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Abstract

Background: Autologous tooth-derived grafts have recently gained attention as an in-
novative alternative to conventional biomaterials for alveolar ridge preservation (ARP)
and augmentation (ARA). Their structural similarity to bone and osteoinductive potential
support clinical use. Methods: This systematic review was conducted according to PRISMA
2020 guidelines and registered in PROSPERO (CRD420251108128). A comprehensive search
was performed in PubMed, Scopus, and Web of Science (2010-2025). Randomized con-
trolled trials (RCTs), split-mouth, and prospective clinical studies evaluating autologous
dentin-derived grafts were included. Two reviewers independently extracted data and
assessed risk of bias using Cochrane RoB 2.0 (for RCTs) and ROBINS-I (for non-randomized
studies). Results: Nine studies involving 321 patients were included. Autologous dentin
grafts effectively preserved ridge dimensions, with horizontal and vertical bone loss signifi-
cantly reduced compared to controls. Histomorphometric analyses reported 42-56% new
bone formation within 4-6 months, with minimal residual graft particles and favorable vas-
cularization. Implant survival ranged from 96-100%, with stable marginal bone levels and
no major complications. Conclusions: Autologous tooth-derived biomaterials represent a
safe, biologically active, and cost-effective option for alveolar bone regeneration, showing
comparable or superior results to xenografts and autologous bone. Further standardized,
long-term RCTs are warranted to confirm their role in clinical practice.

Keywords: autologous dentin graft; alveolar bone regeneration; demineralized dentin
matrix; bone graft substitute; histomorphometric analysis; cone beam computed
tomography; dental biomaterials; tissue regeneration
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1. Introduction

Maintaining adequate alveolar ridge volume after tooth extraction is critical for achiev-
ing both functional and aesthetic success in implant dentistry. Post-extraction socket
remodeling is a well-documented biological process that leads to progressive horizontal
and vertical bone resorption. These dimensional changes can complicate implant place-
ment, especially in the anterior maxilla or in patients with limited residual bone, thus
requiring additional regenerative interventions [1,2].

To prevent or compensate for such resorption, various bone grafting materials have
been introduced in clinical practice. These include autologous bone, xenografts (e.g.,
deproteinized bovine bone), allografts, and alloplastic substitutes. While widely used, each
of these graft types has inherent limitations [2—4]. Autologous bone, although considered
the gold standard due to its osteogenic potential, requires harvesting from a donor site,
increasing surgical morbidity. Xenografts and allografts carry potential immunogenic or
ethical concerns, and synthetic biomaterials often lack biological activity [5-7].

In this context, tooth-derived autologous biomaterials have emerged as an innovative
and biologically compatible option for alveolar bone regeneration (ABR). The foundation
of this approach lies in the anatomical and biochemical similarity between dentin and
bone [8-10]. Dentin is composed of approximately 70% hydroxyapatite (HA), 20% organic
matrix (primarily type I collagen), and 10% water, closely resembling the composition of
cortical bone. Moreover, dentin contains bioactive molecules such as bone morphogenetic
proteins (BMPs), transforming growth factor beta (TGF-f3), and dentin matrix protein 1
(DMP-1), which contribute to osteoinductive activity [11,12].

The transformation of extracted teeth into usable grafting material is facilitated by
various processing methods, including demineralized dentin matrix (DDM) preparation,
particulate grinding, or the creation of dentin blocks. These procedures aim to expose the
bioactive proteins embedded within the dentin and to enhance the material’s osteoconduc-
tive and osteoinductive capabilities [11,12]. The result is a graft material that is not only
structurally suitable for bone regeneration but also biologically active—capable of stimulat-
ing new bone formation without the risk of immune rejection or cross-contamination [13-16]
(Figure 1).

ALVEOLAR RIDGE REGENERATION
USING AUTOLOGOUS TOOTH-DERIVATES

Tooth Extraction Tooth Processing

Graft Placement Healing and
New Bone Formation

Figure 1. Schematic representation of the clinical workflow for autologous tooth-derived biomaterials in
alveolar bone regeneration: tooth extraction, biomaterial processing, graft placement, and bone healing.
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The clinical use of autologous tooth-derived grafts (ATDGs) is now increasingly
feasible due to the availability of chairside processing systems, which allow immediate
preparation of sterile graft material during the same surgical session in which tooth ex-
traction occurs [11,12,17]. This real-time conversion of extracted teeth into a usable bone
substitute supports the principles of minimally invasive surgery, sustainability, and person-
alized medicine. It also reduces overall treatment costs and eliminates the need for donor
site surgeries, which are associated with increased pain, bleeding, and healing time [18-20].

In alveolar ridge preservation (ARP), ATDGs have shown promising results in main-
taining the volume and contour of the extraction site. Clinical measurements and ra-
diographic evaluations using cone beam computed tomography (CBCT) indicate limited
resorption and favorable dimensional stability when these materials are used [21,22]. Simi-
larly, in ridge augmentation procedures—both horizontal and vertical—dentin blocks and
particulated grafts have demonstrated effective space maintenance and integration with
the host bone [23-26].

Histological evaluations provide further support for the efficacy of these bioma-
terials. Studies report formation of new vital bone interspersed with residual dentin
particles, with evidence of early vascularization and minimal inflammatory response.
Dentin granules appear to act as a scaffold for osteoprogenitor cell migration and matrix
deposition [27-29]. Over time, these grafts are gradually resorbed and replaced by newly
formed bone, often exhibiting characteristics of mature lamellar structure. The osteo-
conductive and bioactive nature of the material is evident from both microscopic and
immunohistochemical analyses [30-32].

Another notable advantage of ATDGs is their favorable handling properties during
surgery. The material conforms well to the defect geometry and can be easily combined
with other regenerative tools, such as collagen membranes or platelet-rich fibrin (PRF), to
enhance healing [33-35]. Their mechanical rigidity, especially when used in block form,
also allows for stability in space-critical defects where structural support is essential.

Despite these benefits, challenges remain in standardizing protocols for processing,
sterilization, and particle size optimization [36-39]. Variations in the source material—such
as the type of tooth, previous endodontic treatment, or presence of caries—may affect
the graft’s regenerative performance. In addition, while short- and medium-term results
appear favorable, long-term data on implant survival rates, bone stability, and functional
outcomes are still limited [40—42].

To address these gaps, it is essential to systematically review the existing clinical
literature that evaluates the regenerative performance of ATDGs in human subjects [43—-45].
This review focuses on high-quality clinical studies, including randomized controlled trials
(RCTs), controlled prospective studies, and split-mouth designs, which assess the efficacy of
autologous dentin-based grafts for ARP and alveolar ridge augmentation (ARA) [21,22,46].
The review also examines outcomes from both clinical and histological perspectives, such
as the following;:

Primary outcomes: new bone formation (assessed histomorphometrically), ridge
dimensional stability (measured by CBCT or conventional radiography).

Secondary outcomes: percentage of residual graft material, rate of bone resorption,
presence of complications, and histologic integration quality.

Furthermore, the included studies compare ATDGs with other commonly used graft
materials, such as xenografts (e.g., Bio-Oss®), autologous bone, PRF, and untreated extrac-
tion sites, allowing for a meaningful analysis of comparative performance [47-49].

This systematic review aims to provide a comprehensive and evidence-based evalua-
tion of tooth-derived grafts in ABR, offering valuable insights for clinicians, researchers,
and biomaterial developers [50]. As regenerative dentistry continues to evolve toward more
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biologically informed and patient-specific solutions, the repurposing of extracted teeth into
functional grafting materials could represent a paradigm shift in clinical practice [51-53].
By synthesizing the available clinical and histologic evidence, this work intends to clarify
the potential, safety, and limitations of ATDGs as a viable alternative in modern bone
regeneration strategies [54-56].

2. Materials and Methods

The increasing clinical relevance of autologous tooth-derived biomaterials in oral
surgery has led to growing interest in their regenerative potential. This systematic re-
view aims to compare autologous dentin-based grafts with other commonly used bone
substitutes in terms of clinical and histological outcomes in ABR.

By providing a structured, evidence-based analysis, this study seeks to guide oral
surgeons and clinicians in evaluating the performance and limitations of tooth-derived
grafts compared to xenografts, autografts, and alloplastic materials.

2.1. Search Processing

A comprehensive literature search was performed using the electronic databases
PubMed, Scopus, and Web of Science. The search period was limited from January 2010
to May 2025. The search terms included combinations of the following keywords using
Boolean operators: (“ATDG” OR “dentin graft” OR “autogenous dentin” OR “tooth graft”)
AND (“ARP” OR “socket preservation” OR “bone regeneration”) AND (“clinical study”
OR “histological analysis” OR “randomized controlled trial”).

Protocol and Registration:

This systematic review was conducted in accordance with the PRISMA 2020 guidelines
and registered in PROSPERO (Registration No. CRD420251108128).

2.2. Inclusion and Exclusion Criteria

Searches were restricted to English-language articles published between 2015 and
2025 and conducted on human subjects. Only clinical studies using autologous dentin or
tooth-derived materials for ARP or augmentation were considered.

Studies were selected based on the following inclusion criteria:

Human clinical studies (RCTs, cohort, and case—control studies); use of ATDG(s) for
bone regeneration procedures; comparative or observational outcomes regarding clinical,
radiographic, or histologic endpoints; minimum follow-up duration of 3 months; published
in English.

The inclusion of randomized controlled trials (RCTs), split-mouth studies, and prospec-
tive clinical trials was justified by their ability to minimize bias, reduce inter-individual
variability, and provide longitudinal clinical and histological data on this emerging class
of biomaterials.

Exclusion criteria were the following:

In vitro or animal studies; case reports, letters, or reviews; studies involving non-
autologous materials only; lack of quantitative outcome data.

2.3. PICO Question
The PICO question (Table 1) addressed was:
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Table 1. Shows the components of the PICOS criteria (population, intervention, comparison, outcome,
study design), as well as their use in this evaluation [57].

Population: Patients undergoing alveolar bone preservation or regeneration
(post-extraction or implant preparation)

Intervention: Use of autologous biomaterials derived from teeth (demineralised
dentine, mineralised dentine, dentine blocks)

Comparison:

e  Other biomaterials for grafting: autologous bone, xenografts (e.g., Bio-Oss),
synthetic biomaterials
e  Or control groups untreated/treated with PRE, collagen, or clot alone

Outcome:
° Primary:

O New bone formation (histomorphometry)
O Volumetric and dimensional preservation (CBCT, radiographs)

e  Secondary:

O  Percentage of resorption

O  Residual material

O  Clinical complications/implant failures
O  Histological integration

Study design: Systematic review

2.4. Data Processing

Data extraction was conducted using a pre-piloted spreadsheet in Excel, used by
two independent reviewers. Extracted information included author names, publication
year, study design, sample size and characteristics, type of graft material used, surgical
application (e.g., socket preservation, ridge augmentation), comparator groups, outcome
measures, and follow-up duration. The ROBINS-I tool for non-randomized studies and the
Cochrane RoB 2.0 tool for RCTs were used to evaluate the risk of bias. Any disagreements
between the two reviewers were resolved through discussion and, when necessary, with
input from a third reviewer. This process ensured the reliability and consistency of the
data included in the final synthesis. Disagreements were resolved through discussion or
consultation with a third reviewer.

To improve reproducibility, details regarding donor tooth type, graft preparation (e.g.,
degree of demineralization, particle vs. block form), sterilization/disinfection method
(autoclave, chemical disinfection, proprietary systems), and characterization techniques
(histomorphometry, CBCT, immunohistochemistry) were systematically extracted and
summarized in a Supplementary Table S1.

2.5. Grouping of Studies for Synthesis

The included studies were grouped according to: (i) type of autologous tooth-derived
biomaterial (particulate dentin, demineralized dentin matrix, dentin block), and (ii) clin-
ical application (alveolar ridge preservation, alveolar ridge augmentation, or guided
bone regeneration).

2.6. Effect Measures

Effect measures included mean dimensional changes of alveolar ridge width and
height (in millimeters), percentage of new bone formation and residual graft (histomor-
phometry), implant survival rates (%), and occurrence of complications.
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2.7. Synthesis Methods

Due to heterogeneity in study design and outcome measures, a narrative synthesis
was performed. Quantitative data (means, standard deviations, and percentages) were
extracted and presented in comparative tables. Where possible, ranges of outcomes across
studies were summarized.

2.8. Certainty Assessment

The certainty of evidence was qualitatively assessed by considering study design,
sample size, follow-up duration, and risk of bias evaluations. Although a formal GRADE
analysis was not feasible, limitations in methodology, variability of protocols, and short
follow-up periods were explicitly highlighted in the discussion.

3. Results
3.1. Study Selection and Characteristics

The initial database search, conducted according to PRISMA guidelines, retrieved a
total of 318 records. After removing duplicates, 276 articles were screened by title and
abstract. Of these, 243 were excluded, and 33 full-text articles were assessed for eligibility.
24 studies were excluded for reasons such as non-randomized design, irrelevant outcomes,
or ineligible patient populations. Finally, 9 studies met all inclusion criteria and were
included in the qualitative synthesis. The selection process is illustrated in the PRISMA
2020 flowchart (Figure 2).

{ Identification of studies via databases and registers ]

Figure 2. PRISMA flowchart. This diagram summarizes the screening and selection process of eligible

=
§ Records identified from Recordicrfsrzgxg? before
database: I .
% (PubMed, Scopus, Web of Duplicate re_cords removed
Science): n=318 (n=42)
-
N—
o v
Records screened Records excluded
(n = 276) (n =243)
v
o Reports assessed for eligibility
£ (n = 33) Reports excluded: (n = 24)
E
non-randomized design: n=8
g Off topic n =12
“ Review: n = 4
A
—
3 Studies included in review
] (n=9)
°
—

studies, ensuring transparency and methodological rigor [58].
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3.2. Study Characteristics

The included studies were published between 2015 and 2025 and involved a total of
321 patients undergoing various bone regeneration procedures using autologous tooth-
derived materials. Interventions included (DDM), mineralized dentin particulate (MDP),
and dentin blocks (DB), which were compared with xenografts (e.g., Bio-Oss), autologous
bone, collagen membranes, platelet-rich fibrin (PRF), or blood clot, and in some cases,
with no graft material. Clinical outcome assessed included primary outcomes such as
new bone formation (evaluated via histomorphometry) and ridge dimensional changes
(measured through CBCT), as well as secondary outcomes including residual graft presence,
complications, material integration, and implant placement success.

The follow-up durations across studies ranged from 3 to 24 months. Study designs
included RCTs, split-mouth studies, and prospective clinical trials. Sample sizes, patient demo-
graphics, interventions, comparators, and outcome measures were systematically extracted.

Data extraction was independently performed by two authors (A.M.I. and A.D.L)
using a predefined collection form. Extracted variables are summarized in Table 2. Any
discrepancies during data extraction were resolved by consensus or, when necessary,
adjudicated by a third reviewer (G.M.).

A total of nine studies were included, consisting of six randomized controlled trials,
one split-mouth study, and two prospective studies. The publications span from 2015 to
2024: one study in 2015, one in 2017, one in 2018, one in 2020, two in 2021, two in 2022, and
one in 2024. The trend shows an increase in the last five years, with more than half of the
studies published from 2020 onwards.

3.3. Clinical and Radiographic Outcomes

Across studies, autologous dentin grafts demonstrated effective preservation of alveo-
lar ridge dimensions, such as ridge width (horizontal dimension) and ridge height (vertical
dimension), with ridge width reductions ranging from 0.9 to 2.5 mm at 6 months. In split-
mouth designs, sites treated with dentin-derived grafts showed significantly less vertical
and horizontal bone loss compared to ungrafted controls. Volumetric analyses confirmed a
superior preservation effect relative to xenografts and spontaneous healing.

3.4. Histological Outcomes

Histomorphometric analyses revealed new bone formation ranging from 42% [59]
to 56% (canat 4 to 6 months post-surgery, with residual graft particles being minimal
(7-11%) (Radoczy-Drajko et al., 2021) [60]). Histological sections consistently showed
integration of dentin particles with surrounding bone, active osteogenesis, and absence of
inflammatory infiltrates (Lopez Sacristdn et al., 2024; Hussain et al., 2023 [61,62]). Immuno-
histochemical studies in some trials confirmed the presence of osteogenic markers and low
proinflammatory cytokine expression in grafted areas Ouyang et al. (2024) [63].

3.5. Implant Outcomes

Implants placed in sites previously augmented with autologous dentin grafts exhibited
high survival rates (96.4% in Pohl et al., 2017 [64]; 95.6% in Li et al., 2018 [65]) and stable
marginal bone levels at 12-24 months (Pohl et al., 2017 [64]; Ouyang et al., 2024 [63]).
Primary stability and osseointegration were consistently reported as comparable to those
achieved with conventional graft materials (Elraee et al., 2022 [59]; Li et al., 2018 [65]).



J. Funct. Biomater. 2025, 16, 367

8 of 19

3.6. Complications

Postoperative complications were rare and minor across all studies. No cases of graft
rejection, infection, or adverse inflammatory response were reported. Patient tolerance and
intraoperative handling were rated favorably.

Overall, the evidence supports the clinical effectiveness and biological compatibility
of ATDG(s) for ABR in various contexts.

Table 2. Summary of selected studies.

Sample Size

Author (Year) Design Country Purpose o) Mean Age (I/C) Population Intervention (I) Comparator (C) Outcome (O) Follow-Up
N Dimensional At 6 months: ridge width loss
Evaluate efficacy of h £ th .
whole-tooth vs Patients Autogenous changes of the 12mm vs. 24 mm (p < 0.05.
Elfana et al. . . 426 +£6.2/ . Demineralized alveolar ridge, New bone: 48.9% vs. 21.5%
8
RCT Egypt demineralized 20/20 undergoing whole-tooth : h 5 :
(2021) [66] R 419+58 H dentin graft radiographic (p <0.001). Conclusion:
dentin graft tooth extraction graft for ARP T . . N
in ARP and clinical demineralized dentin
evaluation is superior.
g::é?g:ﬁ At 6 months: horizontal gain
Compare dentin vs Patients Autogenous evaluation of ( i%zo‘;‘)“‘}}';‘tjf‘ e
Elraee et al. RCT Bovot autogenous bone 18/18 412+69/ requiring dentin block Autogenous horizontal ridge pnew‘bm’we both ér?:’u N °
(2022) [59] &P block for ridge 421+70 horizontal ridge graft for ridge bone block graft width gain, idual d 1'830"5’ '
augmentation augmentation augmentation bone quality, residualdentin 595,
. Conclusion: dentin maintains
and implant volume longer.
feasibility Ber:
Radiographic At 3 months: horizontal bone
Evaluate Patients ‘v1lu1gtiolr>\ of loss 0.9 mm vs. 2.5 mm
Hussain et al. RCT Ira autogenous dentin 29/29 39.8+82/ undergoing Autogenous Natural healing b;n; h;i ht and (p <0.01). Histology: vital
(2023) [62] 1 biomaterial in 401£79 single tooth dentin graft (no graft) wi dgth bone, minimal remnants.
socket preservation extraction . Conclusion: ADB is safe
preservation .
and effective.
Patients
requiring . . At 6 months: implant ISQ
Compare DDM vs immediate Radlograp:ncf stability similar; new bone
Lietal. (2018 ) Bio-Oss in GBR 406458/ implant Autogenous Bio-Oss gssessman’ O 45% vs. 38% (NS). Implant
RCT China 20/20 P & bone volum P
[65] N with immediate 411+6.1 placement in DDM in GBR granules in GBR 0;‘:'0“3 e survival 95.6%. Conclusion:
implants periodontal im ;)ante DDM is comparable
post-extraction plants to xenograft.
sites
Radiological . .
. S - . At 4 months: ridge width loss
Loépez Sacristan Split- Cpmpare ATDG Patl.er.\ts ATDG in Contralateral and hl.stologma] 12.8% vs. 26% (p < 0.05).
P P
mouth . with spontaneous 462 +£75/ requiring N analysis of bone X .
etal. (2024) L Spain Lo 15/15 . post-extraction socket left to N Histology: osteogenesis and
clinical healing in bilateral 458 £7.1 bilateral tooth regeneration . N N
[61] . socket heal naturally integration. Conclusion:
study sockets extraction and socket . .
N ATDG is effective.
preservation
Radiographic, At 6 months: bone fill is
histological, and similar.
Assess autologous Patients Bovine immunobhisto- Immuno}\istoc};cmi stry:
Oguic et al. . dentin graft vs 49+74/ requiring Autologous xenograft mixed chemical N STy
- RCT Croatia N 22/22 g . . . lower TNF-, BMP-4 in
(2023) [67] bovine/autologous 456 £7.3 grafting in the dentin graft with autologous evaluation of denti .
SRS : . . entin group. Conclusion:
mix in esthetic zone esthetic zone bone osteogenesis .
favorable remodeling,
and graft X .
. . reduced inflammation
integration
Dimensional
gain in bone At 6 months: gain width
Compare APDDM Orthodontic . width and 3.5+ 0.8 mm vs.
P Partiall
vs DBBM in patients with artiaty Deproteinized height, reduced 2.2+ 0.6 mm (p = 0.002). At
Ouyang et al. . . 379+9.1/ demineralized . . N 4
(2024) [63] RCT China orthodontic 30/30 384+ 8.8 alveolar bone dentin ma- bovine bone postoperative 24 months: resorption higher
) patients with o : deficiency e . mineral (DBBM) pain and in APDDM. Conclusion:
.. trix(APDDM) . L
alveolar deficiency (n=60) swelling, similar faster turnover,
long-term bone less discomfort.
stability
TImplant
Patients survival rate
- o, .
Open requiring lateral Autogenous No direct (?(?.4 %), At 2-4 mont}':s. 1mpl§nt
prospec- Evaluate untreated ridge ! peri-implant survival 96.4%; marginal
Pohl (2017) N . . unaltered tooth comparator;
[64] tive Austria tooth grafts for 20 49.7 £10.2 augmentation terial (blocks descripti bone loss bone loss 0.58 mm.
” clinical ridge augmentation or intraosseous mnadencm fcl ; “neisc:']lp l}:ert (0.58 mm at Conclusion: tooth graft is
study defect filling and particwiate cinicatcono 2 years), probing effective, osteoconductive.
(n=20) depth (1.7 mm),
no inflammation
Clinical,
Assess autologous Patxlfr““ﬁw;‘h Autogenous 1§Zdﬁ?§'T‘fhi‘c 1 At 6 months: horizontal
Radoczy- Prospective 55655 autologous extractio tooth-derived No graft € stologica reduction 15% vs 26%
Draj L tooth particulate 51.3+7.1/ defect score N evaluation of o
rajko et al. clinical Hungary raft in ridge 25/25 509 + 6.8 class 34 particulate graft (natural bone (p <0.05). New bone 56% vs.
(2021) [60] study g 8 S 59 5% for ridge healing) . 42%. Conclusion: graft
preservation post-extraction f regeneration . .
defects preservation and ridge improved preservation
preservation

3.7. Risk of Bias Assessment

The risk of bias was evaluated using the following:
Three reviewers (V.C., R.V.G., and B.EP.P.) assessed each study across the following
domains of risk of bias:
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3.7.1. ROBINS-I Domains (Non-Randomized Studies) (Table 3)

Bias due to confounding

Bias in the selection of participants

Bias in the classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in the measurement of outcomes

Bias in the selection of the reported result

Table 3. A tabular summary of the risk-of-bias assessment for the six studies, evaluated across the
five domains of Rob 2.0.

Authors and Year D1

Elfana et al. (2021)
[66]
Hussain et al. (2023)
[62]
Ouyang (2024)
[63]

Elraee et al. (2022)
[59]

Liet al. (2018)
[65]

Oguic et al. (2023)
[67]

Overall

©®0 06 6 e
®® 0 e e OF
®® 0 e e &=
©® O e e O:=
Ol O K N 2k
006 e e

3.7.2. RoB-2 Domains (Randomized Studies) (Table 4)

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in the measurement of the outcome

Bias in the selection of the reported result

Each study was rated as having low, moderate, or high risk of bias, based on the
highest risk domain identified.

e  Lowe-risk studies employed appropriate randomization, maintained blinding when
applicable, and reported outcomes completely and transparently.

e  Moderate risk studies lacked blinding or had some methodological limitations but
retained informative value.

e  High-risk studies showed clear issues with randomization, management of deviations,
or incomplete outcome data, limiting the internal validity of results.

Elfana et al. (2021) [66]—Low Risk: This RCT demonstrated an appropriate study
design with clearly defined inclusion criteria, adequate randomization, and outcome
assessors. However, the lack of blinding may have introduced minor detection bias,
although the overall methodology supports a low-risk classification.

Radoczy-Drajko et al. (2021) [60]—Moderate Risk: As a prospective non-randomized
clinical study without blinding, this study was prone to bias due to participant selection
and possible confounding variables. While clinical and histological outcomes were clearly
reported, the absence of a control group with standard treatment and the small sample size
increase susceptibility to bias.
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Lopez Sacristan et al. (2024) [61]—Moderate Risk: Although designed as a split-
mouth clinical study (which minimizes intersubject variability), the study lacked random
allocation and blinding. The clear reporting of histological and radiological outcomes sup-
ports moderate-risk classification, though the absence of operator blinding and subjective
outcomes affects internal validity.

Hussain et al. (2023) [62]—Low Risk: This RCT was conducted with a solid method-
ology, including proper randomization and defined clinical endpoints. Although patient
blinding was not feasible, objective radiographic measures and consistent follow-up re-
duced detection and performance bias.

Ouyang et al. (2024) [63]—Low Risk: This RCT featured a robust sample size, stan-
dardized intervention protocols, and a long-term follow-up (24 months). The use of vali-
dated outcome measures and appropriate comparator DBBM supports its classification as
low risk.

Elraee et al. (2022) [59]—Low Risk: This study provided well-described randomization
procedures, clear intervention comparisons, and histological validation. Despite a short
follow-up period (6 months), the design and reporting were rigorous, placing it in the
low-risk category.

Li et al. (2018) [65]—Low Risk: Randomization, defined inclusion criteria, and compre-
hensive outcome analysis (including implant stability and bone volume) reduce the possibility
of significant bias. Blinding of outcome assessors further supports this classification.

Oguic¢ et al. (2023) [67]—Low Risk: Despite the complexity of histological and im-
munohistochemical analysis, the study followed a randomized controlled design with
robust control (bovine-autologous mix). The presence of objective data, blinding, and
detailed methodology justified the low-bias rating.

Pohl et al. (2017) [64]—Moderate Risk: This open prospective study lacked random-
ization and a direct comparator, increasing the potential for selection bias and limiting
internal validity. However, the clear reporting of clinical outcomes, implant success rates,
and follow-up at 24 months supports a moderate-risk classification rather than a high one,
particularly given the observational nature and practical relevance of the results.

Table 4. A tabular summary of the risk-of-bias assessment for the three studies evaluated across the
seven domains of Robins tool 1.

Authors and Year

D1 D2 D3 D4 D5 D7 Overall

Radoczy-Drajko et al.

(2021) [60]

© @

Loépez Sacristan et al.
(2024) [61]

® O

Pohl (2017) [64]

© e @
® © 0
©® e
OO I
® 6 O
© 00

4. Discussion

Autologous tooth-derived grafts (ATDGs) are emerging as a biologically active alter-
native to conventional materials for ABR, supported by growing clinical and histological
evidence in the context of oral and implant surgery. This systematic review includes
nine clinical studies conducted between 2015 and 2025, which evaluate the effectiveness
of various dentin-derived biomaterials—such as particulates, demineralized dentin, and
dentin blocks—in ARP and ARA, in comparison with xenografts, autologous bone, or
untreated sites [68-70].
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Among the first clinical studies to directly compare two types of tooth-derived grafts,
Elfana et al. evaluated the efficacy of autogenous whole-tooth graft and autogenous
demineralized dentin graft (ADDG) in ridge preservation [66]. After six months, both
materials significantly mitigated dimensional bone loss compared to historical data on
ungrafted sites [66]. ADDG, in particular, promoted greater new bone formation and lower
residual graft percentage—an effect attributed to increased exposure of growth factors such
as TGF-3, IGF-1I, and BMP-2 released through dentin demineralization. Collagen fiber
exposure also facilitated material remodeling [71-73]. However, the study excluded molar
regions and did not assess patient-reported outcomes, such as postoperative pain.

Supporting the regenerative potential of dentin-derived materials, Radoczy-Drajko
et al. conducted a pilot study on Bonmaker®, a graft derived from mechanically and chemi-
cally processed autologous teeth [60]. After six months, a 15% mean reduction in horizontal
volume was observed, along with an 18.3% gain in vertical height. Histological analysis
showed 56% new bone formation and only 7% residual particles, with evidence of active
osteogenesis—confirmed by the presence of osteoblasts, osteoid tissue, and resorption
lacunae containing multinucleated osteoclasts [73-75]. The material also demonstrated
excellent handling and adherence when hydrated, facilitating adaptation to the recipient
site. Implant integration was optimal, with stable implants placed in vital bone, and ridge
preservation was maintained after 12 months.

In a split-mouth study by Lépez Sacristan et al., fresh autologous dentin grafts
were compared to spontaneous healing post-extraction [61]. The treated sites exhibited
a 12.8% reduction in ridge width, compared to 26% in controls [76-79]. Histological
analysis confirmed integration of dentin particles within the newly formed tissue with-
out inflammatory response, suggesting osteoinductive potential despite the absence of
chemical treatment [80,81].

Another significant contribution came from Hussainet al., who evaluated the use
of autogenous dentin biomaterial (ADB) in 29 patients undergoing non-molar tooth
extractions [62]. The treated group showed superior preservation of bone dimensions
and more mature trabecular regeneration, with minimal material remnants and no
signs of inflammation [62]. Compared to xenografts reported in the literature, ADB
demonstrated faster remodeling and fewer complications, making it a safe and cost-
effective option [82-84].

In the context of immediate post-extraction guided bone regeneration (GBR) in patients
with advanced periodontitis, Li et al. [65] showed that (DDM) fully integrated into host
bone within six months, achieving implant stability (ISQ) comparable to the Bio-Oss®
control group. The absence of significant differences in marginal bone loss and the 95.6%
implant success rate support the use of this autologous resource even in challenging
clinical scenarios.

Histological and immunohistochemical analyses conducted by Oguicet al. compared
autologous demineralized dentin graft (ADG) with a mixture of bovine and autologous
bone [67]. Both groups achieved comparable regeneration, but the ADG group exhibited
lower expression of TNF-oc and BMP-4, indicating a more contained inflammatory response
and confirming the osteoinductive and osteoconductive potential of dentin, without the
need for donor site harvesting and with reduced surgical time [85-87].

The regenerative capacity of dentin blocks was demonstrated by Elraee et al., who
compared autologous dentin blocks with autologous mandibular ramus bone blocks for
horizontal ridge augmentation [59,88-90]. The dentin group showed a higher mean hor-
izontal gain (3.52 mm vs. 2.24 mm) and less resorption [91-93]. Histological evaluation
revealed 42% new bone in both groups, but a higher proportion of residual dentin (30%)
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in the test group, indicating slow and prolonged remodeling—advantageous for volume
stability over time [59].

Ouyang et al. provided further clinical data by comparing APDDM to DBBM in an
RCT [63]. After six months, the APDDM group demonstrated significantly greater gains
in both width and height, with more pronounced subcrestal expansion than the DBBM
group. However, after two years, APDDM sites showed greater volumetric resorption,
though this was associated with reduced post-operative pain and swelling [94-96]. These
findings highlight the biological benefits of autologous materials, despite their higher
turnover rate [97].

Finally, Pohl et al. assessed the use of untreated dentin blocks and particulates for
bone augmentation and intraosseous defect reconstruction [64,86]. After two years, implant
survival was 96.4%, with minimal marginal bone loss (0.37 mm at one year and 0.58 mm at
two years) [98-100]. The osteoconductive—and potentially osteoinductive—properties of
the material were attributed to the preservation of intrinsic proteins, such as osteocalcin
and osteonectin, as well as the presence of dentin stem cell niches [101-103].

While ATDGs consistently demonstrated favorable clinical and histological outcomes,
these findings should be interpreted as correlations rather than proof of direct causality.
Biological mechanisms are inferred but not conclusively established by the included trials.

4.1. Methodological Limitations and Critical Issues

Despite the encouraging clinical and histological outcomes, several recurring method-
ological limitations emerged from the analysis of the included studies, which constrain the
generalizability of the findings and warrant cautious interpretation.

Firstly, there was marked heterogeneity in dentin preparation protocols. The type
of tooth used (healthy, impacted, endodontically treated, or carious), the degree of dem-
ineralization (total, partial, or absent), and the disinfection and sterilization methods
varied widely among studies—directly affecting the quality and predictability of the
graft material [104-106].

Another major limitation was the small sample size: none of the studies included
more than 40 patients, and most clinical and radiographic follow-ups did not exceed
12 months, limiting the ability to assess long-term stability.

Clinically, many studies excluded molar sites and fully edentulous patients, narrow-
ing the application to anterior areas or partially dentate individuals. This restricts the
applicability of results to more complex clinical scenarios.

A further shortcoming was the lack of subjective outcome evaluations, such as postop-
erative pain, patient-reported quality of life, or aesthetic and functional satisfaction—critical
parameters in modern, patient-centered dentistry [107-109].

Lastly, the histological assessment methods varied significantly. While some studies
employed advanced techniques such as immunohistochemistry or histomorphometry,
others relied solely on qualitative descriptions.

Another major limitation is the marked heterogeneity of dentin preparation protocols.
Differences in donor tooth type (anterior, premolar, molar, periodontally compromised),
degree of demineralization (total, partial, or none), and sterilization/disinfection methods
(autoclave, NaOH/ethanol, chairside disinfection) reduce comparability across studies
and complicate meta-analytical synthesis. To facilitate contextualization of results, we
have added Supplementary Table S1, which summarizes the exact preparation protocols
reported in each included trial.
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4.2. Clinical Implications and Future Perspectives

The use of biomaterials derived from autologous teeth presents a modern and bio-
logically active regenerative solution, capable of combining sustainability, clinical efficacy,
and treatment personalization. The ability to obtain graft material directly from the pa-
tient’s own tooth—without the need for bone harvesting from donor sites and with a low
immunological risk—aligns with the principles of minimally invasive and eco-compatible
dentistry [110-112].

From a clinical standpoint, autogenous tooth-derived grafts (ATDGs) offer several advan-
tages: high osteoconductive and osteoinductive potential, initial volumetric stability, favorable
integration with host tissue, and reduced post-operative discomfort. However, for these
materials to be widely adopted, several gaps in the literature must be addressed [113,114].

Specifically, the following developments are recommended:

e  Multicenter randomized clinical trials, with large sample sizes and a minimum follow-
up of 24 months to assess long-term tissue stability and implant survival rates;

e Standardized preparation and sterilization protocols, including precise criteria for
donor tooth selection, degrees of demineralization, and methods for endodontic
canal cleaning [61,115];

e  Subjective outcome evaluations, such as pain, functional recovery, patient satisfaction,
and perceived aesthetic outcomes; and

e  Detailed histomorphometric and biological analyses, to allow for consistent com-
parison between studies and to elucidate the cellular mechanisms involved in
bone regeneration [116-118].

Another relevant gap concerns the absence of patient-reported outcomes (e.g., postop-
erative pain, esthetic satisfaction, quality of life). While most included studies focused on
radiographic and histomorphometric metrics, none systematically assessed subjective end-
points. Future clinical trials should integrate PROMs (patient-reported outcome measures)
alongside conventional outcomes, in line with the paradigm of patient-centered dentistry.

5. Conclusions

ATDGs represent a promising biological alternative to traditional grafting materials
for ABR. Analysis of the nine clinical studies included in this review showed positive and
consistent results in terms of new bone formation, ridge dimensional stability, and histologic
integration, with comparable or superior performance to xenografts and conventional
autologous grafts.

The main advantages of ATDGs lie in their biocompatibility, osteoconductivity, os-
teoinductive potential as well as the possibility of chairside use, which reduces costs and
surgical trauma for the patient. However, there remain some critical issues related to
standardization of preparation protocols, variability of donor material, and paucity of
long-term follow-up.

In light of this evidence, it is hoped that larger-scale randomized clinical trials with
uniform protocols and follow-ups longer than 24 months will be initiated to consolidate
the role of ATDGs as a reliable, sustainable, and personalized option in regenerative
dental surgery.
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The following abbreviations are used in this manuscript:

ADB Autogenous Dentin Biomaterial

ADG Autogenous Demineralized Dentin Graft

ABR Alveolar Bone Regeneration

APDDM  Autologous Partially Demineralized Dentin Matrix
ARA Alveolar Ridge Augmentation

ARP Alveolar Ridge Preservation

ATDG(s) Autologous Tooth-Derived Graft(s)
BMP(s) Bone Morphogenetic Protein(s)
CBCT Cone Beam Computed Tomography
DBBM Deproteinized Bovine Bone Mineral

DDM Demineralized Dentin Matrix
DMP-1 Dentin Matrix Protein 1

GBR GBR Guided Bone Regeneration
HA Hydroxyapatite

IGF-1I Insulin-like Growth Factor II
ISQ Implant Stability Quotient

PRF Platelet-Rich Fibrin

RCT(s) Randomized Controlled Trial(s)
TGF-p Transforming Growth Factor Beta
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