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Figure 1a: Pre-surgical radiograph of Case 1.

Figure 1b: Pre-surgical radiograph of Case 2.

Figure 1c: Pre-surgical radiograph of Case 3.

Figure 1d: Pre-surgical radiograph of Case 4.

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 edentulous 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 standard pre-surgical workup of panoramic radiograph
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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 surgical sites of implants placement (Canine, second premolar, first/second molar). Radiographic
assessment to visualize the direction of the drill
into the bone and its relation to the anatomic
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Figure 2: Model showing All-on-4 concept.

Figure 3: Model showing the 6 tilted implant concept.

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

Figure 4b: 6 tilted 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 adequate 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 osseodentification. The primary stability of the implant was

then checked with the torque test to determine
the loading protocol. Thus, 2 tilted implants were
placed in the premaxilla engaging the alveolar 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.15 Implants were torqued and the values
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Figure 5a: All-on-4 finite stress analysis in cortical bone.

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

Figure 6a: 6 tilted implants in cortical bone.

Figure 6b: Tilted implants in cancellous 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.

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 immediately after implant placement. The phase of

PROSTHETIC PROTOCOL
After surgical intervention on the same day of
surgery, multi-units were placed (30/40/50º
etc.) to compensate the angulation of tilted
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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 permanent 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 computerized 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.7 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 peripheral 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 infection, 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 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 6a,b) (Table 1).

CLINICAL FOLLOW UP

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

from the implant/ prosthetic restoration junction to the bone crest on the mesial and distal sides of each implant which was measured
using the Image J software. The mean bone loss
values were recorded from each radiograph.16

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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All the 40 patients showed for follow up.
Out of 40 patients, a few patients showed
mucositis which was treated. Another complication noted was chipping of the ceramic layering in both the groups, which occurred after
2 years of follow‐up. In this case the prostheses 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 (Figures 7a-10c). There was no statistically significant 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 rehabilitation of a fully edentulous jaw which has minimal

Nag et al

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

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

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

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

Figure 9b: Radiograph of treated patient 1 year 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.17,18 In the Tilted implants
concept, 6 tilted implants were placed with bicortical 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.19,20 Generally 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 eliminates distal cantilevers with greater distribution of
implant connections thus providing bio-mechanical advantage. The finite analysis concluded that
the load dissipated on cortical and cancellous
bone was less than All-on-4. Immediate loading requires minimal torque values of 35–40
Ncm without rotation. This prerequisite when
combined with a carefully designed cross-archstabilized interim hybrid prosthesis with minimal
cantilevers will provide the greatest chance for
success with tilted implants.21-24 Thus broad distribution of tilted implants will be beneficial from
both a biomechanical and restorative standpoint.
Malo et al.25 performed a study on tilted
implants with 20 to 25 mm of length with bicortical anchorage for prosthetic rehabilitation of complete edentulous jaws. In their study, none of the
implants failed rendering a cumulative implant survival rate of 100% along with low marginal bone
remodeling and low incidence of complications.
Cavalli et al.26 carried out a study to assess
the treatment outcome of both tilted and axially placed implants in the edentulous maxilla.
The study reported no implant failures were
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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)

t value		

0.801

p value		

0.428 (NS)

Independent t test; NS-Non-significant

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)

t value		

1.320

p value		

0.195 (NS)

Independent t test; NS-Non-significant

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.16 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 pterygoid region is alternative treatment modality.
Toljanic et al.27 retrospectively compared long-term outcomes for immediately
loaded tilted and axial implants placed in
the posterior maxilla and concluded that
predictable long term implant rehabilitation can be achieved for immediate loading.
Menini et al.28 performed a meta-analysis study to evaluate the outcome of
straight and tilted implants for rehabilitation of edentulous maxilla after at least 1 year
of function. Tilted implants demonstrated
a favorable prognosis in full-arch immediate 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” concept. To improve the more reliability of this
concept, more long term studies are to be
performed and proposed by experienced dentists 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 minimal 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 accurately, bypassing few complicated and expensive bone augmentation procedures, sinus
lifts which would be otherwise indicated. l
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A Novel Procedure of Regaining Aesthetics with
Implants and Autogenous Dentin Graft:
A Report of Three Cases with One Year of Follow Up
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Abstract

G

enerally, extracted teeth have been discarded 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 physical properties to attract progenitor cells and induce
them to generate new bone. Both decalcified
bone and decalcified dentin are composed of predominantly type I collagen (95%) and the remaining as non-collagenous proteins including small

amount of growth factors. The coagulation action
of blood plasma by both decalcified bone and dentin 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 transformation 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
1. Graded specialist, Division of Prosthodontics, MDC Kirkee East
2. Senior specialist, Division of Prosthodontics, ADCR&R
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Figure 1a: Intraoral frontal view in occlusion.

Figure 2: Atraumatic extraction of maxillary central
incisors.

INTRODUCTION
Bone grafts (autogenous, allogenic, xenogeneic 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 dentin autograft for bone augmentation was first
reported in 2003.1 In 2009, Korea Tooth Bank
was established in Seoul for the processing

Figure 1b: IOPA showing fractured maxillary central
incisors.

of the tooth-derived materials, and an innovative medical service was begun for bone regeneration. 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 osteoconductive and osteoinductive properties of the graft and
an almost nonexistent host tissue reaction. Dentin 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 I collagen,
which plays an important role in bone formation
and mineralization.2,3 The coagulation action of
blood plasma by both decalcified bone and dentin
are advantageous during surgical procedures.4,5
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 transformation of extracted teeth. Three patients were
treated by similar procedures. The patients
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Figure 3a: Smart Dentin Grinder.

Figure 3b: Milling of teeth.

were reevaluated for implant survival and prosthesis success after a period of one year.

(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.

CASE 1
A 21 year old patient reported to our Dental
Centre with chief complaints of pain and mobility in upper front teeth since last ten months post
trauma. The patient was a nonsmoker with good
oral hygiene and had no remarkable medical history. Clinical examination revealed grade III mobile
maxillary central incisors (Figure 1a). Radiological examination showed a fracture of maxillary
central incisors at the apical third of the roots
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PROCEDURE
Maxillary and mandibular diagnostic impressions
were made with irreversible hydrocolloid (Plastalgin, 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.

Figure 3d: The particulate dentin graft.

rehearse a proposed restorative plan and explain
the intended procedure to the patient. Informed
consent was taken from the patient and the maxillary central incisors were atraumatically extracted
(Figure 2). Immediately after extraction, the periodontal 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 movement of the grinding chamber for 20 seconds lets
the particles of less than 1200µm fall through a
sieve to a lower chamber. The particles less than
300 µm fall into a waste drawer as their dimensions are non-efficient for bone grafting. The particulate matter in the range of 300 to 1200 µm
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-

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 (140oC) 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 incisors (Figure 4a), primary stability was achieved
by wrenching the implant into the bone beyond
the apex of the socket and the autogenous dentin 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.

Figure 4b: 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 porcelain fused to metal crowns in relation to 11
and 21 (Figures 5a,b). The patient was functionally and aesthetically satisfied with the implant
fixed prosthesis. A one year follow up showed
good esthetics, osseointegration and maintenance of bone around the implants (Figures 6a,b).

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

CASE 2

Autogenous dentin graft is an innovative material 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 I collagen. Furthermore, dentin contains BMPs, which
induce bone formation and non-collagenous proteins such as osteocalcin, osteonectin, and dentin
phosphoprotein.6 Autogenous bone graft is ideal
for the reconstruction of hard tissue defects as it
has osteoconductive, osteoinductive and osseointegrative capacities. It does not trigger a foreign

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 maxillary 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
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Figure 5a: IOPA showing implants immediately after
surgery.

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

body reaction and also ensures fast healing. However, it is difficult to obtain a sufficient amount and
secondary defect develops in the donor site.7 On
the other hand xenograft is not popular because
of immune rejection response and high cost.8
Kim et al.9 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 osteoinduction capacity via blood wettability and
has osteoconduction capacity via space maintaining and creeping substitution. It is remod-

eled by maintaining space during a specific
period. The granular type is available in various
sizes of particles, porosity between powders.10
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 during the first six months following tooth extraction 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 considered a clinical waste and therefore are simply
discarded.10 The above explained procedure
recycles the freshly extracted teeth into a bacteria free particulate autogenous mineralized dentin for immediate grafting with the help of Smart
Dentin Grinder. Ike and Urist11 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 periodontium. The demineralized treatment of bone and
dentin decreased their antigenicity.12 They possess the ability to coagulate platelet free heparinized, citrated and oxygenated plasmas.13,14
The extracted non-functional or periodontally
involved teeth should not be discarded anymore.
Extracted teeth can become an autogenous dentin ready to be grafted within 15 minutes after
extraction. Autogenous dentin is the gold standard graft for socket preservation, bone augmentation in sinuses or filling 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 losing 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. l
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