The Longitudinal Clinical Effectiveness of
ITlI Solid-Screw Implants in Partially

Edentulous Patients: A 5-Year Follow-up Report

Alexandra Behneke, Priv-Doz Dr med dentl/Nikolaus Behneke, Prof Dr med dent2/
Bernd d’Hoedt, Prof Dr med dent3

A total of 114 ITI solid-screw implants was consecutively placed in 55 partially edentulous
patients and restored with 68 fixed prostheses. The patients were followed for at least 5 years in
a prospective study that focused on implant success and longitudinal reactions of the peri-
implant hard and soft tissues. During the study period, 5 implants failed and 15 implants were
lost to follow-up, resulting in a cumulative survival rate of 95.3% after 5 years of loading. The
success analysis included additional strictly defined events (“first occurrence of marginal bone
loss 24 mm,” “first occurrence of pocket depth = 4 mm,” and “first occurrence of crevicular fluid
volume > 2.5 mm”) and resulted in a cumulative 5-year success rate of 89.0%. Median loss of
marginal bone, as observed on radiographs, was 0.7 mm between implant placement and pros-
thetic treatment and 0.5 mm between prosthesis placement and the 5-year evaluation. Com-
pared to the previous year’s value, the annual increase in marginal bone loss did not reach a
level of statistical significance between 1 and 5 years of function, so that a steady state pre-
vailed. The incidence of lingual-palatal surfaces affected with remarkable plaque deposits
increased from 13% after prosthesis placement to 23% after 5 years. Sulcus Bleeding Index,
probing depth, attachment level, and crevicular fluid volume were used to describe the health of
the peri-implant soft tissues. The research parameters remained almost unchanged and indi-
cated a soft tissue response within physiologic levels. Most mechanical complications were
experienced during the first year of loading and were related to loosening of occlusal screws,
which occurred in 8 (12%) of 68 restorations. (INT J ORAL MAXILLOFAC IMPLANTS 2000;15:
633-645)

Key words: bone resorption, dental implants, endosseous dental implantation, oral mucosa,

partially edentulous jaw

linical studies indicate a high long-term probabil-

ity of successful soft tissue integration and mini-
mal bone resorption with submerged as well as non-
submerged osseointegrated implants in completely
edentulous arches.!-? Based on these encouraging
data, dental implants have become an increasingly
common treatment method in partially edentulous
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patients as an alternative to conventional fixed or
removable dentures. The main distinctive features of
partial edentulism compared to complete edentulism
are the presence of natural teeth, which might serve as
bacterial reservoirs for colonization of the peri-
implant sulcus,10-15 as well as an altered load distribu-
tion resulting from the lack of cross-arch stabilization,
unfavorable relationships between bone volume and
masticatory forces, higher bending moments, and
dynamic contacts. In spite of these reservations, clini-
cal reports have indicated satisfactory prognosis with
partiall6-21 and single?2-27 implant-supported prosthe-
ses in the short- and medium-term perspective. In
most of the literature references, the outcome has
been based on experience with the Brinemark tech-
nique. The cumulative implant survival rates in par-
tially edentulous arches followed for 5 years of func-
tional loading have been documented in several
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prospective studies and ranged between 88% and
97.3%.19,2024.26,27 Howeyver, statistical evidence con-
cerning the effectiveness of nonsubmerged implants
in partially edentulous patients is more limited. The
general advantages of intentional nonsubmerged
implants include the need for only 1 surgical proce-
dure, with primary formation of the soft tissues
directly after implant placement and without shrink-
age after abutment connection, maintenance of kera-
tinized mucosa, and avoidance of subgingival micro-
gaps, considered to be conducive to healthy
peri-implant conditions.

The aim of the current report was to present the
treatment outcome of I'TT 2-part , nonsubmerged
solid-screw implants used to rehabilitate partially
edentulous arches with a follow-up period of at least
5 years. Thus, uniformly combined patient pools
were available for the different examinations. The
longitudinal results of monitoring the peri-implant
tissue reactions are presented, along with mechanical
complications encountered with the implant compo-
nents and suprastructures.

MATERIALS AND METHODS

Patients and Implants
Previous results on some of the same patient material
were presented in the context of a heterogenous indi-
cation report with a follow-up period of at least 3
years.28 Over the inclusion period between December
1, 1989, and December 31, 1992, 55 partially edentu-
lous patients (28 females, 27 males) were consecutively
treated and documented biannually in this prospective
study. With the exception of dropouts, all patients
have been followed for 5 years. Treatment of the
patients was conducted according to a standardized
surgical and prosthodontic protocol. Patients were
informed of the terms for participation in the study,
and the data were used according to the declaration of
Helsinki?? and guidelines set forth by the University of
Mainz for biomedical research in human subjects. The
mean age of the patients at the time of implant place-
ment was 44.2 years, with a range from 17 to 81 years.
A total of 114 I'TT solid-screw implants (Institut
Straumann AG, Waldenburg, Switzerland) was
placed, 19 in the maxilla and 95 in the mandible.
Considering the first premolars as the division
between anterior and posterior areas, the posterior
mandible (90 implants) was the preferred site. The
remaining group comprised 14 implants in the pos-
terior maxilla, 5 implants in the anterior mandible,
and 5 implants in the anterior maxilla. The majority
of implants were 12 mm in length (80, or 70%), fol-
lowed by 10 mm (21, or 19%) and 8 mm (13, or
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11%). Implants with a standard diameter of 4.1 mm
were used most frequently (101), and the remaining
13 implants had a diameter of 3.3 mm. The mean
observational time was 5.4 years, with a maximum of
8.3 years. Sixty-eight restorations (55 screw-retained
restorations and 13 cemented restorations) were
involved, of which 56 were monitored over 5 years
after prosthesis placement. Eighty-five implants
were loaded with 40 implant-supported fixed partial
prostheses (27 connected single crowns, 9 cantilever
partial prostheses, and 4 conventional fixed partial
prostheses). Ten implants served as abutments for 9
combined implant/tooth-supported restorations, and
19 implants were used for single tooth replacements.

Data Collection and Study Parameters

The follow-up documentation was executed using a
strict recall system, as described earlier.28 Upon
completion of prosthetic treatment, the clinical
parameters mentioned below were documented at
biannual follow-up visits. The evaluated parameters
were performed after removal of the prostheses and
were assessed at all times by a single investigator.

¢ Plaque Index, according to Mombelli et al,30 mea-
sured on the buccal and lingual-palatal surfaces

* Sulcus Bleeding Index according to Mombelli et
al,30 measured on the buccal and lingual-palatal
surfaces

* Probing depth, measured to the nearest 0.5 mm
with a Plast-o-Probe (Maillefer, Stuttgart, Ger-
many) at the buccal, lingual-palatal, mesial, and
distal surfaces of the implants

* Distance between implant shoulder and mucosal
margin, measured to the nearest 0.5 mm with the
same probe at the same 4 locations

¢ Attachment level, calculated by adding probing
depth and distance for each site

¢ Crevicular fluid volume, collected with indicator
strips (Merck, Darmstadt, Germany) inserted at
the buccal and lingual-palatal in the peri-implant
sulcus for 30 seconds

* Periotest value, measured buccally at a distance
of 3 mm from the implant shoulder (Siemens,
Bensheim, Germany)

Complications, including screw or abutment
loosening, veneer fractures, mucosal inflammation,
and peri-implantitis, were reported at each follow-
up visit and at any time of occurrence.

Radiographic Evaluation

Periapical radiographs (Rinn System, Rinn Corpora-
tion, Elgin, IL) and standardized panoramic radio-
graphs (Orthophos CD, Siemens) were taken
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Intra-observer Variability in Periapical and Panoramic Radiography (Differences Between 2

Repeated Measurements in mm)

Periapical radiography (n = 40)

Panoramic radiography (n = 38)

Measurement Median

Vertical distance from first thread to first visible 0.01
bone-implant contact

Vertical distance from first thread to alveolar crest 0.0

Implant length 0.01

Mean (SD) P Median Mean (SD) P
0.01 (0.09) .16 0.01 0.02 (0.15) .13
0.003 (0.08) .54 0.02 0.05 (0.17) .08
0.01 (0.14) .68 0.01 0.01(0.12) .49

immediately postoperatively, after prosthesis place-
ment, and annually thereafter. A panoramic technique
was applied when anatomic conditions did not permit
use of the periapical method. Distortion of panoramic
radiographs was taken into account, using known
implant dimensions as a measurement guide. The
radiographs were analyzed for changes in alveolar
bone levels with reference to the immediate postoper-
ative radiograph as the baseline. The distance
betweeen the first implant thread and the first visible
bone contact was defined as marginal bone loss and
measured to the closest 0.1 mm at the mesial and dis-
tal aspect of each implant. In addition to determina-
tion of marginal bone loss, bone resorption was mor-
phologically differentiated into horizontal and vertical
components.31-33 The radiographs were analyzed on a
view box with a digital sliding gauge (Mauser,
Niedernhall, Germany), and all measurements were
made by one of the authors. In 80 randomly selected
radiographs (40 panoramic, 40 periapical), distances
were remeasured after a 4-week interval. The differ-
ences were considered negligible (Table 1).

Statistical Analyses

Cumulative survival and success rates were calcu-
lated for individual implants by means of life table
methods. To be regarded as successful, an implant
had to be immobile and in a prosthetically conve-
nient position. In addition, marginal bone loss of
less than 4 mm, probing depth of less than 4 mm,
and crevicular fluid volume of less than 2.5 mm were
used as strict success criteria for the assessment of
hard and soft tissue response. The graphical presen-
tation of research parameters for the descriptive sta-
tistics was done by notched box and whisker plots.
The mean values, medians, and number of implants
are indicated in the graph footnotes. When the
study parameters were tested for significant differ-
ences at various times of investigation, the Wilcoxon
signed rank test, as paired statistical analysis, was
used. The relationship between marginal bone loss
and dental arch parameter was examined by means
of a Mann-Whitney U test; P values of less than .05
were considered statistically significant.
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RESULTS

Cumulative Survival and Success Rates
All 114 implants placed were stable during the heal-
ing phase and could be used to support fixed pros-
theses. During function, after loading times of 35 to
60 months, 4 implants (2 in the maxilla, 2 in the
mandible) were lost in 3 patients because of pro-
gressive bone loss. Another single implant in the
mandible was removed 54 months after prosthesis
placement at the patient’s request, in spite of the
fact that the implant was stable and appeared to be
well osseointegrated. This patient experienced
episodes of severe myofascial pain and insisted on
the implant’s removal. Of the 4 patients with
implant failures, in 3 situations the fixed partial
prostheses were supported by the remaining
implants. The patient with facial pain was later
treated with a conventional removable partial den-
ture. The majority of patients complied with the
prescribed recall system. Eight patients, represent-
ing 15 implants, dropped out of the study. For 3
patients, the cause of dropping out was unknown, 2
patients could not continue to attend further fol-
low-up appointments because of a change in resi-
dence, and 3 patients were on recall elsewhere.
Consequently, 94 implants remained in the study
for the final examination after 5 years of loading.
The cumulative implant survival rate was 95.3%
at the end of the 5-year period (Table 2). This cumu-
lative survival rate resulted from the aforementioned
5 implant failures, while none of the remaining
implants showed mobility, peri-implant radiolucency,
or caused persistent pain. For a more accurate view
with regard to the peri-implant conditions, Table 3
shows the result of the success analyses, which
included the events “first occurrence of marginal
bone loss = 4 mm,” “first occurrence of pocket depth
= 4 mm,” and “first occurrence of crevicular fluid
volume = 2.5 mm.” A total of 12 events had occurred
at the time of statistical survey. Five of these events
were failures, and 7 events involved implants that
exceeded the defined thresholds for radiographic or
clinical criteria. During the first year after prosthesis
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Table 2 Life Table Analysis of Cumulative Survival Rate

At risk

at start of during
Time period interval interval
Placement to loading 114 0
Loading to 1 year 114 0
1to 2 years 114 0
2 to 3 years 110 2
3to 4 years 102 0
4 to 5 years 101 &
5 years 94

Failures Withdrawn Interval Cumulative Cumulative

during failure failure survival
interval rate (%) rate (%) rate (%)
0 0 0 100
0 0 0 100
4 0 0 100
6 1.8 1.8 98.2
1 0 1.8 98.2
4 3.0 4.7 95.3
95.3

Table 3 Life Table Analysis of Cumulative Success Rate

At risk

at start of during
Time period interval interval
Placement to loading 114 0
Loading to 1 year 114 2
1to 2 years 112 3
2 to 3 years 105 1
3to 4 years 98 3
4 to 5 years 94 3
5 years 87

Failures Withdrawn Interval Cumulative Cumulative

during failure failure success
interval rate (%) rate (%) rate (%)
0 0 0 100
0 1.7 1.7 98.3
4 2.7 4.3 95.7
6 1.0 5.2 94.8
1 3.1 8.1 91.9
4 3.2 11.0 89.0
89.0

placement, 98.3% of the implants remained free of
radiographically determined bone loss = 4 mm,
probing depth =4 mm, and crevicular fluid volume =
2.5 mm. Corresponding values for the 3- and 5-year
intervals were 94.8% and 89.0%, respectively.

Clinical Observations
Figure 1 shows the frequency distribution of Plaque
Index scores assessed at the buccal and lingual-
palatal surfaces of the implants. At the buccal
aspects, plaque scores were consistently low and
remained nearly unchanged during the 5-year
period of service. Over the entire observation
period, more than 90% of the implants showed
Plaque Index scores of 0 or 1, indicating excellent or
good oral hygiene practices. At the lingual-palatal
surfaces, oral hygiene procedures were less effective,
and mean Plaque Index scores were higher. The
portion of lingual-palatal surfaces with remarkable
plaque deposits (score of 2 or 3) rose from 13%
after prosthesis placement to 23% after 5 years. A
comparison of baseline examination and re-exami-
nation after 5 years revealed significant differences
in Plaque Index scores at lingual-palatal surfaces.
The bleeding tendency of the peri-implant sulcus
is illustrated in Fig 2. The results at the buccal sur-
faces were not much different from those assessed at
the lingual-palatal surfaces. Except for the examina-
tions carried out at the buccal surfaces 3 and 4 years
after prosthesis placement, more than 90% of the

636 Volume 15, Number 5, 2000

sites showed no or very little bleeding on probing
during the evaluation period. Only 1% to 4% of the
sites had a Sulcus Bleeding Index score of 3.

The longitudinal alterations in probing depth
and attachment level are shown in Fig 3. Only mini-
mal changes in the 2 parameters were noted; the
median probing depth ranged from 1.5 mm to 2.0
mm and the median attachment level ranged from
1.4 mm to 1.7 mm. The greatest increase in probing
depth and loss of attachment took place between the
I-year and 2-year examinations, but at the final
examination, these parameters were not significantly
different from those at the baseline.

A significant increase was observed in crevicular
fluid volume (Fig 4), from a median of 0.2 mm after
prosthesis placement to 0.7 mm at the 1-year exami-
nation (P = .0002). In the 1- to 5-year observation
period crevicular fluid volume did not change signif-
icantly, and the median value showed only a slight
variation (between 0.7 and 1.2 mm).

Results of the assessment of implant mobility
with the Periotest device showed a decreasing Perio-
test value, from a median of -2 at baseline (after
completion of the prosthetic treatment) to a median
of —4 after 1 year (P < .0001). During the following
12 months, another slight decrease occurred, and a
median of -5 was seen at the 2-year examination. In
the 2- to 5-year period, no further alteration in the
Periotest value was noted, and the interquartile
range remained almost unchanged (Fig 5).
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Figd Plaque Index scores for (left) buccal and (right) lingual-palatal implant surfaces at the baseline examination (prosthesis placement)
and at the annual re-examinations. The figure indicates low and unaltered plaque scores at buccal surfaces but a tendency toward
increased plaque scores at lingual-palatal surfaces.

Sulcus Bleeding Index scores
o O:1 8- s |
Buccal Lingual-palatal
% \\ ] 100
) Ca 0
2 K : )
£ i i =
5 B - 5
€ . o €
) .. 9]
<) <4
o) 3 o)
a s a
20 - B o

S N 1 I S I S Sl I S50 I s T Gt N s I S IO

o Gl NN % N ) N i I s O o o s I N s B . )

Loading 1y 2y 3y 4y 5y Loading 1y 2y 3y 4y 5y

L Il Il 1l 1 1 L Il 1L 1l 1 ]

P values: .61 .15 .09 .89 A7 | P values: .006 .50 .80 94 .30 |

L L
43 A7

Fig 2 Sulcus Bleeding Index scores for (left) buccal and (right) lingual-palatal implant surfaces at the baseline examination (prosthesis
placement) and at the annual re-examinations. Buccal and lingual-palatal surfaces showed a similar pattern; the percentage of sites that
showed no bleeding ranged from 66% to 82%.
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Fig 3 Box plots showing alterations in (top) probing depth and (bottom) attachment level. No sig-
nificant differences existed between baseline and the final examination.
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Fig 4 Box plot illustrating alterations in crevicular fluid volume. There was a significant difference
in this parameter between the time of prosthesis placement and the 1-year examination. During
the following 4 years, no remarkable changes were noted.
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Fig 5 Box plot showing Periotest values. The median Periotest value was between -2 and -5,
with the highest score (ie, lowest stability) obtained directly after prosthesis placement.
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Fig 6 Box plots illustrating alterations in marginal bone loss (total, horizontal, and vertical components) for the different time intervals.
Loss of marginal bone was 0.7 mm (median) between implant placement and prosthetic treatment and 0.5 mm (median) between pros-
thesis placement and the 5-year evaluation. Subsequently, the 1-year examination of radiographic data revealed a constant course, with-

out significant differences.
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Radiographic Evaluation

The progression of marginal bone loss (total, hori-
zontal, and vertical components) is expressed in Fig
6. The diagrams depict the changes with respect to
the postoperative radiograph. Between implant
placement and prosthetic treatment, median mar-
ginal bone loss of 0.7 mm (P < .0001) was observed.
Up to 1 year after prosthesis placement, marginal
bone loss tended to increase (median 0.9 mm, P =
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.009), while in the subsequent research period, dif-
ferences were either no longer present or minimal.
At the final examination, after 5 years of functional
loading, marginal bone loss of 1.2 mm (median
value) was measured, corresponding to an average
marginal bone loss per year of 0.1 mm. Further-
more, it was noted that 90% of all implants demon-
strated a marginal bone loss £ 3 mm during the
entire trial period. For several implants (4% to
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Fig 7 Longitudinal evaluation of marginal bone loss in mandibular and maxillary sites.

Mandibular sites showed ongoing bone loss up to the end of the first year after prosthe-
sis placement, while subsequent radiographic monitoring revealed no further loss. Maxil-
lary implants showed a more stable result up to 3 years after prosthesis placement,
while in the last 2 years of observation, the median rose from 0.8 mm to 2.0 mm.

12%), a gain in bone height was observed. For the
horizontal component (measured remote to the
implant as the distance between the first thread and
the osseous crest), morphologic differentiated eval-
uation revealed bone loss of 0.4 mm (median) dur-
ing the healing period and 0.2 mm from prosthesis
placement to the 5-year follow-up. Vertical bone
resorption was 0 mm (median) during the healing
period and 0.3 mm after 5 years.

Regarding location of the implants in the maxilla
or mandible, slight distinctions in the dynamic reac-
tion of marginal bone loss were observed, but the
differences did not reach statistical significance (Fig
7). For implants in mandibular sites, the median val-
ues for marginal bone loss were 0.8 mm, 0.3 mm,
and 0 mm for the periods implant placement to
prosthesis placement, prosthesis placement to 1-
year examination, and 1-year to 5-year examination,
respectively. For the maxillary sites, the median val-
ues were 0.7 mm, 0 mm, and 1.3 mm for the same
periods. Based on these data, the average annual
bone loss in the functional phase (ie, after the heal-
ing period) was 0.06 mm in the mandible and 0.3
mm in the maxilla.

Complications and maintenance requirements
during the study period are presented in Table 4 and
classified as structural complications or biologic
alterations affecting the hard and soft tissues. For
2% to 9% of the patients, peri-implant inflamma-
tion was observed; these alterations did not seem to
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increase with time. Separate infections of the
mucosal soft tissue were associated with the pres-
ence of plaque and/or an immunocompromised situ-
ation and were remedied by local disinfection and
additional oral hygiene instruction. Peri-implantitis
defects were treated with autogenous bone grafts as
described elsewhere.34 Prosthesis mobility related to
loose screws was documented 12 times; the majority
of these screw complications occurred in the first
year. The most common reason for laboratory
repair was fracture of the veneers, a condition that
again was observed most often in the first year fol-
lowing prosthesis placement. No implant or abut-
ment fractures were noted. In summary, it could be
noted that the majority of complications were
recorded during the first year of function; there-
after, the incidence of complications was rare. Sev-
enty-two percent of the restorations were complica-
tion-free between the time of prosthesis placement
and the first annual examination; for the subsequent
years, the corresponding values were 93% to 96%.

DISCUSSION

The present data demonstrate a positive outcome
for the use of I'TI solid-screw implants to rehabili-
tate partially edentulous patients during a 5-year
period of functional loading. The use of I'TI
implants in partially edentulous arches has not been
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Table 4 Structural and Biologic Complications During the 5-Year Follow-up

Period
Prosthesis
Complication placement 1year 2years 3years 4years 5years
Structural complications
Screw loosening — 8 1 1 1 1
Screw fracture — — — — — —
Abutment loosening — — — — — 1
Veneer fracture — 5 — — 1 1
Implant fracture — — — — — —
Total — 13 (19%) 1 (1%) 1 (2%) 2 (3%) 3 (5%)
Biologic alterations
Mucositis — 1 1 1 — —
Peri-implantitis 3 5 2 1 2 1
Total 3 (4%) 6(9%) 3(B%) 23B%) 2(3%) 1(2%)
Restorations without 65 (96%) 49 (72%) 62 (94%) 59 (95%) 57 (94%) 52 (93%)
complications
Restorations at risk 68 68 66 62 61 56

sufficiently documented in the implant scientific lit-
erature. Several of the survival studies have short-
comings, since they are based on limited material,
report only average failure rates unrelated to time,
or are cross-sectional analyses of research parame-
ters.35-38 Furthermore, the majority of studies used
mainly hollow cylinders and hollow screws. Com-
pared to hollow-body implants, solid screws offer
advantages with regard to fracture resistance and
accessibility for peri-implantitis therapy. Treatment
of hollow-body implants affected with progressive
bone loss is unpredictable when the first row of per-
forations is reached and the infection has reached
the inner part of the implant. Because of differences
in study designs and types of implants, it would be
problematic to extrapolate results of the above-
mentioned studies to the current findings.

Clinical trials, estimating or calculating implant
survival as a function of time, were reported by Buser
et al,16 Ellegaard et al,39 Kemppainen et al,25 and
Levine et al.40 The most detailed study appears to be
the prospective 3-year follow-up trial carried out by
Buser et al,16 which included 54 hollow screws and
hollow cylinders. The cumulative survival rate calcu-
lated by a modified life table approach was 96.2%
after the third year and corresponds well to the 3-
year results (98.2%) of the current study. Results
from a multicenter retrospective study of single-
tooth hollow and solid-body I'TT implants showed an
overall survival rate of 95.5% after 2 years of load-
ing.40 In the 1-year study of Kemppainen et al,2’ no
implant failures occurred. Using the Kaplan-Meier
method, Ellegaard et al39 estimated a survival rate of
95% after 5 years for 93 I'TI hollow screws. The
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estimated success rate under application of the crite-
ria “first occurrence of radiographic bone loss = 3.5
mm” was 79.2%. When the cumulative survival and
success rates of the present study are compared with
the estimated data of Ellegaard et al, the findings are
in agreement for the event “implant failure.” How-
ever, when peri-implant bone loss is included in the
definition of success, the current success rate is
approximately 10% higher than that described by
Ellegaard and coworkers. The currently observed
higher success rate could be related to differences in
the definition of success criteria, implant design,
patient selection, or statistical methods. The cumula-
tive S-year survival rate (95.3%) of this current
report on nonsubmerged I'TT screw implants is com-
parable to,!819.2426 or higher than,20.27 the 5-year
data presented for the Brinemark System (range
from 88% to 100%).

The oral hygiene and soft tissue conditions
around the implants were found to be satisfactory,
and the almost constant course of research parame-
ter evaluation indicated that the soft tissue response
maintained a level of comparative health and stabil-
ity over the 5-year period of service. The magnitude
of changes in bleeding on probing, probing depth,
and attachment level was small and did not reach
statistical significance when baseline and final mea-
surements were compared. The findings of low per-
centage of sites with bleeding on probing and no
signs of progression are in agreement with the data
of Buser et all6 for I'TI implants and Henry et al24
for Branemark System implants. On the other hand,
most studies have found a tendency toward increas-
ing Sulcus Bleeding Indices.17:19.2627 These results
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may be attributed to trauma of the vulnerable peri-
implant tissues (lack of fibrous attachment), leading
to a bleeding tendency as a result of injury, rather
than as a result of inflammation. Although signifi-
cant differences in crevicular fluid volume were
shown between the baseline measurements after
prosthesis placement and those after 5 years, the
majority of implant sites produced physiologic
amounts of this exudate. Crevicular fluid volume,
noninvasively harvested on paper strips in this study,
has proven to be a suitable parameter for monitor-
ing peri-implant soft tissue conditions. The linear
coherences between marginal bone loss and crevicu-
lar fluid volume were described in a previous
article.?8 In addition, crevicular fluid volume has
been shown to render predictive information for
pathologic processes of peri-implant bony support.+!
Concerning these relations, comparable or similar
findings obtained in the present patient group for
longitudinal changes in peri-implant osseous sup-
port and crevicular fluid volume, as well as results of
the paired statistical tests, were not surprising.

The decrease in Periotest values over time is in
agreement with other reports on I'TT implants in par-
tially edentulous patients!642 and may be interpreted
as a function-related increase in bone contact® or
mineralization# at the implant interface. The ten-
dency toward decreasing Periotest values over time,
as well as the the majority of negative values
(between —1 and -8), resembled the results observed
in various screw-type implant systems.”,17,45-47

In most clinical trials studying peri-implant bone
level changes, no baseline radiographs were taken
immediately postsurgically; instead, the first radio-
graphic assessment was taken at second-stage
surgery or at prosthesis placement, ie, 13 or more
months after surgical placement of the implants.
Therefore, sparse information about the amount of
bone loss in the pre-loading period can be found in
the literature. In the present study, baseline was
considered to be immediately after implant place-
ment, a fact that results in restricted comparability
to other clinical trials. The number of studies deal-
ing with bone level changes around I'TT implants in
partially edentulous patients is relatively small, and
the evaluation time has been limited to a maximum
of 3 years. Two investigations, both referring to
hollow screws and hollow cylinders of the I'TT sys-
tem, reported bone level changes during the healing
period and early phase of functional loading. Him-
merle et al8 evaluated 28 I'TT implants and found
that mean marginal bone loss varied with modifica-
tions in the sink depth, from 0.2 mm to 0.6 mm
between baseline and 4 months, and from 0.3 mm
to 0.4 mm between 4 and 12 months. Brigger et
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al4? found a change in bone level of 0.8 mm
(median) for 57 implants up to 1 year after implant
placement. For the period between prosthesis place-
ment and the 1-year examination, Kemppainen et
al25 observed an average bone loss of 0.1 mm for 56
I'TT implants (hollow screws and hollow cylinders).
"This trend of an annual rate of bone loss of 0.1 mm
was confirmed by Weber et al50 and Buser et all6 for
the 1- to 2-year period and the 1- to 3-year period,
respectively. With a median marginal bone loss of
0.7 mm during the healing period and 0.1 mm bone
resorption per year after prosthetic treatment, the
present results were satisfactory and corroborated
the aforementioned short-term observations. Fur-
thermore, the amount of marginal bone loss seems
to be comparable t019.20.23,24.27 or less than!7.26,51 the
outcome derived from longitudinal studies of the
Branemark System in partially edentulous patients.
The fact that no statistically significant differ-
ences were found when marginal bone loss for
mandibular implants was compared with that for
maxillary implants is in general agreement with the
published literature. For 55 partially edentulous
patients with I'TI hollow screws and hollow cylin-
ders, Weber et al0 reported greater mean bone loss
for maxillary implants at the 1-year examination.
Though this finding could not be confirmed in the
second year of observation, the initial arch-related
differences have weakened. Van Steenberghe,52
Quirynen et al,17 and Brigger et al* also failed to
identify the dental arch as a predictor for peri-
implant bone loss in partially edentulous patients.
Adell et al53 described the relationship between the
dental arch and marginal bone loss for fixed pros-
theses in edentulous arches supported by Brine-
mark System implants. They found more bone loss
in maxillae than in mandibles during the healing
period, while the opposite was observed for the first
year after abutment connection. The authors stated
that the rich vascular supply and cancellous charac-
ter of the maxillary bone would possibly result in a
shortened remodeling time, while the compact
mandibular bone demanded an extended period of
time for structural changes associated with implant
placement. This trend was not seen in the present
study. During the healing period, maxillary and
mandibular bone responded similarly to the
implants’ presence in the oral cavity. In the longer
term, mandibular sites showed ongoing bone loss
up to the end of the first year after prosthesis place-
ment. Subsequent radiographic monitoring of
implants in the mandible revealed no further
increase, and the median stabilized at a level of 1.2
mm. No remarkable bone level changes were noted
for maxillary implants up to 3 years after prosthesis
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placement, while in the last 2 years of observation,
stable conditions were no longer present and the
median tended to rise from 0.8 mm to 2.0 mm. The
observed differences between maxillae and
mandibles should be interpreted with caution
because of the limitations resulting from unequal
numbers of implants in the 2 groups.

SUMMARY

With a high cumulative survival rate of 95.3% and
almost stable conditions of peri-implant hard and
soft tissues, I'TT solid-screw implants may be consid-
ered as a reliable treatment alternative for the reha-
bilitation of partially edentulous patients in a
medium-term perspective. Loss of marginal bone
occurred at a low level (a median of 0.7 mm during
the healing period, and 0.5 mm for the period
between prosthesis placement and the 5-year follow-
up), and after 1 year of loading, a steady state was
recorded. The soft tissue response demonstrated a
level of comparative health and stability over the 5-
year period of service. The rare occurrence of
mechanical alterations of implant and suprastructure
components seemed to indicate that the I'TI system
provides a safe prosthodontic treatment concept.
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