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Abstract

The periodontal ligament not only plays an important role in supporting the natural
teeth in the alveolar bone, but also acts as an important structure to buffer excessive
force to avoid the trauma of the teeth. Nowadays, dental implants used in the edentulous
patients has become a fairly common treatment; however, due to the lack of a
cushioning structure like periodontal ligament, many morbidities or even failure of
dental implants had occurred after the long-term clinical follow up, for example: fixture
fracture, prosthesis fracture, peri-implantitis, screw loosening, occlusal trauma, etc.
Therefore, it is needed to investigate the biomechanical model of the periodontal
ligament o and to develop new type of dental implants with a cushioning structure.
Since the past literature have focused on the measurement of in vitro, the research
results of in vivo measurement are lacking, so, the purpose of present study was to
investigate the biomechanical behavior of the periodontal ligament of human tooth.

The present study using precision measuring devices in a safe and non-invasive
way to obtain the PDL of single-rooted tooth of the human. The source of the subjects
was taken from the outpatient department of the Oral and maxillofacial surgery
department of National Taiwan University Hospital. A random sampling method was
used to collect ten eligible clinical subjects. A total of ten clinical subjects (males: 4,
females: 6) with healthy periodontal condition were included. The research goal was to
investigate the elastic modulus of the periodontal ligament and its biomechanical
behavior model, and to verify whether the human PDL has the viscoelastic properties by
performing load-displacement, creep, stress relaxation and hysteresis tests.

The results show that the PDL has the characteristics of viscoelastic materials such

as creep, stress relaxation, and hysteresis after the application of force, and it can be
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explained by Maxwell-Voigt model. In present study, we divided the natural teeth into
three groups of 25 um, 50 um and 75 pm, and the average dissipated energy was
1.61+0.71, 3.98+2.14 and 11.29+4.12 (1x10 mJ). It shows that the average dissipated
energy of the three groups shows a trend of increasing exponential relationship. The
Young's modulus of PDL of the human single rooted tooth ranged from 0.068 MPa to
0.491 MPa, with an average of 0.231 MPa and a SD of 0.137 MPa.

We use Chi-Square analysis for the Periotest M value(PTV) and the dissipated
energy of the tested teeth in the 25 um displacement group, and the score was 0.667
(>0.05) which indicated that there is no statistically significant difference between the
PTV and the dissipated energy of the PDL.

The PDL average deformation in the hysteresis loop after vertical displacement of
25 um, 50 pm and 75 pm were 8.604+3.90 um, 19.12+11.17 pm and 24.06+14.97 um,
respectively, indicating that the average deformation of the PDL presents upwards and is
a quadratic function relationship. However, the average deformation rate is
44.56+18.74%, 47.06+£26.96% and 43.30+20.65%, and the range falls between 43.3%
and 44.56%, which is not affected by the magnitude of vertical displacement.

Based on the results, it is pointed out that the human PDL has the properties of a
viscoelastic material. The present study establishes a measuring devices and a
measurement method for standardized measurement of the human lower anterior teeth,
and we collects a considerable amount of data on the human PDL, which can be applied

to the experimental verification of numerical simulation of EF model.
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AHBE DT AP EFFEEI S DT S RE AL B SLERR P e
6
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g kT T g @R E(optoelectronic planar sensors) =4 <[ ®] 11] - Natali /2 & 5.5
1715gw g F il 4 3 N dad T & > B A0 R TNk~ 4 & o &
BN RenT & =H4 £ RAc@ o f’tﬁ# FEH O RRAF AT N R D RE
#-3] (numerical model) 1 ik inpE 7 # X 4 PRIt PR R4 D KER

(numerical results) & § & #icdp 2o B § L4 e0— R[R 12] 17 5 2 #0341 &

Jul
—=
gl
%fh'
T
3

dpfke BRAL P BEWI SRR Sk Regad p ) 25
Em T e b d p okt oA T oo

13_?)@@%3 57 % &7%}@45}@%%{{,{&1?5;%‘4,ﬁgiﬁni_ﬂ,ﬁﬁo

gy
N

207 A B auiselt > BB ERL 4 Bicd S0 B

=N

- HRLEE FIp RENT R AL G g

23 7% b ¥ L PR

FREM PR E - BB IFIEL R o HA R PRI G M -
MBI ERED - THRAF > VERBE > AL ERAET S AN 3R
o v BHSRE LA ol s R R e SRR RS S
£ v PRELET @1 A ISAT RS B e i RT KR E PR
RCUERE X SN PR SR VAR A L RS TR SR
FREREET - AT RES b SRS A3 T R T P AR
*ﬁﬁﬁﬁ’ﬂﬁ@ﬁ§Wﬁaéviﬁ’ﬂrmfééﬁ,ﬁwz LTy

AR AL S AR A .

CHTRR 5 B RS 258 (ldekr B S v)2 4 g4 B 3 R
RS HHE L F(1T) e ¢ 9135 5 Jg e (AT feeniv® (e MR B9 ok % BB

N SLEOYEESEEIVE S L RE I E FE T XIS =iE-E R L
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FEME R AT (2] o - EARSEPR R Ch 4 1T pE o AR 4 Pl R
hh e g REHMFERT PRI 18] 2 P 52 4 £ AZREME S TR
To? -MERd oo &I ARP @ IR RARK P4 R R L DA R
[18]- # &3 T 7lenf= IR 4 & 5 © gz & 5842 (instantaneous elasticity) ~ =% (creep) -
J& 4 £L5 (stress relaxation)~ & 7% 3 % (hysteresis) ~ gz & % 4 (instantaneous recovery) -
£ & w 44 (delayed recovery) ~ -& 4 A5 % (permanent deformation) -
gﬂﬁﬁwﬁ¢%# DI G P F N d 3 B A & & (elements) & o R
¥ (spring) ¥ re & (damper)e @ FIAp ¢ @ fex mA WHES % 7 e Maxwell -3
£ Kelvin-Voigt #-3|[®] 14] - & iz BA A A 2 &z 2HhEFE= A7
e LI G o Fpt B R AR B F B AR AR R DA S
%%é4 P B & Maxwell #2327 & & Kelvin #23] -
231 BF R %
@ﬁm%{%ﬁﬁﬁ%ﬁ#ﬁm@’&ﬁ?ﬁ%%@MMwﬂmW@@ﬂﬁ
RGP SRR T EARY G o B4 A F P BT RE DF S
P AL e IR R 2 BT M BFR G B AL BT
#FR PR
232 B4 B¥ER
Mep AR f PRRRE RS REEFSETER D EFRLT EFFRF
FTraeaR %o o 1395 Natali 3 5 F A 3 4p N[19] 0 7 ¥ b 4 2 A T R

A E RAER B4 1 T70% o

2.3.3 BHE 4

BRER G AT R PRSP IIE S PR EFRE R BF WL
IR 9 [20] o o K SRR AR E o B i e e SRR MR

8
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g0 [21] -

24 7 % EFLF 4 ERE 2R L

227 S A FE A2 4 4 B2 1835 o 38 (theoretic formulation) < Zf L 3 !
- #-3] (constitutive model) ~ 4p B e S-dc(values) 2 e % » X2 7R T RR
72 (experimental validation) 2% 2 382 F T R o F RSk 2T A S 4R

(in vitro)f=#8 pr (in Vivo)ip| 3 o = ﬁ Ahesfirr@&fFad, B8 anv i

E S Pk 0 E G Y -l % Hr(stress-strain fields) » 2 #23=R 3 54 £ o4
BB 8 F AT AP MAL o (5K AP RIET ¥ 0B B B R e L o e
'57\ _,g/\ J.,F#‘fr,ig IF] J—f#mz, E‘ _PT_ ’}” ‘%"’J&V—J ﬁ'{ ° ]QL? '&r'l« - E-E’i‘:\iﬂ] *ZL

B Rd R RET S E R R TR AT R P AL ARG A O e
PRI A EHOMPRFE I FIFFEFF IR L 2 NE
7 f % (load) £ 7 # i+ #5 (tooth-displacement) 2. B cahf ™ &% R 2La |4
(nonlinearity)fei# & 2 pF & i #F | (rate- and time-dependence)=1[22] - 2k @ > d 3t %
SRR PAARREERT] WP RFEOEE AT N T ERLT Y D E
PIALT o 7 & B PP REEIS S ) W EF FEF F AT L bl
Pini 38 X 23057 b RAY AL 07 b F 2 2RPER[23] ;5 A
Nishihira 2 Dorow % % & 477 jfrf a7 % & & % & > 4 gz PF (instantaneous) v

PER R 4 P4 B a[24]
241 3 AF A2 H

BRAEAITORT F 0§ IR R ATT R R RS PR

‘

4

5:/
§

B3 ) foR e RS MRS P RRR - By
9
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FI* EAPHTE- H L ITL P eREFE 3 A F o707 bt & AT ED
% 0 i@ 3 1983 # Tanne :r;%‘?—*ﬁ B PRE T R A - Al R PR
(isotropic and linear- elastic) <14 4+ - 2002 # Poppe ¥ & % # * & 5 & 12 fravsi
(bi-linear elastic) s3] f# 1§ - ¥1 7 2009 # Qian & # [25]4 * 7 a4z (nonlinear)
o B &0 [ andbsl i 4 | (vwcoelashc)%‘*“’“]éi;]  F G A EAY o R BB E
Trd P BE- R 2 ITREFIAILEANI > SFRE BEA PR AR 2o
(parameters)ﬁ%] 3l A FHCG Y k@ Rees[26] % B F #IF L 2 ;*th% 7 BT
¥ b b M A F R L B[4 1] # 00F sskE ™ V4 IR 50 MPa e

B AT LA F AR R B A L adp i .

2.5 Periotest #ici@ 22 9 % L 3F2_ M 14
Periotest £ - B 7 % chipl2 1 £ 3 2 5 10T 2 Jg*
L $041487 > 7% k3R A1 99 F BE 2R - [£ 2]
2. HMPpRIVF RRLLEE 2R T R KL TRE L Ry T id R T
Wi EAF R RIE R T SR 2 AR Rk o [ 3]
d 3T S AfRsk R F A 1487k SLRUR A T 25> Periotest® 1 iE * A Ar g 4
B nd ¥ g7 £ AFhE e - BRIEEFERIE - By AT LS FLIEL B2

79 % mAGEE L E 35 R (mobility)2 38 1

1 B

2.6 AT N kB FRAR L

196341: PICtOﬂ i’?i[lg]m”"r]é # lt‘j"]'ﬁ 5@\" P\ /?IJ—EL ]igg ) 'F' —‘.L lé"? I;} 3 _}P
M HERT B ER T RIS eB P EHERRF Y B EA P

WRFE R LRI RS BB B AT & Bl i
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B A0 g s R RO R ARG AR T -2 5 0%

Rk p TR R g R R R AR R wed B2 R D
B0 g Box ') - Natali # 5 H[16]91 % i 5 pEengt o fle b = phs
BT e FREIRFE I F AT RERL ST Ry - KL 85 ]
RoAdreh- Rt i @ F ) Al RS o P A - AT R
WART % L RAREWI b oA hE RHT R FREF e DT E
FlEpAr Y B T2 N AT R A BT AR & ki
AP EMOTRRAEARFTEG LR o

BRFERLFEHLHART I kI T RAFIAETF IR AW =R
B RAFAERRERL BRI YR FEL N v GAH s LD S
WAF P FESEc AR F5 pRT T A AR ek AR R B FIEE
BRAR 2T RBPARLAFRR AT e P S DFIELR o F > R B

R R A kR REL S B
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S=2F &g p

M5 AR R R E S A 1T NG FEF R E e Ry
ng,q‘p_, BHAN LN AR T g—"zmy EE AR P ERSmAIET
¥ g AR T ag 4 Branemark & f & 1965 # ArfEfr it 19 490 i T S ARE D
SHEFERLHLTRN o RGE T SRR ARE L FRF AL BHER

FIEMPALR 2 AR oo R L il S ek A G

AS

% Branemark & 4 § 4~ K3 7 5@ koo PR F 0 B £ (osseointegration) iE
FHBTFATHPM AP AT cRA o AT RERDFFEEE2 WD KT
®E g A A A s o £H R TR ERTL A1 T g
FREXFAZLEF LA Fervi b4 B A1 7 R HBIHH
oo FHRLA i % E 3 X 53 (abutment) N e k8 % Bl e B R4 B¢ o bpbrid
TR B S s R IR AR SRR ST B B AR R AR ® B R

BHERA

|

87 % pe[27] -

Fpb o SR AR P A1 9 REF R KPP - A1 I RE G A AR
ek FEad X FRFLE T Bpd Erin 4 > MR EHET FRES G T
T e - R BIEEALTBART I b AT B S
PRI AR T R A LA FEG LR R A0 EREH T RN
7 e e 0 blde @ f§ H 54 3234 (Simple Tension Theory) ~ % R IZ 4
( Compression Theory ) ~ /- 48# 4 12 3% ( Hydrodynamic Damping Theory ) % #k35832

4 (Viscoelasticity Theory ) e 2@ » 7 ¥ v b 2 2 @ AF fe T 2 G0 F B ot 5

'

L ERISHF AT -ROEH - FIPL LT ET v d s B4 BEFLH
Ay ,@7 B ET L EBATIRY B XA F;Z,f‘%% ) é;(j\p;:

# % i Chang F 7 % A do b S[4]2 4 > i&- HE* R E A HRIE

S
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AU dpd AR TR A MR A R RFER RS AW bR L
BN IS ERFLG T b F FES A 1 742 o dopt - Rdnaoin R

TAMA A E L F A Fa b RAAIAT ) BRE AL T AR E A 294
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Fri REHE - RFEE

ARHRERREZ PIE S ELERAFRALTRY (6L £ 52 550
201808013RINA) = F 5 < 3 K & P~ pord & -Pgl‘m‘" R PP LRL B

T LA RE R AT R R EH [ 4] BEREP L 2 R

FART AR R TR T PR

=

TR B 5 L e
PLAREED T FENPLET S DY EEEE R R

£ Em P AR Ao T A

Participants enrollment from Devices correction and testin
OMS. OPD N= 10 g

Periapical X-ray, basic periodontal examination
Take full mouth impression and bite record
3. Fabrication of individual splint

First measurement:
1. Load displacement test ... !
2. Stress relaxation test i Restforimins

Second measurement:
1. Hysteresis test
25 pum, 50 pm, 75 pm
2. Periotest M value

I
Analysis

14
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https://rec.ntuh.gov.tw/wiPtms/protocolStatus.do?protocolId=10152

Al v P ERRELERE

411 R+ %H#

FHKRELE S C R FRE TP ARERESAA SRS o A
?%?X%ﬁ”}bﬁﬂﬁ%ﬂ%iﬁ@?}@%}ei?%‘@% EERE et ko &
BRF 4Gy LW AT % Chang F 7 E 485 R &[4] iR RE
1I5]d SBAHBLFT AP EUNMEF LA AEF DI B RH AT i
BHEZ2 ARG Mo 2 R B REBEFC P pRI R BES R
R R o e T P BRI F N & 2 5 A & LVDT(Linear Variable
Differential Transformer) 2 4 il & 2 « B AR5\ 4 R RIS 2 35 4 PR 5 E[H] 16]
O G AR ARG
L BENS ERRIE:

fit ® Bl 2RS4 8 E (Load Cel MODEL:UH-40N, 244 & :0.0L N)

Rk s o A SEERET S 54 PRS2 SRE A e

G
NS
%
[N
34
)
I
|rml.
¥
14

B ERE A ) 4B 4 TP 4 chiciE e "F’%%
DRSNS BRPIE g B B0 c SERPIEZ v AIHIE > 7Y
FAFEHA BEFH IS E S P ko

2. =HEPR
2% -2_f1* = % Linear variable differential transformer(LVDT)
(MODEL:TF101F, 247 5 :0.06 pm)#i 3 =4 (%) B RIR R E - 2@ 4 - &
(LVDT1)i| {7 #ip] 7 =4 (S1); ¥ # - = (LVDT2)ip| 8 A% 7 =4 (S2) - LVDT1
2 P B ERT SR EEPR SRR ZRRF L S F T
EiEA %A A AP LVDTLV R &R 7 24(S1); ¥- * % > LVDT2

3

ol

2 b AT E R AR R T B R T 2 qRiT T b oy AR
15
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FAFH A P BT F RS EE(S2) ) ITE FRT hRT 2R
(reference position) e #-Fp| 7 =22 LB 7 =B Ap R T ¥ F D] FR T SAp ¥
# (displacement)=(S1-S2) - I ¥ it 3| W pF e 4] o ot AR E &
FHELZM

3. W4 ERE
d - ] A1% 4 RS £ (MODEL:PK513PA-H100S)# = » K E > 2 RIFZL T 7 >
& H R £plsol 21345 (MODEL:M148-104-13) % 6> 55 % + = chfg AP0 4 £
RBIE -z BRI E2 % 5%?"133‘}##

4. wAERT
F1% % % 3u8Egr 4] B(MODELILS-A0-12-4) % w 4 & #2454 Spfs 814 > i&
ERFATS B/EHBEFTA /MR F2P e

5. MELEEP
FU* #1858 4 8 R T TR & %L (MODEL:LS-1020-16B/LS-Al-16-4 » 4

B A MR 005N A B 4R 05 um) it s 4 £ 2 48 BRI ASL -

412 B9 FEEP

PR ERE T %2 B S FEEIRA AT v e BFUGnm k0 BT R RIPB R
WA Z €8 - L3k~ 0 dode 4 R (Tensilon)t 4 b * >0 Rl B4 -4 b
B @i EEANCN s FUH ST S RRTIEER o AT KRB AT gk
MARTRF TP ERIED TR FIE  THE o MR RSP R A
(Ortho-Jet® acrylic) » %l i¥in Az 2 [B] 17] 238 » H B 5 = ¢
1. v Esg ~ Hond i~ p I (self-curing) /& 5o 4 #trg o
2. i endud 3 & (Bending strength) @ ) 42.79 MPa % F#UR 53 /& (compressive

strength) : % 122.74 kgf [28] -

i # Ortho-Jet® acrylic % B A 7 3452 B itz 2 4Fid 5 & 2 FUR B A T
16
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T ITE PR o BRI gL Lz BINE[H 18]

1 rpER&EDESE s L1 ? F TR AT R P RRKE

2. BEF DS HRBUEFLBIFACET Z 0 20mm s U o R R R

30 MEFR L FEMUABLIHMIAFIERORTREFPFEIE AR LR
f§(maximal occlusion) » P e L 3B A 742 o N Fpl R BA DS > miEE R
ALY B R B o RS 9 RE T A F A 30mm [F 19] 0 roFE
FRAEFN A ERREEHBREE Kz FER I Op -
Bz s BAFS S R RIEARM T & LFFABB LT 2 0 N R

REEF O ZFEE 2 TR RBPLI - FNA AR 200 E D TR T

G s AT ST N RRIKEE PFORAFRE R AR SR UREE

RIEA A B RS B

42 R%HRI L

421 KRERE

REREIZ A ZAIAE - BN FRPIREZ EHBLRBRE

1. "R ERPIBT
FARRAN S BRPIBATIT K B4 KR HIN T LG
MR EBRE (B2 BEFFRE T FE LT ERIZBFELE L 05%
WU [R22] e def Lreo Rl A RPDBHRERFRE ORE Bl £ E
HZ AR RERE » E U7 b REBBEPHE -

2. FHRPIERLE
i w AR R B(LVDT)Tr ™ > B R+ A AR » BB R
T 2 LVDT B4~ BB R[F 23] BB R A cB 2B R es L

17
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@8 F & 0.5% 0 p [ 24] o 4o [ 3T Bl ~ S BLR Dig s PR T ek o

Rt Gl TEHF = ER > PN IFERZLEFREFEHERR °

~qa

4.2.2 Tk 4 £ R

hA SRR RET LR PR - (Load) ~ Fipl 7 45 (S1) - A%
9 (=45 (S2) 2 4p %+ =45 (S1-S2)[ ] 25]» 7€ ¥ %) 115 F) w5 TF — At f5 e 50
TR (R R RE)  FE T A AR BB b pEe D] R o d St A
7 A RIE AR T L IH A ] 0 o & 115 fi AR A B R 0 AR R

A F o R A

43 RE&

AR HRE R T N ERIE R SR ALRE TR A -4 P32 (load
displacement test) ~ =% iBl:# (creep test) ~ J& 4 £43 B3 (stress relaxation test) 2 % &
A IR % pE(hysteresis test) » R E - pF € B4 £ ~ 24 2 PER B E G -
k3T e "f gLz b s 4 3 (7 Periotest Mvalue ~ 7 #4342 X sk 8~ 7 B § R #
HRETRAAER -

RIRET SRIGEPE R B 6 T AR

I }L;é-‘ﬁ BRET - RGBSR TR ERLKRE S NBELT SR
BAZT R A% -
ii. EHPIRIE P IR IS A& ET B p ARrHE o
FR7ETDNRARFRLT A R
i. TEEY P TERFAGeIETEH Y - 3 o

i, T E TS () T BT R R A S ] 0T R TR
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431 F5% 20 2k

AR BTN ERIBEINS S G fEPRE A B AR -4 p3E(load
displacement test) ~ J& # %435 ipl3&(stress relaxation test) ~ ¥& i 3R % 8| & (hysteresis test) -
T a5 4 ¥ary 350 gw/mins i KA 7 kLB 2 dhe 4 o
1. A -8R

- &3 4§31 1000 gw °

FERT mERS 3 1000 gw PR M4 BB E o
2. ERPIFC

APF-FHEA) 24 R - KR BRRERT OB AR FHERE A £

BEEEpE 07 LF| T & AR e IR G o

4 FR 7 2 4§ 3 500 gw F g adE 200 fi LR A g o
3. 4 R R

BIF- FE AL H - BEERF O BREHER T S R AR

oA FR T d-E 4

Ik

19 % E(S1) S 25 um o #4120 45 -

4. BF SLBEIRGE

'

BA - LI A IRAZTREH > BY - KR LTS B RRERT
23 REEHBM R AR RRI R FFRLIS ~4ER %7 6 3% hd R
B OUEI R AL TR RARE -

Lo A R EE 4RI ERT B E(SD)E 25um o FH20 ) 0 B4

AE37HEHESE Oume
i o PRl E 4 B3 HRT =B E(S1) S S0um 204 0 B4
AE37HEHESE Oume

iii. % @R EE 4 BRI s R(S1)E TEum o #2040 B4

AEITHEHEL Oume
19
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AT R RLE| B0 T2 B GRS 4R 2 A5 % 5 (Deformation rate, %) 12 % A5 %

¥ (Deformation, um) » H 7 % 5 T
i 2,58 8 (d): - x4 22 R BF B BAS A 4 2 2 % (deformation) = 4% (d)
ii. A5 (D) - =x x5 4 B RLes Bk BRI A 2 235 % (deformation) i+ 4% (d)

TSVEARY SR (N

4.3.2 Periotest M | &

& * PeriotestM & {7 Fip|7 2 BlE > £ & = = P~ periotest value #cig £ #-2.

BT ioE o PR R 5

x\“.

2 a2 - R o AP RIS A&
I H A A S FRBEEURT b A PRI RARE
1395 RBP4 4p 31 Periotest M value j&-8 % +9 i+ £ R

Rn BB A8 FIAL A 1 T4k A £ G A nd L DT f
FREFLIHORI W AL TN e &4 enfe R o d WRRY FE SR A BRE T
% i > % Periotest M value $5 5 -8 2 +9 chfe ] - 4 B4R 7 S AEFA 12 T &
W ATar B2 M o o d-Periotest Mvalue 1245 F R A 2B B R

i % Periotest M value -] >t45> 7 & 5 7 & HEm K| 29 o

ii. 3 Periotest Mvalug = >t 303045 7 ] 3040, ¥ X S T B HATF

R oo
433 7 % ﬁ.ﬂ\f_iﬁd

1. 7#43x X k5 @ % T 72 (paralleling technique)p#EP-F T8+ 7 ®
ZRXXERPFWR T RERPIEDT I EERR N2 T B F R
K g ik o

2. 7 % % % (pocket depth)% # |41 5 (bleeding on probing).f 4 @ f1|*

1 # % (periodontal probe) & #FPIPF B JE &2 7 & £ T (IR A2 T %
20
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ig/%}ifrﬁT@% % —Lﬁ,{@i . _/5‘ _ ;_'Fl‘_? _'!’_:ﬁﬁ 6 TB; ‘;a ﬁ;":’_i!‘!;v o Il ? %*?/?'J%%;‘?/?J
¥R RERELT §ERD L -
3 MEER A LT B ASRT LB RS E R RS B kb

PR (MR A 5 grade [, grade Il 2 grade III) -

4.3.4 Hit

1. BFABEATRISED o ff %2 4 (integration) 3+ & [B] 26](3& * #1485

OriginPro 8.5) » & it {7 i ¥ =4 % it £ (1 gw xum=9.8x10° mJ)  #-i; & »

\“‘b

B A = I T S AL

. 25um w2 e £ )3 2x107%ml > % & H M B o
i, 25 pum ful2 g o B A& S 2¢107md > %k S KA B e o
A~ 5 #-Periotest M value z_ & 45 B % b~ d 45 B M e u @ ) 4 £ F o £ 2w
[T R R R Rl i SR
2. BFRBEZfPEEBR O FRERARMESE 2 FEAFE G TR o
ARERE A FBERIPEREFAT L ARET B R ORT 4o [
27|77 » AR RBTF ALY RTRZIFERT BA
i. Loadingphase = = Z [ ! 282 F - IFERAS S FERBARSZ A
ii. Unloading phase » =& fFfc @ A W2 5w fFE C 2 5T & Do
B3R FRY - o B O~ 75 um fhie )2 loading phase h% = i B
F o AT ERPEEF R T CRFRFEE I R E T b B Rk L8 -
#* One-way ANOVA H # 3 LSD & Tukey ¥ T_> ;% » & % K] 3+ 0.05 T_& >
FRHELR
3. HEFEFITEABNZEARZ R G PR KR iﬁa’?,% % (Deformation
rate, %) 2 A5 % § (Deformation, um) » & =& » 25 um ~50 um % 75 um = i

EE O BH T Ok R X 4% f?k,@)»ﬂﬁﬂ/% B % o
21
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FIE BEEHG

5.1 % %

ARREREF S ERELFLDER T e (E4:26 1 31 T
278k » B E 1236 &)~ (E# 1241 35K 0 T30288 K - LB F
491 fk) o £p|E THE A BE LI 0 (77 4 -4 (load displacement test) ~ &
4 %13 (stress relaxation test) ~ 7% (creep test) ~ % ¥&/F 41 ] (hysteresis test) & jp|:# o
ﬁ&%ﬁ%ﬁﬂi%%%?&\9ﬁix%%\%%$\@ﬁ%@ W acn B s

Periotest M value ~ 27 F 5t Bl A1 D I I Al S S licdp e 302 R['féx 1 2] -

5.1.1 ALE 4 4l & i

1. Load-displacement § 5 * # % JL[®] 28] » 4= 47 # i< f % %) 150 gw p* >
7 # B A - RS RST R S R R FF R L S R B
B de chid FaE b B0 0 0w f R 7009w f 2 BT OEIRG P RS A
3o Bl o R eBE § AR B BB EIR
2. B> Stress-relaxation g 2 &% 1 L X RE K2 4 R B A 4o B 42-18) 51]
imoﬂwuﬁﬁﬁﬂﬁ%%ﬁwﬂﬁ%’ﬂﬂﬂi%%miw%ﬁo@%
HO0F2fsTip it wied ELFFAFRES L2000 ZFEE > FIRFL
BE- B A0 EMF - B4 FEE AR T o 4
WRFALE - M G E B - B8R - fehE MU AR Wy = -5.426X +
1175.3(R2=0.9883) 2 y =-0.4573x + 607.38(R2=0.8963) & H 4L 5 » %] 5 -5.43
% -0.46 ot B % & 5 AL B2 stress-relaxation IR % o
3. Hysteresis § & ¢ — i 34 2 &% SUBI B3 4o[B] 32-F] 41] L -7 115 41 7
®R A 25um ~ 50 um 2 75um = B w] f -8 B2 R IR G ff 13 hdd
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FooRARXFFRBNDRERLESA AR GRS A RENMED
PR B AP K R HE B kSR [R] 30] 0 FIH RIE Bk R &

too Sk B i -8 el RBIA) B3R - B 4 Fp B (loading phase) g 23
F# £< (unloading phase)i /2% 3 4p & fp chd A0 > 4t IS0 e 38 4 5 3B F SUE]
(hysteresis loop) » # ¢ ¥ Fl 4D cnfe Bl 4 7 fie— % 4 B R3 PATRY 7 B &
+ ey %7t £ (dissipated energy) o # unloading phase & #5(>5 # Ogw) =% 7 &
PHEARBEI RE AR FRT AL T < X 5um A% E (deformation) -
BRI R ¥ E G AR RS 4 BFREIE A XA
,t}‘ o

4. BB creep Y L LR F HRFAAo[R 42-R 51 R R o P EEE g
THRBAS RAFATLN > B ST RRALY H Pl T A Ry
Z R AR o AP X R EH2 SRR % [ 3L] 5 B RIE
2 5§54 3 550 gw F adF 200 f KRBT & A o AR RHEE A FIE P K
4R EFI0H A - BREEMC R RO G - R SRR
Z % = P B S o0 W §.0.0602 ~ 0.0365 2 0.0317 > 3 v 3530 > SEPF P 4o A2
FFPERDM A o Ao A FE o - BT S SR SR R

A Ak FARER AR o BEa T A BAFFHOE

>‘I

LET R BH G R T T G AREE L R R T Gk

#2 > m 550 gw #tig = 7 & T ISR F H0.0428 um/ s °
5.1.2 A F B & iu £itHh

1. &~ ¥ Periotest Mvalue 2. X7 & &4 & 2 frg 7 & # 3R 2 25um ‘e b
FicndognBefrmnfoermt e B9 Y 2 F LA T
(Fisher's exact test) - & % [# 5]% -+ Exact Sig.(1-side) = 0.667 > = >+ 0.05

Periotest M value &2 32 /% 51 Bl 125 um %] 4gic i1 F st b enBgF L B o
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2. Aty L wm'é—"zmz fe 7 &R ~E 25um~50um 2 75um & p = - i
wwl > & B lew e fat £ (dissipated energy) BT 358k o (8 3| chL B2 i £

Al s 1.61$0.71 ~ 3.98+2.14 % 11.29+4.12 (¥ = : 1x102mJ) [% 6] - [@) 52]&

Ble il s o d2 R Bw FR SR AT 2 B e n T At £ & Ry

=
Ji

)

Bkl A 2 g o
5137 % x4 2 Mt hik

AR RGBT RE R B R AT T A R FEH R T um Sl
BalFma  FIHBp Y - Rt N2 7 ¥arh 281 Glic FV R LRE R
Bt B oo B0 R R EHT S48 FIak LR~ T5 um B R AU AL G A S g
BRGNP TRPEE A &% One-way ANOVA i3 (8 ¥ -k % 0.05)
Fid? blen2 EBAFIEF R NLE c AT ERHT AHE
(F(7,8)=76.652 > p<.001) > t#ciE G M B BK » T & Bu| B BAF NS L ¥
A8 [#%7]-

Mt o F R O TS pm chfgf kb 4 SR (2 A D)4 [£
9]#77+ o Case #1 ~ #2 ~ #3 ~ #4 ~ #5 ~ #6 ~ #9 2 #10 4§ < fic#c~ %] 5 0.158 ~ 0.240 ~
0.244 ~ 0.331 ~ 0.491 ~ 0.236 ~ 0.068 % 0.082 (¥ i+ = MPa) - gpvl?%] /i %+ 0.068 MPa

%3 0491 MPa » L5 s 0.231 MPa > #&# % % 0.137 MPa ~ # = #c7 0.238 MPa -
5149 2 ¥ B R 82 Mk

L 2R%RFHT ¥ pd BFRE A0 B X FY A R EHE 25 um -
50 um % 75m & = = & > & B fw] g3 5% 5 (Deformation rate, %)L 358k -
BT 39758 5 o bl i 44.56+18.74% ~ 47.06+26.96% % 43.30+20.65% - [

53] 77 T 1575 5 A u] A2 B ] ch

-

F o BEET 25um~50um %2 75m

ZEEH AT DRI E - Skl ko
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2. A1 Aple 2 E 0 Rt LR RE 3 A E 25 um - 50 um £ 75 um A
+ = o & A, % (Deformation, um)B~-T t5fco (8 3] T 39358 § 4 B &
8.60+3.90 pm ~19.12+11.17 um % 24.06+14.97 pm - [B§] 54] % 7 = B wu] s % o
B2 Pow fFRE 0 BT 2 BT 0 R R R RS Sk L

be o

5.2 3

LAY AT I ERT BT ARERT ST R F T

E 4
9

ek

1. HA97 2 7938+ F et 1 4E 8820 (b 2 4K cnvh 3 4p 0o RI 2 )
Sx S/ SURRRIP IS (S VAR RS L ER R & =i

2. HP¥7 9o s4R7 T & (4o ak)Apt o H 9199 S F S G T 44 B R
W 2 IRBRAGK S A REIRE S BF%NA E EHREET &
TR A EREHRE SRS 2R RAFRI IR TRE S

FA RS A T R 2 A B B
5.2.1 R S %31

Ao ARBE R AR T b d 2 p AT A S AAF LR G
e 7 By b ehie & ARG AR T endp M 0 3 5 4 R [29] 0 g S 2
]ﬁ&,ﬁugé‘v hE RGO KT HERR T R R E AR P A BB R
o BB bR BEL S GERMORHR L FONA T F YRR
FRAEFEENT S EBOPF T LR N S BB
TR o AT AR HRAFRT AR A S RFIE RS RGNT

Teil T R b B B bl RN R TR
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“ﬂ}l
i»\u

i o

X

/

[EEN
b

FERTEHECBEHAE AP R RERE T R b AR "
¥ ApFoplES 0t )8 55] [# 8] ¢
i. BFIRAPEAT A RT o FRPAFCGER GE)R) > P P RS R 2

TRRLAGEFABAL DY ERT B Ko

-\1\14

ii. TFA PTVEE Z-75 B adkies » 4 E-=HE2° 8T 7
MEd P TR FH - THEEZER] > @SR EERY FRE
PIEEENBE o AR EEBPREFE L o & 7 F8F RE G50
EAWE o H T FOPTVHESE ¥ L ZEHL T T {94p5E i (PTV
B0X-82ZF) 27 HRGEN > ZAFHREA LT ELEZED
A1 5*7,%‘15?}' $ B 3 Tl R o

FErdRE o BRI NI R A A b EA g RE Y gt i

B4 o AP SN F R ER QA0 LER > T B rF (PTV 5 45.5)7 % it

B A2 745 316 B[4 10] - Fosk P AT ERp A GREAY L2722

R a0 BRI R TS REHF LRSI AR E R GE LG o

2. ARBRAZPEANT ARIEREF X TE B4 L WAL 1960 £ Parffit ¥ &

AR BTG ARAT 0 AR A ORI TR F R N 4 R A Y

A B RSTEEH AP R FEE S S A

Ao SRR R Y o i B BB F 2 A S [F56] 0 4 & E Gk

FIAFork 2 AT o FHE RFIF A G S

i PRI ET A e oParffit§ LB L RRRT AR EHRE T
B G RET o w—‘ﬁmﬂ"z\mf‘n RiGH < &7 Rwd o
et o FREET E 2R o

ii. EIRRIVAR 3 - B EEX hrn N o b iy el RN B S S i

(rate-dependent) e $4[18] » 4% e 353 0 F 0 iE FARE- > P F R AR R D
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o+ & o Parffit & 3 2 51 %% 4 & 5 % 5 1200 gw/min > @ & S 2§
S5 4 ik F % 5 350gw/min o AR —"Ff&_,«’w 9—’5 Koo B L3R4 i K
i AF S AR R A Tk engl 5 (R T i) O Parffit & f o

FoRESE -
5.2.2 BF I % Rl H

A hysteresis test = & » ¥ B .4% % & B 125 4 loading phase ¥7 £43¢ unloading
phase & W 57 3 4p & dp ek 7% 5 B] (hysteresis loop) o %€ ¥ B » =45 € crf e > H
AREP B g f o &7 ) dgac £ (dissipated energy) 0 ¢ & IRAR KAk & g o
% unloading phase & 37 L H A4k 1 hEt> A4 - % E > 2™ E 7 & x4
2 (6 g2 THARIT T KA LY 0 BRAT R d B AERY T - 5
A 4 A% % (permanent deformation) - 5 2% ¢ ¥ 3 B F 4 e A _«5,7&
R ERE 0 KRa ’ﬁ*éaﬁr}#ﬂ?mkf VRgA DI pRTFHAP
MheRERUZ I P> e a2 willar iy > R1F RT AGE
—EEREE TR IA R o S - R Parffit 2F 5 AR SRR
PE SRR e BT R 4 B T A AR I A EERER R
s Bob BT & 8 Ebe 7 R BB [13]-F TRk & R kgt R4
FH2 a@FRL 7 fiaR(e t FA LT BT BR--F) > FEAECE B
ﬂ%%@ﬂﬂ%&gﬁﬁgmvﬁémgﬁ’gﬂﬁﬂ L2 BT a4 @
AARTIRX IS SiE- KEFEFE > PRI w1 44p=8 » g4
AR LR G ) .

AR AR

Hz\

Fl- A% A 25um-50pum 2 75um =
B en i Tina, 8§ 4 5 5 8.60+3.90 um ~ 19.12+11.17 um % 24.06+14.97 um o
RN TV GE R RA L AT R X SdkM o T BT & TR

PHEARS S T R PR R R D Sl G B T R w BT A B
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PER L T ARE o A% & (deformation rate) > & A4 25um ~ 50 um % 75 um
Z Ban{FITI9A8 F 0w 5 44.56£18.74% ~ 47.06+£26.96% % 43.30+20.65% -
77 % £ DI R b FE G 43.3%F) 44.56%2 F 0 A R R~

R

énbn

EEIS o
5237 % b ¥4 EF 52t

i J8B % S B < loading phase - unloading phase 4 45 7 F X 38 4 % 7
PR ET FEREARR] o 4 BHEB S A RET B RS o de [F27]
Ao AFERR Y ZER MM Eﬁ? 78772 ( Nonlinear Regression Analysis ) =57 Asymmetric
Sigmoidal, five parameter logistic (5PL) curve 4 47/ FlH e 4 & p 287 7 % o ¥
4 FARF A Y RE o X ?\;ﬁ%#G 125 um &% 5 ] > B loading phase f-
unloading phase :& & H sgip| ;8 4 6] 5 1 Y=-2431+
273.91/(1+107[(7.005-X)*0.1281], R2=0.999 % Y=-15.62 +
361.02/(1+107[(15.41-X)*0.1613], R2=0.9525[ ] 57] » #* 5 &% = = % | J& » (=4 14
P ST R R [RS8l T LT B A R 4 Bend B4 BRI
(i ¥ v) » %P8 1996 # Bien & &3 % % % [19, 30] :

i. 7 R A A4 X P4 £F > L d Maxwell-Voigt elements B E B

(spring unit) £ & & o %4> -ak s = i (fast elastic components) >
Ed T RPN R R EEME Iy € ATE A 2 o 4 4 phase A
il kB ROl RS RIS R L gk o

ii. B ALF 4 B H 4ot pFd Maxwell-Voigt elements sore & 8 = (damper unit)
AR ITF O (REE $R = 2 (slow viscous components) s 3 & d 7 %
BN odn R & ‘3.9_1%,.’%/,, oo FRBE g S PP o gt e Phase B
HMEFERS > FREHBFE - FFE ] cdkd o

il FRNEBEIE - R EEH6 LR~ 9 45um ) 0 F R
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.

phase C AL 5 A3t + > L P 5 7 492 B » FI4IT & AN £ 4 b T
Bl EREHA G e s R BRI M S Ry
FE4BEE S > v ERMB AT B oo
iv. FARERE LR ERREXTFRIT A ZF AR
Maxwell-Voigt elements e & B = (7% & 4c b B4 B3 g » @ 1§
Eip TSRt E iR o uE BT Phase D eAl F S Ak o
V. M4 B ER TR - B (oL EEH6 £ TR T 40 um Ay
BhGafEEE e AT AL EF TR S B Ag L E o AT
ME gD phase E o A 5 A BB A o
A ¢ * Periotest M value S fk Bl E 1 B RIFFE T kA P B2 M %o
Fl* + 2 T A R ;é—'gf Periotest M value 22 7 # & ~ 25 um & it £ £.F
2K 25T L 5 0667 <3t 0.050 %5+ Periotest M value ¥2 25 um #& ¥ 5
Bl dgm 827 A B FE R o F Mg R FldeT
i FlAF BpET a7 13 54k(ankyloses) kR B R 2 R R om T % B
kB 7 % kAL o+ Periotest M value B (B i@ 357% & F iﬁg{aﬁﬂpx v kB
FHEL R A o F R R T1NERET S B REE T ¥ DT S o
FARY PTV felk i B i £ 7 £ 8 -
ii. Periotest M 2 3% i 4 2 NI & B FikEe I S HFAHE » &
rE AR T RN R 3 Rl 8 ) R e e
FPRER o FPHEBHNT AT AR I et R AT byt a

S LA
5.2.4 58 {4 A 82 73
'{k\ };Lﬁ”@glli ﬂ\ %%ng.l IJE %ﬁ—-f% 4;}7'4 §r}%ﬁ*§d }:\4

S AL o d AR AL E ik 5 2 pF R ik IR 4 (rate- and time-dependence) 0 4
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ZESE I 4 03] 2. - enKelvin-Voigt models (& # ~ &% % B R #ich 52 4250 5

B de(t)
a(t) = Bs(t) + n—— @) *n;}%] fo et 4 pFERF ~ i 5 gg;j\s‘gﬁﬂuﬁqgﬁ,&ﬁ&o *g%[g,o]

@@ﬁi’?%@%%@?i?iﬁ\ﬁwﬁ‘ﬁ%@ﬁuﬁﬂkﬁﬂ*éﬁ%

e

Y3 LT - WA M byt APER R pART B i Gk

fg% ,
A TH-h) ARl > s A0 BRFP - TRAERF - &0 56

N
i
Ees
=3
N
i
i
T+
A
&f
'
.l'ﬁv

BT Je sl fadic o FPL P T LGP 75 um & e

FBAFEY M EL EFLE - AFREFLFABE AR RL - KD

N 1:,&'?7 RN AN R 7 % e I i F 4> 0.068 MPa 1 0.491 MPa
T355 0231 MPa - #% % 5 0137 MPa~ ® =#cs 0.238 MPa -
5.2.5 % %'+

. AF&mE* o p 2REREREAES R T BT HE LFAET Rk
Bak L EAF RIS o & - BRIFREEIZREAF RIS Z K00 i U By
FRfE RFES WHEEEE 4 2 FER ERFEREFE IR
PRREE S FITEXRFF g2 2 G A ol eiep 20 Sd o s B
PlEE (s WB— UG % o

2 HHAXRI TP ALY RN T EI Al FHT AT e
f Parfitt ¥ & 5134515 12 2448~ Wills 3§ F[2[# 119 15~ 48 >
Komatsu # § §[29]2% 7 ¥ i § & B4 45— Bt 4 g 35 fravhk fi
R SRl 7 2 v 4 pE R (Recovery time, T) 5 4 5 32 4) » &1 ¢ 2 prew 4Lk
FARAS cFHRF? g W AFHREPIRFASR T2 L §2F%1
unloadingphase & f 5 B2t > ERIKREF2 BN TR AEF EFF AKX
Tk FAAET S > 2 PR TN T AP 7w IR i Koo R F v R

PR GE R FREAFLIR -
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CRERREBOFENLE X FREERL > LB EHEE IR OB R

RP B L8 T 4 guE FREER(EEE 350gw/min)e 2 g F R 5 iE

Fg¥eid B 4r P-3 3000 gw/sec [27] o #use 4217 A FFrEvh- 8 e ok 5 0 RIE 2
PG T R TSRS L BT R

ARRERET T vt LG AR R > T I KPR T

X PR SR o BB RS R PR A e 8§ o R A AR R
£ 3 i 5 2 pER iR [ (rate- and time-dependence) > H s (o g KEPFR 2 i@

B i midiplf- B - B Gl o 2 7 A B - e
5%%@§ﬁ\@%i@\@%\ﬁﬁﬁﬁ\iﬁiﬁwﬁ@%ﬁ*ﬁiﬁ
A LHERIARRIT IEH A4 AFfechd B i 0 H - AR
EHEREARPFTEY e BT 0 4 F o A5 BRIEI O S
kR ERET R F i BEL

*~

=
AR
St
1%
=
AR
)=

%?Elﬁi\i%mwﬁ;ﬁ% DL R o MiE R F -t gog
iaw%@%~@%%&%ﬂ%iwi*9%@%ﬁﬁﬁ&@kﬁ&ﬁ@ﬁ
HEF)  RF2 R R ERBTRI HEHRY 54 3 FRM o &4t
PR AEEES > ERPFUACFAIFAFERBZEWRABR T &
wAE o R EAET EHR BB AR P o RA > FLAREN B
RIBFPER T AR EE SRR P ART E BRI RO o T

L 1:,\: 5‘/? 7 l"'f}/}é“‘ﬁ!}}? l"' t’ ﬁ l'fv;““—:',‘-% ° ‘—_L,EC*ﬁ é’ ?#ﬁ% fe l/i%g:é"’f}é‘l")

F_&

SR e TRk T MR B (YoM 48 chcase #T) R F T S A e s B

fie

o

€ AL (wear facet) i g > S B EORH & G BT VARG M

31

doi:10.6342/NTU201902010



o
\],

S
A i ~p

AFBRFEBHER S S RE S P AT R R (r T 2 )

-gg

TEH® I R BBt B cEFNEBETEERRET AL S
A4 BELENE T B

L 9z BRI AFTHEDT R NREN LR

1f‘°¥ﬂ
S
e
4
(=1

FRAGEFYUCBA T > BERRFUEE MNP NFATNTEH RS @
F

BHdp o8- A7 Ry REAARE T ¥ ind fd BH AAE
PHVREFEVRFRAITINREpRTAT b AL B PELR
2. AT RN EET LGB S R R BFR G AR
FLEt e 7 R £ T 41 & loading phase h4 £ -5 B ] B OR RS
R TR PSSR FEE G S PR EBRCE RS B
AR e ol A T S B BT A N LA ZEEHRCE RS B o
TR A R4 g4 - BBy FRE e Asymmetric Sigmoidal, five
parameter logistic (5PL) curve g 2 »
i. BFEFHY > T HBAE25um-50um £ 75um = B 2w ¢ L T 35
Wi £ 5 1.6140.71 ~ 3.98+2.14 2 11.29+4.12 (¥ = : 1x10°mJ) - 5 ¥

B BHAT BB F TG R R R HM L o W st

\Fﬂ

B

$4 BARL > T BB A R B AR 2 DR M G

|

ii. A #E T BE P 2 Periotest M value 22 7 % & o B ~ pE el AT £ st b
R BFARR o BT EIT T H S Rl 4 S dhe 4 AT S e 2T 7
B o

iii. AEER R T A S s B 4> 0.068 MPa 3 0.491 MPa s L35G
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0.231 MPa > &% % 5 0.137 MPa ~ ¢ i~#c5 0.238 MPa -

’ké§k£BJL£Wf<’Kﬁ%‘r@)\lﬂﬁ;i‘aéce ﬂ_f%li”?fl

Iv. pRT = 3]-

% € (deformation) )+ = =& S fichf (23 40 ; @ L 323 % ¢ (deformation rate)

7% 7 43.3%7] 44.56%2 > 3 B~ HH PR -

3. FHEHTTEURPART I Y AR EH T AT At iR

B A BAL e A B9 b b Tl A4 R 0 4o case #5 - case #7(GE

P 1.778 MPa I 2.785 MPa) o Tk b 22 3k & fie £ & 45 ~ 85 o0 oAl
L ARG R LA

ARG EA Y K DA SEE ey BT % A AR B TR By
FAEH TG U F A 47 BoE Bt o0 B B (experimental validation) o A k> 17 F
(- Hert RBEE > VLETHANNPIET ¥ 2 L1 T {E R

R I e 1= 20 LW AR
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Deformation
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Human tooth “; : ? : “:
. . N
-1 650.96x 10 5 mJ -1 1799.04x105m) -] 1654.09x10 S mJ
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Present study Parfitt, 1960
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Table 1 Variation in the physical properties of the periodontal
ligament used in dental finite element studies

Author(s) Elastic Poisson’s
modulus ratio
(MPa)
Andersen et al.?' 0.07 0.49
Yettram et al.”® 0.18 0.49
Tanne and Sakuda'? 0.70 0.49
Andersen et al.?’ 0.8-68.9 0.3-0.45
Williams and Edmundson® 1.50 0-0.45
Karioth and Hannam?* 25-3.2 0.45
Farah et al.?® 6.9 0.45
Takahashi et al.”® 9.8 0.45
Andersen et al.%' 13.8 0.49
Wright?’ 49.0 0.45
Wilson?® 50.0 0.45
Cook et a/.”® 68.9 0.49
Ko et al.3¢ 68.9 0.45
Williams and Edmundson®® 100.0 0-0.45
Atmaram and Mohammed®' 1716 0.45
Thresher and Saito® 1379.0 0.45
Goel et 21> 1750.0 0.49

# 2 Periotestvalue ¥/ A 1487 ¥ B & 2R

Periotest value range Interpretation
8100 Good osseointegration; the implant is well integrated and can be loaded
+1to +9 Clinical examination is required; in most cases implant loading is not (yet) possible
+10 to +50 Osseointegration is insufficient; the implant must not be loaded
67
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#. 3 Periotestvalue ¥t/ p A7 2 B4R

Degree of clinical loosening

*

Periotest

value range

+30te +50

4 7|~ iE 1"'}‘\7;}% ‘ﬁz &

A‘-V/

luﬁ

TEH T R T KA
(7 % R &)

L 20 f o ] 3% 65 &

3T ~FHARG
F o ESHF A R

1L 75w 7 %3 MaE7 % L2 63

EE TR 20 FREREFD(RR s K
B 2 Bre §)
i) BT OBRE R

*
7

nvg &

~ER

i
-
7‘{“.‘

FRIEFLICHRFEL

1% (40 @ hfi i
)

S

o g2 B H > 4]
% 5 ¥ 4zac £ £ Periotest M value 2. + = & & 8% %
Periotest * Energy Crosstabulation
Count
Energy Total
Low energy High energy
Periotest Low mobility 3 1 4
High mobility 4 2 6
Total 7 3 10
Chi-Square Tests
Asymptotic
Significance Exact Sig. (2- Exact Sig. (1-
Value df (2-sided) sided) sided)
Pearson Chi-Square .079° 1 0.778
Continuity Correction® 0.000 1 1.000
Likelihood Ratio 0.080 1 0.777
Fisher's Exact Test 1.000 0.667
Linear-by-Linear 0.071 1 0.789
Association
N of Valid Cases 10
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~

625um ~50pum % 75um 2. T35 4

Energy ‘75um

Mean

Std. Deviation

Report
Energy 25um Energy 50um
1.6080 3.9820
0.70896 2.13966

11.2900
4.11754

2 T3 FX ;é—*ﬂ‘/i > T75um fewlz B FFE T B a1 T dicap BE

Descriptives
slope75um
Yo% Lonriaence
Interval for
N Mean Std. Error Mean Minimum Max imum
Std. Deviation Lower Bound Upper Bound
1.00 2 14.9203 0.15508 0.10966 13.5270 16.3136 14.81 15.03
2.00 2 22.6872 (.87289 0.61723 14.8446 30.5299 22.07 23.30
3.00 2 20.9176 1.29763 0.91757 9.25838 32.5763 20.00 21.84
4.00 2 31.2920 (.33658 0.23800 28.2679 34.3161 31.05 31.53
5.00 2 420000 5.06288 358000 -3.4882 87.4882 38.42 45.58
6.00 2 22.3261 1.40863 0.99605 9.6700 34,9821 21.33 23.32
9.00 2 5.8344 0.07696 0.05442 5.1429 6.5259 5.78 5.89
10.00 2 7.0410 0.08686 0.06142 6.2606 7.8214 6.98 7.10
Total 16 20.8773 11.70945 2.92736 14.6378 27.1169 5.78 45.58
Test of Homogeneity of Variances
Levene
Statistic df1 df2 Sig
slope75um Based on Mean 1.654E+30 T 8 000
Based on Median 1.654E+30 7 8 .000
Based on Median and 1.654E+30 7 2.249 .000
with adjusted df
Based on trimmed mean 1111E+29 7 8 .000
ANOVA
s lope75um
Sum of Squares df Mean Sguare F Sig.
Between Groups 2026.454 7 289.493 76.652 0.000
Within Groups 30.214 8 3.977
Total 2056.668 15
69
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28I RBFEFMIAL TR

Human tocth 1347.5x 105 mJ 6426.21x 10 ° mJ 1'1334.%;5{1”0 1@ o
Silocone Dissipated energy(mJ) 650.96 x 10 ° m) 1799.04 x 10 ° m) 1654.09 x 10 " mJ
Super hard stone (420g) 166.6 x 10 > mJ

%9 XRHFTHD T %I ¥ Phase B < ke

Lower tooth site Slope (mean) Elastic modulus (MPa)
1

Lateral incisor 14.920 0.158
2 Lateral incisor 22.687 0.240
3 Central incisor 20.917 0.244
4 Lateral incisor 31.292 0.331
5 Central incisor 42.000 0.491
6 Lateral incisor 22.326 0.236
9 Central incisor 5.834 0.068
10 Central incisor 7.041 0.082

2010 B0 f TR KT S B F ) Aok

Load (gw) | Dissipated energy (mlJ)

Super hard 75 445 166.6 x 107
stone
Human tooth &
o 7.7 459 5270.2x 10
70
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Case #1 Case #2 Case #3 Case #4 Case #5

Case #6 Case #7 Case #8 Case #9 Case #10
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W 2 % A #L 1#10 2 Hchp i
| GmseNor [ 2swm | swm | 7w

Deformation (D) %(um) 58(14.95) ass9021) BVIHS ||
Recovery time (T)(s) 5.8 32.01
Viscous phase -recovery (R)(%) 2.0 5.4 ECEY
Hysteresis
Max. load(g) 235.997 261.989 761.732
Area(gw*pm) 3321.19135 1300.41628 3911.25826
Dissipated energy(m)J) 3.25x 1072 1.27 x 102 3.83 x 10?2
I ™ T S N S
Stress relaxation 25.54 -2.95 -0.65
1 I N
Tooth mobility +5.30
L slpe | oswm |  Swm | 7sum |
Phase A 8.92 5.22 8.08
Phase B 11.83 44,45 15.03
Phase C 7.20 12.01 74.69
Phase D 154.11 59.13 170.77
Phase E 9.63 4.07 15.14

L cmseNo2 | S | som | 7sum

Deformation (D) %(pm) 31.45(4.79) 20.14(5.49) 45,89(20.22)
Recovery time (T)(s) 4,52 4,762 13.21
TR Viscous phase -recovery (R)(%) 50.05 39.20 19.31
Max. load(g) 320g 688.251g 1165g
Area(gw*um) 696.03453 1940.78013 17956.66857
Dissipated energy(m)) 0.68 x 102 1.07 x10 2 17.60 x 10 2
I 7 S A S T S N
Stress relaxation 46.16 -0.036 -0.077
[ ] ! |
Tooth mobility +0.43
e e T [ s | mm
Phase A 25.05 22.83 20.82
Phase B 55.22 96.36 22.07
Phase C 13.49 6.69 36.83
Phase D 42.89 34.62 33.38
Phase E 32.32 16.16 13.90
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T - T TN AT .

Deformation (D) %(um) 21.30(5.21) Y 80817.73]
Recovery time (T)(s) 4.679 - 4.819
. Viscous phase -recovery (R)(%) 48.54 46.26 [ Ve X HZZdB; H
B Max. load(g) 260.605 502.927 687.733
Area(gw*um) 1221.15077 1469.79683 8777.67143
Dissipated energy(mJ) 1.11 x 102 1.44 x 102 8.60 x 102
I I N S N S I
Stress relaxation 25.54 -2.953 -0.6519
| PeotestMvate | | |
Tooth maobility +5.30
e e T o T
Phase A 11.93 12.49 12.36
Phase B 15.42 18.22 20.00
Phase C 12.05 7.38 8.98
Phase D 17.89 46.00 23.10
Phase E 8.94 13.85 8.29

S s 1w | sum | sn |

Deformation (D) %(um) 34.60(5.38) 22.65(5.27) 23.51(8.31)
Recovery time (T)(s) 8.241 11.00 15
Hysteresis Viscous phase -recovery (R)(%) 30.20 17.97 39.90
Max. load(g) 408.746 756.292 932.624
Area(gw*pm) 1278.58153 5957.1335 9624.46102
Dissipated energy(mJ) 1.25x 1072 5.84 x 102 9.43 x 102
| mmel) | Phaser | Phase2 | |
Stress relaxation 51.86 -5.42 -0.46
Tooth mobility +5.0
L sope | swm | sum | Zum |
Phase A 18.55 14.11 25.47
Phase B 29.42 80.79 31.53
Phase C 562.01 115.35 40.48
Phase D 71.96 96.79 32.15
Phase E 18.61 31.19 7.99
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[ cmeNos | 2wm | sm | __75um |

Deformation (D) %(pum) 75.51(10.1) 85.60(17.68) 4y <7 ss@z_t_s._@'l
Recovery time (T)(s) 8.842 15.481 11.161
. Viscous phase -recovery (R)(%) 14.17 4.46 W7 X | tliﬂs ‘ ‘
Hysteresis
Max. load(g) 294,305 459,147 822.038
Area(gw*pm) 1570.79062 5374.16598 11767.32078
Dissipated energy(mJ) 1.54 x 102 5.27 x 102 11>.53 x 1072
I S S Y S Y S N
Stress relaxation 50.96 -2.28 -1.68
I T T R A
Tooth mobility +7.7
I S N S R
Phase A 89.42 152.39 135.06
Phase B 26.11 15.88 38.42
Phase C 87.38 1.03 75.75
Phase D -62.49 158.99 88.54
Phase E 54.19 31.22 47.92

C Gees | m | s | om |

Deformation (D) %(um) 26.90(4.91) 77.58(31.34) 50.41(25.45)
Recovery time (T)(s) 6.802 9.599 7.158
Viscous phase -recovery (R)(%) 40.37 11.64 11.04
Hysteresis
Max. load(g) 237 320 795
Area(gw*pm) 1375.0 6557.4 12080.6
Dissipated energy(mJ) 1.34 x 102 6.43 x 102 11.84 x 102
I " R T S T R
Stress relaxation 74.40 -1.50 -0.75
I T T R N R
Tooth mobility +5.3
e e s T s | oam
Phase A 14.00 4.53 8.72
Phase B 15.32 11.33 21.33
Phase C 5.63 2.42 16.44
Phase D 24.84 36.71 61.14
Phase E 9.92 11.71 7.50
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I S S

Deformation (D) %(um) 40.07(-) 8.88(-) [,:'L &\
Recovery time (T)(s) 0.599 1.358 -
. Viscous phase -recovery (R)(%) 19.70 24.39 [ Ve ":‘,_ ' | -"E.E H
Hysteresis

Max. load(g) 355.478 705.423 .
Area(gw*pm) 1395.10321 2648.46275 y 3R,

Dissipated energy(mJ) 1.37x 1072 2.60 x 102

I ™ S N S T S A
Stress relaxation 21.4 -16.47 -0.19

Tooth mobility +6.7
I S A N NN
Phase A 139.73 238.38
Phase B 191.41 -132.36 -
Phase C 485.09 82.39 -
Phase D 54.02 84.11 -
Phase E 31.37 38.53 -

I S S N N N

Deformation (D) %(pm) 75.53(15.053) 60.48(12.63) 70.32(29.22)
Recovery time (T)(s) 7.198 3.361 10.00
Viscous phase -recovery (R)(%) 4.04 14.33 21.97
Hysteresis
Max. load(g) 190.438 350.834 492.452
Area(gw*um) 2308.65987 1533.51384 5819.91365
Dissipated energy(mJ) 2.26x102 1.50 x 102 5.70 x 102
I S S T S Y S R
Stress relaxation 7.88 -22.64 -0.85

Tooth mobility +4.9
Phase A 95.26 6.47 9.18
Phase B 8.49 19.80 14.86
Phase C 10.62 245.41 29.20
Phase D 1004.52 155.36 41.72
Phase E 10.28 35.20 17.92
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s | mm | sm | amo |

Deformation (D) %(um) 31.17(7.61) 52.43(29.34) 55, @6 {\l
Recovery time (T)(s) 4.08 5.24 11.239
) Viscous phase -recovery (R)(%) 6.26 14.33 87 |iziii H i
Hysteresis TN i
Max. load(g) 193.008 250.426 448.375
Area(gw*um) 2292,17979 5688.82557 13800.24693
Dissipated energy(m)J) 2.25x10? 5.57 x 102 13:52 x 1072
| mmels | Phasel | Phase2 | |
Stress relaxation 47.75 -4.86 -0.58
I T S N R A
Tooth mobility +10.2
e e e g
Phase A 7.74 8.34 4.38
Phase B 11.77 2.81 5.78
Phase C 2.03 8.48 16.37
Phase D 18.63 14.85 24.19
Phase E 5.66 5.21 4.80

Deformation (D} %(um) 65.67(11.87) 40.05(25.4) 50.23(40.42)
Recovery time (T)(s) 5.68 4.401 18.56
Viscous phase -recovery (R)(%) 11.21 30.74 26.48
Hysteresis
Max. load(g) 242,915 299.543 519.135
Area(gw*pm) 1831.90563 4727.40743 14258.48486
Dissipated energy(m)J) 1.79x 10?2 4,63 x 1072 13.97 x 1072
T e e | s
Stress relaxation 32.08 -7.43 -0.95
I T S N B
Tooth mobility +3.2
I S S TN
Phase A 13.55 3.99 5.81
Phase B 15.94 5.16 7.10
Phase C 72.35 26.25 9.01
Phase D 124.12 6.56 18.12
Phase E 2.23 3.65 6.20
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