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A FEM Approximate Solution of the Biting Force Distribution
for the Human Natural Tooth and Mandible Combination and the Discussion
of the Design of Artificial Metal Tooth Roots for Implant
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Abstract

For the human tooth implant, the various designs of artificial metal tooth roots have been used widely.
The lower jaw ordinary moves much more than the upper jaw at the biting action, and the biting force
distribution in the mandible implanted a tooth root decides if the implant works for a long period or not.
Then, it is very important to implant a tooth root so that the biting force in mandible will be distributed
as closely as possible to those of the natural tooth and mandible combination.

The actual biting force distribution in mandible of a person can never be obtained and we employed
a two-dimensional FEM model of a tooth and its underneath mandible section. This model consists of
following eight parts; a natural tooth, cortical bone I and II, bone trabeculae, newly grown bone, soft
materials, dental canal, periodontal ligament and alveolar bone. Young’s modulus (E) and poisson’s
ratio (v) for some of the above parts are quoted from the literatures and those for the rest of them are
postulated here. The FEM approximate solutions of the biting force distribution for three examples of
the center incisor, the second premolar and the second molar are shown in the text. The FEM approxi-
mate solutions for the three different designs of the artificial metal tooth roots implanted into mandible
are also reported. The tooth roots obviously concentrate the biting stress at around the neck of the
cortical bone I and at around the downward contact point of cortical bone II. The volume and the
distribution of the newly grown bones in mandible after operation affect the biting stress distribution.
The design of the tooth roots used and the way to implant them also effect the stress distribution. The
analyzed data is reported here in detail, and the comparison and the discussion on them are given.
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Fig.1 (a) Front view of the teeth and mandible
combination.

Fig.1 (b) Side view of the above.
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Front side
Inside

\a) the center Incisor.

Front side
Inside

(c) the second molar.

Front side
Inside

(b) the second premolar.

Fig.2 Density of bone trabeculae in the human mandible underneath the indicated tooth.
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(1) The center incisor
{2) Periodontal ligament

(3), (4) Cortical bone I and
alveolar bone

(5) Cortical bone T
Front side
(6) Bone trabeculae

(7) Soft materials

Inside

Fig.3 FEM model for the center incisor which
consists of seven parts.

(1) The second premolar
(2) Periodontal ligament
(3) Cortical bone I

(4) Alveolar bone

(5) Cortical bone I

Front side Inside

(6) Bone trabeculae
(7) Soft materials

(8) Dental canal

Fig.4 A FEM model for the second premolar
which consists of eight parts.
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(1) The second molar ~

(2) Periodontal
ligament T~

{(3) Cortical bone I
(4) Alveolar bone —_

(5) Cortical
bone [

Front side Inside

{6) Bone
trabeculae,

(7) Soft materials

N (8)

Dental canal

Fig.5 A FEM model for the second molar which
consists of eight parts.
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Table 1 Physical properties of the parts and
materials employed for a FEM model.

. Artificial Metal :E=23, 000kgf /mm?*
Tooth Root v =0.3
2. Cortical bone | :E= 500kgf/mm*
v =0.3
3. Cortical bone Il cE= 1, 000kgf/mm?
v =0.32
4. Bone trabeculae and k= 210kgf/mm?*
newly grown bone v =0.3
5. Soft Materials tE= 10kgf  mm*
Vo= e—
6. Dental Cannal (E= 0. 1kgf/mm*
v =0. 49

:E=10, 000kgf. /mm*
v =0.3

7. Natural Tooth

K= 1, 000kgf/mm?
v =0.32

8. Periodontal 1igament

9. Alveolar bone tk= 500kgf/mm”
v =0.3
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Table 2 Symbols expressing the range of numerical eqivalent stress obtained by FEM.

Biting Stress

1. 0 ~ less than 0.05 kgf/mm?
2. 0.05 ~ less than 0.10 kgf/mm?
3. 0.10 ~ less than 0.20 kgf/mm?
4, 0.20 ~ less than 0.30 kgf/mm?
5. 0.30 ~ less than 0.40 kgf/mm?
6. 0.40 ~ less than 0.50 kgf/mm?
7. 0.50 ~ less than 0.60 kgf/mm?
8. 0.60 ~ less than 0.70 kgf/mm?
9. 0.70 ~ less than 0. 80 kgf/mm?®
10. 0.80 ~ less than 0.90 kgf/mm?®
11. 0.90 ~ less than 1.00 kgf/mm?
12. 1.00 ~ less than 1.20 kgf/mm?
13. larger than 1.20 kgf/mm?

Different parts having different physical properties will
vanish under different biting stresses. (For example, Alveolar
bone is assumed to vanish at about 0. 31 kgf/mm?)

Vol.41 No.2 (1991)
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Front side Inside

Fig. 6 (a) Biting stress disribution of the mandible
underneath the center incisor at biting
force of 10kgf.
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Fig.6 (b) Enlarged neck part of Fig.6(a) to show
the stress distribution in detail.
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Front side AV YAS DR Inside

Fig.7 (a) Biting stress disribution of the mandible
underneath the second premolar at the
biting force of 15kgf.

Fig.7 (b) Enlarged neck part of Fig.7(a) to show
the stress distribution in detail.
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Front side 7

Fig.8 (a) Biting stress disribution of the mandible
underneath the second molar
at the biting force of 20kgf.

Fig.8 (b) Enlarged neck part of Fig.8(a) to show
the stress distribution in detail.
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Fig.9 Designs of three different artificial metal tooth roots used.
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(b} Straight and
no contact

{a) Bent and
contacted

{¢) Straight and
contacted

Fig.10 Three different ways to implant the tooth
roots in mandible.

weA M. AR Rk - W E¥E - BOF B - ER e

T LREA) LT,
DT AT,

Fn 0L FEMMBTK

3.2.1 HEBERRYV,, V.8LUViCE FE AN

KRB O, WHEE L) ABOEILEFET L
5L E 2o nds, N THRIBOBADRERE - R
+ 2 DICEA D R WO TRIZEOHA I EF LR
V,, V.0R%% F EMM H5 & ##4T L72, Fig. 11(a)
1330kgf P A N FTHOEKAWORE L (K
Center point & L7z¥ Z5)# 5, £ F30°HBEIUAT
150Dt o FEM=AEROR AN & BN
BARLEZLDTH S, TOHARNBOEREZYML
TR WD THERNE (V,< V) ZDLNDHEE L
5. EE LA - 1 BREE VNS WREV, TORAE
J1554i % O & SR T, LV BVWEEOTRIMN T
nE e ERTRLE. i, Mo m#RI 9N
[l FRE OV AN %, % OWiFMliZ Cortical
bone 1DHANFH%ERL TS, PLEPLA T
30°, £ F150° 1 Cortical bone I DA SI5Ai (3
M CISEE e 34 bW, B (&) THR
LT& 5 EBRIDEWE (V,) %%, SLmel
R LTV, WL EREE RS2 64 F60, T
120Dl F T Lzod Fig.11(b) THH, 22
TLRTIZD ) HC A (R THET S L,
2 BROLE T L LKECKAT 2 THE
CAERL T .

K12, 8T KEHC Cylinder KA THfR % FiSL L,
30kgf DA B PFHAITONTV,, Vo BLUV,

¥ T M T M
30° Center Point ]

. 20—T— —T
£ 150° i
E
S 1.6 !
x :l
o E E%lt%ii§3
1.2 |
@ 3 i
g ' Q"/ D'I:.
Z 08— w
E | --0-- V2 |
@
TU O[.r— —0— Vs —bl
Z .
5 I
g ool Ll

-8 -6 -4 -2

o 2 4 6 8

Distance from the Center Point mm

Fig.11(a) Variation of equivalent stress with respect to the distance along the
lines inclined to 30° and 150° in mandible underneath the second molar at the

biting force of 30kgf.
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Fig.11(b) The similar results with Fig.11(a), except that the inclined angles of the lines
60° and 120" are different from the previous figure.
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Fig.12 Variation of equivalent stress with respect to the distance along the lines
inclined to 20° and 160° in mandible with a metal cylinder, underneath the
second molar, at the biting force of 30kgf. The effect of volume of bone
traveculae and newly grown bone is indicated.
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Fig.13(a) Variation of equivalent stress with respect to the distance along the lines
inclined to 30° and 150° in mandible with the artificial metal tooth roots
underneath the second molar, having less bone traveculae and newly grown
bone at the biting force of 30kgf. The effect of the three different tooth roots
is presented.
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Fig.13(b) The similar results with Fig.13(a), except that this case has much bone
traveculae and newly grown bone.
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Fig.14(a) Variation of equivalent stress with respect to the distance along the lines
inclined to -30°, 0° and 30" in mandible with the contacted artificial metal tooth
roots, underneath the second molar. Example of having less bone traveculae
and newly grown bone at the biting force of 30kgf. The effect of the three

different tooth roots is presented.
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Fig.14(b) The similar results with Fig.14(a), except that this case has much bone

traveculae and newly grown bone.
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