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ABSTRACT  

 

Effect of ratio of residual alveolar bone to graft material in contact with 

fixture surface on marginal bone loss of implants in augmented maxillary 

sinuses: A 1-year retrospective study 

 

Chan-Ho Park, D.D.S. 

 

Department of Dental Science  

The Graduate School, Yonsei University 

 

(Directed by Professor Ik-Sang Moon, D.D.S., M.S.D., Ph.D.) 

 

The purpose of this retrospective study was to evaluate the influences of height or area 

ratio of residual alveolar bone to graft material on marginal bone loss around implants in the 

augmented maxillary sinuses with delayed implant placement. In this study, 42 patients with 

Astra implants in sinuses that had been augmented with alloplasts and allografts or xenografts 

(alveolar bone height ≤ 5 mm) were selected. Marginal bone level surrounding 1 implant per 

sinus was assessed by radiographic imaging at the time of final restoration delivery and 12 

months after functional loading. To evaluate the marginal bone level alterations using clinical 

and radiographic data, Pearson’s correlation analysis and Mann-Whitney test were performed. 
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Forty-six implants were included in this study. The residual bone/implant length ratio 

and the residual bone/implant area ratio were not associated with marginal bone loss at 1 year 

after functional loading (P > .05). And, marginal bone loss did not differ significantly between 

2 types of graft materials during the observation period (P > .05).  

The residual bone/implant length ratio and residual bone/implant area ratio were not 

associated with marginal bone loss around implants placed in augmented sinuses during 1 

year of functional loading. 
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Effect of ratio of residual alveolar bone to graft material in contact with 

fixture surface on marginal bone loss of implants in augmented maxillary 

sinuses: A 1-year retrospective study 

 

Chan-Ho Park, D.D.S. 

 

Department of Dental Science  

The Graduate School, Yonsei University 

(Directed by Professor Ik-Sang Moon, D.D.S., M.S.D., Ph.D.) 

 

I. INTRODUCTION 

 

Dental implants are a predictable treatment for edentulism, with very well-

documented long-term results (Adell et al., 1990; Albrektsson et al., 1986; Esposito et al., 

2005).  

Inserting implants into the posterior maxilla may be difficult because atrophy 

following loss of dentition or the presence of the maxillary sinus can result in a volume of 

bone insufficient for endosseous implants of adequate length (Sharan and Madjar, 2008; 

Wehrbein and Diedrich, 1992). In posterior areas, marginal bone loss can be more 

progressive because implants in these areas are strongly supported by thin cortical bone 
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around the most coronal part of the implant. The apical portion of the implant is poorly 

supported by loose trabecular bone, unless the implant is located to involve the cortical 

bone in the posterior maxilla (Jacobs, 2003; Miyamoto et al., 2005). Accordingly, the 

quality and quantity of the residual original bone play crucial indicators in the sequence 

of sinus augmentation and implant placement (ie, simultaneous vs delayed placement) 

(Fugazzotto, 2003; Wang and Katranji, 2008). In the less dense bone of the maxilla, 

because not only stability of implant, but also blood supply of contact area of fixture 

during regenerative phase play is important, the relationship between residual original 

bone height and length of fixture also seems to be intimate (Fugazzotto, 2003).  

The maxillary sinus augmentation technique, first reported by Boyne and James 

(1980) allows for functional dental rehabilitation of partially or completely edentulous 

patients with insufficient bone volume or who require an implant close to the maxillary 

sinus. This procedure has subsequently been developed and modified by other clinicians 

(Del Fabbro et al., 2004; Pjetursson et al., 2008; Wallace and Froum, 2003). 

Considering differences in properties between native bones and grafting materials, 

the presence of high-level strain increases with lower stiffness of graft placed in maxillary 

sinus, affecting marginal bone loss (MBL) around implants (Inglam et al., 2010). 

Implants placed in sinuses grafted with autogenous bone or anorganic bovine bone 

resulted in more MBL than did implants placed in pristine maxillary bone (Galindo-

Moreno et al., 2014; Johansson et al., 1999). Because the marginal bone around implants 

must be able to withstand occlusal forces, maintaining the marginal bone level is key to 

dental implant success (Isidor, 1996, 2006). Close observation of the peri-implant 

marginal bone level is very important, especially in areas of the posterior maxilla that 
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have insufficient residual bone volume.  

The aim of this study was to evaluate the influences of height or area ratio of 

residual alveolar bone to graft material in contact with implant surface on MBL around 

dental implants in the augmented maxillary sinuses with delayed implant placement. 
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II. MATERIALS AND METHODS 

 

1.  Patient selection 

 

This retrospective study included data from patients who had maxillary unilateral 

and bilateral edentulism in the posterior maxillary area. The patients were selected using 

the following inclusion criteria: 

(a) All surgical and restorative treatments were performed by experienced periodontists 

at the Department of Periodontology, Gangnam Severance Dental Hospital. 

(b) Patients with a residual sinus floor of 5 mm or less, which generally allows for 

maxillary sinus augmentation with delayed implant placement (Wang and Katranji, 

2008). 

(c) Patients received sinus augmentation procedure with 1 of the 2 types of graft 

material: microporous and macroporous biphasic calcium phosphate (MBCP, 

Biomatlante Sarl, Nantes, France) in combination with frozen irradiated allogenic 

cancellous bone and marrow (ICB, Rocky Mountain Tissue Bank, Aurora, CO, 

USA) in a 1:1 ratio or deproteinized and sterilized bovine bone (Bio-Oss, Geistlich, 

Wolhusen, Switzerland). 

(d) Patients received at least 1 implant treatment in the augmented sinus area (17-15, 

25-27)  
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(e) Patients received at least 1 year of implant follow-up after functional loading and 

underwent standardized periapical radiography at the time of final restoration 

delivery (baseline) and at 12months after functional loading. 

(f) Patients were able to understand and achieve oral hygiene maintenance procedures. 

(g) Patients were in good general health. 

(h) Patients were at least 20 years of age. 

Exclusion criteria included untreated active periodontitis, an American Society of 

Anesthesiologists score of 3 or greater (Smeets et al., 1998), bruxism/parafunction, heavy 

smoking (>10 cigarettes per day) (Galindo-Moreno et al., 2005), poor oral hygiene 

(modified plaque index greater than 2) (Mombelli et al., 1987), a history of taking 

medications associated with bone metabolism (e.g., bisphosphonates), sinus pathology 

(such as osteomas, carcinomas, and other cancers), postoperative complications, 

uncontrolled compromised systemic disease, and radiographs of unsuitable head positions 

or unapparent images.  

This study was approved by the Institutional Review Board of Yonsei University 

(#3-2014-0236) for retrospective chart review and data collection. 

 

2.  Implant design  

 

OsseoSpeed™ (Astra Tech, Mölndal, Sweden) implant system was used in this study. 

OsseoSpeed had a fluoride-modified TiO2-blasted surface, a microthreaded cervical neck, 

an implant-abutment conical seal connection, and an internal hexagonal interface. The 46 
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implants included 22 implants with a straight-shaped configuration (diameter: 4.0 or 

5.0mm) and 24 implants with a conical neck-shaped configuration (diameter: 5.0mm). 

The implant length varied between 8 and 13mm.  

 

3.  Surgical procedure  

 

All surgical procedures were conducted under local anesthesia (2% lidocaine, 

1:100,000 epinephrine, Yuhan Corp., Seoul, Korea). Sinus augmentation procedures were 

performed using the lateral window approach (Vercellotti et al., 2001). The 

mucoperiosteal flap was raised and an osteotomy was performed on the lateral wall of the 

maxillary sinus to prepare a bony window using a piezoelectric instrument (Piezosurgery, 

Mectron Medical Technology, Carasco, Italy) cooled with sterile saline solution. The 

sinus membrane was carefully dissected and elevated using mucosal sinus elevators. All 

sinus cavities were grafted using MBCP in combination with ICB in a 1:1 ratio or Bio-

Oss. A variable mass of bone grafting material, ranging from 0.5 to 1 g, was used in each 

sinus. The bony wall was gently positioned to cover the lateral window, and a resorbable 

collagen membrane (Bio-Arm, ACE Surgical Supply Company, Inc., Brockton, MA, 

USA) was trimmed and adapted over the lateral aspect of the bony window. The 

mucoperiosteal flaps were sutured. Primary wound closure was achieved in all cases, and 

implant placement was performed after a healing period of 6 months following sinus 

augmentation. Sutures were removed 10 days after sinus surgery and implant surgery. The 

second operation was performed 6 months after the first operation for maxillary implants. 
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Prostheses were delivered 3 weeks after the second operation. Patients were recalled 

every 6 months for plaque control and oral hygiene evaluation. 

 

4.  Radiographic examination and evaluation 

 

Panoramic radiographs (Promax, Planmeca, Helsinki, Finland) were taken before 

sinus augmentation procedure and immediately after fixture implantation. The original 

sinus floor and implant body were traced digitally using Photoshop (Adobe Systems, San 

Jose, CA) by a single investigator. For accurate identification of the original sinus floors 

in panoramic radiographs, image reconstruction and mosaicing were performed using the 

Regeemy Image Registration and Mosaicing (versio.2.43-RCB, DPI-INPE, São José dos 

Campos, São Paulo, Brazil) (Figure 1). Differences in projection geometry can be 

minimized by these registration procedures of images when using non-standardized 

panoramic radiographs (Geraets et al., 2012; Sunku et al., 2011). 
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Figure 1. Process of image registration and mosaicing. (A), Registered radiograph taken 

immediately after implant placement; (B), Registered radiograph taken before sinus 

augmentation; (C), Mosaicing of 2 registered images. 
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Figure 2 shows the linear measurements and the 2-dimensional measurements that 

were obtained between landmarks. 

 

 

Figure 2. (A) Linear measurements, and (B) 2-dimensional measurements that were 

obtained between landmarks. 

a, Length of implant: perpendicular distance from the implant shoulder to the most apical 

part of the fixture; b, Residual bone height: perpendicular distance from the implant 

shoulder to the sinus floor; c, Area of implant: 2-dimensional area of the outermost layer 

of the fixture in grafted area; d, Residual bone area: 2-dimensional area of the outermost 

layer of the fixture in native bone. 

 

Periapical radiographs (Kodak Insight, film speed F, Rochester, NY, USA) were 

taken at the time of final restoration delivery (baseline) and at 12 months after functional 

loading (Figure 3). Radiographs were obtained (70 kV, 8 mA, 0.250 s) with an extension 

cone paralleling device (Extension Cone Paralleling Kit, Rinn, Elgin, IL, USA). A 5.5-
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mm spherical metal bearing was positioned to assist length measurement. All films were 

developed with the same automatic processor (Periomat, Durr Dental, Bietigheim-

Bissingen, Germany), according to the manufacturer's instructions. Films were digitized 

with a digital scanner (EPSON GT-12000, EPSON, Nagano, Japan) at an input resolution 

of 2400 dpi with 256 gray scale. Measurement was taken to the nearest 0.1 mm with the 

Image J 1.43u software package (Wayne Rasband, National Institutes of Health, USA). 

To avoid the influence of dependency and to enhance the statistical accuracy, only 1 

randomized implant per maxillary sinus was analyzed, regardless of the number of 

implants placed (Herrmann et al., 2003). The reference point was defined as the border 

between the polished surface and the rough surface of the fixture. 

 

 

                   A                                 B 

Figure 3. Intraoral radiographs with a 5.5-mm spherical metal bearing taken (A) 

immediately after and (B) 1 year after prosthesis delivery. 
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The marginal bone levels were evaluated by measuring the distance between the 

reference point and the most apical point of the bone level at the mesial and distal implant 

surfaces (Figure 4); these values were then averaged. 

 

 

Figure 4. Schematic illustration of the site and reference point measurements. A and B, 

distance from the reference point to the marginal bone at the mesial and distal parts of the 

implant, respectively. 

 

5.  Statistical analysis 

 

Pearson’s correlation analysis was used to test the relationship between the residual 

bone/implant length (RIL) ratio and MBL, and the residual bone/implant area (RIA) ratio 
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and MBL. The effect of type of bone (MBCP/ICB vs Bio-Oss) relative to MBL was 

analyzed using the Mann-Whitney test. Statistical software (SPSS for Windows, version 

20.0, SPSS Inc., Chicago, IL, USA) was used to process all data. The values were 

considered statistically significant if the P value was less than 0.05. 

We tested 2 hypotheses in our study: (1) RIL ratio and RIA ratio do not affect MBL. 

(2) There is no difference between the 2 groups in MBL. 
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III. RESULT 

 

Between May 2010 and January 2012, 42 participants (20 men, 22 women) with a 

mean ± standard deviation (SD) age of 58.9 ± 9.6 years (range, 31–80 years) were 

selected in this 1-year retrospective study. A total of 46 implants were placed in the 

augmented maxillary sinuses. All patients fulfilled the follow-up criteria. None of the 42 

patients experienced complications (e.g., sinus membrane perforation, infection, 

maxillary sinusitis, or poor wound healing). A total of 32 fixtures were placed into 

posterior maxillary areas augmented with MBCP combined with ICB (Group I), and 14 

fixtures were placed into posterior maxillary areas augmented with Bio-Oss (Group II).  

Radiography revealed that MBL varied from 0 mm to 0.43 mm after 1 year of 

functional loading. The mean ± SD MBL from the time of prosthesis delivery to 1 year 

after functional loading was 0.05 ± 0.1 mm in present study. As it is shown in Table 1, 

Pearson’s correlation analysis revealed that RIL ratio and RIA ratio were not associated 

with peri-implant MBL at 1 year after functional loading (P > .05). 

Table 2 shows that implants placed in maxillary sinuses augmented with Bio-Oss 

resulted in slightly more MBL when compared with those placed in augmented sinuses 

with MBCP/ICB. However, the difference was not statistically significant (P > .05). 
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Table 1. Pearson’s correlation analysis between the marginal bone loss and the following 

parameters; residual bone/implant length ratio, residual bone/implant area ratio (N = 46) 

 RIL ratio RIA ratio 

MBL r = 0.21,  P >.05 r = 0.09,  P >.05 

MBL = marginal bone loss; RIL ratio = residual bone/implant length ratio; RIA ratio = 

residual bone/implant area ratio. 

 

 

 

Table 2. Comparison of each peri-implant marginal bone loss in both implant groups at 1 

year after functional loading 

Group Number (total = 46) Mean±SD (in mm) 

I 32 0.04±0.08 

II 14 0.07±0.14 

P-value  0.45 

SD = standard deviation. 
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IV. DISCUSSION 

 

In the present study, we investigated the influence of RIL ratio and RIA ratio on the 

clinical conditions of dental implants placed in augmented sinuses.  

There are various opinions regarding the ideal selection of implant size (length, 

diameter) for functional dental rehabilitation in the posterior maxillary area with poor 

bone quality. Currently, due to developments of implant design and surface preparation of 

fixtures, small implants can be used successfully in patients with minimal bone height 

(Jaffin and Berman, 1991; Quirynen et al., 1992). Sinus augmentation with bone graft 

material makes the implant able to fixation in the severely atrophic maxilla, with the 

occurrence of strains in the sinus floor area (Cehreli et al., 2007). The apical portion of 

implant placed in augmented maxillary sinus contacts with grafted bone, and the coronal 

portion of implant contacts with native bone (cortical, cancellous). Consider that high-

level strain occurs, which is associated with MBL, when the stiffness of grafted bone is 

less than that of native bone (Inglam et al., 2010), the association between the length of 

implant and initial native bone height seems to be significant (Fugazzotto, 2003). 

However, our Pearson’s correlation analysis showed that no relationship was found 

between RIL ratio and MBL, and RIA ratio and MBL. In this study, a xenograft (Bio-Oss) 

or a mixture of an allograft with an alloplastic material (MBCP/ICB) was used for 

maxillary sinus augmentation. In terms of histological and biological properties, these 

graft materials have the resorptive feature accompanied by newly formed bone (Lee et al., 

2008; Valentini et al., 2000). Through these progresses, high-quality of grafted bone 
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improves the biomechanical function of implants as crestal bone resorption progresses 

(Inglam et al., 2010). In this study, the treatment of sinus augmentation with delayed 

implant placement that functional loading occurs at least 12 months after bone graft, may 

provide improvements in maturation and consolidation of the grafted area was improved.  

This is supported by a 3-dimensional finite element analysis that the existence of grafted 

bone with greater stiffness reduced the stresses in native bone (Huang et al., 2009). That 

analysis found that the length of the implant in grafted bone did not affect the stress in 

native bone, but it did affect the stress in grafted bone.  

Alloplasts, allografts, and xenografts can be successfully used, either alone or mixed 

with other materials, to avoid the disadvantages inherent in harvesting autogenous bone 

(Lindgren et al., 2012; Sbordone et al., 2011; Schlegel et al., 2003; Wallace and Froum, 

2003). In this study, there was no significant difference in MBL between implants placed 

in sinuses with MBCP/ICB grafts and those placed in sinuses with Bio-Oss grafts. This 

result accords with studies that have shown favorable clinical results in sinus 

augmentation and implant survival using alloplasts that included hydroxyapatite (HA) 

and beta-tricalcium phosphate (β-TCP), or deproteinized bovine bone (Cordaro et al., 

2008; Lindgren et al., 2012; Nkenke and Stelzle, 2009). HA provides a scaffold on which 

new bone can grow, and β-TCP provides bioactivity for bone remodeling (Daculsi et al., 

1989; Daculsi et al., 1990; Gauthier et al., 1998; Karabuda et al., 2001). MBCP is 

composed of 60% HA and 40% β-TCP (Nery et al., 1992; Yamada et al., 1997); its 

porosity and form allow bone to grow into the scaffold and mineralize. ICB has 

osteoconductive and osteoinductive properties. Because of these properties and the 

natural osteogenic capacity of the sinus walls, grafts containing MBCP and ICB allow 
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implants to be fixed into posterior maxillae that would otherwise have insufficient 

vertical bone height for implants (Butz and Huys, 2005; Fugazzotto and Pikos, 2001; 

Maiorana et al., 2005; Tadjoedin et al., 2000; Tong et al., 1998). Furthermore, Bio-Oss 

has been shown to have the osteoconductive property and to be highly biocompatible with 

oral hard tissues (Berglundh and Lindhe, 1997; Pinholt et al., 1991). By various 

researchers, Bio-Oss has been widely and successfully used for the treatment of osseous 

defects and maxillary sinus augmentation (Piattelli et al., 1999; Rodriguez et al., 2003; 

Yildirim et al., 2000).  

All implants used in this study had a fluoride-modified TiO2-blasted surface, a 

microthreaded cervical neck with internal conical seal implant-abutment connections. 

These elements reportedly support the preservation of marginal bone (Engquist et al., 

2002; Hansson, 2000; Norton, 1998; van Steenberghe et al., 2000). Implants in our study 

differed in fixture design only. The fixture design was unlikely to affect our results; a 

recent study showed that peri-implant bone loss after 1 year of loading was no different 

between implants with conical and straight neck designs (Kim et al., 2010). 

Ongoing MBL over time compromises the success of dental implant treatment 

(Quirynen et al., 1992). However, even when substantial MBL has occurred, an implant 

may not be lost if the bone loss does not progress. In this study, the overall amount of 

MBL was very small and fell within the currently accepted criteria for successful 

implantation: bone loss of 1 mm during the first year and not exceeding 0.2 mm annually 

(Albrektsson et al., 1986; Albrektsson and Zarb, 1993; Laurell and Lundgren, 2011; Roos 

et al., 1997). 

This study has some limitations. The number of participants was small and the 
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patients and implants were unequally distributed between the 2 groups. In addition, 

analysis of small peri-implant marginal bone level changes and the positioning of 

landmarks on 2-dimensional radiographs may introduce false diagnoses (Bragger et al., 

1998; Fredholm et al., 1993). These disadvantages may limit the conclusions that can be 

drawn from the statistical analyses. Besides, the distribution of RIL and RIA ratio was 

narrow in this study. Further controlled studies with larger sample sizes and longer 

follow-up periods after prosthesis delivery should be conducted.  

 

V. CONCLUSION 

 

Within the limitations of this study, our study shows that the height or area ratio of 

residual alveolar bone to graft material in contact with implant surface were not 

associated with peri-implant marginal bone loss at 1 year after functional loading in the 

augmented maxillary sinuses. 
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국문요약 

 

거상된 상악동 부위에 위치한 임플란트의 변연골 소실에 고정체 표면과 

접촉한 잔존 치조골과 이식재의 비율이 미치는 영향: 1 년간 후향적 

연구 

 

<지도교수: 문 익 상, D.D.S., M.S.D., Ph.D.> 

 

연세대학교 대학원 치의학과 

 

박 찬 호, D.D.S 

 

 

이 후향적 연구의 목적은 거상된 상악동에 지연식립된 임플란트 주위의 변연골 소실

에 잔존 치조골과 이식재의 높이 또는 면적의 비율이 미치는 영향을 알아보기 위함이

다. MBCP/ICB 또는 Bio-Oss로 이식된 상악동 부위에 식립된 Astra 임플란트를 가

진 42명의 환자가 선정되었다 (치조골 높이 ≤ 5 mm). 최종 보철물 장착시와 기능

적 부하 후 12개월째의 방사선 이미지를 통해 각 상악동당 1개의 임플란트에 대한 

변연골 소실이 측정되었다. 임상 및 방사선학적 자료를 이용하여 변연골 변화를 분석

하기 위해 Pearson’s correlation analysis와 Mann-Whitney test가 시행되었다. 

이 연구에는 총 46개의 임플란트가 포함되었다. 기능적 부하 후 1년째의 임플란트 주

위 변연골 소실과 residual bone/implant length ratio 및 the residual bone/implant 
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area ratio는 관련성을 보이지 않았다 (P > .05). 또한, 조사기간 동안 두 종류의 이

식재 내에 변연골 소실의 유의성 있는 차이는 없었다 (P > .05).  1년의 기능적 부하

기간 동안, residual bone/implant length ratio 및 the residual bone/implant area 

ratio는 거상된 상악동에 식립된 임플란트 주위의 변연골 소실에 영향을 미치지 않는 

것으로 나타났다. 
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