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Histological analysis of autologous 
tooth-derived bone graft
Drs. Lanka Mahesh, Gregori M. Kurtzman, Varun Raj Kumar, Anshi Jain, Saurabh 
Juneja, and Yuvika Raj Kumar discuss the efficacy of human extracted teeth as an 
alternative 

Abstract  
Objective

To test the efficacy of human extracted tooth for use as bone 
graft material as an alternate to other synthetic, allogenic, or 
xenogenic bone graft materials.

Study design 
Freshly extracted teeth were cleaned of all debris and cal-

culus and were placed in a “smart dentin grinder,” which is a 
device used to grind and sort extracted teeth into a specific-sized 
dentin particulate. Dentin particulate material was then placed 
in surgical sites to be used as graft material and were tested 
histologically.

Results 
Histological analysis showed the presence of remaining graft 

material and forming dentin around graft material. Section fur-
ther revealed the formation of lamellar bone around the dentin 
surface. Lamellar bone showed the presence of plump osteoblas-
tic rimming, entrapped osteocytes in lacunae. Different stages of 
mineralization also were evident in our case where dentin was 
placed as a bone graft material.

Conclusion 
Though there is still insufficient data regarding use of 

extracted teeth for bone grafting, it may be considered as a 
useful biomaterial and an alternative to synthetic, allogenic, or 
xenogenic bone grafts for socket preservation, and filling other 
bony defects. It is autogenous, clinically safe, shows no adverse 
reactions, and has good bone regeneration potential.

Introduction
A variety of materials have been commercialized for use 

in different treatment procedures in maxillofacial, periodontal, 
and dental implant surgery. In particular, bone grafts are used 
to stabilize blood clotting, increase alveolar bone volume, and 
restore its original volumetric structure, function, and appear-
ance. A range of biomaterials have been developed for grafting 
and bone regeneration as alternatives to autogenous bone grafts. 
These offer good osteoinductive and osteoconductive capacities 
but suffer some risk of negative host response. Synthetic mate-
rials are an alternative graft material that offers osteoconductive 
capacities and can be supplied in unlimited quantities.1 Alterna-
tive graft materials, including allografts, xenografts, and alloplas-
tic bone grafts, are clinically used, but they have disadvantages 
such as lacking osteoproliferation and having high-material cost 
and limited osteoinductivity.2 Therefore, development of an 
alternative graft material that surpasses all these limitations is 
desired. 

Recently, bone graft materials using permanent teeth from 
the patient receiving the graft, which has been processed, have 
come to light. Clinical and histological outcomes of this autoge-
nous tooth-derived graft material have been confirmed by some 
studies. Tooth components are very similar to alveolar bone com-
ponents, which has led to consideration as a bone graft material 
using the organic and inorganic components of extracted teeth.3 
Additionally, being derived from the patient, they will be placed 
into all potential for autoimmune-type reactions to the graft 
material are eliminated. 
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Figure 1: The patient following extractions in the maxillary anterior
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Extractions are one of the most widely performed proce-
dures in dentistry, yielding teeth that are discarded as clinical 
waste. But teeth could be recycled to produce an effective 
graft material. Dentists have been transplanting teeth for many 
years, and tooth ankylosis is a well-studied principle.4 In recent 
years, several research teams have assessed the potential uses 
of extracted teeth.5,6

Autogenous dental bone graft material, a human demineral-
ized dentin matrix derived from extracted human teeth, was first 
developed in 2008, and its osteoinductive, osteoconductive, and 
remodeling capacities in implant dentistry have been evaluated.7

Methodology
Freshly extracted teeth were taken and were processed 

into a bacteria-free particulate autogenous mineralized den-
tin for immediate grafting into that same patient who had just 
undergone the extraction. A Smart Den-
tin Grinder (KometaBio, Fort Lee, New 
Jersey) was devised, which is utilized to 

grind extracted teeth into a specific-sized dentin particulate. A 
chemical cleanser is then applied to process the dentin particu-
late into a bacteria-free graft during a 15-20 minute time frame. 
This novel procedure is indicated mainly in cases when teeth 
are extracted because of periodontal reasons or when impacted 
teeth require extraction. Teeth that have undergone root canal 
treatment should not be employed in this procedure because the 
obturation material present may lead to foreign material con-
tamination of the resulting graft material. On the other hand, if 
teeth have crowns present, the restoration can be removed prior 
to processing, and direct filling materials such as amalgam or 
composite can be ground out of the tooth prior to processing.6 
The teeth are extracted atraumatically to maintain integrity of 
the socket (Figure 1). Any restorative materials are removed from 
the extracted teeth with a handpiece and burs in preparation for 
processing the dentin (Figure 2).

Figure 2: Extracted teeth from the patient’s maxil-
lary anterior

Figure 4: A full-thickness flap is elevated to expose the sockets of the extraction sites and to allow soft 
tissue mobility to close the area following socket grafting. Figure 5: Osteotomies were prepared at the 
canine sites bilaterally and implants placed

Figure 7: The flap was repositioned to get primary closure and secured with sutures Figure 6: Implants have been placed at the canine sites bilaterally

Figure 3: Preparation of the ground natural teeth in preparation for placement as a graft 
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The teeth are then processed to cre-
ate dentin particles and hydrated appro-
priately (Figure 3). The area at the sites 
to receive the dentin grafting is flapped 
to expose the sockets (Figure 4). Imme-
diate implant placement was planned, 
and the osteotomies were created. 
Ground dentin particulate was placed 
into the osteotomies and extraction 
sockets that would not receive implants, 
and implants were placed into the 
planned sites (Figures 5 and 6). The 
flap was repositioned to cover the area 
with primary closure of the soft tissue, 
and sutures were placed (Figure 7). The 
patient was recalled after 3 months to 
check osteointegration of the implants, and the socket grafting 
was evaluated. The area was flapped and a core sample taken 
at the previously grafted sockets with a trephine for histological 
analysis of the dentin graft material.

Histological analysis
After the process of implant placement, histological analysis 

was done in which the specimens were fixed with 4% parafor-
maldehyde in 0.1M PBS (pH 7.4), and decalcified in 0.5M EDTA 
(pH7.8) for 10 days. After decalcification, each specimen was 
transversally divided into two blocks, exactly along the center 
of the original surgical defect, processed, and embedded in 
paraffin. Then transverse serial sections of 5 μm thickness were 
prepared. The sections were stained with hematoxylin and eosin 
(HE) and showed the presence of remaining graft material and 
forming dentin around graft material (Figure 8). The section fur-
ther revealed the formation of lamellar bone around the dentin 
surface. Lamellar bone showed the presence of plump osteo-
blastic rimming, entrapped osteocytes in lacunae (Figure 9). 
Different stages of mineralization were also evident in the case 
where dentin was placed as a bone graft material. The stroma 
is fibrovascular in nature with very mild chronic inflammatory 
reaction in the background. Special stains, including eosin (HE) 

methylene blue and aldehyde fuchsin, were also performed, 
which showed the presence of resorbing graft material and form-
ing dentin (Figure 10 and 11). 

Discussion 
Bone and dentin resemble each other in composition 

and mechanism of formation. In addition to major lev-
els of Type I collagen, both tissues contain non-collage-
nous proteins (NCPs). The NCPs are believed to play key 
biological roles in osteogenesis and dentinogenesis. Among 
these NCPs, dentin phosphoprotein (DPP) and dentin sialo- 
protein (DSP) have been thought to be uniquely involved in den-
tinogenesis. In dentin extracellular matrix, Type I collagen is the 
most abundant organic constituent, while DPP is the second-most 
plentiful protein. The most unusual feature of DPP is the occur-
rence of large amounts of aspartic acid (Asp) and phosphoserine 
(Pse) largely present in repeating sequences of (Asp-Pse-Pse)n 
and (Asp-Pse)n. These repeating sequences assume extended 
backbone structures with relatively long ridges of carboxylate 
and phosphate groups on each side of the peptide backbone7 
(dentin). Autogenous bone grafting is the gold standard for bone 
augmentation because of its excellent osteoinductivity and 
osteoconductivity, but it has some impediments such as limited 

Figures 10 (left) and 11 (right): 10. Photomicrograph of methylene blue aldehyde fuschin shows the pres-
ence of forming dentin. 11. Photomicrograph of Masson’s trichrome stain shows the presence of resorbing 
graft material and formation of dentin

Figures 8 (left and middle) and 9 (right): 8A and 8B. Submitted H and E stained section shows the presence of dentin (yellow arrow) and remaining graft material 
(black arrow). 9. H and E stained section shows forming bone with entrapped osteocytes and surrounding osteoid (blue arrow)
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availability, donor site morbidity, and also 
high-resorption rates of up to 50%.8

The osteogenic capacity of a deminer-
alized tooth was verified as early as 1967,9 
and was first introduced by R&D Institute 
Korea Tooth Bank (Seoul, Korea). The tooth 
graft has satisfied many clinicians and 
patients for its osteoconduction as well 
as osteoinduction capacity. Nampo, et al.,5 reported that dentin, 
when used as a bone graft, promotes bone formation as it contains 
proteins such as osteopontin (OPN). On immunohistochemical 
staining with anti-DSP antibody, the positive reaction was local-
ized to the dentin of the extracted tooth fragments incorporated 
into the new bone at 6 weeks, suggesting that dentin has a high 
affinity for and marked osteoconductive effect on jawbone. The 
structure and composition of dentin are similar to that of bone, 
consisting of collagen (20%), hydroxyapatite (70%), and body 
fluid (10%) in weight; and having a significant osteoconductivity. 
Furthermore, dentin matrix has some osteoinductivity because it 
contains BMPs. Thus, dentin or dentin matrix is expected to serve 
as a bone substitute. Some studies have shown that mineralized 
dentin matrix possesses excellent biocompatibility. However, it 
was also observed that the dentin matrix promoted the formation 
of a more homogenous and uniform trabecular bone in the three-
thirds of the dental socket during the 15-day and 30-day periods 
of healing, characterizing its osteoconductive property in dental 
socket repair.8 Therefore, dentin tooth can be classified into three 
groups according to the degree of demineralization: undemineral-
ized dentin (UDD), partially demineralized dentin matrix (PDDM) 
(70% decalcified), and demineralized dentin matrix (DDM). It has 
been shown that UDD is less effective in bone formation, whereas 
other studies have shown that DDM is biocompatible and also 
osteoinductive, similar to demineralized bone matrix.10

In tooth-based graft materials, there are higher mineralization 
and crystallinity when compared with bone. However, tooth 
demineralization is time-consuming (usually 2 to 6 days), thus 
limiting the use of fresh demineralized tooth (FDT) as a graft mate-
rial. Nevertheless, FDT has shown great potential in alveolar bone 
regeneration. In an animal study performed by Al-Asfour, et al.,11 
human dentin graft was compared with tibia bone graft. The authors 
reported that demineralized xenogenic dentin onlay grafts showed 
similar resorption characteristics as autogenous bone onlay grafts, 
being resorbed in a similar rate during 12 weeks. This is in contrast 
with Zitzmann, et al., who reported a remaining amount of Bio-
Oss® (Geistlich Pharma North America Inc.) of 37% at 6 months 
after grafting Bio-Oss.12 Moreover, in the study done by Kim, et 
al., autogenous teeth (AutoBT) showed gradual resorption during 
the first three months. At 6 months, new bone was replaced with 
trabecular bone with resorption of most graft material.13 Osteoin-
duction and osteoconduction were observed, which were similar 
to the histologic analysis of other’s papers.14,15,16

Conclusion
Although there is still insufficient data regarding use of 

extracted teeth for bone grafting, it may be considered as a useful 
biomaterial and alternative to synthetic, allogenic, or xenogenic  
bone grafts for socket preservation and filling other bony defects. 
Being autogenous, it is clinically safe, shows no adverse reac-
tions, and has a good bone regeneration potential.

In particular, bone grafts are used to stabilize blood 
clotting, increase alveolar bone volume, and restore its 
original volumetric structure, function, and appearance.
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