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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of this study was to eva lu a te the va ri a ti ons of the he ight, width, ap-
pe a ran ce and po si ti on of the men tal fo ra men (MF), ac cor ding to age by using pa no ra mic ra di og raphs
(PR) of lar ge po pu la ti on, which are im por tant for imp lant num ber and si ze se lec ti on in in ter fo ra -
mi nal re gi on. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  514 yo un ger (≤ 40 ye ars) and 505 ol der (40 > ye ars) den tal im-
p lant ca ses in ter fo ra mi nal re gi ons we re eva lu a ted by 9 ra di o morp ho met ric me a su re ments in PR
ima ges. Dis tan ces of men tal fo ra men to al ve o lar crest (MF-AC), men tal fo ra men to lo wer cor tex
(MF-LC), bet we en men tal fo ra men and symphsis men ti (MF-S), the he ight (HMF) and width of
MF (WMF), an te ri or lo op of men tal fo ra men (ML), ver ti cal and ho ri zon tal po si ti on of men tal fo -
ra men and the ra di og rap hic ap pe a ran ce of men tal fo ra men ac cor ding to Yo su e and Bro ok clas si fi -
ca ti on we re de ter mi ned by a ex pe ri en ced ca lib ra ted cli ni ci an. RRee  ssuullttss::  Men tal fo ra men was
com monly lo ca ted bet we en and be low the li ne pas sing from the api ces of lo wer bi cus pids. In PR
ima ges, MF-AC and MF-LC we re sig ni fi cantly lo wer, WMF and HMF we re sig ni fi cantly smal ler,
MF-S was sig ni fi cantly lon ger in ol der sub jects. Slightly hig her pre va len ce of ML was fo und (31%),
with a me an length 3.70 mm, with no sig ni fi cant dif fe ren ce re la ted to age. MF mostly sho wed con-
ti nu ity with man di bu lar ca nal in pa no ra mic ima ges (45%). CCoonncc  lluu  ssii  oonn::  Lon ger MF-S, smal ler WMF
and HMF and mo re pre va lent con ti no us ra di og rap hic ap pe a ran ce we re ad van ta ges for ol der den tal
imp lant pa ti ents but the re is pro mi nen ce dec re a se in dis tan ce of bet we en MF-AC and MF-LC, un-
fa vo rably ef fec ting den tal imp lant pla ce ment.

KKeeyy  WWoorrddss::  Ra di og raphy, pa no ra mic; den tal imp lan ta ti on, en dos se o us; chin

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma nın ama cı, in ter fo ra mi nal böl ge de imp lant sa yı sı ve bo yu tu nun plan lan ma -
sı nın önem li ol du ğu ge niş bir in san po pü las yo nun da, yaş la ra gö re pa no ra mik rad yog ra fi ler (PR) 
kul la nı la rak men tal fo ra me nin (MF) yük sek lik, ge niş lik ve po zis yo nun da ki de ği şik lik le rin de ğer len -
di ril me si dir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  514 genç (≤40 yıl) ve 505 yaş lı (40> yıl) den tal imp lant has ta sı nın
PR’le ri üze rin de 9 rad yo mor fo met rik öl çüm ya pı la rak in ter fo ra mi nal böl ge le ri nin de ğer len di ril me -
si ya pıl dı. Men tal fo ra men ile al ve o ler kret te pe si ara sı me sa fe (MF-AK), men tal fo ra men ile man di -
bu la nın kor tek si nin en alt ke na rı ara sın da ki me sa fe (MF-MKAK), men tal fo ra men den sim fi ze olan
uzak lık (MF-S), men tal fo ra me nin yük sek li ği ve ge niş li ği (MFY, MFG), men tal fo ra me nin an te ri o -
ra doğ ru yap mış ol du ğu lo op (MFL), men tal fo ra me nin ver ti kal ve ho ri zon tal po zis yo nu gi bi öl çüm -
ler de ne yim li bir kli nis yen ta ra fın dan Yo su e ve Bro ok sı nıf la ma sı na gö re ya pıl mış tır. BBuull  gguu  llaarr::
Men tal fo ra men ge nel ola rak alt kü çük azı diş le ri nin ara sın da ve apeks le rin den ge çen hat tın al tın da
yer al mak tay dı. Yaş lı bi rey le rin PR’le rin de MF-AK ve MF-MKAK de ğer le ri nin sık lık la da ha dü şük,
MFY ve MFG de ğer le ri nin ge nel lik le da ha kü çük, MF-S me sa fe si nin de nor mal den da ha uzun ol du -
ğu tes pit edil miş tir. MFL bu lun ma sık lı ğı %31 ola rak öl çül dü. Ort la ma lo op uzun lu ğu 3.70 mm ola -
rak tes pit edil di ve bu de ğer le rin is ta tis tik sel ola rak yaş la bir de ği şik lik gös ter me di ği sap tan dı. MF
ço ğun luk la man di bu lar ka nal ile de vam lı lık gös te ri yor du (%45). SSoo  nnuuçç:: Da ha uzun MF-S me sa fe si,
da ha kü çük MFY ve MFG, ay rı ca de vam lı lı ğı bo zul ma mış rad yog ra fik gö rü nüm, yaş lı den tal imp lant
has ta la rın da imp lant ba şa rı sı nı art tı ran et ken ler ola rak gö rül mek te dir. An cak ay nı yaş lı bi rey ler de
azal mış MF- AK ve MF-MKAK ara sı me sa fe si imp lant yer leş ti ril me si iş le mi ni olum suz ola rak et ki -
le yen bir fak tör ola rak ka bul edil mek te dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Pa no ra mik rad yog ra fi; den tal imp lan tas yon, en dos se oz; çe ne  
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e cons truc ti on of form, func ti on and he alth
of the di se a sed tis su e wit ho ut da ma ging ne -
igh bo u ring tis su es and ana to mic land marks

is the pri mary go al of all sur gi cal pro ce du res.1 Men-
tal fo ra men (MF) is one of the sig ni fi cant ana to mi -
cal land marks in man dib le from which branc hes of
in fe ri or al ve o lar ner ve and ves sels co mes out.1,2

Eva lu a ting its lo ca li za ti on, di men si on, sha pe, qu -
an tity and de tec ting its pro bab le lo op has pa ra mo -
unt im por tan ce du ring lo cal anest he si a and not to
vi o la te du ring en do don tic the rapy, den tal imp lant
pla ce ment and ma xil lo fa ci al sur ge ri es.1-3 

The in fe ri or al ve o lar ner ve co mes out of the
men tal fo ra men to in ner va te lo wer lip, the skin of
men tal are a and buc cal gin gi va of the cus pids and
bi cus pids.1 Many stu di es in ves ti ga te men tal fo ra -
men in ca da vers or cli ni cal ra di og raphs.1-20 It is not
in a cons tant lo ca li za ti on, dif fe ring with age, gen-
der, den tal sta tus and ra ci al va ri ety.1-4,11,12,14-16,21 It
is usu ally lo ca ted bet we en the api ces of pre mo lars
or is api cal to the se cond pre mo lar in ho ri zon tal
pla ne.1 In chil dren be fo re to oth erup ti on, it is clo -
ser to al ve o lar crest, with ad van cing age it mo ves
thro ugh the mid way bet we en the cres tal bo ne and
in fe ri or bor der of man dib le.4 In ol der ages, so me
in ves ti ga tors sta ted that it is lo ca li zed mo re co ro -
nally by the ef fect of at roph ying al ve o lar crest and
ot her re se arc hers re por ted that men tal fo ra men si t-
u a ted to wards to lo wer cor tex of man dib le du e to
ba sal bo ne at hrophy.4,10-12 Its ho ri zon tal po si ti on
chan ges de pen ding upon ra ce; among Chi ne se, Ma -
lay and Ni ge ri an po pu la ti on it is usu ally lo ca ted ne -
ar the api ces of se cond pre mo lar whe re as in
Ca u ca si an and Tur kish po pu la ti on it is bet we en the
api ces of lo wer pre mo lars.1,13,14

An te ri or lo op is an ex ten si on ge nu of in fe ri or
al ve o lar ner ve, pri or to exi ting from men tal ner -
ve.1,17,22 Its de tec ti on and length va ri es among the
stu di es, as li ke the lo ca ti on of men tal fo ra men, ac-
cor ding to the ir di ag nos tic met hods inc lu ding pe ri-
a pi cal ra di og raphy, pa no ra mic ra di og raphy (PR),
spi ral com pu ted to mog raphy, di rect me a su re ment
du ring the sur gery or dis sec ti on in ana to mic ca da -
vers.1,17,23,24

Alt ho ugh com pu ted to mog raphy and co ne be -
am are the gold stan dard for eva lu a ti on of ana to -

mic struc tu res, pa no ra mic ra di og raphy is ro u ti nely
used for ra di o di ag nos tic met hod and for pre sur gi -
cal den tal imp lant plan ning, sho wing all oral ana -
to mic land marks in one ra di og rap hic ima ge.1,17,22 It
has be en used in den tal ins ti tu ti ons for ro u ti ne ex-
a mi na ti ons and a so ur ce of da ta for ret ros pec ti ve
stu di es.25 Many stu di es ha ve in ves ti ga ted the po si -
ti on of the men tal fo ra men in dif fe rent ra di o lo gic
met hods, dri ed skulls and du ring sur gi cal pro ce du -
res.1-17 Alt ho ugh few stu di es ha ve eva lu a ted men tal
fo ra men with se ve ral pa ra me ters, in ter fo ra mi nal
re gi on has not yet be en eva lu a ted in de ta il at pa -
no ra mic ra di og raphs in terms of dif fe ren ces with
age.1 The aim of this study was the re fo re to in ves -
ti ga te the qu an tity of sur ro un ding bo ne, the po si ti -
on, sha pe and ap pe a ran ce of MF and the pre va len ce
and the length of men tal lo op in pa no ra mic ra di -
og raphs of a lar ge sub ject po pu la ti on at dif fe rent
ages, for to gu i de cli ni ci ans be fo re im me di a te and
con ven ti o nal den tal imp lant pla ce ment.

MA TE RI AL AND MET HODS
700 yo un ger sub jects un der the age of forty (me an
32.37 ± 6.41 years) and 700 of ol der sub jects over
the age of forty (me an 58.76 ± 9.98 years) we re ran-
domly se lec ted from the pa ti ent po ol of De part -
ment of Pe ri o don to logy and De part ment of Oral and
Ma xil lo fa ci al Sur gery, Gul ha ne Mi li tary Me di cal
Aca demy, who are the den tal imp lant the rapy can-
di da tes du ring the pe ri od of 2006 to 2007. Of the
1400 sub jects, 186 we re exc lu ded from the yo un -
ger gro up and 195 we re exc lu ded from the ol der
gro up du e to va ri o us re a sons such as ha ving une -
rup ted man di bu lar pre mo lar, syste mic di se a ses as-
so ci a ted with bo ne such as os te o po ro sis, re nal
di se a se, thyro id di se a se, gross dis tor ti on of ima ges
of man dib le, no ho ri zon tal spa ce bet we en man di -
bu lar and ma xil ler te eth in ima ges and po or film
qu a lity.12,15 Pa no ra mic ima ges of the re ma i ning 514
yo un ger (235 fe ma le and 279 ma le) and 505 ol der
(241 fe ma le and 264 ma le) sub jects we re inc lu ded
in the study. All stan dart pa no ra mic ima ges we re
ta ken by the sa me Pa nov ra 10-C (Tos hi ba Pa no ra -
mic X-ray Unit) ort ho pan to mog raph with CE A
OGA scre en film (CE A OGA AB, Strang nas, Swe -
e den). The ex po su re fac tors we re 55-65 kVp, 5-
7mA, 15s ti me for all ima ges. Spe ci al ca re was ta ken



to all pa ti ents, po si ti o ned in the fo cal tro ugh ac cu -
ra tely ac cor ding to the ma nu fac tu rer’s di rec ti ves,
for to eli mi na te pa ti ent po si ti o ning er rors.

RA DI OG RAP HIC ME A SU RE MENT PRO CE DU RE

To en su re con sis tency, all ra di og raphs we re se lec -
ted and me a su red by two aut hors (MS, SS) who are
ex pe ri en ced in pa no ra mic ra di og raphy in ter pre ta -
ti on and den tal imp lant plan ning and tre at ment. A
li ne was drawn tan gen ti al to the most in fe ri or po -
ints at the man di bu lar ang le and the lo wer bor der
of the man di bu lar body. Ho ri zon tal and ver ti cal
lengths we re me a su red pa ral lel and per pen di cu lar
to this he ads to ne tan gen ti al li ne, res pec ti vely.12,15

The ho ri zon tal me a su re ments we re eva lu a ted at in-
ter fo ra mi nal re gi on in pa no ra mic ra di og raphs (Fi -
gu re 1):

1- The most me si al po int of men tal fo ra men to
the mid li ne of symphsis men ti  (MF-S). If the re was
any lo op, it was me a su red from the most me si al po -
int of the men tal ge nu.2

2- The most me si al and dis tal as pect of men tal
fo ra mi na was eva lu a ted to me a su re its width
(WMF).2

3- If an an te ri or lo op was ob ser ved at pa no ra -
mic ra di og raph, the shor test dis tan ce from the most
an te ri or po int of both the men tal fo ra men and the
men tal ca nal (ML).17

4- If both bi cus pids we re pre sent at the sa me
si de of the man dib le (486 yo un ger and 478 ol der

pa ti ents), men tal fo ra men exa mi ned ho ri zon tally
and si tu a ted me si al to the apex of first man di bu lar
pre mo lar or bet we en api ces of man di bu lar pre mo -
lars or dis tal to the apex of se cond man di bu lar pre-
mo lar.

The ver ti cal me a su re ments we re eva lu a ted in
in ter fo ra mi nal re gi on in pa no ra mic ra di og raphs
(Fi gu re 1):

1- The dis tan ce from the most api cal bor der of
al ve o lar crest im me di a tely su pe ri or to the men tal
fo ra men, to the su pe ri or bor der of the men tal fo ra -
men (MF-AC).2 In den ta te are as, the most api cal
por ti on of the al ve o lar crest was iden ti fi ed as the
pro xi mal ro ot sur fa ce, whe re the pe ri o don tal li ga -
ment starts to be of equ al width.26

2- The dis tan ce from the most api cal bor der of
the men tal fo ra men to the api cal bor der of lo wer
cor tex of the man dib le im me di a tely in fe ri or to
men tal fo ra men (MF-LC).2,11,13,14

3- The most co ro nal as pect to the most api cal
bor der of men tal fo ra mi na was eva lu a ted to me a -
su re its he ight (HMF).2

4- If both bi cus pids we re pre sent at the sa me
si de of the man dib le (486 yo un ger and 478 ol der
pa ti ents), men tal fo ra men exa mi ned ver ti cally and
si tu a ted abo ve, be low or at the li ne that pas ses from
api ces of lo wer pre mo lars.

Af ter the li nes and po ints we re mar ked ma nu -
ally with ace ta te pen cil, in ter vals bet we en the abo -
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FIGURE 1: The evaluation of mental foramen in panoramic image.
MF-AC: Men tal fo ra men to al ve o lar crest,  MF-LC: Men tal fo ra men to lo wer cor tex, MF-S: Bet we en men tal fo ra men and symphsis men ti  HMF: The he ight of men tal fo ra men, WMF:Width

of men tal fo ra men, ML: Men tal lo op of men tal ner ve. Ver ti cal and ho ri zon tal po si ti on of MF was al so eva lu a ted ac cor ding to the api ces of lo wer bi cus pids. The fo ra men has con ti nu o -

us ap pe a ran ce with man di bu lar ca nal in both si des.
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ve men ti o ned land marks we re me a su red to the ne -
a rest 0.5 mm with a trans pa rent plas tic ru ler gra ded
with a lens disp la ying 4x mag ni fi ca ti on. The va lu es
ob ta i ned from the pa no ra mic me a su re ments we re
cor rec ted for the ir mag ni fi ca ti on (di vi ded by the en-
lar ge ment fac tor 1.3) as de fi ned by the ma nu fac tu -
rers. Cli nic me a su re ments we re ma de by the sa me
trans pa rent plas tic ru ler to the ne a rest 0.5 mm.

The ap pe a ran ce of men tal fo ra men in pa no ra -
mic ra di og raphs of the sa me sub jects was al so clas-
si fi ed ac cor ding to Yo su e and Bro oks clas si fi ca ti on
in both con tra la te ral men tal re gi ons, by the sa me
exa mi ner.5,6 In each gro up 4 dif fe rent MF ap pe a -
ran ce was clas si fi ed:

Con ti no us: Fo ra men has con ti nu ity with the
man di bu lar ca nal.

Se pe ra ted: Fo ra men dis tinctly se pa ra ted
from the ca nal.

Dif fu se: Fo ra men has in dis tinct bor der.

Uni den ti fi ed: Fo ra men can not be iden ti fi ed. 

Be fo re the ob ser va ti on pe ri od, the out li nes for
me a su re ments we re dis cus sed and the ob ser ver was
ca lib ra ted in ra di og rap hic system to re cog ni ze and
ag re e on the ana to mic land marks. The bor der of
me a su re ments was well de fi ned and the ob ser vers
we re al so awa re of mi sin ter pre ta ti on by both ver-
bal and writ ten ins truc ti ons. Dup li ca te re cor dings
in the sa me ten pa no ra mic ima ges, ap pro xi ma tely 2
we ek apart we re per for med for each exa mi ner to
ca lib ra te (blin ded from each ot her). Ca lib ra ti on
was ac cep ted if both me a su re ments (in ter- and in -
tra-exa mi ner me a su re ments) we re si mi lar to the

0.5 mm at > 90% le vel and the ap pe a ran ces we re
clas si fi ed as the sa me. In each pa ti ent, both con tra -
la te ral re gi ons we re chec ked for the se ana to mic
struc tu res. All exa mi na ti ons we re per for med on a
stan dard ra di o lo gic light box, un der stan dar di zed
vi e wing con di ti ons.

STA TIS TI CAL ANALY SES

The da ta we re com pu te ri zed and the sta tis ti cal
analy sis was per for med with a soft wa re prog ram me
(SPSS 9, SPSS Inc., Chi ca go, IL, USA). The me a su -
red va lu es from right and left si des we re po o led in
the sa me co lumn for sta tis ti cal analy ses, disp la ying
me an, stan dard de vi a ti ons and ran ge for all pa ra -
me ters in each gro up. Two-ta i led in de pen dent t
test was car ri ed out to es tab lish pos sib le dif fe ren ces
bet we en yo un ger and ol der sub jects. P va lu e gre a -
ter than 0.05 was not con si de red sig ni fi cant.

RE SULTS
1- Dis tan ce bet we en con tra la te ral men tal fo ra-

mens (MF-S): The dis tan ce va ri ed con si de rably,
ran ging from 20 to 33 mm, sig ni fi cantly lon ger in
ol der sub jects (p< 0.001) (Tab le 1).

2- Width of men tal fo ra mi na (WMF): The va l-
u es ran ged from 2 to 6 mm, the re was a sig ni fi cant
dif fe ren ce ac cor ding to age, sig ni fi cantly wi der in
yo un ger sub jects (p< 0.05) (Tab le 1).

3- Dis tan ce bet we en su pe ri or bor der of the
men tal fo ra mi na and the most su pe ri or bor der of
al ve o lar crest (MF-AC): The va lu es  ran ged from 6
to 22 mm, be ing sig ni fi cantly hig her in yo un ger
sub jects (p< 0.01) (Tab le 1).

TABLE 1: Comparison of the average measurements (mm) in panoramic radiographs according to age.

Younger subjects  Older subjects Significance Total subjects

Parameters (n= 514) (Range) (n= 505) (Range) (n= 1019) (Range)

Horizontal measurements

X  MF-S  (±SD) 24.67 ± 3.58 (20-32) 27.89 ± 3.94 (20-33) p< 0.001 26.28± 3.76 (20-33)

X  WMF (±SD) 3.46 ± 1.36 (2-6) 2.26± 1.57 (2-6) p< 0.05 2.86± 1.49 (2-6)

Vertical measurements

X MF-AC  (±SD) 15.86 ± 2.55 (8.5-21) 11.34 ± 2.79 (6-22) p< 0.01 13.60± 2.67 (6-22)

X MF-LC (±SD) 16.31 ± 2.31(10-20) 12.12 ± 2.62 (9-15.5) p< 0.001 14.21± 2.46 (9-20)

X  HMF (±SD) 3.42 ± 1.61 (2-6) 2.39 ± 1.42 (2-6) p< 0.05 2.90± 1.49 (2-6)

SD: Standard Deviation.



4- Dis tan ce bet we en the most api cal bor der of
the men tal fo ra men to the ou ter lo wer cor tex of the
man dib le (MF-LC): The va lu es ran ged from 9 to 20
mm, be ing sig ni fi cantly hig her in yo un ger sub jects
(p< 0.001) (Tab le 1).

5- He ight of men tal fo ra mi na (HMF): The va l-
u es ran ged from 2 to 6 mm, the re was a sig ni fi cant
dif fe ren ce bet we en yo un ger and ol der sub jects, be -
ing hig her in yo un ger gro up (p< 0.05) (Tab le 1).

6- Ver ti cal po si ti on of men tal fo ra men: The
ver ti cal po si ti on of MF in re la ti on to li ne bet we en
api ces of bi cus pids is shown in Tab le 2, the most
fre qu ent ver ti cal po si ti on of the men tal fo ra men
be low this li ne (49%). In both gro ups the most fre-
qu ent po si ti on was be low this li ne as well. With
ad van cing age, the re was a sig ni fi cant in cre a se in
the pre va len ce of mo re in fe ri or lo ca ti on of the
men tal fo ra men (p< 0.001) (Tab le 2).

7- Ho ri zon tal po si ti on of men tal fo ra men: The
most fre qu ent ho ri zon tal po si ti on of the men tal fo -
ra men was bet we en the api ces of bi cus pids (56%).

With ad van cing age, the re was a sig ni fi cant in cre -
a se in the pre va len ce of mo re pos te ri or lo ca ti on of
the MF (p< 0.01) (Tab le 2).

8- The pre va len ce and the length of men tal lo -
op (ML): The pre va len ce and the length of men tal
lo op are 31% and 3.70 ± 1.70 mm (ran ge bet we en
1 and 7 mm), res pec ti vely. The pre va len ces of men-
tal lo op in yo un ger and ol der gro up were 32% and
30%, res pec ti vely, with no sig ni fi cant dif fe ren ce
(p> 0.05). The lengths of men tal lo op in yo un ger
and ol der gro up were 3.58 ± 1.82 mm and 3.82 ±
1.58 mm, res pec ti vely. The re was no sig ni fi cant
dif fe ren ce bet we en the gro ups (p> 0.05).

9- Ra di og rap hic ap pe a ran ce of men tal fo ra men
ac cor ding to Yo su e and Bro ok clas si fi ca ti on: The
most com mon ap pe a ran ce of the men tal fo ra men
was con ti nu o us with pre va len ce of 40% and 51% in
yo un ger and ol der gro ups, res pec ti vely, sig ni fi -
cantly hig her ra te in ol der sub jects (p< 0.001). Sig-
ni fi cantly hig her ra te of dif fu se and uni den ti fi ed
men tal fo ra men ap pe a ran ce was es tab lis hed  in yo -
un ger gro up (p< 0.01) (Tab le 3). 
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TABLE 2: Comparison of the position of mental foramen according to the apices of lower bicuspids in 
younger and older subjects. 

Younger subjects Older subjects Significance Total subjects

Parameters (n= 486) (%) (n= 478) (%) (n= 964) (%) 

Vertical position

Above the line between the apices 169 (35) 90 (19) p< 0.001 259 (27)

At the line between the apices 104 (21) 125 (26) p< 0.01 229 (24)

Below the line between the apices 213 (44) 263 (55) p< 0.001 476 (49)

Horizontal position

Mesial to the 1st premolar apice 123 (25) 92 (19) p< 0.01 215 (22)

Between the premolar apices 285 (59) 258 (54) p< 0.05 543 (56)

Distal to the 2nd premolar apice 78 (16) 128 (27) p< 0.01 206 (22)

TABLE 3: Comparison of the younger and older patients by the appearance of mental foramen in panoramic radiographs
according to Yosue and Brook classification (1989a,1989b).

Category Younger subjects Older subjects Significance Total subjects

(n= 514) (%) (n= 505) (%) (n= 1019) (%) 

Continuous 204 (40) 256 (51) p< 0.001 460 (45)

Separated 141 (27) 145 (29) NS 286 (28)

Diffuse 128 (25) 83 (16) p< 0.01 211 (21)

Unidentified 41 (8) 21 (4) p< 0.01 62 (6)

NS: Not Significant.
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DIS CUS SI ON
Du ring the den tal sur gery at in ter fo ra mi nal re gi on
inc lu ding den tal imp lant pla ce ment, it is im por tant
to know the exact lo ca ti on of men tal fo ra men and
the qu a lity and qu an tity of sur ro un ding al ve o lar
bo ne.1,2 One of the pur po ses of this study is to de-
ter mi ne the exact lo ca ti on of men tal fo ra men and
exa mi ne the sur ro un ding ava i lab le bo ne in se lec -
ted lar ge po pu la ti on, uti li zing pa no ra mic ra di og -
raph for to help pre-sur gi cal den tal imp lant
plan ning.

Alt ho ugh dis tan ce bet we en con tra la te ral men-
tal fo ra mens (MF-S) has im por tan ce in or der to de-
ter mi ne the num ber and width of den tal imp lants
es pe ci ally at eden tu lo us in ter fo ra mi nal re gi ons, it
was eva lu a ted scar cely in pre vi o us re ports stu di ed
in dry skulls.2,14 We ha ve fo und MF-S top be ave -
ra gely 26.28 mm, show ac cor dan ce with Neiva et al
who fo und this dis tan ce as 27.61 mm in Ca u ca si an
skulls.2 Ak te kin et al fo und no dif fe ren ce in MF-S,
bet we en yo un ger and ol der den ta te Tur kish skulls,
con trary to our fin dings.14 We ob ser ved that in ter -
fo ra mi nal re gi on is sig ni fi cantly lon ger in ol der pa-
ti ents. In pre vi o us re ports it was ob ser ved that
men tal fo ra mi na mo ves dis tally in jaws con ti nu ing
to at rophy, which is in ke e ping with the re sults of
our study.11,14,16 The re is a wi de ran ge in MF-S can
be re la ted to age and he re di ter fac tors, ef fec ting im-
p lant num ber and width es pe ci ally in eden tu lo us
in ter fo ra mi nal re gi on.

In pre vi o us re ports, the re we re cle ar dif fe ren -
ces in width of men tal fo ra mi na (WMF) and he ight
of men tal fo ra mi na (HMF), ran ging from 0.75-6.5
mm.1,4,5,7-9,13 In this study, the me an WMF and
HMF was fo und to be 2.86 mm and 2.90 mm, res -
pec ti vely, with sig ni fi cant dif fe ren ce re la ted to age,
slightly wi der and hig her in yo un ger gro up. As far
as we know, the si ze of men tal fo ra men has not yet
be en in ves ti ga ted re la ted with age, only Gers hen -
son et al exa mi ned the si ze of men tal fo ra men ac-
cor ding to age wit ho ut any com pa ri son in a dry
skull study.4 Our re sults are com pa rab le with most
of the stu di es that me a su red the si ze of men tal fo -
ra men in pa no ra mic ra di og raph, pe ri a pi cal ra di og -
raphs and ca da vers.1,2,4,7-9,13

In pre vi o us stu di es, the re was sig ni fi cant va ri -
a ti on in dis tan ce bet we en su pe ri or bor der of the
men tal fo ra mi na and the most su pe ri or bor der of
al ve o lar crest (MF-AC) le vel, ran ging from 0 to
15.5 mm.4,13,15 So me stu di es sta ted that in ol der ages
with eden tu lo us man dib le, it is si tu a ted clo ser to
the al ve o lar crest owing to physi o lo gic al ve o lar at-
rophy, so me ti mes on top of the al ve o lar crest, ca u -
sing dif fi cul ti es in den tu re we a ring.1,4,11 Ka ra a gac -
lı og lu and Oz kan sta ted that the man di bu lar rid ge
dec re a ses in ol der age (> 60) with a sig ni fi cant dif-
fe ren ce and fo und that MF-AC can be af fec ted by
age, li ne arly dec re a sing with the elap sed pe ri od of
eden tu lism, which is in ag re e ment  with the fin d-
ings of our study.10 In the study of Neiva et al, ce-
men to-ena mel junc ti on (CEJ) su pe ri or to men tal
fo ra men was se lec ted as a land mark, not al lo wing
the com pa ri son of eden te lo us pa ti ents with den ta -
te ones.2 Be si des, al ve o lar crest aro und the ex trac -
ted to oth is im por tant to de ter mi ne the length of
im me di a te den tal pla ce ment ins te ad of CEJ es pe ci -
ally in pe ri o don ti tis pa ti ents, hen ce we used the
most api cal bor der of al ve o lar crest of the to oth in-
s te ad of CEJ as a land mark. 

The me an dis tan ce bet we en the most api cal
bor der of the men tal fo ra men to the ou ter lo wer
cor tex of the man dib le (MF-LC) in our study was
14.21 mm, be ing sig ni fi cantly hig her in yo un ger
sub jects. Xi e et al sta ted that the ba sal bo ne be low
the men tal fo ra men was not af fec ted by den tal sta-
tus and age in men but it was fo und to be sig ni fi -
cantly smal ler in old eden tu lo us wo men when
com pa red with old den ta te or yo ung den ta te wo -
men.12 So i kko nen et al fo und that men tal fo ra men
was si tu a ted 3.8 mm lo wer in eden tu lo us man dib -
les than in den ta te ones and sta ted that the fo ra -
men mo ves thro ugh the lo wer cor tex, which is in
con cor dan ce with our study.11

In this study, the most fre qu ent ho ri zon tal po-
si ti on of men tal fo ra men was bet we en the api ces
of bi cus pids, which me ans that our re sults are in
ag re e ment with tho se of ot her stu di es on Ca u ca si -
an po pu la ti ons, but in stu di es on Ma lay, Ni ge ri an,
Chi ne se and Ko re an po pu la ti ons, it was si tu a ted
mo re pos te ri orly.1,3 So me in ves ti ga tors sta ted that
the age-re la ted bo ne re sorp ti on be gins at abo ut for-
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ti es.10 In ac cor dan ce with the se stu di es the age gro -
ups in this study we re plan ned as yo un ger (≤  40)
and ol der (> 40). Al-Kha te eb et al fo und that the
men tal fo ra men was lo ca ted mo re pos te ri orly and
in fe ri orly with ad van cing age and sta ted that men-
tal fo ra men is po si ti o ned be low the api ces of lo wer
pre mo lars in Jor da ni an po pu la ti on as in the Ca u ca -
si ans, which is in ac cor dan ce with our study.16 It
can be conc lu ded from the stu di es that men tal fo -
ra men is lo ca ted mo re in fe ri orly and an te ri orly in
Wes ter ners.1,3 The abo ve lo ca ti on of men tal fo ra -
men ac cor ding to the api ces of bi cus pid, is im por -
tant es pe ci ally du ring im me di a te den tal imp lant
pla ce ment, in or der not to da ma ge men tal ner ve,
ca u sing pa rest he si a in lo wer lip and chin.1

The con ti nu o us ap pe a ran ce ac cor ding to Yo -
su e and Bro ok clas si fi ca ti on was se en mo re fre qu -
ently than ot hers in both age gro ups, which is in
ke e ping with Al-Kha te eb et al Uni den ti fi ed ap pe -
a ran ce was mo re of ten se en in yo un ger gro up and
the con ti nu o us type was se en mo re fre qu ently in
ol der sub jects (Tab le 3).5,6,16 King smill & Boy de fo -
und a sig ni fi cant bo ne den sity in cre a se in man dib -
le with age es pe ci ally in den ta te in di vi du als.27 In
the ir ot her study, they fo und that the mi ne ra li za -
ti on den sity of al ve o lar bo ne at the men tal fo ra men
si te is gre a ter af ter third mo lar re gi on in den ta te
and par ti ally den ta te man dib les, es pe ci ally in lin-
gu al and in fe ri or cor tex.28 Se ve ral stu di es sta ted that
bet ter cor ti ca li za ti on can im pro ve vi si bi lity in ra di-
og rap hic ima ges.29,30 Furt her stu di es are re qu i red to
ans wer the re la ti on bet we en the mi ne ra li za ti on qu -
an tity and the ra di og rap hic ap pe a ran ce of men tal
fo ra men re gi on in dif fe rent den tal sta tus and ages.

Lo ca ting men tal fo ra men and its ge nu is es sen-
ti al not to ca u se sen sory dysfunc ti on es pe ci ally du -
ring den tal imp lant pla ce ment at in ter fo ra mi nal
re gi on.1 The re are cle ar dif fe ren ces among stu di es
re la ted to the pre va len ce and the length of men tal
lo op. In va ri o us stu di es, the pre va len ce va ri ed bet -
we en no ne to 94% and the length va ri ed from 0.5
mm to 1cm.1,17 We did not fo und any dif fe ren ce re-
la ted to the age. In our pre vi o us re port and pre sent
study we fo und the length of men tal lo op was lon -
ger than 3 mm, which is in con cor dan ce with ot her
stu di es.2,17,31 

Pa no ra mic ra di og raph ac cu racy is li mi ted
owing to dif fi culty in con trol ling the dis tor ti on and
mag ni fi ca ti on; ho we ver, it has be en com monly
used be fo re imp lant sur gery to es ti ma te the qu a lity
and qu an tity of the al ve o lar bo ne so that ap prop ri -
a te imp lant length and width can be cho sen, to pre-
vent inf lic ting da ma ge on ana to mic struc tu res
du ring the sur gery.1,3,9,17,32 Ja cobs et al fo und no dif-
fe ren ce re la ted with age, gen der or den tal sta tus, in
the ap pe a ran ce qu a lity of ana to mi cal land marks at
in ter fo ra mi nal re gi on in pa no ra mic ra di og raph.29

Phi lips et al sta ted that the si ze of MF was lar ger
and shif ted dis tally in com pa ri son to its ac tu al si ze
and lo ca ti on in pa no ra mic ra di og raph.8 They sta -
ted that men tal fo ra men disp la ce ments we re se en
in pa no ra mic ra di og raph when com pa red with
ana to mi cal me a su re ments, ma inly be ca u se of the
po si ti on of the pa ti ent’s he ad.8 De fi ci en ci es re la ted
with pa ti ent po si ti on (pro jec ti on ge o metry) and
cor ti ca li za ti on qu an tity can be se en but in a re cent
study the rep ro du ci bi lity and re pe a ta bi lity of ra di -
o morp ho met ric in di ces was fo und high in di gi tal
pa no ra mic ra di og raph.17,17,22,23,25,33

Than ya karn et al ob ser ved that the mag ni fi -
ca ti on in pa no ra mic ra di og raph is lo wer in man -
di bu lar bi cus pid re gi on, not cons tant even over the
sa me ima ge and al so the sha pe of the jaw for each
in di vi u al is dif fe rent so the 1.3 mag ni fi ca ti on ra ti -
o in for med by the ma nu fac tu rer is not re li ab le for
the se me a su re ments.32-35 We con ten ded to mi ni -
mi ze dis tor ti on prob lem by po si ti o ning the he ad
of each pa ti ent ac cu ra tely du ring ta king pa no ra -
mic ra di og raph and ma king all the me a su re ments
ac cor ding to the tan ge ti nal li ne in ter sec ting with
the most in fe ri or po ints at the man di bu lar ang le
and the lo wer bor der of the man di bu lar body du e
to ob li qu e pro jec ti on ang le of x-rays.12,15,35 We al -
so tri ed to eli mi na te non-uni for med mag ni fi ca ti -
on prob lem in both pla nes by mul tipl ying
ra di og rap hic me a su re ment by the ra ti o of the re al
crown he ight to the ra di og rap hic crown he ight of
bi cus pid clo se to men tal fo ra men. Wil ding et al
who com pa red dry man dib le me a su re ments with
pa no ra mic ra di og raphs sta ted that the ac cu racy of
me a su re ments is li mi ted by ea sily re cog ni zed men-
tal fo ra men and in fe ri or al ve o lar ner ve in pa no ra -
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