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Abstract (J Korean Assoc Oral Maxillofac Surg 2014;40:68-75)

Objectives: This study was performed to analyze the cumulative survival rate of Osstem implants (Osstem Implant Co., Ltd.) over a seven-year period.
Materials and Methods: A total of 105 patients who had 467 Osstem implants that were placed at the Section of Dentistry, Seoul National Uni-
versity Bundang Hospital (Seongnam, Korea) from June 2003 through December 2005 were analyzed. The life table method and a cross-tubulation 
analysis, log rank test were used to evaluate the survival curve and the influence that the prognostic factors. The prognostic factors, i.e., age and gender 
of patients, diameter and length, type of implants, bone graft history and loading time were determined with a Cox proportional hazard model based on 
logistic regression analysis. 
Results: The seven-year cumulative survival rate of Osstem implants was 95.37%. The Cox proportional hazard model revealed that the following 
factors had a significant influence on survival rate; increased diameter, reduced prosthetic loading period and performance of bone grafting.
Conclusion: The osstem implants showed satisfactory results over the seven-year study period.
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plants2.

Survival and success rates have increased with the intro-

duction of the rough-surface implant, which improves os-

seointegration3-5. In addition, with the use of screw-type and 

tapered implants, bone density has improved by intraosseous 

compaction; in this case, when biting force is applied, the 

stress is evenly dispersed into the peripheral bone tissues6,7.

Rocci et al.8 reported that 2-3 years after machined sur-

face implants were placed, 88% survived, whereas Lozada9 

obtained a 95% success rate after an 8-year follow-up of 

hydroxyapatite-coated implants. Brechter et al.10 followed 

up patients for 30 months and obtained a survival rate of 

98.5% for Ti-Unite (Nobel Biocare AG, Göteborg, Sweden) 

implants that had an anodizing oxidation surface. In contrast, 

Bornstein et al.11 included a 6-week healing period after 

placement of an implant that had been sandblasted and given 

an acid-etched surface treatment, and obtained a 99.03% suc-

cess rate at 3 years. According to a prospective study examin-

ing the stability of tapered resorbable blasting media (RBM) 

surface implants in the posterior maxilla, the 1-year survival 

rate was 97.4% and the success rate was 94.7%12 .

I. Introduction

Albrektsson et al.1 defined the criteria for success in im-

plantology as follows: no mobility, pain, or peri-implant 

radiolucency. They also state in their definition that periph-

eral bone loss for the first year should be less than 1 mm and 

should subsequently be no more than 0.2 mm. 

However, there are cases where further peripheral bone 

loss and peri-implantitis occur, but pathologic bone loss does 

not progress when an appropriate treatment is applied, and 

the implant can still handle a functional load. Such instances 

should not be defined as failures but rather as surviving im-
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body, internal connection type, non-submerged type, RBM 

surface), US II (straight body, external connection type, RBM 

surface), US III (tapered body, external connection type, 

RBM surface), and GS II (straight body, internal connection 

submerged type and anodizing surface). Of these 4 types, 

228, 199, 27, and 13 implants were respectively placed. For 

the US II implants, the implant of 4.0 mm in diameter was 

used most often, at 115 times; for the SS II implants, the 4.1 

mm implant was used 122 times and the 4.8 mm implant was 

used 106 times.(Table 1) Implants of 11.5 mm in length were 

used most frequently in all product groups.(Table 2) In terms 

of positioning, 54 implants were placed in the anterior max-

illa, 149 implants in the posterior maxilla, 65 implants in the 

anterior mandible and 199 implants in the posterior mandible.

(Table 3)

3. Accompanying bone grafts and implant placement 

method

Accompanying bone grafts included a sinus bone graft, a 

ridge augmentation and a guided bone regeneration (GBR). 

There were 337 implants that were placed with bone grafts 

and 130 implants that were placed without bone grafts. In 

total, 158 implants were placed using the one-stage (non-

submerged) method, and 309 implants were placed using the 

two-stage (submerged) method. 

However, the success and the survival rates of implants is 

determined not only by characteristics such as the structure 

and surface treatment of the implants but also by host factors 

such as age, gender, systemic disease, tobacco use or dental 

hygiene; biological factors such as bone disease, bone mass 

and bone grafting; and prosthetic factors such as the form of 

the prosthetic, occlusion and loading period13.

Romanos and Nentwig14 performed comparative studies of 

implants with immediate loading and implants with delayed 

loading, and reported survival rates of 94.9% and 91.68%, 

respectively. Becktor et al.15 found a significant difference in 

implant survival rate between patients who had a bone graft 

on the maxillary edentulous jaw and those who did not. They 

reported survival rates of 75.1% and 84.0%, respectively. 

Shumaker et al.16 noted that if proper management, such 

as a regular clinical assessment, plaque control, and mouth 

hygiene, is not followed, inflammatory lesions such as peri-

implantitis can occur despite aggressive treatment. 

The purpose of this study was to evaluate the 7-year cumu-

lative survival rate of the Osstem implants, US II, US III, SS 

II, and GS II (Osstem Implant Co., Ltd., Busan, Korea), with 

various structure and surface treatments in order to confirm 

their stability after placement and to analyze the factors that 

are involved in implant survival. 

II. Materials and Methods

1. Subjects

The subjects of the study were patients who had Osstem 

implants that were placed at the Section of Dentistry, Seoul 

National University Bundang Hospital (Seongnam, Korea) 

from June 2003 through December 2005. One oral and max-

illofacial surgeon and prosthodontist performed the treatment 

and we included patients who used tobacco as well as those 

with systemic disease. The study was conducted under Insti-

tutional Review Board approval of Seoul National University 

Bundang Hospital (B-1005-100-101). A total of 105 patients 

(55 male, 50 female) with a total of 467 Osstem implants 

were selected, and we examined their clinical records that 

contained historical charts and radiography. The observation 

period was between 42 and 83 months and began after place-

ment of the final prosthesis.

2. Implant types and placement sites 

The implants were divided into 4 types: SS II (straight 

Table 1. Implant diameters

Diameter of fixture (mm) Number

SS II
   4.1
   4.8
   Total
US II
   3.3
   3.75
   4.0
   5.0
   Total
US III
   4.0
   5.0
   Total
GS II
   3.5
   4.0
   4.5
   5.0
   Total

122
106
228

37
20

115
27

199

14
13
27

3
5
3
2

13

SS II, US II, US III, and GS II: Osstem implants (Osstem Implant Co., 
Ltd.).
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014
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5. Evaluation of prognosis

In determining prognosis for survival analysis, the following 

outcomes were regarded as failures: implant mobility, pain on 

percussion, presence of radiolucency around the implant on ra-

diography and crestal bone loss of 1 mm or more over a period 

of one year2. Periapical radiography was performed immedi-

ately after implantation, and these radiographs were compared 

with annual X-rays; we measured the crestal bone loss in the 

mesial and distal aspects and calculated the average.

6. Statistics 

In this study, we used the life table method and a cross-tab-

ulation analysis to analyze the cumulative survival rate of all 

467 implants. We used the log rank test to evaluate the sur-

vival curve, and the influence that the prognostic factors, i.e., 

patient age, gender, bone graft history, implant diameter and 

width, loading time, implant type, and one-stage/two-stage 

implant, had on the survival rate was determined with a Cox 

proportional hazard model based on logistic regression analy-

sis. Events were defined as cases in which implants were re-

moved because of failure, and censored cases included those 

in which the implants survived until the observation con-

cluded and those in which the patients were lost to follow-up 

or dropped out. We used PASW Statistics 18.0 for Windows 

(IBM Co., Armonk, NY, USA) as our statistics tool and the 

95% confidence level to test the significance. 

III. Results

1. Seven-year cumulative survival rate

Of all 467 implants, 20 implants were removed because 

of failure. Removal occurred as follows: 1 implant was re-

moved 2 months after the surgery, 3 implants after 3 months, 

4 implants after 4 months, 2 implants after 5 months, 1 im-

plant after 6 months, 1 implant after 9 months, 1 implant 

after 13 months, 3 implants after 14 months, 2 implants after 

15 months, and 2 implants after 29 months. The cumulative 

survival rate for each interval was 97.34% at 1 year, 95.90% 

at 2 years, and 95.37% at 3-7 years, and the final cumulative 

survival rate was 95.37%.(Table 4, Figs. 1, 2)

 2. Comparison according to the type of implant 

In groups US III and GS II, 100% of the implants survived.  

4. Prosthetic loading

In this study, we defined the conventional loading period 

for the lower jaw as 3 months and that for the upper jaw as 

6 months; early loading and delayed loading were defined 

before and after the conventional loading period, respec-

tively. The period before prosthesis loading ranged from 1 

to 42 months and averaged 8.93±7.35 months. For the upper 

jaw, the period before prosthesis loading ranged from 1 to 

41 months, with an average of 10.35±7.25 months, whereas 

these values for the lower jaw were 1 to 42.17 months, with 

an average of 7.81±7.26 months.

Table 2. Implant length

Length of fixture (mm) Number

SS II
   8.5
   10.0
   11.5
   13.0
   15.0
   Total
US II
   8.5
   10.0
   11.5
   13.0
   15.0
   Total
US III
   10.0
   11.5
   13.0
   Total
GS II
   10.0
   11.5
   13.0
   15.0
   Total

10
27

119
61
11

228

15
25
72
64
23

199

2
17
8

27

2
8
1
2

13

SS II, US II, US III, and GS II: Osstem implants (Osstem Implant Co., 
Ltd.).
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Table 3. Distribution of implant position

Position Number

Maxilla
   Anterior
   Posterior
   Total
Mandible
   Anterior
   Posterior
   Total

54
149
203

65
199
264

Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014
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cumulative survival rates for each interval were 99.48% at 

1 year, 97.78% at 2 years and 96.55% at 3-7 years, and the 

final cumulative survival rate was 96.55%. In a comparison 

of the cumulative survival rate for each group using cross-

tabulation analysis (P>0.05) and logistic regression analysis 

(P>0.05), we found that there was no statistically significant 

difference.(Table 5, Fig. 3)

In group SS II, the cumulative survival rate for each interval 

was 95.07% at 1 year and 93.62% at 2-7 years, and the final 

cumulative survival rate was 93.62%. In group US II, the 

Table 4. Seven-year cumulative survival analysis (total: 467, cen-
sored: 447, event: 20)

Interval time (yr)
Proportional 

surviving
Cumulative 

survival rate1 (%)
Hazard rate

1
2
3
4
5
6
7

0.9734
0.9852
0.9945
1.0000
1.0000
1.0000
1.0000

97.34
95.90
95.37
95.37
95.37
95.37
95.37

0.0022
0.0012
0.0005
0.0000
0.0000
0.0000
0.0000

1Life table method.
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Fig. 1. Survival function curve.
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Fig. 2. Hazard function curve.
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Table 5. Comparison of subgroups according to implant type

Interval time of 
subgroup (yr)

Cumulative 
survival rate1 (%)

 Significance level2

SS II
   1
   2
   3
   4
   5
   6
   7
US II
   1
   2
   3
   4
   5
   6
   7
US III
   1-7
GS II
   1-7

95.07
93.62
93.62
93.62
93.62
93.62
93.62

99.48
97.78
96.55
96.55
96.55
96.55
96.55

100

100

0.262

SS II, US II, US III, and GS II: Osstem implants (Osstem Implant Co., 
Ltd.).
Quantities of implants: SS II: 228, US II: 199, US III: 27, GS II: 13.
1Life table method. 2Log-rank test.
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Fig. 3. Comparison of the survival function curves between sub-
groups. SS II, US II, and GS II are Osstem implants (Osstem Im-
plant Co., Ltd.).
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014
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delayed loading to 239 implants. Of the 20 failed implants, 7 

implants had early loading, 10 implants had regular loading 

and 3 implants had delayed loading. Ten failed implants oc-

curred in two months of loading in one patient. The failure 

rate of early-loaded implants was 50% in the mandible and 

87.5% in the maxilla. Defining ‘wide-type’ implants as those 

with diameters ≥4.8 mm17, 10 of the 20 implant failures 

were wide-type implants and 10 implants were standard im-

plants.(Table 7)

IV. Discussion

The survival of implants placed in an edentulous jaw is 

influenced by implant characteristics, biological environment 

of the host and prosthetic restoration; implant survival has 

improved as implant structure, surface treatment and bone 

graft techniques have improved. Cavallaro17 reported that 

when 176 implants were placed on a normal alveolar bone, 

the survival rate at 3 years was 98.6%, and when 28 implants 

were immediately placed in the wound of the tooth extrac-

tion, the survival rate was 96.4%. Standford et al.18 placed 

1,246 implants and analyzed the cumulative survival rate for 

a year after prosthetic loading (98.6%). Stafford19 revealed 

that when implantation occurred immediately after tooth ex-

traction, the survival rate was 95.5%. 

3. Analysis of the prognostic factors that influence 

the cumulative survival rate 

The cumulative survival rate was related to the diameter of 

the implant, the bone graft history and the loading period. In-

creased implant diameter, bone grafting, and a shorter healing 

time were factors that increased the risk of failure.(Table 6) 

In this study, among the 467 implants, the failure rate of im-

plants placed in the maxilla was higher than for those placed 

in the mandible. In addition, 17 implants failed in cases that 

were accompanied by surgery with GBR. We applied early 

loading to 18 implants, regular loading to 210 implants and 

Table 6. Evaluation of other prognostic factors

Factor
Significance 

level1 Exp (B)
95% CI

Lower Upper

Age
Sex
Diameter
Length
Bone graft
1-Stage/2-Stage
Loading

0.721
0.105
0.021*
0.963
0.046
0.547
0.000*

0.995
0.450
1.516
1.134
0.494
1.466
0.682

0.956
0.168
0.907
0.797
0.195
0.524
0.559

1.034
1.208
2.533
1.613
1.247
4.103
0.832

(CI: confidence interval)
1Cox proportional hazard model. 
*P<0.05.
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J 
Korean Assoc Oral Maxillofac Surg 2014

Table 7. Cases of implant failure

Age (yr) Sex ASA score Site1 Type Width (mm) Loading (mo) Surgery

72
42

45
70
73

54
46
29
62

F
M

F
F
F

M
M
F
M II (DM)

3
4
4
2
2
2
2
2
2
4
1
2
1
1
2
2
2
2
2
1

SS II
SS II
SS II
US II
SS II
SS II
SS II
SS II
SS II
SS II
SS II
SS II
SS II
SS II
SS II
US II
US II
US II
US II
US II

4.1
4.1
4.1
5.0
4.1
4.8
4.8
4.1
4.8
4.8
4.8
4.8
4.1
4.1
4.8
4.0
4.0
5.0
5.0
5.0

2
5
2
4

13
6
6
8
5

13
2
2
2
2
2
2
2
5
5
5

GBR
GBR
Sinus bone graft

OSFE
OSFE
Sinus bone graft
Sinus bone graft

Le Fort I 
Iliac bone graft
Delayed placement

(ASA: American Society of Anesthesiologists, F: female, M: male, DM: diabetes mellitus, GBR: guided bone regeneration, OSFE: osteotome sinus 
floor elevation)
1Site: 1 (anterior maxilla), 2 (posterior maxilla), 3 (anterior mandible), 4 (posterior mandible). 
SS II, US II: Osstem implants (Osstem Implant Co., Ltd.).
Young-Kyun Kim et al: The seven-year cumulative survival rate of Osstem implants. J Korean Assoc Oral Maxillofac Surg 2014
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and is of the tapered type with an external connection struc-

ture. When placed on a site with weak bone quality, powerful 

bone compression can be obtained that is effective at 1/3 of 

the retainer23,24.

Of the many factors that may influence the survival of 

implants, we confirmed that patient age and gender as well 

as the length of the implants, choice of one-stage method or 

two-stage method, and the type of product were not related 

to increased risk. Although it has been suggested that failure 

rate increases as age increases because of decreased bone 

density caused by bone resorption exceeding osteogenesis25, 

there was no increased risk related to age in this study as well 

as in the study of Smith et al.26. There was no difference in 

risk between males and females, as previously determined 

by Heberer et al.27. Renouard and Nisand28 reported that, by 

avoiding countersink or under-preparation at sites where the 

bone substance was poor, there was no difference in the suc-

cess rate between rough-surface implants that were greater 

than 10 mm and less than 10 mm. In the present study, we 

also did not identify any risk related to implant length. 

Some scholars have claimed that having a bone graft his-

tory was not a risk factor for implant failure29,30. However, a 

more serious surgical wound is more likely to affect the pe-

ripheral blood supply and therefore have a harmful influence 

on the healing of soft tissue and bone tissue. Becktor et al.15 

found that the implant survival rates were 75.1% and 84.0% 

depending on whether or not there was a bone graft on the 

maxillary edentulous jaw, respectively, which represented a 

significant difference. Some authors have suggested that an 

implant placed in an adequate recipient site should perform 

better than an implant placed in a reconstructed site31. In 

this study, a history of bone grafting was directly correlated 

with increased risk, and we suggest that surgical techniques 

should focus not only on survival, but also on procedures that 

are less complicated, less invasive and are accompanied by 

smaller complications. 

In addition, risk of failure increased with increasing implant 

diameter and earlier loading period. Ivanoff et al.32 reported 

an increased failure rate for implants with a wide diameter 

(≥5 mm) and attributed this effect not only to the difference 

in surgical technique, but also to the inability to obtain pri-

mary stability due to poor bone quality, which resulted in the 

use of wide implants as ‘rescue’ implants. Wide-diameter im-

plants are often used when the bone substance and bone mass 

are poor, which increases the early failure rate. 

Optimal loading time for upper dental prostheses after 

implant placement is still debated. The 2002 World Con-

Survival analysis is a statistical technique in which the 

survival period is analyzed using a survival function, and the 

distribution of the survival period of a group, including mem-

bers whose observation has not been completed, can be deter-

mined. In this study, the cumulative survival rates of Osstem 

implants were 97.34% at 1 year after placement, 95.90% af-

ter 2 years, and 95.37% after 3 years, which were not largely 

different from previous studies. According to a multicenter 

clinical study of Osstem implants after maxillary sinus floor 

elevation, the survival rates of US II and SS II implants were 

99.2% and 95.8%20. A multicenter clinical study of Osstem 

GS II implants reported that the success and survival rates of 

the implants were 93.23% and 95.83%, respectively, in type 

IV bone21.

Failure of the implant in the early stage is related the pri-

mary stability of the implant, which can be improved by se-

lecting implants with appropriate structure and surface prop-

erties as well as by improving the surgical method22. Osstem 

implants include implants with various structures depending 

on the gingival biotype, bone quality and bone defects; in the 

US III and GS II groups, 100% of implants survived; in the 

US II group, the final cumulative survival rate was 96.55%; 

and in the SS II group, the final cumulative survival rate was 

93.62%. 

Statistical analysis for the cumulative survival rate was 

performed using cross-tabulation (P>0.05) and logistic re-

gression (P>0.05) analyses, but there were no statistically 

significant differences between any of the groups. However, 

because the numbers of followed US III and GS II implants 

were substantially smaller than those of the SS II and US II 

implants and because 100% of the US III and GS II implants 

survived, a comparative analysis on the differences between 

the SS II and US II implants is required. 

The cross-tabulation and logistic regression analyses re-

vealed no statistically significant differences between the 

SS II and US II implants. The US II implant has an external 

hex connection structure and is of the submerged type; be-

cause of the RBM surface treatment to improve the affinity 

with bone, this implant can easily be placed in various bone 

qualities and has outstanding holding power. In contrast, the 

SS II implant has an internal 8 degree morse taper and is of 

the non-submerged type; it has a stable connection structure 

and can be easily placed in various bone qualities. The GS 

II implant has an internal hex connection structure and is of 

the submerged type; its advantage is a dual micro and macro 

thread that minimizes bone resorption and provides optimal 

stress dispersion. The US III implant has an RBM surface 
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and tobacco use also influence the survival rate, but were ex-

cluded in this study. 

If we consider that each variable is interactional, then a 

duplicate statistical model, such as multi-regression analysis, 

would be required. However, because of the characteristics 

of the data, which have more discrete variables than continu-

ous variables, we determined that it would be difficult to 

obtain a satisfactory result with this method. Therefore, we 

used cross-tabulation analysis and logistic regression analysis 

instead, which are widely used. A prospective study in the 

future will eliminate factors that influence the cumulative 

survival rate of implants and their prognosis while examining 

each factor independently. 

V. Conclusion

The seven-year cumulative survival rate of Osstem im-

plants was 95.37%. As the healing period after implant 

placement increased, the failure risk decreased. However, as 

the diameter of the implants increased, the failure risk also 

increased, depending on bone graft history and early loading. 
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retrospective study design. This approach limited our scope 

of research, and we did not consider the prosthetic aspect. 

In this study, we only considered the patient’s age, gender, 

bone graft history, implant diameter and width, product type, 

one-stage/two-stage implant, and loading time as factors that 

influenced survival of implants. In addition to these factors, 

other factors such as the bone graft material, membrane, 

systemic disease, surgery time, type of anesthesia, type of 

prosthesis, condition of the occluding dentition, parafunction, 
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