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SUMMARY

Angulated abutments and perimplants stress: F.E.\.
analysis

The long-term success of an implant supported prosthe-
sis depends on many variables. In addition to the os-
seointegration rules that are commonly acknowledged,
a clinician should consider also the bio-mechanical con-
cepts related to the manufacturing process of a prosthet-
ic structure assembly and their effects on the bone/im-
plant interface. These concepts are particularly impor-
tant when the anatomical structures leads to angulate
the prosthetic component with respect to the fixture. In
this study the stress distribution on the bone and on the
prosthetic components was evaluated by means of a Fi-
nite Element Analysis (FEA). The effect of abutment ax-
is angle was investigated considering three different
measures: 15°, 25° and 35°. The simulation of both
450N maximal biting and 100N furnctional forces, high-
lighted the stress trend, which suggests as a maximum
limit to choose an abutment with an angulation of 25°.
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RIASSUNTO

Abutments angolati e tensioni perimplantari: analisi
F.E.M.

Il successo a lungo termine di un impianto dentale dipen-
de da numerose variabili. Oltre alle normali regole di
osteointegrazione, il clinico deve tenere in considerazio-
ne concetti di biomeccanica riguardanti le componenti
protesiche che possono influire sulla interfaccia osso im-
pianto. Questi concetti sono molto importanti quando le
componenti anatomiche dellosso residuo necessitano
dell'utilizzo di abutment angolati, al fine di parallelizzare
ie fixture. In questo studio e stata analizzata la distribu-
zione degli stress al livello dell’osso e delle componenti
impianto proteiche tramite [l'utilizzo della sistematica
FEM (analisi per elementi finiti). Sono stati analizzati tre
differenti tipologie di angolazioni: 15°, 25°, 35°; utilizzan-
do due differenti tipologie di carico assiale. Un carico
massimo masticatorio di 450N ed un carico funzionale di
100N. Dai risultati ottenuti si evince che il limite massimo
di angolazione consigliata & quella a 25°.

Parole chiave: abutment angolati, impianti dentali, FEM.
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Introduction

] ]

The long-term success of a prosthesis supported
by osseointegrated fixtures, relies on the anatomi-
cal conditions of the implant site, the surgical
technique, the post-surgery bone integration and
the distribution of forces during the function (1-3).
The majority of failures are produced by the loss
of the bone-implant bond that can occur in any
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cases immediately after surgery and more fre-
quently at medium and long term.

The biomechanical features have a primary role in
the success of an implant-supported fixed prosthe-
sis (4).

Diameter, length, position and number of im-
plants, have significant effects in the stress distri-
bution on the prosthetic superstructure, on the im-
plant components and on the supporting bone (5).
The bone response to mechanical stress has been
analysed by several authors, investigating the dy-
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namic and adaptive response of the bone compo-
nent to different load conditions.

The perimplant bone undergoes cyclical load con-
ditions. If the number of cycles are enough in in-
tensity and duration, micro-fractures that stimulate
osteoclastic activity may be produced to remove
the damaged bone (1, 5).

Rubyn and Lanyon have shown in their studies
that the bone is “genetically programmed” to ab-
sorb a certain quantity of stress, beyond which re-
modelling is activated.

The mechanism of this phenomenon and the load
threshold to trigger it, have not still been clarified,
as it is not yet evident whether the absence of load
or an excessive load is more harmful to implant
success (1-3).

After surgical insertion, implant stability must be
preserved not only in the short term post surgery,
but also in the long term by means of functional
adaptation to stress.

Different studies, on cadavers and animals, have
analysed the fixture stability in the bone measur-
ing the torque requested for implant removal,
demonstrating how the perimplant bone quality is
essential to maintain an implant in a long-term pe-
riod (5-7).

In an experimental protocol on animals, Soncini et
al. (5) have studied the role of surgical technique,
proposing a method to evaluate the mechanical
properties of the perimplant bone 2mm around the
implant, by means of a mechanical pressure as-
sessment.

The forces exerted on the implant-bone compo-
nent depend on different features: the value of the
pressure received, the material that constitute the
prosthetic component, the anatomy and the bone
quality, the morphology of the fixture and the an-
gle between the implant and superstructure.
Apparently the anatomy of the surgical site, influ-
ences the implant insertion and requires a varia-
tion of the prosthetic axis, achieved by the use of
sloping abutments. The presence of a misalign-
ment between the fixture and the abutment will
generate a bending moment that increases the
stresses to an high level that can be dangerous for
the bone-implant component if it exceeds the al-
lowable values.

The effect of such bending moment is difficult to
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standardize and has not been sufficiently studied
in its critical limits.

According to Ranger, there are two kind of oc-
clusal loading that should be taken into considera-
tion for an implant—supported prosthesis: the axial
forces and the lateral-forces, which are the expres-
sion of oblique forces.

When these forces are intense, as it happens in an-
gulated abutments, they can trigger a bone resorp-
tion phenomenon and/or a loss of bone integra-
tion. Furthermore the strength of mechanical com-
ponents could not be adequate: both effects can
concur to implant failure (8).

The purpose of our study is to evaluate the stress-
es in the implant components, in the prosthetic su-
perstructure and in the perimplant bone, consider-
ing different angles between the prosthetic restora-
tion and the implant. To achieve this aim a fine de-
tailed FEM model was developed considering a
simplified geometry for the anatomic part and the
actual geometry for mechanical components.

= Materials and methods

A three-dimensional model of maxillary bone por-
tion in molar region, was built with finite elements
(3-D FEM). The finite element technique was first
applied to orthodontia analyses in 1976, by Wein-
stein et al. (9), and successively became one of the
most widespread structural surveying methods in
the sector, exept for some studies carried out with
other numeric techniques having a more limited
use (10).

The model was prepared with the Femap 7.0 pre-
processor software using the solid modeller.
Cortical and cancellous bone were distinctly repre-
sented in the model: the portion of cortical bone
consists in 1 mm thick skin located at the external
boundary of the solid containing inside the region
of cancellous bone. The solid model of the implant
with a 5 mm diameter and 10 mm length (Fig. 1a)
was inserted in the bone model using Boolean op-
erations (Premium AF 500 - Sweden & Martina —
Bologna Italy).

Overall model was constituted by approximately
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Figure 1
A. Femap 7.5 Model. It's possible to see the entire component: cortical bone, cancellous bone, implant, abut-
ment, screw and crown. B. Mesh Model.

41.000 parabolic tetrahedrals and by approximate-
ly 23.000 nodes (Fig. 1b).

A linear behaviour was assumed for all the parts
considering the mechanical properties Young (E)
and Poisson (v) moduli summarised in Table 1.
Mutually interchangeable abutments with four dif-
ferent types of angulations, 15°, 25°, and 35°,
were modelled (Fig. 2).

A simplified crown was made on the abutment; the
simplification of the model was required to limit the
analised variables only to the angulation of the
abutments. Also the mechanical propeities of these
structures (9-13, 16) are summarised in Table 1.
The medial and distal portions of the maxillary
bone model have been blocked by a fixed con-
straint, to simulate the belonging to the surround-
ing bone and to the adjacent cranial structures.

In order to verify the correctness of structural
model in representing a portion of maxillary bone,
a sensitivity study was carried out to determine a
transversal dimension of the model that would be
large enough to isolate the local effect. A lateral

extension of 20 mm of the bone model was found
and adopted in the reminder of this study.

Two different axial loads of 100 N and 450 N,
were imposed to the crown surface, simulating a
normal biting force and maximum chewing stress,

Figure 2
Abutment angulation’s: 15°, 25° and 35°.

- - -

son Modulus; G = E/2(1+v) Shear Modulus.

Table 1 - Mechanical Properties of structural components: E = Young Modulus; v = Pois-

E (MPa) G (MPa) v
Implant’s Ti 106000 39552 0,34
Gold for Ceramic 110000 41353 0,33
Ceramic 70000 28000 0,25
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according to the values recorded in the molar re-
gion (14-17).

A pre-load was imposed to the abutment screw.
This value was calculated considering a 35 N/cm
screwing torque and screw geometry. Such load
is produced during screwing down and it is al-
ways acting on the system, also in absence of bit-
ing loads.

On the whole four FEM models (one for each in-
vestigated angle) were prepared for the FEM
solver MSC/Nastran 70.5 considering two load
levels for each one.

The structural verification of metallic components
was conducted assuming a plastic behaviour ac-
cording to Von Mises criterion. Biologic compo-
nents integrity was determined on the basis of the
maximum shear and maximum compression crite-
ria according to the literature guidelines (18-32).

I Results

The analysis results show a stress concentration at
the level of the interface between the implant col-
lar, the cortical bone and the coronal portion of the
cancellous bone, with a localization in the vestibu-
lar area, where the higher values of maximum
compressive stresses appear (Figs 3, 4).

The stresses peaks have a similar localization

Figure 3
Transversal section, see the vestibular distribution
of the stress.

whether the angulation or the intensity is changed
(100/450N) and their intensity exhibits a growing
trend both against load intensity and abutment an-
gulation. Obviously the maximum stress values
are observed for the 35° sloped abutment under
the maximum load.

The stress peaks obtained on the cancellous and
cortical bone components under a functional load
of 100 N, are localised at the level of the implant’s
neck, and have the following values: 3,313 MPa at

Figure 4
Cortical bone and cancellous bone whit 25° abutment, see the vestibular distribution (A. cortical bone B. can-
cellous bone).
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15°, 3,977 MPa at 25° and 5,107 MPa at 35° for
the cortical component; 2,065 MPa at 15°, 2,627
MPa at 25° and 3,296 MPa at 35° for the cancel-
lous component.

The results obtained with the maximum load are
similarly localised and have the following values:
11,23 MPa at 15°, 14,71 MPa at 25° and 28,53
MPa a 35° for the cortical; 7,383 MPa at 15°,
9,961 MPa at 25° and 17,64 MPa at 35° for the
cancellous.

For what concerning the implant components, the
Von Mises stresses registered under functional
loading showed the following result: for the im-
plant 50,83 Mpa at 15°, 50,97 Mpa at 25° and
82,55 Mpa at 35°; for the abutment 127,5 Mpa at
15°, 131,6 Mpa at 25° and 160,1 Mpa at 35°; for
the screw 85,58 Mpa at 15°, 89,87 Mpa at 25° and
177 Mpa at 35°.

The values registered under 450N loading have
been: for the implant 77,11 Mpa at 15°,171,3 Mpa
at 25° and 118,2 Mpa at 35°; for the abutment
1614 Mpa at 15°, 194,1 Mpa at 25° and 2441
Mpa at 35°; for the screw 1024 Mpa at 15°,103 4
Mpa at 25° and 188 Mpa at 35°.

It’s interesting to notice how the stresses at the
level of the cortical and cancellous bone, under-

goes a double increase from the 25° angulation to
the 35° one (Fig. 5), with a 450N (14,71 MPa,
28,53 MPa; 9,691 MPa and 17,64 MPa).

= Discussion

The numerical results obtained from the structural
analysis are mathematical calculations so a statis-
tical analysis of the stresses is not required.

As a matter of fact, the current impossibility to
simulate the biological response of the tissues to
the biting forces, by means of a computerized
analysis, limit the reliability of the results obtained
from this study, since the normal remodelling or
bone resorption subsequent to a traction or com-
pression stimulus cannot be represented.

Anyway obtained results are still useful because
the trend of peak stress in the bone represent the
severity of the prosthetic structure on the natural
tissues. Furthermore structural integrity assess-
ment of mechanical part is mainly related to re-
sultant load and a mechanical failure is expected
only if a good bonding and a good mechanical be-

Table 2 - Mechanical Properties of biologic components: E = Young Modulus; v = Poisson Modulus; G =
E/2(1+v) Shear Modulus; t = Max Shear Stress; o. = Max Tensile Stress.

E (MPa) G (MPa) v Tt (MPa) o. (MPa)
Cortical Bone 13700 5269 0,30 100 173
Cancellous Bone 7930 3050 0,30 10 17.3

Table 3 - Stress analysis results in MPa.

Cortical Bone

Cancellous Bone Abutment Screw Implant

Angulation Von Max Min Von Max Min Von Von Von
Mises Prin Prin Mises Prin Prin Mises Mises Mises

Axial Loading Abutment 15° 9,02 3,133 0,474 3,333 2,065 0,256 127,5 85,58 50,83
100 N Abutment 25° 11,03 3,977 0,653 4,204 2,627 0,336 131,6 89,87 50,97
Abutment 35° 13,75 5,107 0,917 4,939 3,296 0,452 160,1 177 82,55

Axial Loading Abutment 15° 36,29 11,23 2,149 12,57 7,383 1,159 161,4 102,4 77,11
450 N Abutment 25° 44,98 14,71 2,952 16,22 9,691 1,519 194,1 103,44 1713
Abutment 35° 58,96 28,53 5 20,67 17,64 3,681 244,3 188,00 118,2
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Figure 5

Difference between 25° and 35° abutment on cortical (A) and cancellous (B) bone. The value undergoes a dou-
ble increase from the 25° to 35°, with a 450N (14,71 MPa, 28,53 MPa; 9,691 MPa and 17,64 MPa).

haviour is exhibited by the bone. For this reason
stress field obtained for metallic component can
be used for structural verification.

As previously described for biologic parts maxi-
mum shear stress and max compression stress are
the critical ones. Their values were confronted
with the allowable values that for the cortical bone
are respectively 100MPa (Solid Max Shear Stress)
and 173 MPa (Solid Min Prin Stress) (32). For the
carnicellous the values of 10MPa (Solid Max Shear
Stress) and 17.3 MPa (Solid Min Prin Stress) were
extrapolated from the previous values according to
the Young moduli ratio.

In all the analisys (see Tab.2), the values regis-
tered in the cortical bone as well as the values reg-
istered in the cancellous bone, have been widely
below the referenced values. In the cancellous
bone with the abutment angulated at 35°, under
maximal loading, the referenced limit is achieved.
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Moreover no study in literature can be found illus-
trating the stress limits over which a bone resorp-
tion process can be started, so it’s not possible to
state if these values can be considered sufficient or
not to start that process.

It is interesting to notice, the linear trend in stress
increase, found with a physiological and maxi-
mum load, in fact, in the result tables, under 450N,
the stresses found were approximately 4,5 times
higher respect to those observed with biting loads,
remaining almost unvaried in the localizations.
This effect is due to the fact that, on the bone, the
influence of screw tightening is negligible and
therefore, the proportionality of the material’s re-
sponse respect to the external load is evident in the
results obtained. While, it is interesting to notice
how this had a minor relevance on the screw,
whereas the preloading fastening has a significant
effect and therefore, the axial components tend to
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Figure 6
The stress distribution in the screw was localize on
the head and the first part of the edging.

shorten the screw, discharging it and setting off
loosening phenomenon.

This kind of phenomenon could hesitate in the lost
of connection between the fixture and the abut-
ment or in the screw fracture.

What is noticed at last, is the distribution of stresses
on the screw, in all condition the stress are localized
on the head and the first coil of the screw (Fig. 6).
For what concerning the other model components,
abutment, implant and crown, the stress assessed
are within the fracture limit of the materials, and
this can be observed also in the clinical experi-
ence; infact the fracture phenomenon of single im-
plant are very rare.

= Conclusions

The results of our studies justify some clinical and
radiographic evidence, in which bone resorption
was recorded at the level of the implant neck in
close contact with the cortical bone.

Structural analyses performed show in this area a
concentration of maximum stresses recorded on
the bone. These stresses, even if below the maxi-
mum limits sustained by the bone structures, seem
nonetheless to play a fundamental role in perim-
plant bone remodelling.

We could affirm that a percentage of the bone re-
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sorption (0,2 mm after the 1st year, 0,1 mm for
each following year) is due to the healing tissues
and the localization of stresses, which are not dis-
tributed by the periodontal ligament as it happens
in natural teeth.

As far as the use of angulated abutments is con-
cerned, we concluded that, if it is necessary to use
them, it is suggested to not exceed the limit of 25°,
and if possible to apply them exclusively in the an-
terior regions, where the forces involved are sig-
nificantly lower, or whit other implant (full arch).
However this study needs confirmations with clin-
ica evaluations.
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