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The possible causes of  implant fracture under dynamic loading conditions are discussed with regard to the in-vivo clinical 

behaviour and in-vitro testing.

INTRODUCTION
Fracture of endosseous dental implants during place-
ment or function will have serious implications for pa-
tients. Fracture of implants during insertion may occur 
as the insertion load exceeds the fracture strength of the 
implant. Such a failure is most unlikely to be the result 
of clinical misuse and is most probably due to an error 
in design or material selection. Errors in manufacturing 
and fl aws in materials may also contribute to failure. A 
design error is likely to involve a number of components 
whereas manufacturing and material errors may be lim-
ited to a single component or batch of raw material. 

Failures at placement are generally noticed clinically at 
the time. However, should the clinician fail to notice a 
crack or fl aw and the component was then incorporat-
ed in a structure then potentially serious bone loss and 
clinical complications may arise which may not be ap-
parent for some months or even years post restoration.

+ e other mechanism of failure for implant compo-
nents; fi xtures, abutments and screws is fatigue failure. 
+ is occurs as a result of cyclic functional loading; the 
magnitude of which may be well below the ultimate 
strengths of the components. Good clinical practice 
and adherence to sound biomechanical principles of 
prosthesis design should minimise the risks of fatigue 
failure, although component design may play a role.

Catastrophic failure can be modelled in-vitro with 
some confi dence by the application of  a single load 
cycle applied by a calibrated testing system until failure 
occurs. Fatigue loading is much more complex to 
model in-vivo and it can be diffi  cult to extrapolate to 
clinical behaviour from such fi ndings.  Clinical study 
of failure specimens may be helpful in identifying 

possible contributory factors. An international 
standard (ISO 14801:2003(E)) exists for fatigue 
testing of endosseous dental implants. It is most useful 
for comparing implants of  diff erent designs or sizes.

+ e published standard carries an important caveat 
not included in the similar standard for the testing 
of orthopaedic prostheses: ‘ Whilst it simulates the 
functional loading of an endosseous dental implant 
body and its premanufactured prosthetic compo-
nents under ‘worst case’ conditions, the standard is 
not applicable for predicting the in-vivo perform-
ance of an endosseous dental implant or prosthesis.’

A number of workers have identifi ed the potential risks 
of fatigue failure, particularly in single tooth restorations 
(Marinello et al. 1997; Schmitt and Zarb 1993). Henry 
et al. (1996), however, reported a very low incidence 
of fatigue fracture in a prospective fi ve year study. Ac-
curate seating of the abutment on an implant is critical 
(Binon, 2000a). A loss of preload in the abutment screw 
can result in loosening with wear and fracture (Binon 
2000b)(Haak et al. 1995) in the fl at-on-fl at systems. 

If failure of an implant component occurs as a result 
of fatigue it is essential to understand the mode of 
failure. + e loss of preload in an abutment screw (pos-
sibly due to an incorrect torque at placement) may 
result in loosening of the implant abutment connec-
tion and the subsequent development of unexpected 
bending loads causing fracture of the implant. Clear 
interpretation of the steps leading to failure by making 
a thorough examination of fractured components is 
the only way to correct diagnosis. It therefore becomes 
clear that simulation and modelling in-vitro of multi-
factorial dynamic fracture modes is a great challenge.
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A number of workers have developed sophisticated 
and elegant loading machines designed specifi cally to 
model masticatory function (Sakaguchi et al. 1986; 
Bates, Staff ord and Harrison, 1975) for the study of 
wear and less frequently fracture. However, a simple 
uniaxial loading regimen can be useful in compar-
ing implant performance (ISO 14801:2003(E)).

+ is investigation was prompted by the only reported 
clinical failure of a specifi c implant (Neoss system; Neoss 
Limited, Harrogate, England). + e fracture of the im-
plant fl ange occurred and was identifi ed some 3.5 years 
after placement. + e implant was one of three com-
prising a bar retained overdenture with electroformed 
denture. Figure 1 illustrates the fractured implant in-
situ. + e fractured element was removed and examined 
under scanning electron microscopy (SEM; Figure 2).
As a result of these investigations it was deduced 
that the most likely aetiology of failure was fatigue 
fracture . In order to better understand the events 
contributing to this single failure an in-vitro investi-
gation was carried out according to the international 
standard test method ISO14801. + e National Swed-
ish Test House (Sveriges Tekniska Forskningsin-
stitut) was commissioned to undertake this study.

METHOD

Twenty four implants (Neoss Limited; Harrogate UK) 
in two groups of diameter 3.5mm and 4.0mm were 
embedded in a specimen holder with a heat curing 
resin (Epotek 353ND, CA, Modulus 4.0GN/m2) 
and at a depth in accordancewith ISO14801. Abut-
ments (identifi cation number 10547) were attached 
to each implant with a gold abutment screw (iden-
tifi cation number E8140) and torqued to 32Ncm-1 
using a calibrated torque wrench. A hemispherical 
loading member was attached to each abutment.
The fatigue tests were performed in a servo hy-
draulic test machine (Instron 1341; Instron Ltd, 
Uxbridge, England) as constant load amplitude 
tests with R=0.1 at 15 Hz. R is defined as F

min 

divided by F
max

. Fracture was defi ned as a visible 

Figure 1. a.) fractured implant in-situ and 

         b.) overdenture bar construction

Figure 2. Fractured part of implant flange..

Figure 2b. SEM of fracture surface in implant flange..
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unrecovered deformation, i.e. when a defl ection of 
approximately fi ve millimetres of the loading point 
occurred. + e initial position of the defl ection is 
measured at Fmax. + e test set-up is shown in fi gure 3. 

+ e aluminium cylinder of the test specimen was 
mounted in a holder of stainless steel so that the force 
was applied at 30° to the centre axis of the specimen 
top. + e force was applied to the polished loading 
point of the specimen top using a fl at ended cylindri-
cal rod with a concave recess mounted onto the load 
cell. + e holder was mounted on the base plate of a 
cylindrical stainless steel test reservoir and positioned 
to ensure vertical load application. + e horizontal 
position of the specimen holder was adjusted at the 
start of the test to ensure the load application was in 
a vertical line beneath the load cell + e loading pa-
rameters are listed in Tables 1 and 2. Load cycling was 
carried out on each specimen for 5million cycles (‘run 
out’) or until fracture occurred. Fracture was classifi ed 
as A – of the abutment screw, B – of the abutment 
screw and crack on the fi xture or C- fracture on the 
fi xture and epoxy (Epotek 353ND; Epotek Corp. Ca).

RESULTS

+ e results from the fatigue tests are tabulated in Table 
1 for 3.5mm implants and Table 2 for 4.0mm implants.
Results from fatigue tests are plotted as a Wohler graph (F

max
 

vs. Numbers of cycles in logarithmic scale) for the 3.5mm 
implants (Figure 4) and 4.0mm implants (Figure 5). 
In the Wohler graph the formula N = A x F

max
 B   describes 

the relation between F
max

 and the numbers of cycles to 

Specimen 

No.

F
max 

(N)

F
min

 

(N)

No. of 

cycles

Fracture 

location/

remarks

1 240 24 5000000 Runout

2 420 42 66832 FractureB

3 380 38 45705 FractureC

4 330 33 925828 FractureA

5 280 28 5000000 Runout

6 280 28 5000000 Runout

7 280 28 5000000 Runout

8 420 42 39477 FractureB

9 380 38 190138 FractureB

10 330 33 2369670 FractureA

11 330 33 847538 FractureB

12 380 38 374931 FractureA

Figure 3. Schematic of Test Set Up

1. Loading Device                2. Nominal Bone Level

3. Abutment                         4. Hemispherical Loading Member

5. Dental Implant Body        6. Specimen Holder

Table 1. Test results from fatigue fracture of 3.5mm diameter 

implants

fracture. + e constants A and B are calculated as a least 
square fi t in a log-log plot where F

max
 is the controlled 

variable and N (the numbers of cycles to fracture) is the 
obtained variable. + e results are tabulated in Table 3.

Specimen 

No.

F
max

(N)

F
min

(N)

No. of 

cycles

Fracture location/

remarks

1 350 35 4744655 Fracture A

2 420 42 97422 Fracture A

3 380 13 1712227 Fracture A

4 330 33 5000000 Runout

5 330 33 2106541 Fracture A

6 330 33 5000000 Runout

7 330 33 5000000 Runout

8 350 35 2653842 Fracture A

9 420 42 47775 Fracture B

10 380 38 106771 Fracture B

11 380 38 725278 Fracture A

12 420 42 90652 Fracture A

Table 2. Test results from fatigue fracture of 4.0mm diameter 

implants
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Figure 4. Wohler graph for the fatigue test on fixture 3.5 mm diameter

Figure 5. Wohler graph for the fatigue test on fixture 4.0 mm diameter

Fixture Constant A Constant B R2

3.5mm dia. 1.433 x 1043 -14.72 -0.75924

4.0mm dia. 1.524 x 1050 -17.25 -0.76404

Table 3. Linear regression parameters for fractured specimens
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DISCUSSION

Fatigue testing is the repeated application of cyclic 
mechanical loading to a specimen with the intention 
of simulating accelerated function leading to possible 
fracture. + e complex loading conditions and vari-
ables in occlusal function make accurate simulation 
of such loading extremely diffi  cult(De Boever, 1978; 
Kraus, Jordan and Abrams, 1969; Haraldson, Carls-
son and Ingervall, 1979). Indeed the ISO standard 
(14801:2003(E)) states that whilst the standard is 
designed to simulate the functional loading of an 
endosseous dental implant body and its premanu-
factured prosthetic components under worst case 
conditions the standard is not applicable for predicting 
the in-vivo performance of an endosseous implant.

+ e purpose and value of such testing may therefore 
be open to question. However such testing is useful 
in giving indicators of possible weaknesses in design 
and production and for comparison between prod-
ucts and implant systems (Strub & Gerds, 2003).

+ e most useful parameter in the results is the lowest 
value of F

max
 at which an implant abutment complex 

ceases to fail and performs a repeatable runout be-
tween specimens. In this study the value was 280N for 
3.5mm diameter implants Published data is relatively 
scarce, however Straumann (2007) have published 
data comparable data for 3.5mm implants obtained 
by the ISO 14801 standard ( Figure 6). It is also 
important to understand the mode and pattern of 
failure that occurs. Clinically, for example, abutment 
screw fracture may have less serious implications in 
screw retained system than in cemented restorations 
(Drago 1995). Fracture of an implant will nearly al-
ways have serious consequences. Clinical examination 
of the case described previously with the one and only 
fractured Neoss illustrates a number of useful points. 

Figure 7 illustrates the over denture which was be-
ing supported by the fractured implant. + ere were 
originally four implants placed, two each in the 
premolar regions. One implant was lost shortly after 
prosthetic reconstruction and not replaced. + ree 
and a half years later the remaining implant was the 
one that fractured on the left side. + is illustrates 
significant mesial and distal cantilevers and the 
clinician described the aetiology as biomechanical 
overload. Furthermore examination of the fractured 
implant margin (Figure 8.) indicates burnishing of 
the top face (Cibirka et al. 2001). + is would only 
occur if the abutment screw had loosened allowing 
unnoticed movement of the implant and abutment 
at the interface resulting in high loads being applied 
to the implant margin leading to the failure (Gratton, 
Aquilino and Stanford, 2001; Khraisat et al. 2004).

In conclusion fatigue testing of dental implants 
and components alone is of limited value. In com-
bination with clinical data and an understanding 
of the aetiology of failure useful data can be ob-
tained to predict implant performance. + e fatigue 
data for 3.5 and 4.0mm diameter Neoss implant 
compare favourably with other industry standard 
implant systems of unspecified size or function.

Figure 7. Overdenture supported by fractured implant in clinical 

case illustrating biomechanical overload

Figure 6. Comparison of fixture fatigue strengths
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Figure 8. SEM fractured implant face (a) of burnished implant/

abutment interface (b)
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