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ABSTRACT

Background: Soldered or cast bars are used as a standard of care in attachment systems supporting maxillary and man-
dibular implant overdentures. When failures of these bars occur, currently there is a lack of evidence in relation to their
specific etiology, location, or nature.

Purpose: To investigate the failure process of a case series of six failed soldered bars, four intact soldered bars, and one intact
cast milled bar, which had been supporting implant overdentures.

Materials and Methods: A total of 11 different overdenture bars were removed from patients with different configuration of
opposing arches. A failed bar (FB) group (n = 6) had failed soldered overdenture bars, which were recovered from patients
following up to 2 years of wear before requiring prosthodontic maintenance and repair. An intact bar (IB) group (n = 5)
had both soldered bars and a single cast milled bar, which had been worn by patients for 2 to 5 years prior to receiving other
aspects of prosthodontic maintenance. All bars were examined using scanning electron microscopy to establish the possible
mode of failure (FB) or to identify evidence of potential failure in the future (IB).

Results: Evidence of a progressive failure mode of corrosion fatigue and creep were observed on all the FB and IB usually
around the solder areas and nonoxidizing gold cylinder. Fatigue and creep were also observed in all the IB. Where the level
of corrosion was substantial, there was no evidence of wear from the matrices of the attachment system. Evidence of an
instantaneous failure mode, ductile and brittle overload, was observed on the fracture surfaces of all the FB, within the
solder and the nonoxidizing gold cylinders, at the solder/cylinder interface.

Conclusion: Corrosion, followed by corrosion fatigue, appears to be a key factor in the onset of the failure process for
overdenture bars in this case series of both maxillary and mandibular overdentures. Limited sample size and lack of
standardization identify trends only but prevent broad interpretation of the findings.

KEY WORDS: bar, corrosion, creep, failure, fatigue, overdenture, overload

INTRODUCTION

The standard of care for removable overdentures in the

edentulous maxilla ranges from as few as four implants

to as many as eight implants, connected with different

types of bars. The bars can be soldered1–3, cast with

milled designs4–7, made using spark erosion8 or even
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milled precision bars using nonprecious alloy (cobalt-

chromium).9 Controversy, however, still hinges on the

number of implants, as well as on the specific type

of connecting bars,10–13 with or without cantilever

extensions.2,14

For soldered type IV gold alloy bars, nonoxidizing

gold alloy cylinders are placed onto the abutments or

implants and connected by soldering using soldering or

brazing materials.15,16 For cast or milled bars, a burnout

pattern of the complete bar attachment system that has

been fabricated to incorporate the cast-on nonoxidizing

gold cylinder is invested. This is then cast in a type IV gold

alloy as a one-piece casting. This is either trimmed or

milled to receive the other components of the attachment

system that is incorporated into the intaglio surface of the

overdenture.4 The fracture or failure of overdenture bars

(the patrices) in the interconnected sections themselves

occurs far less frequently than that of the matrices in the

intaglio surface of the overdentures.14,17 Previous review

of the literature has concluded that the authors do not

comment on the nature, site, or etiology of failure.18

Goodacre and colleagues17 reviewed the literature

and reported that there were essentially six hypothesized

causes for metal framework fractures, including over-

denture bars. These were inadequate metal thickness,

poor solder joints, excessive cantilever length, alloys with

inadequate strength, patients’ parafunctional habits, and

improper framework design. Some of these specifically

relate to overdenture bars, as opposed to frameworks for

fixed implant bridges. As a result, there is a need for

more reports on both the laboratory-based and clinical

factors that could be related to the etiology of soldered

or cast bar fractures or failure. Evidence with an evalu-

ation of simple laboratory failure modes for distal

cantilevers has shown that in soldered joints used for

overdenture bars, cracking is initiated in the solder due

to fatigue. This is regardless of the type of soldering

material. The joints have relatively low yield stresses

and are prone to plastic deformation under maximum

occlusal forces.15

From a biomaterials aspect, the hypothesized causes

for the fracture of overdenture bars can be related to a

long tradition of engineering analysis of biomechanics

of failure in welded and soldered joints. These use

optical and scanning electron fractography to analyze

crack initiation and propagation of failed structures that

have been subjected to cyclic multiaxial loading.19–23

This methodology has, to date, had limited application

to similar situations in dentistry.15,24–27 An established

method of the determination and classification of

metallic fracture lists two modes of failure; progressive

failure (subdivided into fatigue, corrosion, wear, and

creep), and instantaneous failure (subdivided into

ductile overload and brittle overload).23 This approach

enables the identification of the cause, nature, and loca-

tion of the failure, which in turn leads to a more valid

solution and avoidance of the problem in the future.

This raises the question of the inevitable relationship

between the application of engineering fatigue crack

analysis in the failure of overdenture bars. As a result,

there is a need to consider engineering methods and

scanning electron microscopy (SEM) to assess the causes

of possible mode of failure or to identify evidence of

potential failure in the future of overdenture bars.

The aim of this study was to investigate the failure

process using SEM analyses of six failed soldered bars,

four intact soldered bars, and one intact cast milled bar

removed from patients who had been wearing either

maxillary or mandibular implant overdentures for up to

5 years.

MATERIALS AND METHODS

Patient Sample

These were selected with inclusion criteria being that

they were failed or intact overdenture bars connected to

two to five implants removed from patients with one or

both edentulous jaws (males and females aged 55–80

years) (between June 2002 and June 2007) for either

prosthodontic repair or routine clinical research mea-

surements. The overdenture bars examined were to have

been in clinical function supporting either mandibular

or maxillary overdentures as part of bar attachment

systems for a period of at least 1 year. Exclusion criteria

were related to the components being any other type of

implant overdenture attachment system. Local ethical

approval from the Lower South Island Ethics Commit-

tee, New Zealand had been obtained previously for any

patients in ongoing randomized controlled clinical trials.

Overdenture Bars

A total of 11 overdenture bars removed for SEM obser-

vations were from

1. seven participants included in randomized con-

trolled clinical trials on implant overdentures in

the Clinical Overdenture Research Project, Oral
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Implantology Research Group, Sir John Walsh

Research Institute, School of Dentistry, University

of Otago, Dunedin, New Zealand. These were bars

supporting maxillary three-implant overdentures,

opposing mandibular two-implant overdentures.

2. four routine patients seeing graduate prosthodontic

students in the Discipline of Prosthodontics,

Department of Oral Rehabilitation, School of

Dentistry, University of Otago, Dunedin, New

Zealand for routine prosthodontic maintenance

treatment. Informed consent was obtained in stan-

dard manner for these patients. These comprised of

a. two patients with conventional complete maxil-

lary dentures opposing mandibular bar over-

dentures on two or three implants with distal

cantilever extensions. All bars that had distal

cantilevers were of 10 mm length from the

center of the distal gold cylinder.14

b. two patients with maxillary bar overdentures

on four or five implants with an opposing

mandibular dentition.

The total 11 overdenture bars were divided into two

groups:

1. those with failed bars (FB group: n = 6):

These totaled six failed overdenture bars from four

maxillary overdentures and two mandibular over-

dentures worn by patients for up to 2 years prior to

failure requiring prosthodontic maintenance and repair

(Table 1). The bars were either

a. micro-U-shaped bars without distal extensions

with corresponding matrices (old code DCA512;

Nobel Biocare AB, Göteborg, Sweden) or

b. mini-egg-shaped Dolder bars with and without

distal extensions with corresponding matrices

(048.411; 048.413 Institut Straumann AG, Basel,

Switzerland)

The bars were connecting implants at implant level;

or to either standard abutments (Southern Implants

Ltd. South Africa) or multi-unit abutments (Nobel

Biocare AB, Göteborg, Sweden) were used with corre-

sponding gold cylinders. Typical clinical observations

prior to the removal of the FB are shown in Figure 1. All

the FB had been manufactured using soldered joints

where type IV gold alloy bars were soldered to nonoxi-

dizing gold cylinders using a gold solder (Degunorm-

Lot 700, Degudent, Germany) and a liquefied petroleum

gas/oxygen flame soldering technique.

2. and those with intact bars (IB group: n = 5)

TABLE 1 Description of Failed Bar Group

Type of Bar Overdenture
Time to

Failure (years) Opposing Arch

Failure 1 Mandibular implant overdenture on two implants with

bilateral distal extension cantilevers.

Failure occurred through the joint of one of the cantilever

extensions.

1 Complete maxillary denture

Failure 2 Maxillary overdenture on 3 implants.

Failure occurred at the middle abutment of a connected

bar between the 3 implants.

1 Mandibular two-implant overdenture

Failure 3 Maxillary overdenture on 4 implants.

Two separate bilateral bars, failure occurred on left side

anterior abutment.

1 Mandibular five-implant fixed bridge

Failure 4 Maxillary implant overdenture on three implants.

Failure occurred at distal abutment on the one side

2 Mandibular two-implant overdenture

Failure 5 Maxillary implant overdenture on three implants.

Failure occurred at the middle abutment of a connected

bar between the three implants.

2 Mandibular two-implant overdenture

Failure 6 Mandibular implant overdenture on three implants with

bilateral distal extension cantilevers.

Failure occurred through the solder joint and cylinder of

the cantilever extension.

2 Complete maxillary denture
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A further four intact maxillary soldered bars and

one cast type IV gold milled bar worn for 2 to 5 years

prior to receiving other aspects of prosthodontic main-

tenance were examined (Table 2).

The bars were

a. micro-U-shaped bars without distal exten-

sions with corresponding matrices (old code

DCA512) connecting implants at implant level;

or to either standard abutments or multi-unit

abutments were used with corresponding gold

cylinders.

b. The single gold milled bar had been connect-

ing standard abutments and gold cylinders

(Nobel Biocare AB, Göteborg, Sweden) and

accommodating a hybrid design, including pre-

cision attachments as part of the attachment

system.

Examples of their clinical presentation are shown in

Figure 2. All the intact soldered bars had been manufac-

tured using the same method as the FB; however, the

type IV gold milled bar had been made as a one-piece

casting incorporating cast-on nonoxidizing gold cylin-

ders for attachment to the implant abutments.

SEM

Examination of each of the overdenture bars in both

groups was done under the scanning electron micro-

scope (SEM, Cambridge Instruments S360, Cambridge

Instruments, Cambridge, UK). For the FB group, we

identified the sites of failure and used an established

method to describe the etiology of failure.23 We also

subjected the five IB in the IB group to SEM analysis,

using the same method to identify any signs of surface

evidence of their impending failure in the future.

A B

C D
Figure 1 Clinical presentation of some patients of failed bar group. A, Failure occurred after 12 months; B, 24 months;
C, 12 months. D, Fractured distal cantilever extension. Failure occurred after 24 months.

TABLE 2 Description of Intact Bar Group

Specimen
Number Type of Bar Overdenture

Time to
Examination (years) Opposing Arch

Intact bar 1 Maxillary implant overdenture on three implants. 2 Mandibular two-implant overdenture

Intact bar 2 Maxillary implant overdenture on three implants. 2 Mandibular two-implant overdenture

Intact bar 3 Maxillary implant overdenture on three implants. 2 Mandibular two-implant overdenture

Intact bar 4 Maxillary implant overdenture on three implants. 5 Mandibular two-implant overdenture

Intact bar 5 Maxillary implant overdenture on five implants. 5 Mandibular dentition
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RESULTS

The SEM observations were classified into two modes of

failure23: progressive failure subdivided into fatigue,28

corrosion,29 wear, and creep, and instantaneous failure

subdivided into ductile overload and brittle overload

(Table 3).30,31 Generally, in the FB group, the location of

the bar fractures occurred through the solder to the

nonoxidizing gold cylinders in all six failures. In addi-

tion, there was fracture partly through the gold cylinders

at the solder-cylinder interface in five of the six failures.

The progressive mode of failure (subdivided into corro-

sion, fatigue, and creep) was observed in all the failures,

except for one where damage prevented its observation.

The instantaneous mode of failure (subdivided into

ductile and brittle overload) occurred in all the failures

except in one where damage also prevented its observa-

tion. However, in the IB group, various stages of a pro-

gressive mode of failure, corrosion, fatigue, and creep

were also observed in all the overdenture bars. Several of

the nonoxidizing gold cylinders, on both the FB and IB

showed evidence of crevice corrosion on the fitting edge

where the cylinder made contact with the abutment or

implant head. In one instance, the degree of internal

crevice corrosion inside the cylinder was extensive. Wear

of the bars (damage from insertion of the denture by the

matrices or wear on the bars from the matrices during

cyclic loading from mastication), as distinct from minor

scratch marks, was not observed on any of the FB or IB.

FB Group

For failure 1, corrosion was observed through the solder

on the superior and lateral sides, with evidence of poros-

ity defects in the solder. In the lower half of the over-

denture bar, a smooth fracture at the solder-cylinder

interface had occurred (Figure 3A). The point of initia-

tion appeared to be from the defects (porosity) in the

solder (see Figure 3B). Across the top third of the failure

surface, the area in tension and torque, there was evi-

dence of cleavage type cracks with branching in different

directions. There was also evidence of grain distortion

that indicates a ductile overload (see Figure 3C), and of

buckling and creep on the underside of the solder joint

in the zone of compression (see Figure 3D). There was

evidence of brittle overload shown by the intergranular

fracture that had taken place within the surface layer

of the cylinder (cylinder/cylinder break) across the

lower third of the cylinder where the solder had been

jointed to the cylinder. No distortion was evident (see

Figure 3E).

For failure 2, corrosion was observed on the supe-

rior and lateral sides of the solder and also on the sur-

faces of the nonoxidizing cylinder in the areas adjacent

to where the solder had flowed onto the cylinder. There

was no corrosion on the two distal abutments. There was

no evidence of creep deformation on the underside of

the solder joint. Between areas of damage caused by

rubbing, evidence of intergranular fracture, which had

A B

C D

Figure 2 Clinical presentation of some patients of intact bar group. A, Shows underside of maxillary overdenture bar attachment
system using U-shaped gold bars soldered to nonoxidizing gold cylinders; B, Intraoral view; C, Shows underside of maxillary
overdenture bar attachment system using cast milled gold bars incorporating cast-on nonoxidizing gold cylinders; and D, Intra-oral
view.
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taken place within the solder (solder/solder break), was

identified.

For failure 3, the center third of the joint, extend-

ing from below the top area of the joint down to

the base, was devoid of solder, having large porosity

defects, and even showed the bur marks from the

manufacturing phase on the cylinder surface and shiny

gold colored solder on the adjacent surface (Figure 4, A

and B). Fatigue striations were present on the solder in

the left top quarter of the joint, and buckling-induced

deformation was present at the base of the solder in the

zone of compression. There was intergranular brittle

fracture extending within the cylinder where the crack

has moved from the solder into the cylinder (see

Figure 4C). Corrosion was observed on the superior

and lateral sides of the solder and on the top and

side surfaces of the nonoxidizing gold cylinder (see

Figure 4D).

For failure 4, corrosion was also present on the

lateral and superior sides of the solder and on the lower

portion of the cylinder. Early stages of corrosion and

cracking were detected at the opposite ends of the bar in

the solder and nonoxidizing gold cylinder. The central

area of the fracture occurred through the cylinder, with

evidence of a brittle gray-colored intergranular fracture

within the cylinder at the solder-cylinder interface

(Figure 5, A and B). There were corrosion fatigue and

transgranular fatigue striations on the top third of the

solder, near the top of the cylinder. The middle area of

the solder break surface showed cleavage type cracks,

with branching in different directions (see Figure 5C).

The lower portion of the solder shows evidence of buck-

ling, as well as cracking, where it joined the gold cylinder

(see Figure 5D).

For failure 5, corrosion was present on the lateral

and superior sides of the solder. There were corrosion

fatigue and transgranular fatigue striations on the first

third of the labial side of the break surface, with buckling

on the opposite palatal side on the solder surface. The

middle area showed evidence of cleavage type cracks,

with branching in different directions. The palatal third

showed brittle intergranular fracture within the cylinder

at the solder-cylinder interface.

For failure 6, in addition to the usual corrosion

and porosity defects, transgranular fatigue striations

(Figure 6, A and B) were observed on the right-hand

side of the fracture surfaces, which may indicate the

initial zone of failure. The crack plane passed throughTA
B
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the solder and into the cylinder, resulting in the wall of

the cylinder breaking out and remaining attached to the

solder and bar (see Figure 6C). There was creep and

buckling around the solder/cylinder junction on the

sides of the cylinder. There appeared to be irregular

transgranular fracture branching in different directions,

indicating ductile overload. Intergranular fracture

indicating brittle overload was apparent on the floor of

the failed cylinder and the remainder of the failed

cylinder wall. There was corrosion and early stages of

progressive failure modes on the other intact abutment

solder joints or abutment gold cylinders at the distal

cantilever extension.

IB Group

All the IB showed evidence of varying degrees of pro-

gressive failure modes, namely corrosion, fatigue, and

creep at least at one of the abutments in the area of the

solder joint and/or the nonoxidizing gold cylinder. As in

the FB group, there were no signs of progressive failure

between the type IV gold bar and the gold solder. The

start of a crack on the underside of the solder joint at the

solder/cylinder junction was seen in one of the IB group

when examined at the 5-year recall (Figure 7, A and B).

There were limited signs of corrosion on the bar indi-

cating that the process was predominantly being driven

B

D E

C

A

Figure 3 A, Overview of fracture surface of the cantilever bar (failure 1, Table 1). The upper portion shows that the crack had
extended through the solder, whereas in the lower half, a smooth fracture at the solder-cylinder interface has occurred. B, Higher
magnification of the surface features from which the crack appeared to initiate. These show regions of porosity along with corrosion
of the grain boundary phase of the solder. C, Higher magnification of the crack extension through the solder appears to show fatigue
striations running across the face of the break surface and cleavage type cracks branching in different directions. There is also the
appearance of grain distortion. D, Creep and buckling of the solder in the zone of compression at the base of the solder joint.
E, Fracture surface of the smooth lower portion of the failure showing fine grained intergranular fracture within the outer surface of
the gold cylinder and not through the solder. This was evidenced by the color of the surface being gray, the same as the cylinder
surface and not yellow as in the solder-solder fracture surfaces.
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A B

C D
Figure 4 A and B, An overview of the center third of the joint where no solder flowed over the nonoxidizing gold cylinder surface
during the manufacturing process. C, A top view of the nonoxidizing gold cylinder showing where the crack has extended into the
cylinder. Missing area indicated by the dotted lines. D, Shows pitted top edge surface of nonoxidizing gold cylinder resulting from
corrosion.

A

C

B

D

Figure 5 An overview of the fracture surface that has predominantly occurred through the cylinder at the solder-cylinder interface.
This is evidenced by the gray-colored fine grained intergranular fracture that occurs with brittle overload (A and B). The fracture
surface through the solder highlighted in (C) shows evidence of cleavage-type cracks with branching in different directions. The
lower portion of the solder highlighted by (D) shows buckling and cracking where the solder joins the gold cylinder. Note the
corrosion on the cylinder and solder outer surface.
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by mechanical stresses. In another patient in the IB

group when examined at the 2-year recall, extensive cor-

rosion was seen to be taking place on the side of the

nonoxidizing gold cylinder adjacent to the solder joint

(see Figure 7, C and D). Evidence of stress corrosion

cracking along with buckling and creep was seen on the

underside of the cast gold milled bar adjacent to the

junction of the cast-on nonoxidizing gold cylinder for

A

BC
Figure 6 Fracture that has resulted in the cylinder wall breaking out and remaining attached to the solder and bar that was a distal
extension cantilever of the overdenture bar. A and B, Shows an area of transgranular fatigue striations that may indicate the zone in
which the crack initiated. C, Shows the inner cylinder wall still attached to the solder and bar.

A

B

C

D

Figure 7 A and B, Shows the start of a crack system on the mucosa side of the solder joint at the solder/cylinder junction.
C and D, Shows corrosion on the side of the cylinder adjacent to the solder joint, which also was showing signs of corrosion.

34 Clinical Implant Dentistry and Related Research, Volume 12, Number 1, 2010



another patient when examined at the 5-year recall

(Figure 8, A and B). Similar evidence was detected on

the underside (in contact with the mucosa) of the cast

gold milled bar around the other four cast-on nonoxi-

dizing gold cylinders. There was no evidence of progres-

sive failure modes on the top side of the bar that was in

contact with the denture and had easy access for clean-

ing. Figure 8C showed crevice corrosion on the edge of

the fitting surface of the nonoxidizing gold cylinder

where it connected onto the abutment or implant head

when examined at the 2-year recall. The underside of the

solder also showed evidence of corrosion. There was

extensive internal crevice corrosion undermining the

internal structure of the cylinder (see Figure 8D), as well

as evidence of crevice corrosion on the outer edge of the

fitting surface.

DISCUSSION

The aim of this research was to investigate the failure

process using SEM analyses of soldered bars, as well as

looking at a single cast milled bar removed from 11

patients who had been wearing implant overdentures for

up to 5 years. This research shows that there is a corro-

sion process when these types of bars are used in the

mouth. We do however acknowledge the limitations of

this case series related to its limited sample size, numbers

of implants supporting the bars, and the nature of the

opposing arches. However, the metallic material used for

the fabrication of the bars and the soldering materials

were the same.

With regard to the location of the bar failures, the

majority failed through the solder and through the

cylinder at the solder-cylinder interface. The cylinder/

cylinder failure showed a brittle overload mode of

failure. When one postulates the stress distribution

through a typical bar attachment system supporting an

implant overdenture, the solder joint areas of the inter-

connecting bars are the area of highest stress concentra-

tions during cyclic loading of the overdenture through

mastication or clenching.15 This is especially true where

distal extension cantilever bars are included in the

design.14,32,33 The nature of the cylinder/cylinder failures

at the solder-cylinder interface could indicate that a

metallurgical reaction has taken place in this area during

the soldering process. Wisckott and colleagues26, in their

study on the mechanical and elemental characterization

of solder joints and welds, found diffusion between the

elements of the solder and the parent metal during sol-

dering that had effected the strength of the joints. There

may have been a similar effect between the solder with

A C

B D
Figure 8 A and B, Shows stress corrosion cracking along with buckling and creep on the mucosa side of the cast gold milled bar
adjacent to the junction of the cast-on nonoxidizing gold cylinder (taken at 5 years). C, Crevice corrosion on the edge of the fitting
surface of the nonoxidizing gold cylinder where it seats onto the abutment or implant. The mucosa side of the solder is also showing
evidence of corrosion. D, Extensive internal crevice corrosion.

Failures of Implant Overdenture Bars 35



its base metal elements diffusing into the nonoxidizing

gold cylinder, which contained no base metal elements.

This could be an attempt to achieve phase equilibrium

between the various components of the solder and non-

oxidizing gold cylinder during a reaction at elevated

soldering temperatures, thereby creating a brittle layer.

For the progressive failure modes identified in this

research, corrosion has been shown to be a key part of

the failure process. This has been identified as an impor-

tant factor in failure mechanisms by several authors

who report that corrosion will reduce the strength and

fatigue life of soldered joints.15,34 The effects of cyclic

loading from mastication can also increase the rate of

corrosion, referred to as corrosion fatigue. The process

of clenching and swallowing can reduce the load appli-

cation frequency leading to longer periods during which

the opened crack is in contact with saliva, and thereby a

reduction in fatigue life.29,35 The potential for corrosion

would have also been increased by the combination of

dissimilar alloys present in the area of the solder joints.

This has been reported by other studies, and the pres-

ence of the lower gold content gold solder being sited

near the fitting margins of the cylinders may have

increased the potential for this to occur.36–38 The other

intact joints on the same FB often showed no corrosion,

despite there having similar stress concentrations

around the joints. A possible explanation could be that

the corrosion process was an isolated galvanic condition

for the failed solder joints in relation to the unique pH

level of the saliva in the area around the abutment. A

study by Bayramoglu and colleagues39 showed the effects

of various pH levels on the corrosion of dental alloys,

noting that the inclusion of copper and tin in the alloy

increased the rate of corrosion.

The SEM observations also showed that poor solder

joints were not the primary cause of failure of over-

denture bars, as has been previously reported.17 As the

overdentures have always been seen as a force transfer

system, recognized authorities in the field advise that

loads applied from the removable prosthesis to the bar

will, in turn, be transmitted to the solder joint.14 A study

by Jemt and colleagues40 showed that prostheses rou-

tinely connected to oral implants could demonstrate

distortion between the framework and individual

implants of up to several hundred microns. This residual

stress in a bar attachment system after it has been

torqued down, in combination with a galvanic couple,

has been suggested as a cause of stress corrosion.29 The

nature of the loading conditions around the solder joint

areas would be cyclic and multidirectional,41 a combina-

tion of tension, compression, bending, and torsion due

the various directions for the transfer of the load from

the mastication process. According to Fontijn-Tekamp

and colleagues42, maximum loads on a mandibular

implant overdenture can range from 160 N in the ante-

rior region to just over 300 N in the posterior region. A

study by van Kampen and colleagues43 also showed that

the mean maximum bite force recorded on bar attach-

ment systems was as much as 300 N. These cyclic forces,

when combined with the damage mechanisms of cor-

roded surfaces on the solder and porosity defects within

the solder, were probably enough to nucleate cracks at

the surface of the solder and once this had propagated

into the solder, the progressive failure mode of corrosion

fatigue had commenced.43 According to Lund,44 this ini-

tiation process may occupy a significant portion of the

overall time of the fatigue process, and this could

account for the superficial evidence of fatigue, in the

form of small micro-cracks, identified on all the non-FB

attachment systems. Wear also does not appear to be a

factor in the failure process. Creep in the form of

buckling,15,30 which was common to all failure sites and

non-FB, was evident on the solder, in the areas of

compression in terms of the direction of loading. This

was probably due to the solder being more ductile than

the bar or cylinder.

Instantaneous failure modes were observed on the

fracture surfaces of the FB. Ductile overload30 was

observed predominantly in the solder. There was evi-

dence of ductile overload where the failed part of the

cylinder pulled away from the main part. However,

where the solder, at the solder-cylinder interface, had

pulled away from the cylinder, this showed evidence of

brittle overload through the cylinder. Brittle overload30

was observed in the FB group predominantly in the

cylinders at the solder-cylinder interface. This type of

failure was confined to the edge of the cylinder where the

solder had wet the surface. It would appear that a met-

allurgical reaction, similar to that reported by Wiskott

and colleagues,26 has taken place in the cylinder edge

that results in a thin brittle layer. Further research will be

required to explain this observation.

Our findings also relate principally to mini-gold

bars in type IV gold alloy that were egg-shaped (Dolder

bar mini, height 2.30 mm Straumann code 048.411); or

U-shaped in cross-section (NobelBiocare old code DCA
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512 micro-U-shaped). It could therefore be argued that

our findings are therefore not applicable to thicker over-

denture bars, which are often used where there is suffi-

cient interarch space due to residual ridge resorption.

This relates to overdenture bars that have been also

withdrawn from catalogues by some manufacturers

(NobelBiocare old code DCA 514 macro U-shaped bars)

as well as those still available from others (Dolder bar

regular height 3.00 mm). Titanium bars for laser

welding are also currently available as another option

for overdenture bars (Straumann 048.466, 048.465).

However, it should be noted that Wiskott26 also found

that, although laser welded joints were stronger than

soldered joints when tested in tension, on the basis of

fatigue resistance of the joints, there was no difference in

strength between infrared solder joints, laser welds,

torch, or furnace soldered joints. Casting the bar in one

piece can reduce this problem. However, although we

only had the one cast milled bar, it still showed evidence

of the start of a progressive failure mode after 5 years of

service.

CONCLUSIONS

A case series of SEM observations on both fractured and

intact maxillary and mandibular overdenture bars sol-

dered is presented. Findings revealed stress corrosion

followed by corrosion fatigue as being key factors in the

onset of the failure process. Although of clinical rel-

evance, overestimated conclusions should not be drawn

from these findings in view of the variation of param-

eters within the limited sample size.
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