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A New Method Using Autogenous Impacted Third Molars 
for Sinus Augmentation to Enhance Implant Treatment: 

Case Series with Preliminary Results of an Open, 
Prospective Longitudinal Study

Veronika Pohl, MD, DMD1/Christian Schuh, DMD2/ 
Michael B. Fischer, MD, PhD3/Robert Haas, MD, DMD, PhD4

Purpose: This prospective longitudinal study reports on the results in patients given autologous tooth material 

for augmentation in a sinus elevation procedure. Materials and Methods: Six patients with inadequate 

bone supply for augmentation in the maxillary posterior tooth region and at least one impacted maxillary 

third molar underwent sinus elevation surgery with lateral access using the particulate tooth material. One 

of the patients received four implants during the same session, while the other patients had a total of 15 

implants placed after a healing phase of an average 5.5 months. Drill cylinders collected from the implant 

bed during the procedure were subjected to histologic/immunohistochemical evaluation. Results: All six 

patients showed normal and unobtrusive postoperative healing, having undergone prosthetic restoration 

up to 5 years before. The average peri-implant probing pocket depth after a period of up to 5 years ranged 

between 1.86 mm (mesial and lingual) and 2.07 mm (distal and buccal). No bleeding could be triggered with 

any of the peri-implant probes. The average peri-implant bone resorption measured during the first year 

was up to 0.63 mm, with the lowest being 0 mm and the maximum 2.9 mm. Peri-implant bone remained 

stable for the follow-up time of up to 5 years. Histologically, six biopsy specimens collected from five patients 

showed osteoconductive osteogenesis with encapsulation of tooth enamel and dentin portions and partial 

resorption of the tooth components. Cementum shares were no longer discernible. Immunohistochemical 

assessment showed intense new vessel formation that could be observed in the area of loose stroma of 

reorganized tissue in the augmented area. Conclusion: Within the limits of these preliminary results and 

with adequate consideration of the small number of patients included, the use of autogenous crushed tooth 

material from impacted third molars may represent an alternative augmentation material for use in sinus 

elevation procedures. Int J Oral Maxillofac Implants 2016;31:622–630. doi: 10.11607/jomi.4172
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As a result of its osteogenic capacity as well as its 
osteoinductive and osteoconductive properties, 

autogenous bone is still considered as the standard 
for the augmentation of the atrophic implant bed.1–3 
Today, all commonly used bone substitute materials 

are available without limitation, and additional surgi-
cal risks may be eliminated by avoiding a second inter-
vention. However, their use will be associated with 
additional costs, and apart from foreign body reac-
tions, bone substitutes may show inadequate osteo-
genesis4 or completely lack osteogenesis depending 
on the material selected.5

Considering the structural characteristics of bone, 
dentin, and root cementum, numerous common fea-
tures can be identified.

Calcium hydroxyapatite (primarily calcium and 
phosphate) constitutes the primary component (70%) 
of these structures. Organic components (including 
90% collagen type I) account for approximately 20%.6 
In addition, fluoride and a number of trace elements 
(Al, Br, Cl, Cr, Fe, K, Mn, Na, S, Si, Zn)7 can also be 
found. The basic substance and hardness (30 to 50 
KHN [Knoop Hardness]) of cementum are similar to 
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that of membranous bone. It consists of 65% min-
eral substance (in particular, calcium and phosphate 
in the form of apatite crystals and amorphous calcium 
phosphates), an organic matrix of approximately 23%, 
mineralized collagenous fibers (approximately 90%), 
cementocytes, and 12% water. Mineral substances 
are deposited to approximately the same extent as in 
alveolar bone.8 Tooth enamel is the hardest substance 
in the human organism. It contains calcium, phos-
phate, magnesium, fluoride, sodium, and carbonate as 
well as proteins and fats. Ninety-five percent of tooth 
enamel is inorganic and mainly consists of the acid-
soluble phosphate hydroxyapatite [Ca5(PO4)3OH]. As 
compared with bone and dentin, tooth enamel shows 
a higher degree of mineralization and a significantly 
higher hardness, density, and crystallinity, but also a 
lower porosity.9

Tooth enamel as seen in the electron microscope 
consists of rod-shaped crystallites grouped in bundles 
and termed prisms.

Considering the congruency of dental components 
with bone material, it was only obvious to assess autog-
enous tooth material for use as autogenous augmenta-
tion material.

Animal experimental studies showed extensive bone 
formation in extraction alveoli of the anterior teeth 
of rats having been filled with ground autogenous 
deproteinized tooth material mixed with hydroxypro-
pylcellulose (HPC) for 4 weeks. The mineral content of 
the newly formed bone was significantly higher than 
that in the control group given HPC alone.10 Transmit-
ter substances contained in tooth material such as 
osteopontin, a protein involved in the preservation of 
bone substance and in some immune processes, could 
provide for an inductive component of bone forma-
tion with the use of tooth material. Osteopontin binds 
hydroxylapatite and constitutes the basic structure 
for bone material.10 Thus, the use of decalcified tooth 
material has been shown to induce transformation of 
mesenchymal stem cells into osteoblasts as evidence 
of osteoinduction.11

As yet, no animal experimental or clinical investiga-
tions using unmodified autogenous tooth material 
have been reported.

A case report describes the retention of a buc-
cal socket-shield in the alveolus upon immediate 
implantation for preserving the esthetic profile of the 
alveolar process.12 However, this material was always 
in periodontal connection, and for this reason, it does 
not represent an auto-transplantation of dental tissue. 
In addition, no findings for these root sections were 
reported.

The subject investigation was intended to evaluate 
the use of autogenous tooth material as augmentation 
material in sinus elevation procedures.

MATERIALS AND METHODS

Patients
One of the inclusion criteria for entry into this open, single-
center cohort study was the presence of a terminal gap 
in the maxilla and a vertical bone deficit necessitating a 
lateral sinus elevation. An additional inclusion criterion 
was the presence of an impacted third molar that had 
not penetrated through the gingiva (Fig 1). The patient 
received full information on the planned procedure and 
had to sign an informed consent form. The study was 
performed according to the guidelines of the Medical 
University of Vienna and was approved by the local Ethics 
Committee (EC No. 885/2010). The study was designed 
as an open, single-center study.

The sinus elevation procedure was done via lateral 
access; the bone window was prepared with a bone 
scraper (Safescraper, Medos Austria) with autologous 
bone material being collected. The impacted molar to 
be used was removed and completely comminuted in 
a manual bone mill (Medos Austria; Figs 2a and 2b). The 
tooth material was mixed with the bone material from 
the bone scraper and applied into the subantral hollow 
space. If additional augmentation material was needed, 
bovine bone substitute material (BioOss, Geistlich) was 
added. In patients with an alveolar ridge height of 5 to 
6 mm, implant placement was done in the course of the 
sinus elevation procedure, and for all other patients, it 
was done in a second procedure after 4 to 6 months 
according to the height of the original alveolar ridge. In 
such cases, the alveolar ridge was visualized through a 
mucoperiostal flap, a histologic specimen at the implant 
position was collected (Hollow Drill, Medos Austria; Fig 
3), and further implantation was performed according 
to the drill protocol (Replace, Nobel Biocare; Fig 4). For 
both procedures, the patients were given amoxicillin 
2 g as a single oral dose about 2 hours preoperatively. 
After another 3 months, the implants were exposed and 
prosthetically provided with fixed partial prostheses or 
single crowns.

The patients were followed at 6 and 12 months post-
implantation and thereafter at annual recall intervals (Figs 
5a and 5b).Clinical evaluation comprised the inspection 
of the peri-implant mucosa and measurement of prob-
ing depth (PD) in four different locations of the implant 
(labial, lingual, mesial, distal) using a periodontal probe 
(Hu-Friedy). The probe was invariably introduced with 
light pressure into the sulcus in parallel to the implant 
axis, and the distance from the mucosal margin to the 
probe tip was measured. The Bleeding Index (according 
to Mühlemann and Son13) was also measured with the 
periodontal probe at the four locations of the implant 
in the same manner.

Digital radiographs (Sidexis, Sirona) were taken at 
the annual follow-up visits, and mesial and distal bone 
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Fig 1     Preoperative orthopantogram 
(OPTG) showing impacted third left molar 
in conjunction with a terminal gap on the 
left side and an intermediate gap on the 
right side of the maxilla.

Fig 2    Removed impacted third molar (a) 
before and (b) after milling. No additional 
material was added. Note the different 
appearance of the enamel and dentin/
cementum components.

a b

Fig 3    Bone cylinder collected at the 
time of implantation for histologic/immu-
nohistochemical investigation.

Fig 4    Panoramic reconstruction of digital volume tomography (DVT) 3 months after 
implant placement on the left side of the maxilla. Note the starry sky-like appearance 
of the milled tooth material.

Fig 5    (a) Radiograph and (b) clinical 
picture of same patient as in Fig 4 60 
months after implant placement.

a b
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height were measured in relation to the upper implant 
edge. Measurements were done after calibration based 
on the known implant diameter.

Processing of Histologic Specimens
The hard-tissue cylinders of four patients were processed 
histologically using the cutting-grinding technique; the 
tissue samples of two other patients were processed for 
immunohistochemical evaluation. Preparation of the 
hard thin sections was done according to Donath.14 For 
this purpose, the preparations were dehydrated in a 
graded alcohol series and then embedded in Technovit 
(Technovit 7200 VCL + BPO, Kulzer & Co). Preparation 
of the section was done using saws and grinders (Exakt 
Cutting and Grinding Equipment, Exakt Apparatebau). 
These were then stained with Levai-Laczko and evaluated 
histologically. The images were done with a microscope 
(Olympus BX 51) and a digital camera (XC 10, Program 
Dotslide).

Processing of the Immunohistochemical 
Probes
After the bone cylinders were harvested, they were col-
lected in saline and subsequently fixed in 10% formalin for 
3 days and then embedded in paraffin after decalcification. 
After deparaffination through xylene and graded alco-
hol, the specimens were cut into slices of approximately 
4 to 6 µm. For removal of endogenous peroxidase, the 
material was treated with 3% H2O2, followed by antigen 
retrieval in the microwave (10 minutes, 150 W) in citrate 
buffer (pH = 6.0) as previously described.15 Sections of 
paraffin-embedded bone cylinders were treated with 
mouse serum and subsequently incubated with mAbs 
specific for CD 31 (5 µg mouse mAb/mL, DakoCytoma-
tion), CD 34 mAb (2.5 µg mouse mAb/mL, Novocasta, 
Leica Biosystems), α-SMA (1.25 µg mouse mAb/mL, 
DakoCytomation), type IV (1.25 µg mouse mAb/mL, 
Ventana Medical Systems, Roche Diagnostics), and vWF 
(2 µg rabbit mAb/mL, DakoCytomation) at 4°C overnight. 
Sections were then washed three times in phosphate-
buffered saline (PBS), and the reactivity of the primary 
antibodies was revealed using biotinylated anti-mouse 
or anti-rabbit IgG (1.25 µg mouse mAb/mL, DakoCyto-
mation; rabbit 10 µg/mL, Vector Biolaboratories) for 30 
minutes at room temperature. The unbound secondary 
antibody was removed by washing three times in PBS, 
and visualization of antibody staining was achieved using 
Vectastain ABC (Vector Biolaboratories) and DAB (Santa 
Cruz Biotechnology). Omission of primary antibody and 
isotope controls were included in the protocol. Histologic 
images were taken with a microscope (Leica Microscope, 
Aristoplan) and an Olympus Camera (Olympus Camera, 
DP26), with the relevant Imaging Analysis Software system.

Statistical analysis was done in a descriptive manner 
(IBM SPSS, IBM).

RESULTS

Clinical Data
Six patients (one male, five female) with an average 
age of 40 years were treated during the time from 
October 2008 to September 2013 using the autoge-
nous tooth material. All impacted teeth being used as 
augmentation material were harvested from the max-
illa. In four of the patients, a mixture of bone/tooth 
material was exclusively used, while the remaining 
two patients had additional bovine bone substitute 
material added (Table 1). 

All patients showed uneventful healing, and an 
overall 15 implants could be placed at the scheduled 
dates. None of the implants showed any inflammatory 
processes such as peri-implantitis or peri-mucositis, 
and bleeding could not be induced by probing in any 
of the patients. The results of the measurement of the 
individual and median peri-implant probing depths 
are shown in Table 2. Pocket depth mostly ranged 
between 1 and 2 mm and never exceeded a value of 
3 mm.

Data for six patients were available for the evalu-
ation of the 2-year results, data for 5 patients for the 
3- to 4-year results, and data for two patients for the 
5-year results. The peri-implant bone resorption dur-
ing the first year was an average 0.3 mm, with a mini-
mum of 0 mm and a maximum of 1.8 mm. Peri-implant 
bone resorption was found to be virtually stable for 
the remaining follow-up period following an initial 
bone loss during the first year of function (Table 2).

Table 1  Clinical Data of Sinus Elevation 
Procedure

 
Patient Indication AM

SL / SL 
+ Impl DT Histo

I 
Nr

1 Terminal gap T/B/
BBM

SL 18 26 2

2 Terminal gap T/B SL 28 26 3

3 Terminal 
gap left, 

Intermediate 
gap right

T/B/
BBM

SL + Impl 28 4

4 Single tooth 
gap

T/B SL 18 16 2

5 Terminal gap T/B SL 28 26 2

6 Terminal gap T/B SL 28 26, 
27

2

FDI tooth-numbering system.
AM = augmentation material; SL = sinus lift with staged implant 
placement; SL + Impl = sinus lift together with implant placement; DT 
= donor tooth; histo = place of histologic specimen collection; INr = 
number of implants; T = autogenous tooth; B = autogenous scratched 
bone; BBM = bovine bone mineral. 
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Table 2  Clinical Data of Peri-implant Measurements

Patient I Ioc

Time point (mo) Time point (mo)

0  3  6  12 24 36 48 60

pd br pd br pd br pd br pd br pd br pd br pd br

1
 

15 0 0 1.75 0 1.7 0.22 1.75 0.73 1.75 0.73 2 0.75 2.15 0.93 2.5 0.73

16 0 0 2.5 0 2.6 0 2.75 0 2.75 0 2.75 0 2.7 0 3 0

2
 

16 0 0 1.75 0 2 0 2 0 1.75 0 1.75 0 1.75 0 1.75 0

26 0 0 1.25 0.35 1.2 0.48 1.25 0.88 1.25 0.91 1.3 0.92 1.35 1.11 1.75 1

 3
 
 
 

27 0 0 1 0.25 0.9 0.5 1 0.83 1 0.83 1 0.81 1 0.1 1 0.93

25 0 0 1.25 0.15 1.2 0.7 1.25 0.95 1.25 1.07 1.5 1 1.65 1.14   

27 0 0 1.25 0.2 1.1 0.8 1.25 0.9 1.75 0.9 2 0.8 2.15 0.98   

14 0 0 1.75 0.45 1.9 1.5 2 1.68 2.5 1.68 2.75 1.7 2.6 1.77   

15 0 0 1.75 0 1.7 0 2 0 1.75 0 1.75 0 1.7 0   

4 16 0 0 2 0 2 0 2.25 0 2.25 0 2.3 0 2.35 0   

 26 0 0 1.5 0 2 0 2 0 2 0 2 0 2 0   

5 25 0 0 1.75 0 2.25 0.35 2.25 0.85 2.25 0.85 2.3 0.81 2 1.06   

 26 0 0 1.5 0 1.6 0.3 1.75 0.7 2 0.89 2 0.85 1.8 1.27   

6 26 0 0 2.25 0 2 0 2.25 0 3 0     

 27 0 0 2 0 2.1 0 2.25 0 2.25 0     

Mean ± SD  0 0 0 1.68 ± 0.41 0.09 ± 0.15 1.75 ± 0.47 0.32 ± 0.43 1.87 ± 0.49 0.5 ± 0.53 1.97 ± 0.56 0.52 ± 0.55 1.95 ± 0.55 0.59 ± 0.54 1.94 ± 0.47 0.64 ± 0.64 2 ± 0.77 0.53 ± 0.5

FDI too-numbering system
I loc = implant location; pd = average peri-implant probing depth at the individual time point; br = average perii-implant bone resorption at the individual time point;  
SD = standard deviation.

Fig 6a    Ground section showing enamel and dentin particles 
partially covered by woven and lamellar bone (Levai-Laczko).

Fig 6b    Detail from Fig 6a. Note the irregular surface of enamel 
corresponding to Howship’s lacunae (HLK). Osteoblasts (OBL) 
on uncovered surface of the enamel. 

Fig 6c    Detail from Fig 6a. Note the different stages of bone 
building: OKL = osteoclast; OBL = osteoblast; OI = osteoid; 
CO = calcified osteoid; woven bone with osteocytes (blue). 

a b
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Table 2  Clinical Data of Peri-implant Measurements

Patient I Ioc

Time point (mo) Time point (mo)

0  3  6  12 24 36 48 60

pd br pd br pd br pd br pd br pd br pd br pd br

1
 

15 0 0 1.75 0 1.7 0.22 1.75 0.73 1.75 0.73 2 0.75 2.15 0.93 2.5 0.73

16 0 0 2.5 0 2.6 0 2.75 0 2.75 0 2.75 0 2.7 0 3 0

2
 

16 0 0 1.75 0 2 0 2 0 1.75 0 1.75 0 1.75 0 1.75 0

26 0 0 1.25 0.35 1.2 0.48 1.25 0.88 1.25 0.91 1.3 0.92 1.35 1.11 1.75 1

 3
 
 
 

27 0 0 1 0.25 0.9 0.5 1 0.83 1 0.83 1 0.81 1 0.1 1 0.93

25 0 0 1.25 0.15 1.2 0.7 1.25 0.95 1.25 1.07 1.5 1 1.65 1.14   

27 0 0 1.25 0.2 1.1 0.8 1.25 0.9 1.75 0.9 2 0.8 2.15 0.98   

14 0 0 1.75 0.45 1.9 1.5 2 1.68 2.5 1.68 2.75 1.7 2.6 1.77   

15 0 0 1.75 0 1.7 0 2 0 1.75 0 1.75 0 1.7 0   

4 16 0 0 2 0 2 0 2.25 0 2.25 0 2.3 0 2.35 0   

 26 0 0 1.5 0 2 0 2 0 2 0 2 0 2 0   

5 25 0 0 1.75 0 2.25 0.35 2.25 0.85 2.25 0.85 2.3 0.81 2 1.06   

 26 0 0 1.5 0 1.6 0.3 1.75 0.7 2 0.89 2 0.85 1.8 1.27   

6 26 0 0 2.25 0 2 0 2.25 0 3 0     

 27 0 0 2 0 2.1 0 2.25 0 2.25 0     

Mean ± SD  0 0 0 1.68 ± 0.41 0.09 ± 0.15 1.75 ± 0.47 0.32 ± 0.43 1.87 ± 0.49 0.5 ± 0.53 1.97 ± 0.56 0.52 ± 0.55 1.95 ± 0.55 0.59 ± 0.54 1.94 ± 0.47 0.64 ± 0.64 2 ± 0.77 0.53 ± 0.5

FDI too-numbering system
I loc = implant location; pd = average peri-implant probing depth at the individual time point; br = average perii-implant bone resorption at the individual time point;  
SD = standard deviation.

Results of Histologic Examination
Overall, six biopsy specimens from five patients were 
available for histologic/immunohistochemical evalu-
ation (Figs 6a to 6c and 7). The average in situ time of 
the augmentation material after sinus elevation graft-
ing was 6.6 months (minimum 4 months, maximum 
10 months). All biopsy specimens were collected after 
two-step sinus elevation grafting in the course of 
implant placement. One additional material could be 
harvested 15 months after augmentation due to an 
exostosis-like formation approximately 0.5 cm mesial 
of the former sinus-elevation window on the buccal 
aspect.

The core biopsy specimens contained varying 
degrees of dentin and enamel showing osteoclastic 
resorptions (Howship’s lacunae) with giant cell coating 
on the surface. As a result, the autogenous mate-
rial was colonized by osteoblasts and covered with 
newly formed bone in a wallpaper-type manner, and 
the individual particles were fused by widened bone 
bridges. Osteogenesis appeared to originate from the 
local bone bed. There was no compulsive evidence of 
orthotopic new bone formation in the form of osteo-
induction and, consequently, no evidence of any pri-
mary conversion of the tooth material to autogenous 
bone. On the whole, the enamel material appeared to 

be more extensively coated with new bone than the 
dentin. Shares of the cementum could not be identi-
fied with absolute certainty.

In cases in which additional bovine substitute mate-
rial had been used, osteoconductive bone neogenesis 
could be observed as already described previously.16

Results of Immunohistochemistry 
Drill cylinders containing the reorganized reconstitu-
tion tooth material used for pre-implantologic sinus 

Fig 7    Enamel particles surrounded by bone in different stages 
of maturity: GK = woven bone; LK = lamellar bone; BO = bovine 
bone mineral; HLK = Howship’s lacunae. 

HLK
GK

LK

BO
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maxillary grafting showed segmental bone tissue 
remodeling with intensely eosinophilic bone matrix 
mixed with dentin fragments degraded by osteoclasts 
inducing resorption lacunae. Vessel distribution and 
density could be analyzed using immunohistochemi-
cal staining with endothelial cell markers CD 31, CD 34, 
vWF, and a marker for basal membrane collagen type IV 
as well as for smooth muscle actin (Fig 8). Interestingly, 
the interposed stroma was loosely organized and highly 
vascularized by smaller and larger capillaries. Intense 
new vessel formation could be observed in the area of 
reorganized tissue of the augmented area, which was 
primarily avascular. This effect was observed without the 
addition of vasculoinductive mediators from platelets 
or single provascular factors. Almost no inflammation 
was observed as indicated by leukocyte infiltration and 
occurrence of lymphocytes in perivascular areas.

DISCUSSION

The investigation presented reports on a new method 
for sinus elevation grafting using autogenous, chemi-
cally unaltered tooth material as bone substitute 
material in a consecutive cohort of six patients. To 
avoid potential contamination, only patients with fully 
impacted third molars were eligible for inclusion. In one 
patient, a connection of the crown section with the oral 
cavity could not be definitely excluded, so only the root 

section without the crown of this tooth was used. All the 
remaining patients received all portions of the removed 
third molar.

The results of this investigation comprised a period 
of up to 5 years. No signs of maxillary sinusitis or of 
other clinical complications such as implant loss, 
peri-mucositis, or peri-implantitis could be observed, 
and all implants were prosthetically treated within the 
scheduled time frame.

Peri-implant pocket depth as well as the results of 
bleeding upon probing were consistent with the criteria 
for successful implants.17 The results obtained were 
also consistent with those for implants that had been 
inserted into local, nonaugmented bone,18 or those with 
a preceding sinus elevation with different augmentation 
materials.19

Peri-implant bone resorption in the present study was 
an average 0.3 mm, and none of the values measured 
exceeded 2 mm. Thus, all implants also fulfilled the most 
common, but only slightly varying radiographic success 
criteria.17,20–23

No implant was lost, but the number of implants 
placed was relatively small, and the follow-up period was 
still limited. However, as neither clinical nor radiographic 
findings suggested the presence of peri-implantitis 
or peri-mucositis, a good long-term prognosis can be 
assumed and anticipated for these implants.

Processing of the histologic specimens obtained from 
all of the patients with two-stage implant insertion (five 

Fig 8    Drill cylinders containing the remodeled reconstitution tooth material were stained with hematoxylin-eosin (H & E) or Abs 
specific for CD 34, CD 31, collagen type IV, vWF, or α-smooth muscle actin according to material and methods and counterstained 
with Mayer’s hemalum. The primary antibody was omitted for control purposes, and isotype controls were included in the protocol 
and showed no staining. (Original magnification ×150, in inserts ×400).

H & E

Collagen type IV

CD 34

vWF

CD 31

𝛂-Smooth muscle actin
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out of six patients) allowed assessment of the integration 
of the tooth material and the response of the local bone 
site. Osteoclasts that originate from local tissue attach 
to dentin and enamel, partly resorbing these tissues 
at the surface. Further, the grafted autogenous hard 
tissue was covered by osteoblasts depositing osteoid 
being calcified in a second step. The woven bone thus 
generated was then increasingly converted into lamel-
lar bone. The encapsulated tooth material remained 
partly immured. While no evidence of remodeling after 
bony encapsulation was found in the specimens, such 
remodeling is very well feasible and should even be 
anticipated by analogy with the processes following 
dental trauma. Such processes may possibly be verified 
in animal experimental studies and by processing of 
full-tissue blocks. The osteoconductive characteristics 
were consistent with those described for commercial 
preparations in vivo19 and in vitro.24

These findings are in contrast to those reported by 
various other authors25,26 who did not observe any 
osteoconductive properties of dentin or other dental 
components. The reasons for these diverging findings 
remain unclear and will need to be studied in additional 
investigations. It may be imaginable that animals dis-
pose of a mechanism of osteogenesis associated with 
autogenous tooth material being different to that of 
humans. In any case, osteoconductivity of dental compo-
nents could also be observed in an animal model in rats 
when using decalcified tooth material mixed with HPC,10 
so decalcified dentin has been used experimentally as a 
carrier material for bone morphogenetic protein (BMP).27

Obviously, the changes observed histologically in the 
augmentation material in the present study are similar 
and comparable to those seen after extrusive or intrusive 
dental trauma; upon significant pulpal and periodontal 
damage, vascular neogenesis with resulting resorption 
of the root surface will develop. This will result in new 
formation of cementum or—in the case of a direct 
connection between bone and root surface—in root 
resorption being consecutively replaced by new bone 
formation.28

One of the advantages of autogenous tooth mate-
rial for the suggested use involves the fact that neither 
deproteinization nor any other additional chemical or 
physical treatment is required, which is the case for 
other commercially available substitute materials.29,30 
Autogenous tooth material as grafting material is not 
associated with any risk of allopathic and xenopathic 
transmission, and its powder consistency may favor 
a flexible use with other grafting materials such as 
autogenous platelet-rich fibrin, platelet-rich plasma, 
or thrombin-activated platelet supernatant that favor 
optimal bone regeneration.

Strikingly, no cementum could be demonstrated 
in any of the specimens. The tooth itself consists of a 

roughly equal volume share of cementum and tooth 
enamel, so an appropriate cementum share also had to 
be expected in the histologic biopsy specimens. The rea-
sons why no cementum fragments could be observed 
in the histologic specimens can only be explained 
hypothetically: It is likely that extensive incorporation 
had taken place, no longer allowing for any histologic 
differentiation at the time of examination on account of 
the close resemblance of the cementum to bone. Addi-
tional studies, partly with shorter observation periods, 
will be needed to identify the fate of cementum in the 
autogenous implant bed.

In addition to pulpal stem cells and undifferentiated 
neural crest cells, tooth material also contains signal 
molecules such as osteopontin10 and in a decalcified 
state may transform mesenchymal stem cells into 
osteoblasts,31 making osteogenesis by osteoinduction 
principally conceivable. It has been suggested that this 
effect is the result of the release of BMP from dentin 
and a surface enlargement caused by the exposure 
of dentinal tubules and collagenous fibers.11 This 
type of osteogenesis would thus be observed in an 
isolated location and not in the vicinity of local bone. 
While isolated locations principally allowing for such a 
conclusion were identified in the present study, only 
the full processing of complete specimens will provide 
detailed information. Thus, any assessment based on 
histologic biopsy specimens covering only a part of the 
augmented section will be impossible.

In the present study, shares of the patients’ own bone 
collected using a bone scraper had been added to the 
milled tooth material. This involved a simple procedure 
for collecting particulate cortical bone (length, 0.9 to 
1.7 mm; thickness, 100 µm). Histologic differentiation 
of these autogenous bone grafts was no longer pos-
sible in any of the ground sections. Histologically, the 
bovine bone mineral that had been added in two of 
the six patients did not show any other behavior when 
used alone and had already been described earlier,16 
and the tooth material did not change bone-building 
properties. In cases of insufficient tooth material for 
augmentation, adding bovine bone mineral seems to 
be feasible.

Selective vascular staining could show an intense 
new vessel formation observed in the area of reorga-
nized tissue of the augmented area. Histomorphometric 
evaluation did not appear meaningful on account of the 
small number of samples. Considering the excessive 
new vessel formation, continued and extensive forma-
tion of new bone can be assumed since a close spatial 
relationship between angiogenesis and osteogenesis 
could be demonstrated by higher microvascular density 
in areas that were subject to new bone formation and 
areas where maturation processes were occurring in 
formerly elevated sinuses.15
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CONCLUSIONS

Based on the results of the present preliminary case 
report and considering the limited number of cases, 
the use of autogenous nondecalcified tooth material for 
augmentation in sinus elevation grafting may be recom-
mended. Additional, especially experimental, studies 
should be performed to clarify the exact mechanism, 
in particular with regard to a potential osteoinductive 
component of new bone formation.

ACKNOWLEDGMENTS

The authors would gratefully like to thank Dr Irene Sulzbacher, 
Department of Pathology, Medical University of Vienna, Austria, 
for her advice on part of the histologic analysis; Dr Dieter Busen-
lechner, Dr Georg Mailath-Pokorny, Academy for Oral Implantolo-
gy, Vienna, Austria, and Dr Sebastian Pohl, Department for Oral 
and Maxillofacial Surgery, Medical University of Vienna, Austria, 
for providing part of the operation; and Dr Rudolf Fürhauser for 
the prosthetic rehabilitation. The authors reported no conflicts 
of interest related to this study.

REFERENCES

  1.	 Burchardt H. Biology of bone transplantation. Orthop Clin North 
Am 1987;18:187–196.

  2.	 Hislop WS, Finlay PM, Moos KF. A preliminary study into the uses of 
anorganic bone in oral and maxillofacial surgery. Br J Oral Maxil-
lofac Surg 1993;31:149–153.

  3.	 de Vicente JC, Hernández-Vallejo G, Braña-Abascal P, Peña I. Maxil-
lary sinus augmentation with autologous bone harvested from 
the lateral maxillary wall combined with bovine-derived hydroxy-
apatite: Clinical and histologic observations. Clin Oral Implants Res 
2010;21:430–438.

  4.	 Busenlechner D, Tangl S, Mair B, et al. Simultaneous in vivo com-
parison of bone substitutes in a guided bone regeneration model. 
Biomaterials 2008;29:3195–3200. 

  5.	 Haas R, Haidvogl D, Dörtbudak O, Mailath G. Freeze-dried bone for 
maxillary sinus augmentation in sheep. Part II: Biomechanical find-
ings. Clin Oral Implants Res 2002;13:581–586.

  6.	 Jones SJ, Boyde A. The organization and gross mineralization pat-
terns of the collagen fibres in Sharpey fibre bone. Cell Tissue Res 
1974;148:83–96.

  7.	 Weatherell JA, Hallsworth AS, Robinson C. The effect of tooth wear 
on the distribution of fluoride in the enamel surface of human 
teeth. Arch Oral Biol 1973;18:1175–1189.

  8.	 Stegeman CA, Davis JR. Zahnmedizin und Ernährung: Basiswissen-
Beratung-Prävention. Elsevier Verlag.

  9.	 Triller M, Goldberg M, Nossintchouk R. [Histological structure of 
human enamel and dentin. Procuring of electron microscopic ob-
servations for a study in legal dentistry]. Chir Dent Fr 1978;48:53–58.

10.	 Nampo T, Watahiki J, Enomoto A, et al. A new method for alveolar 
bone repair using extracted teeth for the graft material. J Periodon-
tol 2010;81:1264–1272.

11.	 Gomes MF, dos Anjos MJ, Nogueira Tde O, Catanzaro Guimarães SA. 
Autogenous demineralized dentin matrix for tissue engineering ap-
plications: Radiographic and histomorphometric studies. Int J Oral 
Maxillofac Implants 2002;17:488–497.

12.	 Hürzeler MB, Zuhr O, Schupbach P, et al.The socket-shield 
technique: A proof-of-principle report. J Clin Periodontol 
2010;37:855–862.

13.	 Mühlemann HR, Son S. Gingival sulcus bleeding—a leading symp-
tom in initial gingivitis. Helv Odontol Acta 1971;15:107–113.

14.	 Donath K. Die Trenn- Dünnschlifftechnik zur Herstellung histolo-
gischer Präparate von nicht schneidbaren Geweben und Materi-
alien. Der Präparator 1988;197–206.

15.	 Degidi M, Artese L, Rubini C, et al. Microvessel density and vascular 
endothelial growth factor expression in sinus augmentation using 
Bio-Oss. Oral Dis 2006;12:469–475.

16.	 Haas R, Donath K, Födinger M, Watzek G. Bovine hydroxyapatite for 
maxillary sinus grafting: Comparative histomorphometric findings 
in sheep. Clin Oral Implants Res 1998;9:107–116.

17.	 Roos-Jansåker AM, Lindahl C, Renvert H, Renvert S. Nine- to four-
teen-year follow-up of implant treatment. Part I: Implant loss and 
associations to various factors. J Clin Periodontol 2006;33:283–289.

18.	 Bilhan H, Kutay O, Arat S, Cekici A, Cehreli MC. Astra Tech, Bråne-
mark, and ITI implants in the rehabilitation of partial edentulism: 
Two-year results. Implant Dent 2010;19:437–446.

19.	 Busenlechner D, Huber CD, Vasak C, et al. Sinus augmentation 
analysis revised: The gradient of graft consolidation. Clin Oral 
Implants Res 2009;20:1078–1083.

20.	 Behneke A, Behneke N, d’Hoedt B. A 5-year longitudinal study of 
the clinical effectiveness of ITI solid-screw implants in the treat-
ment of mandibular edentulism. Int J Oral Maxillofac Implants 
2002;17:799–810.

21.	 Berglundh T, Persson L, Klinge B. A systematic review of the 
incidence of biological and technical complications in implant 
dentistry reported in prospective longitudinal studies of at least 
5 years. J Clin Periodontol 2002;29(suppl 3):197–212; discussion 
232–233.

22.	 Ekelund JA, Lindquist LW, Carlsson GE, Jemt T. Implant treatment 
in the edentulous mandible: A prospective study on Brånemark 
system implants over more than 20 years. Int J Prosthodont 
2003;16:602–608.

23.	 Ferreira SD, Silva GL, Cortelli JR, Costa JE, Costa FO. Prevalence and 
risk variables for peri-implant disease in Brazilian subjects. J Clin 
Periodontol 2006;33:929–935.

24.	 Haas R, Mailath G, Dörtbudak O, Watzek G. Bovine hydroxyapatite 
for maxillary sinus augmentation: Analysis of interfacial bond 
strength of dental implants using pull-out tests. Clin Oral Implants 
Res 1998;9:117–122.

25.	 Huggins C, Wiseman S, Reddi AH. Transformation of fibroblasts by 
allogeneic and xenogeneic transplants of demineralized tooth and 
bone. J Exp Med 1970;132:1250–1258.

26.	 Kim SG, Chung CH, Kim YK, Park JC, Lim SC. Use of particulate 
dentin-plaster of Paris combination with/without platelet-rich 
plasma in the treatment of bone defects around implants. Int J Oral 
Maxillofac Implants 2002;17:86–94.

27.	 Murata M, Sato D, Hino J, et al. Acid-insoluble human dentin as car-
rier material for recombinant human BMP-2. J Biomed Mater Res A 
2012;100:571–577.

28.	 Andreasen JO. Pulp and periodontal tissue repair—regeneration 
or tissue metaplasia after dental trauma. A review. Dent Traumatol 
2012;28:19–24.

29.	 Richardson CR, Mellonig JT, Brunsvold MA, McDonnell HT, Cochran 
DL. Clinical evaluation of Bio-Oss: A bovine-derived xenograft for 
the treatment of periodontal osseous defects in humans. J Clin 
Periodontol 1999;26:421–428.

30.	 Schopper C, Moser D, Sabbas A, et al. The fluorohydroxyapatite 
(FHA) FRIOS Algipore is a suitable biomaterial for the reconstruc-
tion of severely atrophic human maxillae. Clin Oral Implants Res 
2003;14:743–749.

31.	 Tapety FI, Amizuka N, Uoshima K, Nomura S, Maeda T. A histological 
evaluation of the involvement of Bio-Oss in osteoblastic differentia-
tion and matrix synthesis. Clin Oral Implants Res 2004;15:315–324.

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




