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Purpose: This report involves the retrospective analysis of ITI implants placed and/or restored by a
group of 7 clinicians located throughout the United States (5 periodontists and 2 prosthodontists).
Materials and Methods: Six hundred seventy-five posterior single-tooth implants were restored in 471
patients (average time of loading 21.30 months, with a range of 1 to 78 months). Three hundred sev-
enty implants and 71 implants were placed in mandibular and maxillary molar sites, respectively, and
108 and 126 were placed in mandibular and maxillary premolar sites, respectively. Results: A cumula-
tive survival rate of 99.1% was obtained for all sites (6 failures). The survival rates for individual sites
were as follows: 98.4% mandibular molars, 100% maxillary molars, 100% mandibular premolars, and
100% maxillary premolars. “At-risk” implants (1 to 2 mm of radiographic bone loss) were noted at 5
sites. Discussion: Minimal restorative problems were found with either screw-retained (n = 71) or
cemented restorations on solid abutments (n = 600); 80.3% of screw-retained and 98.2% of cemented
restorations were free of complications, respectively. Patient satisfaction scores were high (97.4%) as
determined by the Patient Satisfaction Questionnaire. Conclusion: The data suggest that solid-screw
(4.1 or 4.8 mm wide) ITI implants can be a satisfactory choice for posterior single-tooth restorations.
(INT ] ORAL MAXILLOFAC IMPLANTS 2002;17:550-556)
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Osseointegrated dental implants have become
the standard of care for treatment planning
patients who are either completely or partially
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edentulous, as well as patients who are missing sin-
gle teeth. Evidence-based studies have confirmed
that dental implants have an excellent long-term
favorable prognosis when compared to conventional
fixed partial dentures.'* The benefits of implants
over conventional fixed prostheses include caries
resistance and the avoidance of removal of tooth
structure of adjacent teeth via tooth preparation.
The ability to replace single missing teeth with sin-
gle implants should be the goal if in fact the clini-
cian’s objective is to replace what has been lost.
This service enables patients to enjoy the benefits of
comfortable function, pleasing esthetics, freedom
from marginal caries and concerns involving
restorations, and optimal oral hygiene access.””

A limitation of early single-tooth implant studies
was the lack of molar restorations in the investigated
populations.®'° The molar region could be the ideal
area in a patient’s mouth for testing the success of
single implants, since a lone-standing implant would
be most severely tested under many types of
occlusal, masticatory, and parafunctional loads.
Becker and coworkers'! reported on 282 implants
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Fig 1 Loading time, in months, of 675 solid-screw ITI implants placed in the posterior maxilla or mandible as

single-tooth replacements.

Fig 2 Study participants of solid-screw posterior
ITI implant study. Chart shows number of cases
either surgically placed (periodontist) or restored

(restorative dentist) by the participating clinicians.
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placed in molar positions and found striking differ-
ences in cumulative success in the mandibular molar
versus the maxillary molar regions (91.5% versus
82.9%, respectively). They attributed this outcome
to differences in bone quality and quantity in poste-
rior areas as compared to anterior regions, where
success profiles have been reported to be signifi-
cantly better. Levine and associates!? reported a
95.5% cumulative success rate for 157 implants,
with 135 of them being placed posteriorly (75 in the
molar and 16 in the premolar region). The survival
rate of the molar population was 92%, whereas the
survival rate of the premolar population was
99.98%. Three fractures of hollow-body implants
were reported in the mandibular first molar area
(12% fracture rate in molar region). This was found
to be a result of the implant design being overused
in this area of the mouth, where the load is too great
for the specific hollow-body design.

The purpose of the present study was to evaluate
the survival of 675 solid-screw I'TI implants for the

replacement of single posterior teeth. In addition,
the survival of cemented versus screw-retained sin-
gle-implant-supported crowns was compared.

MATERIALS AND METHODS

Six hundred seventy-five solid-screw I'T1 implants
(Straumann, Waldenburg, Switzerland) were placed
in 471 patients (292 women, 179 men). The data
were collected from 7 clinical practices throughout
the United States (5 periodontists and 2 prostho-
dontists). Although there was no definite com-
mencement date, the data collection period ended
August 1, 1999. Implant selection was based on
consecutive placement and followed from the day of
surgery to at least 1 month post-restoration. Con-
secutive periapical radiographs were necessary for
inclusion in the study (Fig 1; median 18 months).
The distribution of implants placed and/or restored
by the included clinicians was as follows (Fig 2):
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Fig 3 Maxillary posterior sites utilized, n = 197

implants placed. Tooth numbers are Universal
(FDI in parentheses).

Fig 4 Mandibular posterior sites utilized, n =
478 implants placed. Tooth numbers are Univer-
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The patients were considered healthy by their
clinicians (only 12.6% of the implants were placed
in smokers).

All implants were located in the posterior region
of the mouth and delineated as follows: mandibular
molar (370), maxillary premolar (126), mandibular
premolar (108), and maxillary molar (71) (Figs 3
and 4). Of the implants placed, 615 were 4.1 mm
wide (standard width) and 60 were 4.8 mm wide
(wide-body). The 10-mm-long implants were the
most frequently used (319), followed by the 8-mm
(166), 12-mm (131), 14-mm (24), 11-mm (21), 9-
mm (9), and 16-mm (5) (Fig 5). Six hundred one
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implants were titanium plasma-spray (TPS) coated,
while 74 were sandblasted/acid-etched (SLA). The
implants were examined for successful tissue inte-
gration according to success criteria described by
Buser and coworkers,’ with each implant being
classified as “early failure” because of recurrent
peri-implant infection or implant mobility or “suc-
cessful” based on the criteria (Fig 6), which
depended upon clinical and periapical radiographic
examinations of each site. Of the successfully inte-
grated implants, 600 were restored with solid abut-
ments and cemented restorations, and 71 were
restored with the octabutment and screw-retained
restorations.

After completion of the prosthetic treatment, the
majority of patients were placed in a periodontal
maintenance program with visits every 3 to 6 months.
Complications were recorded as they occurred and
included loosening or fracture of solid abutments for
cemented crowns, loosening or fracture of crown-
retaining screws, loosening of octabutments for



"d3HSI7dNd 3FHL INOYd NOISSINY3d NILLIIM LNOHLIM WHOd ANV NI A311INSNVYYL 0 d30NA0dd3d

39 AVIA 3710118V SIHL 40 1dvd ON ‘ATNO 3SN TYNOSH3d OL 31214153 SI INFWND0A SIHL 40 ONILNIFd "ONI ‘00 ONIHSI1dNd IONISSILINING A9 2002 © LHOIHAJOD

LEVINE ET AL

Fig 5 Implant lengths used in the study;
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Criteria for success

1. Absence of persistent subjective complaints such as
pain, foreign body sensation, and/or dysesthesia

2. Absence of recurrent peri-implant infection with
suppuration

3. Absence of mobility

4. Absence of continuous radiolucency around the
implant

Fig 6 Criteria for success from Buser and associates 1997.3

screw-retained restorations, marginal bone loss,
implant failure, and implant fracture.

Each patient was given a Patient Satisfaction
Questionnaire when treatment was completed. The
questionnaire was filled out by the patient, with any
additional comments also noted by the patient. The
scale ranged from 1 (very unhappy) to 3 (neutral) to
5 (very happy), according to how they felt about the
results of their treatment.

RESULTS

Evaluation of the treatment during the healing
period of 6 to 8 weeks (for SLA surface only) to 4
months (for TPS surface implants placed in Type 4
bone quality) revealed 4 implants that failed to inte-
grate. In addition, 2 implants demonstrated peri-
implant infection, with significant bone loss and poor
prognosis, and were considered “late failures.” Five

implants had pocketing (5 to 7 mm) and minimal (1
to 2 mm as measured radiographically) marginal
bone loss and were considered “at risk” but were sta-
ble, non-mobile, symptom-free, and in function.

Survival Rates of Posterior Implants

by Location

This analysis showed differences among all cate-
gories as follows: the mandibular molar survival rate
(n = 370) was 98.4% as compared to 100% for max-
illary molars (n = 71). In the premolar region 100%
survival was noted for both the mandible (n = 108)
and the maxilla (n = 126). The overall survival rate
was 99.1%. No implant fractures were noted for
either diameter used.

Restorative Failure and Problems
Of the 671 implant restorations, 600 were restored
as cemented crowns on solid abutments and 71 were
restored as screw-retained crowns on octabutments.
Problems with the cemented restorations were as
follows. In 2 patients, abutment loosening was seen
(0.3%); in 3 patients, solid abutments fractured and
needed to be replaced and new crowns fabricated
(0.5%); 4 crowns loosened because of cement
washout and were re-cemented (0.6%); and 2 addi-
tional crowns were remade because of porcelain
fracture in 1 patient and poor seating and labora-
tory error in another (both 0.2% occurrence).
Problems associated with screw-retained restora-
tions were as follows. In 12 patients (16.9%) the
crown-retaining screw loosened once, in 1 patient
(1.4%) the crown-retaining screw loosened multiple
times, and in 1 patient (1.4%) the octabutment
loosened once. In all patients, either the crown-
retaining screw was retorqued at 20 Nem, or the 1
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octabutment was retorqued to 35 Ncm and the
overlying crown retorqued to 20 Nem. The IT1
System torque wrench was used in each instance of
retorqueing.

Patient Satisfaction Questionnaire
A total of 454 responses (1 response per each
implant restored) were received by the primary
author from a total of 671 with completed treat-
ment, for a total 67.7% response rate; 97.4% of the
responders were either happy or very happy with
their restoration (n = 442), while 2.6% were
unhappy or neutral (n = 12). The primary author
was able to have all patients respond to the satisfac-
tion questionnaire at a subsequent visit and found
100% of the patients responding either happy or
very happy with their results. However, 16
responses indicated “food impaction between
teeth,” especially in the mandibular molar area
when a single implant replaced a molar tooth.
Introduction of the wide-neck (WN) implant by
Straumann, which features a 4.8-mm solid-screw,
bone-anchored section and a prosthetic shoulder
diameter of 6.5 mm, is a significant improvement
for the replacement of single missing molars. The
WN implant can now be used to avoid excessive
mesiodistal overcontouring of the implant super-
structure or extremely open interproximal embra-
sures, which may lead to food impaction and/or oral
parafunctional habits.’ The present authors are
now studying the survival rate of the wide-neck
implant in molar sites < 12 mm mesiodistally. Initial
data confirm that this implant can be an ideal choice
for most molar replacements where adequate bone
quantity is present. The improvement in emergence
profile has virtually eliminated complaints of food
impaction, which were seen with the use of a stan-
dard I'TT implant in a similar molar application.

DISCUSSION

The literature has been devoid of meaningful studies
on the use of dental implants in the posterior regions
of the mouth. The present authors have concen-
trated on this area; it is believed that the most
important area in the mouth to evaluate implant suc-
cess and strength is the posterior region, since
occlusal and parafunctional loads are most concen-
trated in this region. A recent study'? followed (mean
40.1 months) 135 posteriorly placed implants in
which the cumulative survival rate (CSR) of the
molar population was 92%, whereas the CSR of the
premolar population was 99.98%. Implant fracture
was noted in this previous study, and analysis found
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that all were in the mandibular first molar area (total
of 3 fractures) and all were hollow (3.5-mm-wide)
implant bodies. The implant fractures had occurred
after a mean service period of 40.3 months. None of
the solid-screw (4.1-mm-diameter) implants frac-
tured. It appears that the hollow-body implant does
not always have adequate strength to withstand pos-
terior forces of occlusion as a single-tooth replace-
ment, whereas the 4.1-mm solid screw does have the
needed strength for posterior application. The
authors decided to test the 4.1- and the 4.8-mm
wide-body solid-screw implants in posterior areas to
evaluate their CSR and prosthetic strengths and
weaknesses in single-tooth applications.

A recent study by Becker and associates!' evalu-
ated 282 implants in molar positions for CSR only.
No mention was made of any prosthetic problems
as in the present and prior studies. The comparison
that can be made with the Becker study would be
only in the molar region. The Becker study
reported on 70 while the present group reported on
71 maxillary molar implants. The CSR was 100% in
the present study for maxillary molars, whereas the
Becker study reported a CSR of 82.9%. The 370
mandibular molars followed in the present study
and the 212 in the Becker study showed CSRs of
98.4% and 91.5%, respectively. Becker and associ-
ates cited bone quality and quantity and variability
in achieving bicortical stabilization as reasons for
lower success rates in molar positions when com-
pared with the anterior region of the mouth.
Machined-surface titanium implants, ad modum
Brinemark, have extremely high success rates in the
anterior and the intraforaminal region of the
mandible because of bicortical stabilization in these
regions. However, in posterior areas'* there is less
bone surface available for implant contact, which
may account for the differences in CSR between
this material and Becker’s. This effect has been doc-
umented in animal studies.!*1¢

One interesting finding in a previous study’ was
that a majority of the implants placed in posterior
areas were of relatively short lengths, ie, 8 to 10 mm.
"TPS and SLA surfaces usually do not require bicorti-
cal stabilization. The present study seems to confirm
this as well as the ability of these surfaces to be suc-
cessful in significantly reduced ridges with the use of
shorter implants, ie, 8 mm, 9 mm, or 10 mm. All fail-
ures in the present study were located in the mandibu-
lar molar region. Failure rates by implant length were
as follows: 3 of 166 (1.8%) for 8-mm implants and 2
of 319 (0.6%) for 10-mm implants. There appears to
be a slight increase in failure rates for the 8-mm to 10-
mm length; however, survival rates of 98.2% versus
99.4% are both clinically satisfactory.
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The strength of the 4.1- and 4.8-mm I'TT solid-
screw implants was documented in the present
study with a mean loading time of over 21 months.
However, in previous studies,>!? implant fractures
were initially seen at 2 1/2 years with hollow-body
implants. Thus, the present data may be too short-
term to realize any fractures. To date, no fractures
of either 4.1- or 4.8-mm I'TT solid-screw implants
have been reported.!”

Another finding from the present study was the
number of restored cases with multiple contiguous
units. The mandible had 68 cases of 2 single
restored units and 21 cases of 3 single restored con-
tiguous units, while the maxilla had a total of 19
cases with 2 or 3 contiguous units. Not only were
they successful, with only 1 failure (an 8-mm
implant in a mandibular first molar region), there
may be a “protective” effect of multiple contiguous
implants: it enables patients to be restored as if they
had received their original adult dentition with
access to floss interproximally. The standard and
wide-diameter TPS and SLA titanium solid-screw
implants appear to be satisfactory replacements for
either single or multiple missing posterior teeth,
even when subjected to the heavy occlusal forces
that are seen in the molar areas.>'” The need for
“tripodization,”'®!” which has been recommended
for 2-stage external-hex implant systems, is not a
requirement for these implants and appears to be
confirmed again by these data.

In the present study, the more user-friendly
restoration based on minimal prosthetic complica-
tions was the cemented restoration on a solid abut-
ment versus the screw-retained restoration with the
octabutment. A recent study of machined-surface
titanium implants compared in vitro 3 different
implant-prosthesis connection systems (1 cemented,
2 screw-retained) with respect to their capability to
compensate fixed prosthesis dimensional and/or
shape errors.? The authors found that the cemented
abutments had the best capability of compensating
translation (axial and transversal) errors via signifi-
cant strain reduction. They proposed that a possible
explanation for their findings could be the presence
of a deformable cement layer, which might compen-
sate the translation errors produced during the man-
ufacturing process.?? It was theorized that the
cement could thus act as an absorber for the defor-
mation caused by the manufacturing mismatch and
may be capable of preserving the implant-abutment-
prosthesis stack from greater strains. Although the
present cases involve in vivo treatment, the results
of this in vitro study may be a valid explanation for
the lack of problems with cemented single crowns
seen in the present population.

CONCLUSIONS

The results of the present study have indicated that
the use of TPS-coated and SLA solid-screw
implants for posterior single-tooth replacement can
be a predictable procedure. The cumulative survival
rate of 675 implants placed was 99.1%, with only 6
failures recorded. Based on the criteria for success
by Buser and associates,’ the CSR for individual
sites was 98.4% for mandibular molars and 100%
for maxillary molars and premolars as well as
mandibular premolars. One to 2 mm of bone loss
was recorded radiographically on an additional 5
implant sites, and these were noted as “at-risk” sites.
Minimal restorative problems were recorded, as
80.3% of screw-retained and 98.2% of cemented
restorations were complication-free. No implant
fractures were noted with the use of either the stan-
dard 4.1-mm-diameter or the 4.8-mm wide-body
implants.
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