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T
he introduction of osseointe-
gration has dramatically af-
fected the discipline and cur-

rent perspective of implantology and
improved the quality of life of many
completely edentulous patients.1–3

Concurrent with the concept, the use
of dental implants has successfully
expanded for applications in partial
edentulism, maxillofacial prosthetics,
and orthodontic anchorage.4–10 Re-
cently, early loading of osseointe-
grated implants has been reported.11

Furthermore, if the clinical objective
is to provide a prosthesis at the day
of implant surgery, probably the
most spectacular improvement has
been introduced by the Brånemark
Novum System (Nobel Biocare,
Göteborg, Sweden) to deliver an
implant-supported fixed mandibular
prosthesis to a completely edentulous
jaw in approximately seven hours.12

Thus it is an undisputed fact that
osseointegrated implants are depend-
able and efficient and have demon-
strated an improved success rate over
years.

The increased number of clinical
applications has led to many scien-
tific investigations that have contrib-
uted to an evolution in implant sys-
tems, treatment concepts, and
techniques used for framework fabri-
cation. During the last three decades,
the significance of the biomechanical
aspect of implant treatment has been

emphasized and safety measures13–20

have been suggested and applied to
control the biomechanical load over
dental implants.

A rigid connection between os-
seointegrated implants and a fixed
superstructure induces strains in each
component exposed to force. The
superimposition of functional loads
generates additional strains that af-
fect the entire bone-implant-
prosthesis assembly. One of the ma-
jor challenges to a prosthodontist is
the delivery of an acceptable pros-
thesis that will not compromise the
longevity of the resultant treatment.

THE SIGNIFICANCE OF PASSIVE
FIT

Implant-supported fixed prosthe-
ses comprise essentially screw-
retained and cement-retained super-
structures.21,22 The use of any
retention technique necessitates a
profound evaluation of a number of
significant premises and parameters.
Among these, the clinical aspect of
passive fit has not been demon-
strated, and claims regarding the sub-
ject are largely anecdotal. Although

the challenge to apply advanced
technology for the improvement of
framework fit is ongoing, the phe-
nomenon still remains an elusive
goal that is to be attained by the dis-
cerning implant prosthodontist.23

Passive fit (synonymous with
“ideal fit”) is assumed to be one of
the most significant prerequisites for
the maintenance of the bone-implant
interface. To provide passive fit or a
strain-free superstructure, a frame-
work should, theoretically, induce
absolute zero strain on the support-
ing implant components and the sur-
rounding bone in the absence of an
applied external load. This vital re-
quirement may be provided by si-
multaneous and even mating of the
complete inner surfaces of all retain-
ers by all abutments. However, ac-
cording to the current scientific evi-
dence and with the efficacy of
contemporary dental technology used
for framework fabrication, it has
been concluded that an absolute pas-
sive fit cannot be obtained.24 Pros-
thetic complications such as gold
(fixation) screw loosening or frac-
ture, abutment screw fracture, gold
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The clinical and laboratory
procedures employed for frame-
work fabrication are inadequate to
provide an absolute passive fit for
implant-supported fixed superstruc-
tures. Although some prosthetic
complications are attributed to the
lack of passive fit, its effect on im-
plant success is questionable. Nev-
ertheless, the clinical results of
increasing applications of

advanced technology to improve
framework fit seem promising. This
article reviews the clinical signifi-
cance of passive fit and the factors
that affect the final fit of implant-
supported frameworks. (Implant
Dent 2001;10:85–92)
Key Words: screw-retained pros-
thesis, cement-retained prosthesis,
superstructure misfit, passive fit
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cylinder, frameworks, and veneers
have been documented and may be
related to poor framework fit.23,25

However, there is no longitudinal
clinical study that reports implant
failure specifically attributed to
framework misfit. The vital question
then arises as to whether absolute
passive framework connection is re-
ally essential and if it is a governing
factor for implant success. In an ex-
cellent review by Taylor et al22, one
of the major problems was stated as
follows: “If it is assumed that misfit
is a real problem when dealing with
dental implants, 2 questions must be
asked. First, what level of misfit is
clinically important, beyond which
damage is likely to occur? The an-
swer to this question is obviously
very complex and probably depends
upon such factors as bone quality,
length and diameter of implants, and
implant surface characteristics. Sec-
ondly, assuming that misfit is a con-
cern, how does one measure it in a
clinical situation?”

Location, direction, and magni-
tude of applied loads,26–29 the type
and design of the superstructure,30

and the correct interpretation of the
qualitative nature and the quantifica-
tion of stresses around load-carrying
implants is often a challenge because
of the inevitable inclusion of several
governing factors such as bone den-
sity,31 diameter, length, width, num-
ber, location, and macrodesign of
dental implants.32 The problem is
probably more perplexing than it
seems. For instance, the correct de-
termination of the physiologic toler-
ance level of an ill-fitting superstruc-
ture would require thein vivo
investigation of the isolated strains in
bone, implants, and the prosthesis by
empirically testing several super-
structures with various degrees of
misfit. Accordingly, in a study con-
ducted by Carr and co-workers,33

screw-retained misfitting superstruc-
tures were connected to implants in
baboons where it was not possible to
distinguish a difference in bone re-
sponse in two levels of misfit and in
the absence of applied occlusal load.
One of the reasons for failure was
attributed to the possibility that the
implant abutment could have ab-
sorbed some of the misfit-induced

strain and decreased the strain trans-
ferred to the implant-bone interface.
Assuming that this is true, the isola-
tion of absorbed strains on each
component must be provided to en-
sure the correct interpretation of
strains throughout the load-bearing
system. This is not currently
available.

An acceptable marginal fit of a
restoration is not a sign of passive
fit. Although there is a consensus
that framework misfit causes adverse
biologic host response, the clinically
acceptable amount of superstructure
passivity has not been determined for
implant-supported restorations. The
only method for determining the ac-
tual amount of superstructure passiv-
ity in vivo is the analysis of the
strains on each implant abutment
and/or component of the prosthesis
before and/or after cementation or
screw-fixation. Following such a pro-
cedure is certainly time consuming
and would require the bonding of a
number of strain gauges that also
requires the use of sophisticated and
expensive equipment. This is defi-
nitely not practical, and its inclusion
in a routine treatment protocol does
not seem rational.

Contemporary prosthodontic
treatment for implant-supported pros-
theses is comprised mostly of deriva-
tions and empirical modifications of
traditional clinical and laboratory
procedures. After following appropri-
ate adjustment procedures, the
cement-retained prostheses are ac-
cepted to be passive when placed on
implant abutments. Although not
substantiated by research, this as-
sumption has been introduced as an
advantage over screw-retained super-
structures and has probably led to
the placement of an infinite number
of nonpassive prostheses. Clelland
and Van Putten34 have demonstrated
that when compared with conven-
tional screw fixation for mandibular
fixed prostheses resin luting actually
decreases the strains in a bone simu-
lant surrounding the collar of im-
plants. However, during framework
fabrication, although plastic shims
were used to compensate for the di-
mensional discrepancies, passive fit
was not established. For a screw-
retained prosthesis, if the marginal

gaps between the framework and
abutments are excessive, large exter-
nal preloads are introduced on the
implant abutments and fixation
screws, causing loosening or frac-
ture.35–41 The loosening of the fixa-
tion or gold screw is attributed to the
insufficient counteracting torque
(tension in the stem of the screw) to
the bending of an ill-fitting frame-
work when connected to implant
abutments. Consequently, a lever
arm is created that inevitably causes
overloading of all components of the
neighboring implant. If not, the
built-in stress may cause fracture of
the framework unless it is fabricated
with adequate bulk. In this situation,
stresses are transferred to the abut-
ment and the implant. These may
trigger complications regarding the
abutment screw and may compro-
mise the integrity of the implant-
bone interface.39,40

Considering that the distance
between screw threads of the gold
screw in the Brånemark System (No-
bel Biocare) is 300mm, the effect of
marginal discrepancy is worse when
the clinical marginal gap is about
150 mm.42 This situation places a
risk on the longevity of the gold
screw. The same misfit level also
seems to be applicable for most clin-
ical applications. Because the mar-
ginal gap of multi-unit castings often
approaches several microns,43 a cast
implant-supported multi-unit one-
piece fixed prosthesis will surely
have wide gaps between the abut-
ment and the prosthesis. Screw tight-
ening causes strains in and around
dental implants, and its magnitude is
dependent on the amount of mis-
fit.38,44 The screw tension introduced
in the gold screw joint for the Bråne-
mark System (Nobel Biocare) is
measured as approximately 300
N.38,45 Distortion of both the super-
structure and the implant is observed
during the tightening of a screw-
retained superstructure.46 In such
cases, the amount of distortion may
reach a level such that a 500mm
marginal gap may not be detectable
with an explorer.44 A subtle closure
of gaps occurs. Prestresses in the
entire system may cause complica-
tions associated with cyclic fatigue
under continual application of func-
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tional loads over time. However, the
amount of misfit of a conventional
cast superstructure does not induce
marginal bone loss over years; a hy-
pothesis that has been put forth re-
garding a compensating biologic
tolerance mechanism.47 In a retro-
spective study, Kallus and Bessing41

have claimed that 236 patients wear-
ing actually misfitting implant-
supported prosthesis for at least five
years had no signs of loss of os-
seointegration and that misfit of the
superstructures did not affect the
maintenance of marginal bone level.
It seems that the biologic response
for misfit levels between 38mm and
345 mm is similar.33 Accordingly, the
implant success rate for screw-
retained prostheses is high, and, as
stated previously, implant failures
specifically attributed to nonpassive
superstructures have not been docu-
mented. Clinical procedures that are
followed for framework fit evalua-
tion are empirical, and evaluations
are based on direct visualization and
tactile sense, leading to uncalibrated
(uncontrolled) human evaluation that
is undependable.37

The fit of a cast framework is
supposed to be evaluated in both the
laboratory and the patient’s mouth.
According to the one-screw test, it is
recommended to screw the frame-
work from the most distal abutment
and check for possible lifting of the
frame. Then, the middle gold screw
is placed, and so forth. After placing
the gold screws one by one, a final
180 degree turn is performed to
reach a torque of 10 Ncm for com-
plete screw seating. If more than a
half turn is needed to provide seating
of the gold screw, the framework is
a misfit and requires further clinical
and laboratory work. There are alter-
native methods for the clinician to
check the seating of frameworks.
Detection of any marginal gap may
be accomplished by using an ex-
plorer, a fit-checker, enhanced light-
ing, or magnification. The detection
of a gap is an indication that section-
ing and soldering (or welding) are
required.48–50 Additionally,
framework-fit evaluation in the pa-
tient includes the subjective determi-
nation of tension or pain that also
lead to sectioning. Soldering or laser-

welding of sectioned prosthetic com-
ponents does not necessarily provide
a passive fit. They do provide an
overall decrease in the strains around
implants, which may result in an
overall decrease in gold screw loos-
ening frequency.51–53

The Measurement of Distortion

The use of a computer numeric
controlled milling technique54 and
premachined titanium components
for laser-welded framework fabrica-
tion55 facilitates improved marginal
fit and seems clinically predictable in
comparison with cast frameworks.
However, Jemt and co-workers54 also
reported that there was a three-
dimensional distortion of the gold
cylinders ranging between 3mm and
80 mm and that there was no signifi-
cant difference between the fit of
cast- and computer numeric
controlled-milled frameworks and the
lack of passive fit. The marginal dis-
crepancy of frameworks fabricated
by the All-In-One technique (Nobel
Biocare) is around 30mm (personal
verbal communication; Hans Nilson,
1999, Umeå, Sweden). According to
Van Roekel,56 precise passive fit is
established if electrical discharge
machining is used for framework
fabrication. However, the study did
not include the method of evaluation
of fit.

Measurement of the exact three-
dimensional distortion of a frame-
work (the marginal discrepancy) is a
difficult task. Achievement of accu-
rate and verifiable measurements can
only be provided by following a de-
pendable protocol and using a pre-
cise measuring device. Systems used
to quantify the three-dimensional
framework distortion are the Mylab,
University of Washington, three-
dimensional photogrammetry, and
University of Michigan sys-
tems.42,47,57–62Additionally, Jemt and
collegues53,54 have also demonstrated
that the photogrammetry technique is
valid as an alternative to conven-
tional impressions while following
the computer numeric controlled
milling technique for framework fab-
rication and that it could also be
used to measure the mucosal topog-
raphy around dental implants.
Among current measurement meth-

ods, photogrammetry is the only
method that can record data in-
traorally. Use of the Mylab coordi-
nate measuring machine seems to
provide the most accurate resultsin
vitro.57

Regardless of which fabrication
technique or alloy is used, the distor-
tion of a framework occurs on three
planes (x, y, andz). The distortion is
pronounced in the horizontal plane (x
andy), and it is directly proportional
to the increase in width or curvature
of the arch. More distortion occurs
when using conventional cast or
laser-welding of titanium compo-
nents horizontally instead of vertical
welding.34,46,47,51,52Jemt and Lie42

demonstrated that the rate of angular
distortion for individual cylinders
measured by the photogrammetry
method in a cast mandibular full-
arch one-piece framework ranged
between 11mm and 181mm. The
distortion in the sagittal direction (y
axis) was pronounced. Accordingly,
the cylinders exhibited an approxi-
mate posterior angulation of 16mm.
The angular distortion values re-
corded for the maxilla ranged be-
tween 133mm and 315mm. A trend
for sagittal distortion was also
observed.

Effect of Treatment Time on Framework
Fit

For tooth-supported multi-unit
fixed prostheses, the evaluation of
the passivity of a cast restoration is
not required. Because of the curva-
ture of the arch and movement of the
teeth in the anterior and posterior
segments, variable magnitudes and
directions may create stresses in
long-span prostheses. Research in
periodontometry has revealed that
natural teeth exhibit buccolingual
movement between 56mm and 108
mm and an intrusion of 28mm under
applied load, which is particularly
related to the existence of the peri-
odontal ligament.63 Because os-
seointegrated implants are com-
pletely surrounded by bone and the
interface is nonresilient, minimal
movement is observed that is attrib-
uted to the deformation of the bone
under load. Dental implants and nat-
ural teeth follow different patterns to
applied loads. The periodontal liga-
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ment has a cushioning effect, and
natural teeth have the inherent ten-
dency to migrate when overloaded.
Implants, on the other hand, distrib-
ute the applied load throughout the
system and transfer it to the bone.
This explains the cause of the intru-
sion of natural teeth in a tooth-
implant-supported fixed prosthe-
sis.64,65 When a fixed prosthesis is
connected to osseointegrated im-
plants, lateral forces are applied that
may trigger cortical bone resorption
or appear as prosthetic complications
after superimposition of functional
stresses. This scenario may change
according to the treatment protocol
followed. Although achievement of a
100% osseointegrated implant does
not seem possible, there is a consen-
sus that 70% bone-implant contact is
capable of bearingin vivo functional
loads.66 The progenitor philosophy
for the doctrine of osseointegration
was based on a two-stage surgical
protocol, and it was extremely im-
portant to avoid loading the sub-
merged implants during the healing
period. Brånemark67 envisaged a
healing phase of 0 to 12 months to
the stable, resting implant, a remod-
eling phase of 3 to 18 months after
introduction of functional loads, and
a steady state after 18 months
wherein an equilibrium was estab-
lished between the forces acting
upon the implant and the remodeling
capacities of the anchoring bone.
However, the success of so-called
immediate or early loading and con-
secutive research68–70 have actually
revealed that implants may be loaded
in a relatively short period of time
after installation only in the anterior
mandible that is to support a fixed
prosthesis. This treatment option em-
phasizes the fact that the anterior
mandible, which is often composed
of highly dense bone, has the inher-
ent potential to provide adequate
support and initial stability for dental
implants that are supposed to bear
functional loads early (about one
week) after implant placement. It is
believed that early-loaded implants
are initially stable and do osseointe-
grate in time (personal communica-
tion; Ingvar Ericsson, 1999). The
clinical application of the Brånemark
Novum System (Nobel Biocare) is

comprised of the placement of the
majority of the implants (123 of 150)
in bone quality 271 provided immedi-
ate loading of dental implants. Thus,
after three decades of research and
experience, the philosophy has
evolved into a same-day treatment
protocol.12 The system may have
provided a significant advance in
superstructure fit by having the po-
tential of being almost passive in
time to provide a compensating mi-
cromovement of the implant through
applied load by the minimally misfit-
ting superstructure, which may easily
be accomplished in seven hours.
From a prosthetic aspect, the elimi-
nation of an impression and all sub-
sequent steps that are followed for
cast superstructures is of utmost im-
portance because the materials and
methods used for these procedures
affect the final fit of a framework.
All components, including the frame-
work, are prefabricated, and implants
are installed in accordance with the
framework that is provided by the
use of a series of accurate surgical
guides. Machining tolerance between
components is inevitable and may be
compensated by features incorpo-
rated into the design. The perfor-
mance of an implant system is di-
rectly related to implant design. The
implants used in the Novum System
are different from the traditional
two-stage Brånemark System. If they
are not, then the decrease in the
number of supporting implants
would cause a detrimental increase
in induced stresses around the im-
plants, particularly when cantilever
loading.15,66

Outcomes of Current Clinical and
Laboratory Techniques

Each step of the fabrication of a
cast framework influences the final
fit. A minimal discrepancy (22–100
mm) exists between impression cop-
ings and either the prosthetic abut-
ment or the abutment replica. This
should be considered when making
the final impression and during mas-
ter cast production.72 The impression
material73,74 and the technique fol-
lowed75,76 affect the final fit of the
framework. Dimensional changes
related to the use of square impres-
sion copings are relatively lower

than tapered copings, and it is gener-
ally recommended to unite them with
a dimensionally stable pattern resin.36

The setting expansion of dental stone
influences the final fit of frame-
works, but it cannot be changed.77

Thus, various fabrication techniques
have been employed for master cast
fabrication. Vigolo and Millstein77

have observed that the use of sec-
tioned master casts provides superior
fit in comparison to the use of solid
casts. There is also a minimal ma-
chining tolerance between gold cyl-
inders and abutment replicas that
cannot be avoided.72

While fabricating a pattern, two
basic aspects should be evaluated.
First, the final distortion will defi-
nitely be more if wax is used37 in-
stead of a resin, which has low poly-
merization shrinkage.36 Second, the
design and bulk should provide ade-
quate strength for the framework.
However, an increase in the volume
of the pattern causes more casting
shrinkage, indicating a restriction of
the bulk of the pattern.37,78 The in-
vestment material setting expansion,
investment technique, and the type of
casted alloy also affect the magni-
tude of any final discrepancy.37,78,79

Although gold alloys have lower
casting shrinkage than cobalt-
chromium alloys, three-year clinical
results of cobalt-chromium frame-
works are promising.78 One-piece
complete-arch frameworks generally
require sectioning and soldering (or
welding) to improve fit. The determi-
nation of the connector that is to be
sectioned is completely dependent on
the clinical experience of the practi-
tioner; however, steps should be fol-
lowed for the soldering process that
affects the final fit.23,37 There is an
overall decrease in bone strains
around dental implants when super-
structures are soldered or laser
welded.44,51–53

CONCLUSION

Absolute passive framework fit
has not been achieved in the last
three decades. There is no consensus
but rather a number of suggestions
regarding the acceptable level of
misfit. In light of current knowledge,
although there are claims that pas-
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sive fit is a governing factor over the
maintenance of osseointegration and
implant success, there is a rising op-
posing trend in relevant literature.
The materials and the techniques
used for fabricating cast-frameworks
are not dimensionally accurate and
require further research and develop-
ment. Obtaining a passive fit does
not seem to be possible and may in
fact be unnecessary.
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