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Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:85-9)

Objectives: This study was to evaluate the effect of vertical bone gain and success rate and analyze the failure cases using the hydrodynamic 
piezoelectric internal sinus elevation (HPISE) technique.
Materials and Methods: Patients who had been operated in the three centers including Daegu Catholic University Medical Center were selected for 
this study. The mucoperiosteal flap was elevated, and the sinus floor was then broken by specially designed piezoelectric insert, with hydraulic pressure 
applied to the sinus membrane for even elevation. Afterward, implants were placed. Panoramic radiogram or computed tomogram was taken before 
and after surgery and at the second operation and prosthesis placement. Later, changes in vertical height were measured and compared. The survival 
rate was based on the criteria of Buser et al. and Cochran et al.
Results: In this study, 8 implants failed out of a total of 169 implants, resulting a success rate of 95.3%. These failure cases were due to insufficient 
initial stability or sinus membrane perforation. The mean of radiographic vertical height change at prosthesis placement was 5.7 mm (0.5-10.5 mm).
Conclusion: In this study, HPISE technique was found to be a predictable treatment for atrophic maxilla and an alternative technique to the lateral 
approach. 

Key words: Hydrodynamic piezoelectric internal sinus elevation, Hydraulic pressure, Crestal approach, Piezosurgery
[paper submitted 2011. 6. 22 / revised 2011. 11. 18 / accepted 2012. 3. 6]

bone graft through osteotomy on the sinus lateral walls, sinus 

bone graft has been investigated aggressively for its clinical 

skill and results, reporting many successful clinical outcomes 

and high predictability5-7. Osteotome-mediated sinus floor 

elevation (OMSFE), developed by many clinicians since it 

was suggested by Summers, has been widely used because 

there were less injuries and symptoms after the surgery such 

as pain and edema compared to bone graft through osteotomy 

of the sinus lateral walls8-10. However, this technique can 

also cause sinus membrane perforation due to the initial bone 

preparation and the pressure when pushing of bone graft 

material and many complications such as benign paroxysmal 

positional vertigo caused by internal ear damage when using 

osteotome and mallet were reported11,12. Moreover, since 

bone graft material must be used for this technique, there 

is high chance of infection by bone graft material on the 

perforated sinus membrane.

The hydrodynamic piezoelectric internal sinus elevation 

(HPISE) technique using ultrasonic device with a specially 

designed ultrasonic wave surgery insert causes neither benign 

I. Introduction

Recently, dental implant placement is widely used from the 

restoration of a single tooth to the full-mouth reconstruction. 

However, it has been limited by the absorption of the alveolar 

bone and location of important anatomical structures. In 

particular, placing implants in the maxillary posterior region 

is very difficult due to the pneumatization of sinus and fast 

absorption of alveolar bone. To address such problems, 

various techniques have been used for atrophic alveolar bone, 

with sinus bone graft using various bone graft materials1-3.

Since Boyne and James4 reported the clinical result of sinus 
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Catholic University Medical Center from January 2008 to 

May 2009. For 103 patients, a total of 169 implants were 

placed in 114 sinuses. Male patients were 53, and female 

patients were 50; average age was 52 (20-90). Smokers 

and patients of accommodative systemic disease were not 

excluded in this study.

2. Methods

Patients’ personal information such as gender and age 

as well as the time of HPISE surgery, the time of implant 

placement, complications, and vertical bone height before 

and after surgery were investigated based on the patients' 

medical records, panoramic radiogram, and computed 

tomogram (CT).

1) Surgical operation (Figs. 1-3)

All surgeries were performed under local anesthesia. After 

crestal incision, the mucoperiosteal flap was elevated, and 

the cortical bone of the sinus floor was then perforated with 

specially designed insert (S028I; BukBu Dental Co., Daegu, 

Korea). And sterilized saline solution was injected into the 

sinus membrane for 10-12 seconds with strong hydraulic 

paroxysmal positional vertigo nor membrane perforation 

caused by malleting by directly reducing bones to the sinus 

floor in sinus bone graft. The greater elevation can be gained 

than the existing crestal approaches because removal of the 

sinus floor and elevating the sinus membrane with hydraulic 

pressure simultaneously, it can minimize the risk of sinus 

membrane perforation.

This study was to evaluate the effect and clinical appli-

cation of HPISE technique by investigating the success rate 

by conducting post-operative measurement of vertical bone 

gain in the patients who had surgery using HPISE technique 

due to the atrophic maxilla among the patients who visited the 

hospital for the implant placement in the maxillary posterior 

region, and to improve the predictability by analyzing the 

failure cases.

II. Materials and Methods

1. Materials (Table 1)

This study examined patients who had been operated using 

the HPISE technique for the placement of implants in their 

maxillary posterior region in three centers including Daegu 

Fig. 1. The sinus floor was perforated with the hydrodynamic 
piezoelectric internal sinus elevation insert, and hydraulic pressure 
was applied for a few seconds.
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Fig. 2. Bone graft material was inserted under the elevated sinus 
membrane using amalgam carrier.
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Table 1. Patients’ descriptive data

Center No. of patients
Gender  

(male/female)
Mean age  

(year)
No. of sinuses  No. of implants

Mean residual  
bone height  (mm)

A
B
C

Total

32
40
31

103

15/17
16/24
22/9
53/50

52
50
54
52

33
49
32

114

48
72
49

169

7.27
5.83
5.54
618
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before the operation, on the day of operation, after the 

second operation, and at the initial functional loading. One 

operator performed three measurements of the vertical 

bone amount in the buccolingual section of CT image, the 

average measurements were taken, and the measurements of 

increased bone level were calculated.

3) Data analysis

To objectify data, a unified clinical examination chart was 

created after reviewing the medical records of each center. 

Data was collected from clinical examination chart based on 

the medical records and clinical examination. The clinical 

examination chart includes mainly (1) sex and age, (2) 

location of operation, (3) type of the bone material, (4) type 

of the implant, (5) implant width and length, (6) location of 

implant placement, (7) vertical bone height at each stage, and 

(8) failure of implant and the estimated reason. The success 

rate and vertical bone height were analyzed using the data 

from the clinical examination chart; the success rate was 

measured according to the criteria of Cochran et al.13 and 

Buser et al.14.

III. Results

1. Vertical bone gain after HPISE surgery (Table 2)

Vertical bone gain was calculated by comparing the value 

pressure to elevate the sinus membrane. Once the sinus 

membrane was elevated, S028I was rotated in every direction 

for even elevation. In some cases, bone graft material was 

used after the sinus membrane was elevated; in other cases, 

either bone graft material was not used, or only concentrated 

growth factor and/or collagen sponge were inserted. After 

implants were placed, the flap was relocated, and the operator 

sutured. The sutures were removed after 2 weeks.

2) Radiological evaluation and measurement (Fig. 4)

Radiological bone change was measured by examining 

the digital panoramic radiographs and CT images taken 

Fig. 3. Implant was placed. 
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Fig. 4. Measurement of vertical bone height. A. Before surgery. B. After surgery. C. Second operation. D. Prosthesis placement.
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Table 2. Patients’ findings  

Mean healing time  
(week)

Mean residual bone height 
(mm)

Mean vertical bone gain 
(mm)

Mean loading period  
(week)

Success rate  
(%)

33.6 6.18 5.7 100.1 95.3
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and Krieger15, who used the OMSFE technique, reported an 

average success rate of 92.1%; Wallace and Froum16 reported 

an average success rate of 94%, and Del Fabbro et al.17, 

91.49%. Likewise, Toffler et al.18 reported high success rate of 

97.8%. This study also showed similar success rate of 95.3%. 

In this study, the mean vertical bone gain was 5.7 mm 

(0.5-10.5 mm); in most cases, however, it was maintained 

at the apex of the implant over time regardless of the 

amount of bone graft and level of elevation in the sinus. It is 

considered to be caused by the pneumatization of maxillary 

sinus, and it was maintained regardless of the height of the 

initial residual bone. Therefore, more vertical bone gain 

could be obtained if the height of the initial residual bone 

is low. And the perforation of the sinus membrane during 

operation was found to be important not only for the success 

rate but also for vertical bone gain because the latter was 

insufficient or very minimal in cases with perforation. Cases 

with perforation were caused by excessive force applied to 

the sinus membrane when handling instruments. Therefore, 

when braking the sinus floor, instruments should be operated 

carefully because excessive force may cause perforation 

even though ultrasonic wave instruments are not working 

on soft tissues. If the sinus membrane is perforated during 

the surgery and the operator fails to control it properly, the 

surgery is likely to fail. Therefore, closing the perforated 

part by inserting collagen membrane is recommended rather 

than using bone graft material; otherwise, carry out a lateral 

approach to control the perforated part19,20.

Initial stability in implant placement is important for 

successful osseointegration21. Among the failed implants in 

this study, 2 were caused by insufficient initial stability due 

to insufficient residual bone or improper bone preparation. 

To overcome this, it is considered that use the implant with 

tapered design or place the implant that one size lager. In 

addition, recent studies reported the formation of new bone by 

only the elevation of the sinus membrane without bone graft 

before the surgery and the value at prosthesis placement, and 

the mean of vertical height change was 5.7 mm (0.5-10.5 

mm). Prosthesis placement was performed 33.6 weeks (14-

94 weeks) after the surgery on the average. In most cases, the 

sinus membrane was elevated to above of the implant right 

after the surgery, but it fell to the apex of implant over time.

2. Success rate and failure (Table 3)

Out of a total of 169 implants placed in 114 sinuses of 103 

patients, 8 implants failed, resulting a success rate of 95.3%. 

The reason for failed implants was sinus membrane perforation 

in sinus elevation or insufficient initial stability caused by 

insufficient residual bone. The failed implants were 5 of sand 

blasted, large grit, acid-etched implant, 2 of hydroxiapatite 

coated and 1 of resorbable blasting media. In 4 cases, they 

failed during the second operation after the implant placement 

or impression procedure and in the other 4 cases, they failed 

during the functional loading.

IV. Discussion

The HPISE technique was developed to elevate the sinus 

membrane with hydraulic pressure after removal the sinus 

floor directly with micro-vibration of ultrasonic waves using 

specially designed insert that supports internal irrigation. 

Compared with the OMSFE technique, it causes less sinus 

membrane perforation, the sinus membrane can be divided 

from the sinus floor more easily, and it is safe from benign 

paroxysmal positional vertigo. When using HPISE technique, 

bone graft can be performed easily without resistance to the 

sinus membrane because it elevates the sinus membrane with 

hydraulic pressure while braking the sinus floor, and this can 

shorten the operation time.

Among the studies on the success rate of implants placed in 

the maxillary posterior region using sinus elevation, Coatoam 

Table 3. Failure list

Patient No. Gender 
Age  

(year)
Initial bone height  

(mm)
Sinus membrane 

perforation
Implant  
surface

Initial  
stability

1
2
3
4
5
6
7
8

M
M
F
F
M
M
M
F

63
62
43
49
62
46
56
25

3.7
6.5
5
4
6
2
6
5

N
Y
N
N
Y
N
N
N

SLA
HA
SLA
SLA
SLA
RBM
HA
SLA

Poor
Good

Normal
Normal
Good
Poor
Good

Normal

(M: male, F: female, N: no, Y: yes, SLA: sand blasted, large grit, acid-etched implant, HA: hydroxiapatite coated, RBM: resorbable blasting media.)
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material during sinus graft22-24. In the case of the OMSFE 

technique, sinus bone graft without bone graft material is 

impossible because it elevates the sinus membrane by filling 

the bone graft material. However, the HPISE technique 

elevates the sinus membrane with hydraulic pressure, and can 

acquire sufficient elevation of sinus membrane similar to the 

lateral approach technique, enabling the implant placement 

only by the elevation of the sinus membrane without bone 

graft material.

This study evaluated the usefulness and prognosis of 

the HPISE technique used in various centers based on 

retrospective clinical evaluation and obtained satisfactory 

clinical results even in cases for the parts where unfavorable 

anatomical structure to place an implant. Even though many 

clinical applications and long-term examination are required, 

the HPISE technique can be considered as an alternative 

technique to the lateral approach technique.

V. Conclusion

This study examined the 169 implants of 103 patients 

who had been operated using the HPISE technique for the 

placement of implants in their maxillary posterior region in 

three centers including Department of Dentistry and Oral and 

Maxillofacial Surgery, Daegu Catholic University Medical 

Center from January 2008 to May 2009. After investigating 

the vertical bone change by period and factor, the following 

conclusions were drawn:

1. The mean of vertical bone gain was 5.7 mm (0.5-10.5 mm).

2. Among 169 implants, 8 implants failed; the success rate 

of HPISE was 95.3%.

3. Instruments should be handled carefully to prevent 

the perforation of the sinus membrane. In case of 

per foration, the operator should take the necessary 

measures.

4. Implant with tapered design or implant that is one size 

larger is considered because insufficient initial stability 

may cause failure.
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