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Abstract

AnatomicalRelationshipsbetweenDentalRoots
andSurroundingTissues,andTopographyofthe
NeurovasularStructureswithintheMandibular

Canal
KKKyyyuuunnnggg---SSSeeeoookkkHHHuuuDDD...DDD...SSS...,,,MMM...SSS...

DepartmentofDentistry
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorHee-JinKim D.D.S.,Ph.D.)

Althoughearlyimplanttechniquewasusedonlytoreplacemissingteeth,it
isnow usedinothervariousdentalfieldssuchasorthodonticanchorageand
soon.Asthedemandofdentalimplantsincreased,therealsohasbeenan
increaseincomplicationsafterthedentalimplantation.Themajorcomplication
duringorafterthedentalimplantationisthelossofsensationresultedinthe
damageoftheinferioralveolarnerve.Thisdamageoccursbecausetheprecise
information such asthelocation ofthemandibularcanaland thetraveling
courseoftheinferioralveolarnerve,arteryandveinisnotclearlyclarified.
Themajorcomplication aftertheminiscrewing procedureasan orthodontic
anchoragearethefractureofboneandtooth,andthetoothhypersensitivity.
Theseareresultedfrom thedifficultyinlocatingtheprecisepositioninfixing
theminiscrew.Therefore,thepurposesofthisstudy weretoelucidatethe
relationship between thedentalroots,and to verify thetopography ofthe
inferioralveolarnerve,artery,andvein within themandibularcanal.Thirty
mandiblesand20maxillaswereusedforthisstudy.Inthe200sectionsof
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each mandible and maxilla,9 items were measured for investigating the
relationshipbetweenthedentalroots.Themandibularcanalwasreconstructed
threedimensionallyforinvestigatingtopographyoftheinferioralveolarnerve,
arteryandvein.
Theinterrootdistanceincreasedfrom anteriortoposteriorteeth,andfrom

thecervicallinetotherootapex inboththemaxillaandmandible.Inthe
maxilla,theinterrootdistancewasgreatestbetweenthesecondpremolarand
thefirstmolar.Theinterrootdistancefrom thecentralincisortothefirst
premolarwasgreateronthebuccalsidethanonthepalatalside,butwas
similaronbothsidesbetweenthefirstandsecondpremolars.Theinterroot
distancefrom thesecondpremolartothesecondmolarwasgreateronthe
palatalsidethanonthebuccalside.Inthemandible,theinterrootdistance
wasgreatestbetweenthefirstandsecondmolars.Unlikethemaxillaryarch,
theinterrootdistancesfrom thecentralincisortothecanineandfrom the
secondpremolartothesecondmolarweregreateronthebuccalsidethanon
thelingualside.However,theinterrootdistancefrom thecaninetothesecond
premolarwassimilaronbothsides.Themaxillary buccolingualbonewidth
exceeded8mm from 5,3,and1mm abovethecervicallinefrom thecentral
incisortothecanine,from thecaninetothefirstmolar,andbetweenthefirst
andsecondmolars,respectively.Thebuccolingualbonewidthexceeded10mm
from 7,5,and4mm abovethecervicallinebetweenthecanineandthefirst
premolar,betweenthesecondpremolarandthefirstmolar,andbetweenthe
firstandsecondmolars,respectively.Themandibularbuccolingualbonewidth
didnotexceed8mm intheanteriorteethregion,butitdidexceed8mm
from 5and 2mm below thecervicallinefrom thecanineto thesecond
premolarandfrom thesecondpremolartothesecondmolar,respectively.The
buccolingualbonewidthexceeded10mm from 7and4mm below thecervical
linebetweenthesecondpremolarandthefirstmolar,andbetweenthefirst
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andsecondmolars,respectively.
Theinferioralveolarvesseltraveledabovetheinferioralveolarnervewithin

themainpartofthemandibularcanalinmostcases(80%,8/10),withthe
inferioralveolararterybeinglingualtotheinferioralveolarvein.Therewere
twocaseswheretheinferioralveolarvesselwasbuccaltothenerve(20%,
2/10).
Thisdataisexpected tohelp preventcomplicationsofimplantfixtures,

such aslossofsensation,tooth hypersensitivity,and bonefracture,and to
expandtheapplicationfieldofdentalimplant.
���������������������������������������������������������������������������

Key words :root,interrootdistance,miniscrew,mandibularcanal,inferior
alveolarnerve,inferioralveolarvessel,dentalimplant
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AnatomicalRelationshipsbetweenDentalRoots
andSurroundingTissues,andTopographyofthe
NeurovascularStructureswithintheMandibular

Canal

KKKyyyuuunnnggg---SSSeeeoookkkHHHuuu,,,DDD...DDD...SSS...,,,MMM...SSS...

DepartmentofDentistry,TheGraduateSchool,
YonseiUniversity

(DirectedbyProfessorHee-JinKim D.D.S.,Ph.D.)

ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Bränemarketal.(1964)observedthefirsttofirmlyanchortitanium tobone
withoutanadversetissuereaction.Theycoulddemonstratethatthetitanium
implantshadbeenstablefor5years,andhadosseointegratedintobone.Since
then,theuseofdentalimplantshasbecomewidespread(Bränemark etal.,
1969).Theearlyimplanttechniqueswereusedonlytoreplacemissingteeth,
buttheyarenow usedinvariousdentalfieldssuchasorthodonticanchorage.
Robertsetal.(1984)werethefirsttouseanimplantasanorthodontic

anchorage,andsuchendosseousimplantswereappliedtosubsequentlyclinical
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orthodonticsby ShapiroandKokich (1988)andRobertetal.(1990).Dental
implants (Herrero,1998; Wehrbein et al.,1999),miniplates (Jenner and
Fitzpatrick,1985;Umemorietal.,1998),andminiscrews(Costaetal.,1998;
Giancottietal.,2003;Kyung etal.,2003)have been used as orthodontic
anchorages,buttheminiscrew typeisnow themostwidelyusedduetoits
low costandeaseofimplantation(Ishiietal.,2004;Schnelleetal.,2004).In
clinicaluse,theearlyorthodonticimplantwasusedsimplyasanorthodontic
anchoragefortoothmovement,butcurrentorthodonticimplantsareusedto
provideadditionalanchoragefororthopedictreatmentaswellasforcomplex
procedures such as distalization ofthe molar,intrusion ofthe molar,and
treatmentoftheectopicmolar(Smalley etal.,1988;Giancottietal.,2003;
Kyungetal.,2003;BaeandKyung,2006;Jeonetal.,2006;Linetal.,2006;
Park,2006;Xunetal.,2007).Also,theminiscrew hasbeeninsertedatnot
onlytheinterradicularareaofthemolarregionbutalsovariousotherregions
suchastheanteriornasalspine,hardpalate,maxillarytuberosity,mandibular
retromolartorus,mentalregion,andmandibularlingualregion(Kanomi,1997;
Costaetal.,1998;Wehrbeinetal.,1998,1999;Kyungetal.,2003;Mainoetal.,
2003;Paik etal.,2003;Park,2006).Mostresearch related to orthodontic
implantshasfocusedonmorphologicinvestigationssuchasthetype,shape,
diameter,andlengthoftheminiscrew,andinvestigationsoftheinitialstability
oftheminiscrew (Robertsetal.,1990;Odman etal.,1994;Kanomi,1997;
Klokkevoldetal.,1997).Incontrast,few studieshaveevaluatedandmeasured
theanatomicalsitesforsafeplacementofminiscrewsintheinterrootspacesof
themaxillaryandmandibulararches.Thisisprobablyresponsibleforthehigh
prevalenceofcomplicationssuchashypersensitivityoftheroot,rootfracture,
and alveolar bone fracture resulting from miniscrew insertion. The
interradicular space has been investigated using panorama radiography,
computedtomography(CT),andmicro-CT (Ishiietal.,2004;Schnelleetal.
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2004;Deguchietal.,2006;Poggioetal.,2006).However,previousstudieshave
notfully characterized the anatomic structures because oferrors in the
radiographsandtheinvestigationsbeingrestrictedtothemolarregion.
Thedemandforprostheticimplantsisincreasing,andtherehasbeen a

concomitantincreaseincomplicationsafterdentalimplantation,predominantly
perforation ofthemaxillary sinusand thelossofsensation resulting from
damagetotheinferioralveolarnerve.Inaddition,unexpectedhemorrhagecan
occur in the maxilla and mandible.This damage occurs because precise
informationisnotavailableonfactorssuchasthelocationofthemandibular
canalandthetravelingcoursesoftheinferioralveolarnerve,artery,andvein
withinthemandibularcanal.Researchintodentalimplantsusedforrestoration
oftoothlosshasfocusedonfactorsrelatedtotheplacementofimplants,such
ashow welltheyareintegratedinsidethealveolarboneandhow fastthey
can be surgically placed, with little attention paid to postoperative
complicationsafterimplantsurgery.OnlyPollandetal.(2001)andKieseretal.
(2004)havestudiedthetravelingcourseoftheinferioralveolarnervewithin
themandibularcanalintheedentulousregionforinstallationofimplants,but
they did notdescribe the relative locations ofthe inferioralveolarnerve,
artery,andvein.Waduetal.(1997)reportedhow theneurovascularbundle
withinthemandibularcanalisarranged,withtheinferioralveolarvein,artery,
andnervefrom superiortoinferior.However,ZoudandDoran(1993)described
thattheinferioralveolararterytravelsbelow thenerveinthemainpartofthe
mandibularcanal,andthensuperiortothenerveinthedistalpartofthecanal,
with the nerve and artery forming an intertwined plexus throughoutthe
mandibularcanal.These discrepancies in the reported relationships ofthe
inferior alveolar nerve,artery,and vein indicates that three-dimensional
reconstructionofthemandibularcanalisrequiredtoaccuratelyunderstandthe
morphologyoftheneurovascularbundlewithinthemandibularcanal.
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Thepurposesofthisstudyweretoelucidatetherelationshipbetweenthe
dentalrootsandbetweentherootsandsurroundingstructures.andtoverify
the topography ofthe inferioralveolarnerve,artery,and vein within the
mandibularcanalbythree-dimensionalreconstructionofthesestructures.



- 5 -

ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSS &&& MMMEEETTTHHHOOODDDSSS

1.Materials
Jaw crosssectionswereanalyzedin20mandibles(17males,3females;

meanage63.3years,agerange29–75years)and20maxillas(14males,6
females;meanage66.1years,agerange45–80years),and10mandibles(7
males,3femalesmeanage62.9years,agerange36–78years)wereusedfor
thethree-dimensionalreconstruction.Allspecimenshadnormalocclusionand
normalteethalignment,andaminimum offivecontinuousteeth.

2.Methods

A.Crosssectionofthearch
Resin blocks were produced by dehydrating the specimens using a

conventionalmethod for3days before infiltrating them with a mixture of
Technovit7200(No.51000,EXAKT Co.,Germany)and 100% alcohol.The
infiltratedsampleswereplacedinanembedding moldandthenpolymerized
with a lightwith 450 nm wave length in a light-curing unit(520 light
polymerizationunit,EXAKT Co.,Germany)for1day.
Theconstructedresinblockswerecutseriallyat1mm intervalsfrom the

cervicallinetotherootapexusingMacroCutting& BandSystem (300CP,
EXAKT Co.,Germany).Imagesofeachsection(includingaruler)werethen
obtainedataresolutionof600DPIusingacomputerscanner(Perfection3490
Photo,EPSON Co.,China)and stored in JPEG formatwith high-quality
compression(Figs.1,2).
Inthe200sectionsofeachmandibleandmaxilla,thefollowingitemswere

measuredusinganimageanalysissystem (Image-ProⓇ Plus,ver.4.0,Media
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CyberneticsCo.,USA)afterperformingastandardcalibration(Fig.3):
1.Interrootdistance(buccalandlingual).
2.Shortestdistancefrom thecorticalbonetoalineperpendiculartothe

interrootdistance(buccalandlingual).
3.Buccolingualbonewidth.
4.Corticalbonethickness(buccalandlingual).
5.Mucosathickness(buccalandlingual).

Fig.1.Sectionedspecimensofthemaxillaryarchfrom 1mm (upperleft)
to10mm (lowerright)below thecervicalline.
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Fig.2.Sectionedspecimensofthemandibulararchfrom 1mm (upperleft)
to10mm (lowerright)below thecervicalline.
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Fig.3.Measurementsofasectionedspecimen.1:buccalinterrootdistance,
2:lingualinterrootdistance,3:buccalshortestdistance,4:lingualshortest
distance,5:buccolingualbone width,6:buccalcorticalbone thickness,7:
lingualcorticalbonethickness,8:buccalmucosathickness,9:lingualmucosa
thickness.
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B.Three-dimensionalreconstructionofthemandibularcanal
Histologicsectionswereobtainedbypostfixingeachspecimenfor72hwith

4% paraformaldehydeandthendecalcifyingfor3weeksin1lofdecalcification
solutioncomprising8N formicacid(SHOWA,Japan)and1N sodium formate
(JUNSEI,Japan),which wasthen dilutedwith 1lofdistilledwater.After
decalcification,thespecimenswereneutralizedfor2-3daysinneutralization
solutionpreparedfrom 5gofsodium sulfatein100mlofdistilledwater.
Thedecalcified specimensweredivided into fivepartsfrom themental

foramen to the mandibular foramen and embedded in paraffin wax.
Eight-micron-thick sectionsweretaken from each paraffin block at1mm
intervals.Eachsectionwasmountedonaglassslide,stainedwithhematoxylin
and eosin,and then observed histologically undera lightmicroscope at8
magnification,with photographs taken using a digitalcamera (Spot RT,
DFC300FX,LeicaCo.,,Germany)(Fig.4).Three-dimensionalreconstructions
werecalculatedfrom about60photographsusingReconstruct(ver1.0.8.0),in
which thetopography ofthe inferioralveolarnerve,artery,and vein was
analyzed.
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Fig.4.Histologicserialsections(X8)atobtained 1mm intervalsfrom
mentalforamen(uppermostleft)tomandibularforamen(lowermostright).
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

1.Anatomicrelationshipbetweenthedentalrootandalveolarboneinthe
interrootspace

Themeasurementsdidnotdiffersignificantlywithsex,age,orside.
A.Interrootdistance
Theinterrootdistanceincreasedfrom anteriortoposteriorteeth,andfrom

thecervicallinetotherootapexinboththemaxillaandmandible(Tables1,
2).In themaxilla,theinterrootdistancewasgreatestbetween thesecond
premolarandthefirstmolar.Theinterrootdistancefrom thecentralincisorto
thefirstpremolarwasgreateronthebuccalsidethanonthepalatalside,but
was similaron both sides between the firstand second premolars.The
interrootdistancefrom thesecondpremolartothesecondmolarwasgreater
onthepalatalsidethanonthebuccalside.Inmaxillaryanteriorteeth,the
interrootdistanceexceeded3mm from 7and9mm abovethecervicallineon
the buccaland palatalsides,respectively.In maxillary posteriorteeth,the
interrootdistanceexceeded3mm from 3and2mm abovethecervicallineon
the buccaland palatalsides,respectively.However,the buccalinterroot
distancebetweenthefirstandsecondmolarswasverysmall,withthisonly
exceeding3mm from 8mm abovethecervicalline(Table1).Therootsof
thefirstmolarandsecondmolarspenetratedthemaxillarysinusat8-9mm
abovethecervicallinein5ofthe25cases(25%).
Inthemandible,theinterrootdistancewasgreatestbetweenthefirstand

second molars.Unlikethe maxillary arch,the interrootdistances from the
centralincisortothecanineandfrom thesecondpremolartothesecondmolar
were greateron the buccalside than on the lingualside.However,the
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interrootdistancefrom thecaninetothesecondpremolarwassimilaronboth
sides.Inmandibularanteriorteeth,theinterrootdistanceexceeded3mm from
9mm below cervicallineonthebuccalside,butfrom 10mm onlybetween
thecentralandlateralincisors.Unlikethemaxillaryarch,theaspectofthe
mandibularposteriorteethregionvaried.Theinterrootdistanceexceeded3mm
from 3,7,and2mm below thecervicallinebetweenthefirstandsecond
premolars,thesecondpremolarandthefirstmolar,andthefirstandsecond
molars,respectively.Intheposteriorteethregion,theinterrootdistancewas
smallestbetweenthesecondpremolarandthefirstmolar(Table2).

Table1.Interrootdistanceofthemaxilla (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 1.8 1.8 1.9 2.2 2.5 2.9 3.1 3.3 3.8 4.0
P 1.4 1.5 1.5 1.8 2.0 2.3 2.6 2.9 3.4 4.0

LI-C B 1.8 1.9 2.1 2.4 2.5 2.8 2.9 3.1 3.3 3.6
P 1.8 1.9 2.2 2.4 2.4 2.6 2.7 2.8 3.0 3.4

C-FP B 2.2 2.4 2.5 2.7 2.8 2.9 3.1 3.4 3.6 3.9
P 2.4 2.5 2.5 2.7 2.7 2.9 3.0 3.2 3.5 3.7

FP-SP B 2.5 3.0 3.0 3.2 3.3 3.3 3.4 3.5 3.8 4.0
P 2.6 3.1 3.1 3.3 3.3 3.4 3.5 3.6 3.8 3.9

SP-FM B 2.5 2.9 3.0 3.2 3.3 3.5 3.8 4.2 4.7 4.8
P 2.7 3.1 3.3 3.5 3.7 4.2 4.6 5.1 5.9 6.0

FM-SM B 2.4 2.8 2.7 2.7 2.5 2.6 2.8 3.1 3.8 4.8
P 2.4 3.0 3.2 3.6 4.0 4.2 4.6 5.3 5.6 6.3

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,P:palatal
Redindicatesregionswithaninterrootdistanceofatleast3mm.
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Table2.Interrootdistanceofthemandible (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 2.0 1.8 2.0 2.1 2.1 2.2 2.4 2.4 2.0 3.3
L 1.4 1.5 1.6 1.6 1.6 1.8 2.2 2.3 2.2 3.0

LI-C B 1.7 1.8 2.1 2.3 2.5 2.7 2.9 3.3 3.3 3.7
L 1.2 1.4 1.4 1.6 1.8 2.0 2.2 2.4 2.7 3.1

C-FP B 2.0 2.1 2.2 2.4 2.6 2.7 2.9 2.9 3.2 3.6
L 1.9 2.1 2.2 2.4 2.6 2.7 2.9 3.0 3.1 3.5

FP-SP B 2.3 2.6 3.0 3.3 3.4 3.6 3.8 4.1 4.4 4.7
L 2.4 2.8 3.1 3.4 3.5 3.7 3.9 4.1 4.5 4.7

SP-FM B 2.4 2.6 2.7 2.8 2.9 3.0 3.2 3.7 3.8 4.0
L 2.3 2.6 2.7 2.7 2.8 2.9 3.1 3.3 3.6 3.8

FM-SM B 2.9 3.2 3.4 3.7 3.9 4.1 4.7 4.9 5.2 6.1
L 2.6 3.0 3.2 3.4 3.6 3.9 4.4 5.1 5.0 5.8

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual
Redindicatesregionswithaninterrootdistanceofatleast3mm.

Inthemaxilla,theshortestdistancefrom thebuccalcorticalbonetoaline
perpendiculartotheinterrootdistancewasgreatestat5,6,and7mm above
thecervicalline(2.6-3.9mm),anddecreasedgraduallyfrom thisregiontoward
thecervicallineandtherootapex.However,thisdistancedecreasedmorein
thecervicalregion(0.9-2.4mm)thanintherootapexregion(1.6-3.4mm).
Thisdistanceincreasedfrom anteriortoposteriorteeth.Unlikethebuccalside,
theshortestdistancefrom thepalatalcorticalbonetoalineperpendicularto
theinterrootdistanceincreasedfrom posteriortoanteriorteethandfrom the
cervicallinetotherootapex(Table3).Inthemandible,theshortestdistance
from the corticalbone to a line perpendicular to the interroot distance
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increasedfrom anteriortoposteriorteethandfrom thecervicallinetotheroot
apex,withthechangebeinglargeronthebuccalside(anteriorteeth:from 1.7
to 2.9mm,posteriorteeth:from 2.7to 5.0mm)than on thelingualside
(anteriorteeth:from 1.3to3.2mm,posteriorteeth:from 2.8to6.6mm)(Table
4).

Table3.Shortestdistancefrom thecorticalbonetoalineperpendicularto
theinterrootdistanceofthemaxilla. (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 0.9 1.6 1.8 2.2 2.6 2.5 2.5 2.1 1.8 1.6
L 3.6 2.6 3.1 3.5 3.6 4.4 4.8 5.1 6.1 6.5

LI-C B 1.4 1.7 1.9 2.2 2.6 2.9 3.0 2.6 2.2 1.9
L 3.1 2.9 3.0 3.2 3.3 3.8 4.4 4.7 5.2 5.8

C-FP B 1.4 1.8 2.2 2.6 3.0 3.2 3.1 2.7 2.4 2.2
L 2.4 2.1 2.7 3.0 3.3 3.2 4.1 4.7 5.3 5.9

FP-SP B 1.8 2.2 2.5 3.1 3.1 3.2 3.2 3.1 2.7 2.6
L 2.5 2.0 2.8 2.9 3.1 3.5 3.9 4.5 5.1 5.9

SP-FM B 2.2 2.7 3.1 3.6 3.8 3.8 3.5 3.3 3.1 3.0
L 2.5 2.6 3.2 3.3 3.8 4.2 4.4 4.3 5.0 5.8

FM-SM B 2.4 2.5 2.6 2.9 3.9 3.7 3.9 3.8 3.6 3.4
L 2.9 2.5 2.1 2.8 2.7 3.0 3.0 3.1 3.3 3.7

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual
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Table4.Shortestdistancefrom thecorticalbonetoalineperpendicularto
theinterrootdistanceofthemandible (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 1.7 2.2 2.3 2.3 2.1 2.0 1.8 2.1 2.9 2.9
L 1.3 2.2 2.0 2.0 2.1 2.3 2.4 3.1 3.2 3.2

LI-C B 1.7 1.9 2.2 2.2 2.4 2.2 1.8 1.7 1.8 1.8
L 1.5 1.7 2.1 2.5 2.6 2.7 2.8 3.0 3.3 3.2

C-FP B 1.9 2.0 2.4 2.4 2.3 2.2 2.1 2.2 2.3 2.4
L 2.5 2.8 3.1 3.5 3.8 4.3 4.7 4.9 5.3 5.2

FP-SP B 1.9 2.2 2.2 2.3 2.3 2.2 2.3 2.4 2.6 3.1
L 2.5 3.2 3.6 4.0 4.6 5.2 5.7 6.1 6.3 6.7

SP-FM B 2.1 2.3 2.3 2.7 2.4 2.4 2.7 2.9 3.2 3.3
L 2.2 3.0 3.2 3.5 3.8 4.6 5.0 5.6 6.0 6.3

FM-SM B 2.7 3.3 3.9 3.8 4.2 4.6 5.0 5.4 5.5 5.0
L 2.8 2.9 3.3 3.6 4.0 4.7 5.2 5.6 6.4 6.6

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual

B.Buccolingualbonewidth
Themaxillarybuccolingualbonewidthincreasedfrom anteriortoposterior

teethandfrom thecervicallinetotherootapex.Thebuccolingualbonewidth
exceeded8mm from 5,3,and1mm abovethecervicallinefrom thecentral
incisortothecanine,from thecaninetothefirstmolar,andbetweenthefirst
andsecondmolars,respectively.Thebuccolingualbonewidthexceeded10mm
from 7,5,and4mm abovethecervicallinebetweenthecanineandthefirst
premolar,betweenthesecondpremolarandthefirstmolar,andbetweenthe
firstandsecondmolars,respectively(Table5).
Themandibularbuccolingualbonewidth alsoincreased from anteriorto
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posteriorteeth.Thisbonewidthwasgreatestat5mm below thecervicalline
from thecentralincisortothecanine,andincreasedfrom thecervicallineto
therootapexinotherregions.Thebuccolingualbonewidthdidnotexceed8
mm intheanteriorteethregion,butitdidexceed8mm from 5and2mm
below thecervicallinefrom thecaninetothesecondpremolarandfrom the
second premolarto the second molar,respectively.The buccolingualbone
widthexceeded10mm from 7and4mm below thecervicallinebetweenthe
secondpremolarandthefirstmolar,andbetweenthefirstandsecondmolars,
respectively.Ingeneral,themandibularbuccolingualbonewasnarrowerthan
themaxillarybone(Table5).

Table5.Buccolingualbonewidthofthemaxillaandmandible (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI Mx 6.3 6.7 6.9 7.8 8.3 9.0 9.4 9.2 9.4 9.4
Mn 5.4 6.0 6.2 6.3 6.1 6.1 5.7 5.9 5.7 4.7

LI-C Mx 6.3 6.6 7.2 7.5 8.3 8.9 9.3 9.1 9.0 9.2
Mn 5.7 6.3 7.0 7.5 7.6 7.5 7.2 7.0 7.2 7.3

C-FP Mx 7.0 7.3 8.2 8.5 9.2 9.5 10.0 9.9 10.0 10.1
Mn 6.2 6.7 7.4 7.9 8.1 8.4 8.5 8.7 8.9 9.1

FP-SP Mx 7.2 7.4 8.4 8.9 9.1 9.3 9.4 9.4 9.7 10.0
Mn 5.8 6.7 7.1 7.6 8.2 8.7 9.0 9.4 9.8 10.3

SP-FM Mx 7.3 7.9 9.2 9.8 10.4 10.7 10.8 10.8 11.1 11.9
Mn 6.7 8.0 8.5 8.9 9.2 9.8 10.3 10.7 11.1 11.5

FM-SM Mx 8.8 9.1 9.6 10.8 12.3 12.7 13.2 13.6 13.8 14.0
Mn 7.6 8.7 9.5 10.1 11.0 12.0 12.9 13.3 13.4 13.1

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,Mx:maxilla,Mn:mandible.Red
andblueindicatebonewidthsof8.0–9.9andatleast10.0mm,respectively.
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C.Corticalbonethickness
Themaxillarybuccalcorticalbonewasthickerintheposteriorteethregion

thanintheanteriorteethregion,butthedifference(0.2mm)wassmalland
thethicknessdid notchangefrom thecervicallinetotherootapex.The
maxillarypalatalcorticalbonethicknesswassimilartothebuccalcorticalbone
thicknessfrom theanteriortoposteriorteethregions.However,itincreasedby
about0.5mm from thecervicallinetotherootapex(Table6).
The mandibular corticalbone thickness increased from the anteriorto

posteriorteethregionsandfrom thecervicallinetotherootapex.Thechange
inthebonethicknesswasgreaterintheposteriorteethregionthaninthe
anteriorteethregion.Themandibularcorticalbonewasthickeronthelingual
sidethanonbuccalsideintheanteriorteethregion,andonbuccalsidethan
on lingualside in the posteriorteeth region (Table 7).The corticalbone
thicknesswassimilarinthemandibularandmaxillaryarchesintheanterior
teeth region,butwasgreaterin themandibulararchin theposteriorteeth
region.
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Table6.Corticalbonethicknessofthemaxilla (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B - 1.0 1.0 1.1 1.1 1.2 1.2 1.1 1.3 1.2
P - 1.0 1.1 1.2 1.2 1.6 1.5 1.3 1.5 1.4

LI-C B - 1.1 1.0 1.1 1.0 1.1 1.2 1.2 1.2 1.3
P - 1.1 1.2 1.2 1.3 1.5 1.6 1.5 1.4 1.5

C-FP B - 1.1 1.1 1.1 1.0 1.1 1.2 1.1 1.0 1.1
P - 1.1 1.3 1.2 1.3 1.5 1.7 1.6 1.6 1.6

FP-SP B - 1.2 1.1 1.1 1.0 1.1 1.1 1.0 1.1 1.1
P - 1.2 1.2 1.2 1.2 1.4 1.4 1.4 1.5 1.5

SP-FM B - 1.1 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.2
P - 1.2 1.3 1.3 1.3 1.3 1.3 1.3 1.4 1.7

FM-SM B - 1.2 1.3 1.1 1.5 1.3 1.2 1.2 1.2 1.4
P - 1.1 1.1 1.3 1.2 1.3 1.3 1.5 1.6 1.6

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,P:palatal
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Table7.Corticalbonethicknessofthemandible (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B - 0.9 1.0 1.1 1.1 1.3 0.9 1.0 1.1 1.6
L - 1.1 1.3 1.4 1.4 1.6 1.6 1.6 1.6 1.3

LI-C B - 1.0 1.2 1.3 1.3 1.3 1.2 1.2 1.4 1.3
L - 1.3 1.4 2.0 2.2 2.3 2.2 2.2 2.3 2.3

C-FP B - 1.3 1.5 1.4 1.5 1.5 1.6 1.5 1.6 1.5
L - 1.5 1.7 2.0 2.2 2.7 2.5 2.5 2.8 2.8

FP-SP B - 1.5 1.5 1.6 1.6 1.7 1.7 1.7 1.8 1.9
L - 1.5 1.7 1.9 2.2 2.5 2.6 2.7 2.7 3.0

SP-FM B - 1.7 1.8 1.9 1.9 1.9 2.0 2.2 2.3 2.5
L - 1.4 1.6 1.8 2.1 2.3 2.5 2.4 2.5 2.5

FM-SM B - 2.0 2.4 2.3 2.7 3.0 3.2 3.5 3.5 3.8
L - 1.7 1.8 1.7 2.1 2.3 2.4 2.2 2.4 3.0

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual

D.Mucosathickness
The maxillary buccalmucosa thickness was constantatallregions,at

0.5~1.0mm.However,themaxillarypalatalmucosathicknessincreasedfrom
thecervicallinetotherootapex.Thepalatalmucosawasthickestbetween
thecanineandsecondpremolar(Table8).Themandibularmucosathickness
wasconstantatallregionsofthebuccaland lingualsides,at0.5~1.0mm
(Table9).
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Table8.Mucosathicknessofthemaxilla (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 0.5 0.5 0.7 0.7 0.7 0.8 0.8 0.8 1.0 1.0
P 1.1 2.0 2.4 2.7 3.1 3.0 2.8 3.1 3.4 2.9

LI-C B 0.6 0.5 0.6 0.7 0.6 0.6 0.6 0.7 0.7 0.7
P 1.0 1.8 2.2 2.9 3.1 3.4 3.5 4.1 3.9 4.2

C-FP B 0.6 0.7 0.7 0.6 0.5 0.5 0.6 0.6 0.7 0.7
P 1.1 1.7 2.1 2.8 3.2 3.7 4.0 4.1 4.0 4.5

FP-SP B 0.6 0.7 0.7 0.6 0.6 0.7 0.7 0.8 0.8 0.8
P 0.9 1.4 1.6 2.3 2.7 3.2 3.7 3.9 4.1 4.6

SP-FM B 0.6 0.7 0.7 0.6 0.6 0.7 0.8 0.8 0.8 0.6
P 0.9 1.4 1.5 2.0 2.0 2.2 2.9 3.4 3.3 3.8

FM-SM B 0.6 0.6 0.9 0.8 0.5 0.7 0.5 0.5 0.6 0.8
P 0.9 1.2 1.7 1.8 2.1 2.0 1.9 2.2 2.2 3.6

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,P:palatal
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Table9.Mucosathicknessofthemandible (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B 0.7 0.8 0.6 0.7 0.7 0.7 0.8 0.9 1.0 1.0
L 0.7 0.8 0.8 0.8 0.7 0.7 0.8 0.7 0.8 0.8

LI-C B 0.6 0.7 0.7 0.6 0.6 0.7 0.8 0.8 0.8 0.6
L 0.7 0.7 0.7 0.6 0.6 0.6 0.5 0.6 0.5 0.6

C-FP B 0.7 0.7 0.6 0.6 0.6 0.7 0.7 0.8 0.7 0.6
L 0.6 0.6 0.7 0.7 0.7 0.6 0.7 0.7 0.6 0.6

FP-SP B 0.7 0.6 0.7 0.6 0.7 0.7 0.8 0.8 0.6 0.6
L 0.5 0.6 0.6 0.7 0.6 0.6 0.6 0.7 0.6 0.6

SP-FM B 0.8 0.7 0.6 0.6 0.8 0.9 0.8 0.8 0.6 0.6
L 0.6 0.5 0.6 0.6 0.6 0.5 0.6 0.7 0.6 0.6

FM-SM B 0.8 0.8 0.7 0.8 0.8 0.7 0.6 0.6 0.7 0.6
L 0.7 0.7 0.6 0.7 0.6 0.6 0.6 0.6 0.7 0.7

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual

2.Course ofthe inferior alveolar nerve,artery,and vein within the
mandibularcanal
Theinferioralveolarvesseltraveledabovetheinferioralveolarnervewithin

themainpartofthemandibularcanalinmostcases(80%,8/10),withthe
inferioralveolararterybeing lingualtotheinferioralveolarvein.Thiscase
wasclassified intotwopatterns.Onecasewaswheretheinferioralveolar
arterytraveledbelow thenerveinthemandibularforamenregion,andthen
abovethenervefrom themandibularangleregion(60%,6/10).Theothercase
was where the inferior alveolar artery above the nerve over the entire
mandibularcanal(20%,2/10)(Figs.5,6).Thereweretwocaseswherethe
inferioralveolarvesselwasbuccaltothenerve(20%,2/10).Inthiscase,the
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inferioralveolarvesseltraveled abovethenervewhereitexited from the
mentalforamen.

Fig.5.Histologicphotographsoffiveregions.Theinferioralveolarvessels
are located above the inferioralveolarnerve (yellow,N),and the inferior
alveolarartery(red,A)islocatedmorebuccallythantheinferioralveolarvein
(blue,V),respectively.
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(a)

(b)

Fig.6.Medial (a) and superior (b) aspects of a three-dimensional
reconstructionoftheneurovascularstructurewithinthemandibularcanal(light
blue).The inferioralveolarvessels are located above the inferioralveolar
nerve,and the inferioralveolarartery is located more lingually than the
inferioralveolarvein.A:anterior,B:buccal,I:inferior,L:lingual,P:posterior,
S:superior
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Theform (dentalimplant,miniplate,andminiscrew)andsizeoforthodontic
implantshavechangedconsiderablysinceRobertsetal.firstusedanimplant
asanorthodonticanchoragein1984,andtheminiscrew typeisnow themost
widelyusedduetoitslow costandeaseofimplantation.Miniscrewstypically
havediametersrangingfrom 1.2to2mm andlengthsof6,8,and10mm
(Deguchietal.,2006).Forinstallationoftheminiscrew withoutdamageofthe
periodontaltissueanddentalroot,minimum clearanceof1mm ofalveolarbone
aroundthescrew isneeded(Poggioetal.,,2006).Whenbeconsidereddiameter
oftheminiscrew andminimum clearanceofalveolarbone,theminiscrew could
beinstalledsafelyifatleast3mm ofspaceareavailableintheinterradicular
space.
Many researches have measured the interrootdistance using decalcified

specimens,panoramicradiography,CT,andmicro-CT (HeinsandWieder,1986;
Ishiietal.,2004;Schnelleetal.,2004;Deguchietal.,2006;Poggioetal.,2006).
The tissue can deform during the decalcification process, a panoramic
radiographicimagecanbedistorted,andtheborderbetweenthealveolarbone
andthecementum oftherootisnotclearinCT images.Micro-CT solves
theseproblems,butitcannotbeusedtoexaminemucosaortheentiremaxilla
and mandible.Therefore,the mostaccurate method is to examine normal
specimensthatarecutdirectlyfrom untreatedtissue.
HeinsandWieder(1986)measuredthesmallestinterrootdistancebetween

thepremolarandthemolarindecalcifiedspecimens.Theyreportedthatthe
distancebetweenthesecondpremolarandthefirstmolarwassmallestmostly
inthecervicalthirdandmiddlethird(distanceof2.03mm),andbetweenthe
firstand second molarsin themiddlethird (distanceof1.05mm).In the
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presentstudyitwasalsofoundthattheinterrootdistanceisgreaterbetween
thesecondpremolarandthefirstmolarthanbetweenthefirstandsecond
molars.However,thesedistanceswerelargerinthisstudy.Also,thisstudy
differedfrom thepreviousstudyinthatthesmallestdistancebetweenthefirst
andsecondmolarsoccurredinthecervicalthird.Thisdifferenceisprobably
duetodeformationofthetissueduringthedecalcificationprocess.Moreover,
thesamedifferencewasevidentinthemandible.
TheinterrootdistancewasgreaterforCT datathanforthedataobtained

inthisstudyintheanteriorteethregion,andsmallerthanthatintheposterior
teeth region in both themaxillaand mandible(Tables10,11).In CT,the
borderbetween thealveolarboneandthecementum oftherootisunclear
becauseoftheirsimilardensities,andhencetheinterrootdistancevarieswith
thethresholdusedinCT.ThismakesaccuratemeasurementsdifficultinCT
images.Thebuccolingualbonewidthisnotinfluencedbythiseffect,anddid
notdiffergreatly between the CT data and this study (Table 12).The
micro-CT datadifferedgreatlyfrom thedataobtainedinthisstudy(Table
10),butthismightbeduetothesmallnumberofsamples(onlyfive).
Inthemaxilla,itissafetoplaceaminiscrew atleast7and9mm from

the cervicalline on the buccaland palatalsides of the anterior teeth,
respectively.Intheposteriorteethregion,thesafezonewaslessthan2mm
from thecervicalline.However,thesafezoneonthebuccalsidebetweenthe
firstand second molars was from 8 mm above the cervicalline.In the
maxilla,thesafestzoneforplacementofminiscrewswasbetweenthesecond
premolarandthefirstmolar,atleast6mm abovethecervicalline(Table1).
However,ifaminiscrew isinstalledatleast8mm abovethecervicalline,it
shouldbeconfirmedradiographicallywhetherthemaxillaryroothaspenetrated
themaxillarysinus.
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Table10.Comparison ofthisstudy,CT study and microCT study in
maxillaryinterrootdistance (unit:mm)

Distancefrom cervicalline (mm)
2 4 5 6 8 10 11

Teeth

C-FP CT B 3.0 3.4 3.9 4.3
thisstudy B 2.4 2.7 2.8 2.9 3.4 3.9

FP-SP CT B 2.9 3.2 3.5 3.3
thisstudy B 3.0 3.2 3.3 3.3 3.5 4.0

SP-FM
CT B 2.7 2.9 3.0 1.6

P 4.5 5.5 4.6 1.9

thisstudy B 2.9 3.2 3.3 3.5 4.2 4.8
P 3.1 3.5 3.7 4.2 5.1 5.9

FM-SM

CT B 2.5 2.3 2.5 0.8
P 3.4 3.9 3.1 1.0

microCT B 3.6 4.2 4.6 5.9 4.3
P 6.5 7.2 8.3 6.7

thisstudy B 2.8 2.7 2.5 2.6 3.1 4.8
P 3.0 3.6 4.0 4.2 5.3 5.6

TheCT dataareresultofPoggioetal.(2006).ThemicroCT dataareresult
ofIshiietal.(2004).C:canine,FP:firstpremolar,SP:secondpremolar,FM:
firstmolar,SM:secondmolar,B:buccal,P:palatal.
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Table11.ComparisonofthisstudyandCT studyinmandibularinterroot
distance (unit:mm)

Distancefrom cervicalline (mm)
2 5 8 10 11

Teeth

C-FP CT 2.7 2.8 3.0 3.5
thisstudy 2.1 2.6 2.9 3.6

FP-SP CT 3.2 3.7 4.3 4.9
thisstudy 2.6 3.4 4.1 4.7

SP-FM CT 3.0 2.9 3.1 3.9
thisstudy 2.6 2.9 3.7 4.0

FM-SM CT 3.2 3.0 3.5 4.7
thisstudy 3.2 3.9 4.9 6.1

TheCT dataareresultofPoggioetal.(2006).C:canine,FP:firstpremolar,
SP:secondpremolar,FM:firstmolar,SM:secondmolar
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Table12.Comparison ofthisstudy and CT study in buccolingualbone
width (unit:mm)

Distancefrom cervicalline (mm)
2 5 8 10 11

Teeth

C-FP
CT Mx 8.2 9.2 9.6 10.6

Mn 6.8 8.1 8.3 8.4

thisstudy Mx 7.3 9.2 9.9 10.1
Mn 6.7 8.4 8.7 9.1

FP-SP
CT Mx 9.3 9.9 10.0 8.2

Mn 7.2 8.2 8.8 9.3

thisstudy Mx 7.4 9.1 9.4 10.0
Mn 6.7 8.2 9.4 10.3

SP-FM
CT Mx 10.8 11.4 10.2 5.4

Mn 8.9 9.7 10.4 10.6

thisstudy Mx 7.9 10.4 10.8 11.9
Mn 8.0 9.2 10.7 11.5

FM-SM
CT Mx 13.2 14.3 12.0 3.7

Mn 10.4 12.5 13.4 13.4

thisstudy Mx 9.1 12.3 13.6 14.0
Mn 8.7 11.0 13.3 13.1

TheCT dataareresultofPoggioetal.(2006).C:canine,FP:firstpremolar,
SP:secondpremolar,FM:firstmolar,SM:secondmolar,Mx:maxilla,Mn:
mandible

Theinsertionofminiscrewsinthemandibularanteriorteethregionwas
possiblelessthan10mm from thecervicalline.Thesafezonebetweenthe
firstandsecondpremolar,betweenthesecondpremolarandthefirstmolar,
andbetweenthefirstandsecondmolarswaslessthan3,7,and2mm from
thecervicalline,respectively.Inthemandible,thesafestzoneforplacementof
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aminiscrew wasbetweenthefirstandsecondmolarslessthan5mm from
thecervicalline(Table2).
Inboththemaxillaandmandible,theshortestdistancefrom thecortical

bone to a line perpendicularto the interrootdistance was greateron the
lingualsidethanonthebuccalside,withthisdifferenceincreasingfrom the
cervicallinetotherootapex.Thisphenomenonisduetobothteethbeing
locatedmoreonthebuccalsidethanonthelingualside,andthewidthofthe
jaw increasing from the cervicalline to the rootapex.Therefore,itis
consideredsafertoinsertaminiscrew onthelingualsidethanonthebuccal
side.
Thestabilityofaminiscrew isdeterminedbyitslengthandbythecortical

bonethickness.Whenthecorticalboneisthickerandtheminiscrew islonger,
thestabilityoftheminiscrew increases.Therefore,theinstallationofalong
miniscrew inthethickcorticalboneareawasprofitableforthestabilityofthe
miniscrew.The allowable length of a miniscrew is influenced by the
buccolingualwidthofthejaw andthemucosathickness.Thethicknessofthe
maxillarybuccalmucosaandthemandibularbuccalandlingualmucosaewas
constantin allregions,atabout0.7 mm.However,the thickness ofthe
maxillarypalatalmucosawas1-2mm and3-4mm inthecervicalandapical
regions,respectively,whichallowsforalongerminiscrew.Therecommended
lengthoftheminiscrew is8mm onthebuccalsidefrom themaxillarycentral
incisortothesecondpremolar,8mm onthebuccalsidebetweenthemaxillary
secondpremolarandthefirstmolarto4mm abovethecervicalline,and10
mm at5-10mm abovethecervicalline.Becausethemucosaisthick,the
miniscrew shouldbeaslong aspossibleinthemaxillarypalatalregion(at
least10 mm),exceptfor2-3 mm above the cervicalline from the first
premolartothefirstmolar(Table13).
Inthemandible,theminiscrew canbe5mm longat10mm below the
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cervicallinebetweenthecentralandlateralincisors.However,theinterroot
bonemustbeatleast4mm thicktoallow placementofaminiscrew (Schnelle
etal.,2004),andthesmallamountofbonein thisregion makesinsertion
impossible.A 6mm-longminiscrew isrecommendedbetweenthemandibular
lateralincisorandthecanine.Inthemandibularpremolarregion,theadequate
miniscrew lengthsare6and8mm at3-5and5-10mm below thecervical
line,respectively.In the mandibularmolarregion,the adequate miniscrew
lengthsare8and10mm at2-4and4-10mm below cervicalline,respectively
(Table14).

Table13. Sum ofthemaxillarybuccolingualbonethicknessandmucosa
thicknesswhereminiscrew insertion ispossible(i.e.,possiblelength ofthe
miniscrew) (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B - - - - - - 10.2 10.0 10.4 10.4
P - - - - - 12.2 12.3 12.8 13.3

LI-C B - - - - - - - 9.8 9.7 9.9
P - - - - - - - 13.2 12.9 13.4

C-FP B - - - - - - 10.6 10.5 10.7 10.8
P - - - - - - 14.0 14.0 14.0 14.6

FP-SP B - 8.1 9.1 9.5 9.7 10.0 10.1 10.2 10.5 10.8
P - 8.8 10.0 11.2 11.8 12.5 13.1 13.3 13.8 14.6

SP-FM B - - 9.9 10.4 11.0 11.4 11.6 11.6 11.9 12.5
P - - 10.7 11.8 12.4 12.9 13.7 14.2 14.4 15.7

FM-SM B - - - - - - - 14.1 14.4 14.8
P - - - - - - - 15.8 16.0 17.6

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,P:palatal



- 31 -

Table14.Sum ofthemandibularbuccolingualbonethicknessandmucosa
thicknesswhereminiscrew insertion ispossible(i.e.,possiblelength ofthe
miniscrew) (unit:mm)

Distancefrom cervicalline (mm)
1 2 3 4 5 6 7 8 9 10

Teeth

CI-LI B - - - - - - - - - 5.6
L - - - - - - - - - 5.5

LI-C B - - - - - - - 7.8 8.0 7.9
L - - - - - - - - - 7.9

C-FP B - - - - - - - - 9.6 9.7
L - - - - - - - 9.4 9.5 9.7

FP-SP B - - 7.8 8.2 8.9 9.4 9.8 10.2 10.4 10.9
L - - 7.7 8.3 8.8 9.3 9.6 10.1 10.4 10.9

SP-FM B - - - - - - 11.2 11.5 11.7 12.1
L - - - - - - 10.9 11.4 11.7 12.1

FM-SM B - 9.4 10.2 10.9 11.8 12.7 13.5 13.9 14.1 13.7
L - 9.4 10.1 10.8 11.6 12.6 13.5 13.9 14.1 13.8

CI:centralincisor,LI:lateralincisor,C:canine,FP:firstpremolar,SP:second
premolar,FM:firstmolar,SM:secondmolar,B:buccal,L:lingual

A miniscrew canbelongerinthemaxillaryarchthaninthemandibular
arch,whereasthecorticalboneisthickerinthemandiblethaninthemaxilla
onbothbuccalandlingualsides(Tables6,7).Thismeansthatthestabilityof
aminiscrew willbegreaterforthemandiblethanforthemaxillasinceitis
moreaffected by thebonethicknessthan by thelength oftheminiscrew.
Miniscrewscan beplaced obliqueto thelong axisoftheteeth so asto
increasethecorticalbonecontactandtheallowableminiscrew length,although
thisrequirescarefulconsiderationofthemaxillarysinusandmandibularcanal
(Deguchietal.,2006).Weconsiderthatthesafetyandstrengthineachregion
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ofsuchobliqueplacementofminiscrewsrequiresfurtherinvestigation.
Investigations into the clinicalprocedure ofprosthetic implantation have

focused on avoiding theloss ofsensation,with therebeing few anatomic
studieson thepostoperativecomplicationsafterimplantsurgery(Hirsch and
Bränemark,1995;Hotietal.,2001).OnlyPollandetal.(2001)andKisseret
al.(2004)have studied the traveling course ofthe inferioralveolarnerve
within themandibularcanal,and Wadu etal.(1997)and Zoud and Doran
(1993)reportedontherelationshipsbetweentheinferioralveolarnerve,artery,
andveinwithinthemandibularcanal.Thesepreviousstudiesinvestigatedthe
relationshipsoftheneurovascularbundlewithinthemandibularcanalthrough
directdissection.However,this directdissection could have damaged the
inferioralveolarvessels,andchangedtheirlocationsaswellasthatofthe
nerve.Therefore,theidealmethodforinvestigating therelationshipsofthe
neurovascularbundlewithinthemandibularcanalistoreconstructtheentire
mandibularcanalthreedimensionallyfrom histologicspecimens.Inthisstudy,
theinferioralveolarvesselwaslocatedsuperiorlytotheinferioralveolarnerve
in80% ofcases,andsodamagetothesuperiorpartofthemandibularcanal
wouldalsodamagethisvessel.Hence,transientnumbnessisattributableto
indirectdamageofthenervebyhematomaratherthantodirectdamageofthe
nerve,andsowillresolvenaturallyoncethehematomasdisappear.Thedata
presentedhereallow clinicianstopredicttheperiodofnumbnessaccordingto
thedegreeofdamagetothesuperiorpartofthemandibularcanal.
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ⅤⅤⅤ . CONCLUSION

Theconclusionsofthisstudyareasfollows.
1.Inthemaxilla,itissafetoplaceaminiscrew atleast7and9mm from

the cervicalline on the buccaland palatalsides of the anterior teeth,
respectively.Intheposteriorteethregion,thesafezonewaslessthan2mm
from thecervicalline.However,thesafezoneonthebuccalsidebetweenthe
firstand second molars was from 8 mm above the cervicalline.In the
maxilla,thesafestzoneforplacementofminiscrewswasbetweenthesecond
premolarandthefirstmolar
2.Therecommendedlengthoftheminiscrew is8mm onthebuccalside

from themaxillarycentralincisortothesecondpremolar,8mm onthebuccal
sidebetweenthemaxillarysecondpremolarandthefirstmolarto4mm above
thecervicalline,and10mm at5-10mm abovethecervicalline.
3.Theinsertionofminiscrewsinthemandibularanteriorteethregionwas

possiblelessthan10mm from thecervicalline.Thesafezonebetweenthe
firstandsecondpremolar,betweenthesecondpremolarandthefirstmolar,
andbetweenthefirstandsecondmolarswaslessthan3,7,and2mm from
thecervicalline,respectively.Inthemandible,thesafestzoneforplacementof
aminiscrew wasbetweenthefirstandsecondmolars.
4.A 6mm-longminiscrew isrecommendedbetweenthemandibularlateral

incisor and the canine.In the mandibular premolar region,the adequate
miniscrew lengthsare6and8mm at3-5and5-10mm below thecervical
line,respectively.In the mandibularmolarregion,the adequate miniscrew
lengths are 8 and 10 mm at 2-4 and 4-10 mm below cervicalline,
respectively.
5.Inmostcases,theinferioralveolarvesselwaslocatedsuperiorlytothe
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inferioralveolarnervewithin themandibularcanal,and so damageto the
superiorpartofthemandibularcanalwouldalsodamagethisvessel.Hence,
transient numbness is attributable to indirect damage of the nerve by
hematoma.
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 Abstract (in korean)

치아뿌리와 주위조직간의 해부학적 관계 및 턱뼈관내에서
신경혈관구조의 국소해부

<지도교수 김 희 진>

연세대학교 대학원 치의학과

허 경 석

초기 임플란트는 상실된 치아를 대체하기 위하여 사용되었으나,현재는 이러한
분야뿐만 아니라 교정시 고정원과 많은 다양한 분야에서 사용되고 있고 점점 치의
학 여러 분야에서 임플란트의 사용이 늘어나는 추세이다.그러나 임플란트의 사용
이 증가함에 따라 그에 따른 합병증도 많이 나타나는데,보철을 위하여 사용하는 임
플란트의 합병증 중 대표적인 것이 아래이틀신경의 손상에 의한 감각상실이다.이
러한 합병증은 턱뼈관의 정확한 위치와 턱뼈관내에서 신경과 동맥의 국소해부를
정확하게 알지 못하여 일어나게 된다.또한,교정시 고정원으로 사용하고 있는 교정
용 미니 임플란트의 합병증 중 대표적인 것은 뼈와 치아의 파절과 치아 과민이다.
이러한 이유는 임플란트가 유지될 수 있을 만큼 충분한 뼈두께를 얻을 수 있는 위치
를 잘 알지 못하기 때문이다.따라서,이 연구의 목적은 치아뿌리사이의 관계를 구
명하고,턱뼈관내에서 아래이틀신경,동맥,정맥의 국소해부를 밝히는 데 있다.이
연국르 위하여 30쪽의 아래턱뼈와 20쪽의 위턱뼈를 사용하였다.치아뿌리사이의
관계를 조사하기 위하여 각각 위턱뼈와 아래턱뼈 200개의 가로절단면에서 9개의
항목을 계측하였고,아래이틀신경,동맥,정맥의 국소해부학적 관계를 조사하기 위
하여 턱뼈관을 3차원으로 재구성하였다.
위턱과 아래턱 모두에서,치아뿌리사이거리는 앞니부위에서 어금니부위로 갈수

록,치아목선에서 치아뿌리끝으로 갈수록 증가하였다.위턱에서 치아뿌리사이거리
는 둘째작은어금니와 첫째큰어금니 사이에서 가장 컸다.위턱앞니에서 첫째작은어
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금니까지의 치아뿌리사이거리는 입천장쪽보다 볼쪽의 거리가 더 컸으나,첫째작은
어금니와 둘째작은어금니사이의 치아뿌리사이거리는 비슷하게 나타났다.둘째작은
어금니와 둘째큰어금니사이의 치아뿌리사이거리는 볼쪽보다 입천장쪽의 거리가
더 컸다.아래턱에서 치아사이거리는 첫째큰어금니와 둘째큰어금니가 가장 컸다.
위턱과 달리,안쪽앞니에서 송곳니까지,둘째작은어금니에서 둘째큰어금니까지의
치아뿌리사이거리는 혀쪽보다 볼쪽의 거리가 더 컸으나,송곳니에서 둘째작은어금
니까지의 치아뿌리사이거리는 비슷하게 나타났다.위턱에서 볼혀쪽뼈두께가 8mm
이상인 부분은 앞니에서 송곳니까지는 치아목선 5mm,송곳니에서 첫째어금니까
지는 3mm,첫째어금니와 둘째어금니 사이에서는 1mm 위쪽에서 나타났다.볼혀
쪽뼈두께가 10mm 이상인 부분은 송곳니와 첫째작은어금니 사이에서는 치아목선
7mm,둘째작은어금니와 첫째큰어금니 사이에서는 5mm,첫째큰어금니와 둘째큰
어금니 사이에서는 4mm 위쪽에서 나타났다.아래턱에서 볼혀쪽뼈두께가 8mm
이상인 부분은 앞니에서는 나타나지 않았으나,송곳니에서 둘째작은어금니까지에
서는 치아목선 5mm,둘째작은어금니와 둘째큰어금니에서는 2mm 위쪽에서 나
타났다.볼혀쪽뼈두께가 10mm 이상인 부분은 둘째작은어금니와 첫째큰어금니 사
이에서는 치아목선 7mm,첫째큰어금니와 둘째큰어금니 사이에서는 4mm 위쪽
에서 나타났다.
턱뼈관내에서 아래이틀혈관은 아래이틀신경보다 위쪽에서 주행하는 경우가 대

부분이었다 (80%,8/10).또한,이러한 경우 아래이틀동맥이 정맥보다 더 혀쪽에
위치하고 있었다.아래이틀혈관이 신경보다 볼쪽에 위치하는 경우도 20% (2/10)에
서 나타났다.
이와 같은 결과는 치과 임플란트 삽입시,감각상실,치아과민,이틀뼈파절과 같

은 부작용을 예방하는 데 도움을 주고,치과임플란트의 적용 범위를 넓히는 데도
도움을 줄 수 있으리라 생각된다.
���������������������������������������������������������������������������

핵심되는 말 :치아뿌리,치아뿌리사이거리,미니임플란트,턱뼈관,아래이틀신경,
아래이틀혈관,치과임플란트
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