membranes were
made in a PRF box by compressing

Figure 4. A custom 3-D rendered digital
bone graft.

Figure 8. The 3-D printed bone mold in
2 pieces, and the implant surgical pilot
osteotomy guide.

Figure 12. The bone mold with incorpo-
rated sticky bone placed into an incubator
at 37°C.

the fibrin clots (Figure 9). The liquid
from the white tubes was drawn out
and mixed with 1.5 cm3 of cortical
allograft particulate bone to create
“sticky bone” (Figure 10). The sticky
bone was then inserted into the bone
mold to create a custom-shaped bone
graft (Figure 11). The mold was com-
pressed and then placed into a table-
top lab incubator set at 37°C for 15
minutes (Figure 12). The final result
can be seen in Figure 13.

While the customized bone graft
was being heated in the incubator,
implant placement was completed.
A full-thickness flap was elevated
(Figure 14), and the 3-D printed sur-
gical guide was inserted with all
pilot osteotomies completed under
saline irrigation (Figure 15). Three
Straumann Bone Level Tapered Rox-
olid SLActive RC implants (4.1 x 12

continued on page xx
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Figure 13. The custom-made 3-D bone
graft after 15 minutes. Note the stability
of the graft.

Figure 17. The custom, patient-specific
bone graft, shown here removed from the
mold. digital
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mm, 4.1 x 10 mm, and 4.1 x I0 mm)
were then inserted (Figure 16). The
custom bone graft was thenremoved
from the incubator and taken out
of the custom bone mold. Note the
excellent graft stability following
15 minutes of incubation (Figure
17). The custom 3-D bone graft was
then easily oriented and adapted
to the deficient ridge accordingly
(Figures 18 and 19). Four PRF mem-
branes were then utilized to cover
the bone graft to favor soft-tissue
wound healing (Figure 20). The flap
was then passively sutured closed
with 5-0 Prolene sutures (Figure
21). Four months post-surgery, heal-
ing abutments were placed, and the
final restorations were inserted at 5
months. The clinical photo in Fig-
ure 22, showing the final restorative
outcome, was taken at 8 months
post-surgery.

DISCUSSION
This article presents a step-by-step
protocol to facilitate bone grafting by
digitally preplanning/printing the
guides for the bone augmentation
procedure. For those clinicians who
already 3-D print surgical guides for
implant placement, the additional
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Figure 14. Elevated flap, exposing the pre-
op ridge. Note the narrow ridge requiring a
horizontal bone augmentation.

Figure 18. Occlusal view of the custom
bone graft in place as planned digitally.

Figure 15. Pilot osteotomies drilled with a
surgical guide.

Figure 22. Final restorations at 8 months
post-surgery.

method to 3-D print a bone grafting
mold is quick and easy, requiring a
simple blood draw and low cost.
Over the past decade, digital den-
tistry has been focused primarily on
improving implant dentistry. It has
certainly reduced patient chairside
time dramatically and improved
overall surgical accuracy, and
implant placement is achieved in a
more predictable fashion.>> Simply
put, clinicians are able to more accu-
rately place and restore implants
in their correct three-dimensional
axes. Furthermore, with the abil-
ity to easily print surgical guides in-

office, digital printing has become
more routine and widespread than
ever before, and this trend is only
expected to increase.

That being said, while drastic
improvements have been made
using digital technology in implant
dentistry, it remains intriguing to
note that the technology has not
been routinely adapted for bone
grafting procedures. Thus, while the
clinician is able to accurately preplan
implant positioning, implant size,
and implant placement and even cre-
ate the tools necessary to assist with
the alignment and axis of implant

Figure 16. Osteotomies and placement of
Straumann Bone Level Tapered Implants
(The previous implant was a specific
Straumann Implant. Is this the same one?
AG) placed with Loxim attachments.

Figure 20. PRF membranes placed over
the bone graft.

placement (surgical guides), no such
technology exists for bone grafting.
This is partially due to the following
2 reasons: (1) bone graft stability and
(2) bone graft vascularity. Therefore,
while theoretically it has been possi-
ble for years to create custom-shaped
molds for bone grafting materials,
the main limitation hasbeen tofinda
means to keep the particles together
(some sort of biological bone glue)
while utilizing biomaterials that
don’t cause a foreign body reaction.
The second option has been to uti-
lize a custom 3-D milled bone block
with exact sizing. However, the main
limitation with this graft is that it
lacked vascularity throughout the
graft, owing to its rather dense con-
sistency (for these reasons, typically,
particulate grafts of 400 to 1,200 pm
have been most frequently utilized
in regenerative dentistry to allow for
the ingrowth of blood vessels).

The simple technique presented
herein demonstrates the ability to
use particulate grafts with graft sta-
bility, owing to the improvements
related to PRE. This was based on pre-
vious work conducted by Kawase et
al'” that showed that heat treatment
with PRF resulted in its improved
stability and also extended resorp-
tion properties. In the present case,

continued on page xx
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this concept was utilized to create a
custom 3-D bone graft with excellent
mechanical handling. Simply, one
of the bone molds was preplanned
and created, the particulate allograft
was inserted, and the liquid-PRF
was inserted. Based on the work by
Kawase et al,’” this bone graft com-
plex was inserted into an incubator.
Following preclinical testing, it was
observed that roughly 15 minutes
was needed for the graft to form a
mechanically stable custom graft due
to the heating process. To hasten the
surgical procedure, phlebotomy and
fabrication of the custom bone graft
were performed prior to raising a
surgical flap. By the time the surgery
began and the implant osteotomies

...digital printing has
become more routine
and widespread than
ever before....

and their placement were finalized,
roughly 15 minutes had passed, and
the bone graft complex was ready for
use. Favorably, the entire bone aug-
mentation procedure was completed
in a few seconds: It simply required
the removal of the bone graft from
the mold and placement in the cor-
rect orientation on the bony ridge
(Figure 18).

Importantly, an incubator tem-
perature of 37°C was chosen. Since
it is known that proteins denature
and that cells begin to undergo apop-
tosis when they reach slightly more
elevated temperatures compared
to body temperature, the incubator
was set precisely at 37°C. This rela-
tively inexpensive piece of equip-
ment is available within our office,
next to the centrifuge, and they are
frequently utilized together for the
fabrication of custom bone grafts to
facilitate and speed up our surgical
procedures in a relatively straightfor-
ward, low-cost, and easy manner.

CLOSING COMMENTS
In conclusion, a step-by-step protocol
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was utilized to create this low-cost,
custom particulate bone allograft
complex, including living cells
and growth factors with excellent
mechanical properties for bone aug-
mentation procedures for implant
placement. The technique does not
require much additional planning
or printing time (especially for col-
leagues who already 3-D print their
own surgical guides in-office) and
drastically improves the speed, accu-
racy, and handling of the bone aug-
mentation procedure. 4+
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