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Although they are fortunately rare, implant fractures can cause significant problems for both clinicians and
patients. The authors present a light and scanning electron microscopic study of four fractured implants in two
patients. Both patients had parafunctional habits (bruxism), hypertrophic masticatory muscles, and wear of
occlusal surfaces. The scanning electron microscopic study of the fractured surfaces of all four implants showed
the presence of fatigue striations. Bending overload was probably created by a combination of parafunctional
forces, bone resorption, posterior location of the implants, and implant diameter.
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ery high percentages of long-term success of den-

tal implants have been reported in the literature.!
Despite the trend toward fewer failures, they do
occur. In a retrospective analysis of 4,045 implants,
Balshi et al® reported only 8 fractures (0.2%), while
Rangert et al® found 39 patients with fractured
implants out of 10,000 implants placed.

Implant failures have been divided into early and
late categories.* Early failures tend to occur before
abutment connection and are mainly related to sur-
gical problems during implant placement.* Late fail-
ures, on the other hand, may arise from pathologic
events involving a previously osseointegrated im-
plant.* Some investigators suggest that these prob-
lems could be related to prosthetic and functional
stresses associated with progressive bone loss.>6
Implant fractures may be the result of2:
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1. Implant design and manufacturing defects
2. Nonpassive fit of the prosthetic framework
3. Physiologic or biomechanical overload

The aim of this report is to evaluate the clinical,
histologic, and scanning electron microscopic (SEM)
findings of four fractured implants in two patients.

Patient 1

In June 1993, a partially edentulous 63-year-old male
patient underwent the placement of seven titanium
implants (Astra Tech, Molndél, Sweden) in the max-
illa. In the left maxilla, one 3.5 X 15 mm and two 3.5
X 13 mm titanium implants were placed in the pre-
molar-molar region; a distal cantilever was present.
The patient was a heavy smoker with severe para-
functional habits (bruxism). An extraoral examination
revealed hypertrophic masticatory muscles, while
intraoral examination revealed wear of occlusal sur-
faces and bad oral hygiene with accumulation of
plaque and calculus.

In June 1994, a definitive prosthesis was placed.
At the 2-year follow-up radiograph, deep pericoronal
“cup” resorption around all three implants was evi-
dent (Fig 1). In November 1996, implant mobility
was present, and a periapical radiograph showed the
presence of a fracture of all three implants. These
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Fig 1 After 2 years, a wide radiolucency is visible around the
coronal portion of all three implants (arrows) (patient 1).

three implants had been placed in a straight-line
configuration (Fig 2). They were retrieved with a
trephine.

The specimens were washed in saline solution and
immediately fixed in 4% paraformaldehyde and 0.1%
glutaraldehyde in 0.15 mol/L cacodylate buffer at
4°C and pH 7.4, to be processed for histology. Thin
ground sections were obtained with the Precise 1
Automated System (Assing, Rome, Italy).” The speci-
mens were dehydrated in an ascending series of alco-
hol rinses and embedded in a glycolmethacrylate
resin (Technovit 7200 VLC, Kulzer, Germany).

After polymerization, the specimens were sec-
tioned longitudinally with a high-precision diamond
disk at about 150 um and ground to about 30 um. A
total of four slides were obtained. The slides were
stained with basic fuchsin, toluidine blue, and von
Kossa, and observed under normal and polarized
light in a Leitz Laborlux microscope (Leitz, Wetzlar,
Germany). The histochemical analysis of acid and
alkaline phosphatases was carried out according to a
previously described protocol.® The histomorphome-
try was done with a Microvid System (Leitz) con-
nected to an IBM PC. The coronal portion of the
implant was observed under a Cambridge 360 scan-
ning electron microscope.

Patient 2

In November 1994, a 70-year-old male patient
underwent the placement of two 3.5 X 15 titanium
implants (Astra Tech) in the right posterior mandible.
The patient demonstrated poor oral hygiene, a severe
overbite, and parafunctional habits. In April 1995, a
definitive prosthesis was placed. In November 1995,
the patient had an abscess on the distal implant in
the posterior mandible. A radiograph showed the

562 Volume 13, Number 4, 1998

Fig 2 The three fractured implants are located in a straight line
(patient 1).

presence of a pericoronal radiolucency and a fracture
of the implant 5 mm from the coronal extremity. The
implant was retrieved with a trephine and treated to
obtain thin ground sections according to the tech-
nique previously described. The coronal portion of
the implant underwent SEM analysis as in patient 1.

Results

In patient 1 under SEM at low-power magnification,
it was possible to see that no porosities or defects of
the titanium were present (Fig 3). At higher magnifi-
cation, fatigue striations were present (Fig 4). Under
light microscopy at low magnification, a direct bone-
implant contact was visible around all the implants
without signs of inflammation or bone resorption (Fig
5). The histomorphometry showed 84% (+ 3.8%)
bone-implant contact for all three implants. Under
polarized light, the peri-implant bone appeared com-
pact, mature, lamellar, and osteonic. Bone and tita-
nium had very close and tight contact without the
presence of gaps or connective tissue at the interface.
With von Kossa stain, it was possible to see that the
peri-implant bone was highly mineralized. Some
osteocytes were present near the metal surface. No
cells positive to acid phosphatase and only a few cells
positive to alkaline phosphatase were present. In only
a few areas was a small, 5- to 10-yum gap present at the
bone-implant interface. In some areas of the interface,
remodeling processes were present, and it was possi-
ble to observe a rim of osteoblasts that were deposing
bone toward the titanium surface (Fig 6). Resorption
phenomena could be observed on the most coronal
part of the bone-implant interface, and in some areas
epithelial cells were in close contact with bone. In
patient 2, similar features were observed. The bone-
implant contact in patient 2 was 81% (z 2.4%).

COoPYRIGHT © 2000 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 WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



Fig 3 At low-power SEM magnification, it is possible to
observe that no porosities are present inside the titanium and
that the fracture is situated in different planes (patient 1; R =
right; L = left; original magnification X25).

Fig 5 Histology showing a high per-
centage of bone-implant contact per-
centage. No gaps are visible at the inter-
face (patient 1; basic fuchsin-toluidine
blue; x25).

Discussion

Peri-implant bone resorption and implant fracture
are said to be related to excessive bending
moments.3® Peri-implant bone resorption has been
found before implant fracture in many patients, par-
ticularly when single-molar implants were involved.3
Coronal bone resorption produces a higher bending
stress of the implant because of the loss of supporting
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Fig 4 High-power SEM magnification of the implant. Fatigue
striations are present (patient 1; X500).

Fig 6 At higher magnification, it is pos-
sible to observe an area of bone apposed
by a rim of osteoblasts (arrows) near the
implant (patient 1; basic fuchsin-tolui-
dine blue; X200).

bone.? In addition, this type of bone resorption usu-
ally extends to the level corresponding to the end of
the abutment screw, and in this region the resistance
to bending is diminished.® An area of stress concen-
tration could be produced at the root of a thread with
the formation of crack initiation and propagation.®
Metal fatigue seems to be the most common cause of
structural failure.1® The cracks grow from the site of
maximum stress and can produce a sudden failure.1°
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In all specimens, the present SEM study showed
the presence of fatigue striations, which constituted
the crack front under cyclic loading. These striations
were, according to Morgan et al,® the pathognomonic
mark of fractures resulting not from overload, where
a dimpled surface related to plastic deformation is
present, but from fatigue failure. The histologic eval-
uation of the portion of the implant that remained in
the bone always showed a very high percentage of
bone-implant contact. In these patients a combina-
tion of bruxism and bone resorption probably led to
bending overload. Moreover, the fracture also could
easily have been produced by a weakness in implant
design. A higher predisposition of the maxilla for
implant fracture could be related to the fact that the
presence of a weaker bone can lead to bone loss at
high loads and an increased bending moment on the
implants.?

Conclusion

In two patients with fractured implants, no porosities
or defects of titanium were observed under SEM,
and no manufacturing defects were present. Para-
functional habits were present. Bone loss around the
fractured implants could have contributed to the frac-
ture. A very high percentage of bone-implant contact
also could have helped in increasing the bending
moments. The implants, which had a diameter of 3.5
mm, were located in the posterior quadrants.

It is suggested that only when a certain number of
adverse parameters are present simultaneously is the
load limit of the implants likely to be surpassed.®

564 Volume 13, Number 4, 1998

Acknowledgments

This work was partially supported by the National Research Coun-
cil (CNR) and by the Ministry of University, Research, Science
and Technology (MURST).

References

1. Lekholm U, van Steenberghe D, Herrmann I, Bolender C,
Folmer T, Gunne J, et al. Osseointegrated implants in the
treatment of partially edentulous jaws: A prospective 5-year
multicenter study. Int J Oral Maxillofac Implants
1994;9:627-635.

2. Balshi TJ, Hernandez RE, Pryszlak MC, Rangert BO. A com-
parative study of one implant versus two replacing a single
molar. Int J Oral Maxillofac Implants 1996;11:372-378.

3. Rangert B, Krogh PHJ, Langer B, Van Roekel NB. Bending
overload and implant fractures: A retrospective clinical analy-
sis. Int J Oral Maxillofac Implants 1995;10:326-334.

4. Tonetti MS, Schmid J. Pathogenesis of implant failures. Peri-
odontology 2000 1994;4:127-138.

5. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of
osseointegrated dental implants: The Toronto study. Part I:
Surgical results. J Prosthet Dent 1990;63:451-457.

6. Rangert B, Forsmalm G. Strength characteristics of CP tita-
nium. Nobelpharma News 1993;7:4-5.

7. Piattelli A, Scarano A, Quaranta M. High-precision, cost-
effective system for producing thin sections of oral tissues
containing dental implants. Biomaterials 1997;18:577-579.

8. Piattelli A, Scarano A, Piattelli M. Detection of alkaline and
acid phosphatases around titanium implants: A light micro-
scopic and histochemical study in rabbits. Biomaterials
1995;16:1333-1338.

9. Morgan MJ, James DF, Pilliar RM. Fractures of the fixture
component of an osseointegrated implant. Int J Oral Maxillo-
fac Implants 1993;8:409-414.

10. Patterson EA, Johns RB. Theoretical analysis of the fatigue
life of fixture screws in osseointegrated dental implants. Int J
Oral Maxillofac Implants 1992;7:26-34.

CoPYRIGHT © 2000 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 WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



