FF2 At 754

o}
X

- ¥ A8 R D Vol. 26. No. 1. 1988 —

SOUND CHECKER &

T GBAY L 24

zANSE g vy dgd
£ 3 8.3 A 3
e dom AZF FHE A FToud
2 x dheol] Watt 53,54,59 o]} o] 5} o]2l gt ot &
K & e ofabel WA AE Jrhje R e o}
I 4 & vk F437] = st ot weld) Woods 5
) Perry3? 5 ot 3-8l I3F Az Aol wh=
I, 4742 9 wy oo
0, o744 ‘ Al ot go T del 2 ke AEE AT
V. 23 9 mo PR ARE A o) Hrlrh ek gk
V.3 = st o] Azt s1W shrte] HZHe] gome
Pusy o] FollA WS E A2 3hxtoll os Al
Az X" 4 glonf Ak A7 4 gichie) of
L] FF = B Asle 54 =l A
ol sl ofedrhx2 Rz el a4 oF
A de) 4483 gl 242 clicking, sn-
I. M = apping, popping, crepitus §-o] glon 58 of
2ol Azt B AT E Fginl Watt 5359
2% slob o sba) Qb A TS K SFAS A EE Tl vERd 5 sl
o) AGo 24 4~28%2 Tty u sz WL LY 42 & We clickings) o 2y
el Fm Qiu o]yq &5 sl oo} = = 2l “FoF FA 2L 42l crepitus 27}
Abo w4l eyl e, oFT %o ;qh;_} wxx e 234 EHRstgos =Rt 45 Zxel =
2 54+ Qrbs® o]E ofay oo 2% glof g 2} 7 -&¢(hard sound) 3} o-& (soft sound) o
Hol 715 Aol Radd 1A dupHdel 240 B A% THIGC Farrar 17192 dhot ¢
24] Weinberg®® & 34 25 sjot zlofjo} A9 FF click go] b = 3vo] Ao ql Ayt
85 %ol 4 ok So] YEhdohn st on] 4 = A6l wel 27, F7, Bz vrgled AT

el S @74 EFF s+ Aoh 32t F 51
%°] dd-gol why ulx & B ug ) Qe =
gk Weinberg®® & oabd g9 Ex)+ oA o)

ol ZaAol=] Haql AP & el e ok F F
23 d4H &R ole} FHga YavelowsP52 of
A Woll 24Fo] gleABE o] gt <fubd-go]

4] click2o] BT H s TFAo) LAFE cl-
ick 24 reciprocal clik ¢o 2 BEHslqch
ot -g-o] Uqldl s 4+ 1987 W@ Amand-
ale¥o] otqgtd o] click-g =+ locking o] ot
Aol gdse] Ayl W2 olstd e &
F& AR FYA FHoRA WAy ¥

-113-



23 olel ofd-g3t Auste] dwbd zhAle] W
2+ Aol (internal derangement of T M] )l
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ahe 547 A4 Auke] s SRS AlAEA] ¢
stk z2elw T2 E shoh 3ol B34 o) g3t
 clutch &= M qie] &7 el ade}l wH3Ho] 7}
3, ket 54 Z1Ee Il wslsl =
% 3o Hote] Y Hollulk $-& 14 A + 9

E g S AYAA Sz A sl of b P
(Fig.2) 715 A% 242 % ¥ 3 st-
ylus ol Zrzte] 24 7153kl FEFH e A2
AAe AL FA7] HA A& ol 324
Aon =3 F57EHa) A4 stylusy) 3
o8 AEHEE 37 Y4 side arm T B
2l A vlA 2A o] FH5ES St o clutchel
A= & dtete] cross bar 9+ side arme 7}
¥ ¢ aluminumo® A2} 2183} g vt

The simplified condylar path recorder (a)
upper facebow, (b) lower facebow,

Fig. 2. Paraocclusal metal clutch.

b, FFE ttf 75 A2 & g s=
AT A= 23} o 2be) Sudol s} vl o) 45°
555 3te] ¢8| head rest S 2 dlo]

H5 2HYA|Z F o]FAtd(the superior part
of the tragus)=} ¢}=(the outer canthus
of the eye)$ A= Aol 4] o]F Au} 13 mo)l
A8+ AL arbitrary hinge axis!3,23) =
it ok® 9loll FAl5tH on Frankfort <
Huax FAdl ZAskd o
Aslket zet 23 9o 4
AEE acrylic resing

2y e g +
st nlg] w
zA4 " Z<2| MY clutchg polycarboxylate
cement ( Durelon )& o]-83ld o7 o] 4l=p9
OP"Jr Aol 3 3wdl FA MY Y st 54
| 23 7tAle]l glE% 2F u3 A7 E(Fig.
3) zZ-Zto] 43 stylus & nlg] FA]g arbi-
trary hinge axisol dzx5s&
facebow®] cross bar 4 side arm& o
Fol Aol HEE st A3 YA AL, 2
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FXoll Aslld] old x1u} ¥eolal nasion
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LFHE o]gehd T HE uHAT F Fu
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lower facebowol] Ratso] 9= 43 o =4z
stylus7} 54 7] 5ol 2oz 9z 5
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2] Aol w2l o F Az} 222 Flo}
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Fig. 3. The paraocclusal clutch is lined with acrylic
resin and cemented with polycarboxylate ce-
ment. Neither the clutch nor the cement
should interfere with the occlusion.
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Arp 222 oY F S kA 3 e
A5 A7 F, FEAez ASAN 3 ° 5
Z] 7]E3todl pressure sensitive paper (De-
nar Corp., Anaheim, Calif.)& 2343+

ol olwl 53l A SRkl A5 9 Aol vl

=

2] #£X|§ Frankfort 343 dz=xE 3}
o A3k 52 134 28 7Sk cKFig.5),

Fig. 4. Graphic tracing apparatus positioned on sub-
ject.

Fig. 5. Vertical and horizontal tracing plate is shown
with recording paper and tracing.
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Axle Frankfort 4ol 434 4% =3}
ol HES FLE 1YL ¥ dwd e 2
£ microphoned otzbd H¢jell YEA|HA A=A
16) (Fig.7 )sta shote] 2ol AT 4 =7 &
5 AP o5 A5 £5% 48 b
o wlzAd T4 3HS el 71 5E AH
3 C— 5B Oscilloscope Camera (Tekro-

-116 -



mix, U. SA)—E— o]-8&3} ——x] a‘é}cg] 3 o_]-_—,ﬂ_
A&

Fig. 8. Opening and closing paths of subject

6 (vertical plane). Note the deflections of the
open and close cycle, with crossings of the
opening and closing condylar pathways.

The posterior part of the closing path runs
inferior to the opening condylar path.

When the click during closing occurs the condyle
suddenly moves upward and back-ward (arrow 3).
CO: centric occlusion, OP: opening path, CL:
closing path 1: late opening deviation, 2,3 : late
closing deviation.

Fig. 6. Dental sound checker.

Fig. 7. Microphone picking up temporomandibular
joint sound.

Fig. 9. Qpening and closing paths of subject 7 (vertical

olaln 28 7}x ol -2 o &)z pla.ne).

_M ﬂ: FAa e g2 ‘-:'Ln o &=} Right — side condylar movement shows a figure — 8

23l A5 g A E le] 2 o] & Fulol pattern and severe deflections of left condyle are seen.
[

1: late opening deviation, 2 : late closing deviation

9y £z sE3d &5 A5 LFeE B
2 3 7 | 71 5 = 3: intermittent locking

3k 9ick Fig. 8,9 44 71520l vehd 2d 7
W SEAY AT SEue EL He] FET 9 Fig. 10,11 & 43 -7 o 4=}k(subejct 5)
ol ohkbd ol ZAshe A% g3zl FAg MM 71EE 2224 Figlo lockingol 4
MY Y BTG S ¥ 4 Ak mebd AT & ol Es WelAe) ST $ERE Bel Fiul
5 oml wF SE 2o olabdoo wry o u  9BE A5 AR $F AW L UF FHT A
4907, W% 5E Ay 4+ 08 Pohila T EPAAE 3L F ded Figu 2 Lo
% j=uo 0% we, wIE Y o5 o= ckingel HHE ol o% AW AHEE A3

2 SA st A5 + 4ok g 5 S5z AT TG 9 o=l o
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Fig. 10. Opening and closing paths of subject 5
(vertical plane).

Note the severely restricted translation in right

joint (closed lock) and the severe irre gularity

in left joint.

Fig. 11. Opening and closing paths of subject 5 (vertical
plane).

Note that severe irregularity and multiple deflections

during maximum opening and closing,

Fig.12%+ subject 59 subject g2 = %u}
- Zu 5 A9 3 2d 9 v 5l
ol YEht AT L EEE Bl Fu g, 3
A FEAe B 2 3R] 5 kY
HHE & Fdod $52o WY 45 et
& s Ak subject 59 7% (A), IAF &%
o A E 7 5 del(arrow 1,2)7h W
A = e Fd As] 5 A bls] WY
o H7F A= TR F¢ &+ don 3
F FEEE S ol %] Bk H Al 7}77}-f
7138 Bola subject 92 A% (B), & A
W25 AR AES & 4 don 4 7113*

[] )
+ % %

%9l Fisher angle-& A9 0&

&+ A=k

odl 4 At gE2el #8F LFR ol olFe F

= [e}+]
o] A&

Fig. 12. Protrusive and retrusive paths and lateral paths
(horizontal and vertical plane).

The deviations are seen on the working and protrusive

paths as the clicks occured in the tracing of subject 5§ (A)

The left protrusive paths are restricted and there is no

Fisher angle in the tracing of subject 9 (B).

1: deviation on the working path, 2 : deviation on the

protrusive path

P : protrusive path, b : balancing path, w : working path

Fig.13 ~20% 4% 7 dl k=12 Fdl A=
et 718, AFu &5 9 2 2y o5
Gl 71 3] 4 9 493 725 Jehd
I EFE Y oFY FAE BT Yok

Fig. 13. Pantographic tracings of subject 1.
No Fisher angles and lack of Bennett angles

are seen on the posterior vertical and horizontal table.

upper tracing : maximum opening and closing paths,
lower tracing : protrusive and retrusive and lateral paths.
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Fig. 14, Pantographic tracings of subject 4.

Note that the irregularity of the protrusive and
retusive paths (arrow 3).

1 : early opening deviation

2 : late closing deviation

Fig. 15. Pantograhic tracings of subject §.
Note that severe irregularity and multiple
deflections during opening and closing,
protrusive and retrusive and lateral movements.
Arrow point to the superior and left lateral

displacement of the left mandibular condyle

(when rotating).

Fig. 16. Pantographic tracings of subject 6. The

tracings on the right tables appear to the
shorter than the left.

This may be due to physical restriction of the right joint.
This is also seen by deviation to the right side.

Fig. 17. Pantographic tracings of subject 7.
Note the severe irregularity of the movement
and multiple centric occlusion position (arrow).

Fig. 18. Pantographic tracings of subject 9.
Note that smooth opening and closing paths with
no deflection. T

The left protrusive paths are restricted.

Fig. 19. Pantographic tracings of subject 11.
Arrow 3 points to typical jump of the closing
condyle. 1: early opening deviation 2:
late opening deviation 3 : late closing deviation
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Table 104 2 ol o] ofmia-ge] uhay
U S #Ee RAYA TS S+ Ao
o 2ag BE &4 &5 ol FF 252y F

A% 09 Bol BAY + Aot AT Aol

S5l A 2 Aol AN £F A9 g EL

MEe g, 2 oee A T 25 7 fols

23 £3 A9 F43 9 FYF A AL A

< g TS wgoh = 9 B8 A

; : 718 27 9 Brl2 T AT F, A4

Fig. 20. Pantographic tracings of subject 12. 2} Aeloll =hel w4 Al 7ol chokA] & B F9)

There is no Fisher angle.

The protrusive and lateral tracings are relatively o AT Alel Pr] clicke] grow A ¥

IS?Z{:;T;‘opening deviation (locking) ST A} A 27 click ol B A¥e Hel
=

2 : early closing deviation Zoep. 28] 3w Table 204+ 359 $5%#&
3 : early protrusive deviation. Zol2 sl &% 2 o]t Aol m}a]- k
_ z].ol = _)J-)_o.:] _,_ ol \—E" ;}.rao] _r_.E 5_

Aol vliadtE 24 stof 25 AL A ‘ﬁ-"rl K

go e by o= 1299 oad e A4 o
Azl 4 A5 Lz HY 8, 5 +F
3w ese I M, Aydon wxs 5& YT Ak Table 3 4 7Sl
3 A3 Table 1, 2,3 3+ 7t 3o AT 5 A9 F A=, Frankfort 3

w3l A4 £E2s) oftt A4 A2 45 Y F-

Table 1. TMJ sounds related to deviation

Pantographic tracing -

Subjects Sex Age Clinically Deviation Deviation Deviation Deviation Deviation Deviation

detected
joint sound on opening on closing on protrusive on retrusive on balancing on working
R L R L R L R L R L, R L R L
1 M 24 4 + L L L E E
2 M 24 + + L
3 M 22 + L E E E E .
4 M 2T + o+ E L L E E L ’
5 F 24 + + E.L E,L E, . E,L E L E E E
6 F 24 + + L L L L
1 M 26 + + L L L L E E
8 M 2] + L E
9 M 24 +
10 F 32 + + E E L
11 M 28 + + E L L E
12 M 20 + E E E E E
Total 5% 55%

+ = Present of joint sound
E = Early deviation in the first half of the path
L = Late deviation in the second half of the path.
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Fa 2!2-‘4 ks /‘l A d A%
42.8 = 8.5°, #Z2o] AL 435+ 11.3°2 Aa)
A #HPZell v} clokgh ok 4MS W F9lm B-
ennett angle 2 Simonet 5477 o] Z32J3} uhy
Aol T4 ¥ Mo 2m Ay g
ol4l FHF A9, $50] 0.6+0.4m 2z
0.7+0.4m on] 4m 2jn} rE R4
T A 2o LO*+0.6m zl= ol L1+

0.5m% c} =3 Fisher angle - obaly 28
2E AP A 00l He AFe wed T

B. Sound checker& 0|25

ot
24

-

<3
SELEN

B, Sound checker £ b okalA] 2o By
Sound checker & o] 83l %I-Q]- L%l w2
o] at&g 7154 494 52 A2 (time)

obabg &
& vEhl 3 425 eskel A% (amplit-

SNEE

ude) & vebll Ful B Tl A 7 &5
= 20m sec /e 3 3Slo] 7]—%‘8|—9j o} e
2'oc(l Pgel AT, e ETe AR,
p:otd A, c:gube] K)ol FHl 2
kel Al ~«l a71e Fukel AE2 Al v
#gh} stderne 7 Ex @A g shge ¥
Mshoza] ohabd Fo| ALz A7 FA4
ol shetat 4 lgleh E¥ A 7152 5 &

AL skt 7] 52 235 g fe| ok e o
el o 292§l vt sbsetdl el
(Fig.21)

olgld &9 s|& ¥ ogyd 25 (impact
sound )3 & 5-&( sliding sound) o] gl.o= o

Table 2. Pantographic tracings in 12 subjects (distance) (Unit :mn)
Sagittal plane Horizontal plane
Subjects Max imum Protrusive Balancing Working Protrusive Balancing Working
opening path path path path path path path

R L R L R L R L R L R L R L
l 17.5 19.0 8.4 9.7 9.5 10.4 2.3 2.3 8.2 9.4 10,9 12,2 5.1 4.5
2 22.8 21.3 15.0 13.9 21.6 18,2 3.4 3.2 14.6 12.5 20.1 17.3 16,4 9.8
3 20.1 17.0 10.5 12.8 10.8 1.2 1.t 1.1 9.9 10.3 9.4 10,6 5.1 4.0
4 17.3  16.7 7.3 9.3 11.7 12,0 2.7 2.2 6.4 8.9 12,2 12,6 5.6 6.6
5 15,6 15.4 10,2 8.4 13,56 6.6 2.1 1.3 1.5 1.4 8.7 6.6 4.7 4.6
6 15.0 19.9 2.4 1.2 5.9 3.0 1.7 2.4 1.3 8.9 4.9 6.8 3.5 4.7
7 16.4 18.1 5.5 7.9 7.4 10.4 1.5 1.9 1.4 7.3 6.9 10.2 4.9 4.8
8 14.9 7.9 6.7 6.6 5.5 8.3 2.4 1.7 4.1 8.5 5.0 10.3 4.7 1.7
‘9 21.9 20.5 11.4 5.7 14.2 12,3 2.8 3.0 12,2 4.4 17.5 15,9 7.5 7.3
10 5.1 9.1 6,7 6.0 9,9 10,1 2.7 2.3 6,7 3.2 11.3 11,4 4.4 5.8
11 22.0 18.0 1.8 110 9.5 1.0 3.3 1.9 135 9.9 10.5 15.8 6.7 4.5
12 21.6 22,7 8.5 6.9 9.4 10,1 2.1 1.9 9.1 6.4 9.9 12,5 5.0 4.0
Minimum 5.1 9.1 éud 5"7'“_ 55 o 6.6 1.1 ]—l~ -1.23 _3‘2< 4.9 6.6 3.5 1.7
Maximum 22.8 22,7 15.0 13,9 21.6 18,2 3.4 3.2 14,6 12,5 20.1 17,3 10.4 9.8
Average 17.5 17,9 8,7 8.8 10.7  11.1 2.3 2.1 7.9 8.1 10.7 11,9 5.6 5.2
S.D. 4.9 3.5 3.3 2.7 4.3 3.0 0.7 0.6 L1 2.6 4.4 3.3 1.8 2.0
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Table 3. Pantographic tracings in 12 subjects (curvature)

( Unit :am)
Sagittal plane_ Horizontal plane

Subjects Maximum FH-protrusive Fisher Bennett Bennett
opening path path angle (degree) angle angle ( 2mn) angle ( 4am)

R L R L R L R L R L
1 2.4 3.6 28.5 16.5 0 + 0.2 0.5 0 0.8
2 3.3 3.1 41.5 48.0 0 0 0.5 0 0.9 0.3
3 5.7 6.5 50.0 53.0 0 0 1.1 0.8 2.1 1.0
4 1.9 2.1 30.5 33.5 0 0 0.7 1.0 0.7 1.3
5 3.6 2.4 54,5 38.0 0 0 0 1.2 0.9 1.6
6 2.3 3.9 44,5 39.0 0 0 0.6 0.9 1.6 2.2
7 3.8 3.8 55.0 59.5 0 0 0.7 1.3 1.0 1.4
8 1.9 1.4 49.5 46.5 + + 0.4 0.6 0.8 0.9
9 4.3 3.8 40.5 46.0 0 0 0.4 0.6 0.3 0.7
10 0.5 1.6 38,0 54.5 + - 1.4 0 2.0 0.5
11 3.8 4.6 37.5 47,0 0 0 0.9 0.8 1.3 1.1
12 3.9 3.6 44.0 40.0 0 0 0.3 0.7 0.5 1.0
Minimum 0.5 1.4 28.5 16.5 0 0 0 0.3
Maximum 5.7 6.5 55.0 59.5 1.4 1.3 2.1 2.2
Average 3.1 3.4 42.8 43.5 Total —= 4% 0.6 0.7 1.0 1.1
s.D. 4 14 8.5 11.3 12t S W 0.6 0.5

Fisher angle: 0 = Noanglepresent _ = Reverse angle present 4+ = Positive angle present
A 29 Fs7 AL soft clik-gel g

Amplitude

——Time ( 20 m sectm)

Fig. 21. TMJ sound wave pattern. upper: right TMJ,
lower: left TMJ

ool 7E s}¥e] &t HEIY=
(mixed sound) 9] s} o v HRg 4+
slgde] Aol wfz} hard sound & E5=
od=ul Fig.22% subject 19 =7 A9 o
o] 3ty R FT Qe At A 5L
ql FEEQ B A& A7 A
v o) 2]3F hard click &9 s}3&
dos st s 8o e A% A7g

o o
@4»‘1?1’5

o X
AL

_|}l_, d[o

z‘l%
o]
7+

3L

-m_

+ B F3 el Fig.232 subject 59 &
o F Al dabd g s or 4 7] 24 4

7H 7 A=A AEA] SEe Jehy
TE #FFoe AT Fxel wdeb 44 7
%2 hard crepitus, stgt 7] &2 soft crep-
itus& 2o F3u gdon A s =2eq o2 3}
dol Z 97t 239 syl we o 71 xls 4]
e AT e ¢ F ok

Fig. 22. Oscilloscope tracings of hard click (upper)
and soft click (lower) from TMJs during
closing movement.
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Fig. 25. Oscilloscope tracings of double click from right
TMJ during maximum opening movement.

Fig. 23. Oscilloscope tracings of hard crepitus (upper)
and soft crepitus (lower) from TMJs during
retrusive movement. :

Fig. 26. Oscilloscope tracings of intermittent locking

: . and crepitus from left TMJ during closing
Fig. 24. Oscilloscope tracings of mixed sound from both

TMJs during right lateral movement. movement.
Table 4, Analysis of joint sounds in 12 subjects
- Presence of sound
Subjects Opening Closing Protrusive Retrusive Right Left
.,EQ_. path - path path lateral path lateral path
o R L R L R L R L R L R L
1 SCL - HCL SCL - - HCL _ HCL - - — -
Z HCP,iCL SCP - - - - - - - - - -
3 - SCL -— SCL - - - - - - - -
4 SCL SCL SCL SCL - - - SCP SCP,SCL SCPSCL  — -
5 HCP HCP HCP HCP - - HCP  SCP  SCP - HCP  HCP
6 scL  HCL  scL  HCL  ~ - - - - - - -
T. - HCL - - - - - - SCL  scL -  sCL
8 - - - scL - scL - - - - - -~
9 —_ SCP - - - - — - — — —_ —_
10 scL SCP.HCL — ScL - - - - - - - -
11 HCp  HCP - HCP  SCP - - - - SCP  SCP -
12 scp - HCP - HCP - - - scp - scp -

— + no sound, SCL:soft click, HCL :hard click HCP: hard crepitus, SCP:soft crepitus.
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— Abstract —

Analyzing TMJ Sound Using a Simplified Condylar
Path Recorder and a Sound Checker

Cho, Ho-Hyun, D.D.S,, M.8.D., Chung, Chae-Heon, D.D.S., M.S.D., Ph.D.
Department of Prosthodontics, School of Dentistry, Chosun University.

Although TMJ sound is common, its relationship to subjective and objective evaluation and
the magnitude and the position of the sound during the mandibular movement is not fully under-
stood. So, the purpose of this investigation was to provide further insight into the characteristics
of the TMJ sounds.

Twelve subjects (9 men and 3 women) with TMJ sounds were selected from students at Cho-
sun University, School of Dentistry.

Condylar movements and TMJ sounds of each subject were recorded and analyzed using a
simplified condylar path recorder and a sound checker.

Although specific conclusions were difficult to make from this study, the finding suggested
the followings.

1. The position of TMJ sounds were visually observed and marked on the condylar tracings
during maximum opening and closing, protrusive and retrusive and right and left lateral
movements.

2. Information about the size, location and number of condylar deviations and the translation
freedom of the condyle was recorded and analyzed objectively.

3. The most obvious characteristic of TMJ sounds was their variability.

4. TMJ sounds were categorized into one of four groups (soft click, hard click, soft crepitus,
hard crepitus) by the quality and quantity of the duration and amplitude components.
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