
120 © 2017 The Journal of Indian Prosthodontic Society | Published by Wolters Kluwer - Medknow

Demineralized dentin matrix scaffolds for alveolar bone 
engineering

In-Woong Um, Young-Kyun Kim1,2, Masaharu Mitsugi3

R & D Institute, Korea Tooth Bank, Seoul, 1Department of Oral and Maxillofacial Surgery, Section of Dentistry, Seoul National University 
Bundang Hospital, Seongnam, 2Department of Dentistry and Dental Research Institute, School of Dentistry, Seoul National University, 

Seoul, Korea, 3Takamatsu Oral and Maxillofacial Surgery Clinic, Takamatsu, Japan 

Review Article

INTRODUCTION

Autogenous bone graft is considered the gold standard for 
the repair of  alveolar bone defects, but it is associated with 
donor complications and morbidity and also suffers from a 
limited supply. To avoid and overcome these disadvantages, 
bone substitutes are under development as an alternative 
to autogenous bone.

Bone and dentin are mineralized tissues of  almost 
similar chemical composition. They consist of  18% 
collagen, 2% noncollagenous proteins (NCPs), 70% 
hydroxyapatite (HA), and 10% body fluid (percentages 
indicating weight/volume). Their matrix is a repository 

for growth factors, such as bone morphogenetic 
proteins (BMPs), transforming growth factor‑β , 
insulin‑like growth factor, and basic fibroblast growth 
factor. Several NCPs, such as osteocalcin (OCN) and 
osteopontin (OPN), are common in bone and dentin, 
whereas dentin phosphoprotein is an NCP found 
specifically in dentin [Figure 1].[1]

Research on the bone‑inducing properties of  dentin began 
with a report in 1967. After Urist proposed that BMPs in 
dentin and bone are major stimulants with osteoinductive 
properties, Yeomans and Urist[2] were the first to show 
the regenerative properties of  autogenous demineralized 
dentin matrix (DDM). Bang and Urist[3] also found that 
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the collagenous dentin matrix, similar to bone matrix, can 
induce bone formation.

In vivo studies indicated that DDM was a more effective 
bone‑inducing matrix than calcified dentin matrix (CDM), 
as CDM granules induced the formation of  only a scanty 
amount of  bone after a latent period of  8–12 weeks. 
The delayed inductive properties of  calcified dentin may 
be related to the inhibition of  BMP‑release by apatite 
crystals [Figure 2].[4]

Bessho et al.[5] successfully isolated BMP from human 
dentin matrix. Although human dentin‑derived BMP was 
different from human bone‑derived BMP, the two types 
of  BMP had similar functions in the body. Reddi et al.[6,7] 
found that fibroblast transformation to form cartilage and 
bone by allogenic demineralized whole‑tooth transplants 
of  different shapes was profoundly influenced by the 
transplant geometry, which determines oxygen tension 
from surrounding tissues.

Human DDM is one of  the most acid‑soluble scaffolds, 
containing a collagenous matrix and osteoinductive growth 
factors, in addition to a mineral phase, and is an ideal bone 
substitute. Of  clinical importance, DDM‑based scaffolds 
are reprocessed, acellular, and nanoporous. This paper 
reviews in vitro and in vivo studies of  DDM and relates them 
to the previous studies, as well as clinical applications and 
outcomes achieved so far.

DISCUSSION

Dentin matrix demineralization
Dentin demineralization with 0.6 N HCl results in the 
elimination of  the major part of  the mineral phase and 
immunogenic components, while retaining a very low 
fraction of  minerals, and the majority of  type I collagen and 

NCPs, providing an osteoconductive and osteoinductive 
scaffold‑containing several growth factors.[8]

Two percent HNO3 has also been successfully used for 
dentin decalcification for both research purposes and 
clinical applications.[9,10] Inoue et al.[11] compared the capacity 
of  dentin to induce cartilage and bone formation after 
demineralization with 0.6 N HCl or 3 M (9 N) citric acid. 
They found cartilage formation on the internal surface of  
the citric acid‑demineralized dentin roll but significantly 
less than that on dentin demineralized with HCl.

Inorganic and organic components of demineralized 
dentin matrix
In general, DDM in powder or block form contains 5%–10% 
or 10%–30% mineral, respectively. X‑ray diffraction analysis 
revealed four types of  calcium phosphate, including HA, 
beta‑tricalcium phosphate (TCP), amorphous calcium 
phosphate, and octacalcium phosphate, consisting of  
low‑crystalline HA with relatively low Ca/P ratio. The amount 
and incorporation pattern of  calcium and phosphorus in DDM 
were very similar to those of  autogenous cortical bone.[12‑14]

Based on sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and western blotting analyses, BMP was 
not detected in DDM powder from dried tooth and fresh 
wisdom tooth. However, minor bands at 76–102 kDa 
were detected by electrophoresis, corresponding to the 
rest of  NCPs, such as phosphophoryn, sialoprotein, 
glycoprotein, proteoglycan, OPN, OCN, and dentin 
matrix protein‑1.[15] Type I collagens were identified at 
approximately 110–120 kDa.[16] In vivo, osteonectin was 
found in the dentinal tubules of  DDM.[17]

Structure of demineralized dentin matrix
At present, DDM is available in two forms, powder and 
block. The importance of  DDM geometry has already 

Figure 2: Diagrammatic illustration of the transfer of degradation 
products of radioisotope‑labeled dentin matrix

Figure 1:  The common components in dentin and bone. 
HAP: Hydroxyapatite, OCN: osteocalcin, BMP: bone morphogenetic 
protein, FGFs: Fibroblast growth factors
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been emphasized by many researchers.[6,7] DDM powder 
is prepared by crushing dentin into particles 300–800 μm 
in size, and it possesses dentinal tubule‑derived micropores 
(diameter: 1.0–3.0 μm, approximately 50,000 tubules/mm2) 
[Figure 3].[12] These pores are too small for cell infiltration 
and ingrowth. Instead, enlarged dentinal tubules and 
loosened collagen matrix after demineralization may serve 
as channels for releasing proteins that are essential for 
osteoblast growth and differentiation and also enhance 
surface microroughness or microtexture to increase dentin 
absorbability for blood or other body fluids.[8,9] Although 
Reddi and Huggins[6] documented osteoinduction by dentin 
particles 74–420 μm in size, Togari et al.[18] demonstrated 
that dentin particles 250–500 μm in size were highly 
efficient in osteoinduction. Recently, Koga et al.[19] 
recommended the use of  1000‑μm particles, following 
partial demineralization with 2% HNO3, compared to 
nondemineralized or completely demineralized dentin.

DDM powder is usually mixed with other suitable materials 
to form a paste that can be easily molded at the bone defect 
site. A rat tooth milled to a size of  10–50 μm mixed with 
hydroxypropyl cellulose (HPC) as base material promoted 
early healing and bone formation, while HPC, which is 
chemically stable in vivo, had an osteoconductive effect in 
the socket.[20]

A DDM block is fabricated from the root cut at the 
cementoenamel junction. The artificial macropores throughout 
are approximately 300–400 μm in diameter. Such porosity can 
influence the osteoconductive characteristics of  the scaffold 
by creating spaces for osteoblast attachment, differentiation, 
and growth and vascular invasion from surrounding 
tissues [Figure 4].[21] Recently, Kabir et al.[22] reported 
that perforated root dentin matrix blocks with artificial 

Figure 3: Demineralized dentin matrix powder (300–800 μm) with 
enlarged dentinal tubules

macropores (1 mm in diameter) contributed to active bone 
ingrowth in critical‑size bone defects of  the iliac crest in adult 
sheep. Artificial macropores and supersonic demineralization 
increased the effective surface area of  the dentin scaffold and 
created multiple centers for blood vessel invagination.

Several studies using transplantation of  human dentin 
blocks (5–6 mm in diameter; 3 mm in thickness) for rabbit 
bone defects showed progressive dentin‑bone ankylosis 
after 3 months, with osseous replacement resorption 
and no sign of  inflammation.[23‑25] Furthermore, the use 
of  porous dentin scaffolds supports rapid microvascular 
ingrowth, as well as osseointegration, in mice, highlighting 
their potential as bone engineering materials.[26]

Osteoinductivity of demineralized dentin matrix
Gomes et al.[27] reported that autogenous DDM slices in the 
parietal bone of  rabbits stimulated new bone formation 
and were completely incorporated into the newly formed 
bone tissue, having been resorbed during bone remodeling. 
Togari et al.[18] illustrated that in rat skull defects new 
bone formation occurred from individual bovine DDM 
granules within the defect, and not just from its margin. 
They concluded that DDM serves as a scaffold for bone 
regeneration by inducing a high degree of  new bone 
formation soon after surgery.

Murata et al.[9,28] confirmed that human wisdom tooth‑derived 
DDM granules induced independently bone and cartilage 
formation in subcutaneous tissues of  nude mice, and the 
sequence for bone induction was similar to demineralized 
bone matrix.

Kim et al.[29] performed an in vivo study to evaluate tissue 
responses to human DDM inserted into the dorsum of  

Figure 4: Demineralized dentin matrix block with macropores 
(300–400 μm)
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athymic mice. In 2 weeks, new lining cells had attached to 
the DDM powder without any inflammation, suggesting 
its excellent biocompatibility. Kim et al.[15,29,30] also showed 
that grafted human DDM in muscle tissue of  nude mice 
induced independently cartilage and bone formation. The 
newly deposited osteoid on DDM powder illustrates its 
osteoinductivity.

Osteoconductivity of demineralized dentin matrix
Gomes et al.[31] and Carvalho et al.[32] evaluated the 
osteoconductive properties of  autogenous DDM on parietal 
bone defects and 5‑mm defects of  the mandibular buccal 
bone in rabbits. The DDM was completely incorporated 
in the newly formed bone tissue and was resorbed during 
bone remodeling. de Oliveira et al.[33] performed BMP‑2 and 
BMP‑4 immunostaining in osteoblasts during the healing 
process of  rat upper second molar sockets treated with 
human DDM. The results suggest that human DDM acts as 
a scaffold for osteoblast differentiation, actively producing 
new bone through, at least in part, matrix degradation and 
consequent controlled delivery of  BMP‑2 and BMP‑4.

Kim et al.[34,35] confirmed the excellent osteoconductive 
healing capacity of  human DDM in critical size defects 
of  minipig crania and in the porcine sinus [Figure 5]. The 
excellent osteoconductivity and bone remodeling abilities 
of  human DDM might be attributed to its minerals, such 
as low‑crystallinity HA and TCP.

In addition to DDM, studies have been performed with 
mineralized dentin matrix as well, yielding different results. 
Atiya et al.[36] and Al‑Namnam et al.[37] demonstrated 
the osteoconductive and osteoinductive properties of  
autogenous and allogenic mineralized dentin treated 

only with liquid nitrogen in a rabbit femur model. 
Moharamzadeh et al.[38] reported that mineralized bovine 
dentine has the potential to be an osteoconductive bone 
substitute, using a rat femur model (five walls).

However, these processed bovine mineralized dentin 
products were not ideal bone materials for large rabbit 
calvarial defects (4‑wall defects), as there was evidence 
of  some soft‑tissue invasion into defects.[39] In a dog 
model, autogenous mineralized dentin grafts offered did 
not improve bone regeneration in alveolar extraction 
sockets.[40]

Human mineralized dentin blocks (6 mm in diameter; 
3 mm in thickness) were inserted in cavities penetrating 
into the marrow space in New Zealand rabbit tibias and 
were incorporated in the bone without inflammation and 
gradually resorbed and replaced by new bone.[24]

Demineralized dentin matrix scaffolds as recombinant 
human bone morphogenetic protein‑2 carriers
Since surface demineralized root dentin induces new bone 
formation, slow mineral resorption, and recombinant 
human bone morphogenetic protein‑2 (rhBMP‑2) release, 
Ike and Urist[41] suggested already in 1998 that it may be 
recycled for use as a rhBMP‑2 carrier.

In 2005, Murata et al.[42,43] showed that rhBMP‑2 increased 
the bone‑inductive potential of  DDM in rat subcutaneous 
tissues and suggested that human recycled DDM is a 
unique, absorbable, and osteoconductive matrix that should 
be an effective scaffold for BMP‑2 delivery.

Kim et al.[17] compared in vitro the kinetics of  rhBMP‑2 
release from various scaffolds and found that rhBMP‑2 
release was most prominent from DDM powders, 
tentatively concluded that DDM could be better than 
synthetic TCP and inorganic bovine bone as a rhBMP‑2 
carrier. An in vivo study of  protein marker expression 
showed that osteonectin was expressed strongly in dentinal 
tubules at an early stage, and its expression in muscle tissue 
of  nude mice was better sustained on DDM combined 
with rhBMP‑2. Both in vitro and in vivo findings suggest that 
the microporous dentinal tubules (1.0–3.0 μm in diameter) 
contribute to both rhBMP‑2 loading and longer release. 
In rabbit calvarial defects, the remarkable increase in 
bone volume after treatment with DDM combined with 
rhBMP‑2 was illustrated, and the gradual resorption of  
DDM, as described also by Ike and Urist[41] in 1998, seemed 
to play a secondary role in the increased osteoinductive 
potential of  DDM combined with rhBMP‑2.[44]

Figure 5: Extensive new bone formation around demineralized dentin 
matrix granules. Asterisks indicate demineralized dentin matrix. 
Staining by hematoxylin and eosin (×100, magnification)
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A prospective, randomized clinical trial that compared the 
clinical efficacy and histological outcome of  autogenous 
DDM in postextraction alveolar bone augmentation 
with those of  inorganic bovine bone (Bio‑Oss, Geistlich, 
Switzerland) showed that autogenous DDM was as 
effective as inorganic bovine bone.[53]

Demineralized dentin matrix powder mixed with 
hydroxypropylmethyl cellulose
Ku et al.[54] reported a clinical study using DDM mixed 
with hydroxypropylmethyl cellulose (HPMC) in 58 patients 
and 93 implants for GBR, ridge augmentation, and socket 
preservation, aimed at investigating implant stability 
at the time of  installation and of  the second surgery. 
They concluded that DDM mixed with HPMC showed 
outstanding performance with respect to implant stability in 
the graft site. When DDM mixed with HPMC was applied 
to sinus‑related alveolar bone defects, the bone‑forming 
capacity was not less than that of  conventional DDM, 
regardless of  the characteristics of  the defect and different 
pathways of  blood supply. Therefore, HPMC powders 
might be an effective base material for conventional DDM 
powders.[55]

Demineralized dentin matrix blocks
The first clinical report using autogenous DDM blocks for 
socket preservation indicated excellent bone formation and 
strong integration of  the DDM block into the recipient 
bone, in 12 patients.[21] The alveolar bone volume was well 
maintained both vertically and horizontally, and the formed 
bone was not resorbed during the early stages. Histological 
examination showed aponeurotic fusions between the 
gingiva and the DDM block, osteocytic embedding, 
osteoclastic resorption, and vascular invasion into the DDM 
block. One of  these cases was followed‑up for 5 years, and 
excellent results were reported in 2014 [Figure 7].[56] The 
same researchers examined DDM block remodeling based 
on radiological evaluations and reported that the grafted 
block was replaced completely by newly formed bone from 
the host after 14 or 15 months of  prosthetic loading.[57]

Clinical applications of autogenous demineralized 
dentin matrix
Demineralized dentin matrix powder
Gomes et al.[45] conducted a study in humans where 27 lower 
third molar sockets were selected and filled with autogenous 
DDM, resulting in superior bony architecture.

In 2010, Kim et al.[12] reported the histological evaluation 
of  six patients at the time of  their second surgery who 
received simultaneously DDM powder and an implant. 
The results show that DDM underwent gradual resorption, 
and 46%–74% of  it was replaced by new bone through 
osteoinduction and osteoconduction. Six years later, they 
examined by cone beam computed tomography five of  
these patients and found that the corticocancellous bone 
that had formed was successfully maintained around the 
implant after an average time of  5 years.[46]

Many clinical studies on guided bone regeneration (GBR), 
socket preservation, and ridge augmentation showed 
that new bone was formed by osteoinduction and/or 
osteoconduction, and the crestal bone resorption during 
the follow‑up period (3, 5, or 6 months) was 0.29 mm on 
average (0–3.0 mm).[47,48]

In the GBR group (14 implants), the average bone 
loss 8 months after prosthetic loading was 0.29 mm, 
whereas in the sinus graft group (14 implants), it was 
0.66 mm 7.6 months after prosthetic loading.[49] A 
GBR case series study with 15 patients and a 31‑month 
follow‑up period showed 0.47 mm crestal bone loss.[50] 
A retrospective cohort study with a 33‑month follow‑up 
period showed 0.33 ± 0.63 mm bone loss after implant 
placement (54 implants), demonstrating remarkable healing 
property [Figure 6].[51]

Another case series study of  extraction socket preservation 
showed that the average amount of  crestal bone loss 
around the implant was 0.05 mm during an average of  
22.5 months (12–34 months) after functional loading. Newly 
formed tissues were evident in the 3‑month specimen owing 
to its osteoconductivity and bone remodeling properties.[52] 

Figure 7: (a) The vertical and horizontal alveolar defect around the 
implant, (b) the defect repaired by the demineralized dentin matrix block 
and blood clot aggregation, (c) complete formation of corticocancellous 
bone. Over time, the demineralized dentin matrix block underwent 
gradual resorption and became less visible

cba

Figure 6: (a) The defect around the implant, (b) defects are covered by 
the demineralized dentin matrix particles, (c) texture of newly formed 
bone after 3 months. Most of the demineralized dentin matrix powder 
underwent resorption and bone remodeling

cba
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A case series study to evaluate the fate of  DDM blocks 
during long‑term follow‑up observations based on 
22 patients, who received a single implant with a DDM 
block in the posterior area of  the maxilla (12 patients) 
or the mandible (10 patients), was performed with an 
average follow‑up period of  44 months. The findings 
were consistent with those of  previous short‑term studies 
and indicate that DDM blocks are capable of  continuous 
remodeling under a functional load with appropriate 
volume maintenance.[58]

Sinus bone graft of demineralized dentin matrix powder
The first clinical case of  a sinus lifting procedure using 
autogenous DDM was reported in the 2003 IADR 
Congress by Dr. Murata.[59] Lee et al.[60] performed a 
histomorphometric study to compare the efficacy of  
DDM with that of  various other scaffolds in sinus. After 
4 months, all groups showed new bone formation around 
the graft material and implant in the sinus. Jeong et al.[61] 
performed a retrospective clinical study on 100 implants 
in 51 patients, from July 2009 to November 2010, to 
evaluate the effectiveness of  DDM scaffold in the sinus. 
The overall implant survival rate was 96.15%, supported 
by gradual resorption and new bone formation on DDM 
through osteoconduction and osteoinduction, as assessed 
by histologic examination.

On microcomputed tomographic and histological 
examinations of  tissue specimens 9 months after the sinus 
graft, the total bone volume (DDM + new bone) was 
76.45%, and the proportion of  new bone was 45.4%.[62] 
In a prospective clinical study with 14 patients receiving 
inorganic bovine bone and 18 patients receiving DDM, 
biopsy specimens were analyzed by microcomputed 
tomography and histomorphometry to assess the sinus 
bone graft procedure. The results showed that DDM 
performance in the sinus was not inferior to that of  
inorganic bovine bone.[63]

The amount of  bone resorption in the sinus, performed 
by crestal approach, was measured in patients treated with 
DDM or synthetic materials (11 patients/group). The bone 
resorption height, measured 1 year after the graft, was 
0.76 mm on average in DDM and 0.53 mm in synthetic 
materials, indicating that DDM is a good alternative 
material to synthetic bone graft for bone‑added sinus lift.[64]

CONCLUSION

Third molar and premolars extracted for orthodontic 
purposes have been already used in elderly patients 
belonging to the host’s family for the purpose of  alveolar 

bone engineering.[65] Furthermore, autogenous DDM 
combined with rhBMP‑2 is under clinical trial for receiving 
approval as a medical device.[66] In addition, a retrospective 
clinical study of  allogenic DDM for alveolar bone repair has 
been published early this year.[67] Kim et al.[8] summarized 
their 5‑year experience in tooth banking by analyzing 
the written documents as well as histopathologic and 
microbiologic examinations that support the safety of  the 
tooth banking system. Even though uniform guidelines 
and standards for tooth bank management are still lacking, 
we believe that the banking procedures for DDM will be 
valuable for developing and improving DDM scaffolds in 
the future.
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