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Abstract 

Aim:  This study aimed to compare the clinical and radiographic outcomes of extended sticky bone and Ethoss bone graft 

in horizontal ridge augmentation with simultaneous implant placement in the maxillary esthetic zone. 

Materials and Methods:  A total of 14 implants placed in maxillary esthetic zone and they were randomly assigned to 

two equal groups: Group I received Extended Sticky Bone (a composite of albumin-rich PRF, allograft, and xenograft), 

while Group II received Ethoss (β-tricalcium phosphate and calcium sulfate). CBCT was used to evaluate ridge width and 

bone volume at baseline, immediately postoperatively, and after 6 months. Implant stability was assessed by ISQ, and soft 

tissue healing was evaluated using the modified Landry index. Statistical analyses included Friedman and Wilcoxon tests 

for intragroup comparisons, and Mann-Whitney U for intergroup differences (α = 0.05). 

Results:  There was a significant increase in ridge width over time (p < 0.001), with no significant resorption between 

immediate and 6-month follow-up (p = 1.000). Mean volumetric bone gain postoperatively was maintained at 6 months, 

with minimal loss (mean = 1.04 ± 0.70 mm; p < 0.001). Bone density improved from 1.00 to 1.57 (coded scale), and ISQ 

values increased significantly (Z = 3.407, p = 0.001). No infections or inflammatory signs were observed; all patients 

achieved excellent soft tissue healing by 6 months. 

Conclusion:  Both grafting materials demonstrated effective and stable horizontal ridge augmentation with high implant 

stability and optimal tissue healing. Extended Sticky Bone showed slightly greater volumetric preservation, suggesting 

potential advantages in esthetically sensitive implant sites. 
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Introduction 

The advent of dental implants has made tooth 

replacement a golden prospect, very allowing for a 

highly predictable treatment intervention with the best 

therapeutic and esthetic considerations. However, the 

single most frequent impediment to successful 

placement of implants is insufficient alveolar bone 

volume, especially in the maxillary esthetic zone, 

wherein horizontal and vertical bone deficiencies 

abound. These deficiencies arise mostly from post-

extraction resorption, periodontal disease, trauma, or 

congenital anomalies 1. Gross alveolar ridge 

dimensional changes start happening post-tooth loss for 

up to 60% in bone volume just within the first two years, 

primarily on the buccal and labial perspectives of the 

ridge. This bone loss deters the correct implant 

positioning and affects its prognosis; therefore, that bone 

must be augmented before implant placement 2. 

For proper osseointegration to occur, 1 mm of bone 

should be present around the implant on all sides. In 

areas of horizontal ridge deficiency, augmentative 

procedures are carried out, which include GBR, onlay 

grafting, ridge splitting, and distraction osteogenesis. 

GBR has achieved the highest acceptance in clinical 

situations because of predictability and ability to 

promote healing of hard and soft tissues. The concept 

involves placing a bone graft material and a barrier 

membrane based on selective cell repopulation of 

osteogenic cells while excluding soft tissue infiltration 

1. 

With synthetic bone grafts, the advantages of unlimited 

supply, biocompatibility, and lack of disease 

transmission are promoted as an alternative to 

autogenous grafts. Ethoss, an entirely synthetic bone 

graft, represents this category, combining β-tricalcium 

phosphate (β-TCP) and calcium sulfate (CS). The ease 

of in situ setting, angiogenesis promotion, and gradual 

resorption coupled with the formation of new bone all 

attract the clinician towards its application 3. 

Parallel to material-based approaches, biological 

advancements have introduced autologous platelet 

concentrates as potent enhancers of tissue regeneration. 

Platelet-rich fibrin (PRF), a second-generation 

concentrate rich in growth factors, provides a fibrin 

matrix conducive to cellular proliferation, 

differentiation, and matrix remodeling. However, its 

clinical utility is limited by rapid resorption (2–3 weeks), 

reducing its long-term regenerative potential4. To 

address this, Mourão et al.5 (2018) developed ALB-PRF, 

a formulation combining denatured albumin gel with 

PRF, capable of extending biological activity up to 4–6 

months. This innovation has enabled the fabrication of 

Extended Sticky Bone—a composite of ALB-PRF and 

particulate grafts—that serves as both a graft and a 

biologically active scaffold. 

Sticky Bone was designed to enhance graft stability and 

prevent soft tissue invasion. It is moldable, adaptable to 

various defect morphologies, and capable of resisting 

micromotion, which is critical for maintaining graft 

volume. However, the conventional form undergoes 

resorption within 8–12 days6. The evolution into 

Extended Sticky Bone addressed this limitation by 

enhancing the longevity of growth factor release, as 

demonstrated in the work of Kawase et al.7 (2015) and 

refined in the Bio-Bone protocol by Mourão et al., 

making it suitable for GBR procedures without 

additional collagen membranes. 

Despite the increasing clinical adoption of both ethoss 

and extended sticky bone, there remains a paucity of 

direct comparative evidence evaluating their 

performance in horizontal ridge augmentation, 

especially when used in conjunction with simultaneous 

implant placement in esthetic zones. Prior literature, 

such as that by Sánchez-Sánchez et al.8 (2021), 

supported high success rates with particulate grafts and 

membrane-based GBR techniques; however, the 

comparative biological performance of synthetic versus 

autologous-enriched graft materials remains 

inadequately defined. 

Accordingly, this study aimed to evaluate and compare 

the clinical and radiographic outcomes of horizontal 

ridge augmentation using extended sticky bone and 

ethoss, with implants placed simultaneously in the 

maxillary esthetic zone. The findings were expected to 

provide evidence-based guidance on selecting the most 

effective grafting material for predictable bone 

regeneration and long-term implant success in 

esthetically demanding clinical scenarios. 

 

Materials and Methods 

Study Design and Setting 

This randomized clinical study was conducted at the 

Department of Oral and Maxillofacial Surgery, Faculty 

of Dentistry, Mansoura University. The aim was to 

evaluate and compare the clinical and radiographic 

outcomes of horizontal ridge augmentation using 

Extended Sticky Bone and Ethoss bone grafts, with 

simultaneous implant placement in the maxillary 

esthetic zone. 

 

Participants and Eligibility Criteria 

A total of 14 implants placed in maxillary esthetic zone 

in patients, aged between 18 and 45 years, were enrolled 

and randomly allocated into two equal groups (n=7). 

Inclusion criteria included missing teeth in the maxillary 

esthetic zone requiring horizontal ridge augmentation, 

good systemic health, favourable occlusion, and 

willingness to participate. Exclusion criteria comprised 

smokers, pregnant women, patients with systemic 

diseases (e.g., uncontrolled diabetes, cardiovascular or 

autoimmune disorders), coagulation disorders, history of 

surgery in the target area, material allergies, psychiatric 

illness, and parafunctional habits. 

 

Ethical Considerations 

Ethical approval was obtained from the Ethics 

Committee of the Faculty of Dentistry, Mansoura 

University. All patients provided written informed 

consent. Confidentiality was preserved through 

anonymized coding of patient data, and all information 

was securely stored with access restricted to study 

personnel. 
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Sample Size Calculation 

Sample size was calculated using G*Power 3.1.9.7 

based on an effect size of 1.79, alpha error of 0.05, and 

power of 80%, yielding 7 patients per group9. 

 

Materials 

- Extended Sticky Bone (composed of ALB-PRF, 

allograft and xenograft graft). 

- Ethoss™ (β-TCP and calcium sulfate; Ethoss 

Regeneration Ltd., UK). 

- Dental implants (DIO, Korea). 

- Centrifuge and thermal heater for PRF preparation. 

- Standard surgical instruments and sterilization 

protocols . 

 

Surgical Protocol 

All patients received 2g of amoxicillin one hour 

preoperatively and chlorhexidine gluconate 0.2% rinse. 

Surgery was performed under local anesthesia (articaine 

4% with epinephrine 1:100,000). A four-cornered full 

thickness flap was elevated, and horizontal ridge defects 

were grafted as follows: 

- Group I (Extended Sticky Bone): PRF and ALB-

PRF were prepared by centrifuging 9 ml of blood at 2700 

rpm for 8 minutes. The platelet-poor plasma was 

thermally denatured and mixed with liquid PRF and 

graft material to create extended sticky bone, which was 

applied post-implant placement10. 

- Group II (Ethoss): Ethoss was hydrated with sterile 

saline and applied directly into the defect site. No 

collagen membrane was used. A sterile gauze was 

applied for 3–5 minutes to promote hardening. Primary 

closure was achieved with tension-free sutures11. 

Postoperative care included chlorhexidine mouthwash 

for 14 days, amoxicillin 1g BID for 6 days, and 

ibuprofen 400 mg TID as needed. 

 

Radiographic and Clinical Evaluations 

Cone Beam Computed Tomography (CBCT) scans were 

performed within one week postoperatively and at 6 

months to assess: 

- Bone gain: measured horizontally at the implant site. 

- Bone density: calculated in Hounsfield units. 

 

Implant stability was evaluated using resonance 

frequency analysis (Osstell ISQ values) at implant 

placement and 6 months. Soft tissue healing was 

assessed using the Landry Healing Index at 14 days, 3 

months, and 6 months.  

 

Statistical Analysis 

Data were analysed using SPSS software (version 26). 

Descriptive statistics were calculated for all variables. 

Intergroup comparisons were made using independent t-

tests for continuous data and Chi-square tests for 

categorical data. ANOVA and regression analysis were 

applied where appropriate. Missing data were addressed 

using multiple imputation. Outliers were examined, and 

Cronbach’s alpha was calculated to assess reliability of 

the healing index. 

 

 

Results 

This randomized clinical study included 14 patients 

presenting with horizontal alveolar ridge deficiencies in 

the maxillary esthetic zone. The patients were equally 

allocated into two treatment groups: Group I (Extended 

Sticky Bone) and Group II (Ethoss). All patients 

received simultaneous dental implant placement. The 

outcomes were assessed both radiographically and 

clinically over a six-month period. Data analysis was 

performed using SPSS version 25, with significance set 

at p < 0.05. 

 

Demographic and Baseline Characteristics 

- Age: 

Mean age in Group I was 33.29 ± 5.83 years, and in 

Group II was 34.43 ± 4.47 years. The Mann-Whitney U 

test showed no significant difference between groups 

(p = 0.606). 

 

- Sex Distribution: 

 
Figure 1: Linear bone width increases and stability at 

6 months postoperative. 

 

Each group included three females and four males in 

Group I, and four females and three males in Group II. 

There were no statistically significant differences. 

 

- Implant Site and Bone Type: 

Implants were placed across various anterior and 

premolar maxillary sites with no significant difference 

in site distribution (p > 0.05). Group I exclusively 

received extended sticky bone, while Group II 

exclusively received ethoss bone graft. 

 

Radiographic Outcomes 

Ridge Width Gain 

Ridge width was measured at three intervals: 

preoperative (T0), immediate postoperative (T1), and six 

months (T2). 

- Friedman’s test showed a significant increase across 

timepoints (p < 0.001). 

- Pairwise Wilcoxon signed-rank tests revealed 

significant gain from T0 to T1 (p = 0.004) and T0 to 

T2 (p < 0.001). No significant difference was 

observed between T1 and T2 (p = 1.000), indicating 

stability (Fig. 1). 
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Table 1: Ridge Width Changes (Wilcoxon Test) 

Comparison Adjusted p-value 

Pre-op vs Immediate Post-op 0.004 

Pre-op vs 6-Month Post-op <0.001 

Immediate vs 6-Month Post-op 1.000 

Bone Volume Changes 

- Bone volume significantly increased from T0 (mean = 

0.54 cm³) to T1 (mean = 2.37 cm³), then slightly 

decreased at T2 (mean = 1.61 cm³) (Fig. 2). 

- The gain from T0 to T1 was statistically significant 

(p = 0.006). 

- The gain from T0 to T2 remained significant (p < 

0.001), demonstrating maintained augmentation. 

- Average bone loss between T1 and T2 was 1.04 ± 0.70 

mm³ (p < 0.001). 

 

 
Figure 2: Volumetric measurements at T0, T1, and 

T2 showing significant initial bone gain with partial 

preservation at 6 months. 

 

Bone Density 

- All cases showed low density at T0 and T1. 

- At T2, 57% of patients showed increased  

- bone density, indicating mineralization of grafted 

bone. 

Implant Stability (ISQ) 

- ISQ significantly increased from immediate 

postoperative (mean = 66.93 ± 1.89) to 6-month 

follow-up (mean = 77.21 ± 1.57); Wilcoxon test: p = 

0.001. 

- Intergroup comparison using Mann-Whitney U test 

revealed no significant differences in ISQ at either 

timepoint (p> 0.05). 

 

Soft Tissue Healing and Clinical Indicators 

Healing Index 

At 14 days, healing scores averaged 4.29 ± 0.47; by 6 

months, all cases reached a perfect score of 5.0. 

 

Predictive Analysis 

Linear regression analysis between bone gain at 6 

months and ISQ values showed no significant 

correlation (p = 0.418), with an R² value of 0.055, 

indicating minimal predictive value. 

 

Discussion 

The present study investigated the clinical and 

radiographic efficacy of two distinct grafting 

approaches—extended sticky bone and ethoss—in 

horizontal ridge augmentation with simultaneous 

implant placement in the maxillary esthetic zone. Both 

materials demonstrated comparable and clinically 

successful outcomes across multiple parameters 

including ridge width, bone volume, density 

progression, implant stability, and soft tissue healing 

over a six-month period. 

The significant increase in linear ridge width observed 

in both groups supports the effectiveness of both 

materials in horizontal bone augmentation. Most of the 

gain occurred immediately after graft placement, with 

minimal dimensional changes over the follow-up period. 

This finding agrees with Moussa et al.12 (2024), who 

reported early stabilization and preservation of graft 

dimensions with the use of extended sticky bone in 

esthetic zones. Duo to fast resorption of fibrin in the 

sticky bone about 2-3 weeks, so the sticky bone can't 

hold its consistency more than 3 weeks. Attractively 

several recent studies documented that resorption of 

fibrin can be significantly extended from 2-3 weeks to 

more than 4 months by heating treatment, so the 

extended sticky bone can hold its consistency greater 

than 4 months.13 Similarly, the volumetric analysis 

revealed consistent gains in bone volume 

postoperatively, with a slight but statistically significant 

loss over six months, indicating partial resorption, which 

is expected in graft remodeling phases. Ethoss, as a 

synthetic combination of beta-tricalcium phosphate and 

calcium sulfate, also demonstrated excellent 

dimensional maintenance and integration, the calcium 

sulfate component functions as an inherent natural 

barrier, thereby obviating the necessity for an additional 

collagen membrane, corroborating the findings of 

Barroso-Panella et al.14 (2018), who observed similar 

performance of Ethoss in socket preservation. 

Bone density improvements over time were observed in 

both groups, reflecting biological maturation and 

mineralization of the grafted site. This transformation 

from low to higher density is critical for long-term 

implant support and mirrors the findings of Al-Khaldi et 

al.15 (2010), who reported progressive density 

enhancement in synthetic bone substitutes in maxillary 

applications. 

Implant stability, measured using the ISQ scale, 

increased significantly in all cases from the time of 

surgery to the six-month follow-up, suggesting reliable 

osseointegration regardless of grafting technique. This 

uniform improvement in ISQ aligns with Baftijari et 

al.16 (2018), who demonstrated similar enhancement in 

stability when implants were placed in grafted bone 

using both autologous and synthetic materials. 

Moreover, the lack of significant intergroup differences 

in ISQ or soft tissue parameters indicates the comparable 

mechanical and biological environment created by both 

graft types. 

Soft tissue healing was consistently optimal, with all 

patients showing complete mucosal maturation by the 

end of the study period and no signs of infection or 

inflammation. This further supports the biocompatibility 

of both materials. In particular, the absence of 
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complications such as membrane exposure or graft loss 

reinforces the stability and integration of the grafts, as 

previously noted by Sahithi et al.17 (2024) for Extended 

Sticky Bone and Passi et al.18 (1999) for synthetic 

calcium phosphate-based materials. 

The study demonstrated strong results, but certain study 

constraints need to be recognized. The study tested 14 

participants which resulted in limited generalizability of 

results and constrained statistical ability to detect minor 

group differences. The research period of six months 

allowed proper short-term evaluation of healing and 

integration but lacked information about implant 

survival rates and graft resorption that occurs at later 

stages. The study lacked histological analysis which 

prevents researchers from determining the quality of 

bone formation and the degree of graft remodelling.  

Future investigations need to increase study populations 

while tracking patients for extended periods and adding 

histomorphometric assessments with patient-reported 

outcomes to obtain complete understanding about 

clinical performance and patient satisfaction of these 

grafting materials. The study established that both 

Extended Sticky Bone and Ethoss delivered dependable 

and secure outcomes for horizontal ridge augmentation 

alongside simultaneous implant placement in areas 

needing aesthetic consideration. 

 

Conclusion 

This study demonstrated that both Extended Sticky Bone 

and Ethoss are effective grafting materials for horizontal 

ridge augmentation in the maxillary esthetic zone with 

simultaneous implant placement. Both groups exhibited 

significant improvements in ridge width, bone volume, 

and density, as well as high implant stability and 

excellent soft tissue healing. Importantly, no 

postoperative complications or infections were recorded 

in either group, and no statistically significant 

differences were found between the two materials across 

all measured parameters. 

This study contributes to the growing body of evidence 

supporting synthetic and autologous graft combinations 

in regenerative oral surgery and provides practitioners 

with evidence-based guidance on material selection for 

successful implant rehabilitation in challenging esthetic 

zones. 
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