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Abstract

The bifid mandibular canal (BMC) is an anatomical variation with reported prevalence ranging from
0.08 to 65%. Identifying anatomical variations of mandibular canal is very important in order to pre-
vent possible complications during oral surgical and other dental procedures. Objectives: The aim of
this study was to determine the prevalence and to classify the morphology of BMCs using digital pan-
oramic radiographs. Material and methods: A retrospective study was conducted that included 1008
digital panoramic radiographs (412 female and 596 male) used to identify the type of BMC. Panoram-
ic radiographs were analyzed by three oral surgeons and one dentist, and BMCs were classified into
six different types, 4 types according to Langlais et al. (types 1-4), and two new types (types 5 and
6) described by authors. Results: The prevalence of BMC was 4.66% (n=47), with no significant dif-
ferences in gender between BMC types (P=0.947; ?=0.74). The prevalence of type 1 BMC was 0.79
% (n=8), type 2 2.08 % (n=21), type 3 0.30 % (n=3), type 4 0% (n=0), type 5 0.89 % (n=9) and type
6 0.60% (n=6). Conclusion: This study revealed a relatively high prevalence of BMCs among Zagreb
citizens. Furthermore, two new types of BMCs were described. These results stress the importance
of a careful and thorough radiographic analysis prior to each invasive procedure in the mandible.
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Introduction

In 1973, Patterson and Funke (1), and Kiersch and Jor-
dan (2) first used the term bifid mandibular canal (BMC).
Until then, the mandibular canal had been described as a sin-
gle structure, with the possibility of multiple smaller branch-
es along the main trunk. Furthermore, it has been mentioned
that some of these branches could be large enough to form a
BMC or trifid mandibular canals (TMCs) (3).

The bifid mandibular canal is an anatomical variation lo-
cated in the body or ramus of the mandible, where the man-
dibular canal is divided into two branches. The mandibular
nerve is divided into the anterior branch, containing motor
branches, and one sensitive buccal nerve, and the posterior
branch containing sensitive branches. The mandibular canal
enters the mandible and extends bilaterally from mandibu-
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Uvod

Godine 1973. Patterson i Funke (1) te Kiersch i Jor-
dan (2) prvi su upotrijebili naziv dvostruki mandibularni ka-
nal (DMK). Do tada se najcesée ta pojava opisivala kao je-
dinstvena struktura s potencijalnim malim ograncima uzduz
glavnoga debla Zivca. Nadalje, navodi se da pojedine grane
mogu biti dovoljno velike da oblikuju DMK i trostruki man-
dibularni kanal (TMK) (3).

Dvostruki mandibularni kanal anatomska je varijaci-
ja smjestena u tijelu ili uzlaznom kraku donje celjusti gdje
se mandibularni kanal dijeli u dvije grane. Mandibularni Zi-
vac podijeljen je na prednju granu koja sadrzava motoricke
ogranke i jedan senzoricki zivac (bukalni) i straznju granu sa
senzorickim ograncima. Mandibularni kanal po¢inje mandi-
bularnim otvorom i proteze se do mentalnoga otvora te za-
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lar foramen to the mental foramen and it ends as an inci-
sive nerve. In radiographs, the mandibular canal appears as a
dark, linear shadow between two radiopaque thin borders. It
contains a bundle with several important structures: the in-
ferior alveolar nerve (IAN), artery and vein (4). In the devel-
opment of the mandibular canal, Meckel’s cartilage forms the
skeleton of the first branchial arch (mandibular). The bilater-
al bodies of mandible evolve from ossification centers locat-
ed lateral to Meckel’s cartilage. The inferior alveolar nerve has
been assumed significant in inducing osteogenesis. A study
by Chavez-Lomeli et al. (5) on 302 hemimandibles from the
second half of the prenatal period aimed to investigate the de-
velopment of the mandibular canal. First, the canal appears
in the area of the primary incisors, afterwards in the area of
primary molars and finally in the permanent molars region.
The authors concluded that the mandibular canal develops
from at least three independent canals. Further development
commonly results in fusion of the originally distinct canals,
but fusion failure can result in a BMC or TMC (6).

The prevalence of the BMC has been reported in ma-
ny studies, ranging from 0.08 % to 8.3 % when it was as-
sessed using panoramic radiographs, and ranging from 10-
65 % when they were evaluated using cone-beam computed
tomography (CBCT) (7-10). A panoramic radiograph is one
of the most used diagnostic tools in dentistry. To a clinician,
a panoramic image provides information on the location of
mental foramen, IAN and other important anatomical struc-
tures in the maxilla and mandible (11).

Various types of BMCs have been described and clas-
sified according to anatomical location and based on pan-
oramic radiographs or CBCTs. There are several classifica-
tions of BMC in the literature in the past 50 years: BMC
classification by Nortje et al. (1977), Langlais et al. (1985),
Kieser et al. (2005), Naitoh et al. (2009), Kuribayashi et
al (2010), Rashid et al (2011) and Andrade et al. (2015)
(3,4,7,10,12-14). All these classifications divide BMCs in-
to four different types, except the classification by Rashid et
al. (13) which divides them into three types. The most com-
monly used BMC classification in the literature is the one by
Langlais et al. (10) from 1985 (3, 4, 15). In the Langlais et
al. classification, type 1 (Figure 1) refers to a unilateral or bi-
lateral bifurcation extending to the region of the third mo-
lar or surrounding area. Type 2 (Figure 2) refers to a unilat-
eral or bilateral bifurcation extending along the main canal
and then merging in the mandibular ramus or body. Type 3
(Figure 3) refers to a combination of type 1 and 2, and type
4 (Figure 4) refers to BMC originating from two distinct
mandibular apertures which afterwards merge into a single,
broad mandibular canal (10).

It is needless to stress the importance of preoperative de-
termining of the course and position of the mandibular canal
and identifying possible anatomical variations. After 1973,
when the first case was reported, clinicians and research-
ers began to pay more attention to the potential existence
of BMC (7). Third molar extraction, dental implant place-
ment, enucleations of pathologies, peri-apical surgery and
sagittal ramus split osteotomy are just some of the procedures
in which determining the position of the mandibular canal is
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vrsava kao incizivni zivac. Radioloski se mandibularni kanal
prikazuje kao tamna linearna sjena izmedu dviju tankih ra-
dioopaktnih linija, a sadrzava snop s vaznim strukturama —
donjim alveolarnim Zivcem, arterijom i venom (4). U razvo-
ju mandibularnoga kanala Meckelova hrskavica tvori osnovu
prvoga skrznoga luka (mandibulani luk). Bilateralna tijela
mandibule stvaraju se iz osifikacijskih centara smjestenih la-
teralno od Meckelove hrskavice i pretpostavlja se da je donji
alveolarni Zivac vazan u induciranju osteogeneze. Istrazivanje
koje su proveli Chavez-Lomeli i suradnici (5) na 302 hemi-
mandibule iz druge polovine prenatalnoga razvoja imalo je
kao cilj istraziti razvoj mandibularnoga kanala. Kanal se naj-
prije pojavljuje u regiji mlije¢nih sjekutica, zatim u regiji mli-
je¢nih kutnjaka i na kraju u podrudju trajnih kutnjaka. Au-
tori su zakljucili da mandibularni kanal nastaje od najmanje
triju zasebnih kanala. Daljnji razvoj najcesée rezultira spaja-
njem u jedan zajednicki kanal, ali neuspjesno spajanje moze
rezultirati nastajanjem DMK-a ili TMK-a (6).

U mnogim istrazivanjima ortopantomogramskih snimki
ustanovljena je ucestalost DMK-a od 0,08 do 8,3 % te od 10
do 65 % kada su analizirane Cone Beam kompjutorizirane
tomografije (CBCT) (7 - 10). Ortopantomogramske snimke
jedan su od najkorisnijih dijagnostickih alata u dentalnoj me-
dicini jer klini¢aru daju informacije o lokalizaciji mentalnoga
otvora, donjega alveolarnoga zivca i drugih vaznih struktura
u donjoj i gornjoj Celjusti (11).

Razliciti tipovi DMK-a opisani su i klasificirani ovisno o
anatomskoj lokalizaciji utvrdenoj na panoramskim i CBCT
snimkama. U literaturi je posljednjih 50 godina opisano ne-
koliko klasifikacija DMK-a — prema Nortjeu i suradnicima
(1977.), Langlaisu i suradnicima (1985.), Kieseru i suradni-
cima (2005.), Naitohu i suradnicima (2009.), Kuribayashiju
i suradincima (2010.), Rashidu i suradnicima (2011.) i An-
dradeu i suradnicima (2015.) (3, 4, 7, 10, 12 — 14). Sve na-
vedene klasifikacije dijele DMK na Cetiri razlicita tipa, osim
one Rashida i suradnika (13) koji je dijeli na tri tipa. Najce-
§¢e koristena klasifikacija u literaturi jest klasifikacija prema
Langlaisu i suradnicima (10) iz 1985. godine (3, 4, 15). U
njihovoj klasifikaciji tip 1 (slika 1.) je unilateralni ili bilateral-
ni kanal koji se dijeli na dva odvojena kanala od kojih jedan
zavr$ava u regiji treteg kutnjaka. Tip 2 (slika 2.) odnosi se na
kanal (unilateralno ili bilateralno) koji se razdvaja u dva od-
vojena kanala, zatim se kanali u uzlaznom kraku ili tijelu do-
nje Celjusti spajaju u jedan koji zavr$ava mentalnim otvorom.
Tip 3 (slika 3.) kombinaciju je tipova 1 i 2, a tip 4 (slika 4.)
odnosi se unilateralno ili bilateralno na DMK-u koji pocinje
s dva zasebna mandibularna otvora koji se zatim spajaju u je-
dinstveni, iroki mandibularni kanal (10).

Nije potrebno isticati vaznost prijeoperacijskoga odredi-
vanja tijeka i polozaja mandibularnoga kanala i utvrdivanja
potencijalne anatomske varijacije. Nakon $to je 1973. godine
objavljen prvi prikaz pacijenta s DMK-om, klinicari i znan-
stvenici poceli su mnogo vise pozornosti posvecivati potenci-
jalnom postojanju dvostrukoga mandibularnoga kanala (7).
Ekstrakcija i alveotomija umnjaka, ugradnja dentalnih im-
plantata, enukleacija patoloskih tvorbi, periapikalni kirurski
zahvati i sagitalna osteotomija kraka mandibule, samo su ne-
ki od zahvata kada je iznimno vazno odrediti polozaj man-
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Figure 1 Type 1 bifid mandibular canal according to Langlais et al.

Slika 1. Tip 1 dvostrukoga mandibularnoga kanala prema
Langlaisu i sur.

Figure 2 Type 2 bifid mandibular canal according to Langlais et al.

Slika 2. Tip 2 dvostrukoga mandibularnoga kanala prema
Langlaisu i sur.

Figure 3 Type 3 bifid mandibular canal according to Langlais et al.

Slika 3. Tip 3 dvostrukoga mandibularnoga kanala prema
Langlaisu i sur.

of the utmost importance (16). Furthermore, BMCs are of-
ten associated with the failure to obtain an adequate anesthe-
sia on IAN (17).

The aim of this study was to determine the prevalence of
BMC variations following the Langlais’s et al. classification
(10), by analyzing digital panoramic radiographs taken at the
University Hospital Dubrava, Zagreb, Croatia.

Materials and methods

A retrospective study was carried out that included 1008
randomly selected digital panoramic radiographs taken from
the University Hospital Dubrava database, in Zagreb. All
radiographs were taken between January 2019 and August
2020.

Patients of both genders, older than 18 years of age were
included in this study. Apart from a person’s age, the exclusion
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Figure 4 Type 4 bifid mandibular canal according to Langlais et al.

Slika 4. Tip 4 dvostrukoga mandibularnoga kanala prema
Langlaisu i sur.

Figure 5 Bifid mandibular canal type 5

Slika 5. Dvostruki mandibularni kanal tip 5

Figure 6 Bifid mandibular canal type 6

Slika 6. Dvostruki mandibularni kanal tip 6

dibularnoga kanala (16). Nadalje, dvostruki mandibularni
kanali Cesto su povezani s neuspjelom anestezijom donjega
alveolarnoga zivca (17).

Cilj ovoga istrazivanja bio je odrediti ucestalost varijacija
DMK-a prema klasifikaciji Langlaisa i suradnika (10) analizi-
ranjem digitalnih ortopantomogramskih snimki u¢injenih u
Klini¢koj bolnici Dubrava u Zagrebu.

Materijali i metode

Provedena je retrospektivna analiza 1008 nasumi¢no oda-
branih digitalnih ortopantomogramskih snimki pohranjenih
u arhivskoj bazi Klini¢ke bolnice Dubrava. Sve odabrane ra-
dioloske snimke ucinjene su izmedu sije¢nja 2019. i kolovo-
za 2020. godine.

U istrazivanje su bili uklju¢eni punoljetni pacijenti oba-
ju spolova. Iskljucujuéi kriterij, osim godina, bili su ortopan-
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criteria included a low-quality panoramic radiograph. Digi-
tal panoramic radiographs were obtained using the Ortopan-
tomograph Soredex (Nahkelantie 160, Tuusula, Finland), ad-
justed at 66 kVp, 8.0mA, and acquisition time of 16.4 s. All
of the radiographs were projected and analyzed on a moni-
tor screen by four experienced clinicians. The identification of
BMC was confirmed if two radiolucent lines were present in
the area of AN, if at least 3 radiopaque borders were clearly
visible on the panoramic radiograph and if the research team
(one dentist and three oral surgeons) agreed with the finding.
According to the criteria set by Langlais et al., BMCs were
classified into four different types (Figure 1-4) (10).

Categorical data are shown by frequency and relative fre-
quency and compared using the y* test. Data were collected
and stored in the database in MS Excel. Statistical data pro-
cessing was done using the MedCalc ver. 16. 2. 1. (MedCalc
Software, Ostend, Belgium). The level of statistical signifi-
cance was set at 5% (P <0.05).

Results

The total prevalence of BMC was 4.66% (n=47). As ex-
pected, there were more single mandibular canals registered
than BMCs (y* =22.183, P<0.0001). No significant differ-
ence was found between male and female patients (x> =0.736,
P=0.947) although more BMCs were detected among the
male population (76.60% of the total BMCs identified) (Ta-
ble 1). No statistically significant differences were found be-
tween the types of BMCs (y* =6.979, P=0.137) (Table 2).
Type 4 BMC according to Langlais et al. was not registered in
this study. In addition, we identified two new types that are
not described in the Langlais et al. classification. We named
them type 5 and type 6 (Figure 5-6) BMC. The description
of BMC types is presented in Table 3.

The prevalence of BMC types is presented in Table 2.
Type 2 BMC was the most common BMC type, followed
by type 5 and type 1. The unilateral BMC (63.8%, N=30)
was more common than the bilateral BMC (36.2%, N=17).

Dvostruki mandibularni kanal

tomogrami loSe kvalitete. Digitalne ortopantomogramske
snimke napravljene su uredajem Ortopantomograph Soredex
(Nahkelantie 160, Tuusula, Finska), podesenim na 66 kVp,
8,0 mA, s vremenom akvizicije od 16,4 s. Svi ortopantomo-
grami prikazani su i analiziralo ih je ¢etvero iskusnih klinic¢a-
ra. DMK je identificiran na panoramskim snimkama ako su
bile vidljive dvije radiolucentne linije u podruéju donjega al-
veolarnoga Zivca i najmanje tri jasno vidljive radioopaktne li-
nije te ako se istrazivacki tim slozio s time (tri oralna kirurga
i jedan stomatolog). Prema kriterijima klasifikacije Langlaisa
i suradnika (10) dvostruki mandibualrni kanali podijeljeni su
u Cetiri razlicita tipa (slike 1. - 4.).

Kategorijski podatci prikazani su prema ucestalosti i rela-
tivnoj frekvenciji te se usporeduju s pomocu testa y2. Podat-
ci su prikupljeni i pohranjeni u bazu podataka u MS Excelu.
Statisti¢ka obrada podataka obavljena je u MedCalc ver. 16.
2. 1. (MedCalc Software, Ostend, Belgija). Razina statisticke
znacajnosti postavljena je na 5 % (P < 0,05).

Rezultati
Ukupna uéestalost DMK-a bila je 4,66 % (n = 47). Oce-

kivano, bilo je registrirano vi$e pojedina¢nih kanala u donjoj
Celjusti od DMK-a (32 = 22,183, P < 0,0001). Nije prona-
dena znacajna razlika izmedu pacijenata i pacijentica (y2 =
0,736, P = 0,947), iako je medu muskom populacijom otkri-
veno vise dvostrukih mandibularnih kanala (76,60 % od uku-
pnoga broja identificiranih DMK-a) (tablica 1.). Nisu prona-
dene statisticki znacajne razlike izmedu tipova DMK-a (y2 =
6,979, P = 0,137) (tablica 2.). U ovom istrazivanju nismo za-
biljezili DMK tipa 4 prema Langlaisu i suradnicima (10). Uz
to, identificirali smo dva nova tipa koji nisu opisani u klasifi-
kaciji Langlaisa i suradnika (10). Nazvali smo ih tip 5 i tip 6
DMK (slika 5 — 6). Opis tipova DMK-a nalazi se u tablici 3.
Utestalost DMK-a prikazana je u tablici 2. Tip 2 bio je
najéesci, a zatim slijede tip 5 i tip 1. Unilateralni DMK (63,8
%, N = 30) bio je ¢es¢i od bilateralnoga (36,2 %, N=17).

Table1  Prevalence of bifid mandibular canal by gender
Tablica 1. Ucestalost dvostrukoga mandibularnoga kanala prema spolu
U}:;::’a:lzl; lre al.(a Male » Muskarci Female ® Zene
Total number of x-rays ® Ukupni broj ortopantomograma 1008 596 412
Bifid mandibular canal (N, %) * Dvostruki mandibularni kanal (N, %) 47 (4.66) 36 (6.04) 11 (2.67)
Statistics ® Statistika x> =0.736; P=0.947
Table2  Prevalence of different types of bifid mandibular canals
Tablica 2. Ucestalost razlicitih tipova dvostrukih mandibularnih kanala
. . . Unilateral ¢ . .
Total ® Ukupno Female ¢ Zene Male * Muskarci Unilateralno Bilateral ® Bilateralno

Type 1+ Tip 1 8 (17.02%) 2 6 8 0

Type2+Tip2 21 (44.68%) 4 17 11 10

Type3 «Tip 3 3 (6.38%) 1 2 0 3

Type 4 * Tip 4 0 (0.00%) 0 0 0 0

Type 5 Tip 5 9 (19.15%) 2 7 7 2

Type 6+ Tip 6 6 (12.77%) 2 4 4 2

47 11 (23.4%) 36 (76.6%) 30(63.8%) 17 (36.2%)
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Table3  Types of bifid mandibular canals (BMCs)
Tablica 3. Tipovi dvostrukih mandibularnih kanala (DMK)

Bifid Mandibular Canal .

Ty%ipof)BMl\l:{C * Description ® Opis
Unilaterally/bilaterally start as a mandibular foramen and immediately divides into two separate canals. One canal ends in the third
Type 1 *Tip 1 | molar region and the other as a mental foramen ® Unilateralno/bilateralno kanal po¢inje mandibularnim otvorom i dijeli se na dva
odvojena kanala. Jedan zavr$ava u regiji tre¢eg molara, a drugi kao mentalni otvor.
Unilaterally/bilaterally starts as a mandibular foramen, immediately divides in two separate canals. The canals rejoin in the ramus
Tove 2 « Tip 2 | ©F COTPUS of the mandible and end as a single canal as a mental foramen. * Unilateralno/bilateralno kanal po¢inje mandibularnim
P P2 otvorom koji se razdvaja u dva odvojena kanala, zatim se kanali u uzlaznom kraku ili tijelu donje ¢eljusti spajaju u jedan zajednicki koji
zavr$ava mentalnim otvorom.
Type 3 « Tip 3 | Combination of Types 1 on one side and 2 on the other ¢ Kombinacija tipa 1 s jedne i tipa 2 s druge strane
Unilaterally/bilaterally starts as two separate mandibular foramina and then merge into a single, broad mandibular canal ¢
Type 4 * Tip 4 | Unilateralno/bilateralno kanali po¢inju dvama zasebnim mandibularnim otvorima koji se zatim spajaju u jedinstveni, Siroki
mandibularni kanal.
Tyoe 5 Tip 5 Unilaterally/bilaterally starts as a mandibular foramen and ends with two separate mental foramina ¢ Unilateralno/bilateralno kanal
P P pocinje mandibularnim otvorom i zavr$ava dvama odvojenim mentalnim otvorima.
Unilaterally/bilaterally starts as a mandibular foramen; one branch separates from the main canal and ends in the angle of the
Type 6 ¢ Tip 6 | mandible, while the second branch ends with a mental foramen ¢ Unilateralno/bilateralno kanal po¢inje zajedni¢kim mandibularnim
otvorom, nakon Cega se jedna grana odvaja od glavnoga kanala i zavr$ava u kutu mandibule, a druga zavi$ava kao mentalni otvor.
Discussion Rasprava

Knowledge of the head and jaws anatomy is an impera-
tive in dentistry (18). The bifid mandibular canal is one of
the most common anatomical variations of the mandibular
canal although it is usually ignored and misdiagnosed in den-
tal practice (19). Although panoramic radiographs are com-
monly used as a preoperative examination tool for dental and
oral surgical procedures, they have limitations in detecting
some uncommon anatomical and morphological BMC vari-
ations. This study revealed a prevalence of 4.66%, which is
comparable to several studies on the topic (14, 16, 19), how-
ever the reported prevalence in the available literature varies
from 0.08 to 8.3%, depending on the used radiological di-
agnostic tool (7-10, 20-25). The prevalence of 4.66% in this
study is much higher than the prevalence of 0.35% report-
ed by Sanchis et al. (21), 0.9% reported by Nortje et al. (7)
and the prevalence of 0.95% reported by Langlais et al (10).
These differences in values may be explained by the quality of
the examination technique used to detect BMC and the ob-
servers’ experience. The studies that reported low prevalence
of BMC:s (less than 1%), used conventional panoramic ra-
diographs. Digital radiographs, which were used as a diag-
nostic tool in this study, definitely enabled better precision
and clarity of the image (7, 10, 20). The studies that report-
ed a prevalence similar to the one obtained in this study, also
used digital radiographs, e.g. study by Haas et al. (16), Schil-
ling et al. (23) and Andrade et al. (14) who reported the prev-
alence of 4.2 %, 5.0% and 5.3%, respectively. However, the
studies with CBCT imaging and BMC identification showed
a much higher prevalence (from 10 to 65%) (7-10). The uti-
lization of digital panoramic radiographs in order to detect
BMC:s has some objective disadvantages compared to CBCT
scans. However, by using the most commonly used diagnos-
tic tool in dentistry, we aimed to assess the possibilities of di-
agnosing BMCs on digital panoramic radiographs.

No statistically significant difference was found between
males and females and BMC prevalence in this and several
other studies with a sample size ranging from several hundred

Poznavanje anatomije glave i Celjusti veoma je vazno u
dentalnoj medicini (18). Dvostruki mandibularni kanal jed-
na je od najées¢ih anatomskih varijacija mandibularnoga ka-
nala, premda se u svakodnevnoj praksi ¢esto zanemaruje i
pogresno dijagnosticira (19). Iako su ortopantomogramske
snimke najces¢i alat prije dentalnih i oralno-kirurskih za-
hvata, imaju odredena ogranicenja u detektiranju nekih ne-
uobicajenih anatomskih i morfoloskih varijacija DMK-a. U
ovom istrazivanju utvrdili smo ucestalost DMK-a od 4,66
%, Sto se moze usporediti s rezultatima nekoliko sli¢nih stu-
dija (14, 16, 19), no objavljena uéestalost u dostupnoj lite-
raturi varira od 0,08 do 8,3 %, ovisno o vrsti analiziranih
radioloskih dijagnostickih snimki (7 — 10, 20 — 25). Uce-
stalost od 4,66 % u ovom istrazivanju dosta je viSa od uce-
stalosti od 0,35 % o kojoj su izvijestili Sanchis i suradni-
ci (21), 0,9 % o ¢emu su izvijestili Nortje i suradnici (7) te
ucestalosti od 0,95 % koju su objavili Langlais i suradnici
(10). Te razlike u vrijednostima mogu se objasniti kvalite-
tom tehnike snimanja koja se koristi za otkrivanje DMK-
a i iskustvom promatraca. Studije koje su izvijestile o nizoj
ucestalosti DMK-a (manje od 1 %) koristile su se konvenci-
onalnim ortopantomogramima. Digitalni ortopantomogra-
mi, koji su koristeni kao dijagnosticki alat u ovom istraziva-
nju, sigurno su omogucili ve¢u preciznost i jasnocu slike (7,
10, 20). Studije u kojima su autori izvijestili o ucestalosti
sli¢noj onoj u ovom istrazivanju, takoder su se koristili di-
gitalnim ortopantomogramima, na primjer Haas i suradni-
ci (16), Schilling i suradnici (23) i Andrade i suradnici (14)
koji su izvijestili o ucestalosti od 4,2 %, 5,0 % i 5,3 %, re-
trospektivno. No istrazivanja provedena na temelju CBCT
snimki pokazuju mnogo ve¢u ucestalost DMK-a (od 10 do
65 %) (7 - 10). Koristenje digitalnih ortopantomograma za
otkrivanje DMK-a ima objektivne nedostatke u usporedbi
s CBCT snimanjem, no kako je to najées¢e koristen dija-
gnosticki alat u dentalnoj medicini, nastojali smo procijeni-
ti moguc¢nosti dijagnosticiranja DMK-a na digitalnim orto-
pantomogramima.
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up to several thousand examined panoramic radiographs (24-
28).

Types 1 and 2, according to Langlais et al. classification
(10), were the most common BMC type in several studies.
Fuentes et al. (24) in Chilean, Kuczynski et al. (25) and Cor-
rer et al. (20) in Brazilian population reported that the most
prevalent variation in their studies was type 1 (67%, 83%
and 72.6%, respectively) (20,24,25). Type 2 was the most
prevalent variation of BMC in this study (44.68%); further-
more, type 2 was also most frequent in a study by Langlais
et al. (10) (USA) (54%) and in the study by Kalantar Mot-
amendi et al. (9) (Iran) (82%). With respect to the above-
mentioned studies, it should be noted that, apart from the
differences in sample size, ethnical diversity may affect the
results. Overall, the results obtained in this study resembled
those of Langlais et al. (10) who studied the North American
population (44.68 and 54%).

Our study revealed two types of BMCs not described in
the BMC classifications available in the literature. We named
them type 5 and type 6. Type 5 was referred to as unilateral or
bilateral BMC that started from the mandibular foramen and
ended with two separate mental foramina. Mahnaz et al. (29)
published the case of a 47-year-old male patient who had ex-
perienced a persistent dull pain after the root canal treatment.
He observed two separate mandibular foramina and canals,
which merged into a single canal anteriorly and ended as a
single mental foramen on the right side (type 4 according
to Langlais et al. (10) classification). On the left side, he ob-
served two separate mandibular foramina and canals which
ended as two separate mental foramina, which corresponds to
the type 5 described in this study. Along with the type 1 and
2, type 5 was also not uncommon (N=9; 0.89%).

Type 6 referred to as unilateral or bilateral canal that
started from the common mandibular foramen, after which
one branch separates from the main canal and ends in the an-
gle of the mandible, while the second branch ends a mental
foramen. To the best of our knowledge, type 6 was not previ-
ously described in the literature. We have not registered type
4 BMC in our study. Kuczynski et al. also did not register
type 4 BMC in their study on 3024 panoramic radiographs
(25). An extremely rare anatomical variation of a trifid man-
dibular canal was not observed in this study. Data on trifid
mandibular canals are limited to several case reports (30, 31).

Accessory canals have been implicated in failure to
achieve complete anesthesia since 1960, when variations of
mandibular canal were identified (32). Based on the avail-
able literature, a success rate of the IAN block anesthesia has
ranged from 80-92 %. Kaufman et al. have registered a suc-
cess rate of the IAN block ranging from 80 to 85%, while
Keetley and Moles recorded a higher success rate of 91.9%,
which was lower than other nerve blocks in the maxilla (33,
34). There are several possibilities for the ineffectiveness of
IAN blocks, such as the presence of an acute infection, poor
technique and the presence of a morphological and anatom-
ical variation (35-37). Lew and Townsen (17) discussed the
failure of obtaining an adequate anesthesia in their case re-
port due to a BMC with two separate mandibular foramina,
i.e. the type 4 BMC according to Langlais et al. classification

Dvostruki mandibularni kanal

Nije pronadena statisticki znacajna razlika izmedu mus-
karaca i zena i ucestalosti DMK-a u ovoj studiji i u nekoliko
drugih s veli¢cinom uzorka od nekoliko stotina do nekoliko
tisu¢a pregledanih ortopantomogramskih snimki (24 — 28).

Tipovi 1 i 2, prema klasifikaciji Langlaisa i suradnika
(10), bili su najées¢i tipovi DMK-a u nekoliko istrazivanja.
Fuentes i suradnici (24) u ¢ileanskoj populaciji, Kuczynski i
suradnici (25) te Correr i suradnici (20) u brazilskoj popula-
ciji izvijestili su da je najéesca varijacija u njihovim istraziva-
njima bio tip 1 (67 %, 83 % i 72,6 %, retrospektivno). Tip 2
bio je naj¢es¢a varijacija DMK-a u ovom istrazivanju (44,68
%). Nadalje, tip 2 je takoder bio naj¢es¢i u istrazivanju Lan-
glaisa i suradnika (10) (SAD) (54 %) i u istrazivanju Kalan-
tara Motamendija i suradnika (9) (Iran) (82 %). S obzirom
na spomenuta istrazivanja valja napomenuti da, osim razlika
u veli¢ini uzorka, na rezultate moze utjecati i etnicka razno-
likost. Sveukupno, rezultati dobiveni u ovoj studiji najsli¢-
niji su rezultatima istrazivanja Langlaisa i surdnika (10) koji
su analizirali sjevernoamericko stanovnistvo (44,68 i 54 %).

Ovo istrazivanje otkrilo je dva nova tipa DMK-a koji do-
sad nisu opisani u dostupnoj literaturi i nazvali smo ih tp 5 i
tip 6. Tip 5 odnosi se na unilateralni ili bilateralni DMK ko-
ji pocinje mandibularnim otvorom i zavr$ava s dvama odvo-
jenim mentalnim otvorima. Mahnaz i suradnici (29) objavili
su prikaz slucaja 47-godisnjaka koji je nakon lijecenja kori-
jenskoga kanala trajno osjecao tupu bol. Na desnoj strani uo-
¢io je dva odvojena mandibularna otvora i kanala koji se spa-
jaju u jedan i zavrSavaju kao jedan mentalni otvor (odgovara
tipu 4 prema klasifikaciji Langlaisa i suradnika) (10)). Na li-
jevoj strani uocio je dva odvojena mandibularna otvora ko-
ji zavr$avaju kao dva odvojena mentalna otvora, $to odgova-
ra tipu 5 iz nasega istrazivanja. Uz tip 11 2, tip 5 takoder nije
bio neuobicajen (N = 9; 0,89 %).

Tip 6 odnosi se na unilateralni ili bilateralni DMK koji
pocinje zajednickim mandibularnim otvorom nakon cega se
jedna grana odvaja od glavnoga kanala i zavr$ava u kutu man-
dibule, a druga zavr$ava kao mentalni otvor. Koliko znamo,
tip 6 nije do sada bio opisan u dostupnoj literaturi. U nasem
istrazivanju nismo registrirali DMK tip 4. Kuczynski i su-
radnici takoder nisu zabiljezili DMK tip 4 u svojoj studiji na
temelju 3024 ortopantomograma (25). Unutar istrazivanja
nije uo¢ena iznimno rijetka anatomska varijacija trostruko-
ga mandibularnoga kanala. Podatci o trostrukim mandibu-
larnim kanalima ograniceni su na nekoliko prikaza slucaje-
va (30, 31).

Akcesorni kanali povezivani su s neuspjelom anestezijom
1960. godine kada su otkrivene varijacije mandibularnoga
kanala (32). Na temelju dostupne literature, uspjesnost ane-
stezije donjega alveolarnoga Zivca kreée se od 80 do 92 %.
Kaufman i suradnici zabiljeZili su stopu uspjesnosti anestezije
donjega alveolarnoga Zivca u rasponu od 80 do 85 %, a Kee-
tley i Moles visu od 91,9 %, $to je nize od ostalih anestezija u
maksili (33, 34). Nekoliko je moguc¢ih razloga za neucinko-
vitost anestezije donjega alveolarnoga zivca, poput akutne in-
fekcije, lose tehnike ubrizgavanja i morfoloskih i anatomskih
varijacija (35 — 37). Lew i Townsen (17) raspravljali su o neu-
spjelim anestezijama u svojem prikazu slu¢aja zbog DMK-a s
dvama odvojenim mandibularnim otvorima, tj. o DMK-u ti-
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(10). Apart from the type 4, all other BMC types could pres-
ent an obstacle for an effective IAN block (32, 38). Based on
the findings of this and similar studies, it would be interest-
ing to assess the connection between the anatomical variation
of BMC and the efficiency of IAN blocks.

Types 1 and 2 by Langlais et al. (10) and type 5 described
in this study, probably have the highest risk of IAN injury
during tooth extraction, dental implant placement, apicoec-
tomy or removal of pathologies in the molar region. The re-
ported frequency of IAN injuries associated with extraction
of third molar ranges from 0.4-9.4%, but the risk of perma-
nent IAN injury was reported, which was less than 1% (39-
42). Moreover, types 1, 2 and 5 were the most common types
in our study. De Toledo Telles-Aratjo et al. (42) did not find
CBCT superior to panoramic radiograph in avoiding nerve
injuries i.e. neurosensory disturbances following the removal
of the mandibular third molar.

Conclusions

This study revealed a relatively high prevalence rate of
BMCs. No significant difference was found between males
and females with BMC. Type 2 BMC, according to Langlais
et al. classification (10), was the most common BMC type.
We identified and described two new BMC types, Type 5 and
Type 6, previously not described in the available literature.
The results obtained in this study point to the importance of
a thorough radiological planning prior to surgical interven-
tions in the mandible in order to avoid potential complica-
tions.
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Sazetak

Bifid Mandibular Canal .

pa 4 prema klasifikaciji Langlaisa i suradnika (10). Osim tipa
4, svi drugi tipovi DMK-a mogli bi biti prepreka za u¢inkovi-
tu anesteziju donjega alveolarnoga zivca (32, 38). Na temelju
nalaza u ovoj i sli¢nim studijama, bilo bi zanimljivo procije-
niti vezu izmedu anatomske varijacije DMK-a i u¢inkovitosti
anestezije donjega alveolarnoga Zivca.

Tipovi 1 i 2 prema Langlaisu i suradnicima (10) i tip
5 opisan u ovom istrazivanju vjerojatno imaju najveci rizik
od ozljede donjega alveolarnoga zivca tijekom vadenja zuba,
ugradnje dentalnoga implantata, apikotomije ili uklanjanja
patoloskih tvorbi u molarnoj regiji. Ucestalost ozljeda donje-
ga alveolarnoga zivca povezanih s ekstrakcijom tre¢ega mo-
lara krece se od 0,4 do 9,4 %, ali je rizik od trajne ozljede
zivca manji od 1 % (39 — 42). Stovise, tipovi 1, 2 i 5 bili su
najées¢i u nasem istrazivanju. De Toledo Telles-Aratjo i su-
radnici (42) nisu pronasli da je CBCT superiorniji u odno-
su prema ortopantomogramu u izbjegavanju ozljeda zivaca,
tj. neurosenzori¢nih tegoba nakon uklanjanja donjega trece-

ga kutnjaka.

Zakljuc¢ak

U ovom istrazivanju otkrivena je razmjerno visoka ucesta-
lost DMK-a. Nije pronadena znacajna razlika izmedu mus-
karaca i zena s DMK-om. DMK tip 2 prema klasifikaciji
Langlaisa i suradnika (10) bio je naj¢eséi. Identificirali smo
i opisali dva nova tipa DMK-a — tip 5 i tip 6 koji prije nisu
opisani u dostupnoj literaturi. Ti rezultati pokazuju vaznost
temeljitoga radioloskog planiranja prije kirurskih intervenci-
ja u donjoj ¢eljusti kako bi se izbjegle moguce komplikacije.
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Dvostruki mandibularni kanal (DMK) anatomska je varijacija s ucestalos¢u u rasponu od 0,08 do 65
%. Njegovo uocavanje iznimno je vazno kako bi se prevenirale moguce komplikacije tijekom oralno-
kirurskih i drugih dentalnih zahvata. Svrha: Cilj istrazivanja bio je ustanoviti morfoloske klasifikacije i
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i 596 od muskaraca) kako bi se identificirao tip i ucestalost DMK-a. Tri oralna kirurga i jedan stoma-
tolog analizirali su ortopantomogramske snimke i dvostruki mandibularni kanal klasificirali su u Sest
razlicitih tipova — Cetiri prema Langlaisu i suradnicima (tipovi 1 4) i dva nova (tip 5 i 6) koje su opisali
autori ovoga istrazivanja. Rezultati : Ucestalost DMK bila je 4,66 % (n = 47), bez statisticki znacajne
razlike prema spolovima (P = 0,947; y?= 0,74). Ucestalost tipa 1 iznosila je 0,79 % (n = 8), tipa 2 bila
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nicima Zagreba. Nadalje, opisana su i dva nova tipa. Rezultati istrazivanja pokazuju koliko je vazna
temeljita i temeljita analiza ortopantomograma prije svakoga invazivnog zahvata na donjoj celjusti.
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