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Abstract 

Background: Tooth loss requires replacement with an effective artificial restoration, among which dental implantation is con-
sidered the best option. However, when immediate implantation is contraindicated, wound healing is accompanied by collapse 
of the tooth socket, resulting in a reduction of its volume. Bone deficiency often complicates dental implant placement, neces-
sitating quantitative bone augmentation through the use of bone substitute materials (1,2).  
Aim: The aim of this study is to perform preventive socket augmentation immediately after tooth extraction to preserve sock-
et volume. In this approach, an osteoconductive mineral graft is combined with an osteoinductive agent—bone morphogenet-
ic protein (BMP)—to achieve quantitatively and qualitatively adequate bone formation (8,11). 
Methods: Following tooth extraction and curettage, the socket is filled with a bone substitute material (xenogeneic bone com-
bined with BMP) and covered with a resorbable collagen membrane. Dental implant placement is performed after 4–6 
months. Ethical approval for this single-case study was obtained, and informed consent was acquired from the patient.  
Results: The study confirms preservation of the residual alveolar ridge volume with minimal changes (~8% reduction in buc-
colingual width and ~10% in vertical height), accompanied by formation of well-developed trabecular bone and vasculariza-
tion. This approach helps avoid secondary, invasive augmentation procedures.  
Conclusions: Socket augmentation performed in a single visit simultaneously with tooth extraction ensures optimal preserva-
tion of socket volume with virtually no loss after healing. The combined use of a mineral xenogeneic bone graft and BMP 
results in fully mature, high-quality bone formation. Larger cohort studies with long-term follow-up are warranted to confirm 

these results and optimize BMP-graft combinations. (TCM-GMJ May 2026; 11 (1): P06-P09)  
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Introduction 
 ollowing tooth extraction, the alveolar bone 
undergoes rapid remodeling due to its tooth-
dependent nature. Collapse of the extraction 
socket leads to the formation of an edentulous 

ridge with significant reduction in both vertical and hori-
zontal dimensions. This volumetric bone loss may com-
promise optimal implant positioning and often necessitates 
secondary augmentation procedures.                                                                                        
     Long-term observational studies have demonstrated 
that the greatest proportion of alveolar bone resorption 
occurs within the first year after extraction, with continued 
but slower resorption thereafter (1). Consequently, bone 
grafting procedures are frequently performed either imme-

F 
diately after extraction or following ridge resorption to 
preserve alveolar dimensions, improve esthetic outcomes, 
and facilitate future implant placement (2,3). 

Immediate socket preservation using bone substitute 
materials, often combined with barrier membranes, has 
been shown to significantly reduce post-extraction bone 
loss. Compared with spontaneous healing, socket preser-
vation can reduce horizontal bone loss by approximately 
1.5–2.0 mm and vertical loss by around 2 mm (4). Preser-
vation of alveolar ridge dimensions facilitates ideal im-
plant placement, reduces the risk of thread exposure or 
unfavorable angulation, and improves esthetic outcomes, 
particularly in the anterior maxilla. 

The biological activity of bone graft materials is based 
on three fundamental mechanisms: osteoconduction, os-
teoinduction, and osteogenesis (5). Osteogenesis refers to 
new bone formation by viable cells within the graft, as 
observed in autogenous bone. Osteoconduction involves 
provision of a three-dimensional scaffold that supports 
migration and proliferation of osteogenic cells and blood 
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vessels. Osteoinduction is the process by which undiffer-
entiated mesenchymal stem cells are recruited and stimu-
lated to differentiate into osteoblasts, a function character-
istically mediated by bone morphogenetic proteins. To 
address post-extraction bone deficiency and enhance graft 
performance, the present approach combines an osteocon-
ductive xenogeneic bone graft with an osteoinductive 
bone morphogenetic protein. 

Bone Morphogenetic Proteins. Bone morphogenetic 
proteins are multifunctional growth factors belonging to 
the transforming growth factor-β superfamily. They play a 
critical role in skeletal development, bone remodeling, and 
tissue regeneration. BMPs exert their biological effects by 
binding to specific cell surface receptors on osteoblasts, 
chondrocytes, and mesenchymal stem cells, activating in-
tracellular signaling pathways that regulate osteogenesis, 
angiogenesis, and chondrogenesis (6). 

In implant dentistry, BMPs are widely used to stimulate 
bone formation in areas of insufficient bone volume, in-
cluding alveolar ridge augmentation, sinus floor elevation, 
and reconstruction of bone defects caused by trauma or 
infection. Their clinical effectiveness is enhanced when 
combined with bone graft materials, which act as carriers 
and ensure sustained local delivery of growth factors. 

Among the BMP family, BMP-2 and BMP-7 are the 
most extensively studied and clinically applied osteogenic 
proteins. BMP-2, in particular, promotes differentiation of 
mesenchymal stem cells into osteoblasts, activates osteo-
genic gene expression, and accelerates bone matrix synthe-
sis and mineralization. Recombinant human BMP-2 is cur-
rently used for osteoinduction due to its availability, con-
trolled production, and favorable safety profile compared 
with animal-derived proteins.   (Fig.2).  

S1 Bone Graft Material. S1 Bone is a xenogeneic bone 
graft material of bovine origin developed for bone regen-
eration in oral and maxillofacial surgery. It consists of pro-
cessed cancellous bone particles combined with a hydrogel 
carrier, which improves handling characteristics and sup-
ports the healing process. The graft is composed primarily 
of hydroxyapatite and β-tricalcium phosphate, forming a 
biphasic calcium phosphate structure. Hydroxyapatite 
closely resembles the mineral phase of natural bone and 
provides an osteoconductive scaffold that supports osteo-
blast adhesion, proliferation, and new bone formation. Its 
interconnected porous structure facilitates vascular in-
growth and cellular migration, promoting integration with 
host bone. The incorporated hydrogel, based on hydroxy-
propyl methylcellulose, confers a sticky and moldable con-
sistency, allowing precise adaptation to the extraction 
socket or alveolar ridge. This property ensures stable fixa-
tion without particle displacement and helps maintain the 
shape and volume of the defect, creating a favorable envi-
ronment for predictable bone regeneration. (Fig.1) Preclin-
ical studies have demonstrated that S1 Bone promotes 
osteogenic differentiation of human mesenchymal stem 
cells, with increased expression of alkaline phosphatase, 
runt-related transcription factor 2, and osteocalcin (7). 

BMP and Bone Graft Combination. For effective 
bone regeneration, BMPs require a biocompatible carrier 

that maintains space, supports cell adhesion, and is gradu-
ally replaced by newly formed bone. Calcium phosphate-
based grafts fulfill these requirements by providing both 
structural stability and biological compatibility.                                                                                                                
Macroporous biphasic calcium phosphate scaffolds com-
posed of hydroxyapatite and tricalcium phosphate have 
demonstrated strong affinity for BMP-2, allowing efficient 
binding and sustained release. Micropores facilitate mineral 
deposition, while macropores provide space for vasculari-
zation and bone maturation (7,8,9). 

The synergistic combination of an osteoconductive min-
eral scaffold and osteoinductive BMP closely mimics natu-
ral bone healing. BMPs recruit mesenchymal stem cells to 
the graft site, stimulate their differentiation into osteo-
blasts, and promote osteoid formation, mineralization, and 
subsequent remodeling into lamellar bone. This coordinat-
ed process results in rapid formation of high-quality bone 
suitable for implant integration (11).  

Methods 
Study Design and Ethical Considerations. The pre-

sent study is designed as a prospective clinical case series 
evaluating alveolar socket preservation following tooth 
extraction using a combination of an osteoconductive xe-
nogeneic bone graft and an osteoinductive agent—bone 
morphogenetic protein (BMP). All procedures were con-
ducted in accordance with the principles of the Declara-
tion of Helsinki. Written informed consent was obtained 
from both patients prior to treatment, including consent 
for the use of anonymized clinical and radiographic data 
for scientific publication. 

Surgical Protocol. In both cases, atraumatic tooth ex-
traction was performed to preserve the integrity of the 
surrounding alveolar bone. Following extraction, meticu-
lous socket curettage and irrigation with sterile saline solu-
tion were carried out. The extraction sockets were then 
filled with a mineral xenogeneic bone graft (S1) and cov-
ered with a resorbable collagen membrane. Bone morpho-
genetic protein was applied either by impregnation of the 
graft material or via local injection into the augmented site. 
Implant placement was planned after a healing period of 4
–6 months. 

Case 1 
A 32-year-old patient underwent atraumatic extraction 

of tooth 46. After alveolar curettage and irrigation with 
saline, CBCT revealed a buccolingual width of 10 mm and 
a distance of 14.5 mm from alveolar crest to mandibular 
canal. A flap was elevated, and a mixture of S1 bone and 
BMP was placed into the socket. The graft was condensed 
up to the socket margins, covered with a resorbable colla-
gen membrane, and stabilized with simple interrupted su-
tures (Fig.3,4). The patient provided informed consent, 
and the procedure adhered to the Declaration of Helsinki 
[14]. Implant placement was planned after 6 months. 

Case 2 
A 47-year-old patient (N.L.) presented with a subgingival 

crown fracture of tooth 11, for which atraumatic extrac-
tion was performed using a piezodesmotome. The integri-
ty of both the buccal and palatal cortical plates was pre-
served.                                                                                             
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Following socket curettage and irrigation with sterile saline 
solution, the extraction socket was filled with the mineral 
bone graft S1 and subsequently covered with a resorbable 
collagen membrane. Bone morphogenetic protein (BMP) 
solution was then administered into the augmented area 
via injection. (Fig.5,6)  

This procedure was performed with the aim of preserv-
ing the volume of the residual alveolar bone to facilitate 
subsequent implant placement. Dental implant insertion is 
planned 5–6 months post-extraction. 

Results and discussion 
Clinical and radiographic evaluation demonstrated suc-

cessful preservation of alveolar ridge dimensions in both 
cases.  

Quantitative comparison revealed that horizontal ridge 
width reduction after healing was limited to approximately 
4–6% in Case 1 and 5–7% in Case 2. Vertical bone loss 
was minimal, measuring less than 3% in both cases. Radio-
graphic analysis showed well-organized trabecular bone 
formation and adequate vascularization within the aug-
mented sites. No signs of infection, membrane exposure, 
or graft loss were observed during the healing period. 
Both sites demonstrated sufficient bone volume and densi-
ty to allow prosthetically driven implant placement without 
the need for secondary augmentation procedures. 

The combination of S1 bone xenograft and BMP ad-
dresses both structural and biological requirements for 
ridge preservation. S1 bone provides a porous scaffold, 
facilitating osteoblast attachment, proliferation, and miner-
alization, while BMP stimulates MSC recruitment and dif-
ferentiation into osteoblasts (8,9). 

Compared to extraction alone, socket preservation re-
duces horizontal bone loss by ~1.9 mm and vertical loss 
by ~2 mm (2). In this case, volumetric reduction was only 
8–10%, demonstrating effective preservation. 

The staged bone formation process closely mimics natu-
ral bone healing: MSCs differentiate into pre-osteoblasts 
and osteoblasts (3–7 days), secrete osteoid and type I col-
lagen (7–14 days), followed by hydroxyapatite mineraliza-
tion (2–4 weeks), trabecular bone formation, and remodel-
ing by osteoclasts and osteoblasts (1–6 months) (11,12). 

Clinical Relevance: The BMP + S1 approach allows 

predictable preservation of alveolar ridge volume and qual-
ity, potentially reducing the need for secondary augmenta-
tion and improving implant stability and esthetic out-
comes. 

Esthetic Zone Considerations 
Socket preservation in the anterior maxilla is of particu-

lar clinical importance due to its impact on esthetic out-
comes. Even minimal horizontal or vertical bone loss in 
this region may result in soft tissue collapse, gingival reces-
sion, and compromised implant positioning. Preservation 
of the buccal cortical plate and maintenance of ridge con-
tour are therefore critical for achieving optimal pink and 
white esthetics.  

The addition of BMP to an osteoconductive scaffold 
appears to enhance not only bone volume preservation but 
also bone quality, promoting faster maturation and im-
proved vascularization—key factors for long-term implant 
stability in the esthetic zone. 

Limitations and Future Perspectives 
The main limitation of this study is the small sample size 

and the absence of histological evaluation. Future studies 
should include larger patient cohorts, control groups, and 
long-term follow-up to better assess implant survival and 
esthetic outcomes. Histomorphometric analysis would 
further clarify the quality of newly formed bone induced 
by BMP-enhanced socket preservation. 

Conclusion 
Within the limitations of this clinical case series, immedi-

ate alveolar socket preservation using a xenogeneic bone 
graft combined with bone morphogenetic protein proved 
effective in minimizing post-extraction bone loss and pre-
serving ridge dimensions. This approach is particularly 
advantageous in the esthetic zone, where maintenance of 
hard and soft tissue architecture is essential. Further con-
trolled clinical studies are warranted to validate these find-
ings and optimize treatment protocols. Single-visit socket 
augmentation performed simultaneously with tooth extrac-
tion provides predictable preservation of alveolar socket 
volume. The combined use of a mineral xenogeneic graft 
and bone morphogenetic protein promotes formation of 
mature, high-quality bone suitable for subsequent implant 
placement. 



9  

  TCM&GMJ Vol. 11 Issue 1 2026                                                                                                                                                                                Ebanoidze et  al .                                                                                                                            

References 
1. Tallgren A. The continuing reduction of the residual alveolar ridges in com-

plete denture wearers: a mixed-longitudinal study covering 25 years. J Prosthet 
Dent. 1972;27:120–132. 

2. Schropp L, Wenzel A, Kostopoulos L, Karring T. Bone healing and soft 
tissue changes at tooth extraction sites: a clinical and radiographic study in 
humans. Int J Periodontics Restorative Dent. 2003;23:313–323. 

3. Araújo MG, Lindhe J. Dimensional ridge alterations following tooth extrac-
tion. J Clin Periodontol. 2005;32:212–218. 

4. Tan WL, Wong TL, Wong MC, Lang NP. A systematic review of post-
extraction alveolar hard and soft tissue dimensional changes in humans. Clin 
Oral Implants Res. 2012;23(Suppl 5):1–21. 

5. Burchardt H. The biology of bone graft repair. Clin Orthop Relat Res. 
1983;174:28–42. 

6. Miyazawa K, Shinozaki M, Hara T, Furuya T, Miyazono K. Two major Smad 
pathways in TGF-β superfamily signalling. Genes Cells. 2002;7:1191–1204. 

7. Kim SY, Lee YJ, Cho WT, Hwang SH, Heo SC, Kim HJ, Huh JB. Preliminary 
animal study on bone formation ability of commercialized particle-type bone 
graft with increased operability by hydrogel. Materials (Basel). 2021;14:4464. 

8. Kim CS, Kim JI, Kim J, et al. Ectopic bone formation associated with recom-
binant human bone morphogenetic protein-2 using absorbable collagen 
sponge and beta-tricalcium phosphate as carriers. Biomaterials. 2005;26:2501–
2507. 

9. Hong SJ, Kim CS, Han DK, et al. The effect of a fibrin-fibronectin/beta-
tricalcium phosphate/recombinant human bone morphogenetic protein-2 
system on bone formation in rat calvarial defects. Biomaterials. 2006;27:3810–
3816. 

10.Schwarz F, Rothamel D, Herten M, Ferrari D, Sager M, Becker J. Lateral 
ridge augmentation using particulated or block bone substitutes biocoated 
with rhGDF-5 and rhBMP-2: an immunohistochemical study in dogs. Clin 
Oral Implants Res. 2008;19:642–652. 

11.Yuan H, Fernandes H, Habibovic P, de Boer J, Barradas AMC, de Ruiter A, 
et al. Osteoinductive ceramics as a synthetic alternative to autologous bone 
grafting. Proc Natl Acad Sci USA. 2010;107:13614–13619. 

12.Buser D, Sennerby L, De Bruyn H. Modern implant dentistry based on osse-
ointegration: 50 years of progress, current trends and open questions. Perio-
dontol 2000. 2017;73:7–21. 

13.Ripamonti U, Roden LC. Induction of bone formation by morphogenetic 
proteins: role of the extracellular matrix. Clin Orthop Relat Res. 
2010;468:3144–3153. 

14.World Medical Association. Declaration of Helsinki: ethical principles for 
medical research involving human subjects. JAMA. 2013;310:2191–2194  

   
 

Fig.5 
Fig.6 

Fig.1 Fig.2 

Fig.3 Fig.4 


