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Abstract
Purpose of the Review  The purpose of this study was to perform a scoping review on the comparison between tooth-derived 
matrix and demineralized bovine bone mineral (DBBM) granules for enhanced bone healing.
Recent Findings  Previous studies reported micro-scale pores in dentin-matrix granules due to the remnant dentin that promote 
the adsorption of proteins and bioactive molecules. It should be highlighted the remnant dentin is an intrinsic source of col-
lagen and growth factors such as TGF-1, BMP-2, VEGF, and PDGF. The DBBM showed macro-scale interconnected pores 
which enhances the adhesion of cells and formation of new blood vessels. DBBM also revealed a porosity of around 80% 
and a lower resorption rate when compared to tooth-derived granules. On in vivo models, dentin-matrix granules induced 
quite similar results for bone growth when compared to grafting with DBBM as confirmed by histological analyses.
Summary  The dentin-derived matrix granules showed morphological aspects and chemical composition suitable for enhanc-
ing bone repair comparable to the effects of deproteinized bovine bone mineral granules. The adequate space among particles 
and size of pores plays a key role in the events of bone formation since the protein adsorption towards the bone growth. Also, 
a well-adjusted content of DBBM and dentin-derived granules in the mixture maintains the bone volume over the bone heal-
ing. Thus, autologous dentin-derived granules are alternative materials for bone healing without any adverse inflammatory 
reactions.

Keywords  Dentin graft · Deproteinized bovine bone material · DBBM · Bone healing

Introduction

After tooth loss, morphological changes occur on bone ridge 
leading to volumetric bone loss and therefore to clinical 
issues for further oral rehabilitation [1–3]. Bone grafting 
materials acts as a support for osteogenic cell differentiation 
and clot stabilisation decreasing the risks of soft tissue col-
lapse in bone defects [1, 4–6]. Autogenous bone grafts are 
traditionally utilized although some limitations have been 
reported such as the need of a donor site for bone harvest-
ing, increased surgical morbidity, and high rates of bone 
remodelling [1, 4, 5, 7] [2, 4, 5, 7–9]. In fact, the autogenous 
material harvesting is often a highly invasive procedure. The 
use of other bone substitutes such as allografts, xenografts 
and alloplasts can be considered as alternative approaches 
for atrophic alveolar ridge treatment [1–3, 9]. Among xeno-
grafts, deproteinized bovine bone mineral (DBBM) has 
been well-reported in literature and its clinical application 
has widely increased in the last year. DBBM is gathered 
from bovine bone sources through an extraction processing 
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using chemical and thermal treatment leading to a complete 
removal of organic matter, while preserving the hydroxyapa-
tite integrity of the original bone architecture. The porous 
three-dimensional (3D) structure of DBBM granules stimu-
late growth, migration, and differentiation of human cells 
for bone healing (1). In vivo studies have validated a faster 
blood vessels’ formation and bone growth after bone graft-
ing with DBBM [1, 4–6]. Thus, DBBM granules fulfil cer-
tain requirements for enhanced bone healing, such as: (i) 
interconnected macro-scale pores with size from 100 up to 
400 μm to allow the integration and vascularization of bone 
tissue; (ii) a high wettability of the surface inducing cell 
adsorption and proliferation; (iii) balanced bio-integration 
and bio-absorption; (iv) adequate compressive strength rang-
ing from 2 up to 10 MPa (comparable to cancellous bone); 
and (v) an industrial feasibility on manufacturing within a 
specific shape and size [2, 4, 5, 8, 9].

Bone is a complex tissue composed of 70% hydroxyapa-
tite (Hap) and 30% collagen, possessing a natural function-
ally gradated porous structure [2, 4, 5, 8, 9]. Thus, alter-
native bone substitutes should have a similarly porous 
composite structure with interpenetrating inorganic and 
organic phases. The chemical composition of teeth shows 
remarkable similarities with that of bone tissues. Dentin 
has around 60–80% Hap, type I collagen, growth factors, 
non-collagenic proteins (NCPs), and the following growth 
factors: insulin-like growth factor (IGF)-II, bone morpho-
genetic protein (BMP)−2, and transforming growth factor 
(TGF)-b [2–4, 10]. The proportion of inorganic and organic 
components in dentin and bone reflects distinctive biochemi-
cal affinity for adsorption of proteins and osteogenic cell 
behavior [2, 3]. It is relevant to point out that both teeth and 
jaw bones have a common embryological origin, both deriv-
ing from the neural crest [2–4].

Recent studies have provided evidence that autologous 
tooth-derived matrix (ATDM) reveals oteogenic stimuli 
thanks to its chemical composition and morphological fea-
tures [7–11]. A harvested tooth can be mechanically and 
chemically treated providing a particulate material within 
20 min [7, 11–15]. Thus, the clinical feasibility of preparing 
ATDM granules plays a major role in the use of such mate-
rial as a bone substitute. However, the amount of ATDM 
granules is limited, and therefore, a mixture with xenogeneic 
or synthetic bone substitutes has become a promising strat-
egy for bone healing [8, 12, 15]. In addition, the source of 
graft material can be absent in some cases that do not show 
indications for tooth extraction [10–15]. In fact, the type, 
concentration, and exposure time of the chemical substances 
determine the morphological aspects and chemical composi-
tion of the tooth-derived matrix.

The purpose of this study was to perform a scoping 
review on the comparison between tooth-derived matrix and 
demineralized bovine bone mineral granules for enhanced 

bone healing considering osteogenic cell behaviour, new 
bone formation, blood vessels’ formation, residual graft 
material, and connective tissue. It was hypothesized that 
autologous tooth-derived matrix and bovine bone mineral 
granules reveals different pathways to stimulate osteogenic 
cell enhancing the bone healing. This review summarizes 
their similarities and differences in bone regeneration to 
inform future research and clinical applications.

Materials and Methods

Information Sources and Search Strategy

A bibliographical pursuit was performed on PubMed (via 
National Library of Medicine) and Scopus regarding such 
database comprises the major studies in the field of den-
tistry and biomaterials. The current method was performed 
in accordance with the search approach utilized in previ-
ous studies on integrative, scoping or systematic reviews 
[16–18]. The following combination of search terms was 
used in this study: "deproteinized bovine bone mineral" OR 
"DBBM" OR "Bio-Oss" AND "dentin matrix" OR "tooth-
derived" OR "dentin" OR "dentin-derived" OR "ATDM" OR 
“ATDG” AND "bone substitute" OR “graft” OR “granule” 
OR “block” AND “bone” AND “healing” OR “repair” OR 
“augmentation” OR “regeneration” OR “growth” OR “for-
mation” OR “osteoblast” OR “osteogenic” OR “mineraliza-
tion” OR “cell culture”.

The inclusion criteria included studies published in the 
English language, up to April 2024, reporting the of com-
parison between autologous tooth-derived matrix (ATDM) 
and deproteinized bovine bone mineral (DBBM) granules 
on an enhanced bone healing. The eligibility inclusion cri-
teria used for article searches also involved in vitro studies; 
meta-analyses; randomized controlled trials; and prospec-
tive cohort studies. Ongoing studies were searched in the 
following clinical trial registries: Current Controlled Trials, 
International Clinical trials registry platform, ClinicalTrials.
gov, ReBEC, and EU Clinical Trials Register. Also, a hand-
search was carried out on the reference lists of well-cited 
and eligible major studies regarding relevant findings for 
this review. The exclusion criteria were the following: papers 
without abstract; conference proceedings; unpublished data; 
case reports with short follow-up period; and studies assess-
ing only the DBBM or dentin-derived matrix granules. Stud-
ies based on publication date were not constrained during 
the search process.

Study Selection and Data Collection Process

The studies retrieved by the search approach were assessed 
in three steps. Studies were primarily examined for 
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relevance by title and then the abstracts were evaluated. 
Two of the authors (JCMS, VC) independently analysed 
the titles and abstracts of potentially relevant studies. 
A third author (BH) accomplished a final evaluation in 
case of disagreement. The studies were compiled for each 
combination of search items, and therefore, the duplicates 
were removed using Mendeley citation manager (Ed. Else-
vier). The second step encompassed the evaluation of the 
abstracts and non-excluded studies, giving the eligibility 
criteria in the abstract revision. A preliminary evaluation 
of the abstracts was carried out to establish whether the 
articles met the purpose of the study. Selected articles 
were individually read and evaluated concerning the pur-
pose of this study. At last, the eligible articles received 
a study identification label, combining first author and 
year of publication. The following factors were retrieved 
for this review: authors’ names, publication year, journal, 
purpose, study design, preparation of DBBM and ATDM, 
analyses, and main outcomes.

The PICO (population, intervention, comparison and out-
come) approach was followed as a framework to structure 
the following hypothesis: Autologous tooth-derived matrix 
(ATDM) and deproteinized bovine bone mineral (DBBM) 
have distinct but comparable effects on bone healing, affect-
ing osteogenic cell behavior, new bone formation, and vas-
cularization through different mechanisms. Regarding the 
PICO strategy, the following factors were taken into consid-
eration: (i) population: bone substitutes, human volunteers, 
cells, animal models; (ii) intervention: surgical procedure, 
cell culture assays, histomorphometry analyses, microscopy, 
CBCT, X-rays, further analyses, and equipment. (iii) com-
parison: other bone substitutes, bone grafts, and blood clot. 
(iv) outcomes: major findings reported by the studies when 
comparing ATDM and DBBM.

Results

The literature search identified a total of 148 articles in 
PubMed and of 236 articles in Scopus, as shown in Fig. 1. 
After reading the titles and abstracts of the studies, 250 were 
excluded because they did not meet the inclusion criteria. 
The remaining 60 potentially relevant studies were then eval-
uated (Fig. 1). Of those studies, 48 studies were excluded 
because they did not contain comprehensive data related 
to the purpose of the present study. Thus, 12 studies were 
included in this review.

The main outcomes of the selected studies are drawn as 
follows and embedded in Table 1:

•	 The demineralization of dentin using chemical treatment 
preserve the organic content (approximately 20%), while 

increasing the bioavailability of Bone Morphogenetic 
Protein (BMP-2). Demineralised autogenous dentine 
(dD) showed excellent biocompatibility even surpassing 
DBBM. No infections of the graft material occurred, and 
the graft sites healed without complications [5].

•	 The vertical dimensions of the alveolar bone increased by 
5.3 ± 2.6 mm in the group treated with dentin matrix and 
6.5 ± 3.5 mm in the group receiving DBBM, after evalu-
ation for 6 months after extraction. A histomorphometry 
analysis showed that the percentage of new bone forma-
tion in the site grafted with dentin matrix was around 
31.2 ± 13.8% and around 35 ± 19.3% for DBBM. Regard-
ing the implant stability quotient (ISQ), implants placed 
in the sites grafted with dentin matrix showed a value of 
72.8 ± 10.8, while those placed in the sites grafted with 
DBBM showed an ISQ of 70 ± 12.8 [3]. Patients who 
received the autogenous dentin matrix graft showed a 
significant reduction in sinus height (SH) and a lower 
residual rate than those treated with DBBM graft mate-
rial. Autogenous dentin matrix has been shown to be as 
effective as Bio-Oss in addressing bone augmentation for 
oral bone defects [9].

•	 The animal study involved histomorphometry analysis 
for bone regeneration in the maxillary sinuses of 18 adult 
male rabbits using blood clot grafts, DBBM, and dem-
ineralized dentin matrix [13]. The percentage of newly 
formed bone was 8.4 ± 1.8, 17.8 ± 2.6 and 12.1 ± 2.7%, 
respectively. The area of newly formed bone in group 2 
was significantly higher for demineralized dentin matrix 
followed by DBBM and clot groups.

•	 The DBBM group exhibited less bone formation com-
pared to demineralized dentin and demineralized den-
tin combined with mesenchymal stem cells (MSCs); 
no other significant differences emerged in the H&E 
analysis. DBBM group showed increased expression 
of type I collagen compared to the Dentin and Dentin/
MSC-treated groups, along with increased expression of 
osteocalcin [4]. Those results show that autogenous dem-
ineralized dentin is a viable alternative for alveolar bone 
grafting, with further improvements achievable through 
association with mesenchymal stem cells (MSCs) [4].

Discussion

In this study, a comparison was made between deprotein-
ized bovine bone mineral (DBBM) and autogenous tooth-
derived matrix (ATDM), referring to previous research in 
cells and animal models, as well as in patients. The results 
highlighted a marked stimulation of osteogenic cells and 
an improvement in bone formation, for both DBBM and 
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ATDM. However, DBBD and ATDM have different chemi-
cal composition and porosity influencing the protein adsorp-
tion, cell differentiation, and formation of blood vessels over 
the bone healing process. Thus, the initial hypothesis of this 
study was validated.

The chemical composition and morphological aspects 
of a tooth-derived bone graft material (ATDM) have been 

explored and compared to DBBM [5]. In a previous study, 
ATDM was produced following the Smart Dentin Grinder® 
method without any modifications. After extraction, seven 
human teeth taken from healthy individuals aged between 
47 and 78 years suffering from periodontal disease were 
cleaned, dried and ground to obtain particle sizes between 
300 and 1,200 µm [6, 12]. These enamel and dentin particles 

Fig. 1   Flow diagram of the search strategy used in this study (PRISMA) [3–5, 8–10, 13–15]
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were subjected to a demineralisation and sterilisation pro-
cess following a specific protocol. The demineralised parti-
cles were then stored in sterile 1.5 ml polypropylene tubes 
until use [5]. To study cell migration, human osteoblasts 
were co-cultured with ATDM or allograft. The amount of 
BMP2 released by ATDM was determined by ELISA [5]. 
The results revealed that ATDM possesses a high crystal-
linity, similar to that of DBBM, and contains elements such 
as carbon, calcium, oxygen, phosphate, sodium and mag-
nesium. The dissolution of the calcium/phosphorus ratio 
of ATDM was closely correlated to that of the mandibular 
branch bone. In addition, the chemical treatment enabled 
the complete microbial decontamination of ATDM [7, 15]. 
It was found that the high mineral content of enamel can 
somewhat inhibit cell proliferation. Regardless of deminer-
alisation, the extracellular matrix (ECM) of dentin showed 
excellent biocompatibility, superior to that of commonly 
used Bio-Oss®[5]. In addition, the dentin demineralisation 
method maintained the organic content and increased the 
bioavailability of BMP-2, resulting in an overall improve-
ment in biocompatibility compared to untreated dentin [5].

The tooth-derived dentin matrix contains BMP proteins 
that are preserved after the partial demineralization of the 
tooth matrix without compromising its structure (Fig. 2). 
That is a key factor on the ATDM to become a promising 
choice for regenerative procedures [11]. For bone forma-
tion, it must be considered that the two types of materials 
have different porosity. DBBM has a porosity of about 75%, 
while ATDM has a porosity of about 45%. This aspect is 
very important for biological interaction [12].

Another previous study conducted an in-depth investiga-
tion into the effect of dentin matrix, both alone and in com-
bination with mesenchymal stem cells (MSCs), on alveolar 
bone regeneration after extraction [9]. The analysis was 
conducted on animals in vivo, providing a realistic model 
to study bone regeneration [9]. In the H&E analysis, it was 
observed that the Bio-Oss group showed less bone than the 
ATDM group. Such result suggests that dentin matrix and 
MSCs may have a positive effect on bone regeneration. How-
ever, no other significant differences were observed between 
the groups, indicating that further research is needed to fully 
understand these results [9]. Non-demineralised autologous 
dentin has proven to be a viable alternative to alveolar bone 
grafting. The results indicate that combining autologous 
dentin with MSC can further improve bone regeneration 
results. The finding opens new perspectives for improving 
bone grafting techniques and suggests that further research 
in this field could lead to important advances in regenerative 
medicine [9].

On an in vivo study, bone regeneration was assessed in 
the maxillary sinuses of rabbits, after placement of blood 
clots, Bio-Oss, β -tricalcium phosphate (β -TCP) and dem-
ineralised dentin matrix graft (ATDM). Sinus augmentation 

procedures were conducted in 18 adult male rabbits and dogs 
and the bone repair was analyzed by histomorphometry [6, 
13]. As part of the in vivo research, teeth were sterilised with 
a solution of peracetic acid and ethanol in a vacuum ultra-
sound system and stored at −20°C prior to bone preparation. 
On the day of the experiment, the teeth were crushed and 
reduced to powders of size 0.8–1.0 mm and demineralisation 
was performed using 0.6 N hydrochloride for 15 min under 
vacuum followed by ultrasonic vibration [13]. The ATDM 
was then washed with phosphate-buffered saline (PBS), 
sterilised with sterilisation reagent and washed again with 
PBS and distilled water. The study suggested that ATDM 
(dentin matrix) may be an effective graft material for sinus 
lift bone regeneration [13].

In another animal study, the potential of ATDM particles 
was assessed for bone grafts in cranial defects in rats and 
compared to DBBM [8]. ATDM was produced through a 
series of steps: cleaning of the healthy extracted teeth, heat-
ing in an oven at 950 °C (17,428°F) for 30 min, grinding of 
the dental material with a mortar and pestle and filtration 
of the particle dentine through a 100-mesh sieve. ATDM 
particles were subsequently sterilised with ethylene oxide 
gas. Computer-assisted histomorphometry was performed 
to quantify the formation of new bone in the defects. It was 
noted that new bone formation was most pronounced in bone 
defects with ATDM when compared to those with DBBM 
[8].

The aim of another previous study was to compare the clini-
cal efficacy of autologous ADTM with DBBM granules on 
guided bone regeneration (GBR) for immediate implantation 
in post-extraction periodontal sites of humans. Human vol-
unteers aged 20–60 years who were diagnosed with severe 
localised periodontitis accepted implant treatment. DBBM was 
supplied by Geistlich Pharma AG (Wolhausen, Switzerland) 
and dentine was ground by an automatic mill at 20,000 rpm 
for 7–10 s. The ATDM granules, which ranged in size from 
300 to 1200 μm, were demineralised in 2% HNO3 for 20 min 
to expose the organic matrix of dentin (demineralisation) and 
were then immersed in 5% peracetic acid and 75% ethanol 
for 10 min. and then rinsed twice with distilled water. Forty 
patients (45 implants) were included in the study. Apart from 
2 cases with wound infection, 43 implants did not present post-
operative complications and had a satisfactory result after 1 
year of prosthetic loading. No statistically significant differ-
ences were found between the two groups in implant stability 
quotient and marginal bone resorption values. ADTM granules 
prepared in the clinic after extractions can be an excellent and 
readily available alternative to bone grafting material in GBR, 
including cases of severe periodontitis [14]. Another interest-
ing previous study aimed to examine the clinical efficacy and 
histological results of using autogenous ADTM versus DBBM 
as a bone graft material in the treatment of patients with oral 
bone defects. In total, 220 patients were considered eligible 
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for the study, of which 111 were assigned to the ADTM group 
and 109 to the DBBM group. The results showed that the use 
of ATDM could significantly promote bone regeneration that 
was not lower to DBBM [9].

Some limitations of this review can be drawn as follow. 
The selected studies examined demonstrate significant vari-
ability in their methods, outcome measures, and sample popu-
lations. Such variations encompass diverse animal models and 
human studies conducted under a range of conditions. The 
review does not sufficiently address how the studies’ discrep-
ancies may influence the overall findings. Scoping reviews 
typically do not incorporate formal statistical analysis, leav-
ing publication bias unaddressed. This omission may lead 
to an overrepresentation of favorable findings, potentially 
overstating the benefits associated with ATDM and DBBM. 
The review focuses only on PubMed and Scopus, although 
probably missing relevant studies indexed in other databases. 
However, major findings were reported for both bone graft 
materials to avoid overstating outcomes for any material.

Considering previous findings on the use of ATDM, fur-
ther studies should involve detailed in vitro physicochemical 

characterization prior to in  vivo studies. For instance, 
detailed analysis of DBBM and dentin matrix granules at 
the microscopic level could provide further information on 
their structure and function, contributing to the improvement 
of bone grafting techniques. The following aspects should 
be examined in future studies: (i) how graft porosity affects 
the formation of new blood vessels could provide valuable 
information on bone healing; (ii) how granule size and distri-
bution affect bone regeneration could help optimizing graft 
preparation; (iii) how mixing granules with hydrogel (i.e., 
collagen) or platelet-rich fibrin affects granule distribution 
could improve graft efficacy; (iv) optimal combinations of 
DBBM and dentin matrix granules leading to enhanced bone 
repair.

Conclusions

Even though a scoping review show intrinsic limitations, 
relevant findings are reported regarding the bone healing 
potential for autologous tooth-derived matrix (ATDM) and 

Fig. 2   Manufacturing of autogenous tooth-derived matrix (ATDM) granules
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deproteinized bovine bone mineral (DBBM). In fact, the 
chemical processing of ATDM maintained a partially dem-
ineralized hydroxyapatite structure with a high content of 
organic compounds such as collagen and bone morphoge-
netic protein. In a rabbit model, the bone formation was sta-
tistically higher for surgical sites with DBBM granules when 
compared to the blood clot. Also, ADTM granules induced a 
higher bone formation in surgical sites than that reported for 
blood clot. ATDM granules proved as effective as DBBM in 
bone augmentation for oral bone defects in humans.
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