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Review ABSTRACT
Alveolar bone resorption subsequent to tooth extraction constitutes a significant clinical problem, which
History complicates aesthetic, functional, and prosthetic rehabilitation. Following extraction, the resorption process
progresses rapidly, resulting in significant alterations to the dimensions of the alveolar ridge. However, an
Received: 11/08/2025 adequate volume of alveolar bone is essential for effective aesthetic and functional rehabilitation, as well as
Accepted: 04/11/2025 optimal tooth movement during orthodontic treatment. A plethora of surgical techniques and materials are

employed in the augmentation of alveolar bone loss. Although traditional bone grafting materials are used to
prevent alveolar bone loss, the ideal graft material is still debated and under investigation due to factors such as
biological compatibility, osteogenic potential, and economic factors. In the search for the ideal graft material for
alveolar bone augmentation, dentin grafts have become the focus of interest in dental surgical applications due
to their advantages such as not causing donor site morbidity and not carrying the risk of infectious diseases.
Dentin tissue exhibits both structural and biochemical similarities with bone, containing a high proportion of
hydroxyapatite crystals and collagen fibre matrix. The biological compatibility of dentin grafts, their low risk of
infection, and the fact that they are obtained from the patient and therefore do not elicit an immune response,
make this material particularly valuable in the field of regenerative dentistry. In recent years, dentin-based graft
materials, particularly autologous dentin-derived grafts, have emerged as a promising alternative. Dentin grafts
have demonstrated osteoconductive and, in some studies, even osteoinductive and osteogenic biological
activity, proving effective in preserving extraction sockets and maintaining ridge volume. The objective of this
review is to present perspectives on contemporary approaches and future prospects for dentin grafts, which are
a modern alternative to platelet-rich fibrin, allografts, xenografts, and autogenous grafts, in tissue regeneration
and augmentation.
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Dentin Bazli Greft Materyalleri: Giincel Yaklagimlar ve Gelecek Perspektifleri

Derleme 0z
Dis cekimi sonrasi alveoler kemik rezorpsiyonu; estetik, fonksiyonel ve protetik rehabilitasyonu zorlastiran
Siire¢ o6nemli bir klinik sorunu teskil eder. Cekimden sonra rezorpsiyon siireci hizla ilerler ve alveoler kret boyutlarinda
onemli degisikliklere neden olur. Ancak, etkili estetik ve fonksiyonel rehabilitasyonu ve yani sira ortodontik tedavi
Gelis: 11/08/2025 sirasinda optimum dis hareketi icin yeterli hacimde alveoler kemik miktari olmasi gereklidir. Alveoler kemik
Kabul: 04/11/2025 kaybinin augmentasyonu amaciyla ok sayida cerrahi teknik ve materyal kullaniimaktadir. Kemik kaybini nlemek

icin geleneksel kemik greft materyalleri kullanilmasina ragmen; biyolojik uyumluluk, osteojenik potansiyel ve
ekonomik faktorler gibi faktorler nedeniyle ideal greft materyali hala tartisiimakta ve arastiriimaktadir. Alveoler
kemik augmentasyonu icin ideal greft materyali arayisinda, verici bolge morbiditesine neden olmamasi ve
bulasici hastalik riski tasimamasi gibi avantajlari nedeniyle dentin greftleri dental cerrahi uygulamalarinda ilgi
odag haline gelmistir. Dentin dokusu, ytiksek oranda hidroksiapatit kristalleri ve kollajen lif matrisi icermektedir
ve bu ozellikleri ile kemikle hem yapisal hem de biyokimyasal benzerlikler gosterir. Dentin greftlerinin biyolojik
uyumlulugu, distk enfeksiyon riski ve hastanin kendisinden elde edilmesinde bagl immin yanit olusturmamasi,
bu materyali rejeneratif dis hekimligi alaninda degerli kilmaktadir. Son vyillarda, otolog dentin bazh greft
materyalleri, umut vadeden bir alternatif olarak ortaya ¢ikmistir. Dentin greftlerinin; osteokondiktif ve hatta
bazi galismalarda osteoindiktif ve osteojenik biyolojik aktivite gostererek, cekim soketlerinin ve alveoler kret
hacminin korunmasinda etkili olduklari kanitlanmistir. Bu derlemenin amaci, doku rejenerasyonu ve
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Introduction

Alveolar bone atrophy or loss may be precipitated by a  trauma, and infected extraction sockets, in addition to the
number of factors, including periodontal inflammation, anticipated resorption following extraction. Following tooth
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extraction, the alveolar bone undergoes dimensional
changes, with a reduction of up to 50% in the buccal-lingual
width being reported in the literature.! This bone loss
primarily occurs within the first three months post-
extraction, followed by a continuous resorption process at an
average rate of 0.5% to 1.0% per year.? Nevertheless, from a
clinical standpoint, the presence of adequate alveolar bone
volume is imperative for both aesthetic and functional
rehabilitation following tooth extraction and for optimal
tooth movement in orthodontic treatment.?* In cases of
alveolar bone deficiency, implant treatment can lead to a
number of complications, while orthodontic tooth
movement can cause adverse effects such as periodontal
tissue damage, bone fenestration, dehiscence, slowing of
tooth movement, root resorption, and tooth loss.>>®
Therefore, in order to enhance the functional and aesthetic
success of implant treatment and the safety, efficacy, and
stability of tooth movement as part of orthodontic
treatment, it is critical to reconstruct the alveolar ridge with
insufficient volume prior to these treatments.

A plethora of surgical techniques and materials are
employed in the augmentation of alveolar bone loss. Alveolar
ridge preservation is a procedure that is employed to
minimise the dimensional reduction of the alveolar bone
following extraction. These techniques are more effective in
maintaining bone height and width than tooth extraction
alone.” The alveolar ridge preservation technique is also
referred to as socket preservation, socket augmentation, and
socket grafting. Socket preservation is a procedure applied
during tooth extraction. The purpose of this procedure is
twofold: firstly, to minimise bone ridge and buccal plate
resorption, and secondly, to encourage maximum bone
formation in the alveolus. Alveolar ridge preservation is
widely regarded as a valuable technique for the minimisation
of vertical and horizontal ridge resorption following
extraction.®  Furthermore, guided bone regeneration
employing resorbable and/or non-resorbable membranes
for alveolar bone augmentation, onlay and inlay grafts using
intraoral or extraoral block osseous grafts, ridge splitting,
distraction osteogenesis, free grafting with blood vessels,
and maxillary sinus augmentation techniques are also
utilised.’

The selection of the ideal graft material for alveolar bone
augmentation is dependent on numerous factors, including
anatomy, the nature of the bone defect, prosthesis planning,
and patient cooperation. A plethora of graft materials,
including autogenous grafts, allografts, heterografts, and
synthetic materials, have been utilised in the domain of
alveolar bone augmentation. Autogenous bone grafts are
widely regarded as the gold standard due to their
osteogenesis, osteoinduction, and osteoconduction
properties.’® However, it should be noted that these grafts
are associated with certain disadvantages, including
limitations in donor site selection, potential morbidity,
limited availability, and high resorption rates.'! To overcome
these disadvantages, allografts such as demineralised frozen
allograft (DFDBA) and mineralised frozen dried allograft
(FDBA) have been developed and are now widely utilised in
alveolar bone augmentation. However, allografts are

deficient in osteogenic properties, possess limited
osteoinductive capacity, and carry a risk of disease
transmission. It has been demonstrated that DFDBA
promotes new bone formation through osteoinduction by
facilitating the transformation of undifferentiated
mesenchymal cells into osteoblasts.?? Xenografts and
alloplastic grafts have only osteoconductive properties and
are additionally costly.’® The ongoing quest for an ideal bone
graft is predicated on the recognition of the disadvantages
inherent in the materials currently employed. Accordingly,
studies are underway to develop an alternative graft
material. The ideal graft material should possess
osteoconductive, osteoinductive, and osteoproliferative
properties. The use of autogenous dentin grafts with these
properties for alveolar bone augmentation has been
proposed by Kim and colleagues.’*

Dentin

Dentin, which constitutes a significant proportion of the
tooth structure, is not typically in contact with the oral
environment. It is characterised by a yellowish-white hue and
a semi-transparent appearance. The enamel tissue in the
crown section of the tooth and the cementum in the root
section provide a protective barrier. Dentin is a specialised
connective tissue characterised by the presence of dentin
tubules, which are formed by odontoblast cells originating
from ectomesenchymal tissue and contain the cytoplasmic
extensions of odontoblasts.’> The inorganic part of dentin
tissue consists of hydroxyapatite, while the organic part
consists of collagen fibre matrix. This structural composition
is analogous to that of bone tissue. This substance is softer
than enamel but harder than bone and cementum. Dentin
contains 20% less mineral than enamel. Consequently, the
structure of the dentition is such that it is able to distribute
the force generated by mastication without causing enamel
fractures.

The classification of dentin tissue is determined by its
developmental timing and histological characteristics, and it
is categorised into three distinct types: primary, secondary,
and tertiary dentin. Primary dentin is defined as the dentin
tissue that constitutes the primary component of the crown
and root. Meanwhile, dentin formed during the initiation of
tooth function is designated as secondary dentin. Tertiary
dentin is defined as dentin formed in response to factors such
as decay or mechanical trauma affecting the pulp.®®

Chemical Structure of Dentin

Mature dentin is composed of 70% inorganic
hydroxyapatite crystals, 20% collagen fibres, and a small
amount of other proteins, and water by weight. The
composition of dentin is subject to variation depending on the
type of dentin, but on average consists of around 50%
inorganic compound, 30% organic compound, and 20% water
by volume.®

The inorganic composition of teeth is comprised of four
distinct calcium phosphate minerals, namely hydroxyapatite,
tricalcium phosphate, amorphous calcium phosphate, and
octacalcium phosphate. The inorganic portion of dentin is
primarily composed of hydroxyapatite crystals arranged in
layers. The organic portion consists of approximately 90%
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collagen, primarily type | and in smaller amounts types Il and
V. Type | collagen has been demonstrated to serve as a skeletal
framework in the dentin structure, thereby ensuring that the
majority of minerals are positioned between the fibres.'® The
remaining 10% of the dentin organic matrix consists of various
non-collagen matrix proteins (osteocalcin, osteonectin,
sialoprotein, and phosphoprotein), BMP, lipids, and growth
factors involved in bone mineralisation. This organic content
has been demonstrated to possess osteoinductive properties,
thereby promoting the process of bone formation.’

Non-collagen matrix proteins are located between
collagen fibres and accumulate around dentinal tubules. The
function of non-collagen matrix proteins is generally to
regulate mineral accumulation. These proteins are:

eDentin phosphoprotein/phosphoprin (DPP)

eDentin sialoprotein (DSP)

eDentin glycoprotein (DGP)

eDentin matrix protein 1 (DMP1)

eOsteonectin

eOsteocalcin

*Bone sialoprotein (BSP)

eOsteopontin

*Matrix extracellular phosphoglycoprotein

*Proteoglycans and

eSome serum proteins.

It has been established that the proteins known as DPP,
DSP, and DGP are expressed from the dentin
sialophosphoprotein (DSPP) gene at the gene level.*8

The DPP, which possesses a high negative charge, has a
strong affinity for calcium. Research has demonstrated that
DPP is capable of binding to collagen and initiating
hydroxyapatite formation.1>?

DSP and DMP-1 are found at high rates in peritubular
dentin. These proteins have been identified as the causative
agents that inhibit the growth of peritubular dentin.
Consequently, these proteins function to prevent the
obstruction of tubules.?*??

The presence of DSPP and DMP-1 in bone and dentin, and
the effects on bone tissue are noteworthy. The presence of
dentin matrix proteins in bone tissue and bone matrix proteins
in dentin can support the use of dentin as a graft material in
alveolar bone augmentation.?®

Dentin-Based Graft Materials and Their Properties

Another autogenous matrix that has become increasingly
prevalent due to its capacity to obviate the necessity for a
secondary bone donor site is the patient's own extracted
tooth. Tooth extraction is one of the most frequently
conducted clinical procedures. Nevertheless, extracted teeth
are still considered to be categorised as waste and
biologically useless, and their use is overlooked.?* The
question of whether autologous extracted tooth-derived
dentin grafts, either as block grafts or converted into
particulate dentin, can be used as a viable alternative
biomaterial to promote bone augmentation has been the
subject of extensive research for many years. The organic
and inorganic compositions of dentin and alveolar bone
tissue are very similar. In addition, the fact that both tissues
have the same embryological origin is an important factor in
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supporting the idea of using extracted teeth as graft material
for bone augmentation.This anatomical similarity suggests a
notable safety benefit associated with the utilisation of
grafting procedures.?®

Dentin grafts offer several advantages, including high
biocompatibility and a low risk of immune rejection due to
their autologous nature. Autogenous dentin biomaterials
exhibit osteoinductive and osteoconductive properties due
to their organic and inorganic composition. The resorption of
these biomaterials over time is followed by replacement with
autologous bone, thus becoming a suitable graft alternative
for alveolar ridge preservation (Table 1).}4% In a 24-month
follow-up study conducted in 2021, it was reported that the
majority of the particulate autologous dentin graft was
resorbed by the 12th month, and new bone formation was
observed.? In addition to these advantages, it is imperative
to acknowledge that the quality and inorganic structure of
dentine undergoes changes due to the process of ageing or
chronic irritation.

Preparation Process for Dentin-Based Graft Material

Various medical devices and techniques have been
developed over the years to convert extracted teeth into
suitable particulate grafts. However, differences in clinical
preparation protocols lead to variable clinical outcomes in
terms of autogenous collagen and osteoinductive proteins.
Currently, only four devices are known to use teeth as graft
material: These are the BonMaker, the Tooth Transformer,
the Smart Dentin Grinder, and the VacuaSonic. The only
feature these devices have in common is that they use
extracted teeth. However, their working principles differ
from one another.

Following extraction, the tooth must undergo a thorough
cleaning process to remove calculus, caries, soft tissue, and
all restorations. This procedure should be conducted under
cooling conditions, ensuring that the temperature does not
exceed 43°C.2% This approach is crucial to prevent
denaturation of autogenous proteins. Subsequent to
mechanical cleaning, there exists a plethora of documented
applications for chemical demineralization. For this purpose,
agents such as EDTA, HCI, phosphoric acid, and ethyl alcohol
are utilized.*>?8 The objective of chemical demineralization is
to encourage the release of bioactive factors that promote
osteoinductivity, such as BMP? (Figure 1).

Bon Maker uses either HCl, H,0,, ethanol, chloroform,
water. Tooth Transformer uses HCl+H,0,. Smart Dentin
Grinder is ground for 3 seconds at 300—1200 um, soaked for
10 minutes in NaOH + alcohol, and rinsed twice with a saline
sulphate solution. VacuaSonic Teeth are demineralised using
hydrochloric acid and sterilization reagents with 10 minutes
of sterilization. The demineralized particulate tooth bone is
washed and neutralized using phosphate-buffered saline.

BonMaker, Tooth Transformer, and VacuaSonic devices
allow the use of endodontically treated teeth. It is important
to note that the Tooth Transformer does not accommodate
the insertion of the complete tooth into the device;
therefore, the dimensions of each individual tooth must
undergo adjustment prior to insertion.?® In the BonMaker,
VacuaSonic, and Smart Dentin Grinder devices, the sieve is
used to separate the granules according to their size;
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unsuitable parts are eliminated. BonMaker and Vacuasonic
use a pestle and hammer to crush the tooth. After crushing,
the dental structure is placed in a high-speed mill. The
granules are then separated by size using a manual sieve. The
Smart Dentin Grinder utilises a high-speed grinder that is
disposable and incorporates an automatic screening and
vibration system. Subsequent to the grinding process, a
vibration system that filters the granules is activated.

Despite the development of numerous dentin grinding
systems designed to process extracted teeth into particulate
graft material, a universally accepted or standardized
preparation protocol remains elusive. Each system employs
a distinct sequence of mechanical grinding, cleaning,
demineralization, and sterilization steps, utilising disparate
reagents and exposure times. It should be noted that some
sterilization methods can reduce the activity of growth
factors.® Consequently, the biological and structural
characteristics of the final graft material can vary significantly
among devices.

Dentin-derived bone graft materials can be categorised
into three distinct groups based on their degree of
demineralisation (Table 2). The following groups are
represented:

Demineralised Dentin Matrix (DDM)

Partially Demineralised (%70) Dentin Matrix (PDDM)
Non-demineralised Dentin or Mineralised Dentin Matrix
(MDM)

Demineralised Dentin Matrix

Research on the idea of creating bone grafts from dentin
tissue has been ongoing since 1960s. With the discovery of
the osteoinductive properties of bone morphogenetic
proteins, the regenerative properties of autogenous
demineralized dentin were confirmed by Yeomans and
Urist.3> Additionally, Bang and Urist noted that the
collagenous dentin matrix, which closely resembles bone
matrix, has the capacity to induce bone formation.>

The dentin  demineralization  process involves
demineralizing dentin in 10% ethylene diamine tetraacetic acid
(EDTA) pH 7.2 at environmental temperature for
approximately three months. Dentin demineralisation causes
the release of matrix-associated non-collagenous proteins,
including osteocalcin, osteonectin, phosphoprotein, and
sialoprotein. Non-collagenous dentine proteins play a role in
the bone calcification process, thereby rendering dentine
osteoinductive. Furthermore, immunopositivity for BMP-2
and BMP-4 has been demonstrated during the healing process
following augmentation with DDM, thereby supporting the
presence of osteoinduction.?

Partial Demineralised Dentin Matrix

The production of PDDM has been the subject of research
in order to improve the osteoinductive properties of
demineralised dentin matrix and overcome difficulties in the
application procedure.®® In light of the constraints imposed by
available bone graft materials, the exploration of autogenous
partial demineralised dentin matrix (APDDM) as a pioneering
substitute has emerged as a pivotal area of research. The
procedure, known as APDDM, involves subjecting unsuitable
teeth to specific procedures. Such teeth may include teeth that
cannot be preserved due to periodontal disease, teeth

extracted for orthodontic reasons, and wisdom teeth. The
specific procedure essentially entails 10 minutes of
demineralisation with nitric acid. Research employing APDDM
has evidenced its effective implementation in bone
augmentation procedures and its substantial clinical
efficacy.3%® Koga et al.* reported that demineralisation with
nitric acid for a period of 10 minutes resulted in 70%
demineralisation for particles measuring approximately 500
mm, thus demonstrating sufficient inductive properties.
However, there is currently a paucity of clear information
regarding the ideal amount of demineralisation and particle
size, and further research is needed to determine these
characteristics.

Non-demineralised Dentin or Mineralised Dentin Matrix

The primary issue associated with the utilisation of
demineralised dentin as a graft material pertains to the
extended duration required for the production of such
material from teeth. Extracted teeth are then dispatched to a
laboratory for the purposes of sterilisation and
demineralisation, this process may take hours to complete.
Preparation of those in block form necessitates a greater
guantity of processing time in comparison to those in powder
form. Consequently, researchers have recently been exploring
mineralised dentin matrix/non-demineralised dentin grafts as
a potential alternative material. While demineralized dentin
preparation requires a long time, non-demineralised dentin
graft does not require such a prolonged duration and can be
readily obtained using a straightforward dentin
grinder/processing device following disinfection and cleaning
procedures.”3#

Transplantation has been utilised for an extended period
in the treatment of teeth that have been avulsed. It has been
demonstrated that this method engenders a robust bond
between the dentin or cementum at the root of the
transplanted tooth and the bone, resulting in ankylosis.?
Ankylosis is a process that results in the preservation of the
alveolar bone. As a comparable biological model, the socket
shield technique was developed to reduce horizontal and
vertical bone loss following tooth extraction.* In this method,
a portion of the tooth root on the buccal surface of the
extraction socket is preserved in its original condition. The
favourable outcomes of this method, as documented in the
extant literature, substantiate the efficacy of non-
demineralised dentin.***2 A preclinical datas have vyielded
valuable insights into the distinctive characteristics of MDM in
the context of bone regeneration, as compared to DDM.3®
Nevertheless, there is a paucity of clinical studies that directly
compare MDM grafts with conventional bone grafts. It is
evident that further research is required in order to ascertain
the regenerative potential of MDM.

In contrast to fully or partially demineralized dentin
matrices, MDM retains its mineral phase, thereby functioning
as a rigid scaffold for new bone formation and preventing
premature resorption in large or load-bearing defects. Despite
its comparatively lower osteoinductive potential, MDM s
gaining increased clinical interest due to its favorable
biomechanical stability, long-lasting osteoconductive matrix
function (slow resorption), and long-term volume
maintenance capacity.®

589



Acipinar and Tombul / Cumhuriyet Dental Journal, 29(3): 586-596, 2026

Table 1. Comparison of dentin graft and other graft types in terms of biological and clinical properties

Autogenous Dentin Autograft Synthetic Graft

Feature/Graft T Allograft X ft .
SR EIEIT Graft (Autogenous Bone) ogra enogra (Alloplastic)
Laboratory-

Extracted tooth of the  Patient’s own bone Sa.mej s.peaes, different  Different speF s . produ.ced

Source - (e.g, ramus) individual (cadaver- (usually bovine biomaterial (e.g.,
P B derived) or porcine bone)  HA, B-TCP, bioactive
glass)

. . . . . . Variable (depends
Biocompatibility Very high Very high High Moderate—high e
Osteogemc Moderate High None None None
Potential

. . Moderate (BMP .
Osteoinductivity Sl High Moderate (DFDBA) Low Low
release)

. . . . . . . Requires . .
Preparation Simple but requires Requires surgical Requires industrial industrial Requires industrial
Process standardization harvesting processing . processing

processing
Immunological Risk None None Low Low—moderate None
Resorption Rate Moderate Fast Moderate Slow Variable
Autogenous, reuses Readily available, no
G A biological waste, low Highest piplogical donor s'ite mc?rt')id?ty, Volume stability, Long shglf life,
cost, natural activity Osteoinductivity in ready-to-use sterile

composition DFDBA
Lack of standardized Additional surgical Risk of disease Residual foreign . . .
: - . - . . . Limited biological
Disadvantages protocol, limited long- site, donor site transmission, possible proteins, low M
term data morbidity immune reaction biological activity g
Appropriate tooth/case selection
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!

Tooth extraction and cleaning (Removal of Fillings, Cement and Periodontal Tissues)

L

Femoval of pulp and root canal filling (depending on grinding system)

L

| Tooth Sectioming-Fragmentation (depending on grinding system) |

!

| Deemineralization process with acidic solution |

L

Washing and neutralization

L

Sterilization and drying/storage

!

Clinical Application-Graft placement into recipient site

|

Clinical and rayographic follow-up and resorption monitoring

Figure 1. Dentin graft workflow.
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Table 2. Properties of dentin grafts

Material Preparation Process Biological Properties Application Features Resorption Rate Clinical Applications
Complete . . . . Rapidly resorbed. Apical surgery,
. . p- High osteoinductive Used in bone picly P gery
demineralization (30-60 . . Complete alveolar bone defects,
. . capacity. Growth regeneration, socket L.
DDM minutes). Exposing . . replacement by peri-implant
factors (specially BMP) preservation, and . .
collagen and growth . e bone after augmentation, sinus
are released. sinus lifting. . e
factors. resorption. lifting.
. . o Moderate Moderatel .
Partial demineralization . . . . ¥ Periodontal defect
. . osteoinductive. Partially Suitable for socket resorbed. . .
(10 minutes). Partially . . . repair, prevention of
PDDM . . preserved mineral preservation, small Integrates with .
retains minerals, . . . . alveolar ridge, small
. phase provides higher periodontal defects. bone while . .
releasing growth factors. . . . periapical lesions.
mechanical strength. partially resorbing.
Used in large bone
No demineralization. High mechanical defects (volume Slowly resorbed. Sinus lifting, ridge
MDM Mineral phase is stability but lower preservation) or in Provides long-term augmentation, large

preserved. osteoinductive capacity.

combination with alveolar defects.

other grafts.

volume support.

Evidence on the Use of Dentin Grafts in Alveolar Bone
Regeneration

In their 2006 study, Gomes et al.*® obtained autogenous
DDM from extracted mandibular third molars and applied
tissue regeneration guided by a polytetrafluoroethylene
membrane to the extraction sockets. The study, which
made comparisons between radiographic bone
densitometry values, demonstrated more homogeneous
radioopacity at 15, 30, 60, and 90 days in the study group
compared to the group that used only the membrane
without DMM and the control group that received no
treatment. The results indicated that the radiographic bone
density of the extraction sockets treated applied DDM was
comparable to the normal bone that surrounded the defect
at the 90 day follow-up.

In a prospective randomised clinical study comparing
the use of autogenous demineralised dentin matrix
obtained from extracted teeth for alveolar bone defect
augmentation with anorganic bovine bone, vertical bone
dimensions were measured using resin templates.** These
measurements  were  taken  immediately  after
augmentation and immediately before implant placement
(6 months after augmentation). Furthermore, trephine
cores were obtained for subsequent histomorphometric
analysis. The vertical dimensions of the alveolar bone
exhibited an increase in both groups six months following
extraction; however, a statistical analysis found no
significant difference between the two groups. No
statistically significant differences were identified between
the two groups in histomorphometric analysis and primary
stability quotient measurements. The findings of the study
suggest that autogenous demineralised dentin matrix
placed in extraction sockets is as effective as inorganic
bovine bone in increasing vertical dimensions, and that
autogenous tooth graft is a suitable option for alveolar
ridge augmentation.

Peng Li et al.* set out to compare the clinical efficacy of
autogenous DDM and Bio-Oss granules (xenograft) for
guided bone regeneration during immediate implant
placement in areas where teeth were extracted due to
periodontal reasons. The stability of the implant and the

degree of marginal bone resorption were measured at the
time of surgery, as well as after 6 and 18 months.
Statistically significant differences were not identified
between the groups in regard to implant stability quotient
values and marginal bone resorption. However, it was
emphasised that autologous DDM granules prepared
shortly after tooth extraction could be an easily accessible
and effective alternative to bone graft material.

In a randomised controlled study published in 2021,
Santos and colleagues set out to compare the primary
stability of implants placed at a delayed time in alveolar
ridges protected with MDM and xenograft after tooth
extraction.® The clinical, histological, and patient pain
experience outcomes were evaluated. The MDM and
xenograft groups exhibited comparable primary and
secondary implant stability. The rate of newly formed bone
in the MDM group was determined to be significantly
higher than in the xenograft group, and the rate of
remaining graft material in the MDM group was found to
be statistically significantly lower than in the xenograft
group. No significant differences were observed in terms of
clinical, radiographic, and patient-reported outcomes.

In a randomised controlled trial, the effect of
autogenous tooth roots and autogenous bone blocks in
vertical and horizontal alveolar bone augmentation was
compared.*” The study evaluated ridge height deficiency. In
both groups, a comparable average decrease in RH
deficiency values was observed, with no statistically
significant difference. The study data suggest that tooth-
derived grafts provide comparable efficacy and safety to
autogenous bone blocks for combined vertical and
horizontal alveolar ridge augmentation.

In a randomised controlled trial published in 2022,
Elraee et al.*® sought to compare dentin blocks obtained
from impacted wisdom teeth with autotransplanted ramus
bone blocks in terms of horizontal alveolar ridge expansion.
Six months following augmentation, dental implants were
placed in all patients, and radiographic evaluations were
performed using cone-beam computerised tomography
(CBCT). Biopsies were obtained for histological evaluation.
The primary outcome measure was the average clinical
ridge width increase obtained six months later, while the
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secondary outcomes were the six-month radiographic ridge
width increase and the evaluation of the bone ratio
obtained by histomorphometric analysis. The mean clinical
ridge width increase obtained at six months was found to
be statistically significantly higher in the group treated with
dentin block than in the other group. However, no
statistically significant difference was found between the
two groups with regard to the mean radiographic ridge
width increase and histomorphometric analysis. The
histological evaluation results demonstrated new bone
formation, the presence of living cells, and matrix formation
around the graft in the dentin block group. Additionally,
well-organised woven bone tissue was observed, which
supported new bone formation and the reshaping of the
dentin block. This clinical study demonstrates that dentin
blocks exhibit reduced resorption in comparison to
autologous bone blocks and may constitute an alternative
graft material for horizontal alveolar bone augmentation.

In a randomised controlled trial, Hussain et al.*
compared the clinical, tomographic, and histological
outcomes of extraction sockets left to heal spontaneously
with those treated with autogenous dentin grafting and
alveolar ridge preservation. Four months later,
standardised CBCT scans were taken and alveolar bone
changes were evaluated. Midfacial and midpalatal bone
and soft tissue thicknesses were measured pre-operatively
and post-healing (i.e. four months after surgery). The
results demonstrated a significant increase in soft tissue
thickness in both groups in comparison with their baseline
values. Ridge width exhibited a substantial decrease in both
groups in comparison with the baseline measurements.
However, in the dentin graft group, significantly less
alveolar bone dimensional change was detected in the
buccolingual direction at the CBCT reference points.
Histological examination results demonstrated that the
dentin graft group exhibited excellent remodelling, while
the spontaneous healing group exhibited only a few thin
new bone trabeculae. Histomorphometric analysis
revealed that the group that received dentin grafting
exhibited a significantly higher trabecular bone surface area
compared to the control group. However, a statistically
significant difference in total bone area between the two
groups was not found.

In a study that examined the reconstruction of the
anterior part of the maxilla using an autologous dentin graft
and a mixture of autologous bone and xenograft following
tooth extraction, a range of clinical, radiographic,
histological, and immunohistochemical results were
analysed at two time points: immediately before tooth
extraction and four months later.>® Radiological analysis
indicated similar levels of bone volume loss in both groups.
Quantitative histological analysis demonstrated that there
was no statistically significant difference between the
groups. The application of immunohistochemical staining
with TNF-a and BMP-4 antibodies resulted in the
identification of immunopositivity in both groups, but
higher expression of TNF-a was observed in the autologous
bone and xenograft mixture group. Statistically significant
differences were detected between the groups in terms of
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TNF-a and BMP-4 density around the graft in the newly
formed bone area. The study emphasises the
biocompatibility of the dentin graft and its ability to achieve
successful bone regeneration in the aesthetic region of the
maxilla, similar to the autologous bone and xenograft
mixture.

In a recent randomised controlled trial by Ouyang et
al.’}, the bone augmentation efficacy of autologous PDDM
and DBBM was compared in orthodontic patients with
insufficient bone volume. Subsequent to the surgical
procedure, the adjacent teeth were repositioned towards
the graft site in accordance with the orthodontic treatment
plan. The patients' pain experiences were assessed using a
questionnaire with the Visual Analogue Scale (VAS).
Furthermore, CBCT scans were performed pre-operatively,
at 6 months, and 2 years post-operatively in order to assess
buccal and central alveolar heights, as well as widths at the
alveolar ridge apex and 3 mm and 5 mm below the ridge
apex. The VAS scores were found to be significantly lower
in the PDDM group than in the DBBM group. A substantial
increase in alveolar bone height and width was observed 6
months and 2 years post-operatively. However, at 2 years,
a decrease was observed in the PDDM group in buccal crest
height and width 3 mm and 5 mm below the alveolar crest
compared to 6 months, while in the DBBM group, a
decrease was only observed in the central height of the
alveolar bone. At the 6-month evaluation, a significant
increase in bone was observed in the PDDM group
compared to the DBBM group only in the region below 3
mm of the alveolar ridge. At 2 years, no significant
difference was observed between the two groups in terms
of ridge augmentation effects. The study indicates that
PDDM is associated with a milder postoperative response
in comparison to DBBM, while achieving comparable
clinical efficacy.

In a recent study by Beldhi et al.’2, the efficacy of
autogenous particulate dentin and demineralised frozen-
dried allograft (DFDBA) materials in preserving the ridge
was compared using radiographic and clinical parameters.
Following tooth extraction in the posterior mandibular
region, the ridge preservation procedure was performed
using autogenous particulate dentin in the test group and
allograft mixed with i-PRF in the control group. In both
groups, the extraction sockets were covered with an A-PRF
membrane. Clinical and radiographic parameters were
evaluated at baseline and at 6 months using CBCT. A
significant reduction in ridge dimensions was observed
within both groups within six months; however, the
reduction in ridge dimensions was less pronounced in the
autogenous particulate dentin group compared to the
DFDBA group. At the 6-month mark, no substantial
disparities were observed in clinical parameters or mean
changes in ridge height across the groups. However, a
statistically significant variation was identified in the change
in horizontal ridge width between the two groups. The
results of this study demonstrate that autogenous
particulate dentin grafts provide significant improvements
in radiographic parameters, particularly in terms of
horizontal ridge width, in comparison with the DFDBA
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group. The combination of dentin-derived grafts with
bioactive autologous materials such as platelet
concentrates enhances the biological performance of
grafted sites through synergistic mechanisms. These
materials contain a fibrin network that releases platelets,
leukocytes, and various growth factors, including PDGEF,
TGF-B, VEGF, and IGF-1.>® This biological activator
accelerates the regenerative cascade by enhancing both
angiogenesis and osteoblastic differentiation. Furthermore,
the fibrin structure of platelet concentrates improves
particle cohesion and graft utilization, providing greater
stability at the surgical site.®® Consequently, the
supplementation of dentin grafts with bioactive molecules
of autologous origin has the potential to enhance the
process of graft integration.

In a recent randomised controlled trial, the use of i-PRF
in combination with autogenous demineralised dentin graft
(ADDG) for alveolar ridge preservation in the maxillary
anterior region was compared with the use of autogenous
demineralised dentin graft (ADDG) alone.>* The extracted
teeth were then converted into autogenous demineralised
dentin grafts, which were subsequently placed into the
extraction sockets, with or without i-PRF, and covered with
collagen sponge. Ridge dimensional changes were
evaluated using CBCT images taken at baseline and 6
months later. The following parameters were recorded:
keratinised tissue width, patient satisfaction, pain score,
and procedure duration. During the sixth-month follow-up,
bone biopsy samples were obtained from the grafted areas
for histomorphometric analysis. Statistically significant
differences were not identified between the groups with
regard to reductions in ridge width and height. A significant
difference was observed between the groups in terms of
keratinised tissue width reduction, with a smaller reduction
observed in the i-PRF group. Postoperative pain scores
were found to be significantly lower in the ADDG + i-PRF
group. Furthermore, all patients in both groups reported
satisfaction, and no significant differences were observed
between the groups in terms of procedure duration. No
significant difference was found between the groups in
terms of the total percentage of newly formed bone, soft
tissue, or graft particles. The study demonstrated that the
incorporation of i-PRF into the ADDG technique is
particularly advantageous for the preservation of
keratinised tissue and the mitigation of postoperative pain.

In a randomised controlled pilot study evaluating the
clinical, tomographic, and histological analysis results of
applying blood clots and particulate dentin to sockets after
extraction, patients necessitating bilateral surgical
extraction of lower third molars were given blood clots
(control side) on one side and autologous particulate dentin
grafts on the other side.” Postoperative evaluations (pain,
oedema, reduced mouth opening, suture dehiscence, and
wound edge coaptation) were conducted on days 7 and 21
to ascertain the effectiveness of the surgical intervention.
At 120 days, CBCT was utilised to assess bone density, and
a bone biopsy was performed for histological analysis. No
significant differences were detected between the groups
in terms of pain, oedema, or trismus. Tomographic analysis

revealed no significant difference in the distance from the
alveolar bone ridge to the cemonto-enamel junction;
however, the autologous particulate dentin grafts group
exhibited significantly higher bone density. Histological
analysis revealed that the group treated with particulate
dentin exhibited higher cellularity, collagen production, and
thicker, denser connective tissue with multinucleated giant
cells. The present study demonstrates that particulate
dentin grafting results in superior histological healing and
increased bone density.

A study published in 2025 evaluated the effectiveness
of autogenous tooth substitute grafts prepared from
autogenous third molars compared to xenografts in
reducing bone defects on the distal side of second molars
following the extraction of impacted lower third molars,
using a split-mouth design.>® The clinical and radiographic
results obtained after a period of six months were
considered. Despite the absence of statistically significant
differences in the clinical and radiographic results at the 6-
month mark, complete bone integration was observed in®
29% of the autogenous graft areas and® 14% of the
xenogenic graft areas. The authors emphasise that dental
grafting offers an autogenous grafting option that can be
completely produced in less than twenty minutes and
prepared at the chairside. This eliminates the costly and
time-consuming laboratory procedures required for other
materials while providing clinical efficacy comparable to
commercial xenografts.

Similarly, in a recent clinical study evaluating the use of
ADDM (Autogenous Demineralized Dentin Matrix) grafts in
third molar surgery, one group received ADDM and a
biocollagen membrane, while the other group was left to
heal normally with post-extraction blood clots.’” On the
seventh day, a statistically significant increase in swelling
was observed in the ADDM group. At the three-month
mark, a statistically significant decrease in pocket depth and
a substantial increase in radiographic bone density were
noted in the ADDM group. The authors observe that the
clinical results of the ADDM graft procedure demonstrated
satisfactory outcomes in extraction sockets.

A recent clinical case report described the rehabilitation
of lost alveolar bone volume with autogenous root block
grafting, followed by osseointegrated dental implant
placement and subsequent prosthetic rehabilitation.’® The
6-month  clinical and  tomographic  evaluations
demonstrated significant gains in ridge width and graft
stability, allowing for implant placement with adequate
primary stability. The authors noted that autogenous tooth
root grafts offer a potential alternative for restoring the
alveolar ridge in patients requiring rehabilitation prior to
dental implant placement. They concluded that, compared
to other techniques, these offer the advantages of lower
morbidity and lower cost.

Contraindications and Limitations of Dentin-Derived
Autografts

As a contemporary autologous biomaterial, dentin-
derived grafts are increasingly utilized in clinical practice
due to their biocompatibility and osteoinductive potential.
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However, the absence of a standardized preparation
workflow remains a major limitation, restricting the
reproducibility and comparability of clinical outcomes
across studies. In the preparation of dentin grafts, it is
generally accepted that demineralisation is achieved with
HClI, which has high osteoinductive activity, and that
complete demineralisation is obtained over longer periods,
while partial demineralisation is achieved over shorter
periods.’®> However, there are multiple agents for
demineralizing the dentine matrix, differences in the use of
agents, varying concentrations and durations, particle size,
sterilization and drying methods, but there is still no single
accepted, international standard protocol. Grawish et al.
addressed this subject in their 2022 publication,
emphasizing the absence of standard procedures for
adopting a specific form for a specific purpose. They
therefore concluded that future studies require well-
characterized graft standardization for each application.’®
Consequently, the comparability of results across studies is
constrained. It is essential to recognize that parameters
such as particle size, degree of demineralization,
sterilization protocol, and drying method critically influence
the osteoinductive capacity and resorption rate of dentin
grafts. Furthermore, the limited number of studies
demonstrating the long-term clinical results of dentin grafts
can be considered as aspects of this graft that are still open
to improvement. Consequently, despite their promising
potential as a cost-effective autogenous alternative to bone
substitutes, the lack of consensus on preparation standards
continues to hinder their broader clinical acceptance.

From a clinical standpoint, although dentin autografts
are generally preferred for their biocompatibility,
osteoinductivity, and patient-derived origin, certain
patient-, donor tooth-, site-specificc and preparation
procedure conditions may contraindicate their use. These
include patients who have recently undergone
radiotherapy, are heavy smokers, or are under
immunosuppressive or bisphosphonate therapy, as is
customary in all surgical procedures. Furthermore,
inadequate oral hygiene may increase the likelihood of
graft contamination. When selecting donor teeth, it is
necessary to avoid those that have pulpal necrosis,
periapical infection or granuloma, amalgam restorations, or
insufficient dentin volume. Furthermore, inadequate
sterilisation,  insufficient/over  demineralisation, or
improper particle size may compromise graft safety and
performance. At the recipient site, active infection, poor
vascularization, or lack of primary flap closure are
contraindications, as these conditions prevent graft
stability and successful integration.

In conclusion, while dentin-derived grafts are bioactive,
safe, and promising materials, their successful clinical
application requires a sterile and standardised preparation
protocol, healthy donor teeth, and suitable surgical
conditions. It is recommended that its use in cases of
infection, contamination, or systemic compromise be
avoided until the availability of long-term, standardised
clinical evidence is confirmed.
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Future Perspectives and Conclusion

The utilisation of autologous extracted teeth for the
purposes of tissue regeneration and ridge preservation is an
emerging alternative that shows great promise. The
simplicity of the preparation protocol, the bone-like
composition of the material, and its cost-effectiveness
make dentin grafting an attractive option for treating
various bone defects. Research has demonstrated that
dentin grafts generate clinical and histological outcomes
that are analogous to those of allografts, xenografts, and
autogenous bone. The standardisation of sterilisation,
demineralisation, particle size and production protocols, in
conjunction with the design of dedicated devices, will
facilitate the effective reuse of dental tissues that have
heretofore been regarded as biological waste. The adoption
of sustainable, biocompatible, and cost-efficient materials
will further advance biologically active, patient-specific
graft applications in tissue engineering. Future research
should concentrate on the development of rapid and
practical methods for the conversion of extracted teeth into
particulate or block grafts, and on their integration with
carrier agents such as hydrogels or bioactive scaffolds. In
addition, the implementation of randomized controlled
trials, characterized by well-defined protocols and the
execution of long-term follow-up of clinical outcomes,
should be considered for future research.
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