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The retrospective clinical study of survival rate of locking
tapered implants of SNUCONEⓇ with sinus floor elevation
Panjun Kim, Soo Nam Yang, Young Kwon Kim, Uie Sub Shim, Ji Sang Jeong
Department of Oral and Maxillofacial Surgery, Hankook Hospital, Cheongju, Korea

Purpose: The purpose of this study was to evaluate the overall survival rate and cumulative survival rates of SF implants (SnuconeⓇ,
Korea) implanted in the maxillary molar area with sinus floor elevation and to analyze the relations with the survival rate according to
the patients’ condition, location of implants, diameter, length, height of residual bone, method of sinus floor elevation, prosthesis, and
types of opposing dentition.
Ⓡ
Materials and Methods: From January 1st, 2014 to December 31st, 2015, 45 patients with 63 SF implants of Snucone were implanted
in the maxillary posterior area with sinus floor elevation at Cheongju Hankook hospital and the follow-up period was up to 5 years.

Results: The survival rate of 63 SF implants in 45 patients who had surgery on the maxillary posterior area with sinus floor elevation
from January 1st, 2014 to December 31st, 2015 was 98.1% since one out of 63 implants had failed. Although, cumulative evaluations
and researches should be conducted in the future, it is considered that SF implants of SnuconeⓇ can achieve excellent treatment results
in the case of implant placement in the maxillary molar area with sinus floor elevation according to the results of this study. (JOURNAL
OF DENTAL IMPLANT RESEARCH 2019;38(2):31-38)
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INTRODUCTION

increase of air pressure in the maxillary sinus due to
3)
breathing . After all, the distance between sinus floor and

The recovery of lost teeth using implants was first used
1)

alveolar crest is so close that it can be difficult to implant

by Branemark et al. in the 1960s to stabilize the dentures

the sufficient length of fixtures. Moreover, it is often diffi-

permanently in edentulous patients based on osseointe-

cult to achieve adequate initial stability, since composed

gration of bone and titanium. In complete edentulism,

of type III and IV bones. As a result, it is also known

implants showed tangible results in bone binding force,

4,5)
to be vulnerable to functional loads . To overcome these

2)
stability, and long-term outcome . Since then, as a result

6)
limitations, Boyne et al. used the Caldwell-Luc method

of various researches and developments such as design

to place the implant in the maxillary molar in 1980. They

of fixtures, method of surface treatment and so on, nowa-

approached the sinus floor through the lateral wall on the

days, implants are applied in almost all cases in which

maxillary sinus and performed the maxillary sinus floor

the teeth are missing, like partial edentulous or sing tooth

elevation for the first time. After performing the sinus lift

defect. The part of maxillary molar, which consists mostly

surgery, iliac bone, which is autogenous cancellous bone,

of cancellous bone, has thinner cortical bone compared to

7)
was used as grafts. Tatum produced special instruments

mandible and maxillary anterior, and after loss of teeth,

to approach the sinus floor through an alveolar crest and

alveolar resorption occurs rapidly. In addition, maxillary

introduced sinus membrane elevation and bone grafting,

sinus pneumatization is accompanied resulted from the

8)
called the crestal approach. Later in 1994, Summers pub-
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lished an improved alveolar crest approach to implant

70s. All implants were restored with a fixed prosthesis

with bone grafting using osteotomes.

based on gold alloy casting, except for one implant,

In 1968, a unique implant was designed by Dr. Tomas

which served as an abutment for the overdenture. This

Drikell at Battelle momorial institute in Ohio, USA. The

intermediate discontinuance was excluded from the

implants designed by Drikell has a form of locking taper,

study. One 50s male patient died and one implant was

which meant the method of connection between the fix-

interrupted (Table 1, 2).

ture and abutment, and had a shape of sloping shoulder
at the top of the fixture to increase resistance against the

2. Research methods

marginal bone loss. This type of implant is still used

1) Surgery methods

Ⓡ

around the world, and SF implants from Snucone

are

(1) Lateral approach

based on the design of Drikell. Patients with SF implants

After local anesthesia, the full thickness flap was ele-

are less likely to suffer from periimplantitis and the in-

vated from the maxillary tuberosity to mesiobuccal line

cident rate of bone resorption around the implant is also

angle of the mesial tooth of residual alveolar ridge by

lower when osseointegration occurs after placement.

horizontal crestal, sulcular, and buccal vertical incision. A

However, SF implants are recommended to be placed 2∼

window was made about 1 mm above interior margin on

3 mm below the cortical bone of the alveolar crest. Since

the facial wall of maxillary sinus then intra-fracture was

the external shape of the upper part of the implant main-

performed and the maxillary sinus membrane was

tains a sloping shoulder form, efforts to achieve initial

elevated. If the initial fixation of the implants can be ob-

stability are required when the implants are placed on

tained, the implants are placed together with the grafts.

maxillary molar. Especially, in the posterior maxilla, it is

If the initial fixation cannot be obtained, only the bone

difficult to obtain initial stability during implantation due

graft is performed, and the implants are placed six to

to the thin cortical bone and poor quality of bone. The

eight months later. After graft materials were plugged,

other reason is that the height of the residual bone is low

absorbable barrier membranes were used. The flap was

owing to maxillary sinus pneumatization. The purpose of

repositioned and sutured, followed by antibiotics and

this study is to analyze that placement of SF implants in

analgesics. Sutures were removed 14 days after surgery.

the maxillary posterior region can overcome these dis-

(2) Crestal approach

advantages and become an appropriate treatment modality.

Under the local anesthesia, horizontal crest, sulcular,
and buccal vertical incision were made at the site that the

MATERIALS AND METHODS

sinus lift surgery was needed, and the full thickness flap
was elevated. The ostectomy was performed to 1 mm be-

1. Research subjects

low the maxillary sinus boundary using a drill or osteo-

This study was conducted on the patients who underⓇ

tome, and the osteotome was malleted to elevate the si-

went the maxillary sinus lift with SF implants (Snucone ,

nus floor. After grafts were filled, the implants were

Korea) from January 1, 2014 to December 31, 2015 at

placed, and the flap was repositioned and sutured.

Cheongju Hankook hospital. The patient group consisted

Postoperative drug prescription and stitch out were per-

of 25 males and 20 females, and a total of 63 implants

formed same as the lateral approach.

were implanted. The age distribution was 37 to 77 years
old, 2 for 30s, 7 for 40s, 15 for 50s, 16 for 60s and 5 for

Table 1. Patient distribution according to gender
Gender
Male
Female
Total

Number of patients Number of implants
25
20
45

37
26
63
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%
55.6
44.4
100

Table 2. Patient distribution according to age
Age

Number of patients

Number of implants

31∼40
41∼50
51∼60
61∼70
71∼80
Total

2
7
15
16
5
45

2
7
26
24
4
63
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2) Evaluation of the survival rate
(1) Implant survival rate and failure assessment criteria

33

Stage 5: The period of more than 5 years after completion of the final prosthesis.

Implant survival rate was assessed according to the criteria for success presented by Rosen et al. The criteria are
as follows:
① There should be no persistent pain, infection, and/or
sensory abnormality.

3) Factors of evaluation
The followings were examined through medical records and radiograph:
(1) Distribution according to patients’ gender and age

② There should be no implant movement.

(2) Position, diameter and length of implants

③ There should be no continuity of radiographic trans-

The survival rates of each site divided into four parts

mission around the implant.
④ Bone loss should be less than 2 mm per year after
1 year of implant placement.

– the first premolar, the second premolar, the first molar,
and the second molar - according to the position of placement were compared. The diameter of the implants was

The criteria for implant failure were evaluated based

divided into four categories: 4.3 mm, 4.8 mm, 5.3 mm,

on the criteria proposed by Albrektson et al. (1986) and

and 5.8 mm. The length of implants was divided into

some of the clinical failures among the criteria for evalua-

three categories, 8 mm, 10 mm, and 12 mm, to examine

tion of the implants classified as Group 5 by Misch in

the survival rate of each implant.

1993.
① After the implantation, if there was suspicion of
thermal damage due to the radiation permeability around
the implant during the healing process,

(3) Classification according to approach in sinus floor
elevation
The lateral approach was performed by simultaneous
placement that implanted simultaneously with the sinus

② During the secondary surgery, if there was fluctua-

floor elevation, and when the initial fixation could not be

tion of the fixtures or if it was judged that the osteointe-

obtained, the sinus lift surgery and bone grafting were

gration was failed due to spinning together when the

performed first and after that the implants were placed

healing abutment is connected to the fixture,

6 to 8 months later. All patients with the crestal approach

③ If the patients had a paresthesia or an uncontrolled
infection,
④ If the 50% of bone loss around the implants occurred progressively,
⑤ When the final prosthesis complied with pain at the
time of functioning or percussion,
⑥ If the implant had fractures, these cases were regarded as failed implants and removed in the oral cavity.
(2) Time of implant failure

were treated with simultaneous implantation.
(4) The time of implantation after sinus floor elevation
(5) The height of the residual bone
Panoramic radiographs were used to measure the
height of the residual bone before surgery, and the enlargement ratio using the actual length of the implants
was calculated and measured.
(6) Types of prosthesis
Survival rates of implants, which were divided into

The classification according to the time of failure of the

three categories, were compared according to the type of

implant was based on proposals by Rosenberg et al., in

prosthesis, such as the case where the upper prosthesis

2004.

was connected with the surrounding implants, the single

Stage 1: The period from implant placement to the secondary surgery.
Stage 2: The period for the secondary surgery and final
restoration to be completed in the oral cavity.
Stage 3: The period within 1 year after completion of
the final prosthesis.

implant was restored, and the implant overdenture.
(7) Types of opposing dentition
According to the types of opposing dentition, it was
divided

into

three

categories,

natural

teeth,

im-

plant-supported fixed prosthesis, and removable prosthesis, and the survival rates of implants were investigated.

Stage 4: The period between 1 and 5 years after completion of the final prosthesis.

Journal of Dental Implant Research 2019, 38(2) 31-38
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RESULTS

implants failed between 41 and 50 years of age (Table 5).

1. Cumulative survival rate

3. Survival rate by location, diameter and length
of implants

In this study, the follow-up period ranged from 35
months to 59 months. A total of 64 implants were im-

Survival rate was 95% in the first molar region since

planted in 46 patients, but one implant was discontinued

1 out of 19 implant failed, but there was no significance

since a patient died. Thus, 45 patients and 63 implants

in location of implant (Table 6). 21 implants with 5.3 mm

were followed up. One implant removed during the total

in diameter were implanted and one of them failed and

observation period, showing a survival rate of 98.41%

showed a survival rate of 95.24% (Table 7). For the length

(Table 3).

of the implant, 29 implants of 8 mm length were implanted, one of which failed and showed a survival rate

2. Survival rate according to patients’ gender and
age

of 96.55% (Table 8). However, differences in diameter and
length did not affect survival rate.

Survival rate of SF implants after maxillary sinus elevation was 97.30% in males and 100% in females.

4. Survival rate according to height of residual al-

However, differences in the gender of the patients did not

veolar bone

affect the survival rate (Table 4). The survival rate by age

Prior to the procedure, 33 (52.38%) cases of the residual

of the patient group was 85.71%, with one of the seven

alveolar bone were distributed in the range of 5 to 7 mm,
which was the largest number. One of them failed and

Table 3. Cumulative survival rate of implants placed in sinus
elevated maxilla

Time

Placement
to loading
Loading to
1 yr
1 to 2 yr
2 to 3 yr
3 to 4 yr

Implant at
Failed implant
interval
during interval
start

Cumulative
survival
rate (%)

Survived
implant

63

0

63

63

1

62

98.41

62
62
62

0
0
0

62
62
62

98.41
98.41
98.41

Placed

Failed

Survival rate
(%)

36
26

1
0

97.30
100

Gender
Male
Female

Table 6. Survival rate of implant according to implant location
State
Placed

Failed

Survival rate
(%)

9
15
19
19

0
0
1
0

100
100
95
100

Site

100

Table 4. Survival rate of implant according to gender
State

the survival rate was 96.97% (Table 9).

1
2
1
2

premolar
premolar
molar
molar

Table 7. Survival rate of implant according to implant fixture
diameter
State

Fixture
diameter (mm)

Placed

Failed

4.3
4.8
5.3
5.8

17
23
20
2

0
0
1
0

Survival rate
(%)
100
100
95.24
100

Table 5. Survival rate of implant according to age
State
Placed

Failed

Survival rate
(%)

2
6
26
24
4

0
1
0
0
0

100
85.71
100
100
100

Age
31∼40
41∼50
51∼60
61∼70
71∼80
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Table 8. Survival rate of implant according to implant fixture
length
State

Fixture
length (mm)

Placed

Failed

8
10
12

28
28
6

1
0
0

Survival rate
(%)
96.55
100
100
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Table 9. Survival rate of implant according to residual bone
height
State

Residual bone
height

Placed

Failed

＜5 mm
5∼7 mm
7∼9 mm
＞9 mm

3
32
17
10

0
1
0
0

Survival rate
(%)
100
96.97
100
100

Table 10. Survival rate of implant according to surgery method
State
Surgery method
Placed
Lateral approach
Simultaneous
Staged
Crestal approach

10
1
51

Failed

0
0
1

Survival rate
(%)

100
100
98.08

Table 11. Survival rate of implant according to prosthetic type
State
Placed

Failed

Survival rate
(%)

21
40
1

1
0
0

95.45
100
100

Prosthetic type
Single
Multiple
Overdenture

Table 12. Survival rate of implant according to opposing
dentition type
State

Opposing
dentition type

Placed

Failed

Natural tooth
Implant
Removable prosthesis

27
29
6

1
0
0

Survival rate
(%)
96.43
100
100

DISCUSSION

5. Survival rate according to the method of sinus
floor elevation

35

Implants have been one of the surgical procedures that

The number of implant placed by crestal approach was

can be restored when natural teeth are lost due to the de-

52, and by lateral approach was 11. One implant had de-

velopment of many researches and clinical techniques,

layed implantation after the procedure of sinus floor ele-

and their role is increasing. Implants reproduce the func-

vation through the lateral approach. The mean residual

tions of the teeth, such as mastication, pronunciation, and

bone height was 7.516 mm when the implant was placed

aesthetics, which are most similar to those of natural

after maxillary sinus elevation by crestal approach, and

teeth

9,10)

.

5 mm was the shortest and 10.1 mm was the longest. One

The posterior maxilla has a weaker bone quality than

of the implants with the crestal approach failed and its

the others, severe bone loss after loss of teeth, and diffi-

survival rate was 98.08%. In the case of lateral approach,

culty in implantation when the height of residual alveolar

the shortest residual bone height was 3.5 mm, and in this

bone is not sufficient due to maxillary sinus pneumati-

case, initial fixation was not obtained, so delayed im-

zation. In this case, bone grafting with a maxillary sinus

plantation was performed. The highest residual bone was

elevation is necessary, and several previous studies have

6.1 mm and the average was 5 mm. After the sinus floor

reported that the surface of implant, height of residual

elevation by lateral approach, all SF implants survived

bone, and type of bone grafts have influence the implant

until the follow-up period (Table 10).

survival after implantation. In this study, we evaluated
the effect of factors such as the cumulative survival rate

6. Survival rate by type of prosthesis

of SF implants after sinus floor elevation, patients’ con-

In the case of single restoration, the survival rate was

ditions, location of placed implants, diameter and length

95.45% since one out of 22 implants was failed, and the

of implants, methods of maxillary sinus elevation, and

survival rate with multiple prosthesis was 100% (Table 11).

types of prosthesis and opposing dentition.
In 1996, at the sinus consensus conference, 2,997 im-

7. Survival rate by types of opposing dentition

plants were placed on 1,007 maxillary molar area in

In the case of the opposing natural tooth, one of the

which sinus floor elevation was performed. After 5 years

28 implants failed, showing a 96.43% of survival rate

of observation, 229 implants failed and the survival rate

(Table 12).

11)
was 92.4% . In a study of implants placed on the maxil-

lary molar area after sinus floor elevation, del Fabbro et

Journal of Dental Implant Research 2019, 38(2) 31-38
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al.12), analyzed 252 literatures and found that the mean
13)

mm.

of survival rate was 91.49%. Moreover, Wallace et al. ,

An important factor in the crestal approach with osteo-

analyzed 43 literatures about sinus floor elevation, and

tome is the residual bone height between the maxillary

the cumulative survival rate of the implants ranged from

sinus and crestal bone

61.8% to 100% and the average survival rate was 94%.

ported that when the residual bone was less than 4 mm,

14)

Adell et al. , reported that the survival rate had de-

18,19)

. Van den Bergh et al.20) re-

the grafts failed to support the implants, reducing the ini21)

reported that

creased sharply during the first 2 years after im-

tial stability of implants. Ferrigno et al.

plantation,

stabilized.

a 12-year cumulative success rate was 94.8% for the cres-

Goodacre et al., reported that, in their clinical studies on

tal approach with osteotome at a residual bone height of

survival of implant from 1981 to 1997, when failures were

6 to 9 mm. Cavicchia et al.

more likely to take place during the pre-prosthesis

rate was 88.6% during an average of 35 months after

period. Additionally, when failure was classified by time,

placing 97 implants with the Summers method. Toffler

the rate of failure declined rapidly from 3 years rather

said in a recent study that the survival rate of 276 im-

than 2 and/or 1 year after prosthesis.

plants, with an average load of 27.9 months, was 93.5%,

and

thereafter

it

gradually

In this study, we performed follow-up of 63 implants,
and one failed and the cumulative survival rate was

22)

reported that the survival
23)

and dropped to 73.3% when the height of residual bone
was less than 4 mm.

98.41%. Failed implant had patient’s complaining of pain

In this study, the survival rate by the height of the re-

during their functioning, and the mobility of prosthesis

sidual bone was 96.97%. This results were obtained by

was present. Radiolucency around the implant was ob-

failing one of the 33 implants which placed at 5 to 7 mm,

served through the radiographs to confirm the failure,

and there was no implants that placed at the residual

and the implant was removed. The implant failed at stage

bone of 4 mm or less. SF implants are normally placed

3, which was within 1 year after completion of the final

2 to 3 mm below the residual alveolar crest. In addition,

prosthesis. The reason of this failure was that the amount

the fixture has a sloping-shouldered shape with a slope

of residual bone is small and the implant was placed on

down to 1 mm from the top of the fixture to the bottom,

the area mainly made up of only the grafts, so that the

and a tapered shape that narrows to the bottom.(Fig. 1)

bone at the bone graft site was not strong enough to

Therefore, the maximum diameter of the fixture and the

withstand the proper occlusal pressure. The other reason

position of contact with the socket preparation inner bone

might be that the bone graft was not adequately per-

begin at 3 to 4 mm downward from the alveolar crest.

formed around the implant.

If the height of residual bone is 5 mm, the distance to

In a study of the position, length, and diameter of im-

obtain the initial fixation is just 1 to 2 mm. In this study,

plants placed after maxillary sinus elevation, Hurzeler et

the residual bone height of the failed implant was 5.1

15)

al. , stated that the location, length, and diameter of the

mm, which was considerably lower than the average

implants did not affect the survival of the implants.

height, 7.516 mm, of the implants placed after the maxil-

16)

Jensen and Greek , however, reported that when the si-

lary sinus elevation with crestal approach. At the time of

nus floor elevation was performed with 3 mm below

procedure, it was considered that proper initial fixation

from maxillary sinus, and its success rate was only 29%.

was obtained, but it is questionable whether the initial

They also found that results were good when the length
was 5 mm or more, and very stable when the length was
7 mm or more.
17)
Peleg et al. , reported a 9-year cumulative survival

rate of 2091 implants that were simultaneously implanted
with a lateral approach at 1 to 5 mm length of residual
bone, and 97.7% were reported as a result. Among these,
20.4% was the cases that the residual bone was 1 to 2

Journal of Dental Implant Research 2019, 38(2) 31-38
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fixation was appropriate due to contact between the fixture and residual bone with 1 to 2 mm of height. Hence,

37

takes place.
Ⓡ

SF implants introduced by Snucone

are locking ta-

if a 5 mm residual bone height remains, the 2nd step

pered, and the connection between fixture and abutment

method of placing implants after bone grafting should

is conducted by friction of morse taper. The strong fric-

been chosen. Even if the initial fixation was maintained,

tion between the fixture and abutment destroys the oxide

the crestal approach is a blind technique in which the op-

layer on the surface and forms a cold-welding bond. This

erators

site.

is very advantageous for hygiene control because it does

Therefore, there was a possibility that the osseointegra-

not have micro gap due to tight bonding and prevents

tion had not been properly performed at the site of bone

bacteria from entering the connected site. That is, it is

graft, which caused implant failure. For this reason, it is

possible to reduce the possibility of periimplantitis, which

recommended that the Cone Beam CT be performed be-

can occur in the joint between the abutment and the fix-

fore and after the surgery to check the amount of residual

ture, because the fixture and the abutment are tightly

bone before surgery and check the appropriate position

connected to each other as if it were an integral im-

of implant, degree of sinus floor elevation, and alveolar

24)
plant . Furthermore, since the crest module of SF im-

grafting.

plant is designed as a narrow neck, there is abundant vol-

cannot

directly

observe

the

surgical

All implants with a residual bone height of 7 mm or

ume of marginal bone on the upper part of the fixture.

more were successful and showed high survival rate. The

This suggests that there is no micro gap on the locking

reason for this is thought to be the initial fixation was

taper abutment and it can be beneficial to maintain the

obtained by sufficient height of residual bone. There were

marginal bone around the implant, as a result, it seems

11 SF implants where sinus floor elevation was per-

to have resistance to marginal bone resorption.

formed with the lateral approach and among them, one

According to the manufacturer’s protocol, SF implants

implant had delayed placement due to lack of initial

are usually placed 2 to 3 mm deep below the residual

fixation. All 11 survived, and the reason for this was that,

alveolar bone. This is advantageous for implant place-

in the case of simultaneous implantation with lateral ap-

ment for esthetics on anterior, but it is disadvantageous

proach, maxillary sinus was observed directly from the

for implant placement in the maxillary posterior part

perspective of the operators and fixed at the top of the

with accompanying sinus floor elevation, which is im-

sloping shoulder of the fixture in order to obtain the ini-

portant in height of residual bone.

tial fixation. In the case of delayed placement, however,

SF implants have surface treatment of sandblasting and

it is considered that the implantation was successful by

acid etching with large grit and are designed as a tapered

placing the implants at the area which contained large

shape with external threads on the fixture. They have also

mount of bone, but the number of implants comparable

a hexagonal structure below the area of connection with

to other studies was still insufficient so further studies

abutments to allow the rotation to implants. This is ad-

were needed in the future.

vantageous for obtaining an initial fixation than tradi-

In a study about the type of prosthesis after sinus floor

tional implants with locking-tapered connection. The de-

elevation, Bidez et al. showed that when performing a

sign of SF implants may overcome the disadvantages to

bridge prosthesis, the functional surface area supported

some extent, and the survival rate of SF implants in this

by each transfer of functional load to the prosthetic in-

study was satisfying when compared with the previous

creased, thereby reducing the stress to the bone and the

studies. This suggests that implantation of SF implants on

implant interface. On the other hand, when a single tooth

maxillary molar with sinus lift may overcome the dis-

was restored, much more stress was delivered. One failed

advantage and be a suitable choice. If the residual bone

implant in this study was a single implant restoration af-

is, however, less than 5 mm, delayed placement by 2

ter the prosthesis was completed. It is thought that it is

stages surgery is recommended since the initial fixation

preferable to connect the adjacent implants if possible to

cannot be obtained. For 6 to 7 mm of residual bone, you

reduce the stress as the functional load of the implants

need to decide whether simultaneous or delayed im-

Journal of Dental Implant Research 2019, 38(2) 31-38
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plantation, considering the quality of bone. Lastly, simultaneous implantation is recommended for 8 mm or more.
However, the number of implants was insufficient and a
relatively short follow-up period was the limitation. In
order to overcome this problem, further studies are
required.

CONCLUSION
The survival rate of 63 implants of 45 patients with SF
Ⓡ
implants (Snucone ) placed on the maxillary posterior

part with sinus floor elevation was 98.41% from January
1st, 2014 to December 31st, 2015. In the future, cumulative evaluation and research should be carried out.
However, according to the results of this study, it is beⓇ

lieved that SF implants of Snucone

can obtain excellent

treatment results in the case of implant placement in the
maxillary molar with sinus floor elevation.
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