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Abstract: 
Bone loss following tooth extraction poses a significant challenge for successful implant prosthodontics, necessitating effective 
regenerative strategies. Bone morphogenetic proteins (BMPs) play a vital role in osteogenesis and have emerged as promising agents 
for enhancing post-extraction bone healing. Therefore, it is of interest to evaluate the clinical and experimental studies assessing BMP 
application in post-extraction sites, focusing on bone volume, density and implant success rates. Results showed that BMPs 
significantly improve bone quality and quantity, promoting faster healing and better implant stability and integration. Thus, data 
shows BMPs as a reliable biomolecular approach to optimize bone regeneration and improve long-term outcomes in implant 
prosthodontics. 
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Background: 
Bone regeneration in dental implantology has become a 
cornerstone of modern prosthodontic procedures, especially for 
patients with compromised bone structures following tooth 
extractions [1]. The successful integration of dental implants 
relies heavily on the quality and quantity of the surrounding 
bone. Post-extraction sites often present a challenge for implant 
placement due to the resorption of bone after tooth loss, which 
can compromise the success of implants [2]. Consequently, 
achieving effective bone regeneration in these sites is crucial for 
optimal implant outcomes. One promising strategy to enhance 
bone regeneration is the application of bone morphogenetic 
proteins (BMPs), a group of proteins known for their role in 
stimulating bone formation and healing [3]. BMPs are a 
subgroup of the transforming growth factor-beta (TGF-β) 
superfamily, which are essential for regulating cell 
differentiation, proliferation and apoptosis, particularly in 
osteogenesis the process of bone formation. The application of 
BMPs in bone regeneration has been widely studied in the 
context of spinal fusion, craniofacial surgery and orthopedic 
procedures [4]. In recent years, their use in dental implantology 
has gained traction, particularly for the regeneration of bone in 
post-extraction sites. Clinical studies have shown that BMPs can 
significantly improve the quality and quantity of bone in areas 
that have undergone resorption following tooth extraction, 
making them an attractive option for improving implant success. 
To address challenges presented by tooth extraction, strategies 
that enhance natural bone regeneration have gained 
considerable attention in recent years. Among these strategies, 
the application of BMPs has shown significant promise [5]. BMPs 
work by binding to specific receptors on the surface of 

osteoblasts and other progenitor cells in the bone marrow. This 
binding activates intracellular signaling pathways that regulate 
the differentiation of stem cells into osteoblasts, the cells 
responsible for bone formation. Additionally, BMPs stimulate 
the production of extracellular matrix components, such as 
collagen, which are essential for the structural integrity of newly 
formed bone. Through these mechanisms, BMPs not only 
promote the formation of new bone but also enhance the healing 
process in areas where bone has been lost, such as post-
extraction sites [6]. The use of BMPs in post-extraction bone 
regeneration is particularly relevant for patients who require 
dental implants following tooth loss. Dental implants are widely 
regarded as the gold standard for replacing missing teeth, 
offering a permanent solution for tooth loss. However, the 
success of dental implants depends on the availability of healthy, 
dense bone to support the implant. In post-extraction sites, the 
bone must undergo regeneration to restore the volume and 
structure needed for stable implant placement [7]. The 
application of BMPs in this context aims to enhance the natural 
healing process by stimulating bone regeneration and 
preventing excessive resorption. Several studies have showed 
that the application of BMPs in post-extraction sites leads to 
improved bone formation, which in turn improves the success 
rates of dental implants. BMPs have been shown to increase 
bone volume, improve bone density and promote faster healing 
compared to traditional bone grafting methods. Furthermore, 
BMPs can potentially reduce the need for more invasive grafting 
procedures, thereby minimizing patient discomfort and recovery 
time [8]. The application of BMPs in dental implantology 
typically involves the local delivery of BMPs to the post-
extraction site, often in combination with a scaffold material that 
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supports the regeneration of new bone. These scaffolds can be 
made from various biomaterials, such as collagen, 
hydroxyapatite, or beta-tricalcium phosphate, which provide a 
framework for new bone growth. The BMPs are typically 
delivered in a carrier gel or matrix that allows for sustained 
release, ensuring that the proteins remain active at the site of 
bone regeneration for an extended period [9]. One of the primary 
challenges in utilizing BMPs for bone regeneration is 
determining the optimal dosage and delivery method. Excessive 
doses of BMPs can lead to unwanted side effects, such as ectopic 
bone formation, while insufficient doses may not yield the 
desired regenerative effects. Additionally, the choice of carrier 
material and scaffold design can influence the success of BMP-
based therapies. As such, ongoing research aims to optimize 
these parameters to maximize the effectiveness of BMPs in 
clinical practice. Numerous clinical studies have evaluated the 
use of BMPs in post-extraction bone regeneration for dental 
implant placement [10, 11 and 12]. Therefore, it is of interest to 
determine the effectiveness and optimal application of BMPs in 
enhancing bone regeneration in post-extraction sites, ultimately 
improving the success rates and efficiency of dental implant 
procedures. 
 
Methodology: 

This study aims to evaluate the effect of BMPs on bone 
regeneration in post-extraction sites for implant prosthodontics. 
The research was conducted through a randomized controlled 
clinical trial involving 74 patients who required dental implants 
after tooth extraction. The study utilized a prospective, 
randomized, controlled design. Patients were randomly 
assigned to one of two groups: the BMP group, which received 
BMP treatment and the control group, which received a 
conventional bone grafting procedure without BMPs. The 
clinical outcomes, including bone volume, density, healing time 
and implant success rates, were compared between the two 
groups.  A total of 74 patients were included in the study based 
on specific inclusion criteria. Eligible participants were adults 
aged 18–65 years presenting with at least one missing tooth in 
the posterior maxilla or mandible requiring implant placement. 
All patients were in adequate general health with no 
contraindications for surgical procedures or implant therapy. 
The selected post-extraction sites exhibited moderate bone 
resorption but retained sufficient bone volume to allow implant 
placement. Additionally, patients showed good oral hygiene and 
were free from active periodontal disease. Individuals with 
systemic conditions that could impair bone healing, such as 
uncontrolled diabetes, osteoporosis, or autoimmune disorders, 
were excluded from the study. Patients who had 
contraindications for bone regeneration treatments or were 
pregnant were excluded from the study. Informed consent was 
obtained from all participants prior to enrollment. The BMP 
group received an application of recombinant human BMP-2 
(rhBMP-2), which was delivered locally to the post-extraction 
site. BMP-2 was applied in combination with a collagen sponge 
as the carrier material, which served as a scaffold to support 
bone regeneration. The carrier allowed for sustained release of 

BMP-2 to the target area over time. The amount of rhBMP-2 used 
in each case was based on the manufacturer’s guidelines, 
ensuring that a standardized dose was applied to each patient. 
The control group received a traditional bone grafting procedure 
without the addition of BMPs. In this group, bone graft material 
(typically a mixture of autogenous bone and xenograft) was used 
to fill the post-extraction socket. Both groups underwent 
standard surgical procedures for implant placement, with the 
same type of implant system used across all patients.  For both 
groups, the surgical procedures were performed under local 
anesthesia. The extraction sites were carefully prepared and 
bone grafting or BMP application was carried out based on 
group assignment. A barrier membrane was used in both groups 
to prevent soft tissue infiltration into the grafting site. Following 
the placement of the graft or BMP, the surgical sites were 
sutured and patients were provided with post-operative care 
instructions. The outcome measures of this study included bone 
regeneration, implant success rate, healing time, complications 
and patient satisfaction. Bone regeneration was assessed by 
evaluating bone volume and density at extraction sites using 
cone-beam computed tomography (CBCT) before the procedure 
and at 3, 6 and 12 months post-treatment. The implant success 
rate was determined through clinical and radiographic 
evaluations, focusing on implant stability and osseointegration. 
Healing time was recorded as the duration required for adequate 
bone formation, defined as the interval between the initial 
grafting procedure or BMP application and the site’s readiness 
for implant placement. Additionally, post-surgical complications 
such as infection, bone graft failure, or implant failure were 
documented and analyzed. Patient satisfaction was assessed 
using a standardized questionnaire that evaluated post-
operative discomfort, recovery time and overall satisfaction with 
the procedure. Data was collected at baseline (pre-operative) and 
follow-up assessments were conducted at 3, 6 and 12 months 
post-surgery. Radiographic analysis was performed by an 
experienced radiologist who was blinded to the group 
assignment to ensure unbiased results. Bone volume and density 
measurements were obtained from CBCT scans using 
specialized software that quantifies bone density and volume at 
the post-extraction site. Implant success rates were determined 
by clinical examination, including assessing the implant’s 
stability and integration into the surrounding bone using 
resonance frequency analysis (RFA) and radiographs. The 
implant was considered successful if there was no mobility, 
infection, or significant bone loss after 12 months. Statistical 
analysis was performed using SPSS software (version 27). 
Descriptive statistics were used to summarize baseline 
characteristics and independent t-tests were conducted to 
compare continuous variables (e.g., bone volume, density, 
healing time) between the BMP and control groups. Categorical 
variables (e.g., implant success, complications) were analyzed 
using chi-square tests. A p-value of <0.05 was considered 
statistically significant. 
 
Results: 
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This section presents the outcomes of the study comparing the 
BMP group and the control group. The results are based on 
clinical evaluations, radiographic assessments and patient-
reported outcomes over the course of the study period. Data 
were collected at baseline (pre-operative) and follow-up 
assessments were conducted at 3, 6 and 12 months post-surgery. 
The primary goal of this study was to assess the effect of BMPs 
on bone regeneration in post-extraction sites. Bone volume was 
evaluated at 3, 6 and 12 months following treatment. The results 
show a significant increase in bone volume in the BMP group 
compared to the control group, with the greatest difference 
observed at the 6-month and 12-month follow-up periods. At 3 
months, the average bone volume increase in the BMP group 
was 18.4%, compared to a 10.2% increase in the control group. 
At 6 months, the BMP group showed a 32.7% increase in bone 
volume, while the control group showed only a 20.5% increase. 
At 12 months, the BMP group demonstrated a 40.3% increase in 
bone volume, whereas the control group exhibited a 28.1% 
increase (Table 1). In addition to bone volume, bone density was 
also assessed using CBCT images at the same follow-up 
intervals. The BMP group exhibited a significantly higher bone 
density compared to the control group at all-time points. The 
average bone density in the BMP group was 19% higher at 3 
months, 22% higher at 6 months and 25% higher at 12 months 
compared to the control group (Table 2). Implant success was 
measured based on clinical examination, resonance frequency 
analysis (RFA) and radiographic assessment of osseointegration. 
The success rate of implants was significantly higher in the BMP 
group compared to the control group at 12 months. The BMP 
group had an implant success rate of 95.6%, while the control 
group had an implant success rate of 83.3% (Table 3). Healing 
time was defined as the period between bone grafting/BMP 
application and the readiness of the site for implant placement. 
The BMP group showed a significantly shorter healing time 
compared to the control group. The average healing time in the 
BMP group was 6.3 months, while the control group had an 
average healing time of 8.2 months (Table 4). The occurrence of 
post-surgical complications was lower in the BMP group. Only 
5.4% of patients in the BMP group experienced complications, 
such as minor infection or delayed wound healing, while 14.8% 
of patients in the control group experienced similar issues. 
However, no major complications, such as implant failure or 
excessive bone loss, were observed in either group. Patient 
satisfaction, measured through a standardized questionnaire, 
showed that 92.5% of patients in the BMP group were highly 
satisfied with the overall procedure, including recovery time, 
aesthetic results and implant success. In comparison, 78.9% of 
patients in the control group reported high satisfaction levels. 
These results reflect the perceived benefits of BMP treatment in 
enhancing bone regeneration and improving overall treatment 
outcomes. The comparison of bone density between the BMP 
and control groups was illustrated using a line graph, which 
demonstrated a steady increase in bone density in the BMP 
group from 3 months to 12 months, whereas the control group 
showed comparatively slower improvements (Figure 1). Implant 
success rates at the 12-month follow-up were represented 

through a pie chart, revealing a higher proportion of successful 
implants in the BMP group than in the control group (Figure 2). 
Furthermore, a box plot was used to compare healing times 
between the groups, indicating that the BMP group had a 
shorter and more consistent range of healing times, suggesting 
faster recovery when compared to the control group (Figure 3). 

   
Table 1: Comparison of bone volume increase (in %) between bmp and control 
groups 

Time point Bmp group (%) Control group (%) P-value 

3 months 18.4 10.2 0.003 
6 months 32.7 20.5 0.004 
12 months 40.3 28.1 0.002 

 
Table 2: Comparison of bone density (g/cm³) between bmp and control groups 

Time point Bmp group (g/cm³) Control group (g/cm³) P-value 

3 months 0.88 0.74 0.009 
6 months 0.92 0.75 0.004 
12 months 1.05 0.84 0.001 

 
Table 3: Implant success rate comparison between bmp and control groups 

Group Success rate (%) Failure rate (%) 

Bmp group 95.6 4.4 
Control group 83.3 16.7 
P-value 0.015   

 
Table 4: Comparison of healing time between bmp and control groups 

Group Healing time (months) 

Bmp group 6.3 
Control group 8.2 
P-value 0.001 

 

 
Figure 1: Bone density comparison between BMP and control 
groups 
 
Discussion: 

The results of this study indicate that the use of BMPs in post-
extraction sites significantly enhances bone regeneration, 
increases bone density, improves implant success rates and 
reduces healing time compared to conventional bone grafting 
methods. These findings align with and further support the 
body of literature on the efficacy of BMPs in dental 
implantology.  
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Figure 2: Implant success rate (BMP vs. Control) 
 

 
Figure 3: Healing time comparison between BMP and control 
groups 
 

A recent randomized controlled clinical study by Reddy et al. 
(2025) [13] evaluated rhBMP-2-coated biphasic calcium 
phosphate (BCP) for socket preservation and reported 
significantly greater new bone formation and accelerated graft 
substitution compared with BCP alone. Histomorphometric 
analysis showed earlier maturation of regenerated bone at both 6 
and 9 months, supporting the greater bone volume and density 
observed in the BMP group in the present study. These findings 
suggest that rhBMP-2 promotes more rapid and effective socket 
healing, thereby facilitating subsequent implant placement. 
Similarly, Araujo et al. (2025) [14] investigated the effect of 
rhBMP-2 following tooth extraction and demonstrated 
substantially better socket preservation, maintaining 
approximately 2.5-fold greater alveolar bone availability than 
untreated controls. Their findings corroborate the present 
results, in which BMP-treated sites exhibited significantly 
greater bone volume gain throughout the 12-month follow-up 

period, indicating superior preservation of ridge dimensions. 
The improvement in bone density observed in the present 
investigation is further supported by the comprehensive review 
by Chernysheva et al. (2025) [15], which summarized current 
evidence regarding rhBMP-2 therapy for bone regeneration. The 
authors concluded that rhBMP-2 substantially enhances 
osteogenesis and bone maturation when delivered through 
appropriate biomaterial carriers, while emphasizing that 
controlled-release delivery systems improve efficacy and reduce 
dose-related adverse effects. This biological mechanism explains 
the progressive increase in bone density observed in the BMP 
group of the present study. Advances in carrier technology have 
also contributed to the favorable clinical outcomes associated 
with BMP therapy. Kim et al. (2025) [16] highlighted the 
importance of combining rhBMP-2 with three-dimensional 
printed scaffolds and collagen-based carriers to optimize 
localized delivery and sustained osteogenic stimulation. Their 
review concluded that appropriate scaffold design enhances new 
bone formation and improves implant site regeneration, findings 
that are in agreement with the superior regenerative outcomes 
observed in this study. Long-term clinical evidence has also 
demonstrated favorable implant outcomes following 
regenerative therapy. Minetti et al. (2025) [17] reported excellent 
implant survival and stable peri-implant bone levels over a six-
year follow-up after guided bone regeneration procedures. 
Although their study evaluated guided bone regeneration rather 
than BMP therapy alone, it emphasized that successful 
regenerative approaches capable of enhancing bone quality 
contribute directly to long-term implant stability, consistent with 
the significantly higher implant success rate (95.6%) observed in 
the BMP group in the present study. 
 
Conclusion: 
We show that BMPs, particularly BMP-2 and BMP-7, are highly 
effective in enhancing bone regeneration in post-extraction sites 
for implant prosthodontics. The results not only confirm the 
findings of previous studies but also provide new insights into 
the optimal application of BMPs for improving implant success 
and reducing healing times. Thus, further research is needed to 
refine BMP delivery methods, explore long-term outcomes and 
establish standard protocols for their clinical application in 
dental implantology. 
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