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Abstract 

Maxillary sinus augmentation using biphasic 

calcium phosphate: 3-6 year results of a case series on 

dimensional stability 

 

Chingu KIM, DDS 

 

 Department of Dentistry 

The Graduate School, Yonsei University 

 

(Directed by Professor Seong-Ho Choi, D.D.S., M.S.D., PhD.) 

 

Purpose: This study was designed to observe the resorption pattern of biphasic 

calcium phosphate (BCP) for long-term healing period in maxillary sinus augmentation, 

and to investigate the factors that may have affected the resorption of BCP. 

 

Materials and methods: A total of 47 implants placed in 27 sinuses of 22 patients 

were investigated for the present study. All patients had residual bone height less than 5mm 

at baseline. Modified Cald-well Luc approach was used to elevate maxillary sinus 

membrane and BCP (70% hydroxyapatite and 30% β-tricalcium phosphate) was filled. 
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Implant placement was done simultaneously or delayed. Serial radiographic analysis was 

performed up to 6 year postoperatively. 

 

Results: During the follow-up period, no implant loss was found. The mean reduced 

height of augmented sinus was 0.27±1.08mm at 36 months, and 0.89±1.39 mm at 72 

months postoperatively. Large amount of graft material (p=0.021) and long healing period 

(p=0.035) influence significantly on the reduced height of augmented sinus. Especially, 

there was significant influence between the healing periods over 40 months and reduced 

height of augmented sinus. 

 

Conclusions: It can be concluded that the BCP would achieve the proper 

dimensional stability with minimal reduced grafted height in long-term healing period of 

maxillary sinus augmentation. Healing time and amount of graft material could be 

influencing factors on resorption of BCP. 

 

 

Key words: Maxillary sinus augmentation, biphasic calcium phosphate, Dental implants 
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I. Introduction 

Following the loss of maxillary posterior teeth, resorption and remodeling of the alveolar 

ridge and pneumatization of maxillary sinus are inevitable(Smiler, Johnson et al. 1992). 

These processes are associated with the decrease in vertical bone height and low-density 

trabecular pattern of the maxillary posterior edentulous area for implant 

placement(BOYNE 1980). Maxillary sinus floor augmentation has been considered a safe 
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and predictable procedure for restoring the atrophic alveolar process of the maxilla to 

facilitate implant placement(Tatum 1986, Misch 1987, Buchmann, Khoury et al. 1999, 

Mohan, Wolf et al. 2015). 

Various bone grafting materials have been used in maxillary sinus augmentation to 

accelerate the bone healing process and prevent re-pneumatization of the sinus after 

grafting. Autogenous bone has been considered to be the gold standard graft material for 

the sinus augmentation due to its osteogenetic ability, but there are some limitations such 

as additional surgical sites morbidities and rapid resorption rate(Misch 1987, Erbe, Marx 

et al. 2001). Recently, synthetic bone substitutes including the biphasic calcium phosphate 

(BCP) have been demonstrated to be as effective as autogenous bone in systematic 

review(Wu, Li et al. 2016). BCP consists of hydroxyapatite (HA) and β-tricalcium 

phosphate (β-TCP). In contrast with stable HA, β-TCP is highly resorptive and replaced by 

newly formed bone, thus the resorption rate of BCP could be influenced by the ratio of HA 

and β-TCP. 

An ideal bone substitute for maxillary sinus augmentation should have a dimensional 

stability to prevent sinus pneumatization(Lambert, Léonard et al. 2011). In addition, it 

should facilitate as much formation of newly formed bone as possible and concomitantly 

provide space maintenance, which are required for long term success of dental implants. 

The dimensional stability of BCP in maxillary sinus augmentation has been investigated in 

many previous preclinical and clinical studies(Kirmeier, Payer et al. 2008, Lim, Hong et al. 

2016, Ohe, Kim et al. 2016). Most of clinical studies using radiographic analysis showed 
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volume decreased over time, which mainly took place during the initial healing 

period(Shanbhag, Shanbhag et al. 2014). According to the recent randomized controlled 

study, the resorption of BCP with a 40% of tricalcium phosphate was 15-18% after 6 

months(Kühl, Payer et al. 2015). Although previous studies showed initial positive results, 

the evidence is still currently weak for long-term dimensional stability of BCP in sinus 

augmentation. 

Our research group has radiographically evaluated the resorption rate of BCP containing 

70% HA and 30% β-TCP in sinus augmentation in 20 patients and reported a minimal 

resorption of BCP showing under 1mm resorption height(Cha, Park et al. 2011). However, 

it was described that the resorption of BCP occurred regardless of the healing time and the 

mean follow-up period was only 19.4 months after the surgery (range, 12 to 42 months). 

Therefore, we concluded that the further study would be needed to confirm the long-term 

dimensional stability of BCP in sinus augmentation. 

As a follow-up study, the objective of this retrospective study was to observe the 

resorption pattern of BCP for long-term healing period in maxillary sinus augmentation, 

and to investigate the factors that may affect the resorption of BCP. 
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II. Materials and Methods 

1. Study design and patient registration 

The subjects included patients who had undergone maxillary sinus augmentation 

using BCP and implant placement at the Dental Hospital of Yonsei University 

during the 4-year period from 2009 to 2012. Patients’ exclusion criteria were: 1) 

heavy smoking (more than 20 cigarettes per day), 2) a debilitating systemic disease 

such as uncontrolled diabetes mellitus, 3) signs and symptoms of maxillary sinus 

disease, or 4) active periodontal disease involving the residual dentition. 

Over A total of 47 implants were placed in 27 maxillary sinuses of 22 patients (11 

males, 11 females) with the condition of having less than 5mm of residual alveolar 

bone height, using a sinus augmentation technique via lateral window osteotomy. 

The demographic summary of all cases is represented in Table 1. All implants were 

maintained with at least 6 months of prosthetic loading time. This study was 

designed as a retrospective observational study with single arm. This study was 

approved by the Institutional Review Board of Yonsei University College of 

Dentistry (Approval No. 2-2016-0014).  

 

2. Materials 

Bone substitutes 



 

５ 

 

The Osteon (Genoss, Suwon, South Korea) was used in all patients. Osteon is a 

synthetic bone substitute consisted of 70% HA and 30% β-TCP, and its porous 

structure is known to aid in new bone formation.  

 

Implants 

21 implants were Implantium (Dentium, Seoul, Korea); 5 implants Osstem GSII 

(Osstem Implant, Busan, Korea); 5 and 3 implants were ITI BL and ITI Standard 

(Straumann, Basel, Switzerland) respectively; 4 implants were Xive (Dentsply 

Friadent, Mannheim, Germany); 3 implants were Luna (Shinheung, Seoul, Korea); 

2 implants were Astra (Astra Tech AB, Mö lndal, Sweden); 2 implants were 

Branemark-MKIII (NobelBiocare AB, Gotenborg, Sweden); and 2 implants were 

unknown. 

 

3. Surgical technique 

Pre-operative conebeam computed tomographic images were used to measure 

residual bone volume, in order to assess the need for sinus augmentation for implant 

placement, and to guide the choice of procedure(Zitzmann and Schärer 1998). All 

patients were given premedication for antibiotic prophylaxis. All implants were 

placed in either one- or two-stage surgery. The timing of implantation was 
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determined depending on the primary stabilization of implants. In the two-stage 

approach, implantation was performed 5-7 months after the augmentation of the 

maxillary sinus. 

A modified Caldwell-Luc sinus lift procedure was performed under local 

anesthesia (2% lidocaine hydrochloride-epinephrine 1:100,000; Huons Co., Seoul, 

Korea) (BOYNE 1980; Tatum 1986). In brief, the posterior part of the maxilla was 

exposed via elevation of a full thickness muco-periosteal flap. Osteotomy was 

performed at the lateral surface of the sinus wall using a diamond round bur and 

piezoelectric device (Piezosurgery, Mectron Spa, Carasco Genova, Italy) and the 

sinus membrane was carefully lifted. The sinus cavity was then packed with bone 

substitute, and the lateral window was covered by an absorbable sponge (Collatape, 

Zimmer Dental, Calsbad, CA, USA). The muco-periosteal flap was repositioned 

and sutured with absorbable suture material (Monosyn 4.0 Glyconate 

Monofilament, B. Braun Melsungen AG, Melsungen, Germany; Vicryl 5.0 

Polylactim, Johnson & Johnson, New Brunswick, NJ, USA). The prosthodontic 

procedure was completed after a mean healing period of 6-12 months. 

 

4. Radiographic analysis 

All radiographic measurements were identical to the previous study of our 



 

７ 

 

research group(Cha et al. 2011). Panoramic and intraoral radiographs were taken 

and analysis was performed using software (ZeTTA PACS, TaeYoung Soft. Co., 

Seoul, Korea). At least 2 consecutive panoramic radiographs were taken; one 

immediately after the sinus augmentation, and the other last visit for follow-up. The 

radiographs were obtained every 6 to 12 months through the follow-up period. The 

known implant length served as the internal standard for measuring all distances in 

each panoramic radiograph. The linear measurements taken from radiographs were 

illustrated below (Fig 1.)  

In brief, for each implant site, the original residual bone height, from the alveolar 

crest to the base of maxillary sinus floor was calculated on a digital radiograph. The 

augmented sinus heights (ASH) were measured from the implant platform to the 

base of the maxillary sinus membrane, which was elevated with bone substitute at 

the mesial and distal aspects of the implants, and then mean value was calculated 

and used as a representative value. The reduced height of augmented sinus (RHO) 

was calculated based on the ASH between immediately after the surgery and the 

last follow-up visit. The marginal bone level (MBL) was measured in intraoral, 

taken from the most mesial and distal points of the implant platform to the crestal 

bone, on each radiograph, corrected referring to the known height of each implant. 

The mean values of MBL were calculated as mesial and distal bone changes at each 

follow-up visit. 
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5. Statistical analysis 

All measurements were evaluated by one experienced and calibrated investigator 

(J.H.K). The number of patients and sinuses from all observation periods were 

clustered together for the purpose of the statistical analysis. Each sinus was treated 

here as a separate unit of analysis due to limited sample size. Linear mixed 

regression model was used to determine the variables affecting the RHO (e.g. 

healing periods, amount of graft materials, number and length of implants, timing 

of implantation (simultaneous/staged), position of implant (lateral/ middle), shape 

of maxillary sinus base (flat/ovoid)). SPSS ver. 22.0.0 (SPSS Inc., Chicago, IL, 

USA) was used for all of the statistical analyses.    
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III. Results 

1. Clinical findings 

Sinus membrane perforation occurred in one patient, however no complications, 

including wound dehiscence and infection was observed in any of the patients. 

During the follow-up period, no implant loss was found showing 100% survival 

rate (Fig. 2). One patient received a flap surgery for treatment of peri-implantitis 

after 5 years of implant placement and healed successfully. 

 

2. Radiographic analysis 

The mean follow-up period after the sinus augmentation was 53 months (range, 

20 to 75 months). The original sinus height was 4.27 ± 1.78 mm, and the ASH 

immediately after the surgery was 13.74 ± 2.97 mm. The changes of ASH from all 

individuals were presented in Fig. 3 and 4. The mean reduced height of augmented 

sinus up to 36 months was 0.27±1.08 mm, and at 72 months postoperatively was 

0.89±1.39 mm. Three maxillary sinuses showed over 2 mm of RHO, 7 sinuses 

showed 1-2 mm of RHO and 17 sinuses showed under 1mm of RHO, also for the 

implants level 3, 8 and 36 implants, respectively. There is no case of which the 

implant apex protruded beyond the maxillary sinus membrane. The MBL was 0.27 

± 1.07 mm up to 36 months, and 0.90 ± 1.30 mm up to 72 months. 
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None of the suspected influencing factors had a significant influence on RHO 

except for the amount of grafted material and healing period (p = 0.021 and 0.035, 

respectively; Table 2). There was a significant influences between the healing 

periods over 40 months and RHO. 
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IV. Discussion 

This retrospective case series study was designed to investigate the resorption rate 

of BCP and specify the contributing factors affecting the resorption of BCP in 

maxillary sinus augmentation. The most notable finding of this study was that the 

BCP was merely resorbed and well-maintained its volume in long-term healing 

period. Moreover, the amount the BCP and healing time over 40 months would 

influence the resorption of BCP in proportion.  

The augmented area in maxillary sinus cavity is a kind of contained defect sur-

rounded by basal bone and the Schneiderian membrane; thus it has excellent healing 

potential even without bone graft materials(Moraschini et al. 2017). At the same 

time, it is constantly under pressure from the intra-sinus air pressure, promoting 

resorption of the augmented grafts, which might lead to volumetric shrinkage after 

sinus augmentation(Zijderveld et al. 2009). From this perspective, the long-lasting 

synthetic or xenogenic bone materials are considered to be a better choice in terms 

of material resorption(Cordaro et al. 2008), and long-term study would be important 

to evaluate the dimensional stability of grafted material.  

There are several human biopsy studies using xenografts in maxillary sinus 

augmentation with long-term healing period, and most of them have showed the 

minimal resorption of xenograft. Sartori et al. reported ten-year follow-up case 
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report in maxillary sinus augmentation using anorganic bovine bone(Sartori et al. 

2003). This histologic study showed that the amount of newly formed bone was 

69.7% after 2 years and 86.7% after 10 years revealing slow resorption process of 

bovine bone. Similarly, it was reported that the bovine bone particles were observed 

to be well-integrated in mature compact bone, after sinus augmentation in humans, 

showing no significant changes in particle size even after 11 years(Mordenfeld et 

al. 2010). Iezzi et al. reported a slow resorption of anorganic bovine bone in sinus 

augmentation, and it showed that the mean amount of mature bone was 71.0 ± 2.28 % 

and the mean amount of ABM was 22.1% ± 3.18% after 14 years of sinus 

augmentation(Iezzi et al. 2008). 

In contrast, to the best of our knowledge, only a few studies have described the 

long-term outcome of implants placed in BCP after sinus augmentation. Recently, 

human autopsy study was published to characterize the histologic and micro-

computed tomographic results of maxillary sinus augmentation using a BCP and 

simultaneous implant placement at 6 years(Lee et al. 2018). In this study, the BCP 

in maxillary sinus was well-maintained its volume and surrounded by lamellar bone, 

confirming dimensional stability and successful bone formation. 

Mordenfeld et al. compared the grafted sinus height by using either BCP or 

anorganic bovine bone in bilateral maxillary sinus augmentation at different time 

points(Mordenfeld, Lindgren, and Hallman 2016). In this study, the graft height 
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reduction after 6 years was limited to 6.6% for BCP and 5.8% for bovine bone, and 

there was no statistical difference between the groups. The BCP used in this study 

was composed of 60% of HA and 40% of β-TCP, which appeared to be one of the 

reasons for the minimal resorption rate of BCP at 6 years as in the present study. 

Considering the composition of BCP, the previous studies using only β-TCP as 

augmented materials showed significant decrease of sinus augmented height. 

Okada et al. reported the volumetric changes of β-TCP in 30 patients by using cone-

beam computed tomography(Okada et al. 2016). It was described that the volume 

of the β-TCP decreased 75.6% at 6 months after implant placement and it decreased 

further at 2.5 years. The implant apex protruded beyond the maxillary sinus floor 

in approximately 70 % of the implants at 2.5 years after surgery. Likewise, 

Zijderveld et al. performed a 5-year radiographic analysis to evaluate the change of 

β-TCP with autogenous bone, and reported that the most of β-TCP resorption had 

taken place within the 7.5 months(Zijderveld et al. 2009). Although, some studies 

have showed high implant success rate, the results suggested that it may be difficult 

to prevent maxillary sinus pneumatization by β-TCP. Thus, along with the results 

of the present study, it is considered that the BCP would be more recommended in 

sinus augmentation in terms of dimensional stability. 

Among the various factors, in the present study, only the amount of BCP and 

healing period would affect the resorption of BCP in the analysis of regression 
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model. The timing of implantation (simutaneous/staged), length and position of 

implants, shape of maxillary sinus base (flat/oviod) would not have any influence 

to the resorption of BCP. The greater the amount of BCP was related to the greater 

reduction of RHO. Since the amount of BCP is directly related to the volume of 

augmented maxillary sinus, it is considered that it could be one of the major factors 

that have influenced on resorption of BCP.  

Regarding the healing period, there was only a significant influence on RHO and 

healing period over 40 months. This result is not in agreement with prior studies 

evaluating vertical height changes of other graft materials for sinus augmentation. 

In previous studies, a significant decrease in augmented height was observed 

between baseline and approximately 2 years, and subsequent changes were 

minimal(Zijderveld et al. 2009; Hatano, Shimizu, and Ooya 2004; Wiltfang et al. 

2005). On the other hand, in case of BCP specifically, there is a previous study that 

showed similar results with the present study. As mentioned above, Mordenfeld et 

al. evaluated the graft height reduction after 6 years and it was only 6.6% for BCP, 

but the decrease was statistically significant between baseline and 6 years 

(Mordenfeld, Lindgren, and Hallman 2016). The MBL on this study up to 72 

months was 0.90 ± 1.30 mm and this is in accordance with previous studies 

(Mordenfeld, Lindgren, and Hallman 2016; Laurell and Lundgren 2011).  

In the present study, all the radiographic parameters were evaluated using digital 
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panoramic and periapical images. To improve the accuracy of the measurements, a 

cone-beam computed tomography could be used. Three-dimensional volumetric 

analysis could supply more detailed information about the anatomy of augmented 

sinus, thus it could enhance the quality of study. Moreover, there was a limited 

number of sample size and healing period in the present study. Therefore, it seems 

to be necessary to conduct long-term prospective study with larger numbers of 

subjects as a further research. 

    Within the limitations of this study, it can be concluded that the BCP would 

achieve the proper dimensional stability with minimal reduced grafted height in 

long-term healing period of maxillary sinus augmentation.  
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V. Conclusion 

 

Based on the result of this study, the following can be concluded 

 

1. Bi-phasic calcium phosphate would achieve the proper dimensional stability with 

minimal reduced grafted height in long-term healing period of maxillary sinus 

augmentation.  

2. Healing time and amount of graft material could be influencing factors on 

resorption of BCP.
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Figure Legends 

 

Figure 1. Schematic drawing illustrating the linear measurements taken from 

radiographs. (A) Immediately after the sinus augmentation. (B) Follow-up after the 

sinus augmentation. ASH(m): mesial augmented sinus height, ASH(d): distal 

augmented sinus height, OBH(m): mesial original alveolar bone height, OBH(d): 

distal original alveolar bone height, RHO(m): mesial reduced height of augmented 

sinus, RHO(d): distal reduced height of augmented sinus, MBL(m): mesial 

marginal bone loss, MBL(d): distal marginal bone loss, I: implant fixture length. 
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Figure 2. Panoramic radiographs (A) Before maxillary sinus augmentation surgery 

(B) Immediately after maxillary sinus augmentation and implantation surgery (1-

stage) (C) 5 years after surgery. 
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Figure 3. Graph showing changes of augmented sinus height over follow-up period 

in all participants. F/U; follow up period 
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Figure 4. Mean changes of augmented sinus height over follow-up period. 
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Tables 

Table 1. Case summary 

Case Age/Sex Site 

F/U 

period 

(mo) 

1 or 2 

stage 

Fixture 

length 

(mm) 

Graft 

(g) 

Single/ 

Multiple 

Residual 

bone height 

(mm) 

Shape 

of sinus 

base 

1 30/F 15 64 S 10.0 0.5 Single 5.5 O 

2 61/F 27 
75 S 10.0 

0.5 
Single 5.5 

F 

3 80/F 25 36 S 8.0 1.25 Multiple 4.7 O 

  26 36 S 8.0 1.25 Multiple 3.5 O 

  27 
36 S 8.0 

1.25 
Multiple 5.7 

O 

4 64/F 16 72 D 11.0 1.75 Multiple 2.2 F 

  17 72 D 11.0 1.75 Multiple 5.2 F 

  26 
72 D 11.0 

1.25 
Multiple 2.5 

F 

  27 72 D 11.0 1.25 Multiple 3.5 F 

5 64/M 16 71 D 10.0 1 Single 2.6 O 

6 58/F 16 
70 D 10.0 

1.25 
Multiple 3.6 

O 

  17 70 D 10.0 1.25 Multiple 2.7 O 

7 54/F 26 66 S 8.0 1 Single 4.2 O 

8 61/F 26 
50 D 10.0 

1.5 
Multiple 6.5 

F 

  27 50 D 10.0 1.5 Multiple 4.1 F 

9 55/M 16 53 D 10.0 1 Single 2.4 F 

10 59/M 26 
46 D 10.0 

1 
Multiple 7.4 

O 

  27 46 D 10.0 1 Multiple 2.5 O 

11 64/F 14 50 D 10.0 1.5 Multiple 6.8 O 

  15 
50 D 10.0 

1.5 
Multiple 3.4 

O 

  16 50 D 10.0 1.5 Multiple 3.3 O 
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12 73/M 15 20 S 10.0 2 Multiple 7.1 F 

  16 
20 S 8.0 

2 
Multiple 2.7 

F 

13 72/M 16 62 S Unknon 1 Single 5.5 O 

  26 59 S 10.0  1 Multiple 8.0 O 

  27 
59 S 10.0  

1 
Multiple 4.8 

O 

14 59/M 25 55 D 10.0  2 Multiple 7.6 F 

  26 55 D 10.0  2 Multiple 1.4 F 

15 55/F 15 
27 D 10.0  

2 
Multiple 6.7 

F 

  16 27 D 10.0  2 Multiple 3.0 F 

  26 27 D 10.0  2 Multiple 4.8 O 

  27 
27 D 10.0  

2 
Multiple 2.8 

O 

16 63/M 27 53 D 10.0  1 Single 2.2 F 

17 63/M 26 63 S 9.0  1.5 Multiple 3.9 F 

  27 
63 S 8.0  

1.5 
Multiple 2.5 

F 

18 42/M 15 58 D 10.0  2.5 Multiple 3.7 F 

  16 58 D 10.0  2.5 Multiple 3.4 F 

  25 
58 D 10.0  

2 
Multiple 4.1 

F 

  26 58 D 10.0  2 Multiple 3.3 F 

19 69/M 16 70 D 10.0  1 Single 4.2 F 

  26 
55 S 10.0  

0.5 
Single 3.1 

F 

20 68/F 16 29 S 10.0  1.5 Single 2.2 F 

21 76/M 24 26 D 10.0  3 Multiple 9.2 F 

  25 
26 D 10.0  

3 
Multiple 5.5 

F 

  26 26 D 10.0  3 Multiple 3.9 F 

22 62/F 26 51 D 8.0  1 Multiple 2.4 O 

  27 51 S 10.0  1 Multiple 5.2 O 

F/U: follow up, S: simultaneous, D: delayed, O: ovoid, F: flat. 
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Table 2. Investigated factors on reduced height of augmentation 

Variable Estimate 95% CI p-value 

Amount of BCP 2.088 [0.328, 3.849] 0.021* 

Length of implant 0.049 [-0.933, 1.032] 0.919 

Timing of implants placement 

(simultaneous/ staged) 

0.487 [-0.843, 1.816] 0.465 

Position of implants 

(lateral/ middle) 

2.448 [-0.772, 5.669] 0.132 

Shape of maxillary sinus base 

(flat/ ovoid) 

-0.762 [-2.674, 1.149] 0.425 

Number of implants 

(single/ multiple) 

-2.179 [-11.387, 7.968] 0.723 

Healing periods   0.035* 

  0-10 months 0.359 [-0.015, 0.733] 0.059 

  11-20 months 0.271 [-0.013, 0.555] 0.061 

  21-30 months 0.337 [0.005, 0.668] 0.047 

  31-40 months 0.083 [-.0.291, 0.458] 0.660 

  41-50 months 0.478 [0.127,0.829] 0.008* 

  51-60 months 0.379 [0.035, 0.724] 0.031* 

  61-70 months 0.643 [0.198, 1.089] 0.005* 

  71-75 months 0.573 [-0.010, 1.155] 0.054 

CI, confidence interval of the difference between means.  

* Significantly different from control group (p < 0.05). 
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Abstract (IN KOREAN) 

 

biphasic calcium phosphate를 이용한 상악동 

거상술의 체적 안정성 연구 : 3~6년간 추적 관찰  

 

김진구 

 

연세대학교 대학원  

치의학과 

(지도교수 최성호) 

이 연구는 BCP(70% hydroxyapatite and 30% β-tricalcium phosphate)를 사용하

여 상악동 거상술을 시행한 증례들에서 장기적인 치유기간 동안 BCP의 

흡수 양상을 관찰하고, BCP의 흡수에 영향을 주는 요소들을 조사를 목

표로 하였다. 2009년부터 2012년 까지 연세대학교 치과대학병원에서 
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BCP를 사용한 상악동 거상술과 임플란트 식립술을 받은 환자를 연구의 

대상으로 하였다. 최종적으로 총 22명 환자의 27개 상악동, 47개의 임플

란트에 대하여 술전, 수술 직후, 술후 36개월, 술후 72개월을 조사하였

다. 모든 연구 대상 환자는 술전의 상악동까지 잔존골량이 5mm 이하였

다. Modified Caldwell Luc 수술을 통해 상악동 점막을 거상하고, BCP를 이

식하였다. 상악동 window 부위는 콜라겐 차폐막으로 피개하였다. 임플란트는 

상악동 수술과 동시에 식립되거나 또는 술후에 지연 식립되었다.  순차적인 

방사선학적 분석은 최장 술후 6년까지 이루어졌다. 

본 연구의 추적관찰 기간동안 임플란트의 상실은 없었다. 평균적인 추적관

찰 기간은 53개월이었으며, 최장 75개월 동안 관찰하였다. 술전 상악동저의 평

균 높이는 4.27±1.78mm였고, 술후에 평균적으로 13.74mm 정도의 높이 증가를 

보였다. 평균적인 상악동의 높이 감소는 술 후 36개월에서 0.27±1.08mm이었고, 

72개월에서 0.89±1.39 mm이었다.  

많은 양의 골이식재(p=0.021)와 긴 치유기간(p=0.035)이 이식된 상악동의 높
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이 감소에 유의하게 영향을 주었다. 특히, 40개월 이상의 치유기간은 이식된 

상악동 높이의 감소에 영향이 있었다. 그 외에 임플란트의 위치, 임플란트의 

길이, 식립된 임플란트의 수, 식립 시기, 상악동의 모양 등은 결과에 유의한 

차이를 보이지 않았다. 

BCP는 상악동 거상술 후 장기간의 치유기간 동안 적절한 체적 안정성과 아

주 적은 양의 상악동 내 골이식재 흡수를 보였다. 흡수가 잘 되지 않는 골이

식재로 알려진 소 뼈 유래 이종골 등과 비교했을 때에도, 거의 통계적인 차이

가 없는 흡수율을 보였다. 치유기간과 상악동에 이식된 골 이식재의 양은 

BCP의 흡수에 영향을 줄 수 있다.  

 

핵심되는말 : 상악동거상술, biphasic calcium phosphate(BCP), 체적안정성,  

임플란트 

 

 


