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Histomorphometric assessment of bone formation in sinus augmentation utilizing a combination of autogenous

and hydroxyapatite/biphasic tricalcium phosphate graft materials: at 6 and 9 months in humans.

Artzi Z, Weinreb M, Carmeli G, Lev-Dor R, Dard M, Nemcovsky CE. Clin Oral Implants Res. 2008 Jul;19(7):686-92. doi: 10.1111/

j.1600-0501.2008.01539.x. Epub 2008 May 19. Source: Department of Periodontology, The Maurice and Gabriela Goldschleger

School of Dental Medicine, Tel Aviv University, Tel Aviv, Israel. (Abstract)

OBJECTIVE: The aim of this study was to examine the efficacy of a new biphasic hydroxyapatite/tricalcium phosphate (HA/TCP)

bone substitute in combination with particulate autogenous bone in sinus floor augmentation procedures.

MATERIAL AND METHODS: A simultaneous or a two-stage sinus augmentation and implant placement were conducted in 28

patients. A mixture of HA/TCP and autogenous bone chips in a 1 : 1 ratio was used as the grafting biomaterial. Cylindrical specimen

bone retrieval was performed in all patients except one. Specimens were harvested either at 6 (n=14) or 9 (n=13) months post-

augmentation. For histologic and histomorphometric evaluations, the non-decalcified tissue processing (Donath's technique) was

performed.

RESULTS: Newly formed bone around the grafted particles was found in all samples. The encircling, highly cellular bone followed

the outline of the grafted particles in direct contact. Both woven and lamellar types of bone were observed. Morphometrically, the

total mean bone area fraction of all sections was 34.8+/-10.3%, increasing from 28.6+/-7.8% at 6 months to 41.6+/-8.3% at 9

months (P<0.001). Mean particle area fraction average was 25.5+/-11.6% and 23.5+/-9.3% at 6 and 9 months, respectively, with

a total mean of 24.5+/-10.4%. The increase in bone area fraction was not significantly correlated to the decrease of the grafted

particles area fraction.

CONCLUSIONS:  The biphasic HA/TCP showed biocompatible and osteoconductive properties. This alloplast as a composite with

autogenous bone chips promotes newly formed bone, which increases in its fraction along an extended healing period.

Biphasic calcium phosphate bioceramics: preparation, properties and applications.

LeGeros RZ, Lin S, Rohanizadeh R, Mijares D, LeGeros JP.  / Department of Biomaterials and Biomimetics, New York University

College of Dentistry, 345 East 24th Street, New York, NY 10010, USA / J Mater Sci Mater Med. 2003 Mar;14(3):201-9.

Abstract: Biphasic calcium phosphate (BCP) bioceramics belong to a group of bone substitute biomaterials that consist of an intimate

mixture of hydroxyapatite (HA), Ca(10)(PO(4))(6)(OH)(2), and beta-tricalcium phosphate (beta-TCP), Ca(3)(PO(4))(2), of

varying HA/beta-TCP ratios. BCP is obtained when a synthetic or biologic calcium-deficient apatite is sintered at temperatures at

and above 700 degrees C. Calcium deficiency depends on the method of preparation (precipitation, hydrolysis or mechanical

mixture) including reaction pH and temperature. The HA/beta-TCP ratio is determined by the calcium deficiency of the unsintered

apatite (the higher the deficiency, the lower the ratio) and the sintering temperature. Properties of BCP bioceramics relating to their

medical applications include: macroporosity, microporosity, compressive strength, bioreactivity (associated with formation of carbonate

hydroxyapatite on ceramic surfaces in vitro and in vivo), dissolution, and osteoconductivity. Due to the preferential dissolution of the

beta-TCP component, the bioreactivity is inversely proportional to the HA/beta-TCP ratio. Hence, the bioreactivity of BCP bioceramics

can be controlled by manipulating the composition (HA/beta-TCP ratio) and/or the crystallinity of the BCP. Currently, BCP

bioceramics is recommended for use as an alternative or additive to autogeneous bone for orthopedic and dental applications. It is

available in the form of particulates, blocks, customized designs for specific applications and as an injectible biomaterial in a polymer

carrier. BCP ceramic can be used also as grit-blasting abrasive for grit-blasting to modify implant substrate surfaces. Exploratory

studies demonstrate the potential uses of BCP ceramic as scaffold for tissue engineering, drug delivery system and carrier of growth

factors.



Ridge augmentation and maxillary sinus grafting with a biphasic calcium phosphate: histologic and

histomorphometric observations.

Friedmann A, Dard M, Kleber BM, Bernimoulin JP, Bosshardt DD. Clin Oral Implants Res. 2009 Jul;20(7):708-14. doi: 10.1111/

j.1600-0501.2009.01708.x. Epub 2009 Apr 28. Source: Department of Periodontology, CharitéCenter 3, Campus Virchow-

Klinikum, Charité Universitätsmedizin Berlin, Berlin, Germany. anton.friedmann@charite.de

Abstract: OBJECTIVES: This retrospective study reports on histologic and histomorphometric observations performed on human

biopsies harvested from sites augmented exclusively by biphasic calcium phosphate [BCP: hydroxyapatite (HA)/ tricalcium

phosphate (TCP) 60/40] and healed for a minimum of 6 months.

MATERIALS AND METHODS: Five patients benefited from three augmentation regimens (i.e.: one-stage lateral augmentation;

two-stage lateral augmentation; and two-stage sinus grafting). In all patients, a degradable collagen membrane served as a cell-

occlusive barrier. Core biopsies were obtained from lateral as from crestal aspects 6-10 months after augmentation surgeries. For

histologic and histomorphometric evaluations, the non-decalcified tissue processing was performed.

RESULTS: The histological examination of 11 biopsies showed graft particles frequently being bridged by the new bone, and a

close contact between the graft particles and newly formed bone was seen in all samples. The mean percentages of newly formed

bone, soft tissue compartment, and graft material were 38.8% (+/-5.89%), 41.75% (+/-6.08%), and 19.63% (+/-4.85%), respectively.

Regarding bone-to-graft contact values, the percentage of bone coverage of graft particles for all biopsies ranged from 27.83% to

80.17%. The mean percentage of bone coverage was 55.39% (+/-13.03%).

CONCLUSIONS: Data from the present study demonstrated osteoconductivity scores for the BCP material (HA/TCP 60/40) in

patients resembling those previously shown for grafting materials of xenogenic and alloplastic origin.

Osteogenicity of biphasic calcium phosphate ceramics and bone autograft in a goat model.

Fellah BH, Gauthier O, Weiss P, Chappard D, Layrolle P. Source: INSERM U791, Laboratory for Osteoarticular and Dental Tissue

Engineering, Faculty of Dental Surgery, 1 Place Alexis Ricordeau, Nantes, France. Biomaterials. 2008 Mar;29(9):1177-88.

(Abstract)

The aim of this work was to compare the osteogenicity of calcium phosphate ceramic granules with autologous bone graft in ectopic

and orthotopic sites. Biphasic calcium phosphate (BCP) granules composed of hydroxyapatite (HA) and beta-tricalcium phosphate

(beta-TCP) in a 60/40 ratio were sintered at 1050, 1125 and 1200 degrees C, producing different microporosities. Either BCP

ceramic granules or autologous bone chips (n=7) were implanted into paraspinal muscles. Osteoinduction was not observed in

either the BCP implants or autologous bone chips after 6 or 12 weeks in the ectopic sites. Hollow and bored polytetrafluoroethylene

(PTFE) cylinders were filled with autologous bone, BCP granules or left empty, then implanted into critical-sized defects in femoral

epiphyses. The PTFE cylinders left empty contained marrow and blood vessels but not mineralized bone, indicating that this model

prevented bone ingrowth (0.56+/-0.43% at 12 weeks). Bone formation was observed in contact with the BCP1050 and BCP1125

granules in the femoral sites after 6 weeks. The amount of bone after 12 weeks was 5.6+/-7.3 and 9.6+/-6.6% for BCP1050 and

BCP1125, respectively. Very little bone formation was observed with the BCP1200 implants (1.5+/-1.3% at 12 weeks). In both the

ectopic and orthotopic sites, autologous bone chips were drastically resorbed (from 19.4+/-3.7% initially to 1.7+/-1.2% at 12

weeks). This study shows that synthetic bone substitutes may have superior stability and osteogenic properties than autologous

bone grafts in critical-sized bone defects.
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Bioceramic Bone Graft Substitutes: Influence of Porosity and Chemistry

Karin A. Hing; IRC in Biomedical Materials, Queen Mary University of London, London E1 4NS, U.K; International Journal of

Applied Ceramic Technology (impact factor: 1.38). 04/2005; 2(3):184 - 199. DOI:10.1111/j.1744-7402.2005.02020.x

ABSTRACT: Bioceramics have been considered for use as synthetic bone graft substitutes (BGSs) for over 30 years, throughout

which there have been two primary areas of research: (i) optimization of the physical pore structure and (ii) formulation of an

appropriate bioceramic chemistry. While it is well recognized that both the rate of integration and the final volume of regenerated

bone are primarily dependent on the macroporosity, there still seems to be some dispute regarding the optimum "type" of porosity.

The rate and quality of bone integration have, in turn, been related to a dependence on pore size, porosity volume fraction, and

interconnection size and interconnection density, both as a function of structural permeability and mechano-transduction. Moreover,

the role of strut microstructure and pore geometry have been considered with respect to their influence on entrapment and

recruitment of growth factors (GFs) in addition to its influence on scaffold mechanics. Deconvoluting the relative affects of these

parameters is complicated by the use of both resorbable and nonresorbable bioactive bioceramics, which are believed to mediate

bioactivity in the osseous environment through two principal mechanisms: (i) directly through dissolution and release of ionic

products in vivo, elevating local concentrations of soluble species that interact directly with local cells or influence cell behavior by

their effect on local pH, (ii) indirectly through the influence that surface chemistry will have on protein adsorption, GF entrapment,

and subsequent cell attachment and function. This article aims to review some of the recent developments in bioceramic BGSs, with

a view to understanding how the various physiochemical parameters may be optimized to promote bone healing.

Maxillary sinus augmentation with a porous synthetic hydroxyapatite and bovine-derived hydroxyapatite: a

comparative clinical and histologic study.

Mangano C, Scarano A, Perrotti V, Iezzi G, Piattelli A.; Source: University of Chieti-Pescara, Italy; Int J Oral Maxillofac Implants.

2007 Nov-Dec;22(6):980-6. (Abstract)

PURPOSE: The aim of this study was to determine the clinical and histologic results of a porous synthetic hydroxyapatite (HA)

compared with bovine-derived HA used in maxillary sinus augmentation.

MATERIALS AND METHODS: A total of 100 titanium implants were placed in 40 patients. Patients in need of maxillary sinus

augmentation were divided into 2 groups. Group 1 received bovine-derived HA (20 patients with 50 implants), while group 2

received a porous synthetic HA (20 patients with 50 implants). After a healing period of 6 months, second-stage surgery was carried

out. In 50 cases (25 from group 1 and 25 from group 2), bone cores were harvested from grafted areas and processed for

histologic examination.

RESULTS: Four implants that failed to osseointegrate were removed at the second-stage surgery (2 from a patient from group 1,

and 2 from a patient from group 2). All patients were followed for at least 1 year after loading. Histologically, most of the HA particles

from both groups were surrounded by newly formed bone. No statistically significant differences were found with respect to

percentage of newly formed bone between the 2 groups (P = .031); however, the groups did differ significantly with respect to the

percentage of residual graft material observed (P = .001).

CONCLUSION: This study demonstrates that both bovine-derived and porous synthetic HA can be used successfully as graft

materials for maxillary sinus augmentation. The clinical performance of the 2 materials was similar. (Clinical Trial)



Histologic and histomorphometric evaluation of a synthetic bone substitute for maxillary sinus grafting in humans.

Tosta M, Cortes AR, Corrêa L, Pinto DD Jr, Tumenas I, Katchburian E. Clin Oral Implants Res. 2011 Dec 15. doi: 10.1111/j.1600-

0501.2011.02384.x. Source: Department of Oral Implantology, Institute of Health Research (CETAO), São Paulo, Brazil. (Abstract)

OBJECTIVE: The present study investigated the efficacy of a biphasic calcium phosphate as a bone grafting material for maxillary

sinus augmentation in humans.

MATERIALS AND METHODS: Half of the thirty patients selected for sinus augmentation were grafted with biphasic calcium

phosphate, whereas the other half were grafted with autogenous bone chips harvested intraorally. After 9 months of healing, bone

cores were retrieved from implant sites for histologic and histomorphometric evaluation.

RESULTS: The areas augmented with autogenous bone chips showed newly formed bone with a pattern very similar to that of the

native area. Histomorphometry demonstrated that the amount of newly formed bone in the autogenous bone group was significantly

greater than in the biphasic calcium phosphate group (P < 0.05). In the biphasic calcium phosphate group, less bone formation was

observed in the area further away from native bone interface than in the area closer to native bone interface (P < 0.05), whereas

no significant differences were observed between both areas in the autogenous group. In both groups, the implant survival rate

was 100% with a minimum 1-year follow-up.

CONCLUSION: The data presented in this work confirm the osteoconductive properties of biphasic calcium phosphate, as well as

its use in association with maxillary sinus floor augmentation procedures with successful outcomes.

Comparative evaluation of three calcium phosphate synthetic block bone graft materials for bone regeneration in

rabbit calvaria.

Hwang JW, Park JS, Lee JS, Jung UW, Kim CS, Cho KS, Lee YK, Choi SH. J Biomed Mater Res B Appl Biomater. 2012

Nov;100(8):2044-52. doi: 10.1002/jbm.b.32768. Epub 2012 Aug 2. Source: Department of Periodontology, Research Institute for

Periodontal Regeneration, College of Dentistry, Yonsei University, Seoul120-752, Korea.

Abstract: Various synthetic materials were developed to be used for implant dentistry and periodontal treatments. Among the various

synthetic bone substitutes, calcium phosphate ceramics have been extensively investigated because their mineral chemistry

resembles that of human bone. We evaluated the regeneration of three calcium phosphate synthetic block bone grafts in rabbit

calvarial noncritical size defects. Four 8-mm-diameter defects were created in each rabbit (N = 10). Three defects, hydroxyapatite

(HA), beta-tricalcium phosphate (ß-TCP), and biphasic calcium phosphate (BCP), were randomly filled with one of three fabricated

synthetic block bone graft materials. The fourth defect was filled with blood clots. Specimens were harvested at 4 and 8 weeks

postsurgery. Histological and histometrical findings indicated that all three calcium phosphate block bone graft materials were able

to maintain space significantly better than the control group at both 4 and 8 weeks. In the BCP group, the amount of newly formed

bone was increased more than for the other groups. Additionally, ß-TCP showed a large resorption of graft materials after 4 weeks

postsurgery, while there were only small resorption for HA and BCP.
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Collagen and biphasic calcium phosphate bone graft in large osseous defects.

Grimes JS, Bocklage TJ, Pitcher JD. Orthopedics. 2006 Feb;29(2):145-8. Source: Department of Orthopedic Surgery, Texas Tech

University, Lubbock, Tex, USA.

Abstract: The cavity left by the removal of tumors represents a challenge for the orthopedic oncologic surgeon. This article takes a

critical look at the use of a synthetic bone graft to fill the residual space. A combination of hydroxyapatite, tricalcium phosphate, and

bovine collagen was used for intramedullary tumors. Thirty patients were followed for an average of 23 months. The majority

(93%) returned to full activity with only 6 (20%) complications. Study results showed collagen and biphasic calcium phosphate

ceramic bone graft makes an effective substrate for filling intramedullary cavities remaining after tumor excision.

Radiologic and histomorphometric evaluation of maxillary sinus grafting with alloplastic graft materials.

Ozyuvaci H, Bilgiç B, Firatli E. J Periodontol. 2003 Jun;74(6):909-15. Source: Istanbul University, Department of Oral Surgery,

Faculty of Dentistry, Istanbul, Turkey. (Abstract)

BACKGROUND: Sinus lifting procedures are widely used to obtain adequate bony support for implant placement at the atrophic

maxillae. The aim of this study was to compare various sinus lifting and grafting techniques and materials.

METHODS: Nine maxillae were treated with delayed and 46 maxillae with immediate implant placement techniques. A total of 104

implants were inserted. Panoramic radiographs were obtained prior to, after, and 6 to 8 months after surgery. Computed tomographies

were also taken before and after surgery. The height of new bone was compared. Biopsy specimens were obtained during

delayed implant placement and analyzed histomorphologically.

RESULTS: There were no statistically significant differences between the panoramic radiographs for delayed and immediately

placed implants, or between the graft materials. We observed correlations between the panoramic radiographs and computerized

tomographies.

CONCLUSION: Both delayed and immediate placement of implants can be used safely for sinus lifting. There were no statistically

significant differences between the various graft materials.

Calcium sulfate- and calcium phosphate-based bone substitutes. Mimicry of the mineral phase of bone.

Tay BK, Patel VV, Bradford DS / Orthop Clin North Am. 1999 Oct;30(4):615-23 / Source: Department of Orthopaedic Surgery,

University of California, San Francisco, San Francisco, California, USA.

Abstract: Calcium sulfate and calcium phosphate have provided the orthopedic surgeon a viable alternative to autogenous bone

grafting as either an osteoconductive bone void filler or a bone graft extender. These materials mimic the mineral phase of bone and

are resorbed at a rate similar to the rate of bone formation. Thus, they are able to provide some structural support and prevent

ingrowth of fibrous tissue while facilitating creeping substitution by the host bone.



Comparative study of biphasic calcium phosphates with different HA/TCP ratios in mandibular bone defects. A

long-term histomorphometric study in minipigs.

Jensen SS, Bornstein MM, Dard M, Bosshardt DD, Buser D. J Biomed Mater Res B Appl Biomater. 2009 Jul;90(1):171-81. doi:

10.1002/jbm.b.31271. Source: Department of Oral Surgery and Stomatology, School of Dental Medicine, University of Berne, CH-

3010 Berne, Switzerland.

Abstract: Three biphasic calcium phosphate (BCP) bone substitute materials with hydroxyapatite (HA)/tricalcium phosphate (TCP)

ratios of 20/80, 60/40, and 80/20 were compared to coagulum, particulated autogenous bone, and deproteinized bovine bone

mineral (DBBM) in membrane-protected bone defects. The defects were prepared in the mandibles of 24 minipigs that were divided

into four groups of six with healing times of 4, 13, 26, and 52 weeks, respectively. The histologic and histomorphometric evaluation

focused on differences in amount and pattern of bone formation, filler degradation, and the interface between bone and filler.

Collapse of the expanded polytetrafluoroethylene barrier membrane into the coagulum defects underlined the necessity of a filler

material to maintain the augmented volume. Quantitatively, BCP 20/80 showed bone formation and degradation of the filler material

similar to autografts, whereas BCP 60/40 and BCP 80/20 rather equaled DBBM. Among the three BCP's, the amount of bone

formation and degradation of filler material seemed to be inversely proportional to the HA/TCP ratio. The fraction of filler surface

covered with bone was highest for autografts at all time points and was higher for DBBM than BCP 80/20 and 60/40 at the early

healing phase. TRAP-positive multinucleated cells were identified on BCP and DBBM surfaces without showing typical signs of

resorption lacunae.
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Sinus augmentation analysis revised: the gradient of graft consolidation.

Busenlechner D, Huber CD, Vasak C, Dobsak A, Gruber R, Watzek G. Clin Oral Implants Res. 2009 Oct;20(10):1078-83. doi:

10.1111/j.1600-0501.2009.01733.x. Epub 2009 Jun 10. Source: Department of Oral Surgery, Medical University of Vienna,

Vienna, Austria. (Abstract)

OBJECTIVE: Graft consolidation follows a gradient that reflects the properties of bone substitutes at sites of sinus augmentation.

Here we present an analytical method to investigate the process of graft consolidation taking the distance from the maxillary host

bone into account.

MATERIAL AND METHODS: We therefore evaluated histological specimens, 6 and 12 weeks after the sinus of minipigs was

augmented with Bio-Oss((R)), a deproteinized bovine bone mineral, and Ostim((R)), an aqueous paste of synthetic nanoparticular

hydroxyapatite. A curve was drawn that represents the changes in histomorphometric parameters within a given distance from the

maxillary host bone.

RESULTS: Based on this curve, three regions of interest were defined: R1 (0-1 mm) the bridging distance where new bone is laid

onto the host bone, R2 (2-3 mm) a region of osteoconduction where new bone exclusively grows on the biomaterial, R3 (4-5 mm)

and a region of osteoconduction where bone formation has reached its maximal extension. Qualitative and quantitative analysis of

the three regions can reveal differences in graft consolidation, depending on the bone substitutes and the observation period [Bone

volume (BV) per tissue volume after 6 weeks: R1: 19+/-8.4% for Bio-Oss((R)) and 42.9+/-13.2% for Ostim((R)) (P=0.03), R2: 3+/

-2.4% for Bio-Oss((R)) and 14.7+/-9.5% for Ostim((R)) (P=0.03), R3: 5+/-4.1% for Bio-Oss((R)) and 5.3+/-5.3% for Ostim((R))

(P=0.86). BV per tissue volume after 12 weeks: R1: 38.0+/-13.3% for Bio-Oss((R)) and 53.3+/-6.6 for Ostim((R)) (P=0.04), R2:

14+/-12.2 for Bio-Oss((R)) and 26.4+/-11 for Ostim((R)) (P=0.18), R3: 6.6+/-7 for Bio-Oss((R)) and 10.7+/-5.8 for Ostim((R))

(P=0.32) after 12 weeks].

CONCLUSION: Based on the graft consolidation gradient, the impact of bone substitutes to modulate the process of bone formation

and the kinetic of degradation within a distinct region of the augmented sinus can be investigated.

Hydroxyapatite bone substitute (Ostim) in sinus floor elevation. Maxillary sinus floor augmentation: bone regeneration

by means of a nanocrystalline in-phase hydroxyapatite (Ostim).

Smeets R, Grosjean MB, Jelitte G, Heiland M, Kasaj A, Riediger D, Yildirim M, Spiekermann H, Maciejewski O. Schweiz Monatsschr

Zahnmed. 2008;118(3):203-12. Source: Klinik für Zahn-, Mund-, Kiefer- und Plastische Gesichtschirurgie, Interdisziplinäres

Zentrum für klinische Forschung BIOMAT , Universitätsklinikum der RWTH Aachen. rasmeets@ukaachen.de

Abstract: The range of bone regeneration materials suitable for maxillar bone augmentation has increased steadily in the past few

years and there is now a wide variety of materials being used. In the present case report, we analyzed the state of bone

regeneration after sinus floor augmentation using a nanocrystalline in-phase synthetic anorganic hydroxyapatite bone grafting

material (Ostim). A 60-year-old female patient underwent maxillary sinus floor elevation and the cavity was filled with Ostim three

years before. Actually, she presented herself with loosening of the dental implant at position 17, as a result of parafunction. At the time

of the insertion of a second implant at position 17, bone samples were taken by using a trepan drilling device from the previously

augmented area. These samples were analyzed histologically to determine the extent of bone remodeling around the deposits of

Ostim. We found that the Ostim deposits were surrounded largely by woven bone and, in parts, by lamellar bone and had facilitated

osteoconductive bone regeneration. The adjacent implant, at position 16, which beared a crown exposed to proper biting forces

without parafunction, showed proper clinical and radiological characteristics of complete and firm integration into the area which was

also filled with Ostim three years ago. We conclude that the use of the nanocrystalline hydroxyapatite Ostim with its stable volume

properties appears to be suitable for maxillary sinus floor augmentation. Furthermore, we even found osteoconductive bone

regeneration under Ostim near the site of the loosened implant.



Nanocrystalline Hydroxyapatite Bone Substitute Leads to Sufficient Bone Tissue Formation Already after 3 Months:

Histological and Histomorphometrical Analysis 3 and 6 Months following Human Sinus Cavity Augmentation.

Ghanaati S, Barbeck M, Willershausen I, Thimm B, Stuebinger S, Korzinskas T, Obreja K, Landes C, Kirkpatrick CJ, Sader RA.

Clin Implant Dent Relat Res. 2012 Jan 17. doi: 10.1111/j.1708-8208.2011.00433.x. Source: Department for Oral, Cranio-Maxillofacial

and Facial Plastic Surgery, Medical Center of the Goethe University Frankfurt, Frankfurt am Main, Germany; Institute of Pathology,

REPAIR-Lab, University Medical Center, Johannes Gutenberg University Mainz, Germany; Institute for Dental Material Sciences

and Technology, University Medical Center of the Johannes Gutenberg University Mainz, Germany; Institute for Biomechanics,

ETH Zurich, Switzerland; Center for Applied Biotechnology and Molecular Medicine, Zurich, Switzerland. Abstract.

Purpose: In this study the de novo bone formation capacity of a nanocrystalline hydroxyapatite bone substitute was assessed 3 and

6 months after its insertion into the human sinus cavity. Materials and Methods: Sinus cavity augmentation was performed in a total

of 14 patients (n = 7 implantation after 3 months; n = 7 implantation after 6 months) with severely atrophic maxillary bone. The

specimens obtained after 3 and 6 months were analyzed histologically and histomorphometrically with special focus on bone

metabolism within the residual bone and the augmented region. Results: This study revealed that bone tissue formation started from

the bone-biomaterial-interface and was directed into the most cranial parts of the augmented region. There was no statistically

significant difference in new bone formation after 3 and 6 months (24.89?±?10.22% vs 31.29?±?2.29%), respectively.

Conclusions: Within the limits of the present study and according to previously published data, implant insertion in regions augmented

with this bone substitute material could be considered already after 3 months. Further clinical studies with bone substitute materials

are necessary to validate these findings.
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