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ABSTRACT 

The aim of the present study was to assess long-term changes in sinus-graft height after maxillary sinus floor 

augmentation .A total of 32 patients who underwent maxillary sinus floor augmentation were radiographically 

followed for up to about 2 years. The dental implants were applied in each case 6 months after the sinus 

augmentation. A 2:1:1 mixture of autogenous bone and bovine xenograft (PepGenP15 and PepGenFlow) was 

used as the graft material. Sinus-graft height was measured using 72 panoramic images immediately after 

augmentation and up to 24 months subsequently. Changes in sinus-graft height were calculated with respect to 

the marker diameter, the implant length and original sinus height. After 2 years, the grafted sinus floor was level 

with or slightly below the implant apex. This relationship was maintained over the long term. Sinus-graft height 

decreased significantly and approached original sinus height. The clinical survival rate of implants was 94.2%. 

All implant losses occurred within 2 years after augmentation. We conclude that progressive sinus 

pneumatization occurs after augmentation with a 2:1:1 autogenous bone/xenograft mixture of PepGenP15 and 

PepGenFlow, and long-term stability of sinus-graft height represents an important factor for implant success. 
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INTRODUCTION 

Loss of maxillary molar teeth leads to 

rapid loss of bone in the maxillary sinus floor 

and increases the size of the maxillary sinus. 

Bone loss can extend to the alveolar process, 

leaving only a thin wall of bone between the 

maxillary sinus and the oral cavity. The 

placement and integration of endosseous 

implants in such patients requires 

augmentation of the maxillary sinus floor. 

The classic procedure for maxillary sinus 

floor augmentation entails preparation of a 

trap door including the Schneiderian 

membrane in the lateral sinus wall. The space 

created beneath the lifted trapdoor and the 

sinus mucosa is filled with autogenous bone, 

bone substitute, or a mixture of these 

materials. Implants can be placed 

simultaneously with the grafting procedure or 

after a primary healing period. 

Numerous clinical studies have reported 

the clinical outcomes of placing implants in 

the augmented maxillary sinus. Tong et al. 

(1998) evaluated the survival of implants 6–

60 months after placement in patients who 

underwent sinus lift procedures using various 

graft materials. Clinical and radiographic 

outcomes of grafts have been studied for 3–5 

years [1] and for 12–24 months. Of particular 

interest is whether height and volume of the 

graft is maintained over the long term. 

However, apart from a few short-term studies 

(Forum et al. 1998; Hallman et al. 2002), 

long-term changes in sinus-graft height have 

not been evaluated. 

The aim of the present study was 
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radiographically to evaluate long-term 

changes in sinus-graft height after maxillary 

sinus floor augmentation with a 2:1:1 mixture 

of autogenous bone and xenograft 

(PepGenP15 and PepGenFlow).  

 

MATERIALS AND METHODS 

We selected a study group comprising 32 

patients, 17 women with a mean age of 

43±2,3 years and 15 men with a mean age of 

46±3,6 years. The posterior portions of 

maxillae were edentulous and lacked 

sufficient bone for implant placement without 

sinus augmentation. 

No patients displayed signs and symptoms 

of sinus or intraoral diseases, as confirmed by 

clinical examination and radiographic 

assessment immediately prior to maxillary 

sinus floor augmentation. All implant sites 

were Class C according to the site 

classification proposed by Jensen (1994), 

with 4–6mm of bone available for implant 

stabilization. Written informed consent was 

obtained from all patients. 

The posterior part of the maxilla was 

exposed via a crestal incision and elevation of 

a muco-periosteal flap. Implant sites were 

marked using a surgical stain, and osteotomy 

was performed at the lateral aspect of the 

sinus wall. The sinus mucosa was carefully 

lifted (Fig. 1, 2). 

The autogenous bone was milled and 

mixed with bovine xenogenic bone graft 

material PepGenP15 and PepGenFlow. The 

sinus was then filled with graft mixture, and 

the mucoperiosteal flap was repositioned and 

sutured (Fig. 3, 4). 

 

 

 

 

Fig. 1, 2. Elevaation of the mucoperiosteal flap and conforming the lateral bone window  

 

 

 

Fig. 3, 4. Inserting and condensing the bone grafting material 

Radiographic evaluation 
Panoramic radiographs were taken using a 

Toredex Ortopantomograph (Finland) (Fig. 

5).  

We used trays with markers having a 5 

mm diameter for the the initial evaluations 

and the implant length for the ones done after 

the implant placement. After augmentation, 

the first radiograph was taken within 6 

months before implant placement. 

Subsequently, at least two radiographs 

were taken, one immediately after and the 

other up to 18 months after abutment 

connection. 
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Fig. 5. Preoperatory OPG  

Indistinct radiographs or those of 

unsuitable head positions were excluded from 

the present study. Panoramic images were 

available for measurement for a total of 31 

patients. For the measurements we used a silk 

sieve with the strings going from 0.1 to 0.1 

mm. The measurements were undertaken by a 

single investigator who was not involved in 

the treatment of patients. To evaluate the 

change in height of grafted sinus floor in the 

maxillary sinus, the variables were: original 

sinus height (OSH), defined as the distance 

from the intraoral marginal bone to the lowest 

point of the original sinus floor, and grafted 

sinus height (GSH), defined as the distance 

from the intraoral marginal bone to the 

grafted sinus floor directly above the lowest 

point of the OSH.  

 

RESULTS 

The total mean GSH/OSH was 2.29±1.46 

mm during approximately 2 years after 

augmentation. GSH/OSH significantly 

decreased between 0–6 months (3.53±1.74) 

and 7–12 months (2.20±0.99), (p < 0.01), 

displaying no significant change thereafter. 

GSH/OSH was not less than 1 for up to 

36months after augmentation, indicating that 

the grafted sinus floor was higher than the 

original sinus floor.  

Various graft materials have been used for 

sinus augmentation, including autografts, 

allografts, and synthetic bone grafts [2, 3]. 

Autogenous bone is the material of choice, 

but its use is limited by donor-site morbidity, 

sparse availability, and uncontrolled 

resorption [1].  

Non-resorbable graft materials will not 

remodel and functionally adapt to surrounding 

bone. Changes in the sinus floor in our study 

might reflect adaptation to implant loading and 

maxillary sinus ventilation [1]. A combination 

of graft materials may therefore promote both 

osteogenesis and remodelling to accommodate 

to implants and preserve sinus function. The 

overall height of bone graft decreased during 

the first 2–3 years after augmentation. 

Thereafter, only minor changes occurred. 

These findings suggest that implant 

loading promotes osteogenesis over the long 

term. 

Implant loading may exert a stabilizing 

effect on the maintenance of bone graft 

height, consistent with the findings of 

Listrom & Symington (1988). The absence of 

implant loss after about 3 years may be 

associated with the stability of sinus-graft 

height. Panoramic radiographs have 

previously been used to study the grafted 

sinus floor and its relationships with dental 

implants [5, 6]. However, the position of the 

maxillary sinus floor may be difficult to 

assess on two-dimensional radiographs, due 

to poor visualization. Use of computed 

tomography is recommended to identify the 

outline of the grafted sinus floor and to 

measure the height and volume of bone 

available for implant placement. 

 

CONCLUSIONS 

We conclude that good long-term results 

can be achieved using a 2:1:1 autogenous 

bone/xenograft mixture for maxillary sinus 

floor augmentation  

Overall, graft height decreased during the 

first 2 years after augmentation, but 

subsequent changes were minimal. Our 

results suggest that long-term stability of 

sinus-graft height represents an important 

factor for implant success. 
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