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Abstract
Introduction: Ridge preservation can be performed with autologous bone, alloplastic bone substitute material or a
combination of both. Dentin is similar to bone in its chemical composition. In its use as bone substitute material, it
undergoes a remodelling process and transforms to bone. The presented case report introduces a technique in
which the extraction socket is augmented with autologous, particulated dentin.
Material and methods: The fractured, non-savable mesial incisor of the upper jaw was carefully extracted in axial
direction. After the extraction, the tooth was cleared from remaining periodontal tissue. The vital pulp tissue or a
root canal filling, enamel and cementum were also removed. Following the particulation of the remaining dentin in
a bone mill, the dentin particles were immediately filled orthotope into the alveolar socket. The soft tissue closure
was performed with a free gingival graft of the palate.
Results: After an observation period of 4 months, an implant was placed in the augmented area, which osseointegrated
successfully and could be restored prosthodontically in the following. The results of this method showed a functional and
aesthetic success.
Conclusion: The pre-implantological, autologous ridge preservation with dentin could be performed successfully. For the
establishment of dentin as augmentation material for jaw augmentation procedures, a prospective, clinical trial is now
necessary.
Keywords: Alveolar ridge preservation, Particulated dentin, Autologous augmentation, Bone augmentation,
Bone substitute

Background
Subsequent to tooth extraction, a resorption of the
host bone as defined by atrophy of the alveolar ridge
can be observed. Sutton et al. classified the different
degrees of alveolar ridge atrophy [32]. Bone resorption especially occurs in the frontal and premolar area
of the jaw in the region of the thin buccal lamella.
This may lead to a change in contour [11, 28].
Physiological reason for this atrophy is the periodontal ligament blending into the bone. Overall, a total
clinically relevant loss of bone height of approximately 2–5 mm in the first 6 months can be observed in the vertical dimension [10, 20]. After
12 months, the alveolar ridge may lose up to 50% of
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its width. With regard to dental implants, this implicates that an implant insertion in a sufficient bone
bed will often not be possible. In order to prevent
this bone atrophy, different methods of alveolar ridge
preservation have been described. The augmentation
of extraction sockets with deproteinized bovine bone
is clinically well established and has analysed in various
studies [17, 18, 31]. Systematic reviews showed a preservation of the bone contour for this method [6, 15].
Today, clinical techniques like the socket-shield
technique are performed [9]. Applying this technique,
a vestibular slice of the tooth root is left in the alveolar socket during tooth extraction. The reason is to
prevent the resorption of the vestibular bony lamella.
Studies show the osseointegration of implants having
been inserted in such areas, thus indicating the biocompatibility of autologous tooth material [8, 13, 16].
The application of autologous dentin as a bone
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Fig. 1 Extraction with the benex system

substitute for alveolar augmentation may serve as an
alternative to the usage of xenogeny biomaterials. The
chemical properties of dentin show a close relationship to bone and demonstrated a good osseous regeneration in an animal model [9].
Aim of this case series is to demonstrate the augmentation with autologous dentin as an interesting alternative to the application of xenogeny grafts.

Material and methods
Clinical technique

Four patients between 36 and 65 years of age are presented in this case series. There was no financial compensation. All four patients suffered from a trauma,
causing damage to one or two teeth of the anterior maxilla. The frontal tooth/teeth has/had to be extracted. The
pulp of the extracted teeth of three patients and the root
canal filling of one patient had to be removed. All
patients were informed on the operative procedure and
possible risks and signed an informed consent. Treatment options were discussed.

Fig. 2 The remaining root of tooth 11
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Fig. 3 Removal of the pulp

After mouth rinsing with a chlorhexidine solution (Chlorhexamed® FORTE 0.2%, GlaxoSmithKline Consumer
Healthcare GmbH & Co.KG, Bühl, Germany), local anaesthesia (4% Ubistesin® with 1: 200,000 adrenaline, 3M Espe
AG, Seefeld, Germany) was applied. The tooth extraction
was performed carefully using a special extraction-system
(Benex II extraction-system, Helmut Zepf medical technology GmbH, Seitigen-Oberflacht, Germany) in order to
preserve bone and soft tissue (Figs. 1 and 2).
The clinical and radiographic examination showed
healthy periodontal structures; the buccal wall was intact without fenestration with a minimal thickness of
1 mm; the discrepancy between the buccal height of
the socket and the palatal height was not more than
3 mm; and the socket was within the bony envelope
in all four cases.
The root surface was carefully cleaned from periodontal
tissue. The pulp was removed, using a root canal instrument (K-file, Dema Dent AG, Bassersdorf, Switzerland).
Layers of enamel and cementum were removed, using a
rotating instrument (Diamond polisher, Rodent AG,
Montlingen, Switzerland) (Figs. 3 and 4).

Fig. 4 Removal of enamel and the cementum

Valdec et al. International Journal of Implant Dentistry (2017) 3:12

Fig. 5 Autologous dentin in a bone mill

Subsequently, the remaining dentin was cut into pieces
(Bone rongeur forceps, Carl Martin BmbH, Solingen,
Germany). These pieces of dentin were grinded using a
bone mill (USTOMED INSTRUMENTE, Ulrich Storz
GmbH & Co., Tuttingen, Germany) in order to achieve a
particle size between 0.25 and 2 mm (Figs. 5 and 6).
The autologous, particulated dentin was mixed with
autogenous blood from the operating site (Fig. 7) and
carefully inserted into the alveolar socket under controlled pressure to the level of the palatal/vestibular
bone plate (Fig. 8).
An autologous soft tissue graft was harvested from the
patient’s palate using a soft tissue punch (Biopsy Punch,
kai Europe GmbH, Solingen, Germany) (Fig. 9). The
graft had a comparable dimension as the recipient site.
The gingival graft was placed on top of the augmentation material, adapted and carefully sutured to the marginal gingiva after the sulcus epithelium was removed
with a rotating diamond (Vicryl 6-0, Ermed AG,
Schleithem, Switzerland) (Fig. 10).
In order to evaluate the ridge preservation properly, a
cone beam computed tomography (CBCT, 3D Accuitomo,

Fig. 6 Autologous dentin with the desired particle size
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Fig. 7 Autologous, particulated dentin mixed with blood from the
operating site

J. Morita Mfg. Corp., Kyoto, Japan) was taken post-surgery
with a resolution of 0.25 mm (scan time 17.5 s, 90 kV,
5 mA). The findings were assessed on a computer (HP
Compaq 6200 Pro Microtower PC, graphics card: Intel
HD Graphics 2000 Dynamic Video Memory Technology,
mouse: HP Compaq DC 172B; Hewlett Packard, Palo
Alto, CA, USA) with a calibrated monitor (HP Compaq
LA 2306x; Hewlett Packard, Palo Alto, CA, USA) using
the reconstruction software Morita version I Dixel (J.
Morita Mfg. Corp., Kyoto, Japan) (Figs. 11 and 12).
The patients received antibiotics peri-operatively
and for 7 days post-surgery (Amoxicillin® 750 mg 11-1).
The first follow-up consultation was 7 days postsurgery. The patients did not report any discomfort, and
wound healing was regular in all four cases. No clinical
signs of significant infection or graft loss were present.
The sutures were removed 14 days post-surgery. Consecutive follow-up examinations did not show any complications, and implant placement was performed after 3 to
4 months (Fig. 13a, b).

Fig. 8 Autologous, particulated dentin in the alveolar socket
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Fig. 11 Sagittal view
Fig. 9 Soft tissue punch

horizontal dimensions was calculated with specialized
analysis software (Oracheck, Cyfex, Zurich, Switzerland).
The height and width of the ridge were sufficient prior
to implant placement, which left at least 2 mm of buccal
bone after implant placement.

Case presentation
The 1-year follow-up examination of the presented case
showed an implant success, according to the appropriate
clinical criteria [2] (Figs. 14, 15 and 16).
The pink esthetic score (PES) was used for the evaluation of reproducible soft tissue around the final implant
crown as a parameter for the aesthetic outcome [12].
Seven variables were evaluated comparing the soft tissue
around the implant with the neighbouring reference tooth.
Using a 0-1-2 scoring system, the mesial papilla, distal papilla, soft tissue level, soft tissue contour, alveolar process
deficiency, soft tissue colour and texture were evaluated.
The situation before the extraction of the tooth was
scanned with an intraoral scanner (CEREC Omnicam®,
Sirona-Dentsply, Bensheim, Germany), also the situation
after the finalized prosthodontic restoration. The scans
were superimposed, and the difference of the vertical and

Fig. 10 Soft tissue graft placed on the recipient site

Results
Four months post-extraction and augmentation with
autologous, particulated dentin, all four patients received
an implant placement in the augmented area. In all
cases, a CBCT was taken in between the dentin augmentation and the implant placement.
During implant placement, a biopsy of the bone from
the augmented area was taken for histological examination (Fig. 17).
The final prosthetic solution demonstrated a functional and esthetical success of the used treatment
method (Fig. 18).
In the presented case, a PES of 13 was evaluated,
deducting one point for the soft tissue level under critical observation.
A loss of 0.76 mm in the vertical dimension and a loss
of 1.1 mm in the horizontal dimension could be observed in the calculation of the superimposed situations
before extraction and 1 year after finalized prosthetic
restoration (Figs. 19 and 20).

Fig. 12 Axial view
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Fig. 13 a, b Clinical situation prior to implant placement

Discussion
The aim of this case series is to demonstrate the efficacy and safety of this novel augmentative procedure
for ridge preservation prior to implant therapy. This
shall serve as a basis for a prospective study.
In all four cases, patients showed a stable volume
of soft and hard tissues after the augmentation with
AutoPD and good osseointegration of titanium implants, having been placed in this augmented socket.
The application of autologous bone and xenogeneic
biomaterials for alveolar bone augmentation following
tooth extraction has been intensively studied. This so
called ridge preservation aims at the prevention of
bone atrophy. From a biological point of view,

Fig. 15 Single tooth X-ray, showing a constant bone level 7 months
after implant placement

Fig. 14 Single tooth X-ray immediately after the augmentation
using autogenous dentin

autologous bone is still considered to be the optimal
augmentation material due to its osteogenic, osteoinductive and osteoconductive properties [1, 34]. However, especially in small defects, possible donor-site
morbidity, limited graft volume availability and additional length of operation for harvesting autologous
bone led to the increasing usage of xenogeneic biomaterials such as demineralized bovine bone substitute (DBBS—Bio-Oss©). These kind of non-resorbable
biomaterials have great potential in maintaining the
dimension of the contour of the ridge by serving as a
framework for new bone formation [7]. Although
DBBS shows great osteoconductive potential and has
been proven to be as effective as autologous bone
alone or in combination with autologous bone, it has
a slow and incomplete resorption rate [4, 14, 22, 24].
In addition, the use of DBBS increases treatment cost
and may be incompatible to some patients. Regarding
these factors of influence, it is of interest to test alternative bone substitute materials.
In traumatology, many studies showed that replanted
teeth with a devitalized periodontal tissue will ankylose
and dentin will be replaced by bone [1, 3].
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Fig. 18 Finalized prosthetic restoration after 1 year

Fig. 16 Single tooth X-ray, 1 year post-implantation, showing the finalized crown

It is well known that dentin and bone have a similar
organic and inorganic structure [21]. Recent studies
have focused on dentin as a potential bone substitute in
different models of alveolar defects. It could be shown
that dentin, being used either as a block graft or in
particulated form, is involved in bone remodelling,
expressing osteoconductive and even osteoinductive
properties [3, 5, 9, 26, 29, 30]. In vivo studies in mice
showed that dentin scaffolds performed similar with
regard to the inflammatory response and neovascularization compared to isogenic bone [9]. Both materials
induced an acute short-term inflammatory response
with increased leukocyte-endothelial cell interaction, a
process often observed after the implantation of biomaterials [19, 27]. Additionally, in vitro studies showed

Fig. 17 Histology of dentin augmentation. a Asterisk denotes incorporated dentin particle, surrounded by vital woven bone. Triangle shows
reactive process in the bone marrow lacunae with osteoblast rimming. No signs of necrosis or infection (H&E stain, ×100 magnification). b Larger
magnification at ×200. c EvG (Elastica van Gieson) stain, ×200
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Fig. 19 Colour-coded superimposition of intraoral scans before extraction and after definitive prosthetic restoration

that protein extracts from dentin affect proliferation
and differentiation of osteoprogenitor cells. Results suggested that TGFβ and perhaps other factors in dentin
can regulate cell behaviour and, therefore, can influence
development, remodelling and regeneration of mineralized tissues [33].
In humans, particulated tooth material has been used
for sinus augmentation in order to enhance implant
therapy. Preliminary results from five patients histologically showed an osteoconductive osteogenesis with partial resorption of tooth components [25].
In the present case series, all patients underwent
socket preservation with AutoPD. In all cases, one or
two upper frontal central incisors were extracted. The
teeth were immediately removed of the pulp or root
canal filling, enamel and cementum. AutoPD enriched
by autogenous blood was inserted into the alveolar
socket without a further chemical modification or
sterilization process during the same operation. In a
recent study, Pang et al. used a demineralized autologous dentin matrix for socket preservation, however 2
to 4 weeks after tooth extraction. Additionally, the

dentin matrix was sterilized before the augmentation
process [23]. This procedure should potentially reduce
the risk of inflammation but demands a second surgical intervention. It is currently unknown, whether
such a procedure is necessary.
In the present experimental treatment concept, it has
to be emphasized that the extraction was performed as
atraumatic as possible. In all cases, the buccal lamella
was intact prior to augmentation of AutoPD and a flapless approach had been chosen. After augmentation, the
socket was covered by a patch, harvested from the palate
with the punch technique. Wound healing was uneventful for all patients. In one case, a histological probe has
been gained after 4 months during implant placement.
The histological examination showed evidence of remodelling processes between dentin and bone without
any signs of inflammation.

Conclusion
Within the limits of this case series, it has been shown
that particulated dentin of autologous teeth may serve as
an alternative to autologous bone for alveolar ridge

Fig. 20 Colour-coded superimposition of intraoral scans before extraction and after definitive prosthetic restoration
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preservation prior to implant therapy. However, randomized studies on this treatment option are necessary.
Acknowledgements
We would like to express our thanks to Dr. Gabriel Bosch for the
superimposition, calculation and illustration of the intraoral scans.
Authors’ contributions
SV, BS and MR created the conception and study design. MR performed the
surgical and DT the prosthodontic treatment. SV, PP and DT performed the
data collection and AS the histological examination. SV, BS and AS analysed
and interpreted the data. SV drafted the manuscript and PP helped hereby.
BS and MR revised the manuscript. All authors read and approved the final
manuscript.
Competing interests
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. Silvio Valdec, Pavla Pasic, Alex
Soltermann, Daniel Thoma, Bernd Stadlinger and Martin Rücker declare that
they have no competing interests.
Consent for publication
All patients were informed on the operative procedure and possible risks
and signed an informed consent. Treatment options were discussed.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Clinic of Cranio-Maxillofacial and Oral Surgery, Center of Dental Medicine,
University of Zurich, University Hospital Zurich, Plattenstrasse 11, 8032 Zürich,
Switzerland. 2Institute of Surgical Pathology, University Hospital Zurich,
Zurich, Switzerland. 3Clinic of Fixed and Removable Prosthodontics and
Dental Material Science, Center of Dental Medicine, University of Zurich,
Zurich, Switzerland.
Received: 7 December 2016 Accepted: 15 March 2017

References
1. Al-Asfour A, Andersson L, Kamal M, Joseph B. New bone formation around
xenogenic dentin grafts to rabbit tibia marrow. Dent Traumatol. 2013;29(6):
455–60. doi:10.1111/edt.12045.
2. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of
currently used dental implants: a review and proposed criteria of success.
Int J Oral Maxillofac Implants. 1986;1(1):11–25.
3. Andersson L. Dentin xenografts to experimental bone defects in rabbit tibia
are ankylosed and undergo osseous replacement. Dent Traumatol. 2010;
26(5):398–402. doi:10.1111/j.1600-9657.2010.00912.x.
4. Andersson L, Blomlof L, Lindskog S, Feiglin B, Hammarstrom L. Tooth
ankylosis. Clinical, radiographic and histological assessments. Int J Oral Surg.
1984;13(5):423–31.
5. Atiya BK, Shanmuhasuntharam P, Huat S, Abdulrazzak S, Oon H. Liquid
nitrogen-treated autogenous dentin as bone substitute: an experimental
study in a rabbit model. Int J Oral Maxillofac Implants. 2014;29(2):e165–170.
doi:10.11607/jomi.te54.
6. Avila-Ortiz G, Elangovan S, Kramer KW, Blanchette D, Dawson DV. Effect of
alveolar ridge preservation after tooth extraction: a systematic review and
meta-analysis. J Dent Res. 2014;93(10):950–8. doi:10.1177/0022034514541127.
7. Baldini N, De Sanctis M, Ferrari M. Deproteinized bovine bone in periodontal and
implant surgery. Dent Mater. 2011;27(1):61–70. doi:10.1016/j.dental.2010.10.017.
8. Baumer D, Zuhr O, Rebele S, Schneider D, Schupbach P, Hurzeler M. The
socket-shield technique: first histological, clinical, and volumetrical
observations after separation of the buccal tooth segment - a pilot study.
Clin Implant Dent Relat Res. 2015;17(1):71–82. doi:10.1111/cid.12076.
9. Bormann KH, Suarez-Cunqueiro MM, Sinikovic B, Kampmann A, von See C,
Binger T, Winkler M, Gellrich NC, Tavassol F, Rucker M. Dentin as a suitable
bone substitute comparable to ss-TCP—an experimental study in mice.
Microvasc Res. 2012;84(2):116–22. doi:10.1016/j.mvr.2012.06.004.

Page 8 of 9

10. Camargo PM, Lekovic V, Weinlaender M, Klokkevold PR, Kenney EB,
Dimitrijevic B, Nedic M, Jancovic S, Orsini M. Influence of bioactive glass on
changes in alveolar process dimensions after exodontia. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2000;90(5):581–6. doi:10.1067/moe.2000.110035.
11. Cardaropoli G, Araujo M, Lindhe J. Dynamics of bone tissue formation in
tooth extraction sites. An experimental study in dogs. J Clin Periodontol.
2003;30(9):809–18.
12. Furhauser R, Florescu D, Benesch T, Haas R, Mailath G, Watzek G. Evaluation of
soft tissue around single-tooth implant crowns: the pink esthetic score. Clin
Oral Implants Res. 2005;16(6):639–44. doi:10.1111/j.1600-0501.2005.01193.x.
13. Guirado JL, Troiano M, Lopez-Lopez PJ, Ramirez-Fernandez MP, de Val JE,
Marin JM, Gehrke SA. Different configuration of socket shield technique in
peri-implant bone preservation: an experimental study in dog mandible.
Ann Anat. 2016. doi:10.1016/j.aanat.2016.06.008.
14. Hallman M, Lundgren S, Sennerby L. Histologic analysis of clinical biopsies
taken 6 months and 3 years after maxillary sinus floor augmentation with
80% bovine hydroxyapatite and 20% autogenous bone mixed with fibrin
glue. Clin Implant Dent Relat Res. 2001;3(2):87–96.
15. Hammerle CH, Araujo MG, Simion M. Evidence-based knowledge on the
biology and treatment of extraction sockets. Clin Oral Implants Res. 2012;23
Suppl 5:80–2. doi:10.1111/j.1600-0501.2011.02370.x.
16. Hurzeler MB, Zuhr O, Schupbach P, Rebele SF, Emmanouilidis N, Fickl S. The
socket-shield technique: a proof-of-principle report. J Clin Periodontol. 2010;
37(9):855–62. doi:10.1111/j.1600-051X.2010.01595.x.
17. Jung RE, Philipp A, Annen BM, Signorelli L, Thoma DS, Hammerle CH, Attin
T, Schmidlin P. Radiographic evaluation of different techniques for ridge
preservation after tooth extraction: a randomized controlled clinical trial.
J Clin Periodontol. 2013;40(1):90–8. doi:10.1111/jcpe.12027.
18. Kotsakis GA, Salama M, Chrepa V, Hinrichs JE, Gaillard P. A randomized, blinded,
controlled clinical study of particulate anorganic bovine bone mineral and
calcium phosphosilicate putty bone substitutes for socket preservation. Int J
Oral Maxillofac Implants. 2014;29(1):141–51. doi:10.11607/jomi.3230.
19. Laschke MW, Haufel JM, Thorlacius H, Menger MD. New experimental
approach to study host tissue response to surgical mesh materials in vivo.
J Biomed Mater Res A. 2005;74(4):696–704. doi:10.1002/jbm.a.30371.
20. Lekovic V, Kenney EB, Weinlaender M, Han T, Klokkevold P, Nedic M, Orsini
M. A bone regenerative approach to alveolar ridge maintenance following
tooth extraction. Report of 10 cases. J Periodontol. 1997;68(6):563–70.
doi:10.1902/jop.1997.68.6.563.
21. Linde A. Dentin matrix proteins: composition and possible functions in
calcification. Anat Rec. 1989;224(2):154–66. doi:10.1002/ar.1092240206.
22. Liu X, Li Q, Wang F, Wang Z. Maxillary sinus floor augmentation and dental
implant placement using dentin matrix protein-1 gene-modified bone marrow
stromal cells mixed with deproteinized boving bone: a comparative study in
beagles. Arch Oral Biol. 2016;64:102–8. doi:10.1016/j.archoralbio.2016.01.004.
23. Pang KM, Um IW, Kim YK, Woo JM, Kim SM, Lee JH. Autogenous demineralized
dentin matrix from extracted tooth for the augmentation of alveolar bone
defect: a prospective randomized clinical trial in comparison with anorganic
bovine bone. Clin Oral Implants Res. 2016. doi:10.1111/clr.12885.
24. Pjetursson BE, Tan WC, Zwahlen M, Lang NP. A systematic review of the
success of sinus floor elevation and survival of implants inserted in
combination with sinus floor elevation. J Clin Periodontol. 2008;35(8 Suppl):
216–40. doi:10.1111/j.1600-051X.2008.01272.x.
25. Pohl V, Schuh C, Fischer MB, Haas R. 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.
Int J Oral Maxillofac Implants. 2016;31(3):622–30. doi:10.11607/jomi.4172.
26. Qin X, Raj RM, Liao XF, Shi W, Ma B, Gong SQ, Chen WM, Zhou B. Using
rigidly fixed autogenous tooth graft to repair bone defect: an animal model.
Dent Traumatol. 2014;30(5):380–4. doi:10.1111/edt.12101.
27. Rucker M, Laschke MW, Junker D, Carvalho C, Tavassol F, Mulhaupt R,
Gellrich NC, Menger MD. Vascularization and biocompatibility of scaffolds
consisting of different calcium phosphate compounds. J Biomed Mater Res
A. 2008;86(4):1002–11. doi:10.1002/jbm.a.31722.
28. Schropp L, Wenzel A, Kostopoulos L, Karring T. Bone healing and soft tissue
contour changes following single-tooth extraction: a clinical and
radiographic 12-month prospective study. Int J Periodontics Restorative
Dent. 2003;23(4):313–23.
29. Schwarz F, Golubovic V, Becker K, Mihatovic I. Extracted tooth roots used for
lateral alveolar ridge augmentation: a proof-of-concept study. J Clin
Periodontol. 2016;43(4):345–53. doi:10.1111/jcpe.12481.

Valdec et al. International Journal of Implant Dentistry (2017) 3:12

Page 9 of 9

30. Schwarz F, Golubovic V, Mihatovic I, Becker J. Periodontally diseased tooth
roots used for lateral alveolar ridge augmentation. A proof-of-concept
study. J Clin Periodontol. 2016;43(9):797–803. doi:10.1111/jcpe.12579.
31. Sculean A, Berakdar M, Chiantella GC, Donos N, Arweiler NB, Brecx M.
Healing of intrabony defects following treatment with a bovine-derived
xenograft and collagen membrane. A controlled clinical study. J Clin
Periodontol. 2003;30(1):73–80.
32. Sutton DN, Lewis BR, Patel M, Cawood JI. Changes in facial form relative to
progressive atrophy of the edentulous jaws. Int J Oral Maxillofac Surg. 2004;
33(7):676–82. doi:10.1016/S0901-5027(03)00132-2.
33. Takata T, D'Errico JA, Atkins KB, Berry JE, Strayhorn C, Taichman RS,
Somerman MJ. Protein extracts of dentin affect proliferation and
differentiation of osteoprogenitor cells in vitro. J Periodontol. 1998;
69(11):1247–55. doi:10.1902/jop.1998.69.11.1247.
34. Yildirim M, Spiekermann H, Handt S, Edelhoff D. Maxillary sinus augmentation
with the xenograft Bio-Oss and autogenous intraoral bone for qualitative
improvement of the implant site: a histologic and histomorphometric clinical
study in humans. Int J Oral Maxillofac Implants. 2001;16(1):23–33.

Submit your manuscript to a
journal and beneﬁt from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁeld
7 Retaining the copyright to your article

Submit your next manuscript at 7 springeropen.com

