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MEPINHWH: Eviote o kédtw @atviakdg mépog ouvexiCel
TNV TTOPE(a Tou PmPootd amd To Yevelakd TPra Kal gé-
PETAl TTPOG Td £Ew, Tdvw Kal Tiow «&iknv aykUANG» yia
va katai&el oto yevelakd tprjua. Katd tyv tomobétnon
EPOUTEUPATOV OTNV TTEPIOXN] auTr, UTdpXel KivOuvog
TPaUPaTiopoU Tou velpou.

2komé¢ NG epyaoiag eival va pehetnOel n ameikdvion g
aykUANG O€ TTAVOPAUIKEG AKTIVOYPAPIES.

YA kar péfodoc: 100 mavopapikég aktivoypagieg ava-
AJBnKkav ToOMAanAwe we mpog TNV apouacia g aykUuAng.
Aroteréopara: H ameikdvion g aykUAng mmapatnerifnke oto
34% twv aktvoypa@iwv. ATd TIG TIEPITTIWOEIG AUTEG, N TIAEK-
ovétnta (70,5%) rtav dppeveg, n ouxvdtepn nhikia ta 40-
60 € (47%), n evrdmon g aykiAng ouvnBéatepa apgi-
TAeupn (64,7%) Kai n TepioxXr) HETagy TwV YEVEIQKWY TPN-
pdTwv Atav kuping evodovin (64,7%). To pkog g ayku-
Ang kupavétav peta&l 0,5-8 mm pe péon tpr| ta 4,37mm.
Jupnepdoparta: H tomoBétnon epguteupdtwy Ba mpémel
va yivetal oe andotaon touldxiotov 5-8mm eyyUg Tou
yevelakoU TPAHATOC, eV, CUPQWVA JE TNV avaokoTNon
¢ PIBAoypaiag, yia Tov mpoeyxeipntikd EAeyxo ol Tia-
VOPAUIKEG AKTIVOYPAPIeG efval avemapkeig kal amarteftal
KaAUTepn ameikévion Pe agovikr Topoypapia.

AEZEIZ KAEIAIA: aykiAn kdtw @atviakoU veupou, aykuAn
yevelakoU veupou

SUMMARY: The inferior alveolar nerve sometimes ex-
tends anteriorly beyond the mental foramen and runs
outward, upward and backward before it reaches the
mental foramen, creating what is known as the anterior
loop. Placement of dental implants in this area, has a high
risk of injury to the inferior alveolar nerve.

Aim: This study seeks to investigate the visualisation of
the anterior loop on panoramic radiographs.

Material and methods: 100 panoramic radiographs were
analysed in terms of loop visualisation.

Results: Anterior loop was observed in 34% of the radi-
ographes. Its prevalence was higher in males (70.5%) and
in patients between 40-60 years old (47%). In most cases
the loop was located bilaterally (64.7%), while the inter-
foraminal area was mostly edentulous (64.7%). The loop
length ranged between 0.5-8 mm, with an average length
of 4.37mm.

Conclusions: An analysis of the findings shows that im-
plants should be placed at least 5-8mm anteriorly to the
mental foramen. According to a review of the literature,
computed tomography is more accurate than panoramic
radiography in identifying the anterior loop.

KEY WORDS: anterior loop of the inferior alveolar canal,
anterior loop of the mental canal
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EIZAFQrH

Ta teheutaia xpdvia, n diapkwg auEavdpevn tommobén-
on odovikwV epeuTeUpdtwy kabiotd emtakTiky TV
avdykn via evOeAexr) PEAETN Kal yWwon TNG aVaTOMIKAG
Sopng Twv yvdbwv.

>tV mpdaobia poipa tng kdtw yvdbou, otny mepioxr pe-
TalU Twv yevelakwv TpNPdtwy, éxel Tekunpiwdel ye aku-
VONOYIKEG KAl QVATOMIKEG PEAETEG N UTTapEn TopIKoU Tid-
pou Kai velpou, Kabwg Kal ayyeiakwv Tpnpdtwy oto
yAwooikd TEtaro, diapéoou Twv omoiwv Sigpxovtal ap-
tnplakol kKhddol (Mraiwa kar cuv. 2003a).

EmmAéov, dpwg, eviote Kal o kdtw @atviakdg Mépog ou-
vexiCel Tnv Topeia Tou Prpootd amnd to yevelako Tpfua
Kal QEPETal TTPOG Td €8, TTdVw Kal THIow «Ofknv ayKUANG»
yia va kataAri&er oto tprjpa (Bertram kar ouv. 2006, Ben-
ninger kar ouv. 201 1) (Eik. I). Katd v tomoBétnon
gHQUTEUPdTWY otnv TTPdabia poipa tng kdtw yvdbov,
edv Sev yivel avuAnTTtr n mapouaoia tng aykuAng pe tov
TIPOEYXEIPNTIKG €AeyX0, UTIAPXEl KIVOUVOG UNXavikou
TPQUPATIOHOU ToU VEUPOU, e TV HoP@r] CUTTET|G oy,
EMPAKUVONG Kai diatoprc Tou 1) ektopng tou (Ellis ka
Hawker, 1993). MeAéteg avapépouv diatapaxr| ng ar-
oOnukdNTag Tou Kdtw @atviakoy velpou (KP) oe mo-
00010 8,5-37%, 3-16 prjveg petd v TomobEtnon eugu-
teupdtwv (Ellis, 1992, Wismeijer kar ouv. 1997, Dao kai
Mellor, 1998, Bartling kai ouv. 1999, Walton, 2000), n
oroia ekdnAwvetal pe mapaioBbnoia, unaiobnoia, urepar-
06noia, duoaiobnoia fi avaiobnoia Twv 0ddviwy, Tou Ka-
Tw Xefhoug | Tou Tapakeievou Sépuatog kar BAevvo-
yovou (Zwydkng kai ouv. 2008).

2Komdg TG epyaciag autig eivar va peletnOel n armel-
KOvIon NG aykUANG O€ TTAVOPAIKEG AKTIVOYPA®IES, va
yiver avaokdmnon tng PBiPAoypagiag oxetikd pe tnyv ou-
XvOTNTa ePPAVIONG TNG Kal Td XAPAKINPIOTIKG TG o€
QVATOHIKEG KAl aKTIVOAOYIKEG HEAETEG, kaBwg kar olykpl-
on Peta&l mavopapikwy Kal aEovIKwV akTivoypapiov
OXETKA pe Vv akpifeia mpoodiopiopoy TG aykUAng.

YAIKO KAl ME©OOAOX

YNk yia TV pehétn amotérecav |00 mavopapikég axt-

Eic. I
Apoimeupn
aneikévion g
aykUAng oe
TTavoPapikn
aktvoypagia.
Fig. I:

The loop appears
bilaterally on a
panoramic
radiograph.

[MamavikoAdou I. kai ouv./Papanikolaou P. et al.

INTRODUCTION

In the recent years, the increasing number of dental im-
plants has highlighted the need for an in-depth study
and better understanding of the anatomical structure
of the jaws.

It has been radiographically and anatomically docu-
mented that the interforaminal area in the anterior
mandible includes an incisive canal and nerve, as well as
vascular foramina in the lingual plate, which are pene-
trated by arterial branches (Mraiwa et al. 2003a).
However, the inferior alveolar nerve sometimes extends
anteriorly beyond the mental foramen and runs outward,
upward and backward before its exit at the foramen, cre-
ating what is known as the anterior loop (Bertram et al.
2006, Benninger et al. 201 ). If this loop has not been
radiographically detected prior to the placement of den-
tal implants in this area, there is a high risk of mechanical
injury to the inferior alveolar nerve, in the form of com-
pression, elongation, incision or excision (Ellis and
Hawker, 1993). A number of studies report an altered
sensation in the alveolar inferior nerve at a rate of 8.5-
37%, 3-16 months after the placement of implants (Ellis,
1992, Wismeijer et al. 1997, Dao and Mellor, 1998, Bart-
ling et al. 1999, Walton, 2000), which manifests itself as
paraesthesia, hypaesthesia, hyperaesthesia, dysaesthesia
or anaesthesia of the teeth, lower lip or adjacent skin and
mucosa (Zogakis et al. 2008).

Aim of this study is to investigate the visualisation of the
anterior loop on panoramic radiographs; provide a re-
view of the literature on its prevalence and characteristics
in anatomical and radiographic studies; and compare
panoramic radiography to computed tomography in
terms of their accuracy in identifying the anterior loop
prior to surgery.

MATERIAL AND METHODS

The material for this study included 100 panoramic radi-
ographs of patients from 3 different age groups (20-39,
40-59, =60 years old), taken between 2008 and 201 I.

They were selected on the basis of the following criteria:
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voypagieg aoBevav amé 3 SIa@opeTikEC NAIKIGKES opd-

6ec (20-39, 40-59, =60 etwv), o1 omoieg eixav AngOel ka-

T4 v xpovikr epiodo 2008-201 1.

H emAoyn twv aktivoypagiwv €yive Je Bdon ta akdAou-

Ba kprrpia:

* Aktivoypagieg UPnAAg TToIGTNTAG XWPIG TEXVIKA 0@AN-
pata.

* Aroucia aktivooKIdoewv-aktivodauydoswy 1 Katay-
HATWV OTNV TTIEPIOXT| TWV YEVEIAKWY TPNHATWV.

* Arouofa eykhefotwv | umepdpiBpwy oddvtwv oty
Mpoobia poipa g kdtw yvdbou.

O1 mavopapikég aktivoypaglieg mpogpxovtav and To

id10 Aktivodoyikd Epyaoctripio kal xpnaoiporolfnke to

iS10 unxdvnpa og O\ Wote va eival ouykpiolpeg. H pe-

AETN Twv aKTtvoypagiwy payuatorolrionke amd 2 ave-

EGpTNTOUG TTAPATNPNTES, EVW OF TIEPTTWON Petagy Toug

dlagwviag ouppeteixe kal Tpitog mapatnentis. [Npokel-

pévou va unidpxel n améAutn Befaidtna &t ol Tpeig TTa-

PATNENTES Xpnolgomolodoav ta idia kprtripia agloAdyn-

ONG TWV aKTIvVoypaiwy, xpnolporoiridnkav 10 tuxafeg

TIQVOPAMIKEG aKTIVOYPAPieg, wG opdda eAéyxou.

Apxikd ipoadiopiotnke n Oon tou yeveiakoU TPrpaTog,

oUdoewva Pe TNV TIEPIYPA®r] twv Yosue Kal Brook

(1989), o1 omolor avagépouv 4 TIToUG yevelakwy Tn-

PATOV:

* TUmog I: To yev. Tprjpa amoteAel ouvéxeia Tou Tépou

* TUmog II: o yev. Tpripa dev amoteAel ouvéxeia Tou TTo-
pou

¢ Tumog Ill: To vev. Tprpa diakpivetar alMd éxel acaer|
opia

* Tdmog IV: 1o vev. tprfjpa Sev ameikoviCetal

Katdmv kateypdeon n mapouoia rj anousia aykUAng (ye-

velakd tprjpa Tumou | katd Yosue kai Brook), to nuipd-

IO VIOTONG KAl TO PAKOG TNG aykUAnG. To teAeutaio

urtohoyiotnke, ATwG Kar otnv PeAET Twv Kuzmanovic ka

ouv. (2003), wg n pikpdtepn opidvtia andotaon Peta&

Twv 600 KdBetwv advwv Tou TepvoUy armo To o TPo-

0610 onpeio Tou yevelakoU TPrAUATog Kai to o mpdabio

onueio g aykuAng (Eix. 2).

EmmAéov, SigpeuvriBnike n mBavr} oxéon tng mapousiag

Tépog 15, No I, 2014/Vol 15, No |, 2014

* High-quality radiographs without technical errors.
* Absence of radiopacity-radiolucency or fractures in the
area of the mental foramina.
* Absence of impacted or supernumerary teeth in the
anterior mandible.
All panoramic radiographs originated from the same Ra-
diology Laboratory, and the same unit was used to en-
sure comparability. The radiographs were studied by 2
independent observers. A third observer was consulted
to aid in the resolution of discrepancies. In order to make
sure that all three observers were using the same evalu-
ation criteria, 10 random panoramic radiographs were
selected as a control group. First, the position of the
mental foramen was determined on the basis of the clas-
sification developed by Yosue and Brook (1989), who
report 4 types of mental foramina:
* Type I: the mental foramen is continuous with the
mandibular canal.
* Type Il: the mental foramen is distinctly separated from
the canal.
* Type lll: the mental foramen is diffuse with a distinct
border.
* Type IV: the mental foramen cannot be identified.
Second, the presence or absence of a loop (Type | men-
tal foramen in Yosue and Brook's classification), as well
as the side where the loop was located and its extent
were registered. Like in the study of Kuzmanovic et al.
(2003), the latter was estimated as the shortest horizon-
tal distance between the two vertical axes passing
through the most anterior point the mental foramen and
the most anterior point of the loop (Fig. 2).
Moreover, the potential relationship between the pres-
ence of a loop and the patients’ sex and age, as well as
between the former and the presence or absence of
teeth in the interforaminal region was investigated.

RESULTS

The loop appeared on 34 of the 100 radiographs that
were studied (Fig. 3). 24 of these cases (70.5%) involved
males and 10 (29.5%) females. (Table I, Fig. 4). Patients’

Eix. 2: Yrohoyiopdg tou prikoug g
aykUAnG. a: to o Tpdaobio onpeio Tou
yeveiakou tprjuatog, B: to mo mpdabio
onpeio g aykuAng, x,y: ol kabetol
GEoveg Tou TiepvoUy and ta onpeia a
kal B, prikog aykuAng: n pikpdtepn
opi¢évua andotaon Petagl x-y.

Fig. 2:

Measurement of the loop’s length.

a: the most anterior point the mental
foramen. B: the most anterior point of
the loop. x, i the vertical axes passing
through points a and p.

Loop length: the shortest horizontal
distance between x and .
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NG ayKUANG He To @UAO Kal TV nAIkia Twv aoBevwy, ka-
B¢ kal Pe Ty mapouoia 1} dxi 0dvTwy otV TIEPIOXT
HETA&U TwV Yevelakwy TeNHAtwy.

AMNMOTEAEXMATA

H aykUAn aneikovioBnke otig 34 and ug 100 akuvoypa-
@feg Tou pehetriBnkav (Eik. 3). O1 24 and ug mepmioeig
autég (70,5%) apopouoav oe dppeveg kai ol 10 (29,5%)
oe Bnheig (Mivakag |, Eik. 4), eved n nAikia twv acBevav
Kupaivotav etalu 22 kai 72 twv, e péon nhikia ta 47
€tn. 2uykekpipéva, ol 10 amd toug 34 aobeveic (29,5%)
Atav 20-39 ey, o 16 (47%) 40-59 ewwv kar o 8
(23,5%) ritav nAikiag = twv 60 etwv (Mivakag 2, Eik. 5).
>e 4 mepimawoel (11,8%), n mepioxry peta&l twv yevel-
aKwv TeNHdtwy frav vodn, ot 8 (23,5%) PepIkig evo-
dovtn kai og 22 mepimwoelg (64,7%) evodovin (IMivakag
3, Bk 6).

H aykiAn mapouciale de€id evtdmion oe 8 TepmTOOEIG
(23,5%), apiotepr og 4 (11,8%) kar apeimieupn o 22
nepimwoelg (64,7%) (Mivakag 4, Eik. 7). To prkog g
aykUANnG kupavétav peta&l 0,8 kar 8 mm pe péon Tpn
ta 4,37 mm (Eik 8).

2YZHTHZH

2Tnv mapolod PEAETN 1 oUXvVOTNTa eP@Aviong TG ay-
KUANG ritav 34%. MeAéteg oe TaVOPApIKEG aKTivOypapieg
avagépouv ameikdvion g aykiAng oe mocootd | 2-
40,2%, evih PENETEG TG ayKUANG Og aEOVIKEG ToHoypPa-
@lec avapépouy ouxvaTnTa ameikdVIorg TG O TTOooaTd
7-48% (Mivakag 5).

‘Onwg mpoavaeépnke, n mAelovotnta twv atopwy He
aykUAn Atav dppeveg (70,5%), evw n ouxvdtepn nhikia
1a 40-60 €t (47%). Metd ta 60 €t mapatneriBnke pei-
WOoN OtV ouxvdtnta aneikdviong. H evrdmon tng ayku-
ANG rtav Kupiwg apeimeupn (64,7%) kar akoholibwg de-
€14 (23,5%), ev) n TIEPIOXT| PETAEU TWV YEVEIQKWV TPN-
pdtwv Atav ouxvotepa evodovtn (64,7%).

2€ TAPOHOIA PEAETN TNG ayKUANG O€ TTAVOPAIKEG aKTI-

Eikéva 3/Figure 3 Eikéva 4/Figure 4 Eikéva 5/Figure 5
2UxvATNTa ameikoviong TG ®UuMo/Gender HAikia/Age [Tepioxr] peta&l Twv yevelakwy
aykuAng/Incidence of the loop
= 100 = 34 = 34 = 34
3w 22 30 32 30 22 30
S5 80 S5 2 S F 2% S F 2%
g e S & S o (S
5< 60 92 2 95 2 95 2
ég gL 18 gL 18 gcr 18
S5 40 o5 14 o5 14 o5 14
o — B 5 o 5 O =
28 » 3t s st s s2 'S
p=) =} > =]
N 0 <& ) <c 2 << 2
Mapoucia/  Anouaia/ Appeveg/  Orheig/ 20-39  40-59 =60 Nw8H/
Presence  Absence Males  Females edentulous
Evédovtn/dentate

[MamavikoAdou I. kai ouv./Papanikolaou P. et al.

age ranged between 22 and 72 years, with an average
age of 47 years. More precisely, |0 of these 34 patients
(29.5%) were 20-39 years old, 16 (47%) were 40-59
years old and 8 (23.5%) were = 60 vears old (Table 2,
Fig. 5).

The interforaminal region was edentulous in 4 cases
(11.8%), partly dentulous in 8 cases (23.5%) and dentu-
lous in 22 cases (64.7%) (Table 3, Fig. 6).

The loop was located on the right side in 8 cases
(23.5%), on the left side in 4 cases (I 1.8%) and bilaterally
in 22 cases (64.7%) (Table 4, Fig. 7). The loop's length
ranged between 0.8 and 8 mm, with an average length
of 4.37 mm (Fig. 8).

Mivakag 1/Table 1
Ta&véunon Twv MEPITTHoEWY
QrtelkOVIoNG NS AYKUANG CUUPWVA HE TO PUAO

Gender distribution of anterior loop

ApiB6g MEPIMTOEWY/ MooooTd/
®UAo/Gender Number of cases Percentage
(%)
luvaika/Female 10 29,5
Avdpag/Male 24 70,5
2 Uvolo/Total 34 100
Mivakag 2/Table 2

Ta&vounon Twv MEPITTHOEWY
QrTelkOVIONG NG AYKUANG CUUGWVA Pe TNV nAkia

Age distribution of anterior loop

ApIBpOG TIEPINTWOEWY/ NogoaTd/
Hhikia/Age Number of cases Percentage
N (%)
20-39 10 29,5
40-59 16 47
=60 8 23,5
>Uvolo/Total 34 100

Eikdva 6/Figure 6

TPNUdtwy/ interforaminal region

22

—

Mepikag evodovtn/
partially edentulous

Apxeia EMnvikr¢ Ztopatikrig & NvaBompoowrikrig Xeipoupyikrig/
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Mivakag 3

Ta&véunon Twv TEPUITTWOEWY ATEIKOVIONG

NG ayKUANG oUugwva [e Ty apouacia 0dovIwy
otV TIEPLOXN METAEU TWV YEVEIAKWY TPNUATWY

Nepioyr pera&u ApIBPOG EPINTHOEWY Mocoatd
TWV YEVEIAKWV TPNUATWV N (%)
Nwdn 4 11,8
Meplkwg evodovn 8 23,5
Evédovtn 22 64,7
20voho 34 100

Mivakag 4

Ta&véunon mepumtwoewv cUPPwva

HE TO NUILOPELO EVIOTIONG TNG AYKUANG

7 ApIB6G MEPINTHOEWY MocooTd

Huipopio N (%)
A&l 8 23,5
Aplotepd 4 11,8
AuoimAeupa 22 64,7
2Uvoho 34 100

VOYPaoieg, TTou mpaypatorolifnke and toug Ngeow kal
ouv. (2009), mapatnpriBnke emiong peyahitepn ouxvo-
TNTa otoug dppeveg (52%), ouxvotepn aueimieupn Kai
akohoUBwg Se€Id evtdmion, evw wg ouxvATEEN NAIKIAKT
opdda avapépovtar ta 20-29 étn (58,1%), pe peiwon
petd ta 60. Meyalltepn ouxvotnta otoug dppeveg ava-
eépetal kar amd toug Ritter kai ouv. (2012).

H peiopévn ouxvétnta petd ta 60 €1 evoexXopévwg
oeiletal oto &t pe TV NAikia Tapatnpeeital peiwon g
OOTIKIG TTUKVATNTOC KAl EKPUNICT TNG HIKPOAPXITEKTOVI-
KNG Twv ootwv omdte kabiotatal dSuoxepgotepn N arel-
kOvion g aykuAng (Kingsmill kar Boyde 1998a, 1998).
O1 Ngeow kar ouv. (2009) eméleEav va mpayuatorol-
AoOWV TNV PeEAETn o evodovteg aoBeveic, kaBwg Bew-
poUv 0Tl N 00TIKY) armopPdPNON TTOU TIApdtnPEeital Petd
and anwieid wv mpoabinwv dovudv propel va odnyn-

Eikéva 7/Figure 7

Huiuépio eviémong tg aykuAng/
location of the loop

Table 3

Distribution of anterior loop radiographically
detected cases according to the presence
of teeth in the interforaminal region

Interforaminal Number of cases Percentage
region N (%)
Edentulous 4 11,8
Partially edentulous 8 23,5
Dentate 22 64,7
Total 34 100

Table 4
Distribution of anterior loop radiographically
detected cases according to the location

Iocation Number of cases Perc((;:l)tage

Right half 8 23,5

Left half 4 11,8

Bilateral 22 64,7

Total 34 100
DISCUSSION

In the present study, the loop’s prevalence rate was 34%.
Studies based on panoramic radiographs report a preva-
lence rate of 12-40.2%, while studies involving computed
tomography report a prevalence rate of 7-48% (Table 5).
As mentioned above, the majority of patients who had
a loop were males (70.5%), while the most common age
was 40-60 years (47%). In the =60 age group, a decrease
in the prevalence rate was observed. In most cases, the
loop was located bilaterally (64.7%) and secondarily on
the right side (23.5%), while the interforaminal region
was mostly dentulous (64.7%).

A similar study of the loop's visualisation on panoramic
radiographs, which was carried out by Ngeow et al.
(2009), reported a higher prevalence rate in males too

Eikéva 8/Figure 8
Mrkog aykiAng/length of the loop

< 34 14
s5 2, 12
g5 26 S 10
52 2 ES
E 8 I8 go 8
S5 |4 E o 6
o0 i 48
o & o £
N 10 22 =5 4
) <  c 2
cE 6 s 2
<2 2 <
. . . ] o
Ae&i6/ Apiotepd/ ke
right half Left half

Apginieupalbilateral
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Katavopr twv mepimwoewy oUpgwva Pe To PrKog TG ayKUANG.
Distribution of the cases according to the length of the loop.
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o€l 0g anopPdENON Tou TTOPOU Tou K&tw eatviakoy. Ev-
OeXOPEVG £T01 eppnVeUETal oTny TTApoUod PEAETN N on-
HavTikd ouxvOTePN amelkOVIon NG ayKUANG o€ TIepITTTW-
ogIg OTToU 1) TTEPIOXT] HETAEU TwV YEVEIAKWY TPNHATWV
Atav evodovtn.

2NV MapoUod PEAETN TO PAKOG ayKUANG Kupavatav pe-
tagu 0,5-8 mm, pe peon tpn 4,37 mm. To prikog g
aykUANG TToIKiAel oTIG SIGQOPEG HEAETEG TIOU €XOUV TIPAY-
patoroinBei o€ MavopapIkEG aktivoypagpies (Uéon tpn
[,2—6,95mm) (Misch kai Crawford, 1990, Misch, 1999,
Neiva kai ouv. 2004, Greenstein kai Tarnow, 2006) kai
oe afovikég topoypapieg (péon tprf 0,89-4,73mm)
(Sahin kar ouv. 2010, Apostolakis kai Brown, 201 1, Ritter
kar ouv. 2012), ye péyioto avapepdpevo PAKOG ta
[Omm (Rothman, 1998) kai eAdxioto ta 0,5mm (Rosen-
quist, 1996). Zuvenwg, dev mpénel va Bewpeital aopaiiq
n TomofEtnon eygputeupdtwy o amdotaon 4-6mm armd
TO yevelakd Tprpa, Omwe mpoteivetar amnd moAoUg ouy-
ypapeic (Babbush, 1998, Kuzmanovic kar ouv. 2003, A-
postolakis kal Brown, 201 1), yeyovdg mou urtootnpiCouv
kar ol Uchida kar ouv. (2007, 2009).

AVATOUIKEG PHENETEG TTOU TTPAyHaToTTOIONKAV OF TITwa-
TIKEG YvdBoug avagepouv eUQAVvIon TG ayKUANG e ou-
xvotnta 0-96% kai prikog aykuAng 0,15-1 Imm (Mivakag
6). 2€ OpIoHEVEG MO TG PEAETEG QUTEG TTPAYHATOTION-
ABnKe Kal akTivoypagIkdg €heyxog Twv yvdbuwv. H oly-
KPION TWV aVaTOHIKOV KAl TWV aKTIVOYPAPIKWY EUPNHA-
Twv €0eiEe O o ouPBatikéG aktvoypapieg (mavopapi-
KEG, omoBopatviakeg) ouvodeovtal and uPnAd Tooo-
0T6 Peudwg BETIKWV Kal Peudw apvnTIKWV EUPNPATWY,
eVW 600V apopd OTo PKOG TNG AyKUANG, HE TIG aKTIVO-
YPAPIKEG PETPHOEIG Yivetal efte umepeKtipnon efte umo-
Tipnor) tou (Arzouman kar ouv. 1993, Bavitz kai ouv.
1993, Mardinger kai ouv. 2000, Kuzmanovic kar cuv.
2003).

O1 Uchida kar ouv. (2009) kai or Santana kat ouv. (2012)
UTTOAGYIOQV TO HAKOG TNG AYKUANG O€ TITWHATIKEG YWd-
Boug pe avatopIkéG PETPAOEIS KAl e aEOVIKEG TOHOYPAa-
@l kal dev Pprikav Petall Twv PETPAOEWY OTATIOTIKWG
onuavtkr diapopd. MNapopoiwg, oe peAétn twv Kaya kai
ouv. (2008) ouykpiBnke n ameikdvion TG ayKUAng peta-
€U TTavopapIKWy aktivoypagiwv Kal a§ovIKWy ToHoypad-
QIOV. ATTO TNV HEAETN TTPOEKUYE OTI APeVAG Ol AEOVIKEG
Topoypa®ieg amokdhugav Tnv TTapousia g aykuAng
ouxvAtepa anod 6,1 Ol TAVOPAIKES aktivoypapieg (34%
kal 28% avtiotoixa), apeTépou eival To XPACIHEG OtV
amneikdvion Kai TV JETENON TOU PAKOUG TNG aykuAng oe
0016 PTWXAG TTOIGTNTAG, OTTOU Of TIAVOPAUIKES UTTEPE-
KTIOUV ONHavtika To PAKOG, eVW) G 00TO KAAXG TTOISTN-
1ag dev umdpxel onuavtikr) diagopd. Ymép g dmouing
QUTAG ouVNyopPoUV Kal GMEeG peENETEG TTou eEeTdlouy Ty
SlayvwoTtikr IKavATNTa NG TIAvopPapikig aktivoypapiag
WG TTPOG TA €UPHHATA TNG A&OVIKAG TOPoyPapiag kai Ka-
Tahjyouv OTo OUNTEPAcHa &t N aelkAVIon TG ayKUANG
pe aovikA Topoypagia urieptepel évavtl Twv Tavopa-
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Nivakag 5

JUXVOTNTA AMEKOVIONG TNG AYKUANG 08 HEAETEC TTAVOQAUIKWY

OKTIVOYPAPLAV KAl AEOVIKWY TOUOYRAPIWV

Mehém Ansmowo:nmj ZugvotnTa
TEXVIKK (%)
Yosue kal Brooks, 1989 Mavopapkr) akTivoypapia 21
Misch kat Crawford, 1990 > » 12
Misch, 1999a »  » 12
Jacobs kal ouv. 2002 AEoVIKY) Topoypapia 7
Kuzmanovic kat ouv. 2003 Mavopapkr) akTivoypapia 27
Jacobs kat ouv. 2004 »  » 11
Ngeow kat ouv. 2009 »  » 40,2
Sahin kat ouv. 2010 AEovikn Topoypagpia 30
Apostolakis kal Brown, 2011 » 48
Ritter kat ouv. 2012 » > 31

MNivakag 6
AVaTOUIKEG UEAETES TNQ TTapouaiag TNG aykUANg oe TITWUATIKES yvdBoug
Tt

Bavitz kat ouv. 1993 11
Solar kat cuv. 1994 59
Rosenquist, 1996 26
Mardinger kat cuv. 2000 28
Kieser kat ouv. 2002 0
Kuzmanovic kat ouv. 2003 37
Neiva kat ouv. 2004 88
Uchida kat ouv. 2007 -

*TO HEYIOTO QVAPEPOUEVO UNKOG

(52%), located mostly bilaterally, and secondarily on the
left side, while the most affected age group was that be-
tween 20-29 vears (58.1%), with a decrease after 60.
Similarly, Ritter et al. (2012) report a higher prevalence
rate in males.

This reduction in prevalence rates in the =60 age group
could be explained as a result of the fact that aging leads
to a reduced bone density and degeneration of the
bone’s microarchitecture, which means that the loop be-
comes more difficult to visualise (Kingsmill and Boyde
1998a, 1998Db).

Ngeow et al. (2009) conducted a study on dentulous pa-
tients, as they believe that bone resorption following the
loss of anterior teeth can cause a resorption of the infe-
rior alveolar canal. This argument can probably also ex-
plain the significantly higher rate of loop visualisation in
dentulous interforaminal regions that was observed in
the present study.

According to our findings, the loop’s length ranged be-
tween 0.5-8 mm, with an average length of 4.37 mm. Dif-
ferent loop lengths have been reported in different stud-
ies of panoramic radiographs (average value: 1.2-6.95
mm) (Misch and Crawford, 1990, Misch, 1999b, Neiva et
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Mrikog aykuAng
(mm)

1 mm*
0,5-5, péon Tiun: 1

0,5-1, péon Tun:0,15

0,4-2,19

0,11-3,31

1-11, péon Tiun:4,13
0-6, ugonTiuny: 1,5 = 1,4
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Incidence of anterior loop visualization in studies of panoramic
radiographs and computed tomographies

Study R?ggz%;:z:;ic Inci(t:;nce
Yosue and Brooks, 1989 Panoramic radiograph 21
Misch and Crawford, 1990 »  » 12
Misch, 1999a »  » 12
Jacobs et al. 2002 Computed tomography 7
Kuzmanovic et al. 2003 Panoramic radiograph 27
Jacobs et al. 2004 »  » 11
Ngeow et al. 2009 »  » 40,2
Sahin et al. 2010 Computed tomography 30
Apostolakis and Brown, 2011 »  » 48
Ritter et al. 2012 »  » 31

Table 6

Anatomical studies of anterior loop presence in cadaveric mandibles

Study

Bavitz et al. 1993

Solar et al. 1994
Rosenquist, 1996
Mardinger et al. 2000
Kieser et al. 2002
Kuzmanovic et al. 2003
Neiva et al. 2004
Uchida et al. 2007

*the max length

Incidence of loop Length of the loop
presence (%) (mm)

11 1 mm*
&9 0,5-5, average length: 1
26 0,5-1, average length:0,15
28 0,4-2,19
0 —
37 0,11-3,31
88 1-11, average length:4,13
= 0-6, average length:1,5+1,4

kav aktvoypaeiov (Klinge kar ouv. 1989, Lindh kar Pe-
tersson, 1989, Sonick kai ouv. 1994, Lindh kai ouv. 1995,
Tpikepiwtng kai ouv. 2007, Peker kai ouv. 2008). 16iafte-
PO evOIAPEPOV TTAPOUOIALE! N PEAETN TWV TPIKEPIDTN
kar ouv. (2007), otnv omoia digpguvrBnke n mpdobia
poipa TG Kdtw yvdbou Pe TIavopapIKEG aKTVOyPapieg
kal pe agovikég Ttopoypapieg oe 30 aobeveig. Amd v
Tplodidotatn avaclvBeon Twv ToPwY, eAfedn yia kabe
aoBevr] éva eikovikd opoiwpa g Kdtw yvdbou. Z0pupw-
Va HE TNV JEAETN, OTIC TIEPITTTWOEIG ATTEIKAVIONG TG ay-
KUANG OTIG TIAVOPAUIKEG aKTIVOYPAPieg, Ta avtiotoixa
Tpi0didotata opolwuata mapousialav eikéva dieupu-
opévng Siapétpou tou TopIKoU TOPOoU, OTOIXED TO
omolo avagépetal kai oe AMeg pehéteg (Ngeow, 201 1,
Ngeow kai Nambiar, 201 1) .

JUVETTG KATd TNV TOTIOBETNON EPPUTEVPATWY TNV TIPO-
o6ia poipa g kdtw yvdbou or TavopapikéG aktivoypa-
@ieg eival avemapkelg yia Tov poeyXelpnTIKS EAeyxo Kal
ararteftar ka\itepn ameikdvion pe a&ovikr Topoypagia
(Bou kar ouv. 2002, Greenstein kai Tarnow, 2006). To
Bacikd PEIOVEKTNHA TWV TTAVOPAIKWY AKTIVOYPAQIGY €i-
val n mapapdépewon oe opitévtio Kar kdbeto enfmedo
TWV QVATOHIKWV HOPIwy, TTPWwTiotwg otnv mpdobia poipa,
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al. 2004, Greenstein and Tarmow, 2006) and computed
tomography scans (average value: 0.89-4.73 mm) (Sahin
et al. 2010, Apostolakis and Brown, 201 I, Ritter et al.
2012). The maximum reported length is 10 mm (Roth-
man, 1998), while the minimum one is 0.5 mm (Rosen-
quist, 1996). Therefore, the placement of implants within
a distance of 4-6mm from the mental foramen — as pro-
posed by many authors (Babbush, 1998, Kuzmanovic et
al. 2003, Apostolakis and Brown, 201 1), including Uchida
et al. (2007, 2009), should not be considered safe.
Anatomical studies on cadaveric mandibles report a loop
prevalence rate of 0-96% and a loop length of 0.15-11
mm (Table 6). Some of these studies also involved a ra-
diographic examination of the mandibles. A comparison
between anatomical findings and radiography findings
showed that conventional radiography (panoramic radi-
ographs, periapical x-ray) involves a high rate of falsely
positive or falsely negative findings, while radiography can
either lead to an overestimation or underestimation of
the loop’s length (Arzouman et al. 1993, Bavitz et al.
1993, Mardinger et al. 2000, Kuzmanovic et al. 2003).
Uchida et al. (2009) and Santana et al. (2012) used
anatomical measurements and computed tomography
measurements to assess the length of the loop, however
they did not find any statistically significant difference be-
tween these two types of measurements. Similarly, a
study by Kaya et al. (2008) compared the visualisation of
the loop on panoramic radiographs and computed to-
mography scans. It was concluded that computed to-
mography revealed the presence of a loop more fre-
quently than panoramic radiographs (34% and 28% re-
spectively). Moreover, it was concluded that computed
tomography is more useful in the visualisation and meas-
urement of the loop'’s length in poor quality bone, for
which panoramic radiographs provide an overestimation;
in good quality bone there is no significant difference.
This view is also supported by other studies, in which the
diagnostic value of panoramic radiography is compared
to that of computed tomography. These studies con-
clude that the loop can be visualised better when using
computed tomography as opposed to panoramic radi-
ography (Klinge et al. 1989, Lindh and Petersson, 1989,
Sonick et al. 1994, Lindh et al. 1995, Trikeriotis et al.
2007, Peker et al. 2008). The work by Trikeriotis et al.
(2007) should be pointed out here. In that study, the an-
terior mandibles of 30 patients were examined by means
of panoramic radiography and computed tomography
scans. Based on the 3D reconstruction of these sections,
a visual representation of each patient's mandible was
created. According to this study, in those cases where
the loop was visualised on the panoramic radiographs,
the 3D representations showed a broader diameter of
the incisive canal. This finding is also reported in other
studies (Ngeow, 201 I, Ngeow and Nambiar, 201 1).
Therefore, when placing implants in the anterior
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n ormoia kupiwg ogeiletal otnv aMnAemiBeon avatopikov
OTOIXEIWV OTNV TTEPIOXT, O TEXVIKA 0QAAaTa ald Kai
otV e0@alpévn tomobeétnon tou acBevolg katd v M-
Un ¢ akuvoypagiac (Truhlar kai ouv. 1993). EmmAéov,
TO OXETKA PeYANO TIEXOC TWV CUPTIAYWYV OOTIKWV TTETG-
Awv atnv Tiepioxr] duoxepaivel TNV oagr| ameikovion g
ayKUANG (Arzouman kar ouv. 1993). AvtiBetwg, n agovikr
Topoypaia, He tnv BeAtinon g SIakpItikAG IKavOTNTag
Kai ta e161kd hoyiopikd yia tnv eneEepyaocia kai v ava-
oUvBeon twv eikdvwv oe dUo kal tpia enfmeda, amoteAel
agiomoTn TEXVIKY YIa TNV AETTTOoHEPH] avamapaywyr Kai
HEAETN TNG avatopikAg TG Medobiag kdtw yvdabou (Cav-
alcanti kar ouv. 1999, Liang kai ouv. 2004). Extog and g
TTANPOYOPIEG yIa TIG SIA0TAoEIG KAl TNV UPr| TOU 00ToU,
eMMAEOV evIoTiCel KAl ameIkoviCel Je IKAVOTTOINTIKY €U-
Kpfvela Toug ootikoUg MOPoUG PHEoa GToUG oTToloug TTo-
peUovTal Kar EMKOIVWVOUV TENKO! VEUPIKO! KAl ayyeIakof
kKAaSor atnv mepioxr| (Tpikepidytng kai ouv. 2007).
Mapdha autd, dev eEaopaliCetal e andiutn BeBaidtna
0 N TPAUNATIOPAS ToU KATw (atviakoy Veupou, KUpiwg
Katd TNV ToTToBETN 0N EPPUTEUNATWY OTNY TIEPIOXT] TOU Ye-
velakoU TeApatog. To ev Adyw olpBapa dtav eivar iatpo-
yevoUg artoAoyiag amoteAel pia and TG méov SuodpeoTeg
OTYHEG OTnv doknon NG 00oVTIATPIKAG EMOTARNG.
KaBug n tomobétnon epguteupdtuwv anotehel pia oxetikd
olyxpovn pgbodo amokatdotaong, dev undpxouV TIoA-
NG BiBNoypagikég avapopég doov agopd otny MPOKAN-
on pnxavikoUu Tpaupatiopoyd tou KO vedpou. O Ellis
(1992) avagépel mpoowpivry unaiobnoia tou velpou og
0000t 37% PeTd amd TomofETnon EUPUIEUNATWY Kal
ToviCel éu ol diatapaxég tng aiednukdtntag eivar auén-
HEVEG OTO Yuvaikeio QUAO Kal otoug diaBntikolq aobe-
VEIG. 2€ avdhoyn peAétn, ol Bartling kar ouv. (1999) ava-
PEPOUY TTIOCOOTO TTPOCWPIVAG UTiaioBnaiag 8,5% Kkai TTAR-
pn amokatdotaon tng aiobnong oe didotnua 2-4 pnvav,
eve) oUpewva pe Toug van Steenberghe kar ouv. (1990)
TIPOKAONKe amd TNV TomoBETNon ePEUTEUATWY HOVIUN
umraioBnoia Adyw tpaupatiopoy oto 6,5% Twv acevav.
H agaipeon tou epeutelpatog ouvibwg odnyel o€
mpoodeutiky Pertiwon tng aioBnukdntag (Ellian ka
ouv. 2005). Edv dpwg oe didotnpa 4 pnvav dev ema-
vENeI MARpwG N aioBnorn, o aoBevrig Ba mpémel va ma-
parneppOel og €1d1kd pikpo-veupoxeipoupyd (Kraut kai
Chanal, 2002).

H epmeipia tou enepPaivoviog, 0 Cwotdg TTPOEYXEIPN-
TIKOG €AeyX0G Kal oXedIAoOPAE, N OWOTH EKTIUNON TWV
QVATOHIKWY OXECEWV TNG TIEPIOXNAG, N TTOOOEKTIKY TEAE-
on 1éoo NG avaiobnoiag oo kai TG TTAPACKEUrG ToU
BAevvoyovorrepiootikoy kpnpvoy, kaBwg kal n auotnen
Tr)PNon Tou MpwtdkoMou emépfaong eivar kpiolung on-
paciag yia tnv amo@uyr| Tou cuppdpatog. 2 k&Be me-
pfmwon, eivar amapaftntn n evnuéowon kai n cuykatd-
Beon tou aoBevolg, wote va undpgel cuvepyaoia yia
TO KaAUTePO Oepameutikd amotéleopa (Zwydkng Kai
ouv. 2008).
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mandible, panoramic radiographs are inadequate pre-
operative assessment tools, while computed tomogra-
phy produces better imaging results to meet our needs
(Bou et al. 2002, Greenstein and Tarnow, 2006). The
main disadvantage of panoramic radiographs is their dis-
tortion of anatomical tissues on the horizontal and ver-
tical planes, mostly in the anterior portion of the
mandible, which is mainly due to the overlapping of
anatomical elements in this area or technical errors or
even the patient’s wrong positioning at the time the ra-
diograph was taken (Truhlar et al. 1993). Moreover, the
relatively high thickness of the cortical bone plates in this
area prevents a detailed visualisation of the loop (Ar-
zouman et al. 1993). In contrast, computed tomography
is a reliable tool for the detailed reconstruction and
study of the anterior mandible anatomy due to its im-
proved resolution capacity and the special software that
is used to process and reconstruct images in two or
three dimensions (Cavalcanti et al. 1999, Liang et al.
2004). In addition to providing information on the
bone's dimensions and texture, computed tomography
can also identify and visualise the bone’s pores, through
with the terminal branches of nerves and vessels pass
and communicate in this area, ensuring a satisfactory
level of clarity (Trikeriotis et al. 2007).

However, the non-injury of the lower alveolar nerve can-
not be fully guaranteed, mainly when the implants are
placed in the area of the mental foramen. When iatro-
genic, this injury can be one of the most unpleasant
events in the field of dental science.

As the placement of dental implants is a fairly new reha-
bilitation technique, there are very few references to me-
chanical injury of the inferior alveolar nerve. Ellis (1992)
reports temporary hypaesthesia of the nerve at a rate of
37% after implant placement, pointing out that sensation
disorders are more common in female and diabetic pa-
tients. In a similar study, Bartling et al. (1999) report an
8.5% rate of temporary hypaesthesia and a complete re-
covery of sensation within 2-4 months. According to van
Steenberghe et al. (1990), 6.5% of patients suffered per-
manent injury-induced hypaesthesia after implant place-
ment. Implant removal normally leads to a gradual im-
provement of sensitivity (Ellian et al. 2005). However, if
sensitivity is not fully recovered within 4 months, the pa-
tient should be referred to a specialist micro-neurosur-
geon (Kraut and Chanal, 2002).

The surgeon’s experience, the proper pre-operative as-
sessment and planning, the correct evaluation of the
anatomical relations of the area, the careful administra-
tion of anaesthesia and reflection of the mucoperiosteal
flap, as well as the rigorous implementation of the surgical
protocol, are all essential in preventing injuries. In any
case, patient awareness and consent are necessary in
order to ensure cooperation and achieve the best pos-
sible therapeutic results (Zogakis et al. 2008)
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2YMIMEPAXMATA

AMé TNV avdluon twv eupnudtwy TG mapouodg HEAETNG

Tipogkuyav Ta eENG:

* Ameikdvion TG aykUAng mmapatnernke oto 34% twv
aKTIvoyPaPIwV.

* H m\elovdtnta twv mepImoewy aneikdviong g ay-
KUANG rtav dppevec.

* H ouxvdtepn nAikia epgdviong TG aykuAng rtav ta
40-60 étn, pe péon nAikia Ta 47 €m).

* H aykiAn mapouaiale kupiwg apeimieupn evedmon.

* 2TG TIEPIOOGTEPEG TTEPITTIIWTEIG ATTEIKAVIONG TNG AyKU-
ANG, N TePIOXr] HETAEU TwV YeVEIaK®V TPNPATWY Atav
evédovn,

* To prjkog NG aykUAng kupaivétav petagy 0,5-8 mm,
pe péon Tipr) ta 4,37 mm.

Adyw tou peydhou TooooToU TTapouoiag NG aykuAng,

n TomoB€tnon epeuteupdtwy Ba mpémel va yivetal oe

andéotaon TouAdxioTov 5-8mm eyyUc Tou veveliakou Tpr-

Hatog, TIPOKeIPévou va amogelyetal n mbavdtnta tpau-

patopoy Tou velpou.

EE dMou amé tnv avaokdmnon tng BiBAioypagiag, mpo-

KUrtel T Katd TV ToTof€tnon eUEUTEUNdTWY OTnV

npdabia pofpa g kdtw yvdbou ol TavopapikEG akTi-

voypagieg dev eival EMAPKEIG yIa TOV TTPOEYXEIPNTIKO

éheyxo, kabwg, oe Ox€on Pe Ta eUPHHATA TwV AEOVIKOV

TOPOYPAPIWV, TIapoucidlouv Teploplopévn euaioBnaia

kai eidikdtnta.
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CONCLUSIONS

Findings of the present study were as follows:

* The loop was visualised on 34% of the radiographs.

* The majority of loops were observed in male patients.

* The loop was more frequent in patients between 40-
60 years old, with a mean age of 47 vears.

* The loop normally appears bilaterally.

* In most cases of loop visualisation, the interforaminal
region was edentulous.

* The loop’s length was 0.5-8 mm, with an average length
of 437 mm.

* Due to the high loop prevalence rate, implants should
be placed at least 5-8 mm anterior to the mental fora-
men, in order to reduce the risk of nerve injury.

Besides, a review of the literature reveals that panoramic

radiographs are inadequate preoperative assessment

tools when placing implants in the anterior portion of the
mandible, as their findings are found to be less sensitive
and specialised that those of computed tomography.
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