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초록

외상 후 감각이상 환자에 대한 외상성 말초 삼차신경

병변 진단기준 적용 및 지속적 신경병변의 위험인자 분석

유 지 원

지도교수 :윤 창 륙

조선대학교 대학원 치의학과

연구목적:본 연구는 외상 후 감각이상 및 통증을 호소하는 환자에게 외상성

말초 삼차신경 병변의 진단기준을 적용하였을 경우 그 유용성을 평가하고,

환자의 주관적,객관적 특성을 비교 분석하여 지속적인 신경손상의 가능성에

대한 위험인자를 분석하고자 함이다.

연구대상 및 연구 방법:본 연구는 삼차 신경 영역의 외상 후 감각이상 및

통증을 호소하는 환자를 대상으로 후향적 연구를 시행하였다.환자의 증상

지속 기간에 따라 3개월 이내 증상이 경감된 환자는 일시적 신경손상,3개월

이상 증상이 지속된 경우는 지속적 신경손상 군으로 분류하였다.지속적인

신경손상 병변의 위험인자를 평가하기 위하여,진료기록을 토대로,환자 병력

에 따른 증상의 평가,방사선사진 상 신경손상의 징후,임상적 이학검사,전

류인지 역치 검사 결과를 비교하여,각 그룹 간 유의성 있는 변수에 대해 다

중회귀분석을 시행하였다.또한,외상성 말초 삼차신경 병변 기준을 적용하

여,민감도,특이도,양성 예측도,음성예측도를 평가하였다.다중회귀분석 상

유의성 있는 변수를 토대로,지속적 신경손상을 평가하는 기준을 재정립하여,

해당 기준의 민감도,특이도,양성 예측도,음성예측도를 산출하였다.

결과:연구기간 내,총 111명의 환자가 삼차신경 영역 외상 후,감각 이상 및
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통증을 호소하였으며,일시적 신경손상 군은 23명,지속적 신경손상 군은 88

명이었다.외상성 말초 삼차신경 병변 기준의 민감도,특이도를 산출한 결과,

낮은 민감도,높은 특이도를 나타내었다.지속적 신경손상 군은 일시적 신경

손상 군에 비해 파노라마 방사선 상 신경 손상의 징후,이학 검사 상,핀 자

극 시 감각저하 및 자극이 방사상으로 퍼지는 증상,접촉 자극 시 자극이 방

사상으로 퍼지는 증상,이질통이 통계학적으로 유의성 있게 나오는 결과를

보였다.이를 토대로 다중 회귀분석을 시행한 결과,파노라마 방사선 사진 상

신경 손상의 징후,핀 자극시 감각저하,핀 자극 및 접촉 자극 시 방사상으로

퍼지는 증상이 집단에 영향을 끼치는 것으로 나타났으며,설명력은 60.7%로

나타났다.

결론:본 연구 결과,삼차신경 영역의 외상 후 감각이상 또는 통증을 호소하

는 환자에게 외상성 말초 삼차신경 병변 기준의 적용은 실질적으로 유용하다

볼 수 있다.그러나 외상 직후 증상의 지속 여부를 예측하는 위험인자의 보

완은 특히 의원성 외상의 경우,감각이상의 발생한 환자의 예후 평가 및 환

자의 기대수준을 적절하게 설정하는데 도움이 될 수 있다.추후 많은 환자군

을 대상으로 다기관 평가를 시행할 경우,본 연구를 보완하여,보다 정확한

위험인자 예측을 하는 것이 필요할 것이다.

주제어:삼차신경,신경손상,위험인자,외상,의원성,민감도,특이도
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Ⅰ.Introduction

Nervedamagefrom varietyoffactorscancausechronicneuropathic

pain.Iatrogenicnervedamage,especially,canresultinmedico-legal

issues.Indentistry,thetreatmentitselfisthesurgicalapproach,and

cancauseharm totheperipheralnerve,whichintheorofacialareais

aportionofthetrigeminalnerve.Dentaltreatmentswithreportsof

nerveinjuryincludetheCaldwell-Lucintervention,orthognathic

mandibularadvancementsurgery,extrusionofrootcanalfilling

material,administrationoflocalanesthetic,andimplantsurgery,with

thirdmolarextractionasthemostfrequentcause.
1,2)
Allthesechanges

canbetransientorpersistentdependingonthedegreeofthethe

nerveinsult.
3)

Nervedamagecanaffectasinglenerveorseveralnerves,and

resultinsensory,motor,and/orautonomicdeficitsintheaffected

region.2)Damagetosensorynervescanresultinanesthesia,

paraesthesia,pain,oracombinationofthethree.Theresultingpain

couldalsocreatesignificantfunctionalproblems.4)Patientswith

trigeminalnervetraumaoftencomplainthatthesensorydisturbance

and/orpaininterferewithdailyfunction,decreasingqualityoflifeand

potentiallyleadingtosignificantpsychosocialproblems.
5)
The

significantdisabilityassociatedwiththesenerveinjuriesmayalso

resultinincreasingnumbersofmedico-legalclaims.
4)

AccordingtothereportoftheKoreaConsumerAgency,outof302

casesseekinglegalredressfordentaltreatment,101cases(33.4%)

werecompensatedandreimbursed.Thenumberofcasesofsensory

alterationwas34,11.3% ofallmedico-legalclaims.Theaverage

amountofindemnitywas9,670,000(KRW)incasesoflingualnerve
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injury(LNI),and6,230,000(KRW)inthoseofinferioralveolarnerve

injury(IANI).Especially,incasesofdentalimplantplacement,the

indemnitywasjudgedabout31,360,000(KRW).

Becauseofthesehighindemnities,andforthepatients’and

clinicians’ownwell-being,cliniciansshouldmakeparticularlystrong

effortstopreventiatrogenicnervedamage.However,ifpatients

complainaboutalteredsensationand/orpainafterdentalprocedures,

thesepatientsshouldbereassessedfortheirconditions,medically

managedforthem whenneeded,andreferredtoorofacialpainor

oromaxillofacialsurgicalspecialistsforpropertreatment.Inaddition,

orofacialpainororomaxillofacialsurgicalspecialistsshoulddiagnose

theirconditionsproperly,andassessriskfactorsforchronic

neuropathy,toprovidethem withrealisticoutcomeexpectations.

Unfortunately,neuropathicpainduetotrigeminalinjuryhasbeen

poorlydefined.Therearenostandardsorphysicalexaminationsto

diagnosetheseconditions.Inarecentarticle,diagnosticcriteriafor

“PeripheralPainfulTraumaticTrigeminalNeuropathy(PPTTN)”were

proposed.6)Theauthorstriedtocharacterizetheconditionand

coordinateitwiththeInternationalHeadacheSociety(IHS)criteria.In

thatstudy,clinicalphenotypeswerecomparedbetweenPPTTN

patientsandclassicaltrigeminalneuralgia,andthestudyconcluded

thatPPTTNcriteriacouldbeclinicallyuseful.However,theclinical

symptomsandpathophysiologyofthesetwodisordersarecompletely

different.Inaddition,applyingthesecriteriainclinicswouldrequire

evaluationofthePPTTNcriteriaforbothsensitivityandspecificity.

Themaintargetpopulationwouldbepatientswithalteredsensation

and/orpain,whichisthetypicalsymptom ofPPTTN.
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Toourknowledge,therehavebeennostudiesevaluatingthe

sensitivityandspecificityofPPTTNcriteria,andassessingtherisk

factorsofpermanentnervedamage.

Consequently,theaimsofthisstudyweretoevaluatethevalidity

andreliabilityofPPTTNcriteriaforpatientswithalteredsensation

and/orpainbyevaluatingtheirsensitivityandspecificity,andto

determineoutcomepredictorsaffectingpermanentneuropathy.
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Ⅱ.MaterialsandMethods

A.Subjects

Thiswasaretrospectivestudyofpatientswhocomplainedofaltered

sensationorpainfollowingtrigeminalnervetrauma,from 2010to2013,

whowerevisitingtheDepartmentofOralMedicine,ChosunUniversity,

DentalHospital.

Thisstudywasnotconfinedtopatientswithiatrogenicnervedamage.

Trigeminalneuropathicsymptomsafterfracturesortrafficaccidentscould

alsobesubjectsofinsuranceclaims,sothesecaseswerealsoincluded.

Patientswithtrigeminalneuropathycausedbysystemicdiseaseorlocal

inflammationwereexcludedinthisstudy.Inaddition,studiedpopulation

wasconfinedtothedistributionofthetrigeminalnervethirdbranch,i.e.,

symptomsaffectedtothefirstandsecondbranchesofthetrigeminal

nervewereexcluded.

Thisstudywasapprovedbytheinstitutionalreview boardofChosun

University,DentalHospital,2013.

B.Methods

Thepatienthistoriesandclinicalexaminationsweredocumented

accordingtoroutineproceduresforsensoryalterationaftertraumainthe

DepartmentofOralMedicine,ChosunUniversity,DentalHospital.

Demographicdatacollectedfrom eachpatientincludedageofonsetand

gender.From consecutiverecords,patientsforwhom thesymptoms

resolvedinlessthan3monthsweredesignatedthe“transientgroup”.The

“persistentgroup”wascomprisedofpatientswhosesymptomscontinued

formorethan3monthsaftertrauma,accordingtopatienthistoryor
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consecutiverecords.From theincludedpopulation’smedicalrecords,

variableswerecollectedforcomparisonwiththoseofthepreviousstudy.
6)

1.Variablesfrom patienthistory

Painintensitywasmeasuredusingavisualanaloguescale(VAS),

where0wasnopainand10wasworstpainimaginable.Tomatch

variableswiththepreviousstudy,
6)
thequalityofthepainwasadjusted

byonedoctor(RyuJW)afterreviewingthemedicalrecords,whochose

oneormoreofthefollowingdescriptiveterms:electrical,stabbing,

throbbing,pressure,burning,oranycombinationofthefiveterms.This

wasthesameforthetemporalpatterns,adjustedaccordingtoattack

frequencyanddurationparameters:episodic,daily,andcontinuous.

Patientswereaskedtoreportthepaindurationrepresentingthatofa

typicalattack.Thepresenceofautonomicsignssuchastearing,redness,

orswellingwasalsorecorded.Patientswereaskedabouttheirqualityof

sleepafterthesymptomsstarted.Atraumahistorywascollectedverbally

andfrom relevantdocumentation(e.g.,thirdmolarextraction,dental

implant,trafficaccident,fractureofjaws,etc.).

2.Variablesfrom clinicalexamination

Theclinicalexaminationincludedmechanosensorytesting,and

radiographicexamination,toassessthesubjectivesymptomsofpatients.

Mechanosensorytestingoftheaffectedandcontralateralareasincluded

theuseofpinprickstimuli(withadentalexplorer)andbluntstimuli(with

cottonswabs).Exceptforpatientswithlingualnervedamageonly(6

cases),allmechanosensorytestsweregiventotheextraoralaffectedarea.

Duringthetest,patientswereaskedtorateofresponsetoeachstimulus

basedonascaleof0to100,suchthat0meantacompletesensory
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deficittothegivenstimulus,while100meantthesameintensityof

feelingasthatofthecontralateralarea.Whenpatientsreportedsensitivity

over100(hypersensitivity),theywereaskedtoratethefeeling

numerically(>100).Thesetestswerecomplementedbyexaminingthe

radiatingsensationcausedbyeachstimulus.Forstatisticalanalysis,the

scoresofeachstimuluswerecategorizedinto4degrees:verylow (0-39),

low (40-79),normal(80-119)andhigh(120-).Themechanosensorytests

wererepeatedthreetimes.Basedonthesetests,affectedareaswere

diagnosedasto“sensorysignature”tomatchthediagnosesofthe

previousstudy.
6)
Inaddition,patientswhoagreedtofurtherevaluation

proceduresfordefiningtheirsymptomsunderwentquantitativesensory

testing(QST)usingtranscutaneouselectricalstimulideliveredbythe

NeurometerNervscanNS3000device(Neurotron).TheNeurometerQST

procedureswerematchedwithanotherpreviousstudythatevaluated

neurosensoryalterationinorthognathicsurgeries.
7)
Stimuliweredeliveredat

250HztoassessthesensorythresholdassociatedwithA-δ fiber

stimulation,andat2,000Hzand5HzforA-β andCfiberevoked

sensorythresholds,respectively.Subjectswereinstructedtoreleasea

controlbuttonuponthefirstsensation.Bothoperatorandpatientswere

blindedtothestimulusintensityprovided.Thescoresobtainedwitheach

stimuluswereconvertedratios,oftheaffectedareatothecontralateral

area.
6)

Allpatientsunderwentpanoramicradiographicexaminationtoevaluate

thenerveinjury.Additionalconebeam computedtomography(CBCT)

imagingwastakentopatientswhoagreedtofurtherevaluationinorder

tolocateandgrosslyassesstheextentofnervedamage.

3.ApplicationtoPPTTN criteria

From medicalrecords,symptomsrelatedtotrigeminalneuropathywere
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evaluatedaccordingtoPPTTNcriteria.Sensitivityandspecificity,positive

predictivevalue(PPV),andnegativepredictivevalue(NPV)were

calculatedoneachitems,andfinaldiagnoses.Item B(duration)was

excluded,becausethedurationofthesymptomswasthecriterionby

whichthestudiedpopulationwasgrouped.

4.Determinationofoutcomepredictorsaffecting

permanentneuropathy

Tofindoutthestatisticaldifferencesbetweenthetransientand

persistentgroups,statisticalanalysiswasperformedviaPearson’s

chi-squaretest(χ2).Differencesbetweencontinuousvariables(onsetage

andpainintensity)wereanalyzedwithStudent’st-test.

Toexplorepossiblecontributingfactorsaffectingthepermanenceof

nerveinjury,theabovevariableswithsignificantdifferenceswere

analyzedwithmultipleregressionanalysis.

Basedontheresultsoftheregressionanalysis,thevariableswith

significancewereplacedontheitemsaccordingtotheirrespective

PPTTNcriteria.Sensitivityandspecificity,PPV,andNPVwerecalculated

foreachitem,andfordiagnosesofoutcomepredictors.

C.StatisticalAnalyses

DatawereanalyzedwithSPSSversion18forWindows(SPSS,

Chicago,Illinois,version18.0).

Statisticalsignificancewasdefinedasp< 0.05,witha95% confidence

interval.
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Group Onsetage(y±SD) Gender(M;Fratio)

Transient(n=23) 40.30±16.25 8:15

Persistent(n=88) 46.51±15.27 35:53

Total(n=111) 45.23±15.61 43:68

Ⅲ.Results

Intotal,111patientswerecollectedforthestudy,ofwhom 5.4%

presentedwithLNI(6patients)and94.6% withIANI(96patients).The

transientgroupwascomprisedof23patientsandthepersistentgroup

wascomprisedof88patients.

A.Comparisonofpatientprofilesbetweenthe

transientandpersistentgroups

ThedemographicfeaturesofeachgrouparesummarizedinTable1.

Therewerenodifferencesinonsetageorgenderratiobetweengroups.

Inevaluationofthelocation,theleftsidewasaffectedin50cases

(45.05%),andtherightsidewasin48cases(43.24%).Bothsides

(mentum area)wereaffectedin13cases(11.71%).

Table1.Demographicfindingsinstudiedpopulation

M:Fratio,male:femaleratio.

Onsetagewaspresentedasmeanyear±standarddeviation.

Thedistributionsofinitiatingeventscausingalteredsensationorpain

aresummarizedinTable2,whilethedifferencesbetweenpatientprofiles

inthetransientandpersistentgroupsaredescribedinTable3.Patientsin

thetransientgroupmostly reportedthequality ofpaintobepressure

(73.90%),while the persistent group mostly reported burning pain

(60.20%).Withingroups,therewerenosignificantdifferencesinquality

descriptors(χ2,p>0.05).
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Table 2.Distributions of initiating events affecting altered

sensationorpain

Causes Cases Percentages(%)

Anesthesia 3 2.70

Massexcision 5 4.50

Endodontictreatment 9 8.11

Thirdmolarextraction 25 22.52

Fractureofmandible 18 16.22

Orthognathicsurgery 8 7.21

Incisionanddrainage 1 0.90

Implantplacement 31 27.93

Operative/Periodontictreatment 5 4.50

Wound 6 5.41

PainintensityshowednodifferencesinVAS scoresbetweengroups.

Theaverage(±SD)scoresofpainintensitywere5.09±1.98,and5.48±

1.97inthetransientandpersistentgroups,respectively.

Inevaluationoftemporalpatterns,mostpatientsreportedcontinuous

(87% and90.90% inthetransientandpersistentgroups,respectively)pain,

withnosignificantdifferencesbetweengroups.

For35patients,qualityofsleepwasreportedasbadbecauseofthe

trauma.Thisvariablewasnotstatisticallydifferentbetweenthegroups.

Intheradiographicimagingtests,therewasasignificantdifference(p

< 0.05)in thepanoramicview test.Allpatientsunderwentpanoramic

radiographs,and59patients(53.15%)alsounderwentCBCT imagingof

thearea.Therewere14positivesignsofnervedamageusingCBCT out

of46cases(30.43%),whileinpanoramicview therewerenosign.
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Parameter Transient(n=23) Persistent(n=88) Statistics

Intensity

(meanVAS±SD)
5.09±1.98 5.48±1.97 T,p=0.399

Temporalpattern

Daily=3(13.00%)

Continuous=20

(87%)

Daily=8(9.10%)

Continuous=80

(90.90%)

χ2,p=0.695

Autonomicsigns
No=22(95.70%)

Yes=1(4.30%)

No=85(96.60%)

Yes=3(3.40%)
χ2,p=1.000

Sleepquality

No change=

16(72.70%)

Bad=6(27.30%)

No change=

55(65.50%)

Bad=29(34.50%)

χ2,p=0.439

Quality

ofPain

Electric
No=15(65.2%)

Yes=8(34.80%)

No=47(53.40%)

Yes=41(46.60%)
χ
2
,p=0.310

Stabbing
No=15(65.2%)

Yes=8(34.80%)

No=58(65.90%)

Yes=30(34.10%)
χ2,p=0.950

Throbbing
No=23(100%)

Yes=0(0%)

No=84(95.50%)

Yes=4(4.50%)
χ
2
,p=0.579

Pressure
No=6(26.10%)

Yes=17(73.90%)

No=36(40.90%)

Yes=52(59.10%)
χ2,p=0.192

Burning
No=12(52.20%)

Yes=11(47.8%)

No=35(39.80%)

Yes=53(60.20%)
χ2,p=0.284

Panoramic view

result

Yes=9(30.40%)

No=14(60.90%)

Yes=56(63.60%)

No=32(36.40%)

χ2,p=0.034*

Table3.Differencesbetween patientprofilesin transientand

persistentgroup

SD,standard deviation ofmean value;T,Student’s t-test;χ
2
,

Pearson’schi-squaretest.

*p<0.05(byPearson’schi-squaretest).

Intheresultsofmechanosensorytesting,mostpatientssufferedfrom

reducedsensationcomparedtothecontralateralarea(Table4).Withblunt

mechanicalstimulus from cotton swabs,73.90% ofthe transientand

60.90% ofthe persistentgroup reported reduced sensation.With pin

stimulus,69.50% ofthe transientand 58.60% ofthe persistentgroup
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Parameter Transient(n=23) Persistent(n=88) p-value

Physical

exam

Blunt

stimulus

Very

low=11(47.80%)

Low=6(26.10%)

Normal=2(8.70%)

High=4(17.40%)

Very

low=18(20.70%)

Low=35(40.20%)

Normal=10(11.50%)

High=24(27.60%)

p=0.074

Radiating

afterblunt

stimulus

No=17(73.9%)

Yes=6(26.10%)

No=29(33%)

Yes=59(67%)
p=0.000

***

Pin

stimulus

Very

low=13(56.50%)

Low=3(13.00%)

Normal=0(0.00%)

High=7(30.40%)

Very

low=23(26.40%)

Low=28(32.20%)

Normal=13(14.90)%

)

High=23(26.40%)

p=0.012
*

Radiating

afterpin

stimulus

No=19(82.60%)

Yes=4(17.40%)

No=38(43.20%)

Yes=50(56.80%)
p=0.0001

**

reported reduced sensation.Between groups,there was a statistically

significantdifference in the resultofthe pinprick test(p < 0.05).

Radiating symptoms after blunt and pinprick stimuli were also

significantlydifferentbetweengroups.

Elevenpatientsinthetransientand67patientsinthepersistentgroup

underwenttheQST procedureswiththeNeurometer.Theratiosofthe

scores(affectedarea:contralateralarea)inA-β,A-δ,andCfiberswere

allsignificantlyhigherthanexpected,butbetweenthegroups,therewere

nodifferences.

Table4.Differencesbetweenresultsofmechanosensorytesting

intransientandpersistentgroup

*p<0.05,**p<0.01,***p<0.001(byPearson’schi-squaretest).
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Sensorysignatures Transient Persistent p-value

Hypoalgesia
No 7(30.40) 30(34.10)

0.741
Yes 16(69.60) 58(65.90)

Hyperalgesia
No 16(69.60) 64(72.70)

0.763
Yes 7(30.40) 24(27.30)

Hypoesthesia
No 4(17.40) 24(27.30)

0.331
Yes 19(82.60) 64(72.70)

Hyperesthesia
No 19(82.60) 64(72.70)

0.331
Yes 4(17.40) 24(27.30)

Allodynia
No 16(69.60) 27(30.70)

0.001
**

Yes 7(30.40) 61(69.30)

DiagnosesofsensorysignaturesaredescribedinTable5.Inthe

transientgroup,hypoesthesiaandhypoalgesiawerethemainfeaturesof

thesensorysignature.Inthepersistentgroup,hypoesthesia,hypoalgesia,

andallodyniawerethemainfeatures.Betweengroups,therewasa

statisticallysignificantdifferenceintheallodyniasignature(p< 0.01).

Table5.Diagnosesofsensorysignatures

**p<0.01(byPearson’schi-squaretest).

B.Outcomepredictorsaffectingpersistent

neuropathicsymptoms

Basedonthechi-squareandt-tests,thevariableswithsignificant

differencesbetweengroupswereidentified:panoramicview result,reduced

sensation,andradiationinthepinpricktest,radiationinthebluntstimulus

test,andallodynia.Multipleregressionanalysiswasthenperformedon

thesevariables(Table6).Theresultsrevealedthatthepresenceofa

neurologiclesioninthepanoramicview result,reducedsensationinthe
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Parameters β Wald
Nagelkerke

R
2 Exp(B)

Panoramicview result 1.449 7.751
**

0.607

4.258

Normalorexaggerated

sensationinthepinprick

test

-0.536 1.405 0.585

Reducedsensationinthe

pinpricktest
-2.018 5.778

*
0.133

Radiatingafterblunt

stimulus
1.749 1.273 5.751

Radiatingafterpin

stimulus
1.917 5.606

*
6.798

Allodynia -0.232 0.022 0.793

pinpricktest,andradiationinthepinpricktestcouldaffectthepersistent

group,withNagelkerke’sR
2
calculatedtobe0.607.

Table6.Outcomepredictorsaffectingpersistentneuropathy

*p<0.05,**p<0.01,***p<0.001(bytheWaldtest).

C.Sensitivity,specificity,PPV,andNPV for

PPTTN criteria

Table7showedestimatesforsensitivity,specificity,PPV,andNPVfor

theindividualitemsofthePPTTNcriteria(A,CtoE)andfinal

diagnosis.Eachitem showedsensitivitiesrangingfrom alow of20.72%

for“notattributedtoanotherdisorder”toahighof36.36% for“imaging

orneurophysiologicsign”.Sensitivityofitem C(clinicalevidentsign)was

notcalculatedbecauseallpatientsshowedatleastoneclinicallyevident

neurologicdysfunction.Specificitiesrangedfrom 79.28% for“atleastone

clinicalevidentneurologicdysfunction”to83.15% for“imagingor
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Diagnosticcriteriaand

Diagnosticlevel
Sensitivity Specificity PPV NPV

A.spontaneousortouch-evoked

painpredominantlyaffectingthe

receptivefieldofoneormore

divisionsofthetrigeminalnerve

28.57 80.58 9.09 94.32

C.atleastoneclinicallyevident

neurologicdysfunction
- 79.28 0.00 100.00

D.imagingorneurophysiologic

demonstratinganeurologic

lesionanditlocation

36.36 83.15 34.78 84.09

E.notattributedtoanother

disorder
20.72 - 100.00 0.00

PossiblePPTTN

(criteriaAandE)
13.04 94.32 37.50 80.58

ProbablePPTTN

(criteriaA,CorD,andE)
13.04 94.32 37.50 80.58

DefinitePPTTN

(criteriaA,CandD,andE)
39.13 79.55 33.33 83.33

neurophysiologydemonstratinganeurologiclesionanditslocation”.

Possible,probable,anddefinitePPTTNcriteriawereobservedtohave

sensitivitiesof13.04,13.04,and39.13% andspecificitiesof94.32,94.32,

and79.55%,respectively.ThePPVsforthePPTTNcriteriaA,andCto

Eare9.09to100%,andtheNPVsare0to94.32%.

Inthisstudy,applicationtocriteriaofPPTTNprovidedlow sensitivity

andPPV,althoughspecificityandNPVwererelativelyhigh.

Table7.Sensitivity,specificity,PPV,NPV ofindividualcriteria,

andfinaldiagnosesofPPTTNcriteria

PPV,positivepredictivevalue;NPV,negativepredictivevalue;PPTTN,

PeripheralPainfulTraumaticTrigeminalNeuropathy.
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D.Sensitivity,specificity,PPV,andNPV for

outcomepredictorsanddiagnosis

Table8providesestimatesforsensitivity,specificity,PPV,andNPVfor

individualvariableswithsignificance,andfordiagnosesofoutcome

predictors.

ComparedtotheresultsofthePPTTNcriteria,thisempiricalapproach

withadjustmentandincombinationwithoutcomepredictorsresultedina

profoundincrementinsensitivity,butalsoasmalldecrementin

specificity.

Wegeneratedanreceiveroperatingcharacteristic(ROC)curveby

plottingthesensitivityofthescreenertotalscoreagainstthevalueofone

minusthespecificity.
8)

TheitemsthathadanareaundertheROCcurve(AUC)ofmorethan

0.5weretouch(blunt)radiating,pinprickradiating,andallodynia.Once

adjustedandcombinedwithoutcomepredictors,allvariablesshowed

greaterthan0.5AUCexceptforpanoramicview result+radiatingafter

pinstimulus.
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Outcomepredictor

(matchedtoPPTTNcriteria)
Sensitivity Specificity PPV NPV

Reducedsensationinthe

pinpricktest(C)
30.44 65.91 18.92 78.38

Radiatingafterpinstimulus(C) 82.61 56.82 33.33 92.59

Panoramicview result(D) 60.87 63.64 30.44 86.15

Reducedsensationinthe

pinpricktest(C)

+Panoramicview result(D)

73.91 36.36 23.29 84.21

Radiatingafterpinstimulus(C)

+Panoramicview result(D)
95.65 36.36 28.21 96.97

Receptivefield(A)

+Panoramicview result(D)
60.87 60.23 28.57 85.48

Receptivefield(A)

+Reducedsensationinthe

pinpricktest(C)

39.13 62.50 21.43 79.71

Receptivefield(A)

+Reducedsensationinthe

pinpricktest(C)

+Panoramicview result(D)

69.57 39.77 23.19 83.33

Table 8.Sensitivity,specificity,PPV,NPV ofeach outcome

predictor, and diagnoses of adjusted outcome predictors

redistributedaccordingtothePPTTNcriteria

PPV,positivepredictivevalue;NPV,negativepredictivevalue;PPTTN,

PeripheralPainfulTraumaticTrigeminalNeuropathy.
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Ⅳ.Discussion

Recently,traumatictrigeminalneuropathyhasbeenasignificant

researchinterestfordentistry.
5,8)
Itisamajor,largelyunrecognized

clinicalproblem,whichisdistressingforandreducesthequalityoflifeof

patients.
10)

Therefore,thereisneedforaconsensusandstandardizationof

assessmentoftraumatictrigeminalneuropathy,whilealsosimultaneously

differentiatingtemporaryfrom permanentinjuriescausedintheearly

traumaticevent,inordertoencouragepatientstoseektheappropriate

interventions.However,therehasbeennoagreeddiagnosticmethodor

testtounequivocallyshow thepresenceofneuropathicpainthusfar.

Consequently,itisimportantfordentiststodesignthediagnosticcriteria,

andthetreatmentprotocolsforthesediagnoses.

Inthisstudy,enrolledpatientsweregroupedaccordingtodurationof

symptoms,withthecriticaltimesetat3months.Definingthetimeat

whichpermanentnerveinjuryisdiagnosedmightbeperformeddifferently

bydifferentauthors.Inmostpreviousarticles,injurieswereregardedas

permanentifthepatienthadsymptomsformorethan6months,because

paresthesiawasfoundtobetemporary,andtendedtosubsidewithinthe

first6months.5,11-13)Basedonthesestudies,clinicianshaveatendencyto

instructpatientswhoshow signsofnervedamagetowaitatleastsix

months.However,fullrecoveryofnervefunctionislesslikelywhenthe

patientisseenalongtimeafterasevereinjury.
5)
Furthermore,proposing

thePPTTNcriteriadefinedasPPTTNashavingcontinuedsymptomsfor

3months.Thiswasinlinewitharecentreview articlethatpositedthat

after3months,permanentcentralandperipheralchangesoccurwithinthe

nervoussystem subsequenttoinjurythatareunlikelytorespondto

surgicalintervention.10,14)Furthermore,itisimportanttodifferentiate

neuropathicfrom non-neuropathiccausesforthediagnosisandtreatment
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oftheconditions.Akeyfeatureofneuropathicpainisthecombinationof

sensorylosswithparadoxicalhypersensitivity.Damagetotheafferent

transmissionsystem causespartialorcompletelossofinputtothe

nervoussystem,leadingtonegativesensoryphenomena,suchaslossof

touchortemperatureorpressuresensations.
13)
Incontrast,inflammatory

painheightenspainsensitivityinresponsetotissueinjuryand

inflammation,anditisalsoassociatedwithhypersensitivitytonormal

sensoryinputs.10)Accordingly,symptomsthatoccurredforlessthan3

monthscouldoriginatefrom eitherinflammatoryorneuropathicconditions.

Therefore,definingthetimebetweentransientandpersistentneuropathy

as3monthsinthisstudyseemedmostappropriate.

Inthisstudy,mostpatients(84outof111,75.67%)hadneuropathic

pain,whileonly17patientshadloweredorcompletelynumbsensation

withoutpain.Itisknownthatapproximately35% ofchronicpainpatients

sufferfrom neuropathicpain.
5)
Followingtheinjurytotrigeminalnerve

branches,chronicpaindevelopsinabout3-5% ofpatients.6,15)These

symptomscoupledwithneuropathicpaincouldbeespeciallytroublesome

topatients,andresultinaseverereductionoftheiroverallqualityoflife.

Thedistributionsofinitiatingeventsaffectingalteredsensationorpain

aresummarizedinTable2.Injurytothetrigeminalnervemayoccurfrom

avarietyofdifferentdentaltreatments,includingthirdmolarextraction,
16)

implantplacement,
17,18)

dentallocalanestheticinjection,
19)
endodontic

treatment,
20)
andorthognathicsurgery.

21)
Non-iatrogeniccausessuchas

skullfracturecouldalsoresultinconsiderablenerveinjury.Inthisstudy,

implantplacementcausedthehighestincidenceoftrigeminalnerveinjuries

(27.93%).Incontrast,previousstudiesstatethatthirdmolarextraction

causedthehighestincidenceofiatrogenictrigeminalnerveinjuries,
9,22)

whichwasthesecondmostcommoncauseinthisstudy(22.52%).Local

anesthetic-relatedinjurywasonly2.70% oftheincidenceinthisstudy.

Thedifferencecouldbeexplainedbythefactthatneuropathyrelatedto

thirdmolarextractionorlocalanestheticinjectionisusuallytemporary,
23)
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andthuspatientsdonotseeksecondaryortertiaryreferrals.Notably,

somepatientsdevelopchronicneuropathicpainfollowingnegligiblenerve

traumasuchassuturingofwounds,operativedentaltreatment,and

periodontictreatment.

Inthecomparisonofpatientprofiles,thepresenceofaneurologiclesion

inthepanoramicview result,reducedsensationandradiationinthe

pinpricktest,radiatingsensationwiththebluntstimulus,andallodynia

showeddifferencesbetweenthetransientandpersistentgroups(Table.6).

Accordingtotheresultofthemultipleregressionanalysis,thepresenceof

aneurologiclesioninpanoramicview resultandreducedsensationand

radiatingsymptomsinthepinpricktestwouldbedefiningfeaturesofone

ofthemainclinicalfeaturesofpersistentneuropathy.Mostpatientswith

delayedvisitscomplainedthattheirdoctorhadadvisedthem towaitand

see,withoutanyattempttorelievetheirsymptoms.Fastreferralfasttoa

specialistinorofacialpainororalsurgerymayhelpmaximizethe

resolutionofneuropathy,byinterruptingandreversingthecascadeof

traumaticevents.
5,24)
Manyauthorsrecommendthereferralofinjuries

before4monthsbutthismaybetoolateformanyperipheralsensory

nerveinjuries,
5)
sincethefirstfew monthsmaydeterminethedegreeof

nervehealing.4)Thistimewouldneedtobeveryshort,perhapswithin24

hoursoftheinjury,inthecasesofimplantorendodontic-related

injury.
20,25)

Therefore,identifyingriskfactorsaffectingpermanent

neuropathywouldhelpclinicianstoreferpatientswithneuropathic

symptomsatthebestpossibletime.

Thepanoramicview couldprovidegrossinformationoninvolvementof

inferioralveolarnerveinjury(IANI),demonstratingthelossofthelamina

duraoftheIANcanal,impingementofimplantfixtures,andoverfillingof

endodonticmaterialsintotheIANcanal.However,inthecaseoflingual

nerveinjury(LNI),andsometimesofmentalnerveinjury(MNI),the

panoramicview doesnotprovideproperinformationregardingnerve

damage.Conebeam CT(CBCT)scanningmightbeanalternativeoption,
26)
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butseveralpapershavereportedtheweaknessofCBCTevaluationin

identifyingthecanal,resultinginpoorersensitivityandspecificity.
27,28)

In

thisstudy,however,therewere14positivesignsofnervedamagein

CBCT,whiletherewere46casesofnosigninthepanoramicview.

Thus,usingCBCTmaynotbearoutineproceduretoassesstheextent

ofnervedamage,butitcouldbenecessaryifthepanoramicimagefails

todetectsignsofnervedamage.

Ifanerveinjuryissuspected,theclinicianshouldperform abasic

neurosensoryexaminationoftheneuropathicareaandascertainwhether

ornotthepatientisexperiencingpain,alteredsensation,ornumbness.
4)
In

thisstudy,reducedsensationinthepinpricktest(hypoalgesia)was

statisticallysignificantlymorefrequentinthepersistentgroupthaninthe

transientgroup.Sensorylossisauniversalresponsetonervedamage,
10)

buthypoalgesia,inassessingsensorysignature,wasnotpredominantin

thepersistentgroup.Inthecomparisonaboutsensorysignature,allodynia

showedstatisticallysignificanceinthepersistentgroup,comparedtothe

transientgroup(Table5).Afterthenerveinjury,reactivechanges

centrallyproduceabnormalneuralfunction.Allodynia(painevokedby

innocuousstimuli),andhyperpathia(anexplosive,abnormalpainthat

outlastsastimulus)wouldindicatealteredactivityofperipheralnerves

andtheircentralpathway.
4)
Therefore,acombinationofdullsensation,

allodynicandhyperpathicresponsesinaneurosensoryexaminationcould

serveasanoutcomepredictorforthelikelihoodofpermanentneuropathy.

Inthisstudy,Nagelkerke’sR2,whichrepresentsthepowerofexplanation

ofthemodel,
29)
was0.607.AsscoresofNagelkerke'sR

2
above0.5would

indicateastrongassociationwiththegroup.
30)
Ourvalueof0.607is

indicatativeofastrongassociationwiththepersistentgroup.Toour

knowledge,thisisthefirststudytoassessthedifferenceinpatient

profilesbetweenthetransientandpersistentgroups.Basedonthisstudy,

furtherinvestigationswithlargerstudypopulationsarewarranted.

ApplicationofPPTTNcriteriainthisstudyprovidedlow sensitivityand



-21-

PPV,butrelativelyhighspecificityandNPV.Theresultofthisstudy

confirmsthatPPTTNcriteriawouldbeclinicallyapplicable,butwouldnot

yetbeagoldstandardforevaluationoftraumatictrigeminalneuropathy.

Therefore,wetookanempiricalapproachusingadjustmentand

combinationswithoutcomepredictor.Comparedtotheresultsofthe

PPTTNcriteria,thisapproachgeneratedaprofoundincrementin

sensitivity,butwithasmalldecrementinspecificity.However,all

variablesadjustedandcombinedwithoutcomepredictorsexceptfor

panoramicview result+radiatingafterpinstimulusshowedmorethan

0.5AUC.TheareaundertheROCcurve(AUC)isameasureofthe

correlationbetweenthepredictionofthescreenerandthegoldstandard

diagnosis.BecauseanAUCscoreabove0.5representslow tomoderate

accuracy(andhighaccuracyifabove0.9),
31)
ourresultsindicatedthat

thesefeaturescouldimprovePPTTNcriteriaintermsofsensitivityand

specificity.However,applicationofthem tothisstudypopulationproduced

goodspecificityandlow sensitivity.Therefore,theseoutcomepredictors

couldserveasascreeningtool,butnotasadiagnosticcriteria.Onthe

otherhand,theuseofthisscreeningtoolmightrepresentanimportant

steptowardeffectivetreatmentandrealisticexpectationsforpatients.

Furtherstudywillbeneededwithlargersample,andmulti-centerdesign,

suchasheadachevalidationstudy.
32)

Anidealmodelforstudyingthedevelopmentofchronictraumatic

neuropathicpain,andestablishingpredictivefactorsforthecondition,

wouldincludepreoperativeandpostoperativeassessmentofpsychological

andneurophysiologicalfactors,detailedintraoperativedataonhandlingof

tissueandnerves,anddetailedearlyandlatepostoperativepaindata,as

wellasathoroughclinicalinvestigationtoexcludeothercausesofthe

chronicpainstate.10)Inthisstudy,psychologicalevaluationwasnot

performed.Consideringtheriskfactorsforpostsurgicalpain,psychological

evaluationshouldbeincludedinfuturestudies.
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Ⅴ.Conclusions

1.Thepresenceofa neurologiclesion in panoramicview resultand

reducedsensationandradiatingsymptomsinthepinpricktestwouldbe

defining features of one ofthe main clinicalfeatures ofpersistent

neuropathy.Thesefeaturescouldserveasoutcomepredictorsdiagnosing

thepermanentnerveinjuryintrigeminalnerve.

2.ApplicationofPPTTN criteriainthisstudyshowedlow sensitivityand

positivepredictivevalue(PPV),butsensitivity and negativepredictive

value(NPV)wererelatively high.PPTTN criteriawould beclinically

applicable,buttheymightnotyetbeagoldstandardforevaluationof

traumatictrigeminalneupathyasitis.

3.ComparedtotheresultsofthePPTTN criteria,anempiricalapproach

using adjustmentandcombinationswith outcomepredictorgenerateda

profound increment in sensitivity, but with a small decrement in

specificity.Therefore,theseoutcomepredictorscouldserveasascreening

tool,butnotasadiagnosticcriteria.Furtherstudywillbeneededwith

largersample,andmulti-centerdesign
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