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A Prospective Human Clinical Trial of Endopore 
Dental Implants in Restoring the Partially 

Edentulous Maxilla Using Fixed Prostheses
Douglas A. Deporter, DDS1/Reynaldo Todescan, DDS, PhD1/Philip A. Watson, DDS, MScD1/
Michael Pharoah, DDS, MSc1/Robert M. Pilliar, BASc, PhD1/George Tomlinson, MSc, PhD1

This is the first report of a group of 50 partially edentulous patients who received a total of 151 Endo-
pore dental implants in the maxilla. A mean implant length of 8.7 mm was used, and 76.8% of
implants were placed in the posterior maxilla. At re-entry, all implants appeared to be osseointegrated
and were used to support fixed prostheses. Approximately half of the crowns (57%) in these prosthe-
ses were splinted to one another, while the remainder (43%) were not. At the time of this report, the
mean functional time was 34.6 months and the cumulative survival rate was 97.3% (4 implants had
failed). Analysis of carefully standardized sequential radiographs indicated no significant changes in
mean crestal bone levels between baseline and any of the examination times (after 6 months, 1 year,
and 2 years in function). There were no detectable correlations between crestal bone loss and the fac-
tors implant length (7, 9, or 12 mm); implant diameter (3.5, 4.1, or 5.0 mm); implant position anteriorly
or posteriorly in the maxilla; or whether or not the implant-supported crowns were splinted. (INT J ORAL

MAXILLOFAC IMPLANTS 2001;16:527–536)

Key words: implant-supported prostheses, partially edentulous maxilla, porous-surfaced dental
implant

The results of human clinical trials with
threaded, machined-surface, commercially

pure titanium (cpTi) dental implants, such as the
original Brånemark System implant (Nobel Biocare,
Göteborg, Sweden), placed in partially edentulous
patients indicate reasonable 5-year success rates1

(92% and 94%, respectively, for maxillae and
mandibles). The majority of failed implants were
either 7 or 10 mm in length,1 confirming the earlier
comments by Lekholm and colleagues that there
was an increased risk of failure with implant lengths
less than 10 mm in the mandible or less than 13 mm
in the maxilla.2 Similar findings were reported by
Bahat,3 in that most failed Brånemark System

threaded implants were 7 mm in length (9.5% fail-
ures with 7 mm implants, compared to 3.8% with
all other lengths), while even higher failure rates
(25%) were reported by Wyatt and Zarb4 for 7-
mm-long Brånemark System implants placed in
partially edentulous patients. 

It has generally been agreed that the maxilla is
more difficult to treat successfully with dental
implants than the mandible1,5–9 and that outcomes in
the posterior maxilla are the least predictable.3,6,10–12

These observations have been related primarily to
poor bone density.6,13–17 To overcome these difficul-
ties, newer implant designs have employed the use
of surface textures such as titanium18 or hydroxyapa-
tite (HA) plasma-sprayed surfaces or surfaces treated
by sandblasting and/or chemical etching.19 A place-
ment technique using hand osteotomes rather than
burs also has been promoted as preferable for plac-
ing endosseous root-form dental implants in Type
III and IV maxillary bone.20 Textured surfaces have
been used on both threaded and press-fit cylindric
implants, but while initial maxillary success rates
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were better for Ti plasma-sprayed cylinders18 (IMZ,
Friatec, Friedrichsfeld, Germany) and for HA
plasma-sprayed threaded or press-fit cylindric
implants6 (Steri-Oss, Nobel Biocare; mean implant
length, 12.3 mm), longer-term studies (ie, 8 to 10
years) with similar implants showed a high percent-
age of late failures.9,21–24

An alterative surface “texture” is that created by
high-temperature solid-state sintering, which results
in a multilayered porous surface zone (overall thick-
ness 0.3 mm) of spherical particles of titanium-alu-
minum-vanadium (Ti-6Al-4V) of a defined size
range and resulting porosity suitable for implant fix-
ation by bone ingrowth.25–31 This porous surface has
been shown to be osteoconductive and to allow for
bone ingrowth and mechanical interlocking at the
bone interface region,25,30,32 allowing shorter-length
implants to be used routinely.25,26,28,29,33 In this
prospective trial, the performance of this implant
design was tested in short lengths in the partially
edentulous maxilla.

MATERIALS AND METHODS 

Patient Population
The patients enrolled in this trial included 25 men
and 25 women with a mean age of 53.7 years (range,
25 to 76 years) who, with 3 exceptions, each
required 2 or more dental implants and an implant-
supported fixed restoration in the maxilla. The 3
exceptions involved 2 patients who required the
replacement of 2 teeth, but had sufficient mesiodis-
tal arch length to receive only 1 implant. In each

situation, only 1 implant was used to support a 2-
unit prosthesis. More specifically, a lateral incisor
implant carried a cantilevered canine crown, a sec-
ond premolar implant carried a first premolar
crown, and a canine implant carried a cantilevered
first premolar crown. 

A total of 151 implants were placed, including
where possible 1 implant for each tooth requiring
replacement. All patients claimed to be currently
nonsmokers and were otherwise medically fit. Each
was given a detailed oral and written description of
the risks and benefits of the proposed treatment,
and all patients then signed a consent-to-treat
agreement. Pretreatment records collected included
a medical history, a full-mouth series of periapical
radiographs using the long-cone paralleling tech-
nique and polydirectional tomographic images of
the sites intended for implant placement, diagnostic
casts, and a full dental and periodontal assessment
of the remaining teeth. Patients with existing perio-
dontal disease were referred to have this condition
treated prior to implant placement.34

Implant System 
The implant used was the Endopore implant system
(Innova Corporation, Toronto, Ontario, Canada),
an endosseous tapered root-form design developed
at the University of Toronto.25–28,30,35 The implant
designs used in this trial are shown in Fig 1 and
included 7-, 9-, and 12-mm-long implants (4.1-mm
diameter), a 9-mm “mini” implant (diameter 3.5
mm), and 5- and 7-mm-long “wide-body” implants
(5.0-mm diameter). For each of the implant designs,
the coronal 1 mm had a machined surface finish,
while the remainder of the implant length had the
sintered porous-surfaced structure described by Pil-
liar and coworkers.36 All implants had a “universal”
external hexagon connection. 

Surgical Technique
The standard protocol for surgical placement in the
partially edentulous maxilla using surgical burs has
been described.28 Implant sites were created with a
pilot bur to establish site depth, followed by a side-
cutting tapered implant bur. Each site was checked
for size with a “trial-fit” gauge and the implant was
placed and fully seated with a surgical mallet. This
procedure was used to place 79 implants (ie, 52.3%
of the total number of implants placed) in 26 of the
50 patients. However, at about this time, osteotome
techniques for the placement of press-fit implants in
maxillary bone developed by Summers20,37 were
published, and the porous-surfaced implant seemed
ideal for use with this osteotome approach in Types
III or IV maxillary bone and/or where ridge width

Fig 1 Implant designs used in this investigation, all shown with
healing caps in situ. (Left to right) 5 mm long � 5 mm diameter,
7 mm long � 5 mm diameter, 7 mm long � 4.1 mm diameter, 9
mm long � 3.5 mm diameter, 9 mm long � 4.1 mm diameter,
and 12 mm long � 4.1 mm diameter. Each of these has a 1-mm-
long machined coronal collar region, and the remainder of the
implant has a sintered porous-surfaced finish. 
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was too narrow to permit the use of burs. There-
fore, in the remaining patients, a modified Summers
technique was used where appropriate (72 implants,
or 47.7%).33

Whether implants had been placed using surgical
burs or osteotomes, re-entry surgery was scheduled
at 4 months after placement, unless a simultaneous
indirect sinus elevation procedure had also been
done (which was the case for 26 implants in 16
patients38); in these patients, the affected implant
sites were left to heal for 6 months. Other excep-
tions included those patients in whom a perforation
and/or a fracture of the buccal plate had occurred
during implant placement with osteotomes. This
situation occurred with 39 implants in 22 patients,
and in most instances the problem area was covered
with a Dynagraft Matrix (GenSci Regeneration
Laboratories, Irvine, CA), a sponge of human ten-
don collagen carrying freeze-dried, demineralized
bone particles, and allowed to heal for 6 months.

Prosthetic Treatment 
Following re-entry, healing abutments were left in
situ for approximately 4 weeks before prosthesis fab-
rication was begun. It was not possible to adhere to
this protocol with 2 patients, and in these situations
(see “Results”), much longer intervals elapsed
between re-entry and prosthesis placement. For all
implants, the final impression was made at the
implant level employing a closed-tray technique and
transfer copings (Innova Corporation). Custom-made
impression trays and polyether (Polyjel NF, Dentsply
International, York, PA) or polyvinyl siloxane (Poly-
Sil, SciCan/Lux and Zwingenberger Ltd, Toronto,
Canada) impression materials were used. Porcelain-
fused-to-metal crowns were fabricated with the aid of
plastic UCLA-type abutments that were subsequently
cast in gold alloy (Olympia, JF Jelenko, Armonk,
NY), to which porcelain was added. 

Of the 151 implants, approximately half (43%)
were restored with individual (ie, non-splinted)
crowns, while the remainder (57%) were splinted to
other implants, in most instances as part of a fixed
partial prosthesis with 1 or more pontics. For con-
nected (splinted) units, a Duralay index (Reliance
Corporation, Worth, IL) was obtained in the mouth
prior to soldering. The majority of the restorations
were made retrievable. In a few instances, however,
because of implant positioning, the restorations
needed to be cement-retained. In these situations,
custom abutments were fabricated and the restora-
tions secured with temporary cement (Temp-Bond,
Kerr Corporation, Romulus, MI). Any necessary
occlusal or contact point adjustments were made at
the first bisquet bake stage. At the time of prosthe-

sis placement, the retaining screws for all abutments
were secured to their respective implants with a
torquing wrench (Attachments International, San
Mateo, CA) set at 32 Ncm.

Postimplantation Data Collection 
Posttreatment records were collected at baseline (ie,
1 month after prosthesis placement), after 6 months
of function, and annually thereafter. At each session,
the prosthesis was removed and subclinical mobility
testing done using a Periotest device (Siemens Med-
ical, Charlotte, NC). Radiographs were collected
using a specialized stainless steel film holder26,39

connected to each implant individually. The x-ray
tube was connected directly to the film holder using
a Rinn extension arm and locating ring (Rinn Cor-
poration, Elgin, IL), which in turn was attached to
the directing cone to standardize image geometry of
sequential films and therefore minimize interpreta-
tion error in measuring bone height in the sequen-
tial films. All films were exposed using the same cal-
ibrated x-ray machine and developed manually in
batches, always using freshly prepared chemistry.
The film holder also incorporated an aluminum
stepwedge to provide a constant image density stan-
dard for the sequential films.

All radiographs were masked and viewed in a
darkened room by one radiologist. Measurements of
the position of the alveolar crest relative to the
machined surface/porous surface junction on the
mesial and distal surfaces of each implant were made
with a reticle and 6� magnification, recognizing an
intraobserver measurement error of 0.2 mm.35

Statistical Analyses 
Univariate analyses were used to describe the study
population demographically and their experience in
the study. Specifically, these analyses resulted in fre-
quency distributions describing the procedures per-
formed, implant lengths and diameters used,
implant locations by tooth position, and whether
implants were splinted. Implant performance was
determined using life table analysis.40

Radiographic data were from 151 implants in 50
patients, and therefore implants were not indepen-
dent. Accordingly, regression analyses employing
mixed models were used to account for both
between-person and within-person variation using
the mixed procedure in SAS Software (SAS Institute,
Cary, NC).41 Mesial and distal bone loss measure-
ments were first assessed separately for changes in
bone height over time, ie, between sequential radio-
graphs. Following this, average bone loss data for
each implant (ie, averaging the mesial and distal bone
height values for each implant) between examination
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intervals were computed and assessed for changes in
sequential radiographs. In these models, the differ-
ences in mean bone loss across subjects were mod-
eled as a random effect. Further models were used to
assess whether bone loss was significantly affected by
any of the following: time, anterior versus posterior
location, implant length, implant diameter, and
whether the implant was splinted. Here, subject-
mean bone losses were again modeled as a random
effect, and implant location, length, etc, were mod-
eled as fixed effects. Analyses were first performed
separately for mesial and distal implant surfaces and
then repeated on the averaged (per-implant) data. 

RESULTS

The locations by tooth type of the 151 implants
placed in the maxillae of the 50 patients in the study
are shown in Table 1. The majority (76.8%) of
implants were placed in the posterior maxilla. Table
2 provides information on the implant designs used
(see also Fig 1) and the mean implant length (8.7
mm); 27.0% of the implants were small-diameter
(3.5 mm), 60.1% were regular-diameter (4.1 mm),
and 12.8% were wide-diameter (5.0 mm).

All implants became integrated and all were used
for the prosthetic restorations (ie, there were no

“sleepers”). There was 1 implant failure after 5
months of function in a male patient who had
received three 12-mm implants bilaterally to restore
maxillary premolars and first molars. This implant
had been placed in the maxillary right first molar
site using surgical burs. There were also 3 more
failures in a single quadrant of a second patient.
This patient had received 4 implants in the left
quadrant to replace a lateral incisor, canine, and
first and second premolars. These had been placed
using osteotomes and there had been some fractures
of the buccal plate of bone at that time, which were
covered with a Dynagraft Matrix. After re-entry the
patient was unavailable to receive a definitive pros-
thesis until 18 months later. During this period, the
patient wore a temporary acrylic resin distal-exten-
sion removable partial denture. At the time of
definitive prosthesis placement, these implants
appeared healthy in the radiographs taken, but
within 3 months, 3 of the 4 showed signs of bone
loss suggestive of impending failure (lateral incisor,
9-mm “mini”; canine, 9-mm regular-diameter
implant; and first premolar, 9-mm regular-diameter
implant). Shortly thereafter, these 3 implants were
removed, giving a survival rate of 97.3% for the
study group (Table 3), with a mean functional time
of 34.6 months (range, 5.1 to 68.6 months). To date,
no patients have been lost to follow-up. 

Table 1 Implant Location by Tooth Type

Tooth location Frequency Percent

Incisors 28 18.6
Canines 7 4.6
Premolars 72 47.7
First molars 34 22.5
Second molars 10 6.6

Table 2 Implant Lengths Used

Implant length 
and diameter Frequency Percent

5-mm wide-body (5.0 mm) 2 1.3
7-mm regular-diameter (4.1 mm) 25 16.6
7-mm wide-body (5.0 mm) 19 12.6
9-mm regular-diameter (4.1 mm) 49 32.4
9-mm “mini” (3.5 mm diameter) 40 26.5
12-mm regular-diameter (4.1 mm) 16 10.6

Mean implant length = 8.7 mm.

Table 3 Life Table Analysis

Time in Implants Implants yet Interval Cumulative
function at start to complete Implant failure survival
(mo) of interval interval failures rate rate

0 to 12 151 11 4 2.7% 97.3%
13 to 24 136 37 0 0% 97.3%
25 to 36 99 16 0 0% 97.3%
37 to 48 83 61 0 0% 97.3%
49 to 60 22 19 0 0% 97.3%
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Radiographic Results
At the time of this report, radiographic data had
been analyzed for 131 implants at baseline, 119
implants after 6 months of function, 100 implants
after 1 year of function, 88 implants after 2 years of
function, and only 62 implants beyond 2 years. Sam-
ple radiographs of 1 patient out to 2 years are shown
in Figs 2a and 2b. The data extending to 2 years are
displayed in Table 4 and represent changes in bone
level between the time intervals baseline to 6
months, 6 months to 1 year, and 1 to 2 years. Nega-
tive values indicate bone loss, while positive values
represent apparent bone gain. As indicated above, in
the initial analysis, data from the mesial surfaces of
the implants were analyzed separately from those
for the distal surfaces. Since there were no
detectable differences between the means for these
surfaces, the mesial and distal results were combined
in preparing Table 4. They show that there were no
significant changes in mean bone levels between
baseline and any of the examination times, ie, that
the alveolar crest remained stable at or near the

machined surface/porous surface junction from the
onset of implant function. 

Figure 3 is a frequency distribution of the data
used to prepare Table 4. It can be seen that for all 3
time intervals the greatest number of sites showed
no bone loss, ie, had a value of zero, and that this
number increased rather than decreased with time
in function. If 0.3 mm is considered to be the inher-
ent error in reading standardized periapical radio-
graphs,42 then the great majority of measurements
(about 85% at 2 years) fall within this range of error
(± 0.3 mm), suggesting minimal if any change from
zero, ie, that the majority of sites demonstrated sta-
ble crestal bone levels. However, only 88 of the
remaining 147 implants had reached 2 years or
more in function at the time of this report, and
therefore incontrovertible conclusions on crestal
bone level changes beyond 1 year cannot be made
from the present data.

As shown in Table 5, there were no detectable
effects on crestal bone loss at any of the 3 time
intervals with respect to whether the implant was

Figs 2a and 2b Sample radiographs of
1 implant from 1 patient at baseline (left)
and 2 years (right). The prostheses have
been removed and a stainless steel film
holder (F) attached to this implant. The
crestal bone had resorbed to the vicinity
of the machined surface/porous surface
junction (arrows) by the time of the base-
line examination and remained stable
thereafter.

Table 4 Within-Person Average Bone Loss Between
Consecutive Measurements

Time Lower Upper
interval 95% Sample 95% Standard
(mo) n* limit† mean† limit† error P value

0 to 6 114 +0.034 –0.013 –0.060 0.023 .57
7 to 12 91 +0.024 –0.011 –0.046 0.017 .53
13 to 24 79 +0.014 –0.038 –0.090 0.025 .14

*Number of implants with radiographs available for assessment.
†Positive values indicate bone gain; negative values indicate bone loss.
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placed in the anterior or posterior maxilla (0 to 6
months, P = .57; 7 to 12 months, P = .99; 13 to 24
months, P = .21). There were also no detectable
effects of implant length or implant diameter on
bone loss during any of the 3 time intervals. Finally,
there were no detectable effects of splinting or not
on crestal bone loss at any of the time intervals (0 to
6 months, P = .51; 7 to 12 months, P = .07; 13 to 24
months, P = .82).

DISCUSSION 

This is the initial report on a prospective study
involving 50 partially edentulous patients who, with
3 exceptions, each received 2 or more sintered

porous-surfaced dental implants and fixed restora-
tions in the maxilla. Unlike many earlier investiga-
tions,2,43 there were no “sleeping” implants left cov-
ered because of prosthetically untenable implant
location and/or orientation. At the time of this
report, all remaining implants were in function, with
a mean functional period of 34.6 months (SD 16.4
months) and with 136 implants past 1 year of func-
tion. The mean implant length used was 8.7 mm,
which, with one possible exception (ten Bruggenkate
and associates44), appears to be the shortest mean
length for any endosseous root-form dental implant
used to date in restoration of the partially edentu-
lous maxilla.

The cumulative survival rate was 97.3% (4 im-
plants were lost; one 12-mm-long, one 9-mm-long
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Fig 3 Frequency distribution of the changes in crestal bone levels for the time intervals baseline to 6 months, 6
months to 1 year, and 1 to 2 years. Mean values for these data are given in Table 4. 

Table 5 Significance of Predictors Studied and Crestal Bone
Loss

Time interval

Predictors 0 to 6 months 7 to 12 months 13 to 24 months

Anterior vs P = .57 P = .99 P = .21
posterior location

Implant length P = .76 P = .55 P = .12
Implant diameter P = .74 P = .05 P = .65
Splinted vs P = .51 P = .07 P = .82

non-splinted
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“mini,” and two 9-mm-long implants). The reasons
for implant loss in these 2 patients are speculated to
be as follows. The patient who lost the single 12-
mm-long implant had received 2 other implants in
the same quadrant, all placed with burs. The bone
quality was Type III, and the site may have been bet-
ter managed with osteotomes. The other 3 failures
occurred in a single patient and a single quadrant.
These implants had been placed in a narrow ridge
using osteotomes, and fractures of the buccal cortical
plate had occurred. Furthermore, this patient did not
receive a definitive prosthesis until 18 months after
re-entry (instead of the usual 4 months), during
which time a temporary, removable, distal-extension,
acrylic resin partial denture was worn over the heal-
ing abutments of the exposed implants. It is specu-
lated that during this excessively long interval, the
temporary denture may have caused trauma to the
already compromised buccal plate of bone, leading to
its resorption; and, indeed, at the time of implant
removal no buccal plate of bone remained in these
sites.

In the present investigation, available radio-
graphic measurements of crestal bone loss collected
at baseline and after 6 months and 1 and 2 years in
function were presented and indicated no signifi-
cant changes between baseline and any of the func-
tional times analyzed. Earlier studies in canine25

and human26 mandibles had established that the
pattern of crestal bone remodeling in relation to
porous-surfaced implants was dictated by the origi-
nal position of the bone crest in relation to the
machined surface/porous surface junction. Bone
loss occurred primarily around the machined collar
of the implant, and this was related to a stress-
shielding effect.31,45 In both of these earlier stud-
ies25,26 the implant design included a 2-mm
machined collar, the majority of which was buried
in bone at the time of implant placement. As a con-
sequence, it took at least 1 year in the dog and up to
3 years in the human anterior mandible for the
radiographic image of the crest to reach equilib-
rium. By contrast, in the present study, the ma-
chined collar region of the implant was only 1 mm
long, and this appeared to limit the degree of pre-
dicted crestal remodeling,35 perhaps explaining why
the mean crestal bone levels were already stable by
the time baseline radiographs were taken, ie, 1
month after prosthesis placement. 

The radiographic data collected here were also
assessed (see Table 5) for the effects of implant loca-
tion, implant length, implant width, and the use of
free-standing or splinted units in the prosthesis
design. None of these factors had any effect on the
crestal bone levels in this study population. Thus,

whether an implant was located in the anterior or
posterior maxilla made no difference in mean bone
loss. Neither implant length (7, 9, or 12 mm) nor
implant diameter (3.5, 4.1, or 5.0 mm) caused varia-
tion in the degree of crestal bone loss; and finally,
and perhaps most interesting, there was no signifi-
cant difference in crestal bone loss whether the
implant units were splinted or not.

The consensus on the use of endosseous root-
form dental implants in the maxilla is that long
implants are necessary for success46,47 to ensure suffi-
cient surface area for bone contact.2,6,9,11,22,23,48–50 In
the present study, the mean implant length used was
only 8.7 mm, and the survival rate appears to be
equivalent to or better than those reported for other
implant devices, since none of the 7-mm-long
implants used were lost. The present results are also
an improvement upon those of an earlier study of a
group of completely edentulous patients who each
had mandibles restored with 3 free-standing implants
and an overdenture. The mean implant length used
in that earlier study also was 8.7 mm, and the 5- to 6-
year cumulative survival rate was 93.4%.29

The present results indicate that the porous-sur-
faced implant used performed more or less the same
in the posterior maxilla as in the anterior maxilla.
Only 4 implants of the 151 placed failed, and these
included 2 anteriorly and 2 posteriorly located
implants. Reports from investigators using other
endosseous root-form dental implants have been
contradictory in regard to their relative effective-
ness in the anterior versus posterior maxilla. Zarb
and Schmitt51,52 reported somewhat better results
posteriorly (97.6%; mean implant length not pro-
vided) with Brånemark System implants. Likewise,
Jemt and Lekholm53 found 3% failure in 101 Bråne-
mark System implants (mean length not given, but
the majority of failures were 7 mm in length) placed
in posterior regions of the maxillae of 31 patients.
The majority of these (3 of 4) failed to integrate.
Conversely, Bahat3 reported that more failures
occurred in the posterior than in the anterior max-
illa for similar machined-surface implants. The fail-
ure rate in the posterior maxilla was 4.8% (or 9.5%
if only 7-mm implants were considered), and the
majority of failures occurred at exposure or within 3
weeks to 4 months after loading. Similar results
(about 5% failure, and generally before loading) in
the posterior maxilla were reported by Nevins and
Langer10 and by Becker and Becker.54

Most other reports on the use of dental implants
to restore the partially edentulous maxilla do not
report separately the results in the anterior versus
the posterior maxilla. In these reports, the failure
rates with traditional threaded implants range from
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about 3% within 1 year of placement2,53 to 6% to
10.7% after 2 to 6 years in function.1,8,11,55–57

In the present study, all prosthetic restorations
were supported by implants only and followed the
principles of prosthesis design and occlusion estab-
lished by others.58,59 While it has been suggested
that there would appear to be no negative impact of
combining implants with natural teeth as prosthesis
abutments,60–62 except for occasional intrusion of
natural-tooth abutments,63,64 it was felt that if teeth
as well as implants had been used to support pros-
theses in the present study, criticism may have been
raised because of possible sheltering of the implants
from full functional loading.65,66 No particular ratio
of implants to prosthetic units (eg, as suggested by
Zarb and Schmitt51) was used. The rationale was
simply to use as many implants as possible (ie, an
implant for each missing tooth, if space permitted),
as is generally done in clinical investigations of this
sort. 

CONCLUSION 

The purpose of this report was to describe the pro-
tocol being followed and the early results found in a
prospective study using a root-form, porous-sur-
faced dental implant to restore partially edentulous
maxillae. To date, the 50 patients enrolled in the
study have implants that have been in function for a
mean period of 34.6 months (range, 5.1 to 68.6
months). The cumulative survival rate is 97.3% (4
implants were lost), despite a mean implant length
of only 8.7 mm, and an analysis of crestal bone loss
indicated no significant change from baseline to 2
years of implant function, although only 88 of the
remaining 147 implants had reached 2 or more
years in function at the time of preparation of this
report.

ACKNOWLEDGMENTS

The authors wish to thank Mrs Nancy Valiquette and Mrs Car-
oline Chu for their administrative assistance and Innova Corpo-
ration, Toronto, for partial financial assistance. Ms Nicole
Riley was responsible for the statistical analyses of the data.
The authors also wish to thank Ms Karen Nardini for her tire-
less administrative and clinical assistance in managing the
patients in this trial.

REFERENCES

1. Lekholm U, van Steenberghe D, Herrmann I, et al. Osseo-
integrated implants in the treatment of partially edentulous
jaws: A prospective 5-year multicenter study. Int J Oral Max-
illofac Implants 1994;9:627–635.

2. Van Steenberghe D, Lekholm U, Bolender C, et al. The
applicability of osseointegrated oral implants in the rehabili-
tation of partial edentulism: A prospective multicenter study
on 558 fixtures. Int J Oral Maxillofac Implants 1990;5:
272–281.

3. Bahat O. Treatment planning and placement of implants in
the posterior maxillae: Report of 732 consecutive Nobel-
pharma implants. Int J Oral Maxillofac Implants 1993;8:
151–161.

4. Wyatt C, Zarb GA. Treatment outcomes of patients with
implant-supported fixed partial prostheses. Int J Oral Max-
illofac Implants 1998;13:204–211.

5. Adell R, Eriksson B, Lekholm U, Brånemark P-I, Jemt T. A
long-term follow-up study of osseointegrated implants in
the treatment of totally edentulous jaws. Int J Oral Maxillo-
fac Implants 1990;5:347–359.

6. Saadoum AP, LeGall M. Implant positioning for periodon-
tal, functional, and aesthetic results. Pract Periodontics Aes-
thet Dent 1992;4:43–54.

7. Johns RB, Jemt T, Heath RM, et al. A multicenter study of
overdentures supported by Brånemark implants. Int J Oral
Maxillofac Implants 1992;7:513–522.

8. Higuchi KW, Folmer T, Kultje C. Implant survival rates in
partially edentulous patients: A 3-year prospective study. J
Oral Maxillofac Surg 1995;53:264–268.

9. Haas R, Mensdorff-Pouilly N, Mailath G, Watzek G. Sur-
vival of 1,920 IMZ implants followed for up to 100 months.
Int J Oral Maxillofac Implants 1996;11:581–588.

10. Nevins M, Langer B. The successful application of osseointe-
grated implants to the posterior jaw: A long-term retrospec-
tive study. Int J Oral Maxillofac Implants 1993;8:428–432.

11. Lazzara R, Siddiqui AA, Binon P, et al. Retrospective multi-
center analysis of 3i endosseous dental implants placed over
a five-year period. Clin Oral Implants Res 1996;7:73–83.

12. Scurria M, Morgan V, Guckes, A, Shu Li M, Koch G. Prog-
nostic variables associated with implant failure: A retrospec-
tive effectiveness study. Int J Oral Maxillofac Implants 1998;
13:400–406. 

13. Engquist B, Bergendal T, Kallus T, Linden U. A retrospec-
tive multicenter evaluation of osseointegrated implants sup-
porting overdentures. Int J Oral Maxillofac Implants 1988;
3:129–134.

14. Bass SL, Triplett RG. The effects of preoperative resorption
and jaw anatomy on implant success. A report of 303 cases.
Clin Oral Implants Res 1991;2:193–198.

15. Jaffin RA, Berman CL. The excessive loss of Brånemark fix-
tures in Type IV bone: A 5-year analysis. J Periodontol 1991;
62:2–4.

16. Truhlar RS, Orenstein I, Morris H, Shigeru O. Distribution
of bone quality in patients receiving endosseous dental
implants. J Oral Maxillofac Surg 1997;55:38–45. 

17. Lekholm U, Zarb G. Patient selection and preparation. In:
Brånemark P-I, Zarb GA, Albrektsson T (eds). Tissue-Inte-
grated Prostheses: Osseointegration in Clinical Dentistry.
Chicago: Quintessence, 1985:199–209.

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.



18. Fugazzotto P, Gulbransen H, Wheeler S, Lindsay J. The use
of IMZ osseointegrated implants in partially and completely
edentulous patients: Success and failure rates of 2,023
implant cylinders up to 60+ months in function. Int J Oral
Maxillofac Implants 1993;8:617–621. 

19. Buser D, Nydegger T, Hirt H, Cochran D, Nolte L-P.
Removal torque values of titanium implants in the maxilla of
miniature pigs. Int J Oral Maxillofac Implants 1998;13:
611–619. 

20. Summers RB. A new concept in maxillary implant surgery:
The osteotome technique. Compend Contin Educ Dent
1994a;XV:152–160.

21. Spiekermann H, Jansen VK, Richter EJ. A 10-year follow-
up study of IMZ and TPS implants in the edentulous
mandible using bar-retained overdentures. Int J Oral Max-
illofac Implants 1995;10:231–243.

22. Block MS, Gardiner D, Kent JN, Misiek DJ, Finger IM,
Guerra L. Hydroxyapatite-coated cylindrical implants in the
posterior mandible: 10-year observations. Int J Oral Max-
illofac Implants 1996;11:626–633.

23. Wheeler SL. Eight-year clinical retrospective study of tita-
nium plasma-sprayed and hydroxyapatite-coated cylinder
implants. Int J Oral Maxillofac Implants 1996;11:340–350.

24. Rams TE, Roberts TW, Feik D, Molzan AK, Slots J. Clini-
cal and microbiological findings on newly inserted hydroxy-
apatite-coated and pure titanium human dental implants.
Clin Oral Implants Res 1991;2:121–127.

25. Deporter DA, Watson PA, Pilliar RM, Chipman M, Vali-
quette N. A histological comparison in the dog of porous-
coated vs. threaded dental implants. J Dent Res 1990;69:
1138–1145.

26. Deporter DA, Watson PA, Pilliar RM, et al. A prospective
clinical study in humans of a dental implant partially covered
with a powder-sintered porous coating: 3- to 4-year results.
Int J Oral Maxillofac Implants 1996;11:87–95.

27. Deporter DA, Watson PA, Heller A, Heller R, Pilliar RM.
Use of the Endopore dental implant. Technique and 5-year
results using a mandibular overdenture. Implantodontie
1997;25:15–27.

28. Deporter DA, Todescan R, Watson PA, Pharoah M, Levy D,
Nardini K. Use of the Endopore dental implant to restore
single teeth in the maxilla. Protocol and early results. Int J
Oral Maxillofac Implants 1998;13:263–272.

29. Deporter DA, Watson P, Pharoah M, Levy D, Todescan R.
Five- to six-year results of a prospective clinical trial using
the Endopore dental implant and a mandibular overdenture.
Clin Oral Implants Res 1999;10:95–102. 

30. Pilliar RM. Dental implants: Materials and design. J Can
Dent Assoc 1990;56:857–861.

31. Pilliar RM, Deporter DA, Watson PA. Dental implant
design—Effect on bone remodelling. J Biomed Mater Res
1991;25:467–483.

32. Dziedzic DM, Beatty KD, Brown GR, Heylmum T, Davies
JE. Bone growth in metallic bone healing chambers. In:
Smith DC (ed). Proceedings of the 5th World Biomaterials
Congress 1996. Toronto: Univ of Toronto Press, 1996. 

33. Deporter DA, Todescan R, Nardini K. The use of a tapered
porous-coated dental implant in combination with osteo-
tomes to restore edentulism in the difficult maxilla. Implant
Dent 1999;8:233–239.

34. Papaioannou W, Quirynen M, van Steenberghe D. The
influence of periodontitis on the subgingival flora around
implants in partially edentulous patients. Clin Oral Implants
Res 1996;7:405–409.

35. Al-Sayyed A, Deporter DA, Pilliar RM, et al. Predictable
crestal bone remodelling around two porous-coated Ti alloy
dental implant designs. A radiographic study in dogs. Clin
Oral Implants Res 1994;5:131–141.

36. Pilliar RM, Deporter DA, Watson PA, Todescan R. The
Endopore implant: Enhanced osseointegration with a sin-
tered porous-surfaced design. Oral Health 1998 July;88(7):
61–64.

37. Summers RB. The osteotome technique: Part 2—The ridge
expansion osteotomy (REO) procedure. Compend Contin
Educ Dent 1994;XV:422–434.

38. Deporter DA, Todescan R, Caudry S. Simplifying manage-
ment of the posterior maxilla using short porous-surfaced
dental implants and simultaneous indirect sinus elevation.
Int J Periodontics Restorative Dent 2000;20:477–485.

39. Deporter DA, Watson PA, Pilliar RM, Pharoah M, Chip-
man M, Smith DC. A clinical trial of a partially porous-
coated, dental implant in humans: Protocol and 6 month
results. In: Laney WR, Tolman DE (eds). Tissue Integration
in Oral, Orthopedic and Maxillofacial Reconstruction.
Chicago: Quintessence, 1992:250–258.

40. Colton T. Longitudinal studies and the use of the life table.
In: Colton T. Statistics in Medicine. Boston: Little, Brown
and Co, 1974:241–249. 

41. SAS Institute Inc. SAS/STAT Software: Changes and
Enhancements through Release 6.11. Cary, NC: SAS Insti-
tute Inc, 1996. 

42. Gher ME, Richardson AC. The accuracy of dental radio-
graphic techniques used for evaluation of implant fixture
placement. Int J Periodontics Restorative Dent 1995;15:
269–283.

43. Cox JF, Zarb GA. The longitudinal clinical efficiency of
osseointegrated dental implants: A 3-year report. Int J Oral
Maxillofac Implants 1987;2:91–100.

44. Ten Bruggenkate CM, Asikainen P, Foitzik C, Krekeler G,
Sutter F. Short (6-mm) nonsubmerged dental implants:
Results of a multicenter clinical trial of 1 to 7 years. Int J
Oral Maxillofac Implants 1998;13:791–798.

45. Vaillancourt H, Pilliar RM, McCammond D. Factors affect-
ing crestal bone loss with dental implants partially covered
with a porous coating: A finite element analysis. Int J Oral
Maxillofac Implants 1996;11:351–359.

46. Quirynen M, Naert I, van Steenberghe D, et al. The cumu-
lative failure rate of the Brånemark implant system in the
overdenture, the fixed partial, and the fixed full prostheses
design: A prospective study on 1273 fixtures. J Head Neck
Pathol 1991;10:43–53.

47. Adell R, Lekholm U, Rockler B, Brånemark P-I. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981;10:387–416.

48. Graves SL, Jansen CE, Siddiqui AA, Beaty KD. Wide diam-
eter implants: Indications, considerations and preliminary
results over a two-year period. Aust Prosthodont J 1994;8:
31–37.

49. Pilliar RM. Overview of surface variability of metallic
endosseous dental implants: Textured and porous surface-
structured designs. Implant Dent 1998;7:305–314.

50. Quirynen M, Naert I, van Steenberghe D, Duchateau L,
Darius P. Periodontal aspects of Brånemark and IMZ
implants supporting overdentures: A comparative study. In:
Laney WR, Tolman DE (eds). Tissue Integration in Oral,
Orthopedic and Maxillofacial Reconstruction. Chicago:
Quintessence, 1992:80–93.

The International Journal of Oral & Maxillofacial Implants 535

DEPORTER ET AL

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.



51. Zarb GA, Schmitt A. The longitudinal clinical effectiveness
of osseointegrated dental implants in anterior partially eden-
tulous patients. Int J Prosthodont 1993;6:180–188.

52. Zarb GA, Schmitt A. The longitudinal clinical effectiveness
of osseointegrated dental implants in posterior partially
edentulous patients. Int J Prosthodont 1993;6:189–196.

53. Jemt T, Lekholm U. Oral implant treatment in posterior
partially edentulous jaws: A 5-year follow-up report. Int J
Oral Maxillofac Implants 1993;8:635–640.

54. Becker W, Becker BE. Replacement of maxillary and
mandibular molars with single endosseous implant restora-
tions: A retrospective study. J Prosthet Dent 1995;74:51–55.

55. Pylant T, Triplett RG, Key MC, Brunsvold MA. A retro-
spective evaluation of endosseous titanium implants in the
partially edentulous patient. Int J Oral Maxillofac Implants
1992;7:195–202.

56. Quirynen M, Naert I, van Steenberghe D, Dekeyser C, Cal-
lens A. Periodontal aspects of osseointegrated fixtures sup-
porting a partial bridge. An up to 6-years retrospective
study. J Clin Periodontol 1992;19:118–126.

57. Babbush CA, Shimura M. Five-year statistical and clinical
observations with the IMZ two-stage osteointegrated
implant system. Int J Oral Maxillofac Implants 1993;8:
245–253.

58. Misch CE. Occlusal considerations for implant-supported
prostheses. In: Misch CE. Contemporary Implant Dentistry.
St Louis: Mosby, 1993:705–733.

59. Misch CE, Bidez MW. Implant-protected occlusion: A bio-
mechanical rationale. Compend Contin Educ Dent 1994;15:
1330–1343.

60. Astrand P, Borg K, Gunne J, Olsson M. Combination of nat-
ural teeth and osseointegrated implants as prosthesis abut-
ments: A 2-year longitudinal study. Int J Oral Maxillofac
Implants 1991;6:305–312.

61. Biancu S, Ericsson I, Lindhe J. The periodontal ligament of
teeth connected to osseointegrated implants. An experimen-
tal study in the beagle dog. J Clin Periodontol 1995;22:
362–370.

62. Olsson M, Gunne J, Astrand P, Borg K. Bridges supported
by free-standing implants versus bridges supported by tooth
and implant. A five-year prospective study. Clin Oral
Implants Res 1995;6:114–121.

63. Reider CE, Parel SM. A survey of natural tooth abutment
intrusion with implant-connected fixed partial dentures. Int
J Periodontics Restorative Dent 1993;13:335–347.

64. Garcia LT, Oesterle LJ. Natural tooth intrusion phenome-
non with implants: A survey. Int J Oral Maxillofac Implants
1998;13:227–231. 

65. Cavicchia F, Bravi F. Free-standing vs tooth-connected
implant-supported fixed partial restorations: A comparative
retrospective clinical study of the prosthetic results. Int J
Oral Maxillofac Implants 1994;9:711–718.

66. Hämmerle CHF, Wagner D, Bragger U. Threshold of tac-
tile sensitivity perceived with dental endosseous implants
and natural teeth. Clin Oral Implants Res 1995;6:83–90.

536 Volume 16, Number 4, 2001

DEPORTER ET AL

C
O

P
Y

R
IG

H
T

©
2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M
W

IT
H-

O
U

T
W

R
IT

T
E

N
P

E
R

M
IS

S
IO

N
F

R
O

M
T

H
E

P
U

B
LIS

H
E

R.


