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However, when fractured implants do oce
can cause difficult problems for patients and clini-
cians. Determining the etiology of fracture and treat-
ment of it can be complex for the osseointegration
team. The canses for implant fracture can be divided
into three categories: (1) defects in implant design or
material; (2) nonpassive fit of the prosthetic frame-
work: and (3) physiologic or biomechanical overload.

Causes of Implant Fracture

Manufacturing-Induced Fractures. Defects in
the manufacturers design and production are the
least likely reason for implant fracture. Eight 3.75-
mm-diameter implants of 4,045 implants (Brinemark
System, Nobel Biocare USA, Chicago. IL) placed in
the authors center Iractured during a 5-year period
from 1989 to 1994. Microscopic analy of the frac-
tured components did not reveal porosities or other
defects in titanium (Fig 1) and were not considered a
fanlt of the manulacturing process.
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l"rameworl. Induced Fractures. The second
of fit of the prosthetic haume-
L srew joint connections to the
implants from an ill- Illlmg prosthetic framework can
result in constant shear load on the implant, predis-
posing it to | . Fracture could also result from
bending, combined with axial tension or compression
and torsion. Frequently, loosening of the serew(s) on
the supraimplant component precedes implant frac-
ture and may be a warning sign that the framework
needs re-evaluation.

Overload-Induced Fractures. Biomechanical or
physiologic overload appears to be the most common
reason for implant fracture. Overload can emanate
primarily from two areas, parafunctional habits and
prosthesis design. Excessive occlusal foree generated
in either or both situations, partienlarly in lateral
excursions o prostheses with posterior cantilevers,
presents an opportunity for implant fracture through
bending overload.

Zarafinetion has been identified as the major etio-
logic factor associated with implant fracture (Figs 2a
to 2¢). Analysis of the eight ractured implants identi-
fied in our patient population indicated that all five
patients in the study demonstrated extreme bruxing
and elenching habits and all admitted to having mod-
erate to very high levels of stress in their daily rou-
tines. All were aware of the daily and nocturnal para-
functional habits.
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Fig1 Microscopic analysis of fractured implant demonsirates Fig 2a Panoramic radiograph’shows bone levels at or near
homogeneous density of titanium, the first thread of Branemark System implants 1 year following
prosthesis placement.

Fig 2b  Five years following prosthesis placement, the patient Fig 2c  Seven years after prosthesis placement, the patient
reports screw loosening, significant occlusal wear resulting again presents with a loose prosthesis. Upon removal of the
from parafunctional habits, and radiographic evidence of bone prosthesis, abutment cylinders are "flanged” because of exces-

Inss around the implants, sive rotational wear. One abutment screw (center) had frac-
tured, and ane implant had also fractured.

- -
Fig 2d The two posterior abutments are loose, and the anteri- Fig 2e Immediate treatment requires replacement of the two
or implant has fractured. flanged and distorted abutments with new abutments, and

replacement of the ori
anterior component,

nal prosthesis, modified to remove the

The International Journal of Oral & Maxillofacial Implants 661



Balshi

Implants are subjected to bending moments in the
posterior quadrants, especially in patients with para-
functional habits. Theoretically, hending moments
induce higher stress levels than compressive or ten-
sile forces.! Morgan et al? analyzed fractured im-
plants and coneluded that commercially pure titani-
um implants failed as a result of bending fatigue.?
Quirynen and coworkers® noted that overload may
also cause bone loss around an implant.

Implant fractures differ among individuals and
groups. There is also a difference in fractures related
to experience. For example, Zarb and Schmitt?
reported in 1990 on 274 implants placed with no
implant fractures. In a retrospective study on frac-
tured implants (39 patients), Rangert et al® conclud-
ed that the majority of fractures oceurred in posterior
quadrants where prostheses were supported by one
or two implants. The majority of patients had a com-
bination of cantilevers and bruxism or heavy acelusal
load, all leading to bending overload.’

In 1992, Tolman and Laney® reported three
implant fractures in a study of 1,778 implants placed
(0.17%). Similarly, Gunne et al® reported only three
fractured implants in a study of 521 {0.57%) implants
used to restore partially edentulous patients. In a
study comparing single-molar replacements suppart-
ed by one or two implants, Balshi et al® reported no
implants fractured.

It is essential that more implants be placed in
patients exhibiting parafunctional habits to avoid im-
plant fracture. Minimizing or eliminating cantilevers
and occlusal contacts in lateral excursion reduces the
potential for fracture.® Posterior cantilevers, particu-
larly in the maxilla, can be avoided by placing im-
plants in the pterygomaxillary area,' which signifi-
cantly reduces the potential for implant fracture.
Patients with parafunctional habits should also receive
occlusal guard treatment to minimize any aberrant
nocturnal forces. Recently,!12 implants with larger
diameters have been rece led to provide more
metal bulk, thereby i ing implant strength. Since
wider implants provide greater surface area, hence
increased bone-implant interface, it is hypothesized
that they could provide additional support.

Ocelusal forces play a major role in implant frac-
ture. In studies where natural posterior teeth were
replaced with ceramometal restorations designed to
function only with centric ocelusal contacts while
avoiding working or nonworking contacts, no
implants fractured.® However, one molar implant
outside the time scope of that study was noted to
have fractured 5 years after being placed in function.
Included in the present analysis, this patient was
diagnosed as having developed a pronounced bruxing
and elenching habit.
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Fracture Management

Despite the relatively low incidence of implant frac-
ture, treatment is required when this complication
oceurs. Three methods of treatment are available:

-

- Bemoval of the fractured implant, replacement of
the implant, and refabrication of the prosthesis
(Figs 3a to 3d)

- Modification of the existing prosthesis leaving the
fractured portion of the implant in place? (see Fig
Ze)

- Modification of the fractured implant and refabri-
cation of a portion of the prosthesis (Figs 4a to 4i).

o

[

Fracture Observations

Serew loosening is often observed before implant frac-
ture. Either the gold serew, or in other cases, the abut-
ment serew, can fracture if loose. In addition, angular
bone loss around the implant is frequently noted.

When implant fracture occurs, the patient com-
monly presents with an inflammatory response in the
mucosal tissue surrounding the fracture site. Bone
loss is noted around all fractured implants studied. In
some cases, bone loss is noted before implant frae-
ture. Bone loss, which generally occurs rapidly to the
level of the fracture and usually beyond, is often
apparent radiographically (Fig 4a). Modification of
the fractured implant requires surgical exposure of
the remaining portion of the implant to provide
access to the fractured surface (Fig 4c). Refacing, or
smoothing the abutment-facing surface of the
implant, should only be attempted if a sufficient
number of internal threads remain for connection of
anew transmueosal abutment.

Patient Treatment

In the illustrated example (Figs 4a to 4i), a three-
unit implant-supported maxillary right posterior
prosthesis was in function for 7 months (time from
prosthesis placement until the fracture was diag-
nosed). The patient presented with a loose prosthe-
sis and radiographic evidence of fracture. It was
noted that the same patient presented with loose
gold connecting serews and radiologic evidence of
bone loss around the most distal implant 2 months
prior to implant fracture. The bone loss continued,
despite occlusal adjustment permitting contacts only
in centric relation, with no buceal or lingual pres-
sures in lateral excursions.

Treatment included removal of the fractured por-
tion of the implant and refacing the remaining top
portion with a special eustommade rotary cutting
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Fig 3a  Placement of ceramometal fixed prosthesis (Feb 6,
1989).

Fig 3¢ Fractured implant is removed and immediately
replaced with larger-diameter implant (Sept 17, 1991), An addi-
tional implant is placed between the two remaining original

implants,

device (Fig 4b) consisting of heat-treated speed steel
cutters and a noncutting hard-drawn stainless steel
guide. Copious irrigation was used to reduce heat
from friction during the refacing process. The refac-
ing rotary instrument was designed with a noncutting
guiding tip (Fig 4b), which can be inserted into the
threaded portion of the implant in an attempt to
keep the refacing cutter perpendicular to the long
axis of the implant. After the implant was refaced
(Fig 4c), a measurement was taken to determine the
depth of the internal threads available for abutment
connection. Standard abutment screws required
shortening to accommodate the fewer number of
internal threads (Figs 4d and 4e). Radiographic veri-
fication of the newly fitted abutment was obtained
(Fig 4h). Once the abutment was placed, the screw
was tightened to 20 Nem of torque.

The new abutment replaced the previous abut-

Fig 3b  Thirty-one months later (Sept 17, 1991) bone loss
accompanies fractured implant {arrow).

Fig 3d Nine months aiter placement of the prosthesis (Dec
10, 1992, bone levels remain constant. Note gold CeraOne
abutment screws. The apical portion of the fractured most distal
original implant is evident.

ment and the fractured portion of the titanium
implant. It was slightly shorter than the combined
length of the previous abutment and the fractured
piece of the implant, so that the original prosthetic
gold casting, now sectioned, was not in hyperocclu-
sion when placed on the new abutment. Following
connection of all of the prosthetic framework compo-
nents, a rigid soldering connection was made be-
tween the existing prosthetic section and the portion
reseated on the repaired implant (Fig 4h).

Refabrication or modification of the existing pros-
thesis included shortening, or elimination, of the
cantilever, particularly because the refaced fractured
implant was the terminal support for the prosthesis
(Fig 4h). Continued observation of fractured
implants in function has shown that medification of
the implants permits continued use for the support
of fixed prostheses for up to 6 years.
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Fig 42 Distal implant fractured 7 months after placement of
prasthesis. Gold screws had previously loosened and fractured.
Note bone loss to below the level of fracture,

Fig 4b  Implant refacing tool deft) with noncutting guide tip.
Smaller tip (right! modified 1o fit into the shallow abutment
screw hole created by implant fracture.

Fig 4¢ Implant refaced to a smooth Figdd Standard abutment screw
perpendicular surface. MNote cratered ppropriate length with cart i

shortened by cutting it to the
disc.
bone loss around the implant.

Fig 4¢  Modified abutment screw has Fig 4f Retapping abutment screw

anly three threads remaining, threads in fractured implant accom-
plished by repeated forward and reverse
rotation. The tap is irequently removed io
clean the callector flutes.
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Fig 4g  Standard abutment is fastened to the refaced fractured
implant. Existing implant prosthesis is sectioned 1o accommo-
date change in abutment height.

Fig 4i  Two additional implants, one in the
plerygomaxillary bone and one elevating the
antral floor, are added to the three original
implants to support fixed prosthesis with a
reduced occlusal table.

Discussion

A retrospective analysis revealed eight ractured 3.75-
mu-diameter implants of 4,045 (0.2%) in an implant
population. All but two fractured implants were in
the posterior quadrants, equally distributed between
the maxilla and mandible. In the patient presented,
the posterior cantilever was probably a major factor
in the fracture of the implant (Figs 4a to 4i).

Except for one maxillary single-molar replace-
ment, all other fractured implants were part of multi-
ple-implant-supported fixed ceramometal prostheses
in partially edentulous patients. Analysis of implant
position disclosed that all had straight-line alignment,
which leads to greater potential for creating bending
moments on the implants.

Therefore, from the large body of data reported in
the literature and the experiences in my center, it is
recommended that careflul control of ocelusal forees
be provided to eliminate all posterior contacts in

Balshi

Fig 4h  Radiograph of refaced fraciured implant with refabri-
cated ceramometal fixed prosthesis. Note the shorlened can-
tilever,

mandibular eccentric movements. Placement of
implants should be staggered to avoid a straight-line
configuration. The use of wider-diameter implants
should also be considered when bone volume per-
mits. It is suggested that posterior cantilevers or buc-
colingual offsets be avoided or minimized, especially
in the partially edentulous patient. When patients
exhibit chronic loosening of gold or abutment serews
or experience fracture of components other than the
implant, critical reassessment of the prosthesis is nee-
essary. All abutments should be retightened, impres-
sion copings should be rigidly locked together avoid-
ing material shrinkage, and an accurate impression
and new master cast should be obtained. The pros-
thesis should he examined on the new cast, using the
one gold serew test in which each serew is positioned
at 10-Nem torque, and the gold eylinder fit is
checked under magnification. If even the shightest fit
discrepaney can be detected, the casting should be
cut, and the prosthesis should be reassembled. In
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patients who have been identified as pronounced
bruxers or clenchers and who have experienced mul-
tiple implant fractures, the placement of additional
implants may be necessary to overcome the mastica-
tory overload.

Lastly, even when the prosthesis appears to have a
“perfect fit” on the master cast, if the patient feels
any sensation at the time of prosthesis placement,
such as a pulling sensation or tightness, the casting
components should be sectioned and reassembled
intraorally. The assembled units can then be
removed, resoldered, and replaced to assure a totally
passive fit.

Summary

The literature reviewing implant fractures currently
indicates only a small incidence. The majority of frac-
tures occur in the posterior quudrun ts and are associ-
ated with bending overload created by a combination
of parafunctional forces, cantilevers, and possibly
framework misfit. Straight-line implant placement
contributes to the potential for higher bending
moments.

Treating fractures can be accomplished either by
replacing the implant and fabricating a new prosthe-
sis or by refacing the fractured implant and modify-
ing or refabricating the prosthesis. Additional time is
needed to assess the results obtained from using
these procedures. Iowever, a passive framework fit
and controlled occlusal forces are essential to success
of the implant prosthesis and the avoidance of im-
plant fracture.
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