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Abstract: According to the available literature, long-term survival and
success rates of one-stage, non-submerged dental implant (A dental implant
is not totally buried beneath the gum.) are predictable. However, until now
there is no similar study in Taiwan regarding to the efficacy of one-stage,
non-submerged dental implant. This prospective study from August 1997
to the end of 2005 includes 316 patients who received the dental implants
and prosthesis and were followed up at least 6 months. The total implants
are 717. Life table analysis is used to analyze the effectiveness of the one-
stage, non-submerged dental implant. Our result indicates the survival rate
and success rate are 99.58% and 96.13%, respectively, from this seven-year
follow-up study. This study strongly demonstrates that the efficacy of one-
stage, non-submerged dental implant is also predictable in Taiwan if the
patients are under regular follow-up after active treatments.

Key words: Cumulative success rate, cumulative survival rate, life table
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1. Introduction

The application of osseointegrated dental implant on oral rehabilitation has
been existing for years. This type of implant has been called ”the next best thing
to natural teeth”. The concept of ossecointegration first described by the research
group Br̊anemark et al. (1969). In the early 1980s Br̊anemark published his study
that showed titanium implants placement through the gum could be integrated
into the bone (osseointegrated) if left buried under the gum (submerged) for six
months (Adell et al. (1981)). During the 15 years of their retrospective clini-
cal study, the success rates of the maxilla2 implants and the mandible3 implants
were, respectively, 78% and 86%. However, the technique by Br̊anemark’s team

2The maxilla is the bone of the upper jaw.
3The mandible is the bone of the lower jaw.
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required two-stage implants, and, thus, implant patients needed to receive two
surgeries before abutment connection causing the inconvenience of both dentists
and patients as pointed out by Steenberghe and Naert (1998). Therefore, the
simplified one-stage non-submerged ITI implant (International Team for Oral
Implantology) was introduced by Schroeder et al. (1993), Wilson (1993) and
Buser et al. (1998, 1999). The success rate of ITI implant depends on the co-
operative work from teams of prosthodontist, periodontist, oral surgeon, and on
occasion other dental specialties if needed. The teamwork is also the key to ren-
der a high-quality treatment to patients. The features of ITI implant include
ossesointegration or so called ankylotic anchorage, usage of the grade IV com-
mercially pure titanium, titanium plasma sprayed (TPS) surface, sandblasted,
large-grit and acid-etched (SLA) surface, notably shortening patient’s chair time
restoration and avoiding the second surgical procedure. In an 8-year prospective
clinical study by Buser et al. (1997), the overall success rate of ITI implant was
93% with 87% success rate in maxilla implants and 95% success rate in mandible
implants. They have studied that the success rate of ITI implant was very high.

There is no longitudinal study in Taiwan on ITI implant, all the lectures and
data can only be found in other countries. Therefore, there is a demand for such
a study to be conducted on Taiwanese patients. However, it would presumably
increase the success rate in dental implants if any related research has been done
in Taiwan (Tseng et al. (1998, 2001, 2002, 2005)). The applied life table analysis
of Cutler and Ederer (1958) is a reliable statistical method to evaluate the long-
term prognosis of dental implant (Buser et al. (1997)). In addition, in order
to compare with results of Buser et al. (1997), we employ the same life table
analysis as the Cutler and Ederer (1958) to calculate survival and success rates,
respectively. Hence, this one-stage non-submerged dental implant study is to
be evaluated by the life table analysis described by Cutler and Ederer (1958).
In a total of 316 patients, 717 implants were consecutively inserted at Chi-Mei
Medical Center from August 1997 to end of 2005. Subsequently, all consecutive
implants were annually documented up to seven years. This data set belongs
to type III censoring in which the subjects (implants, in our study) enter the
study in different time periods (see Lee and Wang (2003), pp.2-3). The data set
with descriptive statistics are described in Section 2. Methodology applied in
analyzing the data is given in Section 3 followed by the results and conclusions in
Sections 4 and 5. It can be concluded that one-stage non-submerged ITI implants
maintain survival and success rates well above 90% for observation periods up to
7 years.

2. Data Description

The data for this 7-year prospective study encompass patients receiving one-
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stage non-submerged ITI implant since August 1997 received at Chi-Mei Medical
Center in Tainan County, Taiwan. Each implant was recorded including surgical
part and prosthesis part. The data collection ended in December 2005 with 316
patients receiving the implants. There are two implants was removed within 3
months due to early infection after implant surgery. One implant was removed
after 6-month loading (To restore an implant into functional occlusion.). The
early implant failure rate is 0.42%. During the follow-up period, 79 implants did
not follow the schedule completely and came back for examination sporadically.
Among the 316 patients with the average age 43.18, 171 were female (54.1%) with
the average age 41.17 at the time of the implant while 145 were male (45.9%)
with the average age 45.54 at the time of the implant. Totally, 717 ITI implants
with a mean follow-up of 2.99 years received by these patients during the study.
It showed that 229 (31.9%) out of the total 717 were implanted in maxilla and the
rest of 488 (68.1%) were in mandible. The majority of the implants was in the rear
area where teeth were more likely damaged because they were highly frequently
used and were difficult to clean up. The implant positions with respect to the
front teeth were divided into maxillary, mandibular, left and right area. Because
of the less functionality, wisdom teeth were always extracted without implants
when problems occured. The majority had 12-mm implants in length with 261
(36.4%) implants followed by 249 (34.7%) 10-mm implants. In general, 10-mm to
12-mm implants were more favorable because of the desirable results. An implant
was considered a success, otherwise, a failure if there was no functional signs of
pain or discomfort, inflammation or infection during the clinical examination,
implant mobility, radiolucency or radiographically detectable bone loss recurrent
according to Buser et al. (1997).

3. Methods

The life table analysis proposed Cutler and Ederer (1958) was applied to the
data. Terms and calculations are defined as follows.

• ti - ith time interval, i = 1, ..., 7.
The duration of the study is divided into 7 intervals of one year, i.e., t1 =
[0 − 1), t2 = [1 − 2), · · · , etc as shown in Table 1.

• ai - number of implants at the beginning of ti
For example, there are 717 implants in [0 − 1) year in Table 1.

• bi - number of dropouts in ti
The individuals left the study and failed to follow up. In Table 1, there
were 11 dropouts in [0 − 1) year time interval.
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• ri - number of implants at risk in ti
ri = ai − bi/2, where bi/2 is used as the correction factor for unaccountable
dropouts. For example, there were 711.5 implants under risk in [0−1) year
in Table 1.

• Si - survival rate in ti
Si = 1 − ni/ri where ni is the number of failures in ti. Note that the
failures are due to the peri-implant infection. For example, the survival
rate in [0 − 1) year was 99.58% in Table 1.

• CSi cumulative survival rate of ti
CSi = S1 × S2 × · · · × Si the cumulative survival rate of ith time interval is
the product of the survival rate up to time interval i.

• Pi successful rate in ti
Pi = 1 − mi/ri where mi is the number of peri-implant infection in ti.
For example, the successful rates of [0 − 1) year and [1 − 2) year were,
respectively, 99.58% and 98.56% in Table 2.

• CPi cumulative successful rate of ti
CPi = P1 ×P2 × · · ·×Pi, the cumulative successful rate of ith time interval
is the product of the successful rate up to time interval i. For example, the
cumulative successful rates of [0−1) year and [1−2) year were, respectively,
99.58% and 98.14% in Table 2.

4. Results

There were 2 early failures due to peri-implant infection after surgery and
one implant failure in 6-month functioning loading. The early failure rate was
0.42% lower than the 0.55% rate reported by Buser et al. (1997). After 6-month
functioning loading, 11 implants did not fulfill the predefined criteria of success.
There were 79 (11.0%) implant dropouts, higher than the 5.4% dropout rate of the
seventh year in Buser et al.’s (1997) study. The reasons for our high dropout rate
include patients’ changing dentists, financial status, and the epidemic of SARS.
By the definitions of Section 3, the survival rate and the successful rate of each
time interval of the 717 implants are shown in Table 1 and 2 respectively. The
cumulative survival rate and the cumulative successful rate were, respectively,
99.58% and 96.13%. For the results on the implant locations, the cumulative
successful rate for the 229 maxillary implants was 94.06% as shown in Table 3.
The cumulative successful rate for the 488 mandibular implants was 96.83% as
shown in Table 4. Contrary to Buser et al. (1997), our results did not show
differences between maxillary and mandibular implants. As to the results on
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different types of implant surface, the cumulative successful rate of the 524 SLA
implants was 98.82% as shown in Table 5. The cumulative successful rate of the
193 TPS implants was 94.42% as shown in Table 6.

Table 1: Life table analysis of 717 implants for survival implants

Implants Failures Drop-outs Implants Survival Cumulative
Interval at start during during at rate within survival
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Si) (CSi)

[0 − 1) 717 3 11 711.5 99.58 99.58
[1 − 2) 492 0 12 486.0 100.0 99.58
[2 − 3) 302 0 14 295.0 100.0 99.58
[3 − 4) 210 0 16 202.0 100.0 99.58
[4 − 5) 140 0 8 136.0 100.0 99.58
[5 − 6) 84 0 12 78.0 100.0 99.58
[6 − 7) 54 0 6 51.0 100.0 99.58

Table 2: Life table analysis of 717 implants for successful implants

Implants Failures Drop-outs Implants Success Cumulative
Interval at start during during at rate within success
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Pi) (CPi)

[0 − 1) 717 3 11 711.5 99.58 99.58
[1 − 2) 492 7 12 486.0 98.56 98.14
[2 − 3) 302 1 14 295.0 99.66 97.81
[3 − 4) 210 2 16 202.0 99.01 96.84
[4 − 5) 140 1 8 136.0 99.27 96.13
[5 − 6) 84 0 12 78.0 100.0 96.13
[6 − 7) 54 0 6 51.0 100.0 96.13

Table 3: Cumulative success rates of 229 implants in the maxilla

Implants Failures Drop-outs Implants Success Cumulative
Interval at start during during at rate within success
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Pi) (CPi)

[0 − 1) 229 0 2 228.0 100.0 100.0
[1 − 2) 132 3 6 129.0 97.67 97.67
[2 − 3) 80 0 5 77.5 100.0 97.67
[3 − 4) 55 2 2 54.0 96.30 94.06
[4 − 5) 38 0 3 36.5 100.0 94.06
[5 − 6) 25 0 5 22.5 100.0 94.06
[6 − 7) 17 0 2 16.0 100.0 94.06
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Table 4: Cumulative success rates of 488 implants in the mandible

Implants Failures Drop-outs Implants Success Cumulative
Interval at start during during at rate within success
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Pi) (CPi)

[0 − 1) 488 3 9 483.5 99.38 99.38
[1 − 2) 360 4 6 357.0 98.88 98.26
[2 − 3) 222 1 9 217.5 99.54 97.81
[3 − 4) 155 0 14 148.0 100.0 97.81
[4 − 5) 102 1 5 99.5 99.00 96.83
[5 − 6) 59 0 7 55.5 100.0 96.83
[6 − 7) 37 0 4 35.0 100.0 96.83

Table 5: Cumulative success rates of 524 implants with SLA surface

Implants Failures Drop-outs Implants Success Cumulative
Interval at start during during at rate within success
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Pi) (CPi)

[0 − 1) 524 1 3 522.5 99.81 99.81
[1 − 2) 302 3 1 301.5 99.01 98.82
[2 − 3) 115 0 3 113.5 100.0 98.82
[3 − 4) 32 0 1 31.5 100.0 98.82
[4 − 5) 3 0 0 3.0 100.0 98.82

Table 6: Cumulative success rates of 193 implants with TPS surface

Implants Failures Drop-outs Implants Success Cumulative
Interval at start during during at rate within success
in years of interval interval interval risk period(%) rate (%)
ti (ai) (ni) (bi) (ri) (Pi) (CPi)

[0 − 1) 193 2 8 189.0 98.94 98.94
[1 − 2) 190 4 11 184.5 97.83 96.80
[2 − 3) 187 1 11 181.5 99.45 96.26
[3 − 4) 178 2 15 170.5 98.83 95.13
[4 − 5) 137 1 8 133.0 99.25 94.42
[5 − 6) 84 0 12 78.0 100.0 94.42
[6 − 7) 54 0 6 51.0 100.0 94.42

5. Conclusions

The survival rate and the successful rate of the 717 implants were both greater
than 96% (Table 1 and 2). Comparing to the results of Buser et al. (1997) in
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which the 7-year cumulative survival rate and the cumulative successful rate were,
96.7% and 94.3%, respectively, the cumulative successful rate in this study was
higher and the cumulative survival rate was even better. The reasons may be,
first, the data of Buser et al. (1997) was from 3 universities and 2 countries (so
called multi-center) and the time frames of the 3 data sets were different. The
results of this study should be highly reliable for one-stage non-submerged im-
plant. Moreover, because of the advanced surgical procedures in recent years, the
successful rate was presumably better. Secondly, the successful rates of maxillary
and mandibular implants were both greater than 94% (Table 3 and 4), a little
different in the two locations. In comparison with the cumulative successful rates
of maxillary and mandibular implants in Buser et al.’s (1997), respectively, 87.2%
and 95.6%, the cumulative successful rate of maxillary implants in this study was
better while the cumulative successful rate of mandibular implants was not much
different. Thirdly, the successful rate of SLA which was adopted in our practice
was higher than of TPS (Table 5 and 6). Based on our findings, the one-stage
non-submerged implant of the ITI should be widely adopted in Taiwan. There-
fore, this team-work approach of implant treatment is highly reliable. And, for
the quality of ITI implant, we should also continuously update, follow-up and
analyze the data.
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