Ocjena to¢nosti mjerenja okomitih
dimenzija na ortopantomogramima

Sazetak

Svrha istrazivanja bila je ocijeniti tocnost prikaza okomitih dimen-
Zija na ortopantomogramima.

Razlicite okomite udaljenosti oznacene su na 25 mandibula s po-
mocu metalnih markera velicine 1 mm?. Oznacene udaljenosti izmjerene
su pomicnom kliznom mjerkom (TMA-MEBA), a zatim su napravljeni
ortopantomogrami tih mandibula. Iste udaljenosti izmjerene su i na
panoramskim snimkama. Dobiveni rezultati analizirani su statisticki.
Cimbenik povecanja izracunan na osnovi dobivenih rezultata uglavn-
om je manji od deklariranog (1,22x), iako razlika nije statisticki znat-
na za vecinu mjerenih varijabla.

Nasuprot stajalistima u literaturi, nasi rezultati pokazuju da je
moguce precizno mjeriti okomite udaljenosti na ortopantomogramima
cak i u anteriornoj regiji mandibula, pod uvjetom da se mandibule
ispravno pozicioniraju i da su obuhvacene fokalnim kanalom
radioloskog aparata.

Kljucne rijeci: ortopantomografija, indeks povecanja
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Okomite dimenzije na ortopantomogramima

Uvod

Ortopantomografija je panoramska tehnika sni-
manja orofacijalnog podruc¢ja. Snimkom su obuhva-
éeni gornja i donja Celjust s pripadajucim struktu-
rama i oba temporomandibularna zgloba. Panoram-
ska radiografija temelji se na nacelu laminografije
objekta zavijene povrsine. Anatomske strukture koje
su u snimanome sloju na filmu oStro su prikazane,
a strukture koje su izvan snimanoga sloja toliko su
uvecane i iskrivljene da na filmu nisu ni vidljive.

U Sjedinjenim Americkim Drzavama preporucu-
je se prije svakoga protetskog tretmana snimiti pa-
cijenta panoramskom tehnikom snimanja. Takvim
pregledom pacijenata (screening) ¢esto se dobiju ne-
oc¢ekivani nalazi poput impaktiranih zuba, ostatnih
korijena, cista, stranih tijela, pa ¢ak i neoplazmi u
potpuno bezubim ¢eljustima i bez klini¢ki vidljivih
znakova (1-3). Panoramska se radiografija upotreb-
ljava i u procjeni resorptivnih i osteopenickih pro-
cesa Celjusti (4-8).

Ortopantomografija, kao vrsta panoramskoga sni-
manja, ima znatnu ulogu u implantologiji jer pruza
informaciju o okomitoj dimenziji kosti i o lokaciji
odredenih anatomskih struktura orofacijalne regije.
Postoje i modernije tehnike snimanja koje su znat-
no preciznije od ortopantomografije, poput kompju-
torizirane tomografije (CT) ili magnetske rezonan-
cije (MRI), no one su i mnogo skuplje (6).

Osnovni nedostatak ortopantomografije jest mo-
gucénost da dimenzije struktura prikazanih na filmu
ne odgovaraju stvarnim dimenzijama snimljenih
struktura. Distorzija i magnifikacija utjecu na dimen-
zije snimljenih struktura na filmu. Magnifikacija
ovisi o ¢imbenicima projekcije, §to su udaljenosti
izmedu objekta i rendgenske cijevi te objekta i fil-
ma (9,10). U okomitoj ravnini magnifikacija ovisi
samo o ¢imbenicima projekcije, a u horizontalnoj
pak ravnini na magnifikaciju utjecu jo§ i brzina ren-
dgenske cijevi i filma prigodom orbitiranja oko
objekta snimanja te brzina prolaska filma ispred za-
zora na kaseti u kojoj je film. Brzinu je unaprijed
programski odredio proizvoda¢. Tijekom snimanja
kaseta s rendgenskim filmom i rendgenska cijev or-
bitiraju oko nepomi¢ne pacijentove glave. Ako se
poremeti brzina orbitiranja rendgenske cijevi i fil-
ma oko pacijentove glave, zbog pada napona ili sli¢-
no, snimljene strukture bit ¢e uvecane ili umanje-

ne, ovisno o tome smanjuje li se ili povecava brzi-
na prolaska filma iza zazora na kaseti.

Ispravno pozicioniranje glave pacijenta unutar
Zari$noga sloja aparata postiZe se uporabom plastic-
noga kefalostata. Time se pacijent snimi na ponov-
ljiv nacin, §to omogucuje usporedbu pacijentovih pa-
noramskih snimaka ucinjenih prije, u tijeku i nakon
terapije (11).

Cimbenik magnifikacije jednak je u vodoravnoj
i okomitoj ravnini za strukture koje su unutar Zari-
$noga sloja. Snimka strukture koja je u ZariSnome
sloju aparata neostra je, distorzirana i promijenjena
polozaja (9-24).

Prema nekim autorima okomite udaljenosti mje-
rene na panoramskim snimkama pouzdane su u la-
teralnim dijelovima celjusti, no u anteriornome di-
jelu nisu pouzdane zbog uskoga Zari$nog sloja or-
topantomografskog aparata u toj regiji.

Sirina i oblik Zari§noga sloja, te ¢imbenik mag-
nifikacije, razlikuju se od proizvodaca do proizvo-
daca, ali 1 izmedu raznih uredaja istoga proizvoda-
¢a (14). Prema Lundu i Welanderu (15,17,18) geo-
metrije projekcije, koje se razlikuju od proizvodaca
do proizvodaca, razlog su razlikama u magnifikaci-
ji, distorziji i dispoziciji struktura koje su izvan Za-
ri$nog sloja.

Zbog toga je svrha istraZivanja bila procijeniti
to¢nost mjerenja okomitih udaljenosti na panoram-
skim snimkama ucinjenim ortopantomografskim
aparatom Orthophos D 3200 (Simens, Njemacka)
koji se upotrebljava na Stomatoloskom fakultetu u
Zagrebu.

Materijal i metode

Razli¢ite okomite udaljenosti (Slika 1) izmjere-
ne su na 25 celjusti sa Zavoda za anatomiju Medi-
cinskog fakulteta Sveucilita u Zagrebu. Celjusti su
slu¢ajno odabrani uzorak, 16 je bilo muskih i 9 Zen-
skih, u dobi od 27 do 78 godina.

Udaljenosti su oznacene metalnim markerima ce-
tvrtastog oblika povrsine lmm?. Sva su mjerenja izv-
r§ena pomic¢nom mjerkom preciznosti 0,1 mm
(TMA MEBA, Republika Njemacka). Celjusti su
najprije izmjerene, a nakon toga su snimljene orto-
pantomografskim aparatom Orthophos D3200, se-
rijski broj 07786, proizvoda¢ Siemens, Republika
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Slika 1, 3. Vertikalne udaljenosti mjerene na mandibulama i nji-
hovim ortopantomogramima

1. UBM - LBM(S.) = udaljenost izmedu gornjeg i donjeg ru-
ba mandibule u sagitalnoj (medijalnoj) liniji,

2a. R.UBM - LBM(FM) = udaljenost izmedu gornjeg i donjeg
ruba mandibule na okomitoj liniji koja prolazi kroz
medijalni otvor desnog foramena mentale,

2b. L.UBM - LBM(FM) = udaljenost izmedu gornjeg i donjeg
ruba mandibule na okomitoj liniji koja prolazi kroz
medijalni otvor lijevog foramena mentale,

3a. R.UBM - LBM(8.) = udaljenost izmedu gornjeg i donjeg
ruba mandibule na okomitoj liniji koja prolazi disto-
aproksimalnim obrisom desnog zadnjeg molara, ili
mezijalnom granicom trigonuma retromolare kod be-
zubih mandibula,

3b. L.UBM - LBM(8.) = udaljenost izmedu gornjeg i donjeg
ruba mandibule na okomitoj liniji koja prolazi disto-
aproksimalnim obrisom lijevog zadnjeg molara, ili
mezijalnom granicom trigonuma retromolare kod be-
zubih mandibula,

4a. R. Co - WP = udaljenost izmedu najvise tocke kondila i
tocke straznje Sirine ramusa na desnoj strani,

4b. L. Co - WP = udaljenost izmedu najvise tocke kondila i
tocke straznje Sirine ramusa na lijevoj strani,

5a. R. PM - WA = udaljenost izmedu najvise tocke kondila i
tocke prednje Sirine ramusa na desnoj strani,

5b. L. PM - WA = udaljenost izmedu najvise tocke kondila i
tocke prednje Sirine ramusa na lijevoj strani,

6a. R. Co - Inc = visina desnog kondila, odredeno prema Kjel-
lbergu et al.(14),

6b. L. Co - Inc = visina lijevog kondila, odredeno prema Kjel-
lbergu et al.(14).

Figure 1,3. Vertical variables measured on dry mandibles and
orthopantomograms

1. UBM - LBM(S.) = distance between the upper and the lo-
wer border of the mandible in the sagital line,

2a. R.UBM - LBM(FM) = distance between the upper and the
lower border of the mandible in the line perpendicu-
lary drawn at the medial opening of the right mental
foramen,

2b. L.UBM - LBM(FM) = distance between the upper and the
lower border on the mandible in the line perpendi-
culary drawn at the medial opening of the left men-
tal foramen,

3a. R.UBM - LBM(8.) = distance between the upper and the
lower border of the mandible in the line perpendicu-
lary drawn at the distal border of the crown of the
right third molar, or at the mesial border of the tri-
gonum retromolare in the edentulous mandible,

3b. L.UBM - LBM(8.) = distance between the upper and the
lower border of the mandible in the line perpendicu-
lary drawn at the distal border of the crown of the
left third molar, or at the mesial border of the trigo-
num retromolare in the edentulous mandible,

4a. R. Co - WP = distance from the highest point of the con-
dylar process to the point of the posterior ramus wid-
th on the right side,

4b. L. Co - WP =distance from the highest point of the con-
dylar process to the point of the posterior ramus wid-
th on the left side,

5a. R. PM - WA = distance from the highest point of the co-
ronoid process to the point of the anterior ramus wid-
th on the right side,

5b. L. PM - WA = distance from the highest point of the co-
ronoid process to the point of the anterior ramus wid-
th on the left side,

6a. R. Co - Inc = the right condylar height, determined by the
method proposed by Kjellberg et al.(11)

6b. L. Co - Inc = the left condylar height, determined by the
method proposed by Kjellberg et al.(11)

Njemacka. Proizvodac za svoj aparat navodi ¢imbe-
nik maginifikacije od 1,22x. Celjusti su za snima-
nje pozicionirane u kefalostat ortopantomografskog
aparata s pomocu posebno izradenoga plasti¢nog
drzaca i svjetlosnog orto-kriZza (Slika 2).

Slika 2.  Plasticni drZac postavljen u kefalostat Orthophos-a
D 3200
A - Drzaé za celo kefalostata
B - Drzac za bradu kefalostata
C - Plasticne cijevcice (prilagoduju se Sirini mandi-
bule i drie mandibulu u odredenom poloZaju)
D - Dvije strelice smjestene na lateralnim stranama
plasticnog drZaca za odredivanje poloZaja najvise
tocke kondila

Figure 2. Plastic holder mounted in a cephalostat of Orthop-
hos D 3200
A - Forehead holder of a cephalostat
B - Chin holder of a cephalostat
C -Plastic tubes (adjustable to mandible width)
which hold a mandible in determined position
D -Two arrows placed on lateral sides of the plastic
holder to denote the highest points of condyles
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Slika 3. (strana 285)
Figure 3. (page 285)

Posto su izradeni panoramski snimke svih ce-
ljusti, mjerenja su ponovljena na samim snimkama
(Slika 3).

Kako bi se procijenila pouzdanost trojice ispiti-
vaca izraden je test pouzdanosti. Ispitivaéi su mje-
rili 6 okomitih parametara na 7 ¢eljusti i na snim-
kama tih 7 ¢eljusti, s razmakom od jednog mjeseca
izmedu mjerenja. Statisticka rag¢lamba provedena je
metodom koju su predloZili Slakter et al. (24) i Fle-
iss et al. (25). Intra-ispitivacka pouzdanost kretala
se je izmedu 0,85-0,95, u ovisnosti 0 mjerenoj va-
rijabli, a inter-ispitivacka pouzdanost kretala se je
izmedu 0,90-0,95. Vrijednost pogrjeSke mjerenja bi-
la je u rasponu od 0,0013-0,0031, $to se drzi zado-
voljavajucim. Najkonzistentniji ispitiva¢ odreden je
prema najnizoj vrijednosti standardne pogrjeske
izmedu mjerenja, te je odlu¢eno da on mjeri sve
ostale varijable u ovoj studiji.

Indeks povecanja izraunan je za svaku varijab-
lu prema formuli: indeks povecanja=udaljenost_.
: udaljenost (x =X X

mandibula povecanje rendgen mandibula’ "

Rezultati svih mjerenja statisticki su obradeni
(aritmeticka sredina x, standardna devijacija SD,
standardna pogrjeska SE i 95%-tni interval pouzda-
nosti). T-testom je usporedena razlika izmedu ¢im-
benika magnifikacije izracunatnih za sve mjerene
varijable i vrijednosti ¢cimbenika magnifikacije koji
navodi proizvodac aparata (26).

Rezultati

Tablica 1 prikazuje rezultate (x, SD, SE) a) za
okomite udaljenosti izmjerene na celjustima; b) za
okomite udaljenosti izmjerene na ortopantomograf-
skim snimkama; c) indeksa povecanja.

Tablica 2 prikazuje 95% interval pouzdanosti za
indekse povecanja okomitih udaljenosti i t-test za
aritmeti¢ke sredine izracunanih indeksa povecanja

i indeksa povecanja od 1.22 x koji navodi proizvo-
da¢ ortopanotomografskog aparata.

Rasprava

Vrijednosti okomitih udaljenosti izmjerenih na
ortopantomografskim snimkama ¢eljusti bile su ve-
¢e od vrijednosti istih udaljenosti izmjerenih na Ce-
ljustima, §to je ocekivan rezultat obzirom na indeks
povecanja koji navodi proizvoda¢ aparata (Tablica
1).

Indeksi povecanja izracunani iz rezultata mjere-
nja raznih okomitih udaljenosti na ¢eljustima i nji-
hovim panoramskim snimkama bili su nizi od indek-
sa povecanja koji navodi proizvoda¢ uporabljenog
ortopantomografskog aparata (1.22), premda razli-
ke izmedu dvaju indeksa za vecinu varijabla nisu bi-
le statisticki znatne (p>0.05, Tablica 2). Proizlazi da
su okomite udaljenosti izmjerene na ortopantomo-
gramima snimljenima aparatom Orthophos D 3200
bliZe stvarnim dimenzijama snimljenih struktura no
$to to navodi proizvoda¢ aparata. Na§ nalaz je u
skladu s Kjellbergom koji je izra¢unao indekse po-
vecanja za tri razli¢ita panoramska rendgenska apa-
rata te je i on nasao da su izra¢unane vrijednosti in-
deksa povecanja niZe od onih koje navode proizvo-
daci upotrebljenih aparata (14).

Distorzija, karakteristi¢na za panoramsku tehni-
ku snimanja, pripisuje se razli¢itim ¢imbenicima po-
vecanja u okomitoj i horizontalnoj ravnini izvan sre-
dista oStro ogranicenoga Zari$nog sloja.

Welander (17) je pokazao matematicki, a Lund
(10,15,18) svojim istrazivanjima, da Zari$ni sloj ima
oblik potkove, uzak je u anteriornoj regiji i Siri se
prema lateralno u posteriornoj regiji ¢eljusti. Snim-
ke celjusti koje su zbog neispravnog pozicioniranja
prigodom snimanja izvan Zari§noga sloja neprihvat-
ljive su za mjerenje raznih udaljenosti. Strukture u
anteriornoj regiji najpodloZnije su takvoj pogrjesci
zbog najuZeg Zari$nog sloja.

Kjellberg (14) je pokazao da unutar odredenih
granica pozicioniranje ¢eljusti u radiografski aparat
ne utjece na rezultate mjerenja. Pronasao je vece va-
rijacije izmedu triju razli¢itih aparata nego izmedu
triju razli¢itih polozaja ¢eljusti (mandibule nagnute
10° anteriorno i posteriorno). Pretpostavka je da su
sve nagnute pozicije ¢eljusti bile pokrivene Zari$nim
slojem aparata.
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Tablica 1. Vertikalne udaljenosti mjerene na mandibulama i na njihovim ortopantomogramima (rendgen) i indeksi povecanja izra-

Cunati prema formuli: x

‘povecanje xrendgen : 'xmandibula

Table 1  Vertical distances measured on the mandibles and their panoramic images (Rtg), as well as the magnification indexes
calculated using the formula: X aanifcation = Fray * Xmanaie X = arithmetic mean, SD = standard deviation, S.E. = standard
error.

Vertikalna udaljenost Rendgen / x-ray Mandibule / Mandible Index S.E.
Vertical distances X SD X SD X SD
1. UBM-LBM (S.) 32,33 5,31 26,69 4,66 1,21 0,057 0,012
2a. R. UBM-LBM (FM) 29,60 6,22 25,11 5,84 1,19 0,096 0,012
2b. L. UBM-LBM (FM) 29,55 6,00 24,00 4,98 1,23 0,066 0,013
3a. R. UBM-LBM (8.) 25,33 4,96 20,93 3,53 1,21 0,080 0,016
3b. L. UBM-LBM (8.) 24,26 5,25 20,36 4,23 1,20 0,061 0,013
4a. R. Co-W, 40,24 3,86 35,61 4,03 1,15 0,097 0,020
4b. L. Co-W, 40,56 5,19 35,29 3,95 1,15 0,094 0,019
5a. R. Co-Wa 32,89 4,49 29,53 3,95 1,11 0,065 0,013
5b. L. Co-Wa 34,18 5,25 31,94 4,42 1,11 0,069 0,014
6a. R. Co-Inc 20,39 3,76 17,56 3,18 1,17 0,108 0,022
6b. L. Co-Inc 20,18 3,88 17,94 3,10 1,13 0,118 0,024

Tablica 2. Testiranje znacajnosti razlika izmedju izracunatih Unato¢ Kjellbergovim (14) nalazima, odluc¢eno
indeksa povecanja (indeksi su izracunati nakon mje- je upotrijebiti plasti¢ni drza¢ za ispravno i ponov-
renja vertikalnih udaljenosti na mandibulama i nji- B . .. s dalistln kefal d k
hovim ortopantomogramima prema formuli x,,,,.... J50 pOZIClomr.an_]e C? justi u e'a ostat ren {ge.ns 08
=X, Xy | iMdeksa povecanja kojeg navo- aparata kako bi se osigurao optlgnalan polozaj, a ti-
di proizvodjac (1,22x); t = t vrijednost; p = p vri- me i veéa preciznost mjerenja. Celjusti su pazljivo
Jednost; C.I. = 95% interval pouzdanosti bile postavljene uz pomo¢ svjetlosnoga kriza orto-

Table 2 The significance of the difference betwéen the cal-

culated magnification indexes after the measuremen-
ts of the vertical variables on the radiographs and
the mandibles and the magnification index listed by
the manufacturer of the device used (1.22x); t = t
value; p = p value; C.I. = 95% confidence interval.

Vertik:‘:llna qdaljenost ¢ p CL
Vertical distances
1. UBM-LBM(S.) 0,58 | >0,05 | 1,18-1,25
2a. R. UBM-LBM(FM) -1,7 >0,05 | 1,13-1,25
2b. L. UBM-LBM(FM) 1,08 | >0,05 | 1,19-1,27
3a. R. UBM-LBM(8.) -1,81 | >0,05 | 1,15-1,27
3b. L. UBM-LBM(8.) -2,03 | >0,01 | 1,12-1,28
4a. R. Co-W -3,55 | <0,01 | 1,09-1,21
4b. L. Co-W, -3,56 | <0,01 | 1,09-1,21
5a. R. Co-Wa -8,15 | <0,01 | 1,08-1,14
5b. L. Co-Wa -8,00 | <0,01 | 1,08-1,14
6a. R. Co-Inc -2,45 | <0,01 | 1,11-1,23
6b. L. Co-Inc -3,83 | <0,01 | 1,07-1,19

pantomografskog uredaja.

Larheim (12) je mjerio duljine zuba na panoram-
skim snimkama i pronaSao je da 14%-17% nije
mjerljivo, uglavnom u anteriornoj regiji, $to se pri-
pisuje ZariSnom sloju koji je najuZi upravo u toj re-
giji.

Nasuprot nalazima Larheima, Lund (18) je u
svojemu istraZivanju prona$ao da Zaris$ni sloj obu-
hvaca sve poloZaje zuba u 240 pacijenata, iako su
se u anteriornoj regiji sredisnji dijelovi zuba bili na
rubu Zari$noga sloja.

Habets (19) je mjerio okomite dimenzije metal-
nih kuglica, montiranih na posebno izradeni drzag,
na panoramskim snimkama. NaSao je 6%-tnu po-
grjeSku u odnosu na razliku poloZaja od 10 mm. On
smatra da je 6%-tna pogrjeska prihvatljiva i u gra-
nicama normale za panoramsku tehniku snimanja.
Na osnovi tih rezultata predlozio je da se razlika ve-
¢a od 6% izmedu visine lijevog i desnog kondila
smatra asimetrijom kondila (19). U svojoj sljedecoj
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studiji Habets je pokazao da je razlika u visini kon-
dila veda u pacijenata s kraniomandibularnim po-
remecajima nego u zdravih osoba (20).

Nasuprot nalazima Habetsa, Tiirp (21) nije pro-
nasao nikakve korelacije izmedu visine kondila na
25 lubanja i njihovih panoramskih snimaka i odba-
cio metodu preciznog mjerenja okomitih dimenzija
kondila, tj. mjerenje visine kondila na panoramskim
snimkama.

Prema Midgardu, Bjork and Linder-Aronsonu
(22) varijabilnost metode ne bi smjela prelaziti 3%
ukupne varijabilnosti za pravilno mjerenje na bilo
kojim panoramskim snimkama.

Larheim (23) je pokazao prihvatljivu ponovljivo-
st dimenzija okomitih i angularnih udaljenosti na or-
topantomografskim snimkama koja nije prelazila 1%
od ukupne varijabilnosti, s iznimkom anteriorne re-
gije ¢eljusti, gdje je pronasao najvecu varijabilnost,
prikazanu i najvecom standardnom devijacijom
(SD). Rezultati su bili gotovo jednaki i za seriju sni-
maka koju je napravio s ¢eljusti nagnutom 15° u
posteriornom smjeru, ponovno s najvecom varijabil-
nosti u anteriornoj regiji ¢eljusti. Najvecu varijabil-
nost objasnio je najuZim ZariSnim slojem upravo u
anteriornoj regiji (23).

Nasuprot nalazima Larheima (23), nasa su mje-
renja okomitih udaljenosti pokazala prihvatljivu pre-
ciznost, ¢ak i u anteriornoj regiji (Tablica 1,2).

Razlika izmedu na$ih nalaza i rezultata drugih
autora moZe se objasniti ¢injenicom da su nase ce-
ljusti, zbog paZljiva pozicioniranja, bile unutar Za-
ri$noga sloja rendgenskog aparata. Ovakav nalaz je
ipak u skladu s Lundom i njegovim istraZzivanjem s
240 ¢eljusti (18), i s Tronje (9) koji navodi da su
okomite dimenzije na panoramskim snimkama po-
uzdane ako je pacijent ispravno pozicioniran.

Prema nasim rezultatima, mjerenja okomitih uda-
ljenosti precizna su ¢ak i u anteriornoj regiji ako se
¢eljusti pazljivo i to¢no pozicioniraju. Nalaz je vrlo
vazan pri planiranju raznih tretmana u slu¢ajevima
nedostatka preciznijih tehnika snimanja.

Zakljuéci

Rezultati ra§¢lambe mjerenja udaljenosti na ce-
ljustima i na njihovim panoramskim snimkama upu-
¢uju na ¢injenicu da je moguce linearno mjeriti oko-
mite udaljenosti, ¢ak i u anteriornoj regiji ¢eljusti.

Cimbenici povedanja za izmjerene okomite uda-
ljenosti manji su nego §to to navodi proizvodac, te
su okomite dimenzije na snimkama bliZe stvarnim
dimenzijama na Celjustima.

Ortopantomografija se, unutar svojih ogranicenja,
pokazala pouzdanom metodom prikazivanja odrede-
nih dimenzionalnih parametara.
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Assessment of the Precision of
Vertical Measurements of
Orthopantomographic
Radiographs

Summary

The objective of this study was to evaluate the precision of the ver-
tical dimensional measurements on orthopantomographic images, and
therefore to evaluate their dimensional reliability.

Different distances denoted by metal markers were measured on 25
dry mandibles. The same measurements were repeated on panoramic
radiographs of those mandibles and the results were statistically anal-
ysed.

The calculated magnification factors for the vertical measurements
were, in general, smaller than the manufacturer of the X-ray device
declares, although the difference was not statistically significant for the
most variables. Opposite to some opinions, our results reveal that the
vertical measurements on orthopantomograms are precise enough even
in the anterior region of the mandible, if the mandibles are adequately
positioned and encompassed in the focal through of the machine.

Key words: orthopantomographic radiographs, vertical distances
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Introduction

Orthopantomography is a technique of panora-
mic radiography of the oral region for producing a
single image of the facial structures including both
maxillary and mandibular arches with temporoman-
dibular joints and their supporting structures. Pano-
ramic radiography utilises the principle of curved-
surface laminography, in which anatomic structures
in a selected plane are recorded while the interve-

ning parts are so blurred that they are not discerni-
ble on film. Orthopantomography is recommended
in the USA for screening of patients before prost-
hetic treatment as it may sometimes reveal roots,
cysts, foreign bodies and even neoplasm in comple-
tely edentulous jaws with no clinically visible sig-
ns (1-3). It also helps in evaluation of resorptive and
osteopenic processes of the jaws (4-8).

Orthopantomography is of considerable value to
implantology, as it offers information about verti-
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cal dimensions of the bone and locations of certain
anatomical structures in the orofacial region, altho-
ugh other more precise techniques, much as com-
puted tomography or magnetic resonance have hig-
her precision, but also increase treatment costs (6).

The main objection to panoramic radiography is
the possibility that the dimensions of the structures
shown on radiographs do not correspond to real di-
mensions of the exposed structures. The dimensions
on radiographs are influenced by two types of di-
stortions and magnifications. One type of inaccu-
racy is due to the distance of the object between the
X-ray tube and the film; if the object is positioned
more posteriorly from the centre of the machine, clo-
ser to the X-ray tube, the image will be more mag-
nified, and conversely, if the object is placed more
anteriorly, closer to the X-ray film, the image of the
object will be demagnified (9,10). In the vertical pla-
ne, magnification is dependent upon projection fac-
tors alone. Horizontal magnification is influenced
not only by projection factors, but also by regulati-
on of tube and film speed, which is programmed into
each machine. During exposures, both the cassette
with the X-ray film and the X-ray tube orbit the pa-
tient’s head which has to be properly positioned,
which is accomplished by a plastic cephalostat. A
cephalostat is used for centering the patient’s head
in the focal trough of the machine in a repeatable
way in order to allow comparison of radiographs of
patient’s status acquired before, during and after the
treatment (11). If the film moves past the slot in
the film shield too quickly, too much film becomes
available for the object and the object is magnified.
Conversely, if the film moves past the slot too slo-
wly, not enough film is available and the object is
demagnified.

In the sharply depicted plane the image is free
of distortion, which means that the magnification
factor is the same for both vertical and horizontal
planes. Objects outside this layer will appear distor-
ted and magnified (or demagnified) (10, 15,18).

The panoramic image is therefore affected by
both magnification errors and displacement. Accor-
ding to some authors vertical distances are relatively
reliable in the posterior region. However, in the an-
terior region they are un reliable, due to the very
small focal trough of orthopantomographic machi-
nes in this region. If the filmed object is out of the
focal trough of the machine, it will appear distor-

ted, blurred and displaced on the radiographic ima-
ge (9-24).

The focal trough, as well as the magnification
factors of radiographic machines, vary between dif-
ferent manufacturers, as well as between different
devices of the same manufacturer (14). The magni-
fication factor varies from one manufacturer to anot-
her,due to the different projection geometry of dif-
ferent radiographic machines, as described by Lund
and Welander (15,17,18). This results in differen-
ces in magnification and in the amount of distorti-
on and displacement of structures which are out of
the focal trough.

The aim of this study was, therefore, to evalu-
ate the precision of vertical dimensional measure-
ments on panoramic radiographs made on the Or-
thophos D 3200 (Simens, Germany) orthopantomo-
graphic device, which is used at the School of Den-
tal Medicine, University of Zagreb.

Material and Methods

Various vertical distances (Figure 1) were mea-
sured on 25 dry mandibles acquired from the De-
partment of Anatomy, School of Medicine, Univer-
sity of Zagreb. The mandibles were randomly selec-
ted, 16 were male and 9 were female. Age varied
between 27 and 78 years. Dental status varied bet-
ween the selected mandibles from fully dentate, to
completely edentulous.

Metal markers shaped in 1 mm2 squares were
used as landmarks to denote the points which de-
termined the distances measured. The measurements
were first made on the dry mandibles using a preci-
se calliper with a precision of 0.1 mm (TMA ME-
BA, Germany). Following the first step, all 25 man-
dibles were exposed in an orthopantomographic
machine “Orthophos D 32007, serial number 07786,
manufactured by Siemens, Germany. The manufac-
turer lists the magnification factor of 1.22x for the
apparatus used to make orthopantomographic ima-
ges. During exposures, dry mandibles were centred
in a plastic holder which was designed to fit to the
machine’s cephalostat, in the midline of the ortho-
pantomograph and horizontally perpendicular to the
midline, the light-cross of the orthopantomograph
being a guide (Figure 2).
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The same vertical distances which had been me-
asured on the dry mandibles were then measured on
the radiographs of the same mandibles (Figure 3).

A reliability test was designed to assess the reli-
ability of three different examiners. The examiners
measured 6 vertical parameters on 7 mandibles, as
well as on their images twice during a one-month
period. Statistical analysis for intra- and inter-exa-
miner reliability was performed according to the
method proposed by Slakter et al. (24) and Fleiss et
al. (25). Intra-examiner reliability varied from 0.85
- 0.95, depending on the measured variable, while
inter-examiner reliability varied from 0.90 - 0.95.
The measurement error varied in the range of 0.0013
- 0.0031, which was considered satisfactory. The
most consistent examiner was determined by the lo-
west standard error within the measurements, and
consequently this escaminer measured all the other
variables for this experiment.

The magnification index was calculated for each
variable using the formula: magnification index =

distance . distance

radiograph dry mandible (Xmagniﬁcation - Xray :

Xmandible :

After all measurements had been completed, sta-
tistical analysis was made for acquired results. De-
scriptive statistics was calculated (arithmetical me-
an (x), standard deviation (SD), standard error (S.E.)
and the 95% confidence interval). T-test was used
to compare the significance of the difference betwe-
en the calculated magnification factors for all the
measured variables (which was calculated using the
formula: x —EXU-EX: ) and the value of

magnification ray mandible

the magnification listed by the manufacturer (26).

Results

Table 1 shows the descriptive statistics (x, SD,
S.E.) for all vertical variables measured a) on the man-
dibles; b) on the radiographs; c) for the calculated
magnification index (using the formula: x
X

magnification =
ray : Xmandible)'

Table 2 shows the 95% confidence interval of the
magnification indexes calculated for the vertical va-
riables using the formula x_ .. .= Xeay * Xinandivie?
as well as the t-test between tile ar1thmet1cal means
of the indexes which were calculated after the me-
asurements, and the magnification index of 1.22x li-
sted by the manufacturer of the orthopantomograp-
hic device used in this study.

Discussion

The values of vertical measurements on ortho-
pantomographs were higher than the same measu-
rements on the dry mandibles, as expected due to
the index of magnification of the orthopanthomo-
graphic device (Table 1).

The exact values of the magnification indexes for
different vertical variables, which were measured on
acquired panoramic images using the Orthophos D
3200 device were calculated using the formula: x__
cification = Xegy © Xonandible (Table 1). The magmflcatlon
indexes based on the measurements in this study we-
re mostly lower than the index listed by the manu-
facturer of the orthopantomographic device used
(1,22x), although the difference between the manu-
facturer’s index and the calculated magnification in-
dex was not statistically significant for most of the
variables studied (p>0.05, Table 2).

This means that the vertical values measured on
orthopantomograms made by Orthophos D 3200 are
even closer to the real dimensions than the manu-
facturer declares. This is in agreement with Kjel-
Iberg, who calculated magnification indexes of three
different panoramic machines and also found calcu-
lated values to be lower than those listed by manu-
facturers of these machines (14).

All characteristic distortion effects inherent to or-
thopantomographic technique are due to different
magnification factors, which are valid for the verti-
cal and the horizontal dimensions outside the cen-
tre of a sharply depicted layer or the focal trough.

Welander (17) has shown mathematically and
Lund (10,15,18) through his experiments, that the
focal trough of the orthopantomographic machine is
narrow in the anterior region and flares laterally in
the posterior region. This means that the measure-
ments of the images would be unreliable for man-
dibles which are not properly positioned and which
are out of the focal trough of the machine; the an-
terior region being the most susceptible because of
the narrow focal trough.

Kjellberg et al. (14) showed that within certain
boundaries the positioning of mandibles in the ra-
diographic machine did not affect the results of me-
asurements. He found larger variations between
three different machines than between three diffe-
rent mandible positions (mandibles were tilted 10°
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anteriorly and posteriorly). Assumably all the tilted
positions of the mandibles were covered by a focal
trough.

Nevertheless, it was decided to use a plastic hol-
der for positioning the mandibles in the cephalostat
in our experiments in order to ensure the best posi-
tioning and, therefore, accuracy of measurements.
The mandibles were carefully centred using the light
cross of the orthopantomographic machine.

Larheim (12) measured tooth lengths on pano-
ramic images and found that 14%-17% of the tooth
length were unmeasurable, mostly in the anterior re-
gion, which he attributed to the thinnest image la-
yer anteriorly.

In comparion to Larheim, Lund (18) showed ex-
perimentally that the focal trough of the orthopan-
tomograph encompassed all tooth positions of 240
patients, although anteriorly tooth centres lie on the
edges of the trough.

Habets et al. (19) measured vertical images of
bullets mounted in a specially designed holder and
found that 6% of the difference between the left and
the right images for a 10 mm change in position is
inherent to the panoramic radiography, and based on
these results he suggested that discrepancy of more
than 6% of the condylar height should be conside-
red asymmetry (19). In a following study Habets
found that the difference in the condylar height was
larger in craniomandibular dysfunction patients than
in healthy individuals (20).

On the other hand T(rp (21) did not find any cor-
relation for the rami and condylar heights between
25 dry skulls and their images and discredited the
method of precise measurements of vertical dimen-
sions for the condyles, i.e. for the condylar height
on panoramic images.

According to Midgard, Bjork and Linder-Aron-
son (22) the method variance should not exceed 3%
of the total variance for appropriate measurements
on any panoramic images.

Larheim (23) found acceptable reproducibility
for vertical and angular variables on the orthopan-

tomographic images not exceeding 1% of the total
variance, except in the anterior region of the man-
dible, where he found the greatest variation, as re-
flected by the greatest SD. When he tilted the skull
15° posteriorly during one series of exposures the
results were almost the same, again with the grea-
test variability in the anterior region.

Our measurements of vertical distances show
adequate precision, even in the anterior region (Ta-
bles 1,2) although Larheim (23) found the greatest
variations in this region which he appended to the
thinnest focal trough anteriorly.

This difference between our findings and those
of other authors could be due to the fact that our
mandibles were encompassed in the focal trough of
the machine, because of careful positioning, which
is in agreement with Lund and his experiments with
240 different jaws (18), as well as with Tornje (9)
who stated that vertical dimensions are reliable if pa-
tients are properly positioned.

According to our results, vertical dimensions are
precise, even in the anterior region when the man-
dibles are carefully positioned. All this is of great
importance when planning different treatments, for
which more precise techniques are not available.

Conclusions

Based on the results of analysis of measuremen-
ts on dry mandibles and their panoramic images if
can be concluded that it is possible to use orthopan-
tomography for linear measurements of vertical va-
riables, even in the anterior region.

The magnification indexes for the vertical vari-
ables measured are even smaller than declared by
the manufacturer, which means that the vertical di-
stances on the images are closer to the real dimen-
sions of structures of the dry mandibles.

Within certain limitations the orthopantomograp-
hic radiograph has proved to be a very reliable met-
hod the showing certain dimensional parameters.
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