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Surgical Planning using 3D Printed Anatomical

Models in a Complex Case of Dental Implants

Mohammed Husain, DDS’

Abstract

ental implant therapy in edentulous
Dpatient demonstrating significant alveo-
lar bone loss can be challenging and
may require augmentation using autogenous
block grafts such as that from the mandibu-
lar ramus. Harvesting of autogenous grafts

entails the possibility of additional morbidity,
including the risk of mandibular nerve injury.

This case report explores the usefulness of 3D
printed anatomic models as an adjunctive tool
in pre-surgical planning to minimize the risk of
additional morbidity associated with autoge-
nous ramus grafting. Reported benefits of the
3D printed anatomical model lied in the areas
of patient communication, improved morpho-
logical assessment and reduced outcome risk.

KEY WORDS: Treatment planning, digital dentistry, 3D printing, ramus, bone graft
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INTRODUCTION

Dental implant therapy for edentulous patients
with marked alveolar bone deficiency can be
a challenge. The presence of significant bony
defects, or poor quality alveolar bone can compro-
mise the long-term stability and success of den-
tal implants.'? Fortunately, a number of osseous
augmentation techniques are available to predict-
ably alter bone height and width, allowing patients
with even moderate-severe alveolar atrophy to
be eligible for implant therapy. Among these
augmentation techniques is the use of an autog-
enous block grafts from the mandibular ramus.

Autogenous bone grafts are generally seen
to be the gold standard for alveolar ridge aug-
mentation on account of their biocompatibility
and osteoinductivity and have a predictable out-
come.?™ In particular, mandibular block grafts
are favored for being primarily cortical bone,
which exhibit reduced resorption and show
good osseointegration at short healing times.®'
Furthermore, they are “locally” available, with
the donor and recipient site in the same sur-
gical field, reducing operative and anesthe-
sia time relative to extra-oral bone harvesting.”

Autogenous bone harvesting techniques, in
requiring a 2nd surgical site however, do typically
entall some increased morbidity relative to allo-
geneic techniques. For mandibular block grafts,
these include an increased likelihood of sensory
disturbances of the overlying mucosa and skin,
postoperative pain and swelling at the site of sur-
gery and possible loss of adjacent tooth vitality.'®
Of the common sites of autogenous bone harvest-
ing (mandibular symphysis, ramus, iliac crest and
calvarium), grafts from the ramus may be favored
for having the least associated morbidity.®'®

Given the proximity of the mandibular canal

to grafts harvested from the mandibular ramus,
knowledge of the inferior alveolar canal anatomy
is critical to prevent nerve injury.® 3D Cone Beam
CT (CBCT) imaging of the mandibular ramus
plays an important preoperative role in under-
standing the positioning of the mandibular canal,
and quantifying the amount of available bone that
can be safely grafted.” A more in-depth and
direct understanding of the relevant anatomy of
the mandibular ramus may now be obtained by
supplementing 3D imaging with the fabrication
of 3D printed anatomical models. These dimen-
sionally accurate models are based on CBCT
imaging data, and give the surgeon an opportu-
nity to directly interact with a physical replica of
the patient’'s anatomy, making it easier to under-
stand the morphological limitations at the site of
interest. They also offer the opportunity to perform
hands-on surgical planning, including a full mock
surgery, prior to the actual procedure. Surgeons
using stereolithographic models have reported
reduced operative time, improved treatment
planning, and more predictable outcomes.'®'®

3D printed stereolithographic models are
produced from most types of 3D imaging data,
such as that from a CBCT scanner. The imag-
ing data, must undergo a post-acquisition seg-
mentation process in which the area of interest
is separated from adjacent tissues. In the con-
text of dental applications, this usually entails
separating bone from neighboring soft tis-
sues. This segmentation process is done in
specialized 3D visualization software. Once
complete, a three-dimensional digital surface
model of the area of interest can be created in
a file format (STL) acceptable for 3D printing.

3D printing, technically known as additive
manufacturing, is a process by which a three-

The Journal of Implant & Advanced Clinical Dentistry ¢ 7



Figure 1: Pre-surgical radiograph showing deficient left
posterior mandible.

dimensional object is built by the successive lay-
ering of material under computerized control.
Stereolithography is one among many different
types of 3D printing, known for its ability to cre-
ate complex shapes with high resolution.20
It is distinguished from other types of 3D print-
ing by the use of an ultraviolet laser which suc-
cessively cures thin layers of photopolymer resin
onto a build platform to create a 3D object.20

Applications of 3D printing in dentistry are
increasing. Surgical guides for enhanced preci-
sion of dental implant placement are commonly
produced using stereolithography. Anatomi-
cal models for mandibular reconstructive sur-
gery have long been used for the pre-bending
of reconstructive plates prior to surgery. The
pre-bending of titanium meshes for guided
bone formation is also sometimes performed on
anatomical models. We present a novel appli-
cation of a 3D printed anatomical model in a
complex case of implant rehabilitation involv-
ing bone harvesting from the mandibular ramus.

8 « Vol.11,No.1 * April 2019

Figure 2: Pre-surgical CBCT showing axial and sagittal
views of left posterior mandible.

CASE REPORT

A 40-year-old healthy female patient presented
with the chief complaint of esthetic compromise
and difficulty chewing on her left side due to tooth
loss lasting over 25 years. She had no signifi-
cant medical history or systemic disease. Intraoral
examination showed moderate supraeruption of
teeth #13-15. The panoramic radiograph showed
moderate loss of vertical height in the posterior
left mandible in the area of teeth #18-20 (Figure
1). CBCT imaging of the posterior left mandible
was acquired with the Morita Accuitomo 170
scanner (J. Morita, Kyoto, Japan) using a 4 cm x
4 cm FOV. The scan showed a superior course
of the mandibular canal through the left mandib-
ular body, leaving approximately 3-5 mm of avail-
able alveolar ridge height for implants (Figure
2). Virtual (in-silico) treatment planning on the
CBCT scan in this area also demonstrated varied
degrees of alveolar bone deficiency (Figure 3).

The final treatment plan for the patient
included alveolar and occlusal plane repositioning
in the posterior left maxillary arch and implant sup-



Figure 5: 3D printed model of mandible.

ported restorations in the opposing left posterior
mandible. In preparation for the dental implants,
vertical alveolar ridge augmentation in the left
mandible was planned using a mandibular ramus
graft from the contralateral side. However, buc-

Figure 4: Digital representation of planned 3D printed
model.

Figure 6: Mock ramus bone harvesting surgery was
performed on the anatomic model.

cal positioning of the mandibular canal in the area
of the donor site raised concerns regarding the
potential of mandibular canal violation during the
bone harvesting surgery. 3D printed anatomic
models were sought for hands-on surgical plan-

The Journal of Implant & Advanced Clinical Dentistry * 9



Figure 7: Right-sided ramus graft was harvested, and onlay
grafts were placed in the area of missing teeth #18-20.

Figure 9: Virtual (In silico) treatment planning was
performed on the 5-month follow up CBCT scan.

10 « Vol.11,No.1 « April 2019

Figure 8: CBCT imaging performed at 5 months. Evidence
of block graft osseointegration was noted.

ning and more precise visualization of the mandib-
ular nerve to avoid injury. To create an appropriate
anatomic model, larger FOV CBCT imaging was
required to encompass the ascending rami.
This was done utilizing a 10 cm x 10 cm FOV
on the Morita Accuitomo 170 CBCT scanner.

The CBCT imaging data (DICOM) from the
large FOV scan was exported and post-processed
in two stages using two different 3D visualiza-
tion software programs. The first stage of post-
processing was done in the MD studio module
of the Invivo 5 (Anatomage, San Jose, CA) soft-
ware, where the specialized “pipe” tool was used
for the segmentation of the mandibular canal.
After the mandibular canal was segmented, the
DICOM data was reexported and uploaded
into Slicer. In this 2nd stage, the remainder of
the mandible was segmented from the adjacent
soft tissue, and a 3D surface model of the man-
dible was created and exported as an STL file
(Figure 4). The 3D surface model (STL) was



Figure 10: One year follow up PA imaging of surgical site.

then sent to the Formlabs 1+ SLA printer (Form-
labs, Somerville, MA) for 3D printing (Figure 5).

The final anatomic model was printed using
a transparent resin that would allow clear visu-
alization of the mandibular canal. Once in the
hands of the surgeon, a mock ramus bone har-
vesting surgery was performed on the anatomic
model (Figure 6). This allowed him to verify
clearance of his osteotomy from the mandibu-
lar canal. Also, surgical templates of the size and
shape of the block graft were developed from
the anatomical model to guide the actual surgery.

Having comprehensively planned the bone
harvesting surgery, the actual procedure pro-
ceeded without complication. A right-sided
ramus graft was harvested, and onlay grafts
were placed in the area of missing teeth #18-20
(Figure 7). The onlay graft was fixated with mul-
tiple surgical screws. The patient experienced
mild-moderate swelling and discomfort bilaterally
following surgery, which resolved in approximately

Figure 11: Two year follow up CBCT imaging of surgical
site.

2 weeks. No report of neurosensory alteration, loss
of tooth vitality or other significant complication
occurred following the procedure. After grafting,
the patient returned in 5 months to evaluate the
osseointegration of the graft. At this time, CBCT
imaging was again performed, and evidence of
block graft osseointegration was noted (Figure 8).

Virtual (In silico) treatment planning was per-
formed on the 5-month follow up CBCT scan
(Figure 9), to verify adequate gain in alveo-
lar volume necessary to proceed with implant
placement. The virtual plan was then exported
to fabricate a surgical guide, in order to bet-
ter execute the planned implant positioning dur-
ing surgery. Using the surgical guide, three
Dentium Superline implants (Dentium Co., Suwon,
Korea) measuring 4.5 x 8 mm, 5 x 8 mm and
5 x 8 mm were placed at the areas of miss-
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ing teeth #18-20. One year follow up PA imag-
ing (Figure 10) and two year follow up CBCT
imaging (Figure 11) show successful osseoin-
tegration, screw removal and final restoration.

DISCUSSION

Alveolar bone deficiency is a common sequela of
periodontal disease and tooth loss. In such cases,
rehabilitation with dental implants may involve
alveolar ridge augmentation using autogenous
mandibular block grafts. Autogenous grafts, such
as that harvested from the mandibular ramus, are
often preferred for their osteoinductive and osteo-
genic potential’. Autogenous grafting, however,
entails the possibility of additional morbidity. In
particular, for ramus grafts concern arises about
the proximity of the mandibular canal. 3D printed
anatomic models in conjunction with CBCT
imaging, may minimize the additional morbidity
associated with autogenous grafting by allow-
ing for better visualization of mandibular morphol-
ogy and more comprehensive surgical planning.

In the case presented, the surgeon reported
that the use of the stereolithographic anatomic
model was highly beneficial in obtaining a suc-
cessful outcome. Benefits were described largely
in four areas: patient communication, treatment
planning, surgical execution and the predictability
of the outcome. The anatomic model served as an
effective communication tool that gave the patient
the ability to visualize directly what is otherwise
abstract and difficult for a layperson to understand
on radiographs. The morphology of the edentulous
area and the location of the mandibular canal were
easily comprehensible to the patient on a life-sized
model. As a result, the patient could better under-
stand the limits and risks of surgery as well as
its advantages, enabling her to offer more mean-

12 « Vol.11,No.1 « April 2019

ingful consent to the proposed treatment plan.

From a treatment planning perspective, the sur-
geon found it easier to appreciate the limitations
of the patient's mandibular morphology through
direct visualization on an anatomic model, particu-
larly as it related to the position of the mandibular
canal. This allowed the surgeon to set appropri-
ate expectations for surgery, and treatment plan
more appropriately in advance of the procedure.

The ability to perform a mock surgery on the
anatomic model was seen to have additional
benefits in improving intra-surgical control and
predictability of the outcome. The mock sur-
gery offered an opportunity to test the viability of
the surgical plan, reducing outcome risk. It also
offered the opportunity to develop custom sur-
gical templates of the block grafts to guide the
actual bone harvesting surgery. Finally, perform-
ing a simulation surgery on a dimensionally accu-
rate model improved the surgeon’s confidence,
accuracy and efficiency during surgery, factors
important for the success of the final outcome. @
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Tilted Implant Placement for Rehabilitation

of Severe Atrophic Maxilla
Supported by Finite Element Analysis

Dr. Venkat Ratna Nag' - Dr. P. Sarika?
Dr. Tejashree Bhagwatkar? « Dr. Vasantha Dhara*

Abstract

Background: Tilted implants have been
used for rehabilitation of maxillary edentu-
lous arches. The purpose of this article is
to evaluate the clinical outcome of tilted
implants where 6 implants are placed in max-
illa and restored with screw retained prosthesis.

Methods: 20 patients who underwent tilted
implant placement in the maxilla followed by
delayed loading and 20 patients who under-
went the same surgery followed by immedi-
ate loading were considered for the study.
The all-tilt implant concept was supported by
Finite element analysis comparing stress dis-
tribution on cortical and cancellous bone with
All-on-4 concept for maxillary arch. Marginal

peri-implant bone loss was calculated post
1 year and 3 year period for both the groups.

Results: The difference in the 3 year post load-
ing marginal peri-implant bone loss between
delayed and immediate loading groups
was found to be insignificant using 6 tilted
implants design. The FEA based von Misses
stress, shows higher values for All-on-4 when
compared with 6 Tilted implants design.

Conclusions: Tilted implants design when

executed  precisely, shows 100%  sur-
vival rate in implants and prosthesis, in
both the delayed and immediate load-

ing  protocols of maxillary rehabilitation.

KEY WORDS: Tilted implants, All-On-6, pterygoid dental implant, finite stress analysis
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INTRODUCTION

The early loss of maxillary posterior teeth leads
to maxillary sinus pneumatization, reducing the
alveolar ridge height, and thus posing chal-
lenge for implant placement.! Recently, dental
implant supported prostheses (implant overden-
tures) have offered many advantages such as
improved retention and support, better speech,
and enhanced mastication ability when compared
to the conventional methods.?>** It is considered
as cheaper option but they may require more
involved maintenance, thus rendering removable
treatment not so economical as it may appear.®

The All-on-4 implant concept (Nobel Bio-
care, Goteborg, Sweden) was developed by
Paulo Malo which includes 2 axial and 2 tilted
implants. It is limited by the presence of distal
cantilever that makes rehabilitation challenging
without the use of more complex surgical proce-
dure in the maxilla.® The tilted implant concept
has been used for rehabilitation of edentulous
jaws. The evolution of tilted implants has occurred
as a graftless solution avoiding major anatomic
structures while achieving bicortical stabilization.
Numerous studies have evaluated tilted implant-
prosthetic framework with decent follow up years,
producing success rates of 95-100%. Configu-
rations of All-on-4 and All-on-6 have been docu-
mented in literature with studies done on stress
configuration and crestal bone loss. Babbush et
al.’ retrospectively studied 708 implants placed at
an angle in 165 patients and reported cumulative
survival rate of 99.6% (99.3% in maxilla & 100%
in mandible) for up to 29 months of loading. Defi-
nite prosthesis survival rate was 100%. Crespi et
al.,® reported 98.96% of implant survival rate after
three years from loading for 24 maxillary rehabili-
tations without any prosthetic complete failure.
Rosen and Gynther® evaluated retrospectively

the surgical outcome of tilted implants in severely
resorbed edentulous maxilla as an alternative
to bone grafting. They demonstrated that such
patients can be treated successfully with success
rate of 97% in 103 implants of 19 patients over
long term follow up of 10 year (mean). Penarro-
cha-Oltra et al.,'® concluded that tilted implants,
both used alone or combined with axially placed
implants, and rehabilitated with different pros-
thetic options, have high success rates, mini-
mal complications and high patient satisfaction.

It has been highlighted that better bone
implant contact and stress distribution are
achieved by tilting of implants; and by using 6
implants concept, stabilization and elimination
of cantilever is possible. In this study, 6 tilted
implants were placed subcrestally (length of
16mm-25mm) (30-45° angulation) in anterior
and posterior regions of maxilla with nasal cor-
tex engagement and pterygoid pillar engage-
ment respectively. The implants were placed
flapless. Implants were immediately loaded
(IL) within 48 hours in most of the cases where
good primary stability was achieved."'? In
the other cases, the delayed protocol was fol-
lowed (3 months) for remodeling of bone
around implant and Osseo integration.?'3'

The aim of this study was to compare the
clinical outcome of 6 tilted implants between
two groups: Delayed (Group A) and Immedi-
ate (Group B) loading. The null hypothesis of
this study was that there is no difference in the
outcome between the two protocols using this
technique. This study was also supported by
a finite element analysis for better understand-
ing the stress on cortical and cancellous bone
in 6 tilted implant design concept when com-
pared to All-on-4 concept for maxillary arch.
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Figure 1c: Pre-surgical radiograph of Case 3.

MATERIALS AND METHODS

Patients were selected between age groups of
35-80 years, with good general health and no
contraindications to any surgical procedure who
underwent 6 tilted implants placement for edentu-
lous maxilla. Exclusion criteria for the study were
patients unable to commit for 4 years follow-up.
Informed consent was taken from all the patients
after they agreed for the treatment and follow
up protocol of the study. Implant placement with
4 year follow up was performed at Institute for
Dental Implantology, Hyderabad, INDIA, from April
2013 to October 2018. The implants used were
Bioline-i Implants (Bioline Dental GmbH & Co.
KG- Germany). All patients were subjected to stan-
dard pre-surgical workup of panoramic radiograph
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Figure 1d: Pre-surgical radiograph of Case 4.

and computed tomography for the assessment
of vital structure and bone density after which they
underwent tilted implant placement in the maxilla.
Patients were then divided into two groups, Group
1 (patients in whom primary stability of 40Ncm
was achieved on implant placement) and Group 2
(primary stability of 65Ncm) as per the respective
delayed and immediate protocol (Figures 1a-1d).

SURGICAL PROTOCOL

A metal surgical guide was used to shows the
angulation of drills required at the planned six sur-
gical sites of implants placement (Canine, sec-
ond premolar, first/second molar). Radiographic
assessment to visualize the direction of the drill
into the bone and its relation to the anatomic



Figure 4a: All-on-4 implant concept of load application
(red lines). Rigid fixation restriction in the upper maxilla
(green lines).

structures was done intraoperatively (i.e ahead
of the anterior wall of maxillary sinus and beyond
the posterior wall of maxillary sinus with ade-
quate Anterior-Posterior space). A depth gauge
was used to finalize the length of the implant by
nasal cortical proprioception confirmed with
RadioVisioGraphy. The selected implant was
placed following the concept of osseodentifi-
cation. The primary stability of the implant was

Figure 4b: 6 tilted implant concept of load application (red
lines). Rigid fixation restriction in the upper maxilla (green
lines).

then checked with the torque test to determine
the loading protocol. Thus, 2 tilted implants were
placed in the premaxilla engaging the alveo-
lar and nasal cortex and 1 pterygoid implant in
the posterior maxilla (Bicortical engagement).
The same procedure of placement of the three
implants were done on the other side. All the six
implants were placed subcrestally in a flapless
manner.’”® Implants were torqued and the values
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Figure 5a: All-on-4 finite stress analysis in cortical bone.

Figure 6a: 6 tilted implants in cortical bone.

were recorded to categorized the patients for
loading protocol. Standard Postoperative care
was advised for patients. Group A patients was
asked to report for follow up after a week’s time.

PROSTHETIC PROTOCOL

After surgical intervention on the same day of
surgery, multi-units were placed (30/40/50°
etc.) to compensate the angulation of tilted

18 « Vol.11,No.1 « April 2019

Figure 5b: All-on-4 finite stress analysis in cancellous
bone.

Figure 6b: Tilted implants in cancellous bone.

implants. For patients under Group A, Alginate
impressions were taken and bite was recorded
in centric relation. Immediate provisionalization
was done with self-cure acrylic and cemented
with provisional cement (IRM). A definitive
prosthesis was planned after 3-4 months.

For the group B patients, final prosthetic
rehabilitation procedures were started imme-
diately after implant placement. The phase of




Table 1: Stress distribution on Peri-implant bone by various concepts.

Stress By Implants

Cortical Bone

Cancellous Bone

Max (Mpa) Min (Mpa) Max (MPa) Min (MPa)
All-on-4 198.572 22.011 17.397 1.8502
Tilted Implants 76.048 12.204 12.073 0858

impression taking with transfer copings, Jig trial,
metal framework trial followed by placement of
final prosthesis using CAD-CAM technology for
design and fabrication of screw retained per-
manent prosthesis was done within 2-5 days.

After 1 year of definitive prostheses loading
in both the groups, the patients were recalled
and prostheses removed, and checked for
implant  stability. Periapical radiographs and
panoramic x-rays were taken to check for the
crestal bone loss. Occlusion was checked.
These patients were recalled up to 3 years and
above mentioned observational protocol was
followed for routine evaluation at every visit.

FINITE ELEMENT ANALYSIS

In a parallel study, three-dimensional finite element
models of maxilla with tilted implants were used to
investigate the amount and distribution of stress
in maxilla both cortical and cancellous bone. The
3D model of maxilla was developed from the com-
puterized tomography (CT) data of a patient. In
the maxillary model six implants with diameter of
3.75 mm and 18 mm length were placed with two

tilted implants being modelled at the canine, two
at the second premolar position and two implant
at the first/second molar position i.e pterygoid
implant (Figures 2,3). CAD images of implants
and prosthetic components were supplied by the
manufacturer (Bioline dental GmbH & Co. KG
Akazien str.” 16356 Germany).Another pair of
similar models were made with four implants in
the maxillary arch to simulate the All-on-4 concept
of implant placement. Boundary conditions were
fixed, by constraining the movement of the periph-
eral nodes and the properties were given to the
designed models to simulate the clinical situation
(Figures 4a,b). In total, 2 models were made for
the “Tilted implants (6 in number)” and “All-on-4"

IMPLANT SURVIVAL CRITERIA

The survival of the implant was based on the
implant stability, absence of pain and infec-
tion, radiographic analysis in the 1styear and
3rdyear follow up. No implant failure was noted
during the follow up. Peri-implant bone level
was evaluated for the 1st year and 3rd year
using the orthopantomograph. A line was traced
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Figure 7a: Radiograph of treated patient immediately
after surgery.

Figure 7c: Radiograph of treated patient 3 years after
surgery.

from the implant/ prosthetic restoration junc-
tion to the bone crest on the mesial and dis-
tal sides of each implant which was measured
using the Image J software. The mean bone loss
values were recorded from each radiograph.'®

RESULTS

Modelling with Numerical analysis
The results of the numerical analysis were
as follows: the maximum von Mises stress
recorded in the All-on-4 model were
198.572Mpa and 17.397Mpa for cortical and
cancellous bone respectively (Figures 5a,b),
whereas the maximum stress recorded in the
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Figure 7b: Radiograph of treated patient 1 year after
surgery.

“6 Tilted implants” model was 76.048Mpa
and 12.073Mpa for cortical and cancellous
bone respectively (Figures 6ab) (Table 1).

CLINICAL FOLLOW UP

All the 40 patients showed for follow up.
Out of 40 patients, a few patients showed
mucositis which was treated. Another com-
plication noted was chipping of the ceramic lay-
ering in both the groups, which occurred after
2 years of follow up. In this case the prosthe-
ses were removed and a new prosthesis given.

MARGINAL BONE LOSS

Peri-implant bone loss data for 1st year and 3rd
year in both the groups were compared (Fig-
ures 7a-10c). There was no statistically sig-
nificant difference of marginal bone levels in
the 1 year follow up (p=0.428) (Table 2 and
Graph 1) and 3 year follow up (p=0.195) (Table
3 and Graph 2) periods for both the groups.

DISCUSSION

The “All-on-4" concept provides rehabilita-
tion of a fully edentulous jaw which has minimal



Figure 8a: Radiograph of treated patient immediately after
surgery.

Figure 8c: Radiograph of treated patient 3 years after
surgery.

Figure 9b: Radiograph of treated patient 1 year after
surgery.

Figure 8b: Radiograph of treated patient 1 year after
surgery.

Figure 9a: Radiograph of treated patient immediately
after surgery.

Figure 9c: Radiograph of treated patient 3 years after
surgery.
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Figure 10a: Radiograph of treated patient immediately
after surgery.

Figure 10c: Radiograph of treated patient 3 years after
surgery.

bone volume. Although the procedure requires
short treatment intervals, low cost, it has certain
mechanical limitations.'”'® In the Tilted implants
concept, 6 tilted implants were placed with bicor-
tical engagement and sufficient A-P spread.

Screw retained prosthetic solutions with cross
arch stabilization were provided. This design
has been suggested to be the most predictable
restorative option for immediate loading.'*?° Gen-
erally when torque values of more than 50Ncm
are achieved, immediate loading is possible. The
6 tilted implants design avoids vital anatomic
structures, maintains marginal bone levels, mini-
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Figure 10b: Radiograph of treated patient 1 year after
surgery.

mizes need for grafting procedures, and elimi-
nates distal cantilevers with greater distribution of
implant connections thus providing bio-mechani-
cal advantage. The finite analysis concluded that
the load dissipated on cortical and cancellous
bone was less than All-on-4. Immediate load-
ing requires minimal torque values of 35-40
Ncm without rotation. This prerequisite when
combined with a carefully designed cross-arch-
stabilized interim hybrid prosthesis with minimal
cantilevers will provide the greatest chance for
success with tilted implants.?'2* Thus broad dis-
tribution of tilted implants will be beneficial from
both a biomechanical and restorative standpoint.

Malo et al.?*® performed a study on tilted
implants with 20 to 25 mm of length with bicorti-
cal anchorage for prosthetic rehabilitation of com-
plete edentulous jaws. In their study, none of the
implants failed rendering a cumulative implant sur-
vival rate of 100% along with low marginal bone
remodeling and low incidence of complications.

Cavalli et al.?® carried out a study to assess
the treatment outcome of both tilted and axi-
ally placed implants in the edentulous maxilla.
The study reported no implant failures were



Table 2: One-year follow-up mean values of the radiographic peri-implant
marginal bone levels in immediate and delayed groups.

Groups n Mean (SD)
Delayed 20 0.1810 (0.0296)
Immediate 20 0.1898 (0.0388)
tvalue 0.801
p value 0.428 (NS)

Independent t test; NS-Non-significant

One-year follow-up mean values of the
radiographic peri-implant marginal bone

032 0.1898

0.18
016
.14
0,12

.1
D08
0.06
004
0.02

0.181

Immeadiate Delayed

Graph 1: Showing one-year follow-up mean values of radiographic marginal bone levels
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Table 3: Three-year follow-up mean values of the radiographic peri-implant
marginal bone levels in immediate and delayed groups.

Groups n Mean (SD)
Delayed 20 0.1903 (0.0313)
Immediate 20 0.2038 (0.0334)
tvalue 1.320
p value 0.195 (NS)
Independent t test; NS-Non-significant

Three-year follow-up mean values of the
radiographic peri-implant marginal bone
0.25
0.2038
o 0.1903
0.15
0.1
0.05
0
Immediate Delayed

Graph 2: Showing three-year follow-up mean values of radiographic marginal bone levels
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recorded in immediate loading, leading to a
cumulative implant survival rate of 100% and
could be considered a viable treatment option.

Curi et al.’® performed a retrospective
study for implant and prosthesis survival rates
of pterygoid implants with delayed loading
found overall pterygoid survival rate is 99%
and prosthesis survival rate was 97.7%. Also
concluded placement of implants in ptery-
goid region is alternative treatment modality.

Toljanic et al.?” retrospectively com-
pared long-term outcomes for immediately
loaded tilted and axial implants placed in
the posterior maxilla and concluded that
predictable long term implant rehabilita-
tion can be achieved for immediate loading.

Menini et al.?® performed a meta-anal-
ysis study to evaluate the outcome of
straight and tilted implants for rehabilita-
tion of edentulous maxilla after at least 1 year
of function. Tilted implants demonstrated
a favorable prognosis in full-arch immedi-
ate loading rehabilitations of the maxillae.

One of the limitations of the present study
is that the number of patients included is less
to detect statistically significant differences in
prostheses/implant failures. The follow-up of
3 years could be a shorter time to predict the
long-term outcome of “Tilted implants” con-
cept. To improve the more reliability of this
concept, more long term studies are to be
performed and proposed by experienced den-
tists in their practice. Even though, the results
of immediate loading and delayed loading are
not significantly different, implant placement
protocol varies with primary stability achieved.

CONCLUSION

In the current study, the tilted implant (with 6
implants) concept of full mouth restoration in
delayed loading and immediate protocol showed
100% survival rate, supported by a very mini-
mal cortical and cancellous bone loss using
finite element analysis. “Tilted implants” thus
is proven to be a clinically effective treatment
option in severe atrophic maxilla if planned accu-
rately, bypassing few complicated and expen-
sive bone augmentation procedures, sinus
lifts which would be otherwise indicated. ®
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Abstract

enerally, extracted teeth have been dis-

carded as infective medical dusts in the

world. While human bone autograft was
done in 19th century, human dentin autograft for
bone augmentation was reported in 2003. Dentin
matrix like bone has the inborn chemical and physi-
cal properties to attract progenitor cells and induce
them to generate new bone. Both decalcified
bone and decalcified dentin are composed of pre-
dominantly type | collagen (95%) and the remain-
ing as non-collagenous proteins including small

amount of growth factors. The coagulation action
of blood plasma by both decalcified bone and den-
tin are advantageous during surgical procedures.

This series of clinical cases describes a
novel procedure of prosthodontic management
of the fractured maxillary central incisors using
two stage implants reinforced with autogenous
dentin graft obtained by immediate transforma-
tion of extracted teeth. Results demonstrated
that autogenous dentin could be recycled as an
innovative biomaterial for local bone engineering.

KEY WORDS: Atraumatic extraction, Smart dentin grinder, autogenous particulate dentin graft,
osseointegration, implants
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Figure 1a: Intraoral frontal view in occlusion.

Figure 2: Atraumatic extraction of maxillary central

incisors.

INTRODUCTION

Bone grafts (autogenous, allogenic, xenoge-
neic and alloplastic materials) have been used
for regeneration of dentoalveolar defects for
quite some time. While human bone autograft
was first used in the 19th century, human den-
tin autograft for bone augmentation was first
reported in 2003." In 2009, Korea Tooth Bank
was established in Seoul for the processing

Kamal et al

Figure 1b: IOPA showing fractured maxillary central
incisors.

of the tooth-derived materials, and an innova-
tive medical service was begun for bone regen-
eration. Recently, tooth-derived materials have
become a realistic alternative to bone grafting
and have been a huge success with clinicians
and patients owing to the excellent osteoconduc-
tive and osteoinductive properties of the graft and
an almost nonexistent host tissue reaction. Den-
tin matrix, like bone, has the inborn chemical and
physical properties to attract progenitor cells and
induce them to generate new bone. At least 90%
of organic content of dentin is type | collagen,
which plays an important role in bone formation
and mineralization.?® The coagulation action of
blood plasma by both decalcified bone and dentin
are advantageous during surgical procedures.*®

This clinical case series describes a novel
procedure of prosthodontic management of
the fractured maxillary central incisors using
two stage implants reinforced with autogenous
dentin graft obtained by immediate transfor-
mation of extracted teeth. Three patients were
treated by similar procedures. The patients
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Figure 3a: Smart Dentin Grinder.

were reevaluated for implant survival and pros-
thesis success after a period of one year.

CASE 1

A 21 year old patient reported to our Dental
Centre with chief complaints of pain and mobil-
ity in upper front teeth since last ten months post
trauma. The patient was a nonsmoker with good
oral hygiene and had no remarkable medical his-
tory. Clinical examination revealed grade |ll mobile
maxillary central incisors (Figure 1a). Radiologi-
cal examination showed a fracture of maxillary
central incisors at the apical third of the roots
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Figure 3b: Milling of teeth.

(Figure 1b). After consulting an endodontist, a
treatment plan was formulated which included
atraumatic extraction of maxillary central incisors,
preparation of autogenous dentin graft for bone
augmentation, two stage implant placement and
functional rehabilitation with fixed prosthesis.

PROCEDURE

Maxillary and mandibular diagnostic impressions
were made with irreversible hydrocolloid (Plastal-
gin, Septodont, France) and poured in dental
stone (Kalstone, Kalabhai, India). The casts were
articulated and diagnostic wax up was done to
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Figure 3c: Drawer that collects particulate dentin.

rehearse a proposed restorative plan and explain
the intended procedure to the patient. Informed
consent was taken from the patient and the maxil-
lary central incisors were atraumatically extracted
(Figure 2). Immediately after extraction, the peri-
odontal ligament, enamel and cementum of the
extracted teeth were removed with a tungsten
bur. The teeth were rinsed with distilled water and
were subjected to milling in a smart dentin grinder
(Kometa Bio) (Figures 3a-d). The grinder takes
3-4 seconds to grind the dentin. A vibrating move-
ment of the grinding chamber for 20 seconds lets
the particles of less than 1200um fall through a
sieve to a lower chamber. The particles less than
300 pum fall into a waste drawer as their dimen-
sions are non-efficient for bone grafting. The par-
ticulate matter in the range of 300 to 1200 pm
hence retrieved was treated with a dentin cleanser
(0.5M of NaOH and 30% alcohol) for ten minutes
in a sterile glass container which dissolves most
of the organic debris, bacteria and toxins but does
not harm the dentin collagen. The particulate mat-

Figure 3d: The particulate dentin graft.

ter was then rinsed for one minute in phosphate
buffered saline which adds phosphates which is
important for bio-activeness. The wet particulate
was placed on a hot plate (1400°) for five minutes
and the dry bacteria free autologous dentin graft
was obtained. The process from tooth extraction
upto grafting takes approximately 15-20 minutes.

Two 3.8 mm x 13mm two stage implants
(Equinox, Myriad Plus) were placed in accordance
with the standard implant surgical protocols in
the extraction sockets of maxillary central inci-
sors (Figure 4a), primary stability was achieved
by wrenching the implant into the bone beyond
the apex of the socket and the autogenous den-
tin graft was compacted in the space around the
implants (Figure 4b). Interrupted non resorbable
3-0 silk sutures were placed to achieve primary
closure. Post-operative instructions were given to
the patient and sutures were removed after one
week. A second stage surgery was performed
after four months. The angulated abutments were
screwed and the implant stability was measured
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Figure 4a: Placement of two 3.8mm x 13mm implants and
autogenous dentin graft in fresh extraction sockets.

by using Periotest (Ostell Mentor, Goteborg,
Sweden). Pleasing smile was achieved by por-
celain fused to metal crowns in relation to 11
and 21 (Figures 5a,b). The patient was function-
ally and aesthetically satisfied with the implant
fixed prosthesis. A one year follow up showed
good esthetics, osseointegration and mainte-
nance of bone around the implants (Figures 6a,b).

CASE 2
A 25 year old male patient reported with chief

complaints of missing front upper teeth 6
months post trauma. The patient had good
oral hygiene and no relevant medical history.
Radiological examination revealed retained
apical half roots segments of both the maxil-
lary central incisors which were atraumatically
extracted and used as a dentin graft. The rest
of the procedure was similar to that of Case 1.

CASE 3

32 - Vol.11,No.1 * April 2019

Figure 4b: Placement of two 3.8mm x 13mm implants and
autogenous dentin graft in fresh extraction sockets.

A 30 year old patient reported with chief com-
plaints of fractured upper front teeth 6 months
post trauma. Clinical examination revealed frac-
tured maxillary central incisors below the level of
cementoenamel junction. The roots were atrau-
matically extracted and the routine procedures of
dentin graft and implant placement were followed.

DISCUSSION

Autogenous dentin graft is an innovative mate-
rial owing to its very similar physical and chemical
components when compared to bone. Both tooth
and alveolar bone are derived from neural crest
cells and are made up of the same Type | colla-
gen. Furthermore, dentin contains BMPs, which
induce bone formation and non-collagenous pro-
teins such as osteocalcin, osteonectin, and dentin
phosphoprotein.® Autogenous bone graft is ideal
for the reconstruction of hard tissue defects as it
has osteoconductive, osteoinductive and osseoin-
tegrative capacities. It does not trigger a foreign



Figure 5a: IOPA showing implants immediately after
surgery.

body reaction and also ensures fast healing. How-
ever, it is difficult to obtain a sufficient amount and
secondary defect develops in the donor site.” On
the other hand xenograft is not popular because
of immune rejection response and high cost.®
Kim et al.? introduced a bone graft material using
extracted auto tooth as a new bone graft material
to overcome the disadvantages of other grafts.

Auto tooth bone graft materials are of block
and granular types. The block type has osteo-
induction capacity via blood wettability and
has osteoconduction capacity via space main-
taining and creeping substitution. It is remod-

Kamal et al

Figure 5b: Radiograph after one year showing no bone loss
around implants.

eled by maintaining space during a specific
period. The granular type is available in various
sizes of particles, porosity between powders."

An immediate implant placement was
planned in our cases to reduce the time and
cost of therapy and surgical episodes and to
preserve the bone and gingival tissues. The
greatest rate of bone resorption occurs dur-
ing the first six months following tooth extrac-
tion unless an implant is placed or a socket
augmentation procedure performed. The early
maintenance of gingival form greatly facilitates
the peri-implant gingival tissue esthetics by
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Figure 6a: Porcelain fused to metal crowns in situ.

maintaining support for the interdental papillae.

Currently, all extracted teeth are consid-
ered a clinical waste and therefore are simply
discarded.’® The above explained procedure
recycles the freshly extracted teeth into a bacte-
ria free particulate autogenous mineralized den-
tin for immediate grafting with the help of Smart
Dentin Grinder. lke and Urist'' described that
particulate dentinal graft obtained from extracted
teeth is used as a carrier of rhBMP-2 because
it induces new bone formation in the periodon-
tium. The demineralized treatment of bone and
dentin decreased their antigenicity.'> They pos-
sess the ability to coagulate platelet free hepa-
rinized, citrated and oxygenated plasmas.'®'*
The extracted non-functional or periodontally
involved teeth should not be discarded anymore.
Extracted teeth can become an autogenous den-
tin ready to be grafted within 15 minutes after
extraction. Autogenous dentin is the gold stan-
dard graft for socket preservation, bone aug-
mentation in sinuses or filing bone defects.
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Figure 6b: Porcelain fused to metal crowns in situ.

CONCLUSION

There are various bone graft materials available
in the market today. In particular, auto tooth bone
graft material has been studied aggressively as
a material to overcome the disadvantages of
allograft, xenograft and synthetic graft without los-
ing bone regeneration capacity like autogenous
bone. In clinical applications, auto tooth bone graft
material does not have genetic and infectious
risks, provides good bone generation through
osteoinduction and osteoconduction as well
as excellent initial bone remodeling capacity. ®
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