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1. INTRODUCTION

It is difficult to attain satisfactory treatment re-
sults in treating fully edentulous patients with
conventional complete denture, because it is
dependent on variable factors. For example,
there are patient’'s comprehension, cooporation
and the state of residual alveolar ridge.

But, since Branemark's introduction of os-
seointegrated implants into the treatment of
edentulous patient, one could get better es-
thetic, functional results. Also, osseocinte-grated
implants have wide clinical applications such as
restoring partially edentulous areas, single tooth
replacement, anchorage for orthodontic treatment
and maxillofacial defects.

Spiekermann® said that the treatment modal-
ities of edentulous patients using dental implants
could be divided into three groups according to
the state of residual alveolar ridge, implant lo-
cation and number. : removable mucosa-borne
overdenture, removable mucosa-borne distal ex-
tension prostheses, fixed implant-supported dis-
tal extension prostheses.

Previous studies™®*#%4% haye reported that
even with certain esthetic problems, fixed pros-
theses have advantages over the removable
mucosa-borne overdentures such as patient sat-

isfaction and their effect on residual alveolar ridge.
However, fixed prostheses using osseointegrated
implants require at least 5-10 implants, This im-
poses financial burden on patients,
Implant-supported overdenture using two im-
plants can be a alternative treatment modality in
this situation*?1>#188282850  Although the long
term results of a large group of patients with
overdentures are not yet reported, there have
been many reports that implant-supported over-
denture is an effective, practical and successful
treatment modality™®®, And comparing patient’

" s satisfaction regarding function and esthetics, this

therapy is comparable to fixed implant prosthe-
ses™®  This therapy requires less time and cost
to make the superstructure and less effort to
maintain oral hygiene®,

Different attachment systems of the over-den-
ture have been used. A bar-clip attachment is
often chosen because of its excellent retention,
stability compared to other attach-ment systems
and splinting ability with implants*#s6eass,

But, when certain reasons enforce implants to
be installed posteriorly or lingually® and bar-clip
attachment system is chosen as retentive at-
tachment, conventional straight bar will be po-
sitioned above the floor of the mouth. In such
situations,. tongue function is severely restricted.



This leads to masticatory, swallowing and pho-
netic problems.

Stud attachment, additional implant installation
and modification of bar design can be used to
solve these problems, But, the use of stud at-
tachment leads to reduction of retentive capability
and the additional implant installation raises
the treatment fee.

Thus, angular bar which has straight buccal
part above the alveolar ridge for attachment of
the clip is often used in clinical situations
(Fig.1).

But, this angular bar design has unfavorable
biomechanical influences. Extra moments are ex-
erted on the implant and surrounding tissue.

These influences play a major role in implant’ s
longevity. Nevertheless, angular bar design is of-
ten used clinically because of noticeable merits,

The purpose of this study is to investigate the
effect of anterior cantilever on implant and
surrounding tissue using three dimensional finite
element analysis method and to suggest biome-
chanically agreeable cantilever amount.

II. MATERIAL AND METHODS
Various methods are used to analyze the
stress in complex structures when they are

loaded. Photoelastic analysis, brittle lacquer coat-
ing technique, Moire fringe analysis are some of
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Figl. Models of bar design.

the examples. And, among these methods, the
finite element analysis is very useful in analyz-
ing stress generated from the external force in a
complex structure, The finite element analysis of-
fers some advantages, including accurate repre-
sentation of complex geometries, easy model fab-
rication, easycalculation and representation of
internal state of stress and other mechanical
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quantities™. Especially, this method is to be a

useful tool in estimating stress around implants
of different designs™*, '

When investigating stress around implants in
interforaminal regions, there are no discernible dif-
ferences using three dimensional finite element
model of entire mandible or only the inter-
foraminal region®™. So, for simplicity of modeling,
semianatomic mandibular bone block which
simulated only interforaminal region was used.

Standard Branemark dental implant system
(Nobel Biocare AB, Gothenburg, Sweden) was
installed in the first premolar area. To evaluate
the effects of implant’ s length on stress distri-
bution, implant length had two wvariants, 13
and 1bmm. The size and physical properties of
abutment cylinder, abutment screw, gold cylin-
der, gold screw were identical those used in ac-
tual clinical situations,

When two implants were used for support un-
der an overdenture, it was best to place them
medial to the canine region with approxi-mate-
ly 22-27mm distance between the centers of the
implants, At this distance, there were the least
amount of torque on the implants”. Thus, the
length of the straight buccal part was assurmed
to be 20mm. The bar was assumed to be
made out of ADA type IV gold and 2mm in
diameter. The bar connecting the implants had
six anterior cantilever lengths from Omm to 5mm
(Fig. 2).

The magnitude and the direction of relevant
bite force were derived from the studies of
Haraldson et al® and Koolstra et al®, A hori-



Fig. 2. Semianatomic mandibular bone block with
implant and bar,

zontal(0° =parallel with the occlusal plane) bite
force(Fh=10N), a vertical(90°) bite force
(Fv=35N) and an oblique(120° )bite force(F°
=70N) were selected. The loading force on the
model was static. One node on the midline of
the straight bar was loaded(Fig. 3).

All materials were regarded as isotropic, ho-
mogeneous and lineally elastic. Properties of
each material are shown at Table 1'%, A fixed
bond was assumed between bone and implant
along the whole interface. This means that
under any loading, no relative motion occurs be-
tween bone and implants. Restraint was esta-
bilished at the distal part of the model, which al-
lowed bending movement of the mandible on
loading,

Model was composed of 14712 node and 7703
element. To investigate stress distribution pattern
around implants in detail, detailed mesh gener-
ation was made near implants,

Table 1. Material properties
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Fig3. Loading condition.

I-DEAS software(Master series version 2.1,
Structural Dynamic Research Corp., Milford,
Ohio, US.A.) package was used for the con-
struction of the models and Anysis Revision 50
(Swanson Analysis System Corp., U.S.A.) was
the software for analysis, All softwares were
mounted on Iris-work station (Silicongraphics
Corp., US.A))

. RESULTS

Through the process of finite element analy-
sis, the amount of stress and displacement
which correspond to each node and element were
calculated. But, for comparison of the models, an-
alyzing all the calculated data. was unnecessary
and time-consuming, So, because tensile

for C e2,43,46,61,62)

is the main force that destory os-
seointegration, maximal principal stress repre-

senting tensile force was selected for comparing

Young s modulus(Kg/mm2)

titanium
cortical bone
cancellous bone

type IV »gold

Poisson’ s ratio
105E + 04 0.30
140E + 03 032
140E + 02 030
980E + 04 045




the calculated data of eachmodel. The center of
the gold screw was chosen for reference point to
investigate theamount of the displacement (Fig.
4). The cross sectional view of 13mm implant
and surrounding bone when loaded obliquely was
selected to evaluate stress distribution patterns
around implant and surrounding bone.

1) Maximal principal stress and displace~
ment of 13mm implant.

In case of vertical force, there was the least
amount of stress concentration and displacement

with Omm cantilever. Increasing cantilever caused
stress to increase slowly initially, But, beyond 2-
3mm, the rate of increase became steeper and at
4mm cantilever, concentrated stress became
greater than horizontal force, Horizontal force had
insignificant effect on stress concentration.
Oblique force, from the first stage, had high
stress levels and steep inclination, The change in
displacement was similar to stress concentration,
Except for horizontal force, all increased in pro-
portional to the length of cantilever (Fig. 5,6).

reference point

Fig. 4 . Reference point for displacement.
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2) Maximal principal stress and displace-
ment of 15mm implant.

The results were almost the same as 13mm
implant, except that the threshold at which
the inclination changed abruptly was 2mm. The
change pattern of the displacement was almost
the same (Fig .7, 8).

3) The effect of horizontal force on stress dis-
tribution and displacement.

The effect of horizontal force on maximal prin-
cipal stress was insignificant. Increasing implant
length was effective in reducing concentrated
stress. Surprisingly, the longer cantilever showed
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Fig.7. Maximal principal stress of 15mm implant.
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Fig9. Maximal principal stress of horizontal load-
ing.

less displacement to the horizontal loading than
shorter (Fig. 9, 10).

4) The effect of oblique force on stress dis-
tribution and displacement.

Increasing cantilever was directly proportional to
stress concentration, Implant length had no effect
on reducing stress, The change pattern of the
displacement was similar (Fig, 11, 12).

5) The effect of vertical force on stress dis-
tribution and displacement.

Initially, the amount of maximal principal
stress in both implants increased slowly as the
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amount of cantilever increased. And, after the
amount of cantilever was bigger than 2-3mm,
the rate of increase became steeper. although the

longer implant was effective at first in reducing .

stress, there were no difference between long and
short beyond 3mm. The amount of displacement
was directly proportional to cantilever length re-
gardless of implant length(Fig.13,14).

6) The stress distribution pattern

At Omm cantilever, stress was widely dispersed
through symphysis and surrounding cancellous
bone and concentrated in the joint area which
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Fig.12, Displacement of oblique loading.
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Fig 14. Displacement of vertical loading.

connects the bar and the implants, Increasing
cantilever reduced stress dispersion through
symphysis, surrounding bone and concentrated
stress on certain cortical bone and internal sur-
face of the implant.

IV. Discussion

The biomechanical aspects play a major role in
the longevity of implants®*”, Masticatory force
is passed through the implant to surrounding
bone, If the force was con-centrated in a certain
area, the destructive remodeling process of bone



would happen and finally implant would fai**,
The most favorable force for implant is vertical
force along the axis of implant and shear, ten-
sile force which cause bending moment elicits
unfavorable effect at implant-bone interface™**4%),
Therefore, when designing implant prostheses,
minimizing bending moment should be major
consideration. To do this, the position and num-
ber of implant become important factors™™*,

Because implant-supported overdenture main-
ly take support from residual alveolar ridge like
conventional complete denture, designing su-
perstructufe which could distribute stress even-
ly into implant and surrounding tissue is very
important™#,

To satisfy this biomechanical requirement,
the attachment connecting the implant and
superstructure should be selected carefully, Many
attachment systems have been used with its
specific merits and demerits™***, Thus, at-
tachment selection should be individualized ac-
cording to the characteristics of each system and
patient’ s condition. English™® devised the fol-
lowing selection criteria : versatility, maintenance,
vertical space, cost, “bio-mechanical function,
ease of replacement.

The attachments in wide use could be divid-
ed into {wo groups, Bar-clip attachments
and single attachments that composed of stud
and magnet, Single attachments have advantage
in stress distribution, clinical application and
oral hygiene maintenance®®** Meanwhile, bar-
clip attachments have excellent retention and
stability compared to single attachments in ad-
dition to its splinting effect!*? 464558

Because edentulous patients who seek implant
prostheses mainly complain of the loss of re-
tention and stability, bar-clip attachment which
has superior retention and stability is widely used
uzsaessy  However, increased stability and re-
tention is necessarily accom-panied by the in-

crease of stress on implants™. Thus, to minimize

bending moment and to distribute stress even-
ly into implant and residual ridge, designing of
straight bar which allows rotational movement of
superstructure is essential and the rotational
axis should be parallel to interhinge axis’®*®
This can be easily accomplished when implants
are installed in the canine area.

But, when anatomic limitations enforce implants
to be installed posterioly or lingually and bar-clip
attachment is chosen as retentive element, con-
ventional straight bar will be posi-tioned above

‘the floor of the mouth. In such situations,

tongue function is severely restricted. This leads
to masticatory, swallowing, phonetic problems™®"
Such situation occurs when alveolar ridge is nar-
row. In this case, as installing implants too
close together cause loss of retention”, im-
plants should be installed posteriorly for suitable
retention. This is also applicable in lingually
inclined alveolar ridge due to severe resorption.

Additional implant installation, the use of
stud attachment, modification of bar design
which has straight buccal part above alveolar
ridge® can be solutions of the above problems.
Among these solutions, modification of bar de-
sign, called angular bar, imposes great bending
moment in the implant., However, angular bars
have been used often because stud attachment
has lower retentive ability and additional implant
installation requires higher fees.

In a study which compared angular bar design
with 6mm anterior cantilever, stud attachment
and additional implant installation using three di-
mensional finite element analysis, angular bar de-
sign showed the greatest stress concentration.
Thus the use of stud attachment or additional
implant installation were recommended for the
longevity of the implant in posterioly installed sit-
uations™,

In another study of anterior cantilever design,
there are three risk factors in this design : 1.
Dead space which results from labial/lingual



extension of superstructure for covering retentive
clip cause bacterial colonization, 2, Difficulty of
biomechanical loading. 3. Mucosal irritation. So,
the use of angled or second stage coping which
can reduce bulky lingual structure was recom-
mended®

In this study, the effect of angular bar design
which had 6 cantilever length from Omm to
5mm on implant and surrounding tissue was in-
vestigated using three dimensional finite element
analysis, In addition, implant length had two
variants, 13 and 15mm to study the effect of
implant length.

Fig 56,78 showed the amount of maximal
principal stress, displacement when oblique, hor-
izontal, vertical force was loaded on 13,15mm im-
plant. The two group had similar change pat-
terns. Because the direction of horizontal force
was parallel to the direction of cantilever ex-
tension, there was no significant change, At
Omm cantilever, under vertical load, the amounts
of tensile force and displacement were minimal.
But, as cantilever length -increased, vertical
loading showed specific change pattern. Initially,
the amount of maximal principal stress in both
implants increased slowly as the amount of
cantilever increased, Then, after the amount of
cantilever was bigger than 2-3mm, the rate of
increase became more dramatic. From this result,
it could be concluded that anterior cantilever
didn’ t cause unfavorable bending moment with-
in the limit of implant diameter. But, beyond the
limit, even vertical force caused harmful bend-
ing moment. Oblique force caused the largest
stress concentration, displacement from the first
and maintained a steep inclination, This result co-
incided with the conclusion of previous studies
that oblique force caused the most harmful ef-
fect on implants and surrounding tissue.

Fig 9,10 showed the effect of horizontal force
on siress distribution and displacerment. Because
the direction of horizontal force was parallel to

the extension of anterior cantilever, as mentioned
previously, there were no significant changes.
Rather, increasing cantilever caused the amount
of displacement to reduce a little. The cantilever
bar structure had the extension component
which connects implant and anterior straight bar.
Because this part had the potential to resist to
horizontal force, the longer cantilever showed less
displacement, The longer implant showed lesser
stress concentration and displacement than the
shorter because increased bone-implant interface
to loading direction had distributed stress more
widely into surrounding tissue.

Fig 11,12 showed the effects of oblique force
on stress distribution and displacement. As the
length of cantilever increased, the effect of
oblique force became more dramatic and the
length of the implant had no effect on maximal
principal stress and the amount of displacement.
In oblique loading, loading direction seemed not
to distribute stress through bone-implant inter-
face but to concentrate stress on certain cortical
bone areas,

Fig 1314 showed the effect of vertical force on
stress distribution and displacement, Initially,
the amount of maximal principal stress in both
implants increased slowly as the amount of
cantilever increased. And, after the amount of
cantilever was bigger than 2-3mm, the rate of
increase became more dramatic, Before reaching
the threshold, the larger implant showed lesser
stress. But once the threshold had been reached,
there was no discernible difference according to
the length. As mentioned earlier, loading with-
in the limit of the implant diameter doesn't ex-
ert significant bending moment so that stress is
distributed widely through the bone-implant
interface. But, loading beyond the limit, like the
effect of oblique force, causes stress concentra-
tion on certain cortical bone rather than stress
distribution.

At Omm cantilever, much more stress were



dispersed through surrounding cancellous bone
and symphysis area and only a little stress
were concentrated on the joint area which con-
nects the bar and the gold cylinder. As cantilever
length increased, stress distribution pattern
showed lesser dispersion through surrounding
bone and symphysis area. And stress concen-
tration was observed on certain areas of cortical
bone, implant and the overlying prosthesis, This
stress distribution pattern is due to the fact that
the greater bending moment results from the
longer cantilever causing stress to be concentrated
rather than dispersed and the longer elastic
bar results from the longer cantilever causing
more stress to be absorbed into the overlying
prosthesis and implant,

According to previous studies and the above
results, angular bar design not only concentrates
stress on surrounding cortical bone, superstructure
and implant, but also reduce stress dispersion
through bone. So, the possibility of bone re-
sorption and bar fracture might be increased.

From the point of view that this treatment
modality is dependent on stress distribution,
angular bar is not a suitable design. But in un-
avoidable situations, implant length should be as
long as possible -and anterior cantilever length
should be less than 3mm not to be longer
than implant diameter.

V. Conclusions

To study anterior cantilever effect on implant
and surrounding tissue, we designed and pro-
cessed three dimensional finite model and could
get followiné conclusions,

The conclusions were as follows :

1. As the length of the cantilever increased,
stress was concentrated on the implant and
surrounding bone and the amount of dis-
placement was increased.

2. The effect of horizontal force was not signif-

icant. The longer 15mm implant showed
lesser stress and displacement.

. As the length of the cantilever increased, the
effect of oblique force on the amount of the
stress became more dramatic. The length of
the implant had no effect on maximal prin-
cipal stress and the amount of displacement,

. Initially, vertical force showed only mild in-
fluence on stress. But, after a certain point,

" the effect became more dramatic. Before

reaching the threshold, longer implants showed
lesser stress, But once the threshold had
been reached, there was no discernible dif-
ference according to the length.

. Stress distribution pattern showed, with in-
creasing length of cantilever, lesser dispersion
through bone with stress being concentrated
on certain areas of cortical bone, implants and
the overlying prosthesis,

. From the point of view that this treatment

modality is dependent on stress distribution,
angular bar was not a suitable design. But in
unavoidable situation, implant length should be
long as possible and the length of cantilever
should be less than 3mm,
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Explanations of the figures.

Bar design : Omm cantilever,

Bar design : Smm cantilever.

Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution
Stress distribution

Stress distribution

of bone at Omm cantilever, (frontal section view)
of bone at Omm cantilever. (horizontal view)

of implant at Omm cantilever. {(frontal section view)
of bone at Imm cantilever, (frontal section view)
of bone at 1Imm cantilever, (horizontal view)

of implant at 1mm cantilever. (frontal section view)
of bone at 2mm cantilever, (frontal section view)
of bone at 2mm cantilever, (horizontal view)

of implant at 2mm cantilever. (frontal section view)
of bone at 3mm cantilever, (frontal section view)
of bone at 3mm cantilever, (horizontal view)

of implant at 3mm cantilever. (frontal section view)
of bone at 4mm cantilever, (frontal section view)
of bone at 4mm cantilever, (horizontal view)

of implant at 4mm cantilever. (frontal section view)
of bone at 5mm cantilever, (frontal section view)
of bone at 5mm cantilever, (horizontal view)

of implant at 5mm cantilever. (frontal section view)
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Fig. 1

Fig. 2

Bone : 0mm cantilever

Bone

Omm cantilever
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Fig. 3

Fig. 4

Implant : Omm cantilever

Bone

1mm cantilever

Fig. 5

Bone : Imm cantilever
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Bone : 2mm cantilever
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Fig. 11

Bone

3mm cantilever

Fig. 13

Bone

4mm cantilever

Bone : 2mm cantilever

Fig. 10

Bone : 3mm cantilever

A

Fig. 14

Bone : 4mm cantilever

15




Implant © 4mm cantilever Bone : Smm cantilever
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Fig. 17 Fig. 18

Implant : 5mm cantilever

Bone : bmm cantilever
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Fig. 19 Fig. 20

16



OlZME bar overdenture®l|A| bar2| cantilever2to|
YZHE ojxX= J&o 2st MY RELAEMH AT
HEWS - 2B - ZES| - Booi Cie Ling

Mgvista Azoe RasTa

Y AZNEZ AAHE overdentwreE 043 TGRS ABHE A H WA, A
43 AR QAS T Uk AT S EHQ] ZALE YSHEE 45 T2 T Y
gof 5 e 493 bardAlE bar7t TR e 111471] =l 3&F, T, A4 A
ol B EAFE FAgh oo WF SfALYYOE AR X 2A doll HAES HAHE FE
3t angular barg AAIE F Atk AT o] AA= o % _E_ E3 % momentE fEsich 1
Hollz E73 FHol'd f#AEH AXFH, AAHQ A wFol angular bare YA Bo] A}
SHI At oldl & AFE angular bar®] AW cantleverd& Ejdte] YEFHE 9 FHZF

OXE 9% HAY FTLARWEE FAAM ol gth

o] FAtole st FE TR FattFR Y FA 375mme BRUnlE 3 JEAE 20 E
Zo|7} 1315mmel 42 AAsA A 1ATR] F9o] AYPaYrt F YEHEE A= bar
T A cantlever¥€ 0-5mm, Imm¥ 3t 6717 3-8 7HQ3t 2 AZ3A 242 bar 5%
Holl 2 (90XF) 35N, BANRH120E) 70N , FHU(0E) 10NS 7HIF2H ol vehts
FAYE o ASHEY] FR3el Bt Zeste AT (AAH) % AAFE ARyt
ATAYG o 22 AES AUt
L Cantlever}o] Z7184+% FHHI I JFHER $o] AFHALH 4F EHEY ¥4

2= AR
2. Cantileveroll th3t #3eke] J&2 A 4o YSZHE Zojrt 21 Zo] ¥

2kt
3. AR i3 S8 HWElE cantilever®e] St wel 43 kst A4S Med o

EREZ7E 38 E WY gl nAE 4FL AU
4, FAY g TEY ¥ste 271 @R 3718 Hojthrt 93 Ad Ad

o] AAE AL Wtk F7tEdol Ty A Aol FIE $¥9 -Er.’:}i?% :

TR o) Fo e Aolo FHEAAAE AT ' '
5 SHEXFALL cantieveryo] S71E54E F2A S 53 BAAEE FolX 3 EFFHY 9

AF} YENE, FREHE JFHE AFE Btk
6. ASHES FH FXH2EY FHRNFYo] dFE A9 che HA angular bare A

A R3] BEod Ae JEHE Zolg AA 2 Hule 3mmolHE cantlleverdE AT

3he Aol F+Hdch
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F8.0] : bar - supported overdenture, angular bar, cantilever, A3+ R8Q A,

17



