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국문 초록

측측측두두두하하하악악악 관관관절절절잡잡잡음음음의의의 진진진동동동 분분분석석석

정 다 운
지도교수;강동완 치의학 박사
조선대학교 대학원,치의학과

관절잡음의 발생은 TMJ의 구조적,기능적 이상의 징후로 여겨져왔다.이러한 관
절잡음을 평가하는데 청진과 촉진은 주관적이고 부정확한 방법으로 평가되어 좀
더 과학적이고 객관적인 방법으로 electrovibratography(EVG)가 제시되어 왔다.기
존의 연구에서 EVG는 관절잡음을 평가하는데 가장 비침습적이고 신뢰할만한 방법
이라고 하였으며 EVG의 사용으로 관절잡음의 진동수와 진폭 및 전체 에너지 양상
을 숫자화하고 도식화 하는 것이 가능하게 되었다.기존의 연구에서 증상군의 진동
에너지가 무증상군보다 높다는 것이 발표되어 왔으며 frequencyspectrum의 양상
을 분석하는 등 여러 가지 관절잡음의 양적,질적 분석이 시도되어 왔다.이번 연
구의 목적은 frequencyspectrum pattern을 integral>300Hz/<300Hzratio와 함께
분석하는 것이다.
본 실험에서는 JointVibration Analysis(theBioPAK® system,BioResearch

Inc.,USA)를 사용하여 촉진으로 관절잡음이 느껴지지 않고 TMD증상이 없는 10
명의 대조군(GroupⅠ)과 관절잡음과 동통이 있으나 개구제한을 보이지 않는 정복
성 관절원판 변위의 범주에 있는 20명의 실험군(GroupⅡ)에서 관절진동을 분석하
였으며 관절진동 기록 시에 JT-3(Jaw tracker,theBioPAK® system,Bioresearch,
Inc,USA)를 함께 사용하여 개폐구시 관절잡음 발생의 위치를 감별하고 치아접촉
음을 배제하여 관절잡음을 분석하였다.GroupⅡ의 frequencyspectrum pattern에
따라 실험군을 4가지 subgroup으로 나누어 분석하였다.
실험 결과 GroupⅠ과 GroupⅡ;subdivision1에서 유사한 frequencyspectrum

pattern과 ratio범위를 보였으며 GroupⅡ;subdivision2,3,4에서는 더 불규칙한 에



너지 양상을 보이는 frequencyspectrum pattern과 더 큰 ratio가 관찰되었다.
이번 연구를 통해 JVA가 악관절 진동의 특성을 감별하는데 유용함을 알 수 있

었고 JVA를 이용한 지속적인 진동 분석이 환자 교육뿐 아니라 성공적인 턱관절
기능이상의 진단과 치료에 유용할 것으로 사료된다.
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Thephenomenonoftemporomandibularjoint(TMJ)noise,suchasaclicking
orcrepitus,haslongattractedtheattentionofclinicalresearchers.Studieson
theetiology ofjointsoundssuggestthatthesoundscan originatefrom an
incorrectrelationshipbetweencondyleanddisk.1,2)ButinmoststudiesofTMJ
joint epidemiology,the presence of TMJ sounds is not correlated with
diagnosticimaging.3-11)Ishigakietal.,reportednearlyonehalfofsymptomatic
patients unmanageable by conservative therapy had confirmed internal
derangements.12)Inaddition,otherstudieshavereportedanincidenceofdisk
displacementapproaching20% inasymptomaticsubjects.13)

Several qualitative and quantitiative classification methods have been
suggestedforclassificationofTMJsounds,andelectro-acousticalsystem for
recording and characterizing the sounds objectively have been introduced.
Furthermore,severalauthors have associated differentpower spectra with
variouspathologies.14)Someauthorspreviouslyreportedthatthejointvibration
analysis using electrovibratography(EVG) is most reliable than physical
examination alone and can serve as a non-invasive method forscreening
patientswithinternalderangements.15)

Using electrovibratography,Itis possible to identify and show:1.The
frequencies (in Hertz),as wellas the amplitude ofthe vibration can be
expressed mathematically.i.e.,Numericanalysis;2.Thevisualization ofthe
typesofwavescreated by thesound.i.e.,Graphicanalysis;3.Theprecise
momentthatthesoundhappensintheopeningandclosingcycles.
WeusedJointvibrationanalysis(JVA)intheBioPAK system(Bioresearch,

Inc,Milwaukee,USA)astheelectrovibratography,andJaw tracker(JT)-3device
intheBioPAK system (Bioresearch,Inc,Milwaukee,USA).UsingJT-3deivce
allowed the computer to estimate where a joint vibration occurs in the
open/closecycleandletusdistinguishtoothcontactfrom jointsoundprecisely.
JVA providesexcellentconductionofsubtlevibrations(tissuebornevibration)
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foritsdensityofsiliconewhilesonographyincreasesrecordingofroom nose(air
bornevibration).furthermorenomagnetinsensorsallowsittobeusedwith
jaw trackerforaccuratetimimgevaluations.
The vibratory energy in thesymptomatic group washigherthan in the

asymptomaticgroupwhichagreeswiththeobservationsofseveralstudies.16,17,18)

This is because the highestamountofvibration happens in the articular
structuresbecauseoflubricationdeficiency,19)lengtheningoftheligaments20)and
analterationintherelationshipofthecondyle/disk21,2)orspasmsofthelateral
pterygoid muscle.22) Ishigakietal.suggested thatwhen using totalpower
density only(totalintegral),EVG is usefulin the separation of meniscal
displacement.6)Galloetal.reportedhealthyTMJsproducedsoundswhichwere
distinctly differentfrom baselineand background noiseatlowerfrequencies.
Ishigakietal.reportedadiscdisplacementwithreductiongeneratesa"click"in
the lower frequencies(under 300Hz)23)and a degenerative condition generates
"crepitus"inthehigherfrequencies(over300Hz).24)

However,despitealltheseattemptstoquantify,qualify,andusejointsounds
fordiagnosisofjointpathologies,wefoundfew studiesbasedonthefrequency
spectrum patternsassociatedwith integral>300Hz/<300Hzratio.Theaim of
thisstudy wasto examimetheTMJsoundswith repectto integral>300
Hz/<300Hz ratio and frequency spectra pattern in subjects showing Disc
displacementwithreduction.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

Thisstudywasdoneusing30individualswhoseagesrangedfrom 23to33
yearswithameanaverageof26.2years.Throughpalpationandauscultationof
the TMJs during maximum active mouth opening/closing,subjects were
examined for the clinicalpresence/absence ofTMJ noises.While subjects
showed absence ofTMJ noises,pain atpalpation (any ofthe masseter,
temporalis,pterygoid,digastricmuscles)and jaw movementorchewing,we
screenedoutwhichagreedwithobjectiveEVGfindings.Theywere9maleand
1 female,designated as our controlmaterial.Group IIdesignated as our
experimentalmaterial,showedpresenceofTMJnoises,normalrangeofjaw
movementduringopeningandpainatpalpationandjaw movementofchewing.
Sotheycouldbedifferentiatedasdiscdisplacementwithreduction.
Ineachsubject,EVG analysiswereperformedthreetimes.Themagnetwas

attachedtothelabialsurfaceofmandibularincisorsofthesubjectsinorderto
bringthemidlineofthemagnetwiththelabialfrenum andlocatethegrooveof
themagnettotheleftsidetothesubjects.Ifthesubjecttendstohavedeep
bitesothatitisimpossibletoattachthemagnet,itcanbeconsideredtoattach
tothelabialgingivalsurfaceorlingualtoothsurface.onetransducerwasplaced
ontheskinovertherightTMJ,andtheotherovertheleftTMJ.andthen
JT-3devicewassettothesubjects.Once,thehorizontalandverticalstandard
pointwereset,and wecontrolled them tofitwith thesubjects'heads.It
should be controlled thatthe bar ofthe frontside is paralleled to the
interauditoryaxisandthelateralsidetotheFrankfortHorizontalplane.The
accessory bar for approaching to the magnet was fixed temporally and
operatedinordertosettheexactmidline.(Fig.1)
Asthesubjectperformedmetronome-guidedmaximunactiveopening/closing

withJVA ,thecondylesrubagainstthevarioussurfaceinthejointcreating
characteristicvibrationswhicharethen,inturn,detectedbytheaccelerometers.
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Theyconvertthosespecificvibrationsintoanelectronicsignal.Thesignal
from theaccelerometersisamplifiedbyasmall,light-weightamplifierwhichis
placedaroundthepatient'sneck.Theamplifiedsignalsarethentransmittedto
the PC computerwhere they are recorded and analyzed with a software
program designed and then displayed on CRT.After the bestperformed
recording was selected from three recordings,vibrations showing highest
amplitude were screened priorly. When tooth contact exculded precisely,
reproduciblejointsoundwasanalyzedforeachopening& closingcycle.Finally
averagedepisodewasdetectedineachsubjets.

Fig.1.JVA andJT-3deviceplacedonthesubjects.
(BioPAK systemⓇ,BioresearchInc.,USA)

Theyconvertthosespecificvibrationsintoanelectronicsignal.Thesignal
from theaccelerometersisamplifiedbyasmall,light-weightamplifierwhichis
placedaroundthepatient'sneck.Theamplifiedsignalsarethentransmittedto
the PC computerwhere they are recorded and analyzed with a software
program designed and then displayed on CRT.After the bestperformed
recording was selected from three recordings,vibrations showing highest
amplitude were screened priorly. When tooth contact exculded precisely,
reproduciblejointsoundwasanalyzedforeachopening& closingcycle.Finally
averagedepisodewasdetectedineachsubjets.(Fig.2)
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(a)

(b)

(c)

(d)
Fig.2.Graphoftheregistrationofjointvibrationsoccursatthelateofthe
mandibularopening(a)andsuperimposedamplitudeandduration datafrom 6
open/closecycles.(b)Frequencyspectrum computedfrom fastFouriertransform
algorithm.Thethicklinerepresentstheaveragespectrum ofallthemarked
vibrations'spectra.(c)NumericsofJVA summary view based upon absolute
frequencyspectra.(d)
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ⅢⅢⅢ...RRREEESSSUUULLLTTT

JointvibrationsareanalyzedusingamathematicaltechniqueknownastheFast
FourierTransform(FFT).Complexvibrationscanbethoughtofasasum of
fundamentalpure sine waves,each with a different pitch(frequency) and
loudness(amplitude). The FFT extracts the amplitude of each of these
fundamentalfrequenciestoshow thefrequencyspectrum whichrepresentsthe
amplitude(energy) at each frequency. The frequency spectra view plots
amplitude(verticalaxis)versus frequency(horizontalaxis).The heightofthe
curveisdirectlyproportionaltotheenergyofthespectrum ateachfrequency.
Thethicklinerepresentstheaveragespectrum ofallthemarkedvibration'
spectra.Two spectra are plotted for each side;the smaller ofthe two
representstheabsolutemagnitudeofthevibrations'spectraasrecorded(N/m2),
the larger one has been scaled to the maximum range(at the recorded
amplification)andisknownastherelativeplot.Therelativeplotaccentuates
featuresthatmaynotbevisibleintheabsoluteplot.Thenumericvaluesthat
arecalculated and displayed in the JVA summary view are based on the
absolutefrequencyspectra.
Forthenumerics,thefollowingvariableswereused.Thepeakfrequency(Hz)

wasthefrequencyhavingthehighestamplitudeinthefrequencyspectrum,and
themedianfrequency(Hz)wasthefrequencydividingthefrequencyspectrum
intotworegionswithequalpower.Thetotalintegral(arbitraryunits)wasthe
areaunderthecurveofthefrequencyspectrum.Thepeakamplitudeindicates
thehighestnumericpointofthevibrationanalyzedexpressedinPascals.
Characteristics of the frequency spectrum was described as the

durations(short/long) standardized from below/above 300Hz and the
patterns(smooth/irregular)oftherelativeplot.(Table3.)Thejointhasthehigher
valuebetween theleftand rightsidewasselected fordescription of the
frequencyspectrum.
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In GroupⅠ thefrequency spectrums(Fig.3.)showed shortduration below
300Hzandsmoothpattern.Integral>300Hz/<300Hzratiorangedfrom 0.04to
0.3variously.
GroupⅡ dividedin4subgroupsbythecharacteristicsoffrequencyspectrum.

In GroupⅡ 16subjectsshowed reciprocalclick and integral>300Hz/<300Hz
ratiowasselectedaccordingtothehighervaluefrom thereciprocalclickas
wellastherightandleftjointvibrations.

Fig.3.Frequencyspectrum representsGroupⅠ.InthissubjectNo.7,integral
>300Hz/<300Hzratiowas0.10and0.15respectivelyandtherightjointwas
selected forfrequency spectrum analysisand characterized asshort,smooth
pattern.

Table 1.Integral>300Hz/<300Hz ratio in
GroupⅠ.

    No.No.No.No. Lt.ratioLt.ratioLt.ratioLt.ratio Rt.ratioRt.ratioRt.ratioRt.ratio

1111 0.04 0.02

2222 0.13 0.13

3333 0.07 0.19

4444 0.14 0.09

5555 0.05 0.09

6666 0.13 0.08

7777 0.10 0.15

8888 0.20 0.30

9999 0.17 0.13

10101010 0.18 0.10
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Insubdivision1thefruquencyspectrumsshowedshortdurationbelow 300Hz
and smooth pattern similarto controlgroup.Integral>300Hz/<300Hz ratio
variedrangesfrom 0.05to0.31and7subjectswereincluded.Insubdivision2
the frequency spectrums showed shortduration below 300Hz and irregular
patternhadIntegral>300Hz/<300Hzratiorangedfrom 0.12to0.19withamean
averageof0.16and4subjectswereincluded.Insubdivision3thefrequency
spectrums showed short,irregularpattern below 300Hz is accompanied by
simultaneouslong duration,loweramplitudepattern.Integral>300Hz/<300Hz
ratiorangedfrom 0.23to0.42withameanaverageof0.31and7subjectswere
included.Subdivision 4 showed long duration,irregularpattern had integral
>300Hz/<300Hzratiorangedfrom 0.43to0.47withameanaverageof0.45and
2subjectswereincluded.

Fig4. -Frequencyspectrum representsGroupⅡ;subdivision1. Inthissubject
No.3,integral>300Hz/<300Hzratiowas0.11and0.24respectivelyandtheright
jointwasselectedforfrequencyspectrum analysisandcharacterizedasshort,
smoothpattern.
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Fig.5.Frequencyspectrum representsGroupⅡ;subdivision2.Inthissubject
No.8,integral>300Hz/<300Hzratiowas0.17and0.04respectivelyandtheleft
jointwasselectedforfrequencyspectrum analysisandcharacterizedasshort,
irregularpattern.

Fig.6.Frequencyspectrum representsGroupⅡ;subdivision3.Inthissubject
No.18, integral>300Hz/<300Hzratiowas0.38and0.26respectivelyandthe
leftjointwasselected forfrequency spectrum analysisand characterizedas
short,irregularpattern accompanied by loweramplitude,long and irregular
pattern.
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Fig.7.Frequencyspectrum representsGroupⅡ;subdivision4.Inthissubject
No.20,integral>300Hz/<300Hzratiowas0.47and0.09respectivelyandtheleft
jointwasselectedforfrequencyspectrum analysisandcharacterizedaslong,
irregularpattern.

Table2.Integral>300Hz/<300HzratioinGroupⅡ.

No.No.No.No. Lt. Lt. Lt. Lt. ratioratioratioratio Rt. Rt. Rt. Rt. RatioRatioRatioRatio

1111

subdivision subdivision subdivision subdivision 

1111

0.31 0.17

2222 0.06 0.26

3333 0.11 0.24

4444 0.02 0.09

5555 0.05 0.06

6666 0.08 0.09

7777 0.05 0.04

8888

subdivision subdivision subdivision subdivision 

2222

0.19 0.04

9999 0.16 0.19

10101010 0.17 0.04

11111111 0.07 0.12

12121212

subdivision subdivision subdivision subdivision 

3333

0.27 0.25

13131313 0.25 0.07

14141414 0.14 0.23

15151515 0.27 0.34

16161616 0.27 0.32

17171717 0.24 0.42

0.38 0.2618181818

19191919 subdivision subdivision subdivision subdivision 

4444

0.43 0.15

20202020 0.47 0.09
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Table 3. Description of frequency spectrum as the duration (short/long)
standardizedfrom below/above300Hz,andthepatterns(smooth/irregular).

GroupGroupGroupGroupⅠⅠⅠⅠ(10)(10)(10)(10)

Group Group Group Group II II II II (20)(20)(20)(20)

subdivision1subdivision1subdivision1subdivision1

(7)(7)(7)(7)

subdivision2subdivision2subdivision2subdivision2

(4)(4)(4)(4)

subdivision3subdivision3subdivision3subdivision3

(7)(7)(7)(7)

subdivision4subdivision4subdivision4subdivision4

(2)(2)(2)(2)

durationdurationdurationduration short short short short&long long

patternpatternpatternpattern smooth smooth irregular irregular irregular

range range range range of of of of 

ratioratioratioratio
0.04-0.3 0.05-0.31 0.12-0.19 0.23-0.42 0.43-0.47

mean mean mean mean ratioratioratioratio 0.1520.1520.1520.152 0.1570.1570.1570.157 0.1670.1670.1670.167 0.3160.3160.3160.316 0.450.450.450.45
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Like allwave energy,the jointvibration wave has both amplitude and
frequency.As asoundwavemovesthroughamedium,eachparticleofthe
medium vibrates atthe same frequency.These frequencies are commonly
referredtoasthepitchofasound.A low pitchsoundcorrespondstoalow
frequencyandahighpitchsoundcorrespondstoahighfrequency.Thehuman
earcandetectsoundwavewithawiderangeoffrequenciesrangingbetween
approximately20Hzto20,000Hz.Thequalityofloudnessisanexpressionofthe
vibrationwaveamplitude.Thegreatertheamplitudeofvibrations,thegreater
therateatwhichenergyistransportedthroughitandthemoreintensethat
thesoundwaveis.Andweoftennotewherethesoundoccursinthepatient's
open-closecycle.Thisisdefininglocation.
Jointvibrationsareanalyzedusingamathematicaltechniqueknownasthe

Fast Fourier Transform (FFT) extracts the amplitude of each of these
fundamentalfrequenciestoshow thefruquencyspectrum whichrepresentsthe
amplitude(energy)ateachfrequency.Integralistheamountofvibrationenergy
from each jointand the area underthe curve ofthe frequency spectrum
expressedin% powertimesHertz.
Thesofttissuevibrationsgenerally hasfrequenciesbelow 300Hzand the

hardtissuesvibrationswillgenerallyhasfrequenciesabove300Hz.Likewisethe
low integralindicatesenergy below 300Hzand theHigh integralindiocates
energyabove300Hz.Ishigakietalreportedadiscdisplacementwithreduction
generatesa"click"inthelowerfrequencies(under300Hz)23)andadegenerative
condition generates "crepitus"in the higherfrequencies(over300Hz)24) With
regard to the ratio between intergals above and below 300Hz provides
informationontherelativedistributionofhighandlow vibrationfrequencies,it
isconceivablethatthehigherintegral>300Hz/<300Hzrationumber,themore
advanceddegenerativeconditioncouldexist.
InthisstudyGruopⅠ andGroupⅡ;subdivision1representedsimilarfrequency
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spectrum patternandshowedvariablerangeofintegral>300Hz/<300Hzratio
ranged from 0.04 to 0.3 and 0.05 to 0.31 respectively.While GroupⅡ;
subdivision1,2and3representedirregularenergepatternandshowedhigher
integral>300Hz/<300Hzratiorelatively.FurthermoreGroupⅡ;subdivision3and
4couldbesuggestedbeingonthedegenerativecondition.Sonormalhealthy
jointcouldbedifferentiatedfrom thoseindegenerativeconditionbyanalysisof
clinicalexaminationsalongwithintegral>300Hz/<300Hzratioandpatternsof
frequencyspectrum.
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SSSUUUMMMMMMAAARRRYYY

WeusedJointvibration analysis(JVA)in theBioPAK system(Bioresearch,
Inc,Milwaukee,USA)astheelectrovibratography,andJaw tracker(JT)-3device
intheBioPAK system (Bioresearch,Inc,Milwaukee,USA)fordistinguishtooth
contactfrom jointsoundprecisely.Theaim ofthisstudywastoexamimethe
TMJ sounds with repectto integral>300 Hz/<300Hz ratio and frequency
spectrapatterninsubjectsshowingDiscdisplacementwithreduction.
Thisstudywasdoneusing30individualswhoseagesrangedfrom 23to33

yearswithameanaverageof26.2years.GroupⅠ was10subjectshadan
absenceofsubjectiveTMJcomplaints(noisesandpains)whileshowedobjective
EVG findings.GroupIIwas20subjectsshowedsymptomsofdiscdisplacement
withreduction.IneachsubjectEVG analysiswereperformedthreetimesand
thebestperformedrecordingwasselectedfrom threerecordings.Screeningout
vibrations showing highest amplitude priorly tooth contact exculded and
reproduciblejointsoundwasanalyzedforeachopening& closingcycle.Finally
averagedepisodewasdetectedineachsubjets.
Jointvibrationsareanalyzedusingamathematicaltechniqueknownasthe

Fast Fourier Transform(FFT). The frequency spectra view plots
amplitude(vertical axis) versus frequency(horizontal axis).The soft tissue
vibrations generally has frequencies below 300Hz and the hard tissues
vibrationswillgenerallyhasfrequenciesabove300Hz.Withregardtotheratio
betweenintergalsaboveandbelow 300Hzprovidesinformationontherelative
distribution ofhigh andlow vibration frequencies,itisconceivablethatthe
higherintegral>300Hz/<300Hzrationumber,themoreadvanceddegenerative
conditioncouldexist.
InthisstudyGruopⅠ andGroupⅡ;subdivision1representedsimilarfrequency

spectrum patternandshowedvariablerangeofintegral>300Hz/<300Hzratio
ranged from 0.04 to 0.3 and 0.05 to 0.31 respectively.While GroupⅡ;
subdivision1,2and3representedirregularenergepatternandshowedhigher
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integral>300Hz/<300Hzratiorelatively.
Sincetheclinicalexaminationaloneisnotentirely accurate,analternative

cost-effectivetechniquemustbefound.Through constant observations,it
couldbesuggestedcliniciansconsiderusingthisJVA protocoltodifferentiate
thecharacteristicsof TMJsound.AndJVA willbeprovidedtheclinicianwith
the visiblepatternsofTMJsoundforpatientmanagement.



- 16 -

RRReeefffeeerrreeennnccceeesss

1.FarrarWB.Characteristicsofthecondylarpathininternalderangementsof
theTMJ.JProsthetDent.1978;39:319-323.
2.WeinbergLA.Theetiology,diagnosisandtreatmentoftheTMJdysfunction
painsyndrome.PartⅠ:Etiology.JProsthetDent1979;42:654-664.
3.WabekeKB,Hansson TL,Hoogstraten Jetal,.Temporomandibularjoint
clicking:A literature overview.J Craniomandib Disord FacialOralPain.
1989;3:163-173.
4.WidmerCG.Temporomandibularjointsounds:A critiqueoftechniquesfor
recordingandanalysis.JCraniomandibDisordFacialOralPain.1989;3:213-217.
5.RinchuseDJ,Abraham J,MedwidL,etal,.TMJsounds:Aretheyacommon
findingoraretheyindicativeofpatholosis/dysfunction?.Am JOrthodDentfac
Orthop.1990;98:512-515.
6.MohlND,Lund JP,WidmerCG etal,.Devices forthe diagnosis and
treatmentoftemporomandibularjointdisorders.Par2:Electromyography and
sonography.JProsthetDent.1990;63:332-336.
7.SpruijtR,HoogastratenJ.Theresearchontemporomandibularjointclicking:
A methodologicalreview.JCraniomandibDisordFacialOralPain.1991;5:45-50.
8.MohlND,McCallWD,Lund JP etal,.Devices forthe diagnosis and
treatment of temporomandibular disorders. PartⅠ: introduction, scientific
evidence,andjaw tracking.JProsthetDent.1990;63:198-201.
9.MohlND,Ohrbach RK,Crow HC etal,.Deviecesforthediagnosisand
treatmentoftemporomandibular disorders.Part3:Thermography,ultrasound,
electrical stimulation,and electromyographic biofeedback.J Prosthet Dent.
1990;63:472-477
10.MohlND.Temporomandibulardisorders:theroleofocclusion,TMJimaging,
andelectronicdevices.A diagnosticupdate.JAm CDent.1991;58:4-10.
11.WidmerCG,LundJP,FeineJS.EvaluationofdiagnostictestsforTMD.
CDA J.1990;18:53-60.



- 17 -

12.IshigakiS,Bessette RW,Maruyama T.The distribution of internal
derangementinpatientswithtemporomandibularjointdysfunction-Prevalence,
diagnosisandtreatments.JCraniomandibPract.1992;10:289-296.
13.Wetesson P-L,Eriksson L,KuritaK.Reliability ofanegativeclinical
temporomandibular joint examination: Prevalence of disk displacement in
asymptomatic temporomandibular joints.OralSurg OralMed OralPathol.
1989;68:551-554.
14.Galloetal,.PowerSpectralAnalysisofTemporomandibularJointsoundsin
AsymptomaticSubjects.JDentRes.1993;(72):871-875.
15. Ishigaki S, Bessette RW, Maruyama T. A clinical study of
temporomandibularjointvibrationsinTMJdysfunctionpatients.JCraniomandib
Pract.1993;11:7-13.
16.ChristensenLV, OrloffJ.ClinicalReproducibilityoftemporaromandibular
joint vibrations.(electrovibratography). Journal of Oral Regabilitation.
1992;19:253-263.
17.IshigakiS,BessetteRW,MaruyamaT.Vibrationofthetemporomandibular
jointwith normalradiographicimagings:comparison between assymptomatic
volunteersandsymptomaticpatients.JCraniomandibPract.1993;11(2):88-94.
18.Toolson GA,Sadowsky C.An evaluation ofthe relationship between
temporomandibularjointsounds and mandibularmovements.JCraniomandib
Disord.1991;187-196.
19.OkessonJP.Fundamentosdeoclusaoedesordenstemporomandibulares.Sao
Paulo:ArtesMedicas.1992.
20.GageJP.Collagenbiosynthesisrelatedtotemporomandibularjointclickingin
childhood.JProsthetDent.1985;53:714-717.
21.FarrarWB.Characteristicsofthecondylarpathininternalderangementsof
theTMJ.JProsthetDent.1978;39:319-323.
22.ZijunJL,WangHY,PuWY.A comparativeelectromyographicstudyofthe
lateralpterygoidmuscleandarthrographyinpatientswithtemporomandibular
jointdisturbancesyndromesounds.JProsthetDent.1989;62:229-233.
23. Ishigaki S, Bessette RW, Maruyama T. Vibration Analysis of the



- 18 -

Temporomandibular Joints with Meniscal Displacement With and Without
Reduction.JCraniomandib.Prac.1993;11:192-201.
24. Ishigaki S, Bessette RW, Maruyama T. Vibration Analysis of the
TemporomandibularJointswithMeniscalDisplacementWithDegenerativeJoint
Disease.JCraniomandib.Prac.1993;(11):276-283.



저작물 저작물 저작물 저작물 이용 이용 이용 이용 허락서허락서허락서허락서
학  과  치의학과 학번  20067193 과 정  석사

성  명 한글: 정 다 운    한문 : 鄭 多 云  영문 : Jung Da-un

주  소  광주광역시 동구 서석동 조선대학교 치과병원 보철과

연락처  E-MAIL: ggoogo03@naver.com

논문제목

한글 : 측두하악 관절잡음의 진동 분석 

영문 : Vibration Analysis of the Temporomandibular Joint 

Sounds

  본인이 저작한 위의 저작물에 대하여 다음과 같은 조건아래 조선대학교가 

저작물을 이용할 수 있도록 허락하고 동의합니다.

- 다         음 -

1. 저작물의 DB구축 및 인터넷을 포함한 정보통신망에의 공개를 위한 저작물의 

복제, 기억장치에의 저장, 전송 등을 허락함

2. 위의 목적을 위하여 필요한 범위 내에서의 편집ㆍ형식상의 변경을 허락함. 

다만, 저작물의 내용변경은 금지함.

3. 배포ㆍ전송된 저작물의 영리적 목적을 위한 복제, 저장, 전송 등은 금지함.

4. 저작물에 대한 이용기간은 5년으로 하고, 기간종료 3개월 이내에 별도의 의사 

표시가 없을 경우에는 저작물의 이용기간을 계속 연장함.

5. 해당 저작물의 저작권을 타인에게 양도하거나 또는 출판을 허락을 하였을 

경우에는 1개월 이내에 대학에 이를 통보함.

6. 조선대학교는 저작물의 이용허락 이후 해당 저작물로 인하여 발생하는 타인에 

의한 권리 침해에 대하여 일체의 법적 책임을 지지 않음

7. 소속대학의 협정기관에 저작물의 제공 및 인터넷 등 정보통신망을 이용한 

저작물의 전송ㆍ출력을 허락함.

동의여부 동의여부 동의여부 동의여부 : : : : 동의동의동의동의(  (  (  (  O   O   O   O   )    )    )    )    반대반대반대반대(     (     (     (     ) ) ) ) 

2008년   2월  25 일

  

                      저작자:     정  다  운           (서명 또는 인)

조선대학교 조선대학교 조선대학교 조선대학교 총장 총장 총장 총장 귀하귀하귀하귀하


	I. INTRODUCTION
	II. MATERIALS AND METHODS
	III. RESULTS
	IV. DISCUSSION
	V. SUMMARY
	REFERENCES

