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Acoustics-Vibration in Human Body and Occlusal Analysis

Kiyoshi ISHIOKA

Depariment of 1st Prosthetic Dentistry, Niigata University School of Dentistry
(Director: Prof. Kiyoshi Ishioka)
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o HEOKRSEVE
* M R | |
| O B | BEREE BRE
#E (gm/cm3) | 1~1.2 1.93~1.98 1. 87
¥ v 73 (dyne/cm?) 7.5x104 2. 26 X 1011 1.84 %101
TR R B (dyne/cm?) 2. 6 1010 — 1.3 x 10
BT M (R %" (dyne/cm?) - 2.5%104 — 7.1 X100
BTWTREME (R4 (dyne-sec/cm?) 1.5%102 _ .
H#E (cm/sec) 1. 5~1.6x10° 3.36x 105 —
HEA v ¥~ £y A(dyne-sec/cm?) 1. 7x105 6 x10° 6 X105
5]5& 0 & (dyne/cm?) — 9. 75X 108 1. 05X 109
Bl E (dyne/cm?) fT — 4.9 x108 —
- BiMaaEE (dyne/cm?2) FEHE — 1. 16X 10 5. 55X 108
- FLame WEHEH
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VIBRATION ATTENUATION IN db

Attenuation of vibrations of 50 cps along the body.

Vibration generator,

consisting of an unbalanced motor, was, A, exciting the subject’s hand or, B, exciting
the platform on which he was standing (After von Békésy.6).
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IMPEDANCE OF THE MOUTH-CHEST SYSTEM

X 2.
at the mouth (Based on Dubois et al,1%)
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~ Bekesy (1939) P‘i)\ﬁi% 50 Hz THniE L 7z & =
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Mouth-chest system, its equivalent circuit and its impedance measured

Ve F F
 Zv  (k—wmw?) + jor

Z THOLPpINAHEEA VY — XV A
SHEETEITA Yo bbbt ,

vV 1

Y= == ma?) T jor

binb, NF A~ —~ThHDHEEBIOEEMEZGD
Ba, BEER, BIOCHEZEII—ZE2TH5
»e, BEETEIVT + —3—BOREELLD, T

ZERHWEZRDIEEN TV E5DT, WOB)HRE
Ea2RETH5ETL2MEETH 58,

DX DI WEBENLEE 2 H % BTV T
& S HA SO LIRIREI 2 RETT 5 &,
LM R rh 414 ~464 Hz, {BI1E)p6434~494
Hz Thsd, RWERBOETICXI D LIRIRERIL
ET35, &L, HEKXRY » POIEE, FOR
IOz X b, LDEHM & FRD Sz,

WOIREIRE £ — F ORILIE, HWREAND M
EHIZAZX SBRT 50T, HEMBOZE{LE AN
RRIZED X BT EBRHES EHE S TW5B,

EFAOWDOERIRBBOBIEF R mIhTw
s,  RZERTHVE 400~500 Hz o&iF<H 5% L
SNTWwW5b, LiL, b ORBIBUITEZE DL
RIREIBZ R L T3 E3FBZLN5D, ZDX
5 I iREIIIRIC X 5 O HRENAIE T W B AR D IRE)
RISLLTIRD 2 LT WEETR WD & D B
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BEEND, LEEMHSOMEE OB ER T
5720, WOPBIMIREI DAL, EEE, IR
Wk X OV EEIRE R 2[R Eisk L <, HEIEL
FoRER, SIEERNIRIIEY, & Db, FEI
t, HASREERBIIC A I EIR TS 2 ) — 7
EEDOREL &5 2G5, Fofh, B
O REIEE) S W IEHEER O MR, BRI
kD &2 LTV BHERH 510,

3. TEEB MWL, PIEMME

PHEEOIRE)- & — VITRIERBRIEE M (sphe-

rical elastic shell) wflT\3%, & (nodal
line) DOEIEL LYW 25 &, FEAREEEIZ300~
400Hz & 250, X5IZ5V600~900 Hz iz 3t
KD 5 LB b5, IREARDOERE LR
DR OEREIZL. OTH BN, BHECIXLT
ThHbdHE XN, Bekesy OiFIREIE 1800 Hz &
FIE—F L T3,

NZEEIE simple mass-spring system ‘G,
HIRIRENEIZ100~200 Hz T 29,

BHEEOMMEEIX, v Z/EHR1.4x100 dynes/
cm? T, FBREEETOENT A MEE—FL T
WBD, NETEIOEER 1 v ¥ — & v XX Corliss
SLRHEL TWBHY,

DX D EHEEFEEDOREAOAIEE, RGHINHR
L72bDEYE » 77 7 L72bDTH B, HWOMEH
BLRENEE L CHEREZHEL 2 |RE L LT,
Bekesy 23R DIAED /- D1, BHFEIZOWT
T-o7EBRTH5, Tihabb, BiE%E click x4
% L, BAZEEIT impalsive movement 2k T
B, TOEE, REOHFEIRBELZXE D
X, NEEFEOREBOEELZELTH &0
¥ o7z DX 57 impalsive method 12X -
TRTBAERZE DM & BEEOEERHIEE % FHE
L, BlERORIELSE DK I IR, Z
JE ORI Z LI D LTV D,

X507, AUEEEL & BREEERIC pick-up ZEW T,
BTk % click X5 &, WERITIXIRELES 2
IR ZE, BIRBOMEERRED LN, HBEDE
W EIRB)OEEREIIF< 25 L L, RERE
13570 m/sec & &L TWBHB), X Watt2® ixEr

o 55

e R BT 123360 m/sec, ﬁﬁﬁfﬁwm~mm
m/sec, ZEE1920 5 OEAEIZ BT 5 HE TIE137~
375 m/sec TH D, HI@HFIZI WV FREREL D,
BIEMEIZ 075 D OFEEXRD 5,

LESHEREOEBLZED 5HWT, EAIR
B, T4HFFIC<A 27075V %E2FT, Al
REDOEEES LN L2E D, EALIZX DIES
IR AN D D T E R HBAL 7o AN, S
T e AT b, AV, MR EDS
rfERs S, HEAOIRE T & LSO ERAE
Tik, TNLTHhBEDOEEELE T5 C LHAHE
X715,

Franke [ZBE=TEERICEE 2Nz, T OIRFID
EEEEZRNEOFETHREL 2o DGR AR
DOETEXEANFEOZTED 2.5 TH 553, 200Hz
TREHLIE—~I7Z2RLIEREL TWBEID, X
HEEDOWNEZIZ X B EEBISIT b H 539,

PDEDX S CHABRZEDH T, EEFDIREOD

FZEPEIET 2 EE100E, BRERONTE, INFRT
HEER ERKE LS EELRET I R HLNIT
XN Twb, L72i-T, ZHBEMICIE, HolkeiEs

Bz X HHEIE BTN TV 52, ik & IR &
iﬁ;% < Fﬁﬁ%f\j@éo
II1 ST DWW T
BERIESICRB T AREOEERKE, $X5MmT
ZOELHNWT ETHED, LEPLREDOELX
FBiInWANWAER S TWDB, IBEDOREmIFZHE
BIOSHTIZ S EDOWREEROER &, —HBRAY

FrEiC X VRREFTA D ET5HMBES TT9
6:}%, WX IPHEZHELLTWVWS HM R D
5, & ITBEBICHL THEWLEERD DB,
EI-%E’O?B:”‘ IZBWTERE S RERFIE, FHA
HERE Izt LT, L DOEELRIETIOTHS
2, BB INTVSR, LrLEHm
BEBAIRBZINTWD X DI, EFITHT 2 RS
HBizd, WAWALESLERPETH S,

o o> FEA AR O ROFEL, ERiE:E (e,
7770 L), B, BB IOBRED KIS
R 5 Bl EBBET SN TWAE R, Tofl
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WEERIZX D0 D I A
iy %‘/{%Oiﬁ&g_ LBHHTHD, AREZ2ERIIIREN I
55 ThH5, Stewart it X % &, %Aiﬁﬁ%
HFERE LERAITXZEHEEO DT, fiko Fik
DHR» DETHL ELTWBERD, o1,
Thompson (1954)18, Ingle (1957), Brenman

(1958)19, Schwalz (1959)20 7z L3 H %) 7t F B

THd LML TW5H,

&R E I %Téﬁ%& %ﬂﬁﬁ%fﬂw
HEIZH~N D,

1) H=EFE
EEPRE %&ﬁbfb\é ?EODHZ 7R
EELIEEICL » TE U -ES ’B’{z&F% L
T, BELTRERT 50, HEFEICHFE L CTHESN

ftWﬁ?éﬁ@ﬁh#@ﬁ&f%%hﬁ%@f%

5. HIBEDHERE N,

Laennec (1816) 13 BRRHEZE, X William’_s_

(1829) WM EH HE2s%z FAHLC, WD 2 H 7T
R BN T, WEOZF O, E &
5 BT A 1T - 77, %@{ﬁ differential stetho-
phone (Alison)2D, stereo'stethoscope (Nico-

lai)?® BERXH, N1cola1 v&“ﬁlﬁfﬁ®3ALﬁG; -

AR L 7o

Watt 12 Zh 2 REE DGR ﬁk@%LT
ﬁ%mmﬁﬁd%ﬁw@&waﬁﬁﬁ%ﬁﬁmﬁ
BT 5 Lk BELTWED),
 HET 2 00ZEOMNBEERET B F0F
DREfE 7, REZERS X OSEESTEEIZEEL ¢

CWWAZ EBUETH B8, Newman, Rosenzweig
(1949) V% 30~40 psec DEHZEBHNIE, FDH

AR5 2 LKL LR T 52, JER
ZEDTIRORERD T, FWEDEESZ T
7ok X RET DRAZTOMMEL, 200usec T

b5 LERAMTIT HEIT 5 2 L asHk 52, 2
WiEDBAER A v & — S U3E mﬁ@;w-—ﬂ:

0. 5~1. O Tfrbihv T,

Silverman (1962) %H@E’)ﬁ’%%@ﬁﬁ LTW573,

cone type -'-(Ford model) X 0%, large- flat

é 243

:bﬁ’b‘(lﬂ o Z"'_‘O)

DX HITHEE BT

$iv staccato F T,

(Bowles model) 0)757595@55@26’9 AL L TW»

V%ﬂ(m&>@%®mﬁ%sa*ﬁﬁtﬁaﬁ 
O, 287 VA2 <14 72 NigL2d0%
@%waéoyuxawv4ﬁ@@% X -T

R 5B O®E% 300~3000 Hz & U7 7=,

FERMOFEEZZRE, XNERZL2 Ei L
T, 2w L7z,
FEBEBEOMBRTHNE, BEEICLEED
B OIS, REOREEMOERERAT
L2 TH D3, stereo stethoscope VIfrE %

T 5 LMK LFESD B,

Laennec (1816) DIk, Z2HEEIZ X 5 HMo

% CLT - TE /293, Brenman (1959) i3fREHIFE

NEITV, 2w occlusograml® 2\, Watt
(1966) 1% occlusonic trace? r#lL T\ b,
ZHLL CRIFRIZ & Eb i
T2, SVEERICE -7
AT, ERBRCXAMERLITRL, ~A
ﬂa7¢/k;5M%T%ét®,éT%ﬁfﬁ
AL TV,
%-%ﬁﬁ&%ﬁfxﬁéﬁﬁ-
M%&_%rbrmw , WICRCEREE, WS
MR EXfThbh s, -
1) B % 3
BEBREZROBEMZTIZLL > CHRETSLEVD
T, FCTHWCEY, BEEOXBNAIETD
LENS T ETHD, | o
 EHRERERBEEO NGO tapping FiI,
2 ODAK % tapping &
TP TNS, Tl T, BVWRE D

tapping =X, #ivy, TINROE WG, KO

RO, MhTH - 72hr50F T w57
HER, BEORINITLETH 52, |
CWEOBRMAREL T VD L X OEHEZ R
clear-cut TE VW, R EE D & X muffled
sound T, BLWZ LEELBICL TWD, X51T
muScle', activity & ODEEJ%KOM“C, A ¥ 1 75
muscle activity REEBRRICELT % 72, &
SRR Y muffled sound L7c B, L
LI BELLS L, RUMICEWTRELT:
WA DR S ILT, OB crip FTHS
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GNATHOSONICS———A STUDY OF SOUNDS

3. A diagrammatic chart illustrates
the relationships between the quality of muscle
activity, the quality of tooth contact, and the
type of occlusion?9,

b, Ao Ltz muscle activity 23R E
R E LA S & muffled souud ZH 40T,
muffled sound #H L T3, muscle activity
CRART SR EEF >, BMICREGEMEERDOE
BhorE KT 5720 EBEERE, sXozh
LOREFBZTHICER L THIE T 5 LEN D
5 (K3, X4)2,

/- | 57

CENTRIC OCCLUSION

_ L.masseter %

R | ﬁ"\l\'\’\'”\."““ﬂ‘ﬁ',ww-——__ N
_L. microphone ‘4%
= i o
ﬁ;,’!‘_ic[‘_gphoni . | I_
' ,'*$ e
R.masseter % ) 1 RIS
L _ %.M W-v——P-‘lo o~

"~ RIGHT LATERAL
L. masseter
e oA St A AL AN ot

L. microphone

R.microphone o #

Mr F.
R 15
B

\ 1
R masseter " ﬂ' 375

B 4. Synchronous electromyographic and
gnathosonic records of closure of the jaws in
centric and right lateral occlusions. In centric
there is a balanced activity of right and left
masseters and the short duration of the occlusal
sound indicates a stable tooth contact, It is of
interest to note that muscle activity ceases in
centric occlusioh at the time of delay of the
sound., In right lateral occlusion the muscle
activity is unbalanced and the prolonged low
amplitude sounds on the gnathosonic traces
(second and third from bottom) indicate that
tooth contact is unstablesD,

% 3 Observations with stereostethoscope??

Observations with occlusal wax Correct Undecided Incorrect \ Totals
Unilateral perforations 4 — 1 5
Bilateral perforations 14 3 3 20

| Totals 18 3 4 25

Z ORERZIEIINE OB HEIC D L EXD
h5DT, stereo stethoscope #{#FF L #- blind
test DIFERAEIIZTRT, TOEBRTIEIY » 7 A
PATEIZR W72 DT INE X 3T IERE W
BRI S TN5E (E3), |
F2DEERE LT, 1 ANOWEBRECERTIE
i cEHARIKRGSE, BEd5E 14, KEBR
H8RBIZX DT A LIRER, REREII45ED 5
LI, KRBT 304E (&H38E) @5
LIEDIE5E (24) Tholre TOREITED
ARV L BIR B CHET 5 2 R kB 2 &
R L T\ 5,

BIDEBRE, ®oEMINES tapping &
sliding % 7 v & A 222417 - 7255 5H, &8 53E3R
h i {HEL 72, |
B4 OEBIT, IOCEAETEEMILT, A
—RE, E—RRE, E—RE, E—FAREL%E
S8BHZDWTF A b L KSR, D12 LDKER
I o 7222, -

stereo stethoscopeld kD PEZER X DIEN T
B0, REREETHCBET ST L SHKS b
D EWEIND,

2) EEERCskE

Nvd v v ST 7ICEERGRT A EEL, 7
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5
R PR EEEE

— &=V XTI, EEEHRZIT-> T
VA e vwv 37 NETIVVEL s BRI~
TR L T, TheFERET 2 HIER ERERA
IhTws (®5),

WEZ IR T 2R LR 5L, R
WHEIFRIZ b7 » THIT S, BRIRIIER ST Dk
EpERHEIN S5, :

i) fkekef (duration) &%

EEsrkIz W CldEE LT clear, dull w5
ZoME L, FORNERBZENSIKE DR % ¥

¥ (4 msec/cm)

BIL T, b DR diiski EoFhAlc X
> CEERT — 2 -5 5h 5,

il % 1) short duration (30 msec Lk
), 2) short and prelong duration, 3) pre
long duration (30 msec LA F) iz KBIL, tHHD
BEARBAMRIT 1) 1% impact sound TW A% stable
contact, 2)I% stable & unstable ® combina-
tion, 3)1% slide sound T unstable contact
T & 2 3233),

EFEHEOHFLKE tapping KFOKEE O RHit

FEz4

Duration of impact sounds from
centric occlusal contacts

Duration of impact sounds from different types

of occlusal contact

Assessment [Number 3 Number . .
oF |G| Dumationcf sund  ype of Comtact | o | DU, of Soaadin
occlusion [contacts Contact
N Min. | Max. x N Min. | Max. x
Good 44 10 34 | 24+0.88 Incisal edge contacts 101 10 50 22+1.01
Moderate 42 20 52 | 374-1.49 Centric occlusion 142 10 100 4841.95
Poor 56 45 100 | 7541.86 Eccentric slide 118 40 450 | 136+6.81

RERE 1345 36. 5 msec (23. 0~54. 0 msec) &1 5
&S LT3, 30msec VU 3, FELASHME
IR RCHAN D D, EED OHUZEMEIIHLRE
tappingF < 5 ~ 9 msec, {HIFIEERET13~35m
sec THH (X7), Watt, NE & DEIZEEICHL T
JEF IV EE DI SREL W2 TV, sk L
DOEIEEEZ EREICBEEL T2, JElERED

8

BB, IR IR D S RAE, 7 — % — DA
FOHEDL D FR X HHEE BX5N 5,
tapping OEWIGEIXHII=AR LD, FF
FERERIE <, IRMIEEINT %238, BHWHEIEZE
Benb, HEREIIEL, KRR 3 52030

31)

o

EELIIPLRE, BEEHZUIERICI AT
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- RECORDING 15ips.
PLAYBACK 15ip.s. 75ips. 375ips.  1Bips.
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