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Edentulism is an unresolved health care issue of
sustained significance and prevalence in the

increasing aged population of the United States.
Existing estimates indicate that more than one
fourth of the population older than 65 years of age
is edentulous and that nearly half of the octogenar-
ian population is edentulous.1 Weintraub and Burt
concluded that more than one third of the popula-
tion over the age of 70 is edentulous.2 Looking
forward to another decade of estimated life
expectancy, these individuals also anticipate con-
tinued alveolar bone atrophy3 and the problems
associated with complete denture use.4

It is estimated that over 50% of the “oldest
old” are edentulous, and many more are nearly
edentulous. This is the fastest growing portion of
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The goal of this study was to provide evidence to support simplified treatment of mandibular eden-
tulism using denture fabrication and implant placement to circumvent the need for second-stage surg-
eries or prosthodontic superstructures. A 5-year prospective clinical trial is reported, which involved
treatment of mandibular edentulism using the single-stage surgical placement of a TiOblast
microthreaded titanium screw implant with immediate replacement of a relieved mandibular overden-
ture and eventual retention of the overdenture with reduced ball abutments. Fifty-eight patients were
treated; 116 implants were placed using a single-stage surgical approach, with a duplicate mandibular
denture as the tomographic/surgical template. Mandibular dentures were relieved and relined with a
tissue conditioning material and placed immediately after implant surgery. After 3 months, Conical Seal
Design ball abutments were placed and attachments were secured in the overdentures by heat-poly-
merizing laboratory reline methods. Five of the 116 consecutively placed implants failed at 2 to 4
months, providing an immediate implant survival rate of 95.69% at the time of attachment connection.
Pain and inflammation were not common to all failures, and infection was not reported in any of the 5
failures. The immediate placement of implants by a single-stage surgical procedure in the parasymphy-
seal region of the mandible, followed by placement of a relined mandibular denture, results in pre-
dictable and asymptomatic healing of implants that display the clinical and radiographic features of
osseointegration. Encouraging results at the immediate observation period (attachment connection)
must be tempered by the need for prudent and detailed clinical and radiologic evaluation over the 5-
year trial period.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:646–653)
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the population,5 and their rehabilitation needs are
great. In one study, over 20% reported never
wearing a mandibular denture, 50% of all den-
tures were old and in dysfunction, and 18% of the
study participants showed soft tissue lesions asso-
ciated with ill-fitting dentures.4 These problems
relate to the interactive effects of limited access to
and motivation for complete denture therapy and
the changes in physiology and anatomy of the
aging individual.

Over the past 40 years, several different inter-
ventions have been proposed to alleviate the diffi-
culties associated with mandibular denture use and
continued resorption of the alveolar ridges. Achiev-
ing stability and retention of the mandibular den-
ture can be elusive when using conventional den-
ture techniques. The application of surgical ridge
augmentation and implantation has a varied his-
tory that is presently culminated by the unequivo-
cal success of the osseointegrated titanium screw-
type implant. Dentistry’s aggregate experience with
subperiosteal implants,6 blade implants,7 ramus
frame implants,8 mandibular staple bone plate
implants,9 and hydroxyapatite ridge augmentation
with vestibuloplasty10 has shown that the promise
of physical support for function is fleeting. Most of
these methods are relatively expensive, major sur-
gical interventions which, upon failure, render the
alveolar ridge and mandible less able to support
denture function. The questionable success of these
different methods was the subject of a pioneering
consensus conference, which established new crite-
ria for judgment of dental implant success and
restorative outcomes.11

The establishment of osseointegrated implants
as a highly successful method for retaining and
supporting artificial teeth must be viewed as a
landmark in clinical medicine. Osseointegration as
a highly successful clinical intervention provides
the basis for various prosthetic rehabilitation
strategies for the completely edentulous patient.
Some strategies propose the use of 2 implants to
support overdentures. It has been reported that
loaded, osseointegrated, root-form implants under
mandibular overdentures can provide implant sur-
vival rates of 97 to 100%.12 Secondary physiologic
advantages may be gained by the use of implant-
supported overdentures in the mandible. For exam-
ple, Jacobs et al indicated that maxillary bone
resorption lessened when the mandibular dental
arch was restored with implant-supported overden-
tures than when complete dentures or a fixed-
detachable implant prosthesis were utilized.13

It is the aim of this paper to argue that the
application of osseointegration for the placement

of 2 implants in the parasymphyseal region of the
edentulous mandible to support an overdenture is
a minimal treatment objective for the majority of
edentulous individuals. This report introduces the
initial outcome of a 5-year prospective clinical trial
designed to measure the success of a single-stage
surgical procedure using Astra Tech microthreaded
TiOblast implants (Lexington, MA) followed by
immediate overdenture replacement.

Materials and Methods

This ongoing prospective study includes patients
with extremely resorbed mandibles that have a
superior-inferior dimension (height) at the
parasymphysis of 10 mm or greater. The other
inclusion criteria were: age between 35 and 75,
sufficient amount of bone of good quality to allow
use of 11-mm or longer implants, and good physi-
cal and mental health. Patients were excluded if
they had uncontrolled diabetes, abused alcohol or
drugs, showed signs of pathology or bruxism, had
a history of recurrent aphthous ulceration or
mucosal irritation, or if they had a severe Class I
or Class II skeletal jaw relationship. All 60 patients
were treated after signing an informed consent
document that was approved by the UNC School
of Dentistry’s Committee on Investigations Involv-
ing Human Subjects.

To assure ideal implant placement that was con-
gruent with osseous anatomy, denture esthetics, and
attachment connection, dentures were fabricated
prior to implant surgery. After denture placement
and patient adaptation, the mandibular denture
was duplicated and used as both a tomographic
template and surgical template. This assured that
implants were placed beneath the planned pros-
thetic attachment location, which was determined,
in part,  by ideal denture contours and esthetics.

The implant surgical procedure was based upon
Astra Tech implant system requirements and rec-
ommendations.14 The implant was of an experi-
mental design (Fig 1). Instead of the typical 0.6-
mm pitch screw morphology, a 0.185-mm
microthread design (based upon a finite element
analysis of thread design that sought to maximize
holding power and minimize thread pitch15) was
used. The implant has a titanium oxide
grit–blasted surface and surface preparation associ-
ated with strong biomechanical interlocking with
bone.16,17

The implants were placed through mucope-
riosteal flaps of minimal dimension, essentially
representing gingival or mucosal windows to the
underlying bone (Figs 2a and 2b). A series of surgi-



cal burs was used to prepare 3.5- or 4.0-mm
osteotomies, and the microthread implants were
threaded into bone. Primary implant stability
proved to be essential to the outcome of osseointe-
gration. In a few instances where stability of the
3.5-mm implants was not achieved, a 4.0-mm
implant was subsequently placed.

After implant placement, a healing abutment
was selected to extend through the mucosa and 1
to 3 mm beyond. The abutment was placed and
tightened with finger pressure, and the mucosa
was sutured with interrupted Gore-Tex (3i/Gore,
West Palm Beach, FL) sutures. The denture base
was relieved to provide a 1-cm diameter relief
space (Fig 2c). The patients were dismissed with
their prosthesis in place and, after a 1-week fol-
low-up for suture removal, the relieved region of
the denture was relined with Coe-Comfort (Coe
Laboratories, Chicago, IL) to assure a good rela-
tionship with the healing abutment. Patients left
this 1-week postplacement appointment with a
functional mandibular denture and initiated a
process of immediate loading to the implant site.

After 3 months of healing, the patients returned
for connection of ball abutments and attachments.
The healing abutments were removed without dis-
comfort or the need for anesthesia, and the solid
Conical Seal Design ball abutments (Astra Tech)
were placed using the dedicated wrench with fin-
ger pressure. Abutment lengths were selected to
assure approximately 1 mm of clearance of the
attachment above the peri-implant mucosa. The
reline material was removed, and further relief of
the denture was created to accommodate the ball
abutment impression copings. Impression copings
were placed and a reline/pick-up impression was
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Fig 2b Implant placement. Osteotomy and placement of self-
tapping implants were performed with minimal soft tissue ele-
vation and trauma.

Fig 2c Prior to dismissal of patients, the mandibular dentures
were markedly relieved to allow subsequent placement of Coe-
Comfort without interference with the acrylic resin and the
healing abutment.

Fig 2a Surgical placement of implants was guided by a surgi-
cal/tomographic template made by duplication of the mandibu-
lar denture with acrylic resin. Note the use of an indelible stick
to mark the mucosa prior to elevation of a small mucogingival
flap.

Fig 1 The experimental microthread implant, which has a
TiOblasted microdesign and a microthread macro design. It is
made of type IV commercially pure titanium.
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made (Fig 3) using Impregum (ESPE Premiere
Dental Products, King of Prussia, PA). A cast was
poured incorporating ball abutment replicas, the
Dalla-Bona style ball housings were placed, and
the denture was relined with heat-processed acrylic
resin. The denture was returned and seated using
pressure-indicating paste and articulating paper.
Some dentures were remounted on an articulator
to correct occlusal discrepancies.

Results

During a period of 24 months, 58 patients were
recruited and treated with maxillary and mandibu-
lar dentures, followed by single-stage implant
surgery and immediate placement of a relieved
denture, which was connected to ball abutments
following 3 months of healing.

Denture Treatment. Denture treatment occurred
in all 58 patients without complications or diffi-
culty. Despite an esthetic try-in of all dentures, 1
patient requested significant changes to the pros-
theses after placement. The patient was satisfied

by alteration of the occlusal plane and alternate
tooth form. At the 1-week follow-up appointment,
2 of the attachments were dislodged from the
acrylic resin. These overdentures were subse-
quently relined to assure the integrity of the
attachment connection within the denture. After
abutment placement, a mean of 0.65 visits per
patient were required to address prosthetic compli-
cations. These complications included 1 fractured
abutment, 3 loose ball housings in the processed
denture relines, 1 loose abutment, 1 mandibular
denture that had fractured in the midline, and 2
requests for improved maxillary denture retention,
which required a laboratory-processed relining
procedure (Fig 3).

All patients accommodated to their new dentures.
There were no reported adverse events or associated
complications, such as mucositis, candidal infection,
bullous or erosive lesions, bony spicules or seques-
tra, or ulceration of the lips, tongue, palate, gingiva,
or oral mucosa. At a minimum, each patient was
provided with a stable and retentive maxillary den-
ture and a stable mandibular denture.

Fig 3a Presentation of patients 3 months after implant place-
ment. Note mucosal healing and adaptation to healing abut-
ment.

Fig 3b Replacement of ball abutments. The markings present
on the healing abutment assisted in the selection of abutments
of proper dimension.

Fig 3c Transfer copings aided in the pick-up impression pro-
cedure.

Fig 3d (Right) A polyether reline impression is made that
incorporates the transfer copings.
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Single-Stage Implant Placement. Implants were
placed in 30 male subjects aged 40 to 75 (mean,
59.3 years) and 28 female subjects aged 25 to 73
(mean, 58.5 years). Sixteen patients admitted to
smoking 0.5 to 2.0 packs of cigarettes per day (9
males, 7 females); all smoking patients were
encouraged to stop smoking for 2 weeks following
implant surgery. All implants were placed in the
parasymphyseal region of the edentulous
mandible. The single-stage implant surgery was
tolerated well by all patients.

During the first month following surgery and
replacement of the relieved mandibular denture,
there were no reported adverse events or associ-
ated complications with soft tissue or osseous heal-
ing. The clinical records of these 58 patients indi-
cated that patients required 0 to 5 postoperative
visits, with a mean of 1.8 visits per patient. These
visits included suture removal, biopsy, peri-implant
gingivectomy, and removal of failed implants. In
addition, 1 healing abutment loosened, 1 abutment
fractured and was replaced, and multiple pros-
thetic denture teeth debonded in a single patient.
Two patients were seen for denture-related pain,
and adjustments were made to their dentures.

During the 2- to 4-month period of healing, 4
patients presented with implant failure. These fail-
ures occurred in male subjects between the ages of
55 and 70. One patient reported a history of smok-
ing cigarettes. Two of the 4 patients had symptoms
of pain, and 1 patient indicated mobility of the
failed implant. One patient experienced asympto-
matic, bilateral implant failure, which was noted at
the time of abutment connection, and further treat-
ment was discontinued. There were no clinical signs
of infection or inflammation associated with these
failures. Thus, there was limited morbidity or
absence of morbidity associated with these implant
failures. Eight weeks after implant removal, new
implants were placed into the site which, after 3
months, did indicate clinical signs of osseointegra-
tion. To date, these 5 implant failures following
placement of 116 implants indicate a 95.69%
short-term survival rate for this single-stage surgery
associated with immediate denture placement.

Discussion

Edentulous patients display moderate to severe
dysfunction, as measured by both subjective and
objective physiologic criteria. Osseointegrated
implants provide a partial or nearly total solution
for the individual’s denture-related problems.18–20

The outcome of several clinical reports describing
patient treatment with mandibular overdenture

prostheses indicates that patient satisfaction is
improved beyond that reported for conventional
complete mandibular dentures in terms of comfort,
function, retention, and speech. Participants in
these studies have advised others to undergo simi-
lar treatment.21–23

To date, the initial stage of this trial has been
completed. Fifty-eight patients have undergone den-
ture treatment, single-stage implant surgery, and
overdenture conversion within the guidelines of the
Institutional Review Board’s approved informed
consent document. The immediate implant survival
data at this early time point compare favorably with
other reports for implants supporting overden-
tures.15,24,25 All patients are entering the recall phase
of this 5-year study. The loss of 5 of 116 implants
(4.31%) prior to abutment connection to the over-
denture is comparable to failures reported for 1-
stage and 2-stage implants used in similar situations
or in situations where a superstructure was used.

The high percentage of implants that demon-
strated clinical and radiographic evidence of
osseointegration after a single-stage procedure indi-
cates the potential for long-term success (Fig 4).
Similar, yet not identical, Astra Tech implants have
been used in other clinical overdenture trials. In a
previous mandibular overdenture trial, 1 of 40
implants placed in a 2-stage surgical method failed
at abutment connection, and no implants were lost
during the 2- to 4-year observation period.26 Where
different types of implants were used to support a
mandibular overdenture, clinical and radiographic
results were good.15,25 Previous indications suggest
that low incidences of early failures are followed by
the long-term success of the remaining implants.15

One study reported the prosthetic complication of
the ball abutment loosening.26 However, in this
project, where a single-piece ball abutment was uti-
lized, such loosening problems were negligible.

Further optimism for the eventual success of
this trial is provided by the recent report of 95.6%
implant survival 1 year after one-step surgical
placement of 135 Brånemark implants (Nobel Bio-
care, Göteborg, Sweden) in 63 adult patients27 and
other reports of similar applications for this
implant.28–30 Astra Tech implants have also been
successfully used in single-stage approach.31

There are several advantages to one-stage
implant placement. The number of patient surgeries
is reduced, the extent of surgical manipulation can
be reduced, surgical healing time is reduced mini-
mally by the period of time required for soft tissue
maturation after second-stage surgery (4 to 6
weeks), and there is a perceived decrease in treat-
ment time.27
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Use of the ball abutment/ball housing retention
mechanism in deference to a custom superstructure
was accepted by all patients; there were no com-
plaints of unexpected lack of retention or stability.
Experimentally, this ball abutment system has been
shown to be the most retentive system available
for implant abutments.32 When splinted and
unsplinted Brånemark implants were compared as
overdenture abutments, it was preliminarily con-
cluded that the state of connection did not influ-
ence the subjective satisfaction ratings or the clini-
cal success of the implants.33 While this prior
study indicated a higher incidence of early abut-
ment screw loosening for 2-piece ball abutments,
the current application of the 1-piece Conical Seal
Design ball abutments may preclude this potential
complication. Based on the behavior of Conical
Seal Design abutments in other instances,26,34 these
components may be well suited to the overall
objectives of treatment simplification and limited
complications for the expanded use of implant-
retained mandibular overdentures.

When compared to fixed prostheses, overden-
ture use has been shown to cause fewer complica-
tions and to require less maintenance.35 It is clear
that different approaches to mandibular overden-
ture treatment with implants are associated with
different complication rates.35,36 Bar-clip retention
systems require costly superstructures, and the
attachment clip has been implicated as a site of
clinical weakness.37

With respect to other complications and clinical
accommodation to implant-retained overdentures,
a within-subject, crossover-design, clinical compari-
son of hybrid and long-bar implant prostheses indi-

cated that patient satisfaction was greater when
dentures were not supported by the mucosa. This
was particularly true of patient perceptions of pros-
thesis stability.38 The potential need for relining of
the tissue-bearing surface of these implant-sup-
ported overdentures will be assessed throughout
the duration of this clinical trial. The reported pref-
erence for long-bar versus hybrid implant-sup-
ported prostheses over a tissue-bearing overdenture
should be considered in the context of the third and
less desirable alternative of a complete denture.
Several studies clearly define the improvement of
oral function and patient satisfaction following
placement of mandibular implants.18–20,39,40 Many,
but not all, of the advantages of implant-supported
mandibular prostheses can be provided by a mini-
mum of 2 implants.15,24–42

The ability to examine individual implants
without connection using clinical and radiographic
assessment techniques will allow the data to be
reported at the level of Grade 1 success as required
by Roos et al.42 The placement of these implants in
moderately to severely resorbed mandibles, using a
single-stage surgical method that advocates the
immediate placement of a relieved denture without
any subsequent provision for implant splinting,
represents an extreme test of their clinical useful-
ness. This reflects the demographic realities (aging
and economic demands for simplified implant-sup-
ported overdentures) of a patient population
(those with edentulous mandibles) that may be
treated with dental implants.

Fig 4 Six-month postoperative radiograph.
This typifies the result of asymptomatic heal-
ing and osseointegration of the microthread
implants after the ball abutments are con-
nected to the mandibular overdentures.



Conclusion

Improving the life quality of edentulous patients
may require the use of dental implants. In cases in
which the fixed-detachable solution is financially
elusive, enhancement of patient function and phys-
iology can be provided by using 2 implants with-
out a prosthetic superstructure to retain or support
the overdenture. Using an integrated approach to
prosthodontic therapy and single-stage surgical
management for implant placement, cost savings
are anticipated. Loading of unsplinted implants
following single-stage surgery may facilitate care
and increase utilization. The actual biologic and
psychologic outcome of this treatment method is
the focus of a 5-year prospective clinical trial in
which 58 patients to date (24 months) have experi-
enced this integrated treatment with the immediate
outcome of accommodation to overdentures
retained by clinically and radiographically success-
ful implants.
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