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Abst ruct

Applying proper quantity of stress through the teeth is
consi dered essential for maintaining the honeostasis of jaw

The ai mof this study istoclarify the effects of the pressure
appl i ed via endosseous inplants on internal structures of the
jaw. A nmandi ble with dental inplants for 15 years was anal yzed
by mcro-CT to prepare a finite el ement nodel of the mandi bl e
i ncluding i npl ants and surroundi ng i nternal m crostructures.
Based on this nodel, nmechani cal anal ysis was conducted by t he
t hree-di mensi onal finite elenment nethod. The results of the
three-dimensional finite elenent analysis showed that the
stress distribution was seen in the trabecul ar bone around t he
inplants. It becanme clear that the pressure is transmtted to
mandi bular internal structures via inplants, and stress is

di spersed along internal trabecular alignnment.

Keywor ds: trabecular bone/inplant/mcro-CT/finite elenent

anal ysi s/ stress distribution



1. Introduction

Recent studies have clearly shown the effectiveness of
endosseous i npl ants as one of thetreatnment optionsinthefield
of prosthodontics. "2 Subsequent !y i npl ants wi t h vari ous shapes
and properties are being devel oped, and procedures and
t echni ques are becom ng nore diversified. Fromthe standpoi nt
of anatony, interesting structural changes occur i n mandi bul ar
t rabecul ar bone due to functional pressurefollow nglong-term
use of endosseous i nplants.

Wl ff, a German physici an, proposed Wl ff’s Lawin 1894,
and Hui skes and col | eagues docunented t hat functi onal pressure
i s responsi bl e for det ernini ng bone structure.® Several studies
have i nvestigated the effects of functi onal pressure onthejaw
and found that reduced functional pressure due to tooth | oss
was closely involved in resorption of the alveolar bone. *°
Ther ef ore, for mai nt enance of t he honeostasi s of their interna
structures, the pressure application via the teeth is
consi dered essential .®’ However, the effects of the pressure
vi a endosseous i npl ants onjawi nternal structures have not been
clarified. This is because it is difficult to obtain specinens
i n whi ch endosseous i npl ant s have beeninplacefor al ongperiod
of tinme. Hence, in recent years, stress distribution around
i npl ant s has been assessed by t hree-di nensi onal finite el enent
anal ysis to ascertain stress distribution inside the jaw &1
However, previous studies did not take into account the

nmor phol ogi cal characteristics of conpact bone and cancel | ous
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bone, and as aresult, stress distributioninsidethejawwth
inplants remains nerely speculative. In order to accurately
ascertain stress distribution through jaw m crostructures,

detai |l ed data of thejaw, includingtrabecul ar bone, are needed.

M crof ocus X-ray CT (hereinafter referred to as mcro-CT) is
wi dely used to observe and anal yze the internal structure of
hard ti ssue i n a non-destructive manner. " Many studi es have
used mcro-CT to obtain high-resolution inmages of jaws with
i npl ant's and have docunent ed hi gh degr ees of

15, 16

reproduci bility. Moreover, three-dinensional finite

el enment nodel s can be prepar ed based on CT dat a, and such nodel s
can be used in nmechanical studies of bone. !

I nthe present study, because we had access to a mandi bl e
i n whi ch endosseous i npl ants had beenin place for alongtine,
the mandible with i nplants was anal yzed by m cro-CT and t hen
a nodel of this and surroundi ng m crostructures was prepared.
The ai mof this study was toclarify theinfluence of bite force

onthe internal structure of the inplanted nmandi bl e using this

model .



2. Materials and Met hods
2.1 Sanple

The nmandible was renmoved from the cadaver of an
82-year-old man donated for dissection in whom endosseous
i npl ants had been in place for fifteen years prior to death.
Screw-type 4.2mmi nplants were placed at the right first and
second prenolar regions. In addition, the maxilla had a total
of six inplants fromthe right canine to third nolar regions
whi ch wer e capped wi t h connect ed crowns. Cccl usal contacts were
confi r med.
2.2 FE nodel (Finite el enent nodel)
2.2.1 Mcro-CT inmagi ng of the mandi bl e

The mandi bl e was scanned usi ng a m cr o- CT syst em( HWX- 225
Acti s4, TESCO Tokyo, Japan). The systemconsi st ed of ani nmagi ng
devi ce and a conput er. The i magi ng devi ce consi sted of an X-ray
generator, a 360° rotating stage, and an X-ray detector. During
i mgi ng, the specinmen was placed on the stage so that the
occl usal plane was parallel tothe stage surface. The mandi bl e
was scanned at the right first and second prenol ar regi ons from
t he upper part of the fi xture excludingthe abutnment tothel ower
margi n of the mandible. (Fig.1) Imging conditions were as
foll ows : tube vol tage 100kV, tube current 70uA, X-ray gener at or
5um and nmagnification x3.3. An inmage intensifier (1.1.) was
used; this was 4inches i n size and had a 1-i nch CCD canera with
16-bit 1024x1024 scanning |ines. The canera generated 600 raw
dat a i rages. Based on the rawdata, two-di nensional slice data
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were prepared by the back projection nethod. Furthernore,
t hr ee-di mensi onal reconstruction was perfornmed using vol une
rendering, using 600 imges.
2.2.2 FE nodel preparation

Using finite elenment analysis software (TRI/3D-FEM
Rat oc System Engi neering Inc., Tokyo, Japan), neshes were
created and stress analysis was carried out. As pretreatnent
for finite elenment analysis, three-dinensional data were
subj ected to noi se elimnation, down sizing, and bi nari zati on
based on athreshol d val ue obt ai ned by di scri m nati on anal ysi s
As to the boundary between the mandi bl e and i npl ants, cont act

areas were consi dered connected. After |abeling, mappi ng was
performed usi ng 8-node hexahedral el ements(1lvoxel =0.05x 0.05
x 0.05mM7) to prepare afinite el ement nodel . The cross section

of thinnest trabecul ar bone consi sted of at | east 10 el enents.
The total nunber of nodes and el enents was about 550, 000 and
750, 000, respectively.
2.3 Constitutive | aws

The nodel was constructed from osseous tissue and
inplants; these were considered linear nmaterials. The
mechani cal properties of the osseous tissue and i nplants were
set based on published values. *?2° The Young’s nodul us and
Poi sson’s ratio for the osseous tissue were 15GPa and 0. 30,
respectively, whilethosefor theinplants were 110GPa and 0. 35,

respectively. Al nodes at the bottomof the mandi bul ar body



wer e constrai ned.
2.4 | nplant |oading

A 500N | oad was applied to the upper areas of the two
i npl ant bodi es. The direction of | oadi ng was perpendi cul ar to
t he occlusal plane at |oading points.
As to stress distribution, maxinmum principal stress was

anal yzed.



3. Results

Figure 2 shows the distribution of principal stress in
t he sagittal plane. The standard val ues of principal stress are
shown i n the | ower right corner using a col or key. M nus val ues
i ndi cat e conpr essi on, whil e pl us val ues i ndi cate tensi on. Wite

i ndi cates OMPa, red indicates -10MPa of conpressive force,
and blue indicates 10MPa of tensile force.

Stress was seen in the cortical bone around t he neck of
the inplants (yellow areas) and conpressive stress was
concentrated at the tip of the fixtures (yellow-red areas).

Figure 3 shows a three-di nensional inmage that was cut
al ong the horizontal plane with a thickness of 2.5mm Stress
di stribution was confirmed in the trabecul ar bone surroundi ng
the fixtures (yellow-red areas).

As to stress distributionin the frontal plane near the
mental foramen, marked stress distribution was seen in the
trabecul ar bone around t he i npl ant's, and conpr essi ve stress was
seen in the osseous wall of the mandi bul ar canal (yellowred

areas) (Figure 4).



4. Di scussion

Bone nodel i ng and renodel i ng mechani sns are said to be
controlled by genetic factors and i ncreases and decreases in
| oad. 2%'22 Si nce bone nass decreases with | ong-termrecunbency,
neur opat hy such as spinal cord injury, or bone and joint
imobility due to cast immbilization, it is clear that
nmechani cal stress is essential for normal bone renodeling and
bone mass nmai nt enance. The degree of weekly bone mass | oss due
to inactivity bone atrophy has been reported at around 1%f or
recunbency and cast i nmobi | i zati on and ar ound 2%f or neur opat hy,
but t hi s degree of bonel ossis markedly norethanthat occurring
i n post nenopausal osteoporosis, which causes an annual bone
| oss of around 2-4% =

Intheoral cavity, toothl oss causes jawbone resor pti on.
As in inactivity bone atrophy, the cause of resorption is
bel i eved t o be reduced nechani cal stress dueto toothloss. In
fact, studies have reported that jawbone nmass is affected nore
by tooth | oss than by agi ng.*>2* Moreover, tooth | oss i s known
to bring about marked changes in trabecul ar structures inside
the jawbone, causing cancellous bone to narrow and | ose
regul arity and connectivity.®’ The jawbone i s unli ke any ot her
bone because nechani cal stressisdirectlytransmttedviathe
teeth, and it is reasonable to assune that teeth have marked
ef fects on j awbone resorption.

Endosseous inplants are becomng w despread as a
treatnent option to replace lost teeth, and these inplants are
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directly enbedded in the jawbone to forma bond known as an
osseoi ntegration. Unlike dentures, because the |awbone,
i npl ant and superstructure are strongly connect ed, support and
masti catory capabilities should equal those of natural teeth.
However, because an inplant bonds to the jawbone without the
peri odontal nenbrane, there have been sone concerns on the
effects of inplants on the jawbone. %

Raadsheer et al. reported that the bite force at the

26|n

prenol ar regi on was 350N in femal e and 450-580N i n nal e.
the results, the three-dinmensional finite elenent analysis
showed t hat the pressurewas transmttedto nmandi bul ar i nternal
structures viathe inplants and that stress was di spersed al ong
internal trabecular alignnent. This suggests that when an
endosseous i nplant is placed, nmechanical stress is generated
ininternal trabecul ar bone to suppress bone resorption due to
toothloss. Inthisstudy, higher stress concentrati onfrom5MPa
t o 10MPa was observed i nthe trabecul ar bone around t he i npl ants,
conpared with the result obtai ned fromthe nmandi bul ar FE nodel
Wi th denture in the previous study. This finding suggests the
possibilitythat theforceviainplant wasrelatedtotrabecul ar
bone mai nt enance. 2’

Furt her nore, because stress propagati on was dependent on
trabecul ar alignnent, stress was |likely to concentrate in the
osseous tissuearoundtheinplants. Stresstendstoconcentrate
in areas where a load is applied, irregular norphol ogica

features such as neck and acute angl e are present, and el astic
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coefficients differ.?®

When an external force is directly
applied to the top of an inplant, the trabecul ar bone at the
tip of the fixture satisfies all of these conditions, and as
aresult, stressis likely to concentrate around the inplant.
Because endosseous inplants are placed w thout periodontal
menbrane, it i s possiblethat excess stress concentrates inthe
surroundi ng jawbone. Therefore, during followup visits,
dentists need to careful |y noni tor mechani cal stress generated
by i npl ants.

Currently, cancellous bone is not often tested before
i npl ant pl acenent, but consi dering that stress concentrates at
thetipof afixturefollow nginplant placenent, nmeasuri ng bone
density and bone m neral content before inplant placenent is
very i nportant. Furthernore, testing cancel |l ous bone shoul d be
useful in determning all owabl e | oad. Because trabecul ar bone
real i gnnent around an i nplant is thought to play an i nportant
role in supporting the pressure, it should be a useful test
during recall visits in long-term observation after inplant
pl acenent .

Gross and col | eagues reported that when an inplant was
pl aced i nt he mandi bul ar prenol ar regi on, neur ol ogi cal synptons
occurred even when the i nplant was near the nmandi bul ar canal
but not touching it.2?° They deduced that the neurol ogical
synpt ons wer e caused due t o stress concentrationinthe superior
wal | of the mandi bul ar canal. Theresults of the present finite

el enent analysis confirnmed nmarked stress concentration in
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simlar areas. It is therefore necessary to keep in m nd that
even i f an i npl ant does not cone in contact with the mandi bul ar
canal , when the stress is applied around t he mandi bul ar cana
after inplant placenment, stress is distributed to the
mandi bul ar canal viainternal trabecul ar bone t o cause adverse

events such as neurol ogi cal synptons.
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Fi gure | egends
Figure 1 3D rendered i mage of the first and second prenol ar

regions with inplants.

Figure 2 Distribution of principal stress in the sagittal
pl ane.
M nus val ues i ndi cat e conpressi on, whil e plus val ues i ndi cate

t ensi on.

Figure 3 Three-dinensional inmage that was cut along the

hori zontal plane with a thickness of 2.5mm

Figure 4 Stress distribution in the frontal plane.

(a)First prenolar region; (b)Second prenolar region.
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