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Abstract

In this paper the biomechanical interaction between osseointegrated dental implants and bone is
investigated by numerical simulations. The influence of some mechanical and geometrical pa-
rameters on bone stress distributions is highlighted and some risk—-measures relevant to critical
overloading are furnished. Load transfer mechanisms of several dental implants are analyzed
by means of linearly elastic finite—element analyses, when static functional loads occur. For a
given implant the variation of its performance with the placement is investigated, considering
insertions both in mandibular and maxillary molar segments. The mechanical properties of the
bone regions (cortical and cancellous) are approximated with those of a type Il bone and the
geometry of crestal bone loss after a healing period is modelled. Five commercially-available
dental implants are analyzed, demonstrating as the optimal choice of an endosseous implant is
strongly affected by a number of shape parameters as well as by anatomy and mechanical prop-
erties of the site of placement. Numerical results clearly proof as a given implant device exhibits
very different performance on mandibular or maxillary bone segments, resulting in higher com-
pressive stresses when maxillary placement is experienced. Finally, the effectiveness of several
multiple—implant restorative applications is investigated. The first one is related to a partially
edentulous arch restoration, based on a double-implant device involving a retaining bar. Other
applications regard single—tooth restorations based on non—conventional devices consisting in
a mini-bar supported by two mini endosteal implants, possibly reproducing the natural roots
orientation of a multiple—root tooth.
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1 Introduction ling different clinical scenarios [13, 32—-35].

Osseointegrated dental implant represents one of thethis paper a number of endosteal implant applications
main treatments for restoring completely or partiallyare analyzed by means of statical three-dimensional
edentulous patients and its success is strictly relatéihearly elastic finite—element simulations. In detail,
to the direct connection between living bone and theirstly five commercially available osseointegrated den-
surface of a load-bearing artificial structure, genetal implants are numerically investigated, highlighting
ally titanium—based. Endosteal implants can be usuhe biomechanical interaction between implant system
ally employed to support a single-tooth prosthesis asnd bone as well as the influence of some mechani-
fixed partial denture. In this latter occurrence multiple-cal and geometrical parameters on load transfer mech-
implant systems are generally involved and a number @isms and on bone stress distributions. In order to in-
screws supports the denture prosthesis by means of destigate how the intervention site affects the implant
vices such as retaining bars, retaining balls, natural-likgerformance, insertions both in mandibular and maxil-
bridges. lary molar segments are considered. In agreement with

As confirmed by several clinical studies [1-3] osseoint—he clinical evidence after a healing period [36, 37],
. y . . ey different compact bone geometries around the implant
tegrated implants can fail essentially as a consequen

; o CNG&ck are modelled, depending on the crestal bone loss
of bone weakening or loss at the peri—implant regio

This occurrence can be induced by surgical trauma r(\)r;duced by implant shape.

bacterial infection as well as by overloading of the liv-atterwards, three implant applications based on
ing tissues. Therefore, premature implant use, iNCofytiple—implant systems are analyzed, considering
rect prosthesis and implant design, improper surgicghandibular insertions. The first one is related to the
placement, can activate bone resorption processes agz&e of partially edentulous arch restoration and it is
consequence of high stress concentrations at the pefizsed on a double-implant device involving a retaining
implant tissues. Accordingly, an accurate evaluation gfar. that is a gold alloy bar supporting the prosthetic
the bone stress distribution under functional loads ahenture, fixed to two endosteal implants [38]. It will be
!ows to investigate _about the e_ffec_tive_ness anq reliat_)ihenoted in the sequel as DIRB. The other two applica-
ity of endosseous implants, highlighting possible failtjons regard the case of single—tooth restorations based
ure risks [4, 5]. on a non-conventional device. It will be denoted as Ml

Stress fields around ossoeintegrated dental implants &&d consists in a mini-bar (titanium-based) which is
affected by a number of biomechanical factors: geon2uPPOrted by two mini endosteal implants. These latter
etry and typology of implant devices [6-8], implantcan be suitably angled (two cases are numerically inves-

and bone mechanical properties [9—11], patient's phyglgated_) in order to reproduce natural roots orientation
iological conditions [12, 13], geometry of the site of " Multi—root teeth.

insertion [14-16]. As far as the implant shape is con
cerned, design parameters that mainly affect the lo

transfer characteristics, that is the stress/strain distrib
tion in the bone, include the implant diameter and th
length of the bone—implant interface, as well as thre

pitch, shape and depth, when threaded implants are ¢

sidered. Threaded implants are generally preferred

smooth cylindrical ones, in order to increase the CoNs
nection surface of the implant [17]. Depending on bon?ns
quality, surface treatments and thread geometry can sigh, o, geometrical configuration of the site of insertion
nificantly influence the implant effectiveness, in terms, |

: . e ; . d/or bone quantity and quality (particularly in sinus
of both primary implant stability and biomechanical na-, ;0 44 not allow to employ traditional implants ensur-
ture of the bone—implant interface after the healing pr

6. 18 %g long-term success and/or an effective healing pro-
cess [6, 18]. cess. Some analyses of implants with reduced dimen-

Despite the number of researches in this field, stre§4ons employed for prosthetic dentistry applications are
analysis on implant-bone interfaces yet represents &yailable in the specialized literature [40, 41], but ge-
open task, because of the wide range of implant ag¥netrical parameters of these smaller implants do not
plications and implant typologies. Nevertheless, théignificantly differ from the “traditional”ones, resulting
complex geometry of the coupled biomechanical bonelot in agreement with typical mini-screws dimensions
implant system prevents the use of a closed—form agthread diameter ranging from 1.2 up to 2.5 mm; inser-
proach for stress/strain evaluation and then numericiPn length from 4.0 to 12 mm [42-45]).

methods are usually employed. In last years, the finite—

elem_ent method [1_9] has been Wid.ely used.in applied  Material and methods

dentistry for analyzing both restorative techniques [20—

23] and implant applications [24, 25], investigating the 1 3D numerical models

influence of implant and prosthesis designs [7, 8, 26—

29], of magnitude and direction of loads [28-31], ofin this paper five commercial threaded dental implants
bone mechanical properties [11, 32] as well as modekre investigated (see Fig. 1):

[t,is worth observing that the use of mini-screw im-
ants is usually related to clinical orthodontic or skele-
l applications, when temporary but absolute anchor-
ges should be involved [39] without complete osseus
tegration. Therefore, the use of mini osseointegrated

Fh'plants for prosthetic applications can be considered

a novel therapeutic concept. In detail, using two

all screws instead of a greater one (in terms of both

ertion length and diameter) should be advantageous
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DIRB

I ITI2 Branemark 1 Branemark 2 Ankylos — Fjg 2 Three—dimensional solid models of multi—
implant devices based on Ankylos—type screws: a
double—implant system with a gold retaining bar
(DIRB) and two non—conventional mini—-implant de-
vices (MlI).

Fig. 1 Three—dimensional solid models of five commer
cial endosteal dental implants analyzed in this paper.

e two ITI implants (Institute Straumann AG,

Waldenburg, Switzerland); Tab. 1 Main geometrical parameters, expressed in mm,

e two Branemark implant systems (Nobel Biocareof the implants considered in this study. Notation refers
AB, Goteborg, Sweden); to Fig. 1: L is the implant total lengthy, represents the
bone—-implant interfacial lengtl;indicates the implant
e an Ankylos implant system (Degussa Dentalmaximum diameterp is the average thread pitchjs
Hanau-Wolfgang, Germany). the average thread depth.

As sketched in Fig. 1, ITI devices and the first Brane-  |mplant System| L | ¢ | d | p | ¢

mark implant are modelled by a one-body structure; the T 6] 75| 41 | 1.15] 024
fixture of the second Branemark implant is connected TI2 171 9 | 33 | 098] 020
to the abutment by an internal screw; Ankylos system Branemarkl | 16 | 9 | 45 | 0.73 | 0.21
has a threaded abutment directly inserted on the fixture. 5o oo | 141 12 | 375 | 060 | 0.27
Moreover, thread is trapezoidal for the Ankylos implant Ankylos 111 11| 45 | 1.06| 020
and triangular for all the other devices. Mini—Ankylos | 6 | 6 | 2.5 | 0.90 | 0.18

With reference to the notation introduced in Fig. 1 and

as summarized in Table 1, fixture diameters and lengths

of implant-bone interfaces vary between 3.3 mm and

4.5mm, 7.5 mm and 12 mm, respectively. Furthermorevaxillary and mandibular bone segments relevant to
all the analyzed implants are substantially comparabigolar regions are modelled from CAT images, evaluat-
in thread pitch and depth. ing the physiological geometrical parameters of cancel-
Three—dimensional solid models of implants and abufoUS and compact bone by SimPl&ngoftware. More-
ments are built up from high-resolution pictures andVeh depending on the implant shape and in accordance

real devices. Starting from the model of the Anky_with the clinical evidence after the healing process,

los device, solid models of multi—implant applicationsdifférent compact bone geometries around the implant

are also obtained (see Fig. 2). In detail, a doubIeﬂeCk are considered [36, 37]. In detail, as showed in

implant system (DIRB) able to support three molaf~19- 3. for ITl and Branemark implants a “flared”shape

; : - delled in order to take into account a crestal bone
prosthetic crowns is modelled considering a gold re> MO
taining bar, with a length of about 22 mm, perfectlyloss of about 0.8-0.9 mm, whereas for the Ankylos de-

fixed to two parallel (i.e., orthogonal to the retaining?ic€ (Poth commercial and mini-screw type) no crestal

bar) commercial Ankylos implants, whose interaxis ié)one loss is considered and the cortical bone follows the

18 mm. Moreover, non conventional single-tooth im_neck profile of the implant system (platform switching).

plar}t models are also k_)uilt up (MI). In this case twoggpe segments (see Fig. 4) are composed by two vol-
mini-screws, characterized by the Ankylos geometrymes: an outer shell with an average thickness of 2 mm,
and whose main geometrical parameters are indicatgghresenting the cortical bone layer, and an inner vol-
in Table 1, are connected by a titanium—based minigme representing the cancellous bone tissue connected
bar, whose length is 8 mm. Two different models argyity the cortical’s one. Length of bone segments along
considered. In the first one the Ankylos—type mininesijal—distal directiony( axis in Fig. 4) is about 40
implants are assumed to be parallel gMand with an  yy for single—tooth implant systems and 60 mm for
interaxis of 6 mm, whereas in the second case they ajige DIRB device, whereas their average height is about
symmetrically angled at 25(Ml ;) with reference 0 16 mm for the maxillary segment and 24 mm for the
the vertical axis (i.e., to the axis orthogonal to the bary,andibular one. Implant systems are assumed to be ap-

It is worth observing that the proposed mini—implants,roximatively placed at the midspan of bone segments.
are not commercially available and they are assumed

with an Ankylos—type shape in order to ensure an optiAll 3D solid models (bone segments and implants) are
mal osseus integration process (see Fig. 3). generated by means of a homemade preprocessing tool
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Fig. 3 Geometrical modelling of crestal bone loss in-
duced by implant shape. Periapical radiographs and
bone solid models relevant to a “flared”crestal bone loss
after a healing period (on the left) and to implants in-
ducing very reduced crestal bone loss (on the right).

developed in MatLaB language, able to produce pri-
mary topology of each model and whose output is fully
compatible with the ANSYS environment. The com- c A

mercial tool ANSYS 7.1 is used for merging all the

parts comprising the overall bone—-implant model and B

for generating and solving the relevant discrete finite—

element meshes. Ten—nodes tetrahedral elements with

quadratic displacements shape functions and three de-

grees of freedom per node are employed and, as a result

of preliminary convergence analyses, mean mesh-size

is about 0.6 mm away from the bone—implant interface DIRB MI
and 0.1 mm at the peri-implant regions.

I mandibular molar segment

_ _ Fig. 4 Overall bone—-implant models for both maxillary
2.2 Material properties and mandibular bone segments. Notations and some

All the involved materials are assumed with a Iinearl)fj'ScretIZEd details.

elastic and isotropic behaviour and the different mate-

rial volumes are considered as homogeneous. Table 2

summarizes the elastic properties used in this study. Insumed equal to 100 N and the vertical intrusive one is
plants, abutments and the mini-bar of MI devices ar@50 N. This load is also considered in the case of DIRB
assumed to be constituted by a titanium alloy, Ti6Al4Vand Ml applications. For the non—conventional mini-
whereas the retaining bar of the DIRB system is modscrew systems (M) the force is applied at the middle of
elled through a gold alloy. Itis worth observing that thethe mini-bar, whereas when the DIRB system is expe-
values of the Young’s modulus and Poisson’s ratio emdenced three different loading positions are considered
ployed for cortical and cancellous bone approximate an the upper—side centerline of the bar: at the midspan
type Il bone quality [47]. (position A in Fig. 4) and at the mesial and distal im-

Complete osseous integration between implants arpéant locations (positions B and C, respeciively).

natural tissues is assumed, enforcing as a displacemeftrder to allow significant comparisons, implant abut-
constraint the continuity of the displacement field ainents and bar—implant connections are adjusted in such

the implant-bone interface. Furthermore, displacemegtway that all the loading locations are 7 mm far from
continuity is imposed between each component comhe insertion bone surface.
prising implant systems.
. . 2.4 Stress measures
2.3 Loading conditions
. . . . . I{:or all the analyzed bone—implant systems, stress dis-
Finite—element simulations for the five commercialihtions are numerically evaluated on both compact

single—tooth implants are carried out considering gnq cancellous bone at the peri—implant regions, giving
functional load applied at the top of the abutment withzisk _measures of critical overloading.

out any eccentricity with respect to the vertical axis (

in Fig. 4), and angled at about 2®%ith reference tez.  Von Mises stress fieldy ,, is used as a global stress
The lateral component of the force along buccal-linguaheasure for characterizing load transfer mechanisms
axis (opposed to the axis direction, see Fig. 4) is as- on a given implant or device, whereas principal stresses
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Tab. 2 Elastic constants adopted for FE analydess
the Young’s modulus (in GPa) andis the Poisson’s
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let 3.(0) be the two—dimensional region resulting from
the intersection betweef,. and a planer through the
implant axis and identified by the anglewith respect

ratio. | ed byt
to the buccal-lingual axisc(in Fig. 4).
Material | Zone E v Accordingly, the following Von Misesd,,) and princi-
implants pal (c¢, o) stress measures can be introduced
Ti6AI4V abutments 114.0%% | 0.34%%
mini-bar (MI) b 1
retaining bar . . o.(0) = 7/ ovu(z,y,2)da Q)
Gold alloy (DIRB) 105.0 0.23 D(6) Jps)
Cancellous | maxillary 0.57 0.307 borey _
bone mandibular 1.0¢ 0.304 or(0) = D((s)lflgxl&?) {oi(z,y,2),0} (2)
Cortical maxillary and ae d
bone mandibular 13.7 0-30 ol (8) = D((s)m‘in1 - {oi(z,y,2),0} 3)
72: 14y

“ From Bozkaya et al. (2002) [30].

® From Lemon and Dietsh-Misch (1999) [46].
¢ From Natali et al. (2006) [48].

4 From Chun et al. (2005) [34].

¢ From Van Oosterwyck et al. (1998) [49].

where the domairD(¢) is X;(z) for stress measures
relevant to the trabecular peri—-implant region=£ z,

b = t) andX.(0) for those defined at the compact bone
(6=06,b=rc).

Itis worth observing that,, gives a measure of the local
mean stress distribution at the implant—bone interface,
whereass ando¢ furnish overloading risk measures

(3, withi = 1, .2’ 3) are .Iocally emp'oned asarisk Mea- .t the peri—implant regions with reference to tensile and
sure of bone—-implant interface failure or of resorpt'or%ompressive states, respectively

process activation. Assuming as a physiological limi
that overloading states occur when ultimate strength dfhe previously introduced stress measures are numer-
the bone is reached, maximum principal compressivieally computed through a post-processing phase per-
and tensile stresses on the cortical bone should be lgesmed by means of a homemade MatLab—procedure,
than 170-190 MPa and 100-130 MPa [50, 51], respetaking as input by the solver code some primary ge-

tively, whereas the normal stresses on the trabeculametrical and topological data (i.e. nodal coordinates

bone (both in compression and tension) should be lessid elements which lies at the bone—implant interfacial

than about 5 MPa [50]. regions(2; and(2.) as well as stress solutions at the in-

, . . - tegration points.
With the aim to define quantitative stress measures use-

ful for comparison analyses and with reference to thg . .

sketch showed in Fig. 5, 16, and(), be thin volumes Results and discussion

vv_ith an average thickness of about 0.5 mm aroun.d $_1 Single-tooth commercial dental implants

given implant and relevant to the trabecular and cortica

regions, respectively. Lét,(z) be the two-dimensional Figures 6 and 7 show Von Mises stress distributions rel-
region resulting from the intersection at a given valug@vant to the five commercial endosteal implant here in-
of the = coordinate betweef?; and a plane orthogonal vestigated. In detail, with reference to a mesial—distal
to the implant axis (which is different from the axis cross—section view, stress contours on both maxillary
when DIRB and Ml devices are considered). Moreoveand mandibular bone segments are put in comparison.
In order to allow a significant analysis at compact and
trabecular peri—implant regions, two different contour
legends are used.

Q

¢

e
Lz
o
=
==

Proposed numerical results clearly highlight that the
load transmission mechanisms strongly depend on the
implant shape as well as on the healed compact bone
geometry at the peri—implant region, that is on the type
of crestal bone loss.

I

In detail, stress values on cortical bone seem to be es-
sentially affected by the maximum diametérf the
implant, despite of the bone—implant interface length
¢. Nevertheless, a reduction of stress concentrations
on cancellous bone is obtained whérincreases for

a givend. Moreover, although implants Branemark 1
Fig. 5 Control regions employed to define local stres@nd Ankylos have comparable values &fthe corti-
measures at the bone—implant interfacial region. Cf" bone Ishape around the Ankylos device yields lower
stress values.
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Branemark 1 Branemark 2

5 75 10 125 15 17.5 20 above
]
below 20 36 525 69 8 101 117.5 134 150 above
(MPa) [ — T

Fig. 6 Von Mises stress contours at the mesial-distal section—view (i.e., at y = 0) for single-tooth commercial
endosteal implants in molar mandibular segment.

ITI 1 ITI2 Branemark 1 Branemark 2

|

below 20 36 525 101 117.5 134 150 above
(MP2) [

Fig. 7 Von Mises stress contours at the mesial-distal section—view (i.e., at y = 0) for single—tooth commercial
endosteal implants in molar maxillary segment.
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These considerations are fully confirmed by the anaputed for mesial and distal loading conditions are sub-
ysis of Fig. 8, which depicts the values of the princi-stantially twice than in the case of the middle-located
pal and Von Mises stress measures at the bone—impldotce. Nevertheless, it clearly appears that tensile and
interface (cortical and trabecular) and relevant to insecompressive physiological limits are practically never
tions in both mandibular and maxillary molar segmentsexceeded, resulting in a good mechanical performance

of this Ankylos—based multi-implant device.
Proposed results highlight that the highest values at the y P

compact bone of Von Mises and compressive stresses _ _ )
arise in the maxillary segment and they are deeply affab. 3 Maximum values (in MPa) of Von Mises.()
fected on implant shape. Moreover, tensile peaks af$d principal ¢¢, or) stress measures computed at the
significantly smaller than compressive ones and theffabecular ¢') and compact4©) peri-implant regions
values seems to be fa|r|y dependent on imp|ant geom@'ﬂ@Slﬁ' and distal) for the DIRB device. Load locations
try. are identified in agreement with the notation introduced
in Fig. 4.
Quantitative stress analysis highlights that the J
previously—introduced compressive physiological

limits [50, 51] are exceeded when the implants ITI ___ load position
1, ITI 2 and Branemark 2 are experienced on the mesial implant distal implant
maxillary segment, whereas tensile bone strength is risk A B | C Al B | C
never reached. measures

(05)max 18.3[ 295] 8.8 19.7] 7.3 ] 27.3
Ankylos implant exhibits the best performance on the (00 ) max 111 23 07 10 (051 17
cortical bone interface, for both mandibular and maxil- oG] 186 228 841 2051 771 283
lary placements. It induces the lowest compressive and|atc|"‘ax 55 151 1111 20 10 40
tensile stress values, producing at the same time fully J%)r:‘;’; 95 148381 86 (59 162
acceptable stresses at the cancellous bone interface. OU,tT)maX 30 47 111 26 111 45

the other hand, the worst load transfer mechanisms are
computed on the mandibular (maxillary) segment con-

sidering the implants Branemark 1 and ITI 2 (ITI 2). In : - o
detail, average stress values in mandibular cortical bo é3 Non conventional mini—implant applications
and relevant to the implants Branemark 1 overcome dfigure 10 depicts Von Mises stress distributions rel-
about 140% in tension and 290% in compression (180%vant to mini—implant devices (MI) inserted in a
considering the Von Mises stress measure) those of theandibular bone segment. As discussed in the section
Ankylos system. Moreover, when an implant ITI 2 is2.1, two mini-screws dispositions (vertical -p4land
used, stress values in maxillary cortical bone are mudingled -Mbs-, see Fig. 3) are analyzed.

greater (about 150% in tension, 600% in compressio . . .
300% for the Von Mises measure) than those obtainetfP1€ 4 Summarizes maximum values of Von Mises and
in the case of the Ankylos implant. As far as princi-pr'”c'pal stress measures, experlenced at the trabecular
pal stresses at cancellous bone are concerned, ten&fl compact peri-implant regions.

peaks are always greater than compressive ones ajidan be noted that the highest values of Von Mises and
significant concentrations can appear at the trabeculagrincipal stress measures are computed in the case of
compact bone interface as well as, with smaller valueshe angled device (M}). In detail, compressive and

at the bottom region of the screw. These concentraensile stress measures relevant to the casg Mbult
tions exceed the strength of the cancellous bone (abagitater than those experienced for gvbf about 90%.

5 MPa in tension and compression [50]) for all the inoreover, cortical physiological limits are slightly ex-
vestigated implants, except that for the Ankylos systengeeded only in tension for the M| device, whereas tra-

3.2 Double—implant with a retaining bar becular limits are exceeded in both MI cases.

Nevertheless, proposed results show that Ml devices

alyhibit a fully comparable or even better mechanical

to numerical analyses performed on the DIRB devicgapayiour than some standard commercial single—tooth
inserted in a mandibular bone segment and relevant ft?]plants such as Branemark or ITI ones analyzed in

three different locations of the occlusal force: at thqhis study. Furthermore, implant systems based on

middle of the retaining bar (case A in figure) and N ccrews should offer lona—term stability advan-
correspondence of the mesial (B) and distal (C) Anky. n W u 9 ity adv:

) fages.
los implants.

Table 3 summarizes maximum values of Von Misesand ~ Concluding remarks

principal stress measures, computed at trabecular and | . ) . .
compact peri—implant regions. In this paper five commercial endosteal dental im-

plants (two ITI implants, two Nobel Biocare and an
It is worth observing that tensile and compressive stregsnkylos one) and a number of multiple—implant ap-
peaks are comparable for the three cases under inveglications (a double—implant system based on a retain-
gation, for both cancellous and compact bone. On thag bar -DIRB- for a triple-teeth restoration and non—
other hand, the highest Von Mises stress values comenventional single—tooth devices -MI- based on en-
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cortical bone trabecular bone
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Fig. 8 Von Mises §,) and principal §-, o) stress measures computed at the compeiciop the left) and trabec-
ular (0%, on the right) peri-implant interface for mandibular and maxillary insertiem&notes the dimensionless
abscissa along the implant axis, such that 0 at the cortical-trabecular bone interface and 1 at the inserted
implantend.—B— ITI 1; —O— ITI 2; —A— Branemark 1 A— Branemark 2:— « — Ankylos.
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Fig. 9 Von Mises stress contours at the mesial—distal section—view (i.e., at y = 0) for the DIRB application and
considering different load location#) at the middle of the retaining baB) at the mesial implanc) at the distal
implant.
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Fig. 10 Von Mises stress contours at the mesial—distal section—view (i.e., at y = 0) for mini—-implant applications:
Ml on the left and M5 on the right.
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Tab. 4 Maximum values (in MPa) of Von Mises,) U risk, in accordance with well-established clinical
and principal é¢, or) stress measures computed at th€XPeriences. Numerical results show also that possi-
trabecular ') and compact4©) peri-implant regions ble overloading at compact bone occurs in compression

(around mesial and distal Ankylos-type mini-screws?’Vherea& at the interface between cortical and trabecu-
for M devices (see Fig. 2). ar bone, overloading can occur in tension.

Analysis of the DIRB system shows the effectiveness of

mini-screw disposition this device when Ankylos implants are employed. As
mesial implant|| distal implant a matter of fact, quantitative stress analysis relevant to
risk MI M MI M (_jifferent loading Ioca_tions upon the retaining bar high-
measures 0 25 0 25 lights that compressive and tensile bone physiological
G 943 625 | 101.8] 47.2 limits are not exceeded.
(”Ef)max 4.9 8.2 4.8 3.1 On the other hand, overloading states appear in single—
‘”f'max 91.3| 1659 || 83.9 | 161.0 tooth mini—implant applications (MI) based on two
\Ug|max 153| 80 76 5.2 Ankylos—type mini—screws. Nevertheless, their load
(07 ) max 529 | 916 || 52.6 | 1937 transmission mechanisms are fully comparable with a
(07 ) max 121] 83 | 182 ] 91 number of conventional single—tooth implants (such as

Branemark or ITI ones). Accordingly, Ml systems can

be considered a real alternative to traditional single—

tooth implants, when geometrical configuration of the
dosseous mini—screws) were numerically investigategite of insertion and bone quantity and quality (partic-
by means of static linearly elastic three—dimensionallarly in sinus zone) do not allow to employ a single
finite—element analyses, under functional loading corgreater screw. Moreover, mini—implant devices should
ditions and considering insertions in both mandibulagllow more effective long—term stability results, espe-
and maxillary molar bone segments. cially experiencing an angled mini—screws configura-

tion.
Three—dimensional numerical models were built—up

employing CAT images and comparative techniques
Complete osseous integration and different quaIitf“:knC’W'edgementS
of trabecular bone were taken into account for they;s oy yas developed within the framework of La-

mandibular and maxillary regions. Moreover, depend’%range Laboratory, an European research group com-

ir!g on the crestal bone loss induped by impIant. shap tising CNRS, CNR, the Universities of Rome “Tor
different compact bone geometries around the impla ergata”, Calabria, Cassino, Pavia, and Salerno, Ecole

neck were modelled. In order to analyze the influenc : . : :
of the implant shape and the risk of bone weakeningglgtgcg%qéﬁng'vers'ty of Montpeliier 1, ENPC,

or loss due to local tissue overloading, a stress analysis
was performed, both in terms of global and local (at the
bone-implant interface) stress measures. 5 References
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