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Scanning Electron Microscopy
Observations of Osseointegration

Failures of Dental Implants that Support
Mandibular Overdentures
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T
he primary aims of treating eden-
tulous patients with implant-
retained overdentures are to

reduce pain and discomfort and to
improve functions (retention, stability).1

It is also imperative to highlight the pos-
itive effect of such treatment on the psy-
chological well-being of the patients.

Osseous integration of dental im-
plants has been proved successful in the
treatment of edentulous cases with
implant-retained overdentures.2 Vari-
ous schemes and protocols of overden-
ture exist and many involve multiple
implants, bar attachment, and immedi-
ate or early loading. There are many
controversial outcomes for these proto-
cols that are often determined by differ-
ent factors such as patient’s systemic
condition, quality of bone and the type
of loading, implant placement position,
and the type of implant.3,4

Implant attachment using a bar is
recommended in the case of using more
than 2 implants and is considered to be
superior to the attachment-only-retained
format.5 Payne and Solomons6 stated
that distal support by 2 bars placed bilat-
erally provides a farmore stablemandib-
ular overdenture.

Immediate loading protocols have
been mostly applied to allow the reha-
bilitation of completely edentulousman-
dible. Immediate/early loading has the

advantages of providing immediate res-
toration of esthetics and functions,
reducing the number of patient visits,
reducing the morbidity of a second
surgical intervention, and facilitating
the functional rehabilitation of the
patient.7 Furthermore, the success rate
of immediately loaded overdentures
was comparable to those of convention-
ally loaded ones.2

Using surface treated implants can
improve the osseointegration process,
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Aim: Investigating possible fail-
ure causes of mandibular implants
after their immediate loading with
an overdenture retained with bilat-
eral bar attachments, using scanning
electron microscope.

Patients and Methods: Twenty
edentulous male patients were
included in the present study. Each
patient had 2 fixtures inserted in the
canine and the first molar areas on
each side of the mandible. After
abutments screwing, the 2 fixtures
on the same side were splinted with
a bar, and immediately loaded with
an overdenture. Implants mobility
was assessed on weekly basis. Failed
implants were removed, and exam-
ined by scanning electron micro-
scope.

Results: The failed implants,
removed after 4 weeks of treatment,

showed an intimate contact of miner-
alized and osteoid tissues with dense
collagen-rich matrix in the apical
third of implants. Furthermore, newly
developed bone was observed at the
same area in implants removed after
7 weeks. However, there was no
evidence of such growth at the middle
and/or cervical thirds in either case.

Conclusion: Lack of osseointe-
gration at the middle and cervical
thirds of the root could be a possible
cause of implant failure. Early
loading by an overdenture retained
with bilateral bars is considered
a major contributing factor to
incomplete osseointegration of the
supporting implants. (Implant Dent
2013;22:645–649)
Key Words: immediately loaded
implants, scanning electron micro-
scope
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promotes healing, and reduces healing
time.4 Surface modifications of dental
titanium implants are accomplished by
roughening or by altering the chemical
composition. Various methods have
been developed to create rough surfa-
ces, for example, titanium plasma
spraying, grit blasting, acid etching,
and anodization. Coating of dental tita-
nium implants with calcium phosphate
(CaP) ceramic is the most frequently
used method for altering the chemical
surface composition.8,9

Despite, the high success rate of
implant-retained overdenture with bar
attachment in enhancing osseointegra-
tion. Failure of osseointegration is the
major cause of implant failure. It
accounts for 2% to 3.4% of early and
late implant failure in healthy patients.
This percentage dramatically rises to
7.4% to 12.5% in patients with com-
promised systemic health.10

The efficacy of osseointegration is
typically determined by dental radiog-
raphy during patients follow-up. How-
ever, more comprehensive method is
required to assess failed implant sys-
tems and the percentage of bone surface
coverage via top-down approaches
such as scanning electron microscopy
(SEM).11 The SEM images of the sur-
faces of implants removed from their
bony crypts before embedding have
often displayed the presence of variable
amounts of adherent material presumed
to be bone and or/extracellular matrix
(osteoid) at the implant jaw interface.12

The aim of this study was to
evaluate the failure of immediately
loaded implants used to support man-
dibular overdentures retained by bilat-
eral posterior bar attachment by
investigating to the amount of bone
surface coverage via SEM.

PATIENT SELECTION CRITERIA

Twenty completely edentulous
male patients of 57 to 72 years old (mean
age, 65 years) were included in this
study after signing an informed consent.
All included participants showed high
levels of compliance with the treatment
and had good general health. Only those
patients with sufficient mandibular
residual ridges (minimum of 12-mm
bone height above the mandibular canal
as verified by panoramic radiographs),13

(corrected) were selected for this study.
Patients’ exclusion criteria included pa-
tients suffering from bone related sys-
temic diseases, patients with a systemic
condition that would put them at risk
when in surgery, patients under or post
chemo or radiotherapy. Furthermore,
smokers and patients with abnormal
habits such asbruxismor clenchingwere
excluded from this study. Alcohol,
drugs, or medication dependent patients
were also excluded.

SURGICAL DESIGN AND

POSITIONING OF IMPLANTS

Surgical planning was predomi-
nantly based on clinical inspection and
orthopantomograms. Each patient was
initially diagnosed using diagnostic dig-
ital panoramic radiography, to evaluate
the alveolar bone quality and height.
Digital panoramic radiographswere also
used to plan the proposed implants
positions and establish their relation to
vital structures, in addition to determin-
ing the proper implant length. After
maxillary and mandibular impressions,
jaw relation records and try-in were

completed, 4 guidance holes were
drilled in the decided implant insertion
positions (2 holes at #22, #27 regions
and 2 holes at #19, #30 regions) to be
used for surgical guidance during im-
plants placement. After tissue punch
and drilling, 4 acid-etched roughened
titanium (ART) screw type fixtures
(Dyna Helix TM Implants, Holland)
were surgically inserted in the #22, #27
regions (of 13 mm length and 3.6 mm
width) and #19, #30 regions (of 10 mm
length and 3.6mmwidth). According to
the manufacturer instructions,14 bar
abutments were screwed into the fix-
tures with a single slot screwdriver.
The 2 implants on each side of the man-
dible were splinted with prefabricated
instant adjusting bar (IAB;DynaDental
Engineering bv, Bergen op Zoom, The
Netherlands) to retain the immediately
loaded mandibular overdenture.

Two riders for each IAB bars were
incorporated in the fitting surface of
the mandibular overdenture directly in
patient’s mouth, within 24 hours from
implant insertion.

The patients were prescribed a soft
diet and were asked not to remove the

Table 1. Implant Mobility Assessment 4 to 7 weeks After Insertion of Mandibular
Overdentures Retained With Bilateral Bar Attachments

Patients
Posterior Right

Implant
Anterior Right

Implant
Anterior Left

Implant
Posterior Left

Implant

1 0 0 0 0
2 1 0 0 0
3 0 0 0 1
4 0 0 0 0
5 0 0 0 0
6 1 0 0 0
7 0 0 0 0
8 1 0 0 0
9 0 0 0 1

10 0 0 0 1
11 1 0 0 0
12 0 0 0 1
13 0 0 0 0
14 0 0 0 0
15 0 0 0 1
16 0 0 0 1
17 1 0 0 0
18 0 0 0 0
19 0 0 0 0
20 0 0 0 1
No of mobile
implants

5 0 0 7

1 indicates Mobile implant; 0, Immobile implant.
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overdenture during mastication for
1 week. They were also instructed not
to brush the operated areas and rinse
it instead with 0.12% chlorhexidine
mouthwash 3 times per day for 14 days.

Implant mobility assessment was
assessed manually using the handles of

2 dental mirrors on either sides of
implant bucco-lingually as described
by Gatti et al.15 This was done weekly
during the first 3 months after the inser-
tion. The range of mobility was deter-
mined according to a mobility scoring
system, where 0¼ no mobility and 1¼
any obvious mobility. The implants
with a score of 1 (obvious mobility)
were considered failed implants. Failed
implants were gently unscrewed under
local anesthesia and were carefully
removed under aseptic conditions, to
be examined by the SEM.

SCANNING
ELECTRON MICROSCOPY

To evaluate the failed implants for
SEM, the specimens were cleaned with
5% sodium hypochlorite for 20minutes
at room temperature to remove the risk
of contamination. They were rinsed in
0.1mol per 1 cacodylate buffer (pH 7.4)
3 times. They were then fixed in a 1%
osmium tetroxide solution in 0.1 mol
per 1 cacodylate buffer (pH 7.4) for

90 minutes before dehydration by
a graded series of ethanol. The samples
were then immersed in isoamyl acetate,
andwere critical-point dried with liquid
carbon dioxide. The samples were
finally mounted on stabs, coated with
gold in a vacuum device before being
examined by the SEM16 (Jeol-JSM-
5200LV Scanning microscopy).

RESULTS

Implant Mobility Assessment
Mobility was detected in 12 poste-

rior implants out the total 80 implants
inserted, during routine mobility
assessment at weeks 4 and 7 after
insertion of the immediately loaded
implants (Table 1).

SEM Imaging
SEM examination of control/

unused implant showed the roughness
produced by the acid etching process.
At low magnification, the implants
looked rather clean (Fig. 1).

Fig. 1. SEM of control unused ART screw
type implant.(25 kV, magnification 3 50).

Fig. 2. SEM of the apical third of failed ART screw type implant after 4 weeks of insertion,
showing no dense extracellular matrix (A, 25kV, magnification 3 35. B, 25 kV, magnifi-
cation 350).

Fig. 3. SEM of the cervical and middle thirds of
failed ART screw type implant after 4 weeks of
insertion, showing scarce fibers on the implant
surfaces with failure of formation of extracellular
matrix. (25 kV, magnification, 335).

Fig. 4. SEM of the apical third of failed ART screw type implant after 7 weeks of insertion, showing
well-organized extracellular matrix with entrapping cells that looks like lamellar bone integrated at
the implant surfaces (A, 25 kV, magnification, 3 3200, and B, 25 kV, magnification, 3350).

Fig. 5. SEM of the cervical and middle thirds
of the failed ART screw type implant after
7 weeks of insertion, showing peeling off of
some of the implant coating at the implants
surface (25 kV, magnification, 335).
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SEM images of the failed implants
removed from the patients after 4 weeks
demonstrated the presence of dense min-
eralized tissue that seemed like osteoid,
a collagen-rich extracellular matrix.
These dense tissues were in intimate
contact with the implant at the interface
at the apical third of the failed implants.
Obvious lamellar bone formationwas not
detected at this stage (Fig. 2). The exam-
inationof the cervical andmiddle thirdsof
the same failed implants revealed scarce
individual fibers on the implant surfaces,
andnoorganized extracellularmatrixwas
detected at these areas (Fig. 3).

After 7 weeks of insertion, SEM of
failed implants demonstrated forma-
tion of much denser, well-organized
extracellular matrix with cells entrap-
ped in them resembling mature lamel-
lar bone, in contact with the implant
surface at the apical third (Fig. 4).
However, this organized matrix was
again missing at the middle and cervi-
cal thirds of the implant. Consistent
partial peeling off of the implant coat-
ing were detected on the cervical and
middle thirds of the failed implants
removed at 7 weeks (Fig. 5).

DISCUSSION

The use of attachment-retained
implant overdentures is functionally
superior to conventional dentures and
is a cost-effective alternative to fixed
implant dental prostheses.2

The biological fixation of endo-
sseous dental implants is amatter of great
interest, mostly due to the increase in the
use of many types of implants in clinical
practice. Bone in growth results from
a complex process, in which mechanics
and biology play a major role.17

In this study, ART screw type
fixtures were used to enhance bone
formation and osseointegration. ART
screw type implant fixtures help to
stabilize the initial blood clot andwound
against the titanium surface, which helps
bone formation on the surface and plays
a relevant role in the implant long-term
success. This early stabilization seems to
be particularly required under demand-
ing circumstances such as immediate
loading in posterior jaw areas.18

Prefabricated IABs were used to
splint the implants on each side of the

jaw, to eliminate possible micromotion
when immediately loaded with a pro-
visional overdenture. In such cases,
implants splinting is of utmost impor-
tance to avoid fibrous tissue formation
and inhibition of osseointegration.19

Three-dimensional (3D) imaging
techniques such as cone beam CT offer
maximum accuracy and width informa-
tion that 2D techniques cannot. How-
ever, 2D digital panoramic radiography
seems to provide a faster, simpler, less
costly, and low-dosage presurgical diag-
nostic tool compared to 3D imaging.
These characters have favored our
choice of using digital panoramic radi-
ography in this study, to confirm the
presence of sufficient bone height above
the mandibular canal. Furthermore,
when a safety margin of at least 12 mm
above themandibular canal is respected,
panoramic radiography seems to be
a sufficient tool for evaluation of bone
height before the insertion of posterior
mandibular implants. This respectable
height enhances implant osseointegra-
tion and eliminates the need for using 3D
imaging techniques.20,21

The surface treatment using acid
etching to create rough surface of fixtures
was developed as a way of reducing the
healing period through accelerating and
improving the osseointegration pro-
cess,4,8 which was proven by our SEM
micrographs, which demonstrated the
integration of newly developed bone like
material in intimate contact with the api-
cal one-third of the examined implants.
This was an indication of osseointegra-
tion at this early stage of the study (4–
7 weeks), which was also confirmed by
the findings reported by Guiha et al.22

However, it is also indicated that the os-
seointegration was only confined to the
apical one-third and was limited if at all
present in the middle and cervical thirds.
This limited osseointegration seemed to
have directly contributed to failure of
complete integration leading to the im-
plants’mobility and finally failure of the
implants. These results were contradict-
ing to what Izze et al23 have found in
their retrieved implants, where complete
osseointegration was reported in their
study. However, the implants that they
have used in their study have a wettable,
highly hydrophilic, and microstructured
surface.23 Furthermore, other studies

showed that immediately loaded implants
can survive for years before failure.24

Various studies have confirmed
the occurrence of mandibular deforma-
tions during jaw opening and protru-
sion, and have reported that the lateral
pterygoid muscles are mainly involved
in causing mandibular flexure during
these tasks.25,26

The early mobility and failure of
some of the posterior implants in this
study, can be also a direct result to the
stresses induced on the splinted im-
plants as a result of mandibular defor-
mation (flexure) during jaw opening
and protrusion. It was indicated by
Fischman27 that flexure was reduced
with all splint types. However, splints
were never able to completely eliminate
mandibularflexure. Hence, splinted im-
plants are subject to some kind of stress
one way or another. Over the time, no
matter how limited the stress and flex-
ure transmitted to the implant are, they
will eventually contribute to some kind
of damage at the bone-implant inter-
face.28 This was evident in this study,
by the damage and peeling off of the
implant coating, detected at the cervical
andmiddle thirds of the failing implants
after 7 weeks of insertion.

Immediate/early loading may have
also contributed to early mobility and
failure of bone formation and osseointe-
gration of these implants.Many previous
studies29,30 revealed that immediate func-
tional loading of implants in the posterior
area of the mandible poses a potential
clinical risk because of the amount of
micromotion that it allows. They sug-
gested that the immediate loading
approach should be strictly limited to im-
plants inserted in the inter-foramina area
of the mandible in edentulous patients.
Other studies showed that progressive
gradual loading leads to more favorable
crestal bone reaction as opposed to
immediate functional loading.31

CONCLUSION

In conclusion of this study, SEM
images of failed implants demonstrated
that failure of implants supportingman-
dibular overdentures retained with
bilateral bar attachments and immedi-
ately loaded can be mainly attributed to
failure of complete osseointegration
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throughout the whole length of the
implant and its confinement to the
apical one-third. Early loading by an
overdenture retained with bilateral bars
is considered a major contributing fac-
tor to incomplete osseointegration of
the supporting implants as well as the
loss of the implant coatings. Additional
investigation is required to determine
the suitable loading technique in terms
of time, design, and quantity of load
application to the overdentures retained
by bilateral bars to avoid failure of
implants and to ensure proper and
complete osseointegration. Investigat-
ing progressive loading versus func-
tional loading of the implants by
overdenture is also required.
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