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Purpose: Mandibular two-implant overdentures opposing conventional complete
maxillary dentures have been proposed as the standard for complete denture service.
Monitoring marginal bone loss around implants is regarded as the most important
criterion in determining the success of implants. The aim of this systematic literature
review was to critically evaluate the literature on short- and long-term marginal bone
loss associated with mandibular two-implant overdentures using different loading
protocols. Materials and Methods: The MEDLINE, EMBASE, and PubMed (using
medical subject headings) databases were searched using the restriction of articles in
English only. Other articles were identified from the reference lists of the articles
found, as well as from early online articles. Reviewed studies were those on two oral
implants supporting mandibular overdentures with different loading protocols.
Marginal bone loss was evaluated as well as the validity of using marginal bone loss
measurements for determining the success of implants. Results: Twenty-five studies
met the review criteria. Clinical studies involving conventional loading showed long-
term results; however, early and immediate loading protocols were only in the short
term. High success or survival rates of two implants supporting mandibular
overdentures were reported, regardless of the loading protocol. A lack of
standardization was revealed in the radiographic methods used for measuring
marginal bone loss and the success criteria on which results were based. Long-term
outcomes of the effect of different loading protocols on marginal bone loss were not
found. Due to the wide methodologic variation among the included studies, it was
difficult to compare data between studies or to determine long-term marginal bone
loss patterns with this treatment. For conventional two-stage and one-stage loading
protocols, the range of marginal bone loss seen in the first year was 0.2 to 0.7 mm and
0.0 to 2.0 mm, respectively. For early loading protocols, the range was 0.0 to 0.2 mm;
immediate loading protocols saw a marginal bone loss of around 0.7 mm in the first
year. Conclusions: Short-term findings indicate that so far, there is no detrimental
effect on marginal bone levels with early and immediate loading protocols. However,
to recommend these protocols in the long-term for two implants supporting
mandibular overdentures may be premature. Int J Prosthodont 2010;23:117-126.

he management of complete edentulism and its
sequelae with implant-supported prostheses has
been reported to be both efficacious and effective.'-3
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Marginal Bone Loss with Two-Implant Overdentures

Table 1 Comparison of Success Criteria for Oral Implants*

Radiographic examination

Marginal bone loss

Albrektsson et al'®
Buser et al'!

the implant
Albrektsson and Zarb'?

Albrektsson and Isidor'3 No evidence of loss of integration

Roos et al'™
loss of integration
Zarb and Albrektsson'®
points and angulations

No evidence of peri-implant radiolucency
Absence of a continuous radiolucency around

No evidence of peri-implant radiolucency

Individually radiographed and no evidence of

< 0.2 mm annually after the first year of function
Not clearly defined

Mean annual loss of < 0.2 mm after the first
year of function

Average of < 1.5 mm during the first year after
insertion of the prostheses, followed by < 0.2 mm
annually thereafter

< 1.0 mm in the first year, followed by < 0.2 mm
annually thereafter

Individual standard periapical films with specified Mean vertical bone loss of < 0.2 mm annually

following the first year of function

*Modified from Roos et al.™

appears to be international support for a clinical pro-
tocol whereby two splinted or unsplinted implants in
the anterior mandible will successfully support and
retain a removable overdenture.®8

Several criteria'®-'® are presumed to determine
implant success, with marginal bone loss around
implants considered to be a significant one by
numerous authors.'%12-1517 This criterion is generally
accepted as a reliable indicator of bone response to
the surgical procedure and subsequent occlusal
loading. It is also conceded that the response con-
tinuum may be influenced by a number of factors
such as specific site response, surgical skill, the
implant’s micro- and macroscopic surface design,
timing, and control of the occlusal loading. Early rec-
ommendations included a projected 1.0 mm of mar-
ginal bone loss during the first year of function and
0.2 mm annually thereafter.'%121415 A subsequent
publication'® extended the “permissible” marginal
bone loss during the first year to 1.5 mm and added
the descriptor “average,” which reflected the consid-
eration that implant success should be determined
on an entire-mouth basis and not by each implant as
an independent unit.

The lack of uniformity in the accepted limit of
marginal bone loss as an integral part of criteria for
success in implant dentistry (Table 1)'%11.12-15 has
made clinical study comparisons challenging. Recent
attempts to modify the success criteria are far from
compelling.’® A noteworthy systematic review'®
stressed the issue of the variability or nondisclosure
of criteria for success in publications, and further
suggested that no less than 50% bone loss around
implants should be regarded as successful. This
statement placed marginal bone loss as the decisive
factor in distinguishing between implant success
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and survival; however, it has also reverted to making
the length of the implant more important than the
actual amount of marginal bone loss. With marginal
bone level employed as a key surrogate criterion for
implant success,?® the significance of differences in
the acceptable limit of marginal bone loss must be
resolved since this inconsistency will inevitably lead
to an overestimation of success rates.

The aim of this review was to critically evaluate
reported information on marginal bone loss around
two implants supporting mandibular overdentures
using different loading protocols and the validity of
using marginal bone loss as a criterion in deciding
implant success.

Materials and Methods

The PICO format (Population, Intervention,
Comparisons, Outcomes)?' was used to define a
focused clinical question with clear inclusion criteria.
Specific inclusion criteria were clinical studies
involving completely edentulous participants (P)
requiring mandibular two-implant overdentures
opposing conventional maxillary complete dentures
(1. The chosen studies were then further divided
according to the loading protocols (conventional,
early, or immediate) that were used (C). Excluded
studies were those that used loading protocols of
longer than 3 months, participants with compro-
mised medical conditions, or ones that required
additional surgical interventions such as grafting.
Marginal bone loss was the outcome (O) evaluated
depending on the loading protocol. No restriction
was placed on the minimum observation period
required for a study to be included in this review.
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Search Strategy

The MEDLINE (1950 to June 2008), EMBASE, and
PubMed (using medical subject headings) databas-
es were searched with the restriction of articles in
English only. Keywords used during the search were
“marginal bone loss,” “implant overdenture(s),” “two
implant overdenture(s),” “edentulous,” “mandible(s),”
“success criteria + implant,” and “loading * proto-
col(s) * strategy(ies).” Other articles were identified
from the reference lists of the articles found using
the aforementioned databases. Early online articles
were also examined from the following dental jour-
nals: Clinical Implant Dentistry and Related Research,
Clinical Oral Implants Research, Journal of Clinical
Periodontology, and Journal of Periodontology. The
title and abstracts (when available) of all reports
identified through the electronic search were
scanned independently by the authors. For studies
appearing to meet the inclusion criteria, or for which
there were insufficient data in the title and abstract
to make a clear decision, the full report was
obtained. All the information was assessed indepen-
dently by the authors to establish whether the stud-
ies met the inclusion criteria. There was a
unanimous agreement between the reviewers
regarding the included studies.

” o«

” o

Results

A total of 151 articles were identified through the
search methods previously described. However, only
25 met the inclusion criteria for the review. Those 25
studies based their success/survival rates for
implants on different criteria, and also used different
methods to measure marginal bone levels. Some
studies did not report annual marginal bone loss.

The 25 studies were divided according to the
loading protocols (conventional, early, or
immediate)?? that had been used.

Conventional Loading

Twenty studies?®~*? were identified as using a con-
ventional loading protocol. Among them, 7 were
classified as using a conventional two-stage loading
protocol (Table 2).22-%° Fifteen studies?32630-42 ysed
a conventional one-stage loading protocol (Table 3),
of which 2 studies?>2¢ had their control groups using
the conventional two-stage loading protocol. Short-
term studies using a conventional one-stage loading
protocol were the control groups for more recent
studies involving early or immediate loading proto-
cols. The number of implants used in each study var-
ied, with one study? including sleeping implants.

Most studies stated the type of implant surface
(smooth machined or roughened), with some?328.2942
specifying the implant system but not the implant
surface. Various attachment systems, such as ball
attachments, bars (round or egg-shaped), telescopic
crowns, and magnets, were used to support the
mandibular implant overdentures.

Intraoral radiographs with a long-cone paralleling
technique were the most common radiographic
method used in the studies, with a few?7:3¢41 using
panoramic radiographs to measure marginal bone
levels. Changes in marginal bone levels were mea-
sured from reference points on the implant systems,
such as the implant-abutment junction to the first
bone-to-implant contact. One study?® measured
marginal bone levels by marking the alveolar bone
level with a straight line and then measuring the dis-
tance between that line and the first bone-to-
implant contact.

The time at which the baseline radiographs were
taken also varied between studies, being either at the
time of implant placement,?430-3%42 |pading,?229.38.40.41
a few weeks after loading,?3262839 or as late as 1 year
after loading.?” One study did not specify when the
baseline radiographs were taken.®® The success/
survival rates for implants reported in studies ranged
from 83% to 100%, with some based on standard
implant success criteria.'®'*'® However, one study?’
used its own scale by dividing the implant lengths
into 3 and then classifying the amount of marginal
bone loss accordingly. Some did not provide success/
survival rates despite reporting annual marginal bone
loss measurements.?3-2628353642 Qne study®® did not
regard the annual marginal bone loss data as a suc-
cess criterion but only as a prospective prognosis.
The range of marginal bone loss seen in the first year
was 0.2 to 0.7 mm for the conventional two-stage
loading protocol and 0.0 to 2.0 mm for the conven-
tional one-stage loading protocol.

Early Loading

Thirteen studies?330-3537.38.41.43-45 ;5ed the early
loading protocol for mandibular two-implant over-
dentures (Table 4). The implants in those studies
were loaded as early as 5 days postoperatively. Two
studies3243 that had titles including the terms
“immediately loaded” and “immediate loading” did
not coincide with their descriptions of the loading
protocol, which were 1 week3? or 10 days*® after
implant placement.

The observation periods used in the included
studies ranged from 1 to 2 years, and all were
prospective. The majority of studies used implants
with roughened surfaces, except for one** that used
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Marginal Bone Loss with Two-Implant Overdentures

Table 2 Conventional Two-Stage Loading Protocol

No. of Radiographic Success (SC)
participants/ Implant Implant Attachment ~ Observation Baseline method Marginal or survival (SU)
implants system surface system period measurement  (reference point) bone loss rate

De Smet et al®® 10/ 20 Branemark Not specified  Ball 1 wk after Digital intraoral 1y: 0.43 mm Not specified

prosthesis periapicals, 2y:0.51T mm
placement paralleling
technique (1AJ)
Krennmair 25/50 Camlog Roughened Ball Implant Panoramics 3yBal: 1.9 mm SC: 100%
et al® Telescopic (prospective) placement and/or periapi- Telescopic: SU: 100%
crown cals, paralleling 1.8 mm
technique
(not specified)
Meijer et al?® 60/ 120 Branemark Smooth Bar (round) 3 mo after Standardized 5yIMZ: 1.4 mm SU: 98.3%
IMZ Roughened (prospective) implant intraoral Branemark:
placement radiographs® 0.7 mm
(fixed reference
point)®
Heydenrijk 20/ 40 IMZ Roughened Bar 4 wk after Standardized 1y:0.6 mm SU: 97.5%
et al®® (egg-shaped) (prospective) prosthesis intraoral 2y:0.8 mm
insertion radiographs®®
(fixed reference
point)®6
Meijer et al?”’ 61/ 122 Branemark Machined Bar (round) 1y after Panoramics According to SU-Branemark:
IMZ Roughened (prospective) functional (not specified) the following 86%
loading of scale: 0: No IMZ: 93%
implants apparent bone
loss, 1: <1/3 of
the implant length,
2:>1/3 but<1/2
of the implant
length, 3: >1/2 of
the implant
length
Batenburg 90/ 180 Branemark Not specified  Bar (round) 4 wk after Standardized 1y Branemark:  Not specified
et al® IMZ (prospective) prosthesis intraoral 0.34 mm
Tl insertion radiographs®®  IMZ: 0.53 mm
(line contacting ITl: 0.19 mm
the height of the
alveolar ridge)

Naert et al?® 207 / 449 Branemark Not specified  Ball Upto9y 3-4 mo after  Long-cone 1y:0.7 mm SC: 97.2%
(22 sleeping Bar (egg- (retrospective) implant parallel 0.05 mm/year (cumulative)
implants) shaped) placement technique (IAJ)

Magnet

IAJ = implant-abutment junction.

smooth-surface implants. One study?® failed to state
the type of implant surface used in its clinical trial.
Radiographic methods used to monitor the changes
in marginal bone levels were consistent (standardized
intraoral radiographs) except for in one study,*' which
employed panoramic radiographs. Some studies took
radiographs at the time of implant placement30.3133.35
and used this time point as the baseline for reporting
changes in marginal bone levels.

Studies reported very high success/survival rates
of up to 100%; however, one study®’reported an
unacceptably low success rate of 71% for Steri-Oss
(Nobel Biocare) compared to 100% for Southern
Implant implants. It should also be noted that one of
the prospective studies?® based its 2-year results on
only 50% of its early loading group participants.
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There was no justification for this method of data
collection. The success/survival rates reported in
these studies were based on several different suc-
cess criteria,'®'*1817 with the range of marginal bone
loss in the first year being 0 to 2 mm.

Immediate Loading

Two studies*®*” used the immediate loading protocol
for mandibular two-implant overdentures (Table 5).
Both studies were prospective, reporting up to 2-year
follow-up data, and used roughened-surface implants
with either ball attachments or bars to support the
mandibular implant overdentures. Radiographic tech-
niques included periapical radiographs using the
paralleling technique and panoramic radiographs to
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Table 3 Conventional One-Stage Loading Protocol

No. of Radiographic Success (SC)
participants/ Implant Implant Attachment ~ Observation Baseline method Marginal or survival (SU)
implants system surface system period measurement  (reference point) bone loss rate
Tozimetal® 7/14 Branemark Roughened Ball 18 mo Implant Standardized =~ Mean bone Not
(prospective) placement intraoral level: 0.92 mm specified
radiographs®’
(A)
Turkyilmaz 10/ 20 Branemark Roughened Ball 2y Implant Standardized =~ Mean bone SC: 100%
and Tumer®' (prospective) placement intraoral level: 1.1 mm
radiographs®’
(AD
Turkyilmaz 10/ 20 Branemark Roughened Ball 1y Implant Standardized  1y:0.3 mm SC: 100%'°
et al®? (prospective) placement intraoral
radiographs
Turkyilmaz 13/26 Branemark Roughened Ball 2y Implant Standardized ~ 1-24 mo: SC: 100%'°
etal® (prospective) placement intraoral 0.5 mm
radiographs®’
(AD
Turkyilmaz 10/20 Branemark Roughened Ball 1y Implant Standardized ~ 1y: 0.3 mm SC: 100%
et al®* (prospective) placement intraoral
radiographs
Turkyilmaz® 13/26 Branemark Roughened Ball 12 mo Implant Standardized ~ 1y:0.28 mm Not
(prospective) placement intraoral specified
radiographs®’
(AD
Meijer etal®® 30/ 60 ITI Roughened Bar (round) 5y 3 mo after Standardized  5y: 0.9 mm SU: 100%
(prospective) implant intraoral
placement radiographs®®
(fixed reference
point)®®
Heckmann 41/82 ITI Roughened Telescopic 8-12.8y Not specified  Digital Mean bone Not
et al’ panoramics level: 3.19 mm specified
(implant shoulder)
Heydenrijk 40/ 80 IMZ Roughened Bar (egg- 2y 4 wk after Standardized 1y IMZ: 0.6mm Not
et al® ITI shaped) (prospective) prosthesis intraoral ITI: 0.6 mm specified
insertion radiographs®®
(fixed reference
point)®®
Tawse-Smith 24 /48 Southern  Roughened Ball 2y 12 wk after Standardized 1y Southern: Sc's
etal® Steri-Oss (prospective) implant intraoral 0.16 mm Southern:
placement radiographs®  Steri-Oss: 0.10 mm  83.3%
(Southern: 1AJ, 1-2y Steri-Oss:
Steri-Oss: 1 mm Southern: 0.00 mm  87.5%
below IAJ) Steri-Oss: 0.00 mm
Payneetal®  12/24 ITl Roughened Ball 2y 12 wk after Standardized ~ 1y: 0.35 mm SC: 91.6%'®
(prospective) implant intraoral 1-2y: 0.09 mm
placement radiographs
@implant
shoulder)
Heydenrijk 40/ 80 IMZ Roughened Bar (egg- 1y 4 wk after Standardized 1y SU
et al®® ITI shaped) (prospective) prosthesis intraoral IMZ: 0.6 mm ITI: 100%
insertion radiographs®  ITI: 0.6 mm IMZ: 97%
(fixed reference
point)®6
Tawse-Smith 24/ 48 Southern  Roughened Ball 1y 12 wk after Standardized 1y Sc'
et al*® Steri-Oss (prospective) implant intraoral Southern: 0.08 mm  Southern:
placement radiographs®”  Steri-Oss: 0.07 mm  100%
(Southern: IAJ, Steri-Oss:
Steri-Oss: 1 mm 95.8%
below IAJ)
Reynesdal 10/20 ITl Roughened Ball 2y 3 mo after Panoramics 1y:0-2 mm SU: 100%
et al*! (prospective) implant (not specified)
placement
Wismeijer et al*? 73 / 146 ITI Not specified  Ball 19 mo Implant Panoramics 19 mo: 1.2 mm Not
Bar (egg- (prospective) surgery (not specified) specified
shaped)

IAJ = implant-abutment junction.
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Table 4 Early Loading Protocol

No. of Radiographic Success (SC)
participants/ Implant Implant Attachment ~ Observation Baseline method Marginal or survival (SU)
implants system surface system period measurement  (reference point) bone loss rate
Tozimetal® 8/16 Branemark Roughened Ball 18 mo Implant Standardized ~ Mean bone SC: 100%
(prospective) placement intraoral level: 0.97mm
radiographs®’
(A)
Turkyilmaz 10/20 Branemark Roughened Ball 2y Implant Standardized ~ Mean bone level: SC: 100%
and Tumer®' (prospective) placement intraoral 1.1 mm
radiographs®’
0A))
De Smet et al®® 10/ 20 Branemark Not specified  Ball 1-2y 2 wk after Digital intraoral 1y: 1.28 mm Not specified
(prospective) implant periapicals (IAJ) 2 y: 1.19 mm
placement
Turkyilmaz 10/20 Branemark Roughened Ball 1y Implant Standardized 1y:0.3 mm SC: 100%'°
et al®? (prospective) placement intraoral
radiographs®’
(not specified)
Turkyilmaz 13/26 Branemark Roughened Ball 2y Implant Standardized ~ 2y: 0.4 mm SC: 100%'°
et al® (prospective) placement intraoral
radiographs®’
Turkyilmaz 10/20 Branemark Roughened Ball 1y Implant Standardized 1y:03 mm SC: 100%
et al®* (prospective) placement intraoral
radiographs®’
Turkyilmaz®® 13/26 Branemark Roughened Ball 1y Implant Standardized 1y:0.27 mm SC: 100%
(prospective) placement intraoral
radiographs®’
(A)
Attard etal**  35/70 Branemark Roughened Bar (ovoid) 1y 10 d after Standardized 1y:0.4 mm SC: 98.6%
(69 back-ups) (prospective) implant intraoral
placement radiographs5053
@implant
shoulder)
Payne et al** 24/ 48 ITI; Southern Roughened Ball 1y 6 wk after Standardized 1y SC'e17
(prospective) implant intraoral ITI Mesial: ITI: 100%
placement radiographs®  0.18 mm Southern:
(TI: Implant Distal: 0.34 mm  91.6%
shoulder, Southern
Southern: IAJ)  Mesial: 0.26 mm
Distal: 0.33 mm
Tawse-Smith 24 /48 Southern  Roughened Ball 2y 6 wk after Standardized 1y Southern: Sc's
et al¥’ Steri-Oss (prospective) implant intraoral 0.12 mm Southern:
placement radiographs®  Steri-Oss: 100%
(Southern:1AJ, 0.12mm; 1-2y  Steri-Oss:
Steri-Oss: 1 mm Southern: 70.8%
below IAJ) 0.06 mm
Sterioss: 0.0 mm
Payne etal®  12/24 ITl Roughened Ball 2y 6 wk after Standardized  1y:0.27 mm SC: 100%'6
(prospective) implant intraoral 1-2y:0.12 mm
placement radiographs
(implant shoulder)
Reynesdal et al*'10 / 20 ITl Roughened Ball 2y 3 wk after Panoramics 1y:0-2mm SU: 100%
(prospective) implant (not specified)
placement
Payneetal®  10/20 Branemark Smooth Ball 1y 2 wk after Standardized 1y SC: Grade I'*
(prospective) implant intraoral radio- Mesial: 0.22 mm
placement graphs (1AJ) Distal: 0.30 mm

IAJ = implant-abutment junction.

monitor marginal bone levels. One study*’ concur-
rently monitored marginal bone levels with periapical
radiographs and panoramic radiographs during the
first 3 months, and then continued using panoramic
radiographs for the 1- and 2-year follow-ups. The
same study*’ also did not specify its reference points
for measuring marginal bone loss. Both studies took
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baseline radiographs at implant placement.*®*” The
implant survival rates of both studies were 100%
according to success criteria,'® with the range of
marginal bone loss seen in the first year reported to
be around 0.7 mm.
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Table 5 Immediate Loading Protocol

No. of Radiographic Success (SC)
participants/ Implant Implant Attachment ~ Observation Baseline method Marginal or survival (SU)
implants system surface system period measurement  (reference point) bone loss rate
Marzola etal*® 17/24 Branemark Roughened Ball 1y Implant Paralleling 1y:0.7 mm SuU: 100%
(prospective) placement technique
(implant shoulder)
Stricker et al” 10/ 20 ITl Roughened Bar 2y Implant Panoramics and 1y: 0.71 mm SU: 100%
(prospective) placement periapicals 2y:0.79 mm
(not specified)
Discussion However, some studies opted for the modified

This literature review was conducted to examine
studies specifically related to marginal bone loss
around two oral implants supporting mandibular
overdentures. It is apparent that there have been
several long-term studies involving conventional
one- or two-stage loading protocols for mandibular
two-implant overdentures. The implant success rates
shown in those studies support a conventional load-
ing protocol. Studies with early and immediate load-
ing protocols showed comparable short-term
findings of up to 100% success/survival rates.
However, to recommend these protocols based on
the short-term findings would be too premature.
There are several limitations to consider when
analyzing the validity of marginal bone loss mea-
surements and the success rates derived from them.
Paralleling x-ray beams and the reproducibility of
radiographs are necessary to minimize variability
between examinations.*8-%7 Studies that used
panoramic radiographs®“2 accepted the known dis-
tortion in the symphysial areas of the edentulous
mandible. However, these authors concurrently
attempted to justify the accuracy of panoramic radi-
ographs and the validity of use due to the difficult
anatomical situation in the anterior lingual sulcus in
edentulous mandibles. Despite this reasoning, to
compare the amount of marginal bone loss from
studies using different radiographic approaches is
questionable. The majority of studies specified refer-
ence points for measuring marginal bone levels,
except for the ones that used panoramic radi-
ographs or studies with baseline radiographs taken
at implant placement. Without a reference point, the
sequential radiographs must be taken with repro-
ducibility to use the marginal bone level seen in the
baseline radiographs as a reference point. However,
any error in the radiographic method will affect the
measurements of marginal bone loss seen at each
examination. The gold standard radiographic method
where filmholders can be mounted directly onto the
implants®0.93.55.57 was used in several studies.

method,*° using respective matrices on the filmhold-
ers rather than the direct and rigid attachment of the
filmholders to the implants, since this method can
become more difficult and painful for edentulous
patients with a low mouth floor. Those studies
employing standardized periapical radiographs
should be regarded as more acceptable for compar-
ing implant success rates. This review determined
that the reported implant success rates could not be
compared fairly because of the different radiograph-
ic methods used in each study.

Studies often used different time points to report
the changes in marginal bone levels, with the majori-
ty failing to report marginal bone loss during the
healing period. It is known that the majority of mar-
ginal bone loss occurs during the healing period
prior to insertion of prostheses®® and, as a result, the
measurements taken prior to loading could not be
compared fairly to measurements taken after loading.
Some studies took baseline radiographs at loading, a
few weeks after, or even 1 year after loading, assum-
ing the baseline marginal bone level to be where an
ideal surgical placement of the implant would be.
This would lead to the observed changes in the mar-
ginal bone level during the healing period and any
other additional period to be only estimates; the sub-
sequent measurement would be affected since there
was no confirmed baseline alveolar bone level for the
measurement. In addition, with the lack of studies
reporting changes in marginal bone levels during the
healing period, it was inconclusive as to whether the
amount of marginal bone loss prior to loading could
be a prognostic determinant in implant dentistry. A
recent study®® demonstrated that implants with
advanced bone loss (= 2.0 mm) prior to prosthesis
insertion showed the largest progression rate of mar-
ginal bone loss during the first year of function, but a
slow marginal bone loss thereafter. However, this
result must be interpreted with caution since the
large amount of initial resorption may not be applica-
ble to severely resorbed residual ridges with mainly
basal bone remaining. This brings up the issue of
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using only 1.0 mm of marginal bone loss during the
first year as a criterion for implant success when this
does not account for initial resorption status.

There was no consistency among studies in the
reporting methods of determining marginal bone loss,
ie, whether it was per implant site or per implant.
Reporting the worst marginal bone loss measurement
at a site®® as a representation of the marginal bone
loss for that particular implant could result in erring
more on the side of failure than if measurements
from two sites (mesial and distal) were averaged. This
lack of consistency in the method of calculating
annual marginal bone loss made it difficult to com-
pare data from the different studies. In addition, some
studies reported the marginal bone level at each
examination only, and this led to difficulty in compar-
ing their findings with those from studies that report-
ed marginal bone loss, or the change in bone level
between each time point.

It must also be acknowledged that the published
studies included implants with different surfaces.
With the introduction of roughened implant surfaces,
especially with early and immediate loading proto-
cols, these are additional variables needed to be
considered. The influence of roughened-surface
implants on marginal bone levels has not been
established and therefore, care must be taken when
comparing marginal bone loss data between studies
using different loading protocols and different
implant surfaces.

With the lack of uniformity in the limit of annual
marginal bone loss to determine the success of
implants, there are risks of misinterpreting data.
Success rates from studies using a less strict mar-
ginal bone loss limit can result in higher success
rates because some of the surviving implants would
be classified as being successful. Studies that based
their success rates on the criteria of Albrektsson et
al'® would be concerned only with the marginal bone
loss that occurred subsequent to the first year of
loading. However, studies using the success criteria
by Albrektsson and Isidor'® or Roos et al'* would
have to include the marginal bone loss during the
first year of loading to determine the implant suc-
cess rates. The former would introduce up to 1.5 mm
more marginal bone loss to consider.

Owing to the wide methodologic variation among
the included studies, it was difficult to compare data
between different studies or to determine long-term
marginal bone loss patterns. The limited data on
long-term marginal bone loss around two implants
supporting mandibular overdentures have shown
high implant success/survival rates, with the margin-
al bone loss in the first year of loading, whether it be
1.0 mm or 1.5 mm, well below the limit suggested by
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different success criteria. This assumption, however,
should be applied with caution since the validity of
some of the methods of collecting marginal bone
level data is questionable. It is difficult to recom-
mend what the “normal” amount of cumulative mar-
ginal bone loss after the first year of loading should
be with only a small number of studies reporting
long-term data.

Conclusions

Short-term findings from each study showed that
there are no detrimental effects on marginal bone
levels using early or immediate loading protocols.
Long-term findings required to validate the treat-
ment outcome were limited in this review. Therefore,
to recommend early or immediate loading protocols
for two implants supporting mandibular overden-
tures may still be premature.

Acknowledgments

The authors would like to thank Dr Andrew Tawse-Smith and Prof W.
Murray Thomson at the Oral Implantology Research Group, Sir John
Walsh Research Institute, University of Otago, New Zealand, for their
valuable comments on the manuscript.

References

1. Zarb GA. The edentulous predicament. In: Zarb GA, Bolender CL,
Eckert SE, Jacobs RF, Fenton AH, Mericke-Stern R (eds).
Prosthodontic Treatment for Edentulous Patients: Complete
Centures and Implant-Supported Prostheses. St Louis: Mosby,
2004:3-5.

2. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year study of
osseointegrated implants in the treatment of the edentulous jaw.
Int J Oral Surg 1981;10:387-416.

3. Branemark Pl, Zarb GA, Albrektsson T. Tissue-integrated
Prosthesis: Osseointegration in Clinical Dentistry. Chicago:
Quintessence, 1985.

4. Feine JS, Carlsson GE, Awad MA, et al. The McGill Consensus
Statement on overdentures. Montreal, Quebec, Canada. May 24-25,
2002. Int J Prosthodont 2002;15:413-414.

5. Naertl, Alsaadi G, Quirynen M. Prosthetic aspects and patient sat-
isfaction with two-implant-retained mandibular overdentures: A 10-
year randomized clinical study. Int J Prosthodnt 2004;17:401-410.

6. Allen PF, McMillan AS, Walshaw D. A patient-based assessment
of implant stabilized and conventional complete dentures.
J Prosthet Dent 2001;85:141-147.

7. Wismeijer D, van Waas MA, Vermeeren JI. Overdentures supported
by ITl implants: A 6.5-year evaluation of patient satisfaction and
prosthetic aftercare. Int J Oral Maxillofac Implants 1995;10:
744-749,

8. Thomason JM, Lund JP, Chehade A, Feine JS. Patient satisfaction
with mandibular implant overdentures and conventional dentures
6 months after delivery. Int J Prosthodont 2003;16:467-473.

9. Watson RM, Jemt T, Chai J, et al. Prosthodontic treatment, patient
response, and the need for maintenance of complete implant-sup-
ported overdentures: An appraisal of 5 years of prospective study.
Int J Prosthodont 1997;10:345-354.

© 2009 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE
MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Ma/Payne

20.

21.

22.

23.

24.

25.

26.

27.

Albrektsson T, Zarb GA, Worthington P, Eriksson AR. The long-
term efficacy of currently used dental implants: A review and
proposed criteria of success. Int J Oral Maxillofac Implants 1986;
1:11-25.

Buser D, Weber HP, Lang NP. Tissue integration of non-sub-
merged implants. 1-year results of a prospective study with 100
ITI hollow-cylinder and hollow-screw implants. Clin Oral Implants
Res 1990;1:33-40.

Albrektsson T, Zarb GA. Current interpretations of the osseointe-
grated response: Clinical significance. Int J Prosthodont 1993;6:
95-105.

Albrektsson T, Isidor F. Consensus report of session IV on dental
implants. In: Lang NP, Karring T (eds). Proceedings of the st
European Workshop on Periodontology. London: Quintessence,
1994:365-369.

Roos J, Sennerby L, Lekholm U, Jemt T, Grondahl K, Albrektsson
T. A qualitative and quantitative method for evaluating implant suc-
cess: A 5-year retrospective analysis of the Branemark implant. Int
J Oral Maxillofac Implants 1997;12:504-514.

Zarb GA, Albrektsson T. Consensus report: Towards optimized
treatment outcomes for dental implants. J Prosthet Dent
1998;80:641.

Albrektsson T, Zarb GA. Determinants of correct clinical report-
ing. Int J Prosthodont 1998;11:517-521.

Fourmousis |, Bragger U. Radiologic interpretation of peri-im-
plant structures. In: Lang NP, Karring T, Lindhe J (eds).
Proceedings of the 3rd European Workshop on Periodontology:
Implant Dentistry. Berlin: Quintessence, 1999:228-241.

Misch CE, Perel ML, Wang HL, et al. Implant success, survival, and
failure: The International Congress of Oral Implantologists (ICOI)
Pisa Consensus Conference. Implant Dent 2008;17:5-15.

lacono VJ, Cochran DL. State of the science on implant dentistry:
A workshop developed using an evidence-based approach. Int J
Oral Maxillofac Implants 2007;22(suppl):7-10 [erratum 2008;
23:56].

Snauwaert K, Duyck J, van Steenberghe D, Quirynen M, Naert I.
Time dependent failure rate and marginal bone loss of implant
supported prostheses: A 15-year follow-up study. Clin Oral Investig
2000;4:13-20.

Needleman IG. A guide to systematic reviews. J Clin Periodontol
2002;29(suppl 3):6-9.

Cochran DL, Morton D, Weber HP. Consensus statements and rec-
ommended clinical procedures regarding loading protocols for en-
dosseous dental implants. Int J Oral Maxillofac Implants 2004;
19(suppl):109-113.

De Smet E, Duyck J, Vander Sloten J, Jacobs R, Naert I. Timing of
loading—Immediate, early, or delayed—In the outcome of implants
in the edentulous mandible: A prospective clinical trial. Int J Oral
Maxillofac Implants 2007;22:580-594.

Krennmair G, Weinlander M, Krainhofner M, Piehslinger E.
Implant-supported mandibular overdentures retained with ball or
telescopic crown attachments: A 3-year prospective study. Int J
Prosthodont 2006;19:164-170.

Meijer HJ, Batenburg RH, Raghoebar GM, Vissink A. Mandibular
overdentures supported by two Branemark, IMZ or ITl implants:
A 5-year prospective study. J Clin Periodontol 2004;31:522-526.
Heydenrijk K, Raghoebar GM, Meijer HJ, Stegenga B. Clinical
and radiologic evaluation of 2-stage IMZ implants placed in a sin-
gle-stage procedure: 2-year results of a prospective comparative
study. Int J Oral Maxillofac Implants 2003;18:424-432.

Meijer HJ, Raghoebar GM, Van ‘t Hof MA, Visser A, Geertman ME,
Van Oort RP. A controlled clinical trial of implant-retained
mandibular overdentures; Five-years’ results of clinical aspects and
aftercare of IMZ implants and Branemark implants. Clin Oral
Implants Res 2000;11:441-447.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Batenburg RH, Meijer HJ, Raghoebar GM, Van Oort RP, Boering
G. Mandibular overdentures supported by two Branemark, IMZ or
ITl implants. A prospective comparative preliminary study: One-
year results. Clin Oral Implants Res 1998;9:374-383.

Naert IE, Hooghe M, Quirynen M, van Steenberghe D. The relia-
bility of implant-retained hinging overdentures for the fully eden-
tulous mandible. An up to 9-year longitudinal study. Clin Oral
Investig 1997;1:119-124.

Toziim TF, Turkyilmaz |, Yamalik N, Karabulut E, Tiirkyilmaz AS,
Eratalay K. Analysis of the possibility of the relationship between
various implant-related measures: An 18-month follow-up study.
J Oral Rehabil 2008;35:95-104.

Turkyilmaz I, Tumer C. Early versus late loading of unsplinted TiUnite
surface implants supporting mandibular overdentures: A 2-year
report from a prospective study. J Oral Rehabil 2007;34:773-780.
Turkyilmaz I, Tumer C, Avci M, Hersek N, Celik-Bagci E. A short-
term clinical trial on selected outcomes for immediately loaded im-
plant-supported mandibular overdentures. Int J Prosthodont 2006;
19:515-519.

Turkyilmaz I, T6ziim TF, Tumer C, Ozbek EN. A 2-year clinical re-
port of patients treated with two loading protocols for mandibu-
lar overdentures: Early versus conventional loading. J Periodontol
2006;77:1998-2004.

Turkyilmaz I, Sennerby L, Tumer C, Yenigul M, Avci M. Stability and
marginal bone level measurements of unsplinted implants used
for mandibular overdentures: A 1-year randomized prospective
clinical study comparing early and conventional loading protocols.
Clin Oral Implants Res 2006;17:501-505.

Turkyilmaz I. Clinical and radiological results of patients treated
with two loading protocols for mandibular overdentures on
Branemark implants. J Clin Periodontol 2006;33:233-238.
Heckmann SM, Schrott A, Graef F, Wichmann MG, Weber HP.
Mandibular two-implant telescopic overdentures. Clin Oral
Implants Res 2004;15:560-569.

Tawse-Smith A, Payne AG, Kumara R, Thomson WM. Early load-
ing of unsplinted implants supporting mandibular overdentures
using a one-stage operative procedure with two different implant
systems: A 2-year report. Clin Implant Dent Relat Res 2002;4:33-42.
Payne AGT, Tawse-Smith A, Duncan WD, Kumara R. Conventional
and early loading of unsplinted ITl implants supporting mandibu-
lar overdentures. Clin Oral Implants Res 2002;13:603-609.
Heydenrijk K, Raghoebar GM, Meijer HJ, van der Reijden WA, van
Winkelhoff AJ, Stegenga B. Two-stage IMZ implants and ITl im-
plants inserted in a single-stage procedure. A prospective com-
parative study. Clin Oral Implants Res 2002;13:371-380.
Tawse-Smith A, Perio C, Payne AG, Kumara R, Thomson WM. One-
stage operative procedure using two different implant systems: A
prospective study on implant overdentures in the edentulous
mandible. Clin Implant Dent Relat Res 2001;3:185-193.
Raynesdal AK, Amundrud B, Hannaes HR. A comparative clinical
investigation of 2 early loaded ITI dental implants supporting an
overdenture in the mandible. Int J Oral Maxillofac Implants 2001;
16:246-251.

Wismeijer D, van Waas MA, Mulder J, Vermeeren JI, Kalk W.
Clinical and radiological results of patients treated with three
treatment modalities for overdentures on implants of the ITI Dental
Implant System. A randomized controlled clinical trial. Clin Oral
Implants Res 1999;10:297-306.

Attard NJ, David LA, Zarb GA. Immediate loading of implants with
mandibular overdentures: One-year clinical results of a prospec-
tive study. Int J Prosthodont 2005;18:463-470.

Payne AGT, Tawse-Smith A, Thompson WM, Kumara R. Early
functional loading of unsplinted roughened surface implants with
mandibular overdentures 2 weeks after surgery. Clin Implant Dent
Relat Res 2003;5:143-153.

Volume 23, Number 2, 2010 125

© 2009 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF THIS ARTICLE
MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Marginal Bone Loss with Two-Implant Overdentures

45.  Payne AGT, Tawse-Smith A, Kumara R, Thomson WM. One-year 53. Chaytor DV, Zarb GA, Schmitt A, Lewis DW. The longitudinal ef-
prospective evaluation of the early loading of unsplinted conical fectiveness of osseointegrated dental implants. The Toronto Study:
Branemark fixtures with mandibular overdentures immediately fol- Bone level changes. Int J Periodontics Restorative Dent 1991;11:
lowing surgery. Clin Implant Dent Relat Res 2001;3:9-19. 112-125.

46. Marzola R, Scotti R, Fazi G, Schincaglia GP. Inmediate loading of 54.  Hollender L. Radiographic examination of endosseous implants in
two implants supporting a ball attachment-retained mandibular the jaws. In: Worthington P, Branemark PI (eds). Advanced
overdenture: A prospective clinical study. Clin Implant Dent Relat Osseointegration Surgery: Applications in the Maxillofacial Region.
Res 2007;9:136-143. Chicago: Quintessence, 1992:80-93.

47. Stricker A, Gutwald R, Schmelzeisen R, Gellrich NG. Immediate 55.  Meijer HJ, Steen WH, Bosman F. Standardized radiographs of the
loading of 2 interforaminal dental implants supporting an over- alveolar crest around implants in the mandible. J Prosthet Dent
denture: Clinical and radiographic results after 24 months. Int J 1992;68:318-321.

Oral Maxillofac Implants 2004;19:868-872. 56. Meijer HJ, Steen WH, Bosman F. A comparison of methods to as-

48. Hollender L, Rockler B. Radiographic evaluation of osseointe- sess marginal bone height around endosseous implants. J Clin
grated implants of the jaws. Experimental study of the influence Periodontol 1993;20:250-253.
of radiographic techniques on the measurement of the relation be- 57. Payne AGT, Solomons YF, Lownie JF. Standardization of radi-
tween the implant and bone. Dentomaxillofac Radiol 1980;9:91-95. ographs for mandibular implant-supported overdentures: Review

49. Strid KG. Radiographic results. In: Branemark PI, Zarb GA, and innovation. Clin Oral Implants Res 1999;10:307-319.
Albrektsson T (eds). Tissue-Integrated Prostheses: Osseointegration 58. Astrand P, Engquist B, Dahlgren S, Griindahl K, Engquist E,
in Clinical Dentistry. Chicago: Quintessence, 1985:187-197. Feldmann H. Astra Tech and Branemark system implants: A 5-year

50. Cox JF, Pharoah M. An alternative holder for radiographic evalu- prospective study of marginal bone reactions. Clin Oral Implants
ation of tissue-integrated prostheses. J Prosthet Dent 1986;56: Res 2004;15:413-420.

338-341. 59. Pikner SS, Grondahl K, Jemt T, Friberg B. Marginal bone loss at

51.  Benn DK A review of the reliability of radiographic measurements implants: A retrospective, long-term follow-up of turned
in estimating alveolar bone changes. J Clin Periodontol 1990;17: Branemark System implants. Clin Implant Dent Relat Res 2009;
14-21. 11:11-23.

52.  Sewerin IP. Errors in radiographic assessment of marginal bone
height around osseointegrated implants. Scand J Dent Res 1990;
98:428-433.

Literature Abstract

Glycemic control and implant stabilization in type 2 diabetes mellitus

In this paper, the hypothesis that poor glycemic control is directly related to short-term implant stabilization impairment was tested.
Fifty implants were placed in 35 individuals. One nondiabetic individual (1 implant) and 1 implant (of 2) from a person with diabetes
were excluded due to rotational movement during the 4 months following implant placement. Additionally, 6 implants and two partici-
pants were excluded due to placement procedures inconsistent with the protocol. Data from 32 participants with 42 implants were
analyzed in this study. Glycemic control was assessed by glycated hemoglobin (HbA1c) and implant stability by means of reso-
nance frequency measurements (Implant Stability Quotient). These were taken in triplicate by means of the Osstell instrument. The
stability level was recorded at baseline, 2, 4, 6, 8, 12, and 16 weeks following implant placement. The mean of the three measure-
ments was used in the statistical analysis. Subjective clinical assessments were made regarding bone type according to a four-
tiered scale, based on mineral densities during osteotomy: high density (type 1), moderate density (type Il), low density (type ll), and
very low density (type IV). Implant stability was significantly affected by the combination of HbA1c level and the time following im-
plant placement (interaction of HbA1c and follow-up time, P = .0094). The maximum decrease in implant stability relative to baseline
was significantly greater for the HbA1c 8.1% to 10.0% and HbA1c = 10.1% groups compared with the nondiabetic (HbA1c = 6.0%)
and well-controlled diabetic groups (HbA1c 6.1% to 8.0%). In conclusion, the results of the current study justify the continued investi-
gation of the effects of diabetes and glycemic control on bone metabolism, as well as the longer-term effects of glycemic control on
implant integration, success, and complications for persons with type 2 diabetes.
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