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Abstract

Bone loss in the craniofacial region can result from various causes, requiring grafting for
restoration. Each type of bone graft has advantages and disadvantages. In recent years, an
increasing number of clinical research has used extracted teeth as graft biomaterials. This study
aimed to outline the use of teeth as bone graft material, describe a general protocol for
producing tooth graft material, compare various manufacturing methods, and assess tooth-
derived grafts relative to other bone graft materials. The review was based on electronic
database searches in Scopus, PubMed, Cochrane, Web of Science, and Google Scholar, using
various combinations of keywords such as “autogenous graft,” “autologous graft,” “human
dentin,” “dentin matrix,” “tooth graft,” “demineralized dentin matrix,” and related terms
applied to titles, abstracts, and keywords. Tooth-derived grafts demonstrate promising
outcomes comparable to conventional bone graft materials. However, further research is
necessary to standardize protocols and validate clinical applications.
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Introduction

Bone loss in the craniofacial region can occur for several reasons, including traumatic tooth
extraction, pathologies, trauma, or periodontal diseases.!? Grafting is necessary to restore the
lost bone. Various grafting materials are available, classified as autogenous, allogenic,
alloplastic, xenogeneic, or engineered personalized grafts.>*

An ideal bone graft material should have four essential characteristics: osteoconductivity
(which functions as a scaffold for bone regeneration), osteoinductivity (which contains growth
and regulatory factors that stimulate bone formation), osteogenesis (which comprises cells that
promote bone formation), and bone binding (which tightly integrates with bone tissue).’
Autogenous bone grafts exhibit all these properties and possess excellent biocompatibility.
Therefore, they have long been considered the gold standard for bone grafting.® Nevertheless,
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several drawbacks are associated with the use of autogenous bone grafts, such as inevitable
additional surgeries, resorption, and a limited amount of available graft material.” Other bone
graft materials may be inadequate in promoting bone formation because of their manufacturing
processes, low porosity, and unfavorable host responses.® In this context, allografts are
disadvantaged by their lack of osteoproliferative potential, while xenografts and alloplasts
provide only osteoconductivity.’

In recent years, an increasing number of clinical studies have explored the use of extracted
teeth as grafting biomaterials due to their biocompatibility, non-immunogenicity,
osteoconductivity, osteoinductivity, and osteogenicity.'”

The purpose of this study was to outline the use of teeth as bone graft material, describe a
general protocol for tooth graft material production, compare various manufacturing methods,
and assess tooth-derived grafts in comparison to other bone graft materials.

Review Design

This comprehensive narrative review was conducted to synthesize current evidence regarding
tooth-derived graft materials, their processing protocols, clinical applications, combination
with PRF, and available chairside preparation devices. Although not designed as a formal
systematic review, the methodology was structured to ensure transparency, reproducibility, and
critical appraisal of the available literature.

Information Sources and Search Strategy

An electronic literature search was performed using PubMed, Scopus, Web of Science, and
Elsevier databases. The search included articles published up to January 2026. Only studies
published in English were considered.

“Autogen® graft” OR “autolog* graft” AND “human dentin” OR “dentin matrix” OR “dentin
graft” OR “ATB” OR “ATG” OR “tooth graft” OR “teeth graft” OR “teeth derived graft” OR
“tooth derived graft” OR “autologous tooth bone graft” OR “Autologous Tooth Structure” OR
“autogen™® tooth bone graft” OR “crush teeth” OR “Autogen® Particulate Dentin” OR
“Particulate Dentin” OR “demineralized dentin matrix block” OR “Demineralized Dentin
Matrix” OR “DDM” were the keywords used in the titles, abstracts, and keywords of articles
with diverse combinations. Reference lists of selected articles were manually screened to
identify additional relevant studies.

Eligibility Criteria

Studies were considered eligible if they investigated tooth-derived graft materials, including
autogenous and processed dentin-based grafts, and reported biological, histological,
radiographic, or clinical outcomes related to bone regeneration. Articles examining the
combination of dentin grafts with adjunctive biologics such as PRF were also included. In
addition, studies describing preparation protocols, demineralization techniques, or chairside
processing devices were considered relevant. Only original research articles, including in vitro
experiments, animal studies, and human clinical investigations, were eligible for inclusion.
Non-English publications, editorials, opinion papers without primary data, conference abstracts
lacking full-text availability, and studies not directly related to bone regeneration applications
were excluded. Case reports were included only when higher levels of evidence were
unavailable and were interpreted with caution due to their inherent methodological limitations.

Study Selection Process
Titles and abstracts were screened for relevance. Full-text articles were retrieved for studies
meeting the inclusion criteria. Articles that did not meet eligibility requirements were excluded
after full-text evaluation.



Duplicate records were removed before screening. When necessary, disagreements regarding
inclusion were resolved through discussion among the authors.

Data Extraction

From the included studies, data were systematically extracted regarding study design, sample
size, and the specific type of graft material used, including mineralized dentin, partially
demineralized dentin, fully demineralized dentin, and enamel-containing grafts. Information
on particle size range, demineralization protocols, and processing methods was also recorded.
Additionally, the use of adjunctive biologics was documented when applicable. Outcome
measures included histomorphometric findings, radiographic bone gain, clinical changes in
ridge width and height, and, when reported, implant survival rates. Follow-up duration and any
reported complications were also extracted to allow for comprehensive qualitative synthesis
and critical interpretation of the available evidence.

Evidence Classification and Critical Appraisal

To reduce heterogeneity and avoid pooling evidence at different levels without distinction,
studies were categorized into in vitro, animal, and human clinical studies. Within the clinical
category, randomized controlled trials, cohort studies, case series, and case reports were
considered separately.

Due to the heterogeneity of study designs and outcomes, a quantitative meta-analysis was not
feasible. Therefore, findings were synthesized qualitatively. A formal risk-of-bias tool was not
uniformly applicable across all study types; however, methodological limitations such as small
sample sizes, short follow-up, lack of control groups, and absence of standardized preparation
protocols were critically considered in interpreting the results.

Device Analysis Approach

Commercial chairside dentin-processing systems were reviewed based on information
available in peer-reviewed publications and publicly accessible technical documentation. No
independent experimental comparison was performed in this review. When data were derived
from manufacturer reports, this was explicitly acknowledged, and conclusions were interpreted
cautiously to avoid promotional bias. At present, no independent head-to-head comparative
clinical or histomorphometric studies evaluating these commercial systems exist;
consequently, no conclusions regarding relative clinical performance or superiority can be
drawn.

Dentin Structure

Dentin granules possess substantial osteoconductive capacity, serving as a foundation for the
deposition of new bone matrix generated by osteoblasts surrounding the granules. This
osteoconductive capacity appears to be independent of factors such as the age, type, and
condition of the tooth at the time of extraction.'' Moreover, the higher density of tooth
substances compared to bone may facilitate a slower resorption rate, which is advantageous for
bone healing.’

Dentin consists of 70-75% inorganic content, 20% organic content, and 10% water, while
alveolar bone contains 65% inorganic content, 25% organic content, and 10% water.'?
Approximately 90% of the organic content in dentin is Type I collagen, which plays a
supportive role during bone formation. The remaining 10% consists of non-collagenous
proteins (NCPs), including bone morphogenetic protein (BMP), insulin-like growth factor II
(IGF-II), and transforming growth factor beta (TGF-B), which promote bone formation.'
Among these NCPs, BMP plays a significant role in jawbone repair.'



Production of Tooth Graft Material

In 2008, an innovative bone graft material, Autogenous Tooth-Derived Graft (AutoDG), was
introduced for bone defect regeneration. AutoDG is prepared from extracted teeth and grafted
into the same donor patient. The organic portion of AutoDG, containing NCPs, possesses
osteoinductive potential, while its inorganic component provides osteoconductive potential.
AutoDG can be used in various procedures, including sinus lift, alveolar ridge augmentation,
ridge preservation, and guided bone regeneration (GBR).!® Clinical studies have demonstrated
anegligible level of immune reaction and low risk of infection in the recipient sites of AutoDG
grafts.”!2

Kim et al.!> developed a technique to produce a bone graft material from autogenous teeth,
which involves tooth extraction, removal of soft tissues and contaminants, storage in 75%
alcohol in a refrigerator or freezer, crown dissection, dental pulp removal, crushing of the teeth,
AutoDG treatment, dehydration, and lyophilization.'?

Currently, four devices are available for converting a tooth into bone graft material: Bone
Maker, Tooth Transformer, Kometabio, and Vacuasonic. Although these systems share general
procedural steps such as cleaning, grinding, and chemical processing, their demineralization
protocols, chemical compositions, exposure times, and mechanical parameters differ. Based on
currently available literature, there is insufficient independent histological or biochemical
characterization to definitively classify the final graft materials produced by these devices into
established dentin-derived graft categories. Therefore, the following discussion is limited to
protocol-based characteristics rather than verified biological equivalency.

In the first step, tooth cleaning, there is consensus that, after tooth extraction, caries,
restorations, and calculus should be removed. Teeth with root canal therapies can be used in
some devices (Table 1). There is controversy over which parts of the tooth should be removed
and which can be ground for graft preparation. Some studies have focused on using only the
root,%?! while others have utilized both the root and crown portions,?*?* as well as dentin
alone, dentin with pulp,>>?*¢ dentin with enamel,'!®?¢ and dentin with cementum.?¢’

Some studies discourage the use of enamel due to the challenge osteoclasts face in breaking
down its highly crystalline hydroxyapatite structure, leading to slow resorption and reduced
osteoconductivity.'? In contrast, some others represented enamel granules, as well as the dentin
granules, which have intrinsic osteoconductive properties and can act as a scaffold for new
bone matrix deposition.!” Nevertheless, the use of enamel in tooth-derived graft materials is
still debated, as its highly crystalline structure and slow resorption rate may negatively affect
graft integration during the healing period.

Murata et al.?” showed direct bonding between new bone and demineralized cementum, while
Schwarz et al.?® removed the layer of cementum on the downward side of the root to enhance
the fusion between the graft and the defect site. Furthermore, the cementum layer of AutoDG
exhibits a highly crystalline structure, which has been suggested to contribute to reduced graft
resorption during the healing period, as supported by reports of significantly lower resorption
rates compared to autogenous bone.?’

While dental pulp contains dental pulp stem cells with regenerative properties similar to those
of bone marrow-derived mesenchymal stem cells, most protocols recommend removing this
soft tissue before processing the tooth.*

Most studies focus on using permanent teeth for tooth-derived graft production, while recent
studies have also demonstrated the effectiveness of using deciduous teeth in this field.!®!°

In the next step, which is tooth grinding, a hammer is used in Bone Maker and Vacuasonic
devices to crush the teeth before milling. The crushed teeth are then ground with a high-speed
or low-speed mill. Minetti et al.>! showed that a significant portion of the tooth and graft
material is preserved when a low-speed grinder is used.*!



Since proteins can promote osteoinduction, the protein content of teeth is a key factor. Protein
constitutes approximately 3.5-4% of the tooth weight, consisting of autologous collagenated
hydroxyapatite and autologous Type 1 collagen. Therefore, performing detoxification,
demineralization, and trituration without careful consideration may result in a graft material
that possesses only osteoconductive properties.'’

Shape of the Produced Material

Tooth grafts can be produced in two forms: granular or block. In the granular form, the particle
size of the granules produced by the existing devices ranges from 300 to 1200 um (Table 1).
Smaller particles facilitate bone resorption and remodeling, whereas larger particles help
prevent rapid bone resorption.’ In the block form, tooth grafts are indicated for extraction
socket preservation, bone defect reconstruction, and ridge augmentation with simultaneous
implantation.**3

Demineralization of the Dentin Matrix (DDM)

In the DDM process, highly crystalline inorganic components are removed.*>=® However,
growth factors, collagen, non-collagenous proteins, and residual calcium phosphate are
present.’® The demineralization process opens the dentinal tubules, releasing growth factors
that promote tissue repair and regeneration. Growth factor i (TGF-B1), BMPs, vascular
endothelial growth factors (VEGF), fibroblast growth factor-2 (FGF-2), platelet-derived
growth factor (PDGF), and insulin-like growth factor-1 (IGF-1) are preserved and activated
during the DDM process.*”*! Therefore, it is osteoinductive and osteoconductive.*?

Although there is no standardized protocol for DDM preparation,®® the general steps are as
follows: soft tissues, caries, filling materials, and the enamel portion of extracted teeth should
be removed, and the dentin should be ground into particles or cut into blocks.

Multiple types of materials, such as chloroform/methanol or sodium hydroxide, can be used
for defatting.*’ Various acids and methods have been used in studies to demineralize dentin
(Table 2). The most common demineralizing agents used are hydrochloric acid (HCl) and
ethylenediaminetetraacetic acid (EDTA).>”*!"3* Citric acid and nitric acid have also been
utilized 3474

The degree of demineralization and particle size have been reported to influence the extent of
bone regeneration; however, their effects appear to be dependent on the specific experimental
or clinical context.3>>°

Koga et al.*? reported that partial dentin demineralization matrix (PDDM), defined as
approximately 70% demineralized dentin, required 20 minutes of demineralizing for 1000-um
particles, while complete dentin demineralization (CDDM) required 180 minutes. Greater bone
formation was observed in PDDM compared to CDDM; however, this difference was closely
related to the degree of demineralization and particle size, as faster resorption of CDDM
particles, particularly smaller ones, appeared to precede new bone formation.* These findings
indicate that the reported superiority of PDDM over CDDM is not absolute but strongly
dependent on the demineralization protocol, particle size, and resorption kinetics.

Although Koga et al.>? reported greater bone formation with dentin particle sizes of around
1000 pm in a rat calvarial defect model using partially demineralized dentin matrix, particle
size alone does not appear to be a universally determining factor for bone regeneration.>? Other
studies have reported favorable outcomes using smaller particle ranges, typically between 400
and 800 pum, particularly in clinical applications where partially demineralized dentin was
combined with adjunctive materials such as platelet concentrates. *’ These findings suggest that
the effect of particle size on bone regeneration is context-dependent and may be influenced by
factors such as the degree of demineralization, clinical versus experimental setting, and the use
of biologically active adjuncts, rather than particle size alone.>>47¢



Application of DDM

Several animal studies used DDM to promote bone formation in rat and rabbit calvarial defects,
rabbit parietal defects, and mini-pig cranial defects.****>” DDM has the potential to support
both osteochondral and bone regeneration.*

The Korea Tooth Bank and Hospital Tooth Bank (HTB) process stored patients’ teeth into
DDM for use as bone material.!® Several studies have demonstrated the safety and effectiveness
of DDM as a bone substitute (Table 2). Socket preservation, maxillary sinus floor
augmentation, and alveolar ridge augmentation are some indications of DDM.

Heterogeneous Tooth Graft

One major drawback of using a patient’s own teeth to produce AutoDG is the limited
availability of graft material. To overcome this limitation, heterogeneous tooth graft
approaches have been explored in preclinical studies. However, most available evidence is
derived from animal models, and these approaches remain experimental, with unresolved
ethical, immunological, and regulatory concerns. The main challenge in using heterogeneous
teeth for graft preparation is preventing immune rejection. Current protocols attempt to reduce
antigenicity mainly through extensive deproteinization and sterilization; however, complete
elimination of immunologic risk has not been conclusively demonstrated, particularly beyond
animal models. **-

Unfortunately, there is no standardized method for producing heterogeneous tooth grafts. In
the following section, some of the main methods of preparing bone from heterogeneous teeth
are given. It seems that other articles have also used the same techniques or modified them.*>-¢
Although the use of heterogeneous teeth to produce bone graft materials remains controversial
from an ethical and technical standpoint, some researchers have employed this approach.
South Korea published a Google patent (publication number: KR 1011139337B1 and available
at https://patents.google.com/patent/KR101139337B1/en), describing the production of graft
material from heterogeneous teeth, which is summarized in Figure 1. In this method, the use
of high temperatures (1000-1500°C) to eliminate immune rejection factors alters the fine
surface structure. High temperatures increase crystalline apatite formation, cause loss of
carbonic acid, and reduce bone conductivity.

Calvo-Guirado et al.** used human sterilized tooth particles to promote bone formation in rabbit
calvarial defects, employing various protocols. The tooth preparation process involved
extracting teeth from 10 patients, separating the crowns and roots, removing soft tissues,
cleaning the roots, crushing them into particles ranging from 300 to 1200 um, immersing the
particles in basic alcohol cleanser consisting 20% ethanol and 0.5 M sodium hydroxide for 2
min, treating them with 10% EDTA for partial demineralization, washing them with phosphate-
buffered saline solution twice for 5 min, and sterilizing them in an autoclave. Despite the
absence of high-temperature heat in their protocol, no cases of immune rejection were reported.
However, due to the diversity of methods used, further studies are needed.

In another approach, Moraes et al.>® removed the cementum, dental pulp, and pre-dentin, and
obtained 500-um particles from heterogeneous teeth using a grinder. Centrifugation was
performed for chemical separation. The resulting human dentin matrix was first moistened with
deionized water for 5 hours. Then, it was mechanically cleaned for 20 minutes every hour using
an ultrasonic cleanser. Further procedures were undertaken to generate DDM as follows: the
teeth were immersed in a 17% EDTA solution for 5 minutes, then washed with deionized water
for 10 minutes in an ultrasonic cleaner. They were subsequently exposed to 10% EDTA for 5
minutes, followed by another 10-minute wash with deionized water in an ultrasonic cleaner.
The samples were then exposed to a 5% EDTA demineralizing solution for 10 minutes,
followed by a final 10-minute wash with deionized water in an ultrasonic cleaner, and then
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dried. Immediately after this procedure, HDDM was sterilized by gamma irradiation for 18
hours and 58 minutes at 27°C with a 14.5-kGy dose.'® The sterilized material was stored in
cryopreservation at -80°C.

It should be emphasized that the sterilization and demineralization protocols described,
including EDTA treatment, gamma irradiation, autoclaving, or heat processing, have been
applied within experimental settings and animal models, and are not currently standardized or
approved for routine clinical use. Moreover, these processing methods substantially alter the
physicochemical properties of dentin-derived materials. Increased crystallinity and reduced
resorption, as reported in animal studies, may enhance space maintenance but can also
compromise biological remodeling and osteoconductivity.** Therefore, although
heterogeneous tooth-derived grafts have demonstrated osteoconductive and osteoinductive
potential in animal models, their long-term safety, immunologic behavior, ethical acceptability,
and regulatory status remain insufficiently defined. Further standardized investigations and
controlled clinical studies are required before clinical translation can be considered.

Tooth-derived Grafts in Comparison to Other Bone Graft Materials

Tooth-derived grafts can be used alone or combined with other bone graft materials, such as
bovine bone, Bio-Oss, PRF, PRP, and their modifications. Multiple studies have compared the
efficacy of tooth grafts with other bone graft materials, summarized in Table 3.

Bovine Bone

Jun et al.®> compared the use of autogenous tooth-derived graft material (AutoDG) with Bio-
Oss in sinus bone grafts, reporting no differences in bone density, bone height, new bone
formation, residual graft material, or bone marrow space. However, trabecular (P=0.006) and
osteoid (P=0.025) thickness were significantly higher in the AutoDG group.

Pang et al.*® evaluated the efficacy of AutoDG versus Bio-Oss for alveolar bone augmentation,
reporting that although the vertical dimension of the alveolar bone and new bone formation
increased more in the Bio-Oss group, there was no significant difference between the two
groups.

Santos et al.?? used a tooth graft for ridge preservation and reported no significant clinical or
radiographic outcomes compared to Bio-Oss.

A systematic meta-analysis comparing the osteogenic effectiveness of tooth grafts and Bio-Oss
in bone augmentation procedures found no significant difference in new bone formation
between the two materials. The review represented that tooth graft is just as effective as Bio-
Oss for bone augmentation.®®

Moraes et al.’® conducted an experimental study to compare the efficacy of bovine bone and
heterogeneous human DDM for alveolar ridge preservation. The results showed that both the
bovine bone and DDM groups exhibited similar outcomes. The DDM group demonstrated new
bone formation and slow resorption. Additionally, the study concluded that DDM can help
preserve the alveolar ridge after tooth extraction.

Platelet-rich Fibrin (PRF)

Kizildag et al.%® evaluated new bone formation using a tooth-derived graft with PRF. Bone
augmentation and bone density were significantly higher in the group that received a tooth-
derived graft combined with PRF compared to the group receiving only the tooth-derived graft.
Khunger et al.®’ reported that the use of a tooth-derived graft material mixed with PRF for
immediate dental implant placement resulted in increased new bone formation and reduced
alveolar bone resorption.



In an RCT by Abdelraheim et al.>, the mean value of bone density was significantly higher in
the group that combined PRF with tooth graft material, compared to the control group that did
not receive PRF.

An animal study on the effect of tooth-derived graft in combination with PRF in peri-implant
defects showed that new bone formation was significantly higher in the ATBG (Autogenous
Tooth Bone Graft) + PRF group compared to the ATBG group or the control group.?® In
contrast, Kim et al.*® did not find a significantly higher amount of bone formation between the
DDM group and the DDM + PRF group. In contrast, the DDM combined with recombinant
human bone morphogenetic protein-2 (rhBMP-2) group showed a significantly higher degree
of bone formation.

Alrmali et al.®* used ATBG mixed with PRF and demonstrated that this material can be an
effective alternative to traditional bone graft materials in GBR procedures and maxillary sinus
augmentation (sinus elevation) operations.

Although multiple studies have reported improved bone formation when PRF is combined with
tooth-derived graft materials, the findings are inconsistent, with some studies not showing a
significant additional benefit.

Advanced Platelet-rich Fibrin (A-PRF)

Gowda et al.%® reported that the application of PDDM is more efficient for socket preservation
than advanced platelet-rich fibrin. The midbuccal and palatal crestal height, as well as the
alveolar ridge width, were significantly higher in the PDDM group. In contrast to the control
group, the test group did not show a significant difference in the resorption of alveolar ridge
width.

Vares et al.* found that grafting a traumatic mandibular defect with ATBG mixed with A-PRF
is an appropriate bone graft biomaterial to restore even sizeable bone defects.

Injectable Platelet-rich Fibrin (i-PRF)
van Orten et al.®* reported that a combination of i-PRF with tooth-derived granules is a valuable
method for socket preservation, resulting in high-quality bone.

Leukocyte-platelet-rich Fibrin (L-PRF)

Andrade et al.®' used a mixture of ATBG and L-PRF in extraction sockets, reporting
preservation or even enhancement of the vertical and horizontal dimensions of the alveolar
ridge.

Platelet-rich Plasma (PRP)

Kim et al.* used PRP along with autogenous tooth graft blocks for sinus bone augmentation.
They reported that after a 2-year follow-up, there was no significant difference in residual
alveolar bone height or new bone volume between the PRP and control groups.

Beta Tricalcium Phosphate (BTCP)

An animal study comparing tooth graft materials and the BTCP biomaterial reported that the
tooth graft materials significantly increased bone formation to a greater extent than the BTCP
material. **

Overall, available evidence suggests that tooth-derived grafts may yield clinical and
histological outcomes comparable to those of other bone graft materials. The clinical
translation of tooth-derived grafts offers potential for various applications in implant dentistry,
alveolar ridge preservation, and maxillofacial reconstruction. However, the absence of
standardized preparation protocols, heterogeneity among studies, small sample sizes, and the
limited number of well-designed long-term clinical trials remain significant challenges.



Discussion

The clinical and histological outcomes reported across multiple studies consistently indicate
that dentin-based grafts provide bone regeneration comparable to that of xenografts and
alloplasts, with the added advantage of being autogenous and eliminating disease transmission
risks.”2%48:62 The intrinsic presence of bioactive molecules such as BMPs, TGF-f, and IGFs
further enhances their osteoinductive potential.!**7#!

Studies have demonstrated that partial demineralization preserves calcium phosphate for
structural stability while allowing the release of embedded growth factors, leading to superior
osteogenic activity compared with either fully mineralized or completely demineralized
dentin.*>*7-%% Similarly, the particle size of dentin granules influences the rate of resorption and
new bone formation. Smaller particles accelerate remodeling, whereas larger particles maintain
graft volume and mechanical stability over time.?>%

The composition of processed material also plays a pivotal role. While some authors exclude
enamel due to its dense crystalline structure and limited resorbability, others argue that the
inclusion of enamel particles can enhance space maintenance and graft volume.!®!7 The
cementum layer, when preserved, has shown histological integration with surrounding bone,
suggesting a potential role in osteoconduction.?’?® Despite these findings, a universal
consensus on the optimal combination of dentin, enamel, and cementum components remains
lacking, and variations among existing commercial processing devices complicate
standardization.

The incorporation of platelet concentrates appears to significantly improve the biological
response and bone density when combined with tooth-derived grafts.®*%* PRF provides
autologous growth factors and fibrin scaffolding that synergize with dentin-derived bioactive
proteins, accelerating angiogenesis and bone remodeling. However, the degree of improvement
varies across studies and depends on the PRF preparation method and the type of graft
used.*¢>%67  Collectively, these findings suggest that optimizing the physicochemical
parameters of tooth-derived grafts—particularly balancing structural stability with the
controlled release of bioactive molecules—may play a more critical role in clinical
performance than the specific choice of processing device or preparation technique.
Compared with bovine xenografts such as Bio-Oss, tooth-derived grafts show comparable or
superior performance in terms of new bone formation, trabecular thickness, and osteoid
maturation, while avoiding the limitations of xenogeneic materials such as slow resorption or
potential immunogenicity.?>*265 In addition, clinical trials have demonstrated that tooth-
derived grafts can be used effectively for sinus augmentation, ridge preservation, and peri-
implant bone regeneration without significant adverse events,**%:64

While short-term outcomes reported in the available literature are generally encouraging,
important questions regarding long-term degradation kinetics and clinical predictability remain
insufficiently addressed. The relative resorption rate of dentin compared to native bone, the
long-term fate of enamel-containing graft particles, and extended implant survival in dentin-
grafted sites have not yet been comprehensively evaluated. In addition, complication profiles—
including infection, membrane exposure, and volumetric stability—have not been
systematically reported across standardized follow-up periods. These gaps highlight the need
for longer-term and methodologically consistent investigations.

Within the broader landscape of contemporary regenerative dentistry, several alternative
biomaterial strategies have been developed, including bioactive glasses, customized allograft
blocks, 3D-printed scaffolds, growth-factor-enhanced biomaterials, and cell-based constructs.
These approaches differ in terms of biological activity, structural properties, and translational
readiness. Tooth-derived grafts represent an autogenous and biologically derived alternative
within this spectrum. However, direct comparative data between dentin-based grafts and these



modern regenerative technologies remain limited, and clear clinical superiority has not been
established. Future investigations should aim to position dentin-derived materials within this
broader regenerative framework through standardized comparative methodologies.

Despite the promising findings reported in the literature, several important limitations must be
acknowledged. The current body of evidence is characterized by substantial methodological
heterogeneity, including variability in dentin processing protocols such as demineralization
duration, acid concentration, sterilization techniques, and particle preparation methods. These
inconsistencies may directly influence material properties and reported clinical outcomes.
Furthermore, most available studies are limited by small sample sizes, short follow-up
durations, and diverse study designs.

Given the emerging nature of this field, high-level RCTs remain limited, and a considerable
proportion of the evidence is derived from preclinical investigations or pilot clinical studies.
As a result, definitive conclusions regarding long-term clinical superiority or standardized
clinical indications cannot yet be established. In addition, long-term resorption kinetics,
degradation behavior relative to native bone, implant survival in dentin-grafted sites, and the
potential influence of systemic conditions remain insufficiently clarified.

It is also important to note that, as a comprehensive narrative review synthesizing
heterogeneous evidence, formal quantitative weighting of studies was not performed. This
should be interpreted as a methodological scope decision rather than an attempt to equate
different levels of evidence. The heterogeneity of study designs and outcome measures was
explicitly taken into account in the interpretation of the findings.

From a regulatory and translational perspective, the use of heterogeneous or extensively
processed tooth grafts continues to raise ethical and immunologic considerations. Although
current preparation protocols aim to reduce antigenicity, comprehensive safety validation and
regulatory standardization are still required before widespread clinical implementation.
Future investigations should prioritize well-designed multicenter randomized clinical trials
with standardized preparation protocols and extended follow-up periods to better define long-
term success rates of implants placed in tooth-derived grafted sites. Comparative studies
evaluating different processing devices and preparation strategies are also warranted.
Additionally, integrating advanced biotechnological approaches—such as recombinant growth
factors, bioactive molecules, and stem cell-based therapies—may further expand the
regenerative potential of these biomaterials. To facilitate regulatory acceptance and clinical
translation, establishing GMP-compliant manufacturing workflows and completing ISO 10993
biocompatibility testing will be essential prerequisites.

Conclusion

Tooth-derived grafts remain an attractive option for bone regeneration in dentistry due to their
biocompatibility, osteoconductive and osteoinductive properties, and low immunogenicity.
Studies have shown that tooth-derived grafts are comparable in quality to commonly used bone
graft materials. When combined with platelet factors such as PRF, they can enhance bone
regeneration outcomes. However, additional controlled clinical studies are required to provide
a more comprehensive comparison with other bone graft materials. It is also recommended
that, to enable the broader use of tooth-derived grafts, future research should focus on
developing a specific protocol for producing DDM.

Acknowledgment

During the preparation of this work, the authors used Monica and ChatGPT 4 to correct the
structure and grammar. After using these tools, the authors reviewed and edited the content as
needed and took full responsibility for the content of the publication.



Authors’ Contributions

Conceptualization: Abbasali Khademi and Mina Shekarian

Methodology: Mina Shekarian, Pardis Amani Beni, and Ghazal Hassanzadehganroudsari
Data curation: Mina Shekarian, Pardis Amani Beni, and Ghazal Hassanzadehganroudsari
Writing—original  draft: Mina Shekarian, Pardis Amani Beni, and Ghazal
Hassanzadehganroudsari

Writing—review and editing: Abbasali Khademi, Mina Shekarian, Pardis Amani Beni, Ghazal
Hassanzadehganroudsari

Competing Interests
The authors declare that they have no competing interests regarding authorship and/or
publications of this paper.

Data Availability
The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Ethical Approval
The Protocol was registered with and approved by the Ethics Committee of the Medical University
of Isfahan (IR.MUL.DHMT.REC.1403.123).

Funding
We are grateful to Isfahan University of Medical Sciences for funding this project (Funding
code number: 2403162).

References

1. Jonasson G, Rythén M. Alveolar bone loss in osteoporosis: a loaded and cellular affair? Clin
Cosmet Investig Dent. 2016;8:95-103. doi: 10.2147/CCIDE.S92774.

2. Mk J. Bone loss in the oral cavity. J Bone Miner Res. 1993;8(2):467-73. doi:
10.1002/jbmr.5650081307.

3. Kumar P, Vinitha B, Fathima G. Bone grafts in dentistry. J Pharm Bioallied Sci.
2013;5(Suppl 1):S125-7. doi: 10.4103/0975-7406.113312.

4. Sakkas A, Wilde F, Heufelder M, Winter K, Schramm A. Autogenous bone grafts in oral
implantology—is it still a “gold standard”? A consecutive review of 279 patients with 456
clinical procedures. Int J Implant Dent. 2017;3(1):1-17. doi: 10.1186/s40729-017-0084-4.

5. Janicki P, Schmidmaier G. What should be the characteristics of the ideal bone graft
substitute? Combining scaffolds with growth factors and/or stem cells. Injury. 2011;42(Suppl
2):S77-81. doi: 10.1016/.injury.2011.06.014.

6. Dimitriou R, Mataliotakis GI, Angoules AG, Kanakaris NK, Giannoudis PV. Complications
following autologous bone graft harvesting from the iliac crest and using the RIA: a systematic
review. Injury. 2011;42(Suppl 2):S3-15. doi: 10.1016/].injury.2011.06.015.

7. Kim Y-K, Kim S-G, Yun P-Y, Yeo I-S, Jin S-C, Oh J-S, et al. Autogenous teeth used for
bone grafting: a comparison with traditional grafting materials. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2014;117(1):e39-45. doi: 1016/j.0000.2012.04.018.

8. Chen Z, Liu H, Liu X, Lian X, Guo Z, Jiang H-J, et al. Improved workability of injectable
calcium sulfate bone cement by regulation of self-setting properties. Mater Sci Eng C.
2013;33(3):1048-53. doi: 10.1016/j.msec.2012.11.019.

9. Nampo T, Watahiki J, Enomoto A, Taguchi T, Ono M, Nakano H, et al. A new method for
alveolar bone repair using extracted teeth for the graft material. J Periodontol.
2010;81(9):1264-72. doi: 1902/jop.2010.100016.



10. Bono N, Tarsini P, Candiani G. Demineralized dentin and enamel matrices as suitable
substrates for bone regeneration. J Appl Biomater. 2017;15(3):236-43. doi:
10.5301/jabfm.5000373.

11. Pisani F, Minetti E, Taschieri S, Corbella S, Savadori P. Bone regeneration in implantology:
tooth as a graft. 1st ed. Italy: Edra; 2021. p. 183-96.

12. Kim Y-K, Kim S-G, Byeon J-H, Lee H-J, Um I-U, Lim S-C, et al. Development of a novel
bone grafting material using autogenous teeth. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2010;109(4):496-503. doi: 10.1016/j.tripleo.2009.10.017.

13. Kim Y-K, Lee J, Um I-W, Kim K-W, Murata M, Akazawa T, et al. Tooth-derived bone
graft material. J Korean Assoc Oral Maxillofac Surg. 2013;39(3):103. doi:
10.5125/jkaoms.2013.39.3.103.

14. Herford AS, Boyne PJ. Reconstruction of mandibular continuity defects with bone
morphogenetic protein-2 (thBMP-2). J Oral Maxillofac Surg. 2008;66(4):616-24. doi:
10.1016/j.joms.2007.11.021.

15. Kim Y-K, Lee JK, Kim K-W, Um I-W, Murata M. Advances in Biomaterials Science and
Biomedical Applications. 1st ed. London: IntechOpen. 2013: p.405-36. doi: 10.5772/53200.
16. Korea Dental Solution. ATB Graft System. An annotated catalog. Korea:2018. [Cited 2025
March 15]. Available from:
https://www.valid.hu/PDF/katalogusok/BonMaker katalogus 2018.pdf

17. Minetti E CA, Casasco M, Corbella S, Giacometti E, Ho HKL, et al. Bone Regeneration in
Implantology: Tooth as a Graft. Ist ed. Italy: Edra; 2021.

18. Molnar B, Wiirsching T, Sélyom E, Palvolgyi L, Radoczy-Drajko Z, Palkovics D, et al.
Alveolar cleft reconstruction utilizing a particulate autogenous tooth graft and a novel split-
thickness papilla curtain flap—A retrospective study. J Cranio-Maxillo-Fac Surg.
2024;52(1):77-84. doi: 10.1016/j.jcms.2023.10.006.

19. Minetti E, Taschieri S, Corbella S. Autologous deciduous tooth-derived material for
alveolar ridge preservation: A clinical and histological case report. Case Rep Dent.
2020;2020(1):2936878. doi: 10.1155/2020/2936878.

20. Jung G-U, Jeon T-H, Kang M-H, Um I-W, Song I-S, Ryu J-J, et al. Volumetric,
radiographic, and histologic analyses of demineralized dentin matrix combined with
recombinant human bone morphogenetic protein-2 for ridge preservation: a prospective
randomized controlled trial in comparison with xenograft. Appl Sci. 2018;8(8):1288. doi:
10.3390/app8081288.

21.Um IW, Kim YK, Park JC, Lee JH. Clinical application of autogenous demineralized dentin
matrix loaded with recombinant human bone morphogenetic-2 for socket preservation: A case
series. Clin Implant Dent Relat Res. 2019;21(1):4-10. doi: 10.1111/c1d.12710.

22. Santos A, Botelho J, Machado V, Borrecho G, Proenga L, Mendes JJ, et al. Autogenous
mineralized dentin versus xenograft granules in ridge preservation for delayed implantation in
post-extraction sites: a randomized controlled clinical trial with an 18 months follow-up. Clin
Oral Implants Res. 2021;32(8):905-15. doi: 10.1111/clr.13765.

23. Joshi CP, Dani NH, Khedkar SU. Alveolar ridge preservation using autogenous tooth graft
versus beta-tricalcium phosphate alloplast: A randomized, controlled, prospective, clinical
pilot study. J Indian Soc Periodontol. 2016;20(4):429-34. doi: 10.4103/0972-124X.188335.
24. Dwivedi A, Kour M. A neoteric procedure for alveolar ridge preservation using autogenous
fresh mineralized tooth graft prepared at chair side. J Oral Biol Craniofacial Res.
2020;10(4):535-41. doi: 10.1016/j.jobcr.2020.07.018.

25.BaoJ, Fu X, Wu 'Y, Yang S, Ren X, Fang X, et al. The healing capacity and osteogenesis
pattern of demineralized dentin matrix (DDM)-fibrin glue (FG) compound. Sci Rep.
2023;13(1):13140. doi: 10.1038/s41598-023-40258-7.



https://www.valid.hu/PDF/katalogusok/BonMaker_katalogus_2018.pdf

26. Kizildag A, Tasdemir U, Arabaci T, Kizildag CA, Albayrak M, Sahin B. Effects of
autogenous tooth bone graft and platelet-rich fibrin in peri-implant defects: an experimental
study in an animal model. J Oral Implantol. 2020;46(3):221-6. doi: 10.1563/aaid-joi-D-19-
00038.

27. Murata M, Kabir MA, Hirose Y, Ochi M, Okubo N, Akazawa T, et al. Histological evidence
of autograft of dentin/cementum granules into unhealed sockets at 5 months after tooth
extraction for implant placement. J Funct Biomater. 2022;13(2):66. doi: 10.3390/jfb13020066.
28. Schwarz F, Golubovic V, Becker K, Mihatovic 1. Extracted tooth roots used for lateral
alveolar ridge augmentation: A proof-of-concept study. J Clin Periodontol. 2016;43(4):345-53.
doi: 10.1111/jcpe.12481.

29.Zhang S, Li X, Qi Y, Ma X, Qiao S, Cai H, et al. Comparison of autogenous tooth materials
and other bone grafts. Tissue Eng Regen Med. 2021;18(3):327-41. doi: 10.1007/s13770-021-
00333-4.

30. Potdar PD, Jethmalani YD. Human dental pulp stem cells: Applications in future
regenerative medicine. World J Stem Cells. 2015;7(5):839-51. doi: 10.4252/wjsc.v7.15.839.
31. Minetti E, Palermo A, Malcangi G, Perfetti G, Inchingolo F, Perfetti F, et al. The most
suitable system to grind the whole tooth to use it as graft material. Preprints [Preprint]. May 4,
2023[ Cited 2025 Dec 2]. Available from:
https://www.preprints.org/frontend/manuscript/6a4b3470£19e475757081dd95818572b/downl
oad_pub. doi: 10.20944/preprints202305.0216.v1

32. Koga T, Minamizato T, Kawai Y, Miura K-i, Nakatani Y, et al. Bone regeneration using
dentin matrix depends on the degree of demineralization and particle size. PLoS One.
2016;11(1):e0147235. doi: 10.1371/journal.pone.0147235.

33.LiS, Gao M, Zhou M, Zhu Y. Bone augmentation with autologous tooth shell in the esthetic
zone for dental implant restoration: a pilot study. Int J Implant Dent. 2021;7(1):1-9. doi:
10.1186/s40729-021-00389-w.

34. Wang W, Li X, Mei D, Zhao B. Autogenous solid dentin for horizontal ridge augmentation
with simultaneous implantation in a severe bone defect: A 3.5-year follow-up clinical report. J
Prosthet Dent. 2025;133(4):948-53. doi: 10.1016/j.prosdent.2023.05.036.

35. Grawish ME, Grawish LM, Grawish HM, Grawish MM, Holiel AA, Sultan N, et al.
Demineralized dentin matrix for dental and alveolar bone tissues regeneration: an innovative
scope review. Tissue Eng Regen Med. 2022;19(4):687-701. doi: 10.1007/s13770-022-00438-
4.

36. Obulareddy VT, Porwal A, Noor T, Catalano F, Minervini G, D’Amico C, et al. Tooth as
a Bone Graft Material: A Narrative Review. Eur J Gen Dent. 2023;12(2):72-81. doi: 10.1055/s-
0043-1771533.

37. Avery S, Sadaghiani L, Sloan AJ, Waddington RJ. Analysing the bioactive makeup of
demineralised dentine matrix on bone marrow mesenchymal stem cells for enhanced bone
repair. Eur Cells Mater. 2017;34:1-14. doi: 10.22203/eCM.v034a01.

38.Ranc V, Zizka R, Chaloupkova Z, Sevéik J, Zbofil R. Imaging of growth factors on a human
tooth root canal by surface-enhanced Raman spectroscopy. Anal Bioanal Chem.
2018;410(27):7113-20. doi: 10.1007/s00216-018-1311-4.

39. Schmidt-Schultz TH, Schultz M. Intact growth factors are conserved in the extracellular
matrix of ancient human bone and teeth: a storehouse for the study of human evolution in health
and disease. Biol Chem. 2005;386(8):767-76. doi: 10.1515/BC.2005.090.

40. Baker SM, Sugars RV, Wendel M, Smith AJ, Waddington RJ, Cooper PR, et al. TGF-
B/extracellular matrix interactions in dentin matrix: a role in regulating sequestration and
protection of bioactivity. Calcif Tissue Int. 2009;85(1):66-74. doi: 10.1007/s00223-009-9248-
4.



https://www.preprints.org/frontend/manuscript/6a4b3470f19e475757081dd95818572b/download_pub
https://www.preprints.org/frontend/manuscript/6a4b3470f19e475757081dd95818572b/download_pub

41. Zhang R, Cooper PR, Smith G, Nor JE, Smith AJ. Angiogenic activity of dentin matrix
components. J Endod. 2011;37(1):26-30. doi: 10.1016/j.joen.2010.08.042.

42. Um IW. Demineralized dentin matrix (DDM) as a carrier for recombinant human bone
morphogenetic proteins (thBMP-2). Adv Exp Med Biol. 2018;1077:487-99. doi: 10.1007/978-
981-13-0947-2 26.

43. Togari K, Miyazawa K, Yagihashi K, Tabuchi M, Maeda H, Kawai T, et al. Bone
regeneration by demineralized dentin matrix in skull defects of rats. J Hard Tissue Biol.
2012;21(1):25-34. doi: 10.2485/jhtb.21.25.

44. Calvo-Guirado JL, Cabo-Pastor MB, Martinez-Martinez F, Garcés-Villala MA, de Carlos-
Villafranca F, Garcia-Carrillo N, et al. The Use of Human Sterilized Crushed Tooth Particles
Compared with BTCP Biomaterial and Empty Defects in Bone Formation inside Critical
Rabbit Calvaria Sites. Bioengineering. 2023;10(6):638. doi: 10.3390/bioengineering10060638.
45. De Oliveira G, Miziara M, Silva Ed, Ferreira E, Biulchi A, Alves J. Enhanced bone
formation during the healing process of tooth sockets filled with demineralized human dentine
matrix. Aust Dent J. 2013;58(3):326-32. doi: 10.1111/adj.12088.

46. Kim B-J, Kim S-K, Lee J-H. Bone regeneration of demineralized dentin matrix with
platelet-rich fibrin and recombinant human bone morphogenetic protein-2 on the bone defects
in rabbit calvaria. Maxillofac Plast Reconstr Surg. 2021;43(1):34. doi: 10.1186/s40902-021-
00320-8.

47. Minamizato T, Koga T, Takashi I, Nakatani Y, Umebayashi M, Sumita Y, et al. Clinical
application of autogenous partially demineralized dentin matrix prepared immediately after
extraction for alveolar bone regeneration in implant dentistry: a pilot study. Int J Oral
Maxillofac Surg. 2018;47(1):125-32. doi: 10.1016/j.ijom.2017.02.1279.

48. Pang KM, Um IW, Kim YK, Woo JM, Kim SM, Lee JH. Autogenous demineralized dentin
matrix from extracted tooth for the augmentation of alveolar bone defect: a prospective
randomized clinical trial in comparison with anorganic bovine bone. Clin Oral Implants Res.
2017;28(7):809-15. doi: 10.1111/clr.12885.

49. Xu X, Sohn D-S, Kim H-G, Lee S-J, Moon Y-S. Comparative histomorphometric analysis
of maxillary sinus augmentation with deproteinized bovine bone and demineralized particulate
human tooth graft: An experimental study in rabbits. Implant Dent. 2018;27(3):324-31. doi:
10.1097/1D.000000000000075.

50. Yang F, Ruan Y, Bai X, Li Q, Tang X, Chen J, et al. Alveolar ridge preservation in sockets
with severe periodontal destruction using autogenous partially demineralized dentin matrix: A
randomized controlled clinical trial. Clin Implant Dent Relat Res. 2023;25(6):1019-32. doi:
10.1111/c1d.13247.

51. Li R, Guo W, Yang B, Guo L, Sheng L, Chen G, et al. Human treated dentin matrix as a
natural scaffold for complete human dentin tissue regeneration. Biomaterials.
2011;32(20):4525-38. doi: 10.1016/j.biomaterials.2011.03.008.

52.Guo W, He Y, Zhang X, Lu W, Wang C, Yu H, et al. The use of dentin matrix scaffold and
dental follicle cells for dentin regeneration. Biomaterials. 2009;30(35):6708-23. doi:
10.1016/j.biomaterials.2009.08.034.

53. Melling GE, Colombo JS, Avery SJ, Ayre WN, Evans SL, Waddington RJ, et al. Liposomal
delivery of demineralized dentin matrix for dental tissue regeneration. Tissue Eng Part A.
2018;24(13-14):1057-65. doi: 10.1089/ten.TEA.2017.0419.

54. Kabir MA, Murata M, Akazawa T, Kusano K, Yamada K, Ito M. Evaluation of perforated
demineralized dentin scaffold on bone regeneration in critical-size sheep iliac defects. Clin
Oral Implants Res. 2017;28(11):e227-e235. doi: 10.1111/clr.13000.

55. Gao X, Qin W, Wang P, Wang L, Weir MD, Reynolds MA, et al. Nano-structured
demineralized human dentin matrix to enhance bone and dental repair and regeneration. Appl
Sci. 2019;9(5):1013. doi: 10.3390/app9051013.


http://dx.doi.org/10.2485/jhtb.21.25

56. Nam J-W, Kim M-Y, Han S-J. Cranial bone regeneration according to different particle
sizes and densities of demineralized dentin matrix in the rabbit model. Maxillofac Plast
Reconstr Surg. 2016;38(1):27. doi: 10.1186/s40902-016-0073-1.

57. Kim J-Y, Kim K-W, Um I-W, Kim Y-K, Lee J-K. Bone healing capacity of demineralized
dentin matrix materials in a mini-pig cranium defect. J] Korean Dent Sci. 2012;5(1):21-8. doi:
10.5856/JKDS.2012.5.1.21.

58. Moraes GF, Caetano RdO, Prochnow FHO, Pupo YM, Schussel JL, Schwartz-Filho HO.
Demineralized human dentin matrix for alveolar ridge preservation using a volumetric and
histologic analyses in rats. Braz Dent J. 2022;33(3):82-91. doi: 10.1590/0103-6440202204648.
59. Abdelraheim AS, Abu-Elhassan MF, Ali HE-dM, El-Ashmawy MM. Comparative Study
of Autogenous Fresh Tooth Graft and Platelet Rich Fibrin Mixture versus Autogenous Fresh
Tooth Graft Only For Immediate Dental Implant Placement. Al-Azhar Assiut Dent J.
2023;6(2):247-58. doi: 10.21608/aadj.2023.326288.

60. Alrmali A, Saleh MH, Mazzocco J, Zimmer JM, Testori T, Wang HL. Auto-dentin platelet-
rich fibrin matrix is an alternative biomaterial for different augmentation procedures: A
retrospective case series report. Clin Exp Dent Res. 2023;9(6):993-1004. doi:
10.1002/cre2.808.

61. Andrade C, Camino J, Nally M, Quirynen M, Martinez B, Pinto N. Combining autologous
particulate dentin, L-PRF, and fibrinogen to create a matrix for predictable ridge preservation:
apilot clinical study. Clin Oral Investig. 2020;24(3):1151-60. doi: 10.1007/s00784-019-02922-
Z.

62. Jun S-H, Ahn J-S, Lee J-I, Ahn K-J, Yun P-Y, Kim Y-K. A prospective study on the
effectiveness of newly developed autogenous tooth bone graft material for sinus bone graft
procedure. J Adv Prosthodont. 2014;6(6):528-38. doi: 10.4047/jap.2014.6.6.528.

63. van Orten A, Goetz W, Bilhan H. Tooth-Derived Granules in Combination with Platelet-
Rich Fibrin (“Sticky Tooth”) in Socket Preservation: A Histological Evaluation. Dent J.
2022;10(2):29. doi: 10.3390/dj10020029.

64. Vares Y, Binderman I, Galyant K. Traumatic mandibular cyst defect grafted with
autologous dentin and platelet-rich fibrin composite: a case report. Int J Periodontics Restor
Dent. 2022;42(2):253-9. doi: 10.11607/prd.5215.

65.LiY, Zhou W, Li P, Luo Q, Li A, Zhang X. Comparison of the osteogenic effectiveness of
an autogenous demineralised dentin matrix and Bio-Oss® in bone augmentation: a systematic
review and meta-analysis. Br J Oral Maxillofac Surg. 2022;60(7):868-76. doi:
10.1016/j.bjoms.2022.03.009.

66. Kizildag A, Tasdemir U, Arabaci T, Ozmen O, Kizildag CA, lyilikci B. Evaluation of new
bone formation using autogenous tooth bone graft combined with platelet-rich fibrin in
calvarial defects. J Craniofacial Surg. 2019;30(6):1662-6. doi:
10.1097/SCS.0000000000005413.

67. Khunger A, Singla P, Karma S, Kamboj S, Sharma G, Gupta V. A Novel Approach to
Restore a Decayed Mandibular Posterior Tooth by Immediate Implant Placement Using
Autogenous Tooth Graft Material Mixed with Platelet-Rich Fibrin: A Case Report. J Dent Oral
Sci. 2021;3(1):1-7. doi: 10.37191/Mapsci-2582-3736-3(1)-072.

68. Gowda TM, Jayashri M, Venkatesh UG, Shah R, Kumar BTA, Deepthi M, et al.
Autologous tooth bone graft block compared with advanced platelet-rich fibrin in alveolar
ridge preservation: A clinico-radiographic study. J Indian Soc Periodontol. 2023;27(6):619-25.
doi: 10.4103/jisp.jisp_43 23.

69. Kim E-S, Kang J-Y, Kim J-J, Kim K-W, Lee E-Y. Space maintenance in autogenous fresh
demineralized tooth blocks with platelet-rich plasma for maxillary sinus bone formation: a
prospective study. Springerplus. 2016;5:274. doi: 10.1186/s40064-016-1886-1.



Table 1. Features of various tooth graft devices

Device Name Shape of Possibility of Using Composition of  Duration of Usage Speed Granular Size
Produced - Endodontically Liquids Treatment
Material treated teeth
- Deciduous teeth
Bone Maker ¢ Granular - Yes granular Granular: 19 Manual/ High - speed 450-850 um
18 and block - Yes formulation: HCI ~ minutes and Automatic
0.45 M-H202 50 seconds
130 volumes- Block: 35
ethanol 62.6% minutes and
chloroform 50 seconds
31.3% water
6.1% + washing
saline solution;
block
formulation: HCI
0.56 M-H202
120 volumes-
ethanol 47.2%
chloroform
47.2% water
5.6% + washing
saline solution.
Vacuasonic !’ Granular - Yes 0.6 M Granular: 30 Manual/ No 450-850 um
and block - No information hydrochloric acid minutes Automatic information
based on (HCI) + peracetic Block: 2 (High-speed)
articles acid + ethanol + hours
phosphate wash
buffer solution
Kometabio '!7 Granular - No 0.5M NaOH +  Granular: 20 Manual High- speed 300-1200 pm
- No information 30% alcohol min
based on + EDTA 10% +  Block: -
articles PBS
Tooth Granular - Yes 0.1 M Granular: 30 Automatic Low-speed  No information
Transformer - Yes hydrochloric min

17,19

acid, 10%

Block: -




hydrogen

peroxide, and
demineralized

water as a wash

Table 2. Outcomes and effectiveness of DDM

Demineralizing - Type of the
Type of
Agent particles Experimental
Author the . . Purpose Outcomes
stud - Time - Size of the Groups
y particles
Report
of 20
Murata et al. years - 0.6 NHCL - Powder Sinus floor APDDM Successful bone
(2022)* follow - 15 hours - NM augmentation formation
up a
case
- Powder .
Kooa et al Animal _ HNO3 2% - Three groups of: 1. 1.UDDm IEPgMa\r?tvilglle
(2%1 6) ’ study _NM ’ 200, 500, and Calvaria defect fill 2. PDDM sife sﬁowe d
(Rat) 1000 um 3. CDDM
better results.
Calvo- Animal 1. 1.No Higher bone
Guirado et al. stud - EDTA 10% - Powder Calvaria sites fill treatment | regeneration was
(2023)*% (Rabb}i,t) - 2min - 300-1200 um 2. BTCP observed in the
3. PDDM PDDM group.
HDDM acts as a
De Oliveira et | “*mimal - EDTA 10% - Powder . L. 1Mo scatfold for
al. (2013)% study 3 months . NM Socket preservation treatment osteoblast
’ (Rat) 2. 2. HDDM differentiation

and represents




new bone
formation
. 1. DDM DDM + rhBMP-
. Animal 2. HDDM+
Kim et al. - H202 - Powder . 2 represented
(2021)% study 192 min . NM Calvaria sites fill PRF higher bone
(Rabbit) 3. HDDM + formation
rhBMP-2
Sinus floor Bone
Minamizato et - 2% HNO3 - Powder augmentation and regeneration
al. (2017)¥ Cohort - 10 min - 400-800 um alveolar bone APDDM observed in most
formation of the cases.
ADDM was as
effective as Bio-
Pangetal. | oo - HCL - Powder lveolar bone 1. ADDM | Osslorvertical
(2017)* - M - 300-800 pm ugmentation for 2. Bio-Oss | ZuBmemationo
implant socket extraction.
Similar efficacy
in both groups.
Animal . Significant
Xu et al. study ) Hydl;)ocghll;) ride - Powder Maxillary sinus 1. HDDM higher new bone
(2018)¥ (Rabbit) . - 0.8-1.0mm sites fill 2. Bio-Oss | formation in the
- 15 min
hDDM group
Significant
1. APDDM higher increased
Yang et al. RCT - 3%HCl - Powder Alveolar ridge 2. Spontaneous obtained in
(2023)° - NM - 425t01200 preservation healing APDDM in the
height of the
central bone.

NM: not mentioned; ADDM: autogenous demineralized dentin matrix; APDDM: autogenous partial demineralized dentin matrix; BTCP: beta tricalcium phosphate; HDDM: human demineralized
dentin matrix; hBMP-2: recombinant human bone morphogenetic protein-2; PDDM: partial demineralized dentin matrix; UDDM: unmineralized dentin matrix; CDDM: complete demineralized
dentin matrix; EDTA: ethylenediaminetetraacetic acid



Table 3. Comparison of tooth graft efficacy with other bone graft materials

First author (;l;};lflz Cases (T/ Sex Aim Bone graft Follow- Main outcomes
(Year) study O) (F/M) material (T/C) up
Test: DDM +
Alveolar Bio-Guide New bone formation,
Santos et al. RCT 36/36 3121 ridee membrane 18 implant stability
(2021)* patients £e. Control: Bio-Oss | months | quotient, residual graft
preservation . . .
+ Bio- Guide material
membrane
New bone formation
Kizldae et | Animal Peri- implant Ti: ATBG and bone to implant
al (202%)2(, stud 18 rabbits | 0/18 bone defects | T.: ATBG + PRF | 28 days contact
' Y reconstruction | C: No treatment (Histomorphometry
evaluation)
Group 1: DDM
Group 2: DDM+
Calvaria bone PRF New bone formation
Kimetal. | Animal . Group 3: DDM+ | 2,4,8 (Histopathologic and
46 12 rabbits | 0/12 defects :
(2021) study . rhBMP-2 weeks histomorphometry
reconstruction .
Group 4: Control evaluation)

group with no
treatment




Sinus height, new

Pang et al. 15/9 13/11 Ag%gigg:;m Test: DDM 6 bone formation,
(2017)% Control: Bio-OSS | months implant stability
bone defects .
quotient
Group 1: Blood
clot
Group 2:
Alveolar Autogenous bone New bone formation
Moraes et al. | Animal 20 rabbits ridee Group 3: Bovine- | 7, 14, (Histopathologic and
(2022)%8 Study - £e derived xenograft | 28 days Microtomography
preservation . .
Group volumetric evaluation)
4: Demineralized
Human dentin
matrix
Abdelraheim 16 Alyeolar T- PDDM block 4 Inqease in width and
et al. RCT . 8/8 ridge ) n height of the crestal
(2023) patients preservation C: A-PRF" plug | months bone
4 socket
preservation
cases, 5 cases
of guided
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T: test group; C: control group; F: female; M: male; PDDM: partial dentin demineralized matrix; A-PRF: advanced platelet-rich fibrin, I-PRF: injectable platelet-rich fibrin;

rhBMP-2: recombinant human bone morphogenetic protein-2; PRF: platelet-rich fibrin




Tooth powder sterilization by
using radiation forll to 13 h
hours or ethylene oxide gas
(1.0 to 3.0 kg/cm?

Secondary protein
removal by using
ether for 12 to 24 hours

Primarily protein removal by
using hydrogen peroxide at first
and then using low-
temperature at 37 to 60 “C

8 Protocol of .

producing
heterogenous 4
tooth graft

Protocol of producing
heterogenous tooth graft

Drying the teeth by
the oven

Grinding the tooth
to provide powdert
with 70-120

pm particles

Washing the crushed
tooth by distilled
water and dehydrati-
ng the washed

particles by ethy!

alcohol

Figure 1. Method of producing heterogeneous graft material based on a South Korea Google patent.



