Procjena to¢nosti mjerenja
vodoravnih dimenzija na
ortopantomogramima

Sazetak

Svrha istraZivanja: Svrha istraZivanja bila je ocijentiti preciznost
vodoravnih mjerenja na ortopantomogramima, tj. ocijeniti tocnost pri-
kaza vodoravnih dimenzija.

Materijal i metode: Razlicite udaljenosti oznacene metalnim mar-
kerima (1mm?) izmjerene su na 25 Celjusti. Iste celjusti nakon toga po-
zicionirane su centralno u ortopantomografskom uredaju Orthophos
D3200° (Siemens, Republika Njemacka) te su naprevljene rendgenske
snimke. Mjerenje istih udaljenosti kao na Celjustima izvrseno je na or-
topantomogramima te su usporedeni rezultati jednih i drugih mjerenja.
Svi rezultati statisticki su obradeni.

Rezultati: Raspon vrijednosti izracunatih indeksa povecanja za vo-
doravne udaljenosti koje ne prelaze sredinu Celjusti jest od 0,97 do
1,065, sto su statisticki znacajno manje vrijednosti od one koju navodi
proizvodac (1,22x). Udaljenosti koje prelaze preko sredine celjusti znat-
no su uvecane zbog velikih cimbenika uvecanja (1,45-1,85) koji se ta-
koder znatno razlikuju od vrijednosti koju navodi proizvodac uredaja.

Zakljucak: Vrijednosti mjerenja udaljenosti koje se nalaze samo na
Jednoj strani Celjusti provedena na ortopantomogramima vrlo su slic-
na stvarnim dimenzijama celjusti, te mogu biti valjan orijentir u kli-
nickoj praksi. Vrijednosti mjerenja udaljenosti koje se protezu s jedne
na drugu stranu Celjusti, prelazeci sagitalnu liniju celjusti, znatno su
veca od stvarnih dimenzija. Rezulatati dobiveni njihovim mjerenjima
nisu valjani te se takve udaljenosti ne bi smjele mjeriti.

Kljuéne rijeci: ortopantomografija, indeks povecanja
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A. Catic i sur.

Vodoravne dimenzije na ortopantomogramima

Uvod

Ortopantomografija je panoramska tehnika sni-
manja orofacijalnog podrucja. Snimkom su obuhva-
cene gornja i donja Celjust s pripadajué¢im struktu-
rama i oba temporomandibularna zgloba. Tijekom
ekspozicije kaseta s filmom i izvor zracenja orbiti-
raju oko nepomicne glave pacijenta (1). Pacijento-
va glava mora biti ispravno pozicionirana unutar 7a-
riSne zone uredaja na ponovljiv i uvijek isti nacin,
Sto se postiZe upotrebom posebnoga plasti¢nog drza-
¢a ili kefalostata. Kefalostat je dio standardne opre-
me svakoga novijeg ortopantomografskog uredaja.
Ponovljivost snimke omogucuje usporedbu pacijen-
tova statusa prije, u tijeku i nakon tretmana (1).

Ortopantomografija se takoder upotrebljava za
pretprotetski pregled pacijenata, pri kojem ponekad
otkriva razne patoloske nalaze i stanja poput zao-
stalih korijenova, cista, stranih tijela pa ¢ak i neo-
plazmi u potpuno bezubih celjusti i bez ikakvih kli-
ni¢kih znakova (2-4). Panoramska snimka je od ko-
risti i pri procjeni uznapredovalosti i opsega resor-
ptivnih i osteopenickih procesa ¢eljusti (5-9).

Vazna je uloga ortopantomografije u implanto-
logiji jer daje informacije o okomitoj dimenziji ko-
sti 1 o lokaciji stanovitih anatomskih struktura oro-
facijalne regije (7), premda je njezina uloga done-
kle smanjena razvojem i pojavom preciznijih tehni-
ka poput kompjutorizirane tomografije (CT) ili mag-
netske rezonancije (MR). Novije i preciznije tehni-
ke uvelike su poboljSale planiranje implantoloskih
tretmana, no njihov je veliki nedostatak §to znatno
povecavaju troskove terapije.

Precizno mjerenje raznih struktura na panoram-
skim snimkama moZe u sebi nositi i znatne meto-
doloske pogrjeske. Glavni nedostatak ortopantomo-
grafije, koji ograni¢ava njezinu primjenu u klini¢-
koj praksi, jest nedostatak odgovora na pitanje: od-
govaraju li dimenzije struktura prikazanih na snim-
ci stvarnim dimenzijama tih struktura. Na dimenzi-
je prikazanih struktura utjecu distorzija i magnifi-
kacija snimanih struktura na radioloskom filmu. Jed-
na vrsta nepreciznosti nastaje zbog udaljenosti
objekta snimanja od izvora zracenja i od filma; ako
je objekt blize izvoru zracenja, a dalje od filma, on
¢e na snimci biti uvecan (1,10,11). Druga vrsta po-
grjeske ili nepreciznosti nastaje iz razlike brzine fil-
ma i brzine projekcije objekta na film; ako kaseta s
filmom prolazi ispred otvora na zaslonu prebrzo,

previse filma ée zauzeti odredena struktura te ée ona
biti uvecana. U suprotnom slucaju, ako se film s ka-
setom krece presporo ispred otvora zaslona, vise
struktura bit ¢e snimljeno na mali dio filma te ce
objekt biti umanjen.

Distorzija se ne javlja u o$tro odredenoj ravnini
snimanja (sloju), ¢ime je ¢imbenik magnifikacije
jednak za vodoravnu i okomitu dimenziju. Struktu-
re koje su izvan navedenoga sloja bit ce iskrivljene
i uvecane.

Panoramska snimaka je dakle podloZna magni-
fikacijskoj pogrjesci i dispoziciji snimanih struktu-
ra. Prema nekim autorima mjerenja svih vodorav-
nih udaljenosti osobito su nepouzdana usljed neli-
nearne varijacije uvecanja na raznim dubinama sni-
manja, a mjerenja okomitih udaljenosti smatraju se
relativno pouzdanim (10-16, 19-23). Promjenu di-
menzija snimanih struktura na njihovim panoram-
skim snimkama uzrokuju dakle distorzija, dispozi-
cija, te najviSe magnifikacija (11,13,14).

Vi$e raznih proizvodaca nudi trzistu mnogo ra-
zlicitih tipova radiografskih uredaja. Zbog razlici-
tih geometrija projekcije ¢imbenik magnifikacije va-
rira od jednog do drugog proizvodaca, ali i izmedu
razli¢itih uredaja istog proizvodaca (11,15,16,20,21).
U longitudinalnim je studijama zato vrlo vazno upo-
trebljavati isti uredaj za sva snimanja (14-16).

Mnogi se autori slazu da su mjerenja vodorav-
nih udaljenosti na ortopantomografskim snimkama
neprecizna te ih ne treba provoditi (12,15,16,26). No
oni ne navode koje udaljenosti ne treba mijeriti te
uopcavaju svoju preporuku na sve vodoravne uda-
ljenosti. Zato je cilj ovoga istrazivanja bio ocijeniti
preciznost mjerenja razli¢itih vodoravnih udaljeno-
sti na panoramskim snimkama.

Materijal i metode

Razli¢ite vodoravne udaljenosti (Slika 1) izmje-
rene su na 25 donjih celjusti sa Zavoda za anatomi-
ju Medicinskog fakulteta Sveugilista u Zagrebu. Ce-
ljusti predstavljaju slucajno odabrani uzorak, 16 je
bilo muskih i 9 Zenskih, s intervalom starosti od 27
do 78 godina. Dentalni status odabranih ¢eljusti va-
rirao je od potpuno ozubljenih do potpuno bezubih
celjusti.
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Co-Co = udaljenost izmedu najvisih tocaka lijevog i desnog kondilarnog proccessusa,

PM-PM = udaljenost izmedu najvisih tocaka lijevog i desnog koronoidnog proccessussa,

Inc-Inc = udaljenost izmedu najnizih tocaka lijeve i desne incizure,

Go-Go = udaljenost izmedu lijeve i desne tocke gonion,

W,R-W, L = udaljenost izmedu desne i lijeve tocke prednje Sirine ramusa,

W_R-W_L = udaljenost izmedu desne i lijeve tocke straZnje Sirine ramusa,

R.LBM(S.)-LBM(FM) = udaljenost izmedu najniZe toc¢ke na donjemu rubu ¢eljusti u sagitalnoj liniji i toc¢ke u kojoj okomito
povucena crta kroz medijalni otvor foramena mentale sije¢e donji rub celjusti na desnoj strani,

L.LBM(S.)-LBM(FM) = udaljenost izmedu najniZe tocke na donjemu rubu ¢eljusti u sagitalnoj liniji i toc¢ke u kojoj okomito
povucena crta kroz medijalni otvor foramena mentale sije¢e donji rub ¢eljusti na lijevoj strani,

R.LBM(S.)-LBM(8.) = udaljenost izmedu tocke na donjemu rubu Eeljusti u sagitalnoj liniji i tocke u kojoj okomito povucena
crta kroz distalnu povrsinu krune zadnjega molara (ili medijalnoga ruba trigonum retromolare kod bezubih &eljusti) sijec¢e donji
rub celjusti na desnoj strani,

L.LBM(S.)-LBM(8.) = udaljenost izmedu najniZe to¢ke na donjemu rubu celjusti u sagitalnoj liniji i toc¢ke u kojoj okomito
povucena crta kroz distalnu povrSinu krune zadnjega molara (ili medijalnoga ruba trigonum retromolare kod bezubih Eeljusti)
sije¢e donji rub celjusti na lijevoj strani,

R.LBM(S.)-Go = udaljenost izmedu najniZe tocke na donjemu rubu éeljusti u sagitalnoj linij i tocke gonion na desnoj strani
celjusti,

L.LBM(S.)-Go = udaljenost izmedu najniZe tocke na donjemu rubu ¢eljusti u sagitalnoj liniji i tocke gonion na lijevoj strani
celjusti,

R.W = §irina desnog ramusa,

L.W = §irina lijevog ramusa,

R.Co.-PM = udaljenost izmedu navise tocke desnog processus condilaris i desnog processus coronoideus,

L.Co.-PM = udaljenost izmedu najviSe tocke lijevoga processus condilaris i lijevoga processus coronoideus.
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Razli¢ite udaljenosti oznacene su metalnim mar-

sti 0,1 mm (TMA MEBA, Republika Njemacka).
Mjerenja su prvo obavljena na ¢eljustima, nakon ¢e-
ga su celjusti snimljene ortopantomografskim ure-
dajem Orthophos D3200, serijski broj 07786, proi-
zvoda¢ Siemens, Republika Njemacka. Proizvodad
navodi ¢imbenik magnifikacije od 1,22x za svoj ure-
daj. Celjusti su za snimanje bile pozicionirane s po-

Posto su izradene panoramski snimke svih ¢elju-
sti, mjerenja su ponovljena na samim snimkama



A. Catic i sur.

Vodoravne dimenzije na ortopantomogramima

Kako bi se procijenila pouzdanost trojice ispiti-
vaca izraden je test pouzdanosti. Ispitivaci su dva
puta mjerili 5 vodoravnih parametara na 7 ¢eljusti i
na snimkama tih 7 ¢eljusti, s razmakom od 28 dana
izmedu mjerenja. Statisti¢ka rag¢lamba provedena je
metodom koju su predlozZili Slakter et al. (18) i Fle-
iss et al. (19). Intra-ispitivacka pouzdanost kretala
se je izmedu 0,91-0,98, u ovisnosti o mjerenoj va-
rijabli, a inter-ispitivacka pouzdanost kretala se
izmedu 0,90-0,96. Vrijednost pogrjeske mjerenja bi-
la je u rasponu od 0,0015-0,0026, §to se je smatralo
zadovoljavajuc¢im. Najkonzistentniji ispitiva¢ odre-
den je prema najnizoj vrijednosti standardne pogrje-
§ke izmedu mjerenja te je odlu¢eno da on mjeri sve
ostale varijable u ovoj studiji.

Mjerenja su najprije provedena na celjustima, a
zatim na ortopantomografskim snimkama istih tih
¢eljusti. Indeks povecéanja izracunat je za svaku va-
rijablu prema formuli: indeks povecanja = udalje-
nost_. . : udaljenost,

Celjusti (Xpoveéanje

rendgen ° Xc“:e]j usti) .

Statisti¢ki su obradeni rezultati svih mjerenja
standardnim metodama deskriptivne statistike (arit-
meti¢ka sredina (x), standardna devijacija (SD),
standardna pogrjeska (S.E.) i 95%-tni interval pou-
zdanosti). T-testom je usporedena znacajnost razli-
ke izmedu ¢imbenika magnifikacije izracunanih za
sve mjerene varijable i vrijednosti ¢imbenika mag-
nifikacije kojeg navodi proizvodac¢ uredaja (19).

Rezultati

Tablica 1 prikazuje vrijednosti vodoravnih uda-
ljenosti mjerenih na ¢eljustima i na njihovim orto-
pantomogramima (rendgen), te indekse povecanja
(izracunate prema formuli: Xpovecanie = Xrendgen * Xeelju-
.;)- Dio tablice oznacen slovom A prikazuje vrijed-
nosti vodoravnih varijabla koje prelaze sredinu ce-
ljusti. Dio tablice oznacen slovom B prikazuje vri-
jednost vodoravnih varijabla koje na prelaze sredi-

nu celjusti.

Tablica 1. Vrijednosti vodoravnih udaljenosti mjerenih na celjustima i na njihovim ortopantomogramima (rendgen) i izracunani in-

deksi povecanja

Table 1. Horizontal distances measured on the mandibles and their panoramic images mm (X-ray), as well as the magnification
indices calculated using the formula: X magnification. = Xray © X mandivte’ X = arithmetic mean, SD = standard deviation, S.E. -
standard error.

A = variables which extend across the midline of the mandible
B = variables which do not extend across the midline of the mandible (the ones which were measured on the left of the
right side of the mandible from the midline) '
RENDGEN CELJUST INDEKS S.E
X- RAY MANDIBLE INDEX
X SD X SD X SD
1. Co-Co 183,00 24,79 99,78 6,19 1,84 0,268 0,05
2. PM-PM 122,96 16,25 93,73 4,73 1,31 0,169 0,034
3. Inc - Inc 151,85 17,48 94,63 4,82 1,60 0,162 0,033 A
4. Go - Go 165,52 13,56 96,31 6,86 1,72 0,132 0,027
5. WR-WL 121,63 13,49 83,59 3,19 1,45 0,144 0,029
6. WR-WL 178,26 16,80 96,25 5,40 1,85 0,149 0,030
7a. R.LBM(S.) - LBM(FM) 28,11 3,64 28,35 2,71 0,99 0,128 0,026
7b. L.LBM(S.) - LBM(FM) 27,15 3,63 26,98 2,06 1,01 0,135 0,027
8a. R.LBM(S.) - LBM(8.) 62,61 6,33 60,46 4,41 1,04 0,089 0,018
8b. L.LBM(S.) - LBM(8.) 63,39 5,94 59,93 4,27 1,06 0,081 0,016
9a. R.LBM(S.) - Go 87,20 7,45 84,20 4,38 1,04 0,074 0,015 B
9b. L.LBM(S.) - Go 88,57 7,09 82,78 5,36 1,07 0,063 0,013
10a. R.W. 29,13 4,39 28,20 3,93 1,03 0,076 0,015
10b. L. W. 29,19 3,69 27,88 3,58 1,05 0,068 0,014
1la. R.Co-PM 32,63 4,91 33,40 3,18 0,97 0,087 0,018
11b. L. Co-PM 33,29 4,98 33,38 4,09 0,99 0,073 0,015

38 [AISIC]

Acta Stomatol Croat, Vol. 32, br. 1, 1998.



A. Catic¢ i sur.

Vodoravne dimenzije na ortopantomogramima

Tablica 2 prikazuje testove znacajnosti razlika
izmedu izra¢unanih indeksa povecanja (indeksi su
izracunati nakon mjerenja vodoravnih udaljenosti na
¢eljustima i njihovim ortopantomografskim snimka-
ma) i indeksa povecanja koji navodi proizvodac
(1,22x). Dio tablice oznacen slovom A prikazuje vri-
jednosti vodoravnih varijabla koje prelaze sredinu
Celjusti, a dio tablice oznacen slovom B prikazuje
vrijednosti vodoravnih varijabla koje ne pralaze sre-
dinu Celjusti.

Tablica 2. Testiranje znacajnosti razlika izmedu izracunanih
indeksa povecanja i indeksa koji navodi proizvodac
(1,22x)

Table 2. The significance of the difference between the cal-
culated magnification indices after the measurements
of the horizontal variables on the radiographs and
the mandibles and the mandibles and the magnifi-
cation index listed by the manufacturer of the devi-
ce used (1.22x); t = t value; p value; C.1. = 95% con-
fidence interval.

A = variables which extend across the midline of the
mandible.

B = variables which do not extend across the midli-
ne of the mandible (the ones which were measured
on the left of the right side of the mandible from the

midline)
t p ClL
1. Co-Co 12,4 <001 | 1,7-198
2. PM - PM 2,65 >0,01 | 1,23 - 1,39
3. Inc - Inc 11,52 | <0,01 | 1,52-1,68 | A

4. Go - Go .| 18,52 | <0,01 | 1,64 - 1,80
5. WR-W,.L 7,93 <0,01 | 1,37 - 1,53
6. WR-WL 21,00 | <0,01 | 1,77 - 1,93

7a. R. LBM(S.) -
- LBM(FM) -8,85 | <0,01 |10,93-1,05

7b. L. LBM(S.) -
- LBM(FM) -7,78 | <0,01 | 0,93 - 1,05

8a. R. LBM(S.) -
- LBM(8.) -10,17 | < 0,01 | 0,98 - 1,10

8b. L. LBM(S.) -
- LBM(8.) -10,06 | <0,01 | 1,00 - 1,12

9a. R.LBM(S.) - Go | -12,27 | <0,01 | 0,98 -1,10 | B

9b. L.LBM(S.) - Go | -11,92 | <0,01 | 1,04 - 1,10
10a. D. W. -12,80 | < 0,01 | 0,97 - 1,09
10b. L. W. -12,21 | <0,01 | 1,02 - 1,08
11a. D. Co - PM -13,67 | <0,01 | 0,91 - 1,03
11b. L. Co - PM -15,07 | <0,01 | 0,93 - 1,05

Rasprava

Kjellberg et al. (14) je dokazao da razli¢ito po-
zicioniranje ¢eljusti u radiografski uredaj, unutar
odredenih granica, ne utjece na rezultate mjerenja.
Imao je vede varijacije izmedu 3 razli¢ita uredaja ne-
go izmedu 3 razli¢ita poloZaja celjusti (one su bile
nagnute 10° anteriorno i posteriorno). Unato¢ nje-
govim nalazima, ¢eljusti su u ovome istraZivanju bi-
le paZzljivo pozicionirane u kefalostat sluZeci se or-
to-kriZom.

Vrijednost indeksa povecanja svih vodoravnih
udaljenosti koje se proteZzu samo s jedne strane Ce-
ljusti znatno su manje od indeksa povecanja koji na-
vodi proizvodac, s intervalom vrijednosti od 0,97 do
1,065 (Tablica 1B). To se odnosi na sve vodoravne
udaljenosti koje se nalaze samo na jednoj strani Ce-
ljusti ne prelazeci njezinu medijalnu liniju. Bez ob-
zira na to radi li se o udaljenosti na donjemu rubu
¢eljusti, Sirini ramusa (W), ili o udaljenosti izmedu
zglobnog misica i mi§iénog nastavka iste strane (Co-
-PM), indeks povecanja je stabilan i s vrijednoS$cu
koja je cca 1,00 (Tablica 1,2), §to je znatno preci-
znije nego §to to navodi proizvodac.

Za vodoravne udaljenosti koje prelaze srediSnju
liniju Celjusti (npr. udaljenost izmedu lijevog i de-
snog zglobnog nastavka (Tablica 1A) postoji veli-
ka razlika izmedu vrijednosti dobivenih mjerenjima
udaljenosti na ¢eljustima i na njihovim ortopanto-
mografskim snimaka (Tablica 2A). Vrijednosti iz-
mjerenih udaljenosti na snimkama bile su znatno ve-
ée od vrijednosti istih udaljenosti izmjerenih na ce-
ljustima. Zbog tih velikih razlika indeksi povecanja
za udaljenosti koje prelaze medijalnu liniju celjusti
znatno su vedi (1,45-1,85) od indeksa povecanja ko-
jeg navodi proizvodac uredaja, te se i statisti¢ki zna-
¢ajno razlikuju (Tablica 2A). Takva magnifikacija
tumaci se promjenom kuta ulaska sradi$nje zrake,
koji se mijenja u sredi$njem dijelu ¢eljusti u svrhu
kompenzacije njezine zakrivljenosti.

Svi uéinci distorzije struktura koje se ne nalaze
unutar snimanoga sloja, karakteristi¢ni za ortopan-
tomografsku tehniku snimanja, nastaju zbog razli-
¢itih ¢imbenika magnifikacije koji utjecu na vodo-
ravne i okomite dimenzije struktura koje su izvan
snimanoga sloja. Welander (20) je dokazao matema-
ticki, a Lund (11) empirijski da je snimani sloj, ili
Zari$na zona, uska u anteriornome dijelu celjusti, te
da se $iri prema lateralno u distalnome dijelu donje

Acta Stomatol Croat, Vol. 32, br. 1, 1998.
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Celjusti. Lund (21) je takoder pokazao da Zari$na zo-
na obuhvaca sve poloZaje zuba kod svih 240 paci-
jenata koji su sudjelovali u njegovu istrazivanju, ia-
ko su se frontalni zubi nalazili na samome rubu Za-
riSne zone.

Tornje (10) smatra da su linearna mjerenja oko-
mitih udaljenosti na ortopantomografskim snimka-
ma pouzdana ako je pacijent ispravno pozicionira,
ali odustaje mjeriti linearne udaljenosti u vodorav-
noj dimenziji smatrajuci ih nerealnim. Larheim (12)
je mjerio duzine zuba te je zakljucio da je 14%-17%
zuba nemjerljivo. Vecina nemjerljivih zuba bili su
frontalni, §to Larheim svoj nalaz pripisuje ¢injenici
da je upravo u anteriornoj regiji ¢eljusti najtanji Za-
ri$ni sloj (12).

Prema Midgradu, Bjorku i Linder-Aronsonu (25)
varijabilnost metode ne bi smjela prelaziti 3% ukup-
ne varijabilnosti u svrhu kvalitetnih mjerenja na bi-
lo kojim rendgenskim snimkama. Larheim (26) sma-
tra da prihvatljiva varijabilnost za okomite i angu-
larne varijable iznosti 1% ukupne varijabilnosti. Re-
zultati njegovih istraZivanja pokazuju da mjerenja
vodoravnih udaljenosti nisu dovoljno pouzdana, s
najvecom varijabilnosti u anteriornoj regiji.

Rezultati nasih istrazivanja pokazuju da je vodo-
ravne udaljenosti na ortopantomografskim snim-
kama moguce precizno mjeriti, no mjerenje mora bi-
ti samo na jednoj strani ¢eljusti, tj. mjerena udalje-
nost ne smije prelaziti sredi$nju liniju celjusti.

Svi izrac¢unani indeksi magnifikacije za udalje-
nosti koje ne prelaze sredinu ¢eljusti znatno su ma-
nji od indeksa magnifikacije koji navodi proizvodac
uredaja (Tablica 1,2). Dobiveni rezultati upucuju na
#injenicu da uporabljeni uredaj omogucuje precizno
jeriti vodoravne udaljenosti na panoramskim
-nimkama celjusti pod uvjetom da mjerene udalje-
nosti ne prelaze sredinu celjusti.

Razlika izmedu naSih nalaza i rezultata drugih is-
trazivanja moZze se tumaciti ¢injenicom da su nase
¢eljusti bile pozicionirane unutar Zari$noga sloja ure-
daja. Nasi nalazi sukladni su s Lundovim rezultati-
ma (21), a oprec¢ni nalazima Larheima i Tronjea
(26,10) jer nasi nalazi pokazuju da je prikaz vodo-
ravnih dimenzija donje ¢eljusti na ortopantomogra-
mu pouzdan dokle god se mjerene udaljenosti nala-
ze na jednoj strani Celjusti ne prelazeci njezinu sred-
nju liniju.

Navedene spoznaje vrlo su vazne u planiranju
protetske terapije ili oralnokirurskih zahvata (7,27),
u okolnostima kada nisu dostupne preciznije rendge-
noloske tehnike.

Zakljucci

Rezultati ra§¢lamba provedenih mjerenja raznih
udaljenosti na ¢eljustima i njihovim panoramskim
snimkama upucuju na zakljucak da je moguca upo-
raba ortopantomografije u mjerenju vodoravnih uda-
ljenosti. Vrijednosti dobivene na taj na¢in mogu po-
sluziti kao vrijedan klini¢ki orijentir uz jedan uvjet:
vodoravne udaljenosti koje se mjere moraju biti sa-
mo na jednoj strani ¢eljusti ne prelazeci njezinu
srednju liniju. Zato je ortopantomogram, unutar svo-
jih ogranicenja, pouzdano sredstvo prikaza odrede-
nih dimenzionalnih parametara.

Literatura

1. GOAZPW, WHITE SC. Oral radiology: principles and
interpretation, 3" edition, Mosby, St. Louis, 1994.

2. SWENSON HH, HUDSON JR. Rendgenographic exa-
mination of edentulous patients. J Prosth Dent 1967; 18:
304-307.

3. SPYROPOULOS ND, PATSAKAS AJ, ANGELOPO-
ULOS AP. Findings from radiographs of the jaws of
edentulous patients. Oral Surg 1981; 52: 455-459.

4. KOGON S, BOHAJ R, STEPHENS R. A survey of the
radiographic practices of general dentists for edentulo-
us patients. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod 1995; 80: 365-368.

5. CELEBIC A. et al. Radiographic study on the resor-
ption of the lower part of the mandible. Coll Antropol
(Suppl), 1994; 18: 87-892.

6. SOIKKONEN K, AINAMO A, XIE Q. Height of the
residual ridge and radiographic appearance of bony
structure in the jaws of clinically edentulous elderly pe-
ople. J Oral Rehab 1996; 23: 70-75.

7. KAFFE I et al. Location of the mandibular foramen in
panoramic radiographs. Oral Surg Oral Med Oral Pat-
hol 1994; 78: 662-669.

8.  WICAL KE, SWOOPE CC. Studies of residual ridge
resorption. Part I. Use of the panoramic radiographs for
evaluation and classification of mandibular resorption.
J Prosth Dent 1974; 1: 7-12.

9. ORTHMAN LF. Skeletal osteopenia and residual rid-
ge resorption. J Prosth Dent 1989; 61: 321-325.

40

Acta Stomatol Croat, Vol. 32, br. 1, 1998.



A. Catic i sur.

Vodoravne dimenzije na ortopantomogramima

10. TRONIE G, ELIASSON S, JULIN P, WELANDER U. 19. FREUND JE. Modern elementary statistics. 4® ed. Lon-
Image distortion in rotational panoramic radiography. don: Prentice Hall International, 1974.
II. Vertical distances. Acta Radiol (Diagn) (Stockh) 20. WELANDER U, WICKMAN G. Image distortion in
1981; 22:449-455. narrow beam rotation radiography: A mathematical
11. LUND TM, MANSON-HING LR. A study of the fo- analysis. Acta Tadiol (Diagn) (Stockh) 1978; 19:507-
cal troughs of three panoramic dental x-ray machines. -512.
Part II. Image dimensions. Oral Surg Oral Med Oral 21. LUND TM, MANSON-HING LR. Relations between
Pathol 1975; 39:647-653. tooth positions and focal troughs of panoramic machi-
12. LARHEIM TA, SVANEAS DB, JOHANNESSEN S. nes. Oral Surg Oral Med Oral Pathol 1975; 40:285-293.
Reproducibility of radiographs with the Orthopantomo- 22. HABETS LLMH, BEZUUR JN, Van OOIJ CP, HAN-
graph 5: Tooth-length assessment. Oral Surg Oral Med SSON TL. The orthopantomogram, an aid in diagno-
Oral Pathol 1984; 58:736-741. sis of temporomandibular joint problems. I. The factor
13. UPDEGRAVE WIJ. The role of panoramic radiograp- of vertical magnification. J Oral Rehab 1987; 14:475-
hy in diagnosis. Oral Surg Oral Med Oral Pathol 1966; -480.
22:49-57. 23. HABETS LLMH, BEZUUR JN, NAEIJE M, HAN-
14. KJELLBERG H. et al. Condylar height on panoramic SSON TL. The Orthopantomogram, an aid in diagno-
radiographs. A methodological study with a clinical ap- sis of temporomandibular joint pro‘t‘)lerr}s. II. The ver-
plication. Acta Odont Scand 1994; 52: 43-50 tl(?.al symmetry. J Oral Rehab 1988; 15:465-471.
15. LUND TM, MANSON-HING LR. A study of the fo- 2% TURP JC, VACH W, HARBICH K, ALT KW,
. . STRUB JR. Determining mandibular condyle and ra-
cal troughs of three panoramic dental X-ray machines. . ;
mus height with the help of an Orthopantomogram - a
Part I. The area of sharpness. Oral Surg Oral Med Oral lid method? J Oral Rehab 1996: 23:395-400
Pathol 1975; 39:318-328, vMaIi)GH:R];J 'BJOI;:IKCG‘: EINDER’ AléO _SO -S
16. McDAVID WD, TRONJE G, WELANDER U, MOR- 25 e, P ) RECL s
RIS C OSKI P. Imacine ch stics of producibility of cephalometric landmarks and errors of
R, NUM_MIK S +.lmaging ¢ arac'terlstlcs g measurements of cephalometric cranial distances. An-
seven panoramic X-ray units. Chapter 4. Horizontal and gle Orthod 1974; 44:56-61
vertical magnification. Dentomaxillofac Radiol 1985; - ' N
’ 26. LARHEIM TA, SVANAES DB. Reprodicibility of ro-
(Suppl 8):29-34. . X . . . .
) tational panoramic radiography: Mandibular linear di-
17. SLAKTER MJ, JULIANO DB, FISCHMAN ST. Esti- mensions and angles. Am J Orthod Dentofac Orthop
mating examiner consistency with DMFS measures. J 1986; 90:45-51.
BerBResHISIoR et 27. JENNIGS KJ. ITI hollow-cylinder and  llcw-screw
18. FLEISS JL, SLAKTER MJ, FISCHMAN SL, PARK implants: Prosthodontic managemer: < >¢ it ou
MH, CHILTON NW. Inter-examiner reliability in ca- using overdentures. Int J Oral Max 1. ol ot
ries trials. J Dent Res 1979; 58: 604-609. 1991; 6: 202-206
Acta Stomatol Croat, Vol. 32, br. 1, 1998. 41



Assement of the Precision of
Horizontal Measurements on
Orthopantomographic
Radiographs

Summary

Objectives: The aim of this study was to evaluate the precision of
the horizontal dimensional measurements on orthopantomographic ima-
ges by the Orthophos D3200° (Siemens, Germany), and therefore to
evaluate their dimensional reliability.

Material and Methods: Different distances denoted by metal mar-
kers were measured on 25 dry mandibles. The same mandibles were
then positioned in an orthopantomographic machine Orthophos D3200°
(Siemens, Germany) and their radiographic images were made. Mea-
surements of the same distances were repeated on the panoramic ima-
ges and compared to the results of the measurements on the dry man-
dibles. All results were statistically analyzed.

Results: The calculated magnification factors for the horizontal me-
asurements, not traversing the midline of the mandible, ranged betwe-
en 0.97 and 1.065. These values were smaller than those declared by
the manufacturer of the X-ray device (1.22x), with a statistically signi-
ficant difference between the indices. The calculated magnification fac-
tors for the horizontal measurements traversing the midline of the man-
dible ranged from 1.45 to 1.85, which was significantly larger than the
declared values by the manufacturer of the orthopantomographic mac-
hine.

Conclusion: Measurements made only on one side of the mandible
were very close to actual dimensions of dry mandibles, and therefore
representative for those distances. The measurements which extended
across the midline of the mandible were greatly enlarged, due to a large
magnification factor. Thus, the distances which traverse the midline of
mandible should not be measured.

Key words: orthopantomography, magnification index
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Introduction

Orthopantomography is a widely accepted tec-
hnique of panoramic radiography of the oral region
for producing a single image of the facial structu-
res, including both maxillary and mandibular arches
with temporomandibular joints and their supporting
structures. During the exposures, both the cassette
with the X-ray film and the X-ray tube orbit the pa-
tients head which has to be still (1). It is also im-
portant that the patient’s head is properly positio-
ned and always held the same way, which is accom-
plished by using a plastic cephalostat, which is a part
of the standard equipment of most orthopantomo-
graphic machines. It helps to center the patient in
the focal trough of the machine in a repeatable way,
to allow comparison of radiographs of the patient’s
status acquired before, during and after the treatment
(D.

Orthopantomography is also used for screening
patients before the prosthetic treatment as it may so-
metimes reveal roots, cysts, foreign bodies and even
neoplasms in completely edentulous jaws with no
clinically visible signs (2-4). It also helps in evalu-
ation of resorptive and osteopenic processes of the
jaws (5-9).

The role of orthopantomographic technique is al-
so important in implantology, as it offers informa-
tion about the vertical dimension of the bone and lo-
cations of certain anatomical structures in the oro-
facial region (7). Today, other more precise techni-
ques, such as the computed tomography or the mag-
netic resonance imaging, have improved the implan-
tology treatment planning due to higher precision,
although these techniques also raise the treatment
cost.

Precise measurements on the panoramic radio-
graphs could include considerable methodological
errors. The main drawback in clinical use of ortho-
pantomography is the inability to confirm whether
the dimensions of the structures shown on radiograp-
hs correspond to the real dimensions of the expo-
sed structures. The dimensions on the radiograph are
influenced by two types of distortions and magnifi-
cations. One type of inaccuracy 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

center of the machine, closer to the X-ray tube, the
image is more magnified and opposite, if the object
is placed more anteriorly, closer to the X-ray film,
the image of the object is smaller than the exposed
structures (1,10,11). Another inaccuracy is due to the
difference between the velocity of the film and the
velocity of the projection of the object on the film.
If the film is moving past the slot in the film shield
too quickly, too much film becomes available for the
object and the object is magnified. Conversly, if the
film moves past the slot too slowly, not enough film
is available and the object is demagnified. In the
sharply depicted plane the image is free from distor-
tion, meaning that the magnification factor is the sa-
me for both the vertical and horizontal plane. Objec-
ts outside this layer will appear distorted and mag-
nified of demagnified.

The panoramic image is therefore affected by
both magnification errors and displacement. Accor-
ding to some authors all horizontal distances are par-
ticularly unreliable as a result of the non-linear va-
riation in the magnification at different object dep-
ths, whereas vertical distances are relatively relia-
ble (10-16, 19-23). Distortion, displacement and ma-
inly the magnification cause changes in dimensions
of filmed structures on their radiographic images
(11,13,14).

Numerous different radiographic machines are
offered by different manufactures. The magnifica-
tion factor varies from on manufacturer to another,
due to different projection geometries of the diffe-
rent radiographic machines, as described by Lund
and Welander (11,15,16,20,21). This will result in
differences in magnification and in the amount of
distortion and displacement of structures, if they are
out of the focal trough (15,16). The magnification
factor can vary from one apparatus to another even
if they are made by the same manufacturer. It is, the-
refore, essential to use the same type of panoramic
machine in longitudinal studies (14-16).

Although many authors do not advise horizontal
measurements on orthopantomographic radiograp-
hs (12,15,16,26), they do not discuss which horizon-
tal distances are inaccurate, but refer to all of them.
Therefore, the aim of this study was to evaluate the
precision of the horizontal dimensional measure-
ments on the panoramic radiographs.
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Material and Methods

Various horizontal distances (Figure 1a) were
measured on 25 dry mandibles acquired from the
Department of Anatomy, School of Medicine, Uni-
versity of Zagreb. The mandibles were randomly se-
lected, 16 were male and 9 were female. Age vari-
ed between 27 and 78 years. Dental status varied
between the selected mandibles from fully dentate,
completely edentulous.

Metal markers shaped in 1 mm? 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 precise slinding ruler with preci-
sion of 0.1 mm (TMA MEBA, Germany). Following
the first step, all 25 mandibles were exposed in an
orthopantomographic machine Orthophos D3200®
serial number 07786, manufactured by Siemens,
Germany. The manufacturer lists the magnification
factor of 1.22x for the apparatus used to make or-
thopantomographic images. During exposures, dry
mandibles were centered, using the cephalostat of
the machine, in the midline of the orthopantomo-
graph and horizontally perpendicular to the midli-
ne, with light-cross of the orthopantomograph as a
guide.

The same horizontal distances which had been
measured on the dry mandibles were then measu-
red on the radiographs of the same mandibles. (Fi-
gure 1b).

A reliability test was designed to asses the rela-
bility of 3 different examiners. The examiners me-
asured 5 horizontal parameters on 7 mandibles, as
well as on their images twice during a one - month
period. Statistical analysis for intra-and inter-exami-
ner reliability was performed according to the met-
hod proposed by Slakter et al. (18) and Fleiss et al.
(19). Intra-examiner reliability varied from 0.91-
-0.98, depending on the measured variable, while in-
ter-examiner reliability varied from 0.90-0.96. The
measurement error varied in the range of 0.0015-
-0.0026, which was considered satisfactory. The mo-
st consistent examiner was determined by the lowest
standard error within the measurements, so he me-
asured all the other variables for this experiment.

The measurements were made first on the dry
mandibles and then on their orthopantomographic-

images. The magnification index was calculated for
each variable using the formula: magnification in-

dex = distance . :distance
radiograph
X

dry mandible (Xmagnification =
_ray : 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 =X-_ !X ) and the value of

magnification _ray mandible

the magnification listed by the manufacturer (19).

Results

Table 1 shows the descriptive statistics
(x,SD,S.E.) for all horizontal variables a) on the
mandibles; b) on the radiographs; c) for the calcu-
lated magnification index (using the formula: x .
fication = X7ray © Xmanainie)- £alt Of the table denoted by
A shows the horizontal variables measured only on
one side of the mandible (or orthopantomogram).

Table 2 shows the 95% confidence interval of the
magnification indices calculated for the horizontal
variables using the formula X aguificaion — *ray * Fmmandic
e @8 Well as the t-test between the aritmetical me-
ans of the indices which were calculated after the
measurements, and the magnification index of 1.22x
listed by the manufacturer of the orthopantomograp-

hic device used in this study.

Discussion

Kjellberg et al. (14) showed that within certain
boundaries positioning of mandibles in the radio-
graphic machine does not affect the results of mea-
surements. He found larger variations between three
different machines than between three different man-
dible positions (mandibles were tilted 10° anterior-
ly and posteriorly). Nevertheless, the mandibles in
this study were carefully centered in the cephalostat
by using the light cross of the orthopantomograp-
hic machine.

Values of all the horizontal distances which spre-
ad only on one side of the mandible had low calcu-
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lated magmﬁca‘uon indices (formula: x_ . ., =X
vy * Xonan 4ine) With values from 0.97 do 1.065 (Table
1B), which are significantly lower than the manu-
facturer’s magnification index (Table 2B). This re-
fers to all horizontal distances regardless of the he-
ight on which they were measured, since the verti-
cal width of the beam is larger than the horizontal
width. The vertical dimension of the beam allows a
large area of an object to be sharply projected. The-
refore, whether it is the lower border of the mandi-
ble, the ramus width (W), or the distance between
the condylar and the muscular processes of the sa-
me side (Co-PM), the magnification index is close
to 1.00 (Table 1,2) and even more precise than the
manufacturer declares.

For all the horizontal distances which extend
across the midline of the mandible (i.e. distance bet-
ween the left and the right condylar process (Table
1A) there is a great diference between measurements
obtained for the same distances on the dry mandi-
bles and on their orthopantomograms (Table 2A).
The values of the measured distances on orthopan-
tomograms were much larger than the values obta-
ined for the same distances on the dry mandibles.
Such large differences made the magnification in-
dices (calculated using the formula x = X-

DX e TOT distances extending acrgginiﬁaém;mdhne
of the mandible larger (1.45 - 1.85) than the mag-
nification index listed by the manufacturer of the ap-
paratus (Table 2A). Statistical analysis shows sig-
nificant difference between the two indices (Table

2A).

All characteristic distortion effects inherent in the
orthopantomographic technique are due to the dif-
ferent magnification factors which are valid for the
vertical and horizontal dimensions, outside the cen-
ter of a sharply depicted layer or the focal trough.
Welander (20) has shown mathematically, and Lund
(11) through his experiments, that the focal trough
on the orthopantomograph is narrow in the anterior
region and flares laterally in the posterior region.

Lund (21) also showed that the focal trough of
the orthopantomograph encompassed all tooth po-
sitions of 240 patients, although anteriorly tooth cen-
ters lay on the edges of the trough.

Tronje (10) stated that horizontal assessments of
linear dimensions are unreliable on the orthopanto-
mogram, while vertical dimensions are reliable if pa-

tients are correctly positioned. Larheim (12) mea-
sured tooth lengths and found out that 14%-17% of
the teeth were unmeasurable, mostly in the anterior
region, because of the thinnest image layer.

According to Midgard, Bjork and Linder-Aron-
son (25) the method variance should not exceed 3%
of the total variance for appropriate measurements
on X-ray images. Larheim (26) found acceptable re-
producibility for vertical and angular variables on
the orthopantomographic images not exceeding 1%
of the total variance, while horizontal variables we-
re more unreliable, with the greatest variation in the
anterior region, as reflected by the greatest SD. If
the skull was tilted 15° posteriorly during one seri-
es of exposures, the results were almost the same,
again with the greatest variability in the anterior ra-
gion.

The results of our measurements show that it is
possible to precisely measure horizontal distances on
the orthopantographic radiograph as long as the di-
stance is only on one side of mandible, either left
or right, but the distance must not traverse the mi-
dline of the mandible.

All of the magnification indices which were cal-
culated from the measurements of the data, not ex-
tending across the midline of the mandible on the
images, are significantly lower than the magnifica-
tion index listed by the manufacturer of the appa-
ratus (Table 1,2). These results point to the fact that
this machine enables precise measurements on ra-
diographs of the jaws in the horizontal dimension,
as long as the distance measured does not traverse
the midline of the mandible.

This difference of our findings and the results
from other authors could be due to the fact that our
mandibles were encompassed in the focal trough of
the machine, which is in agreement with Lund (21).
Larheim (12) did not measure horizontal variables
on dry skulls because his previous clinical results
showed inadequate precision for this type of mea-
surement. In contrast to the findings of Larheim and
Tronje (26,10) our results indicate that horizontal
measurements are reliable as far as they are measu-
red only on one side of the mandible.

All this of great importance when planning fu-
ture prosthetic therapy, surgical treatments or when
planning the location of implants (7,27), when mo-
re precise techniques are not available.
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Conclusions

The results of the analysis of the measurements
on the dry mandibles and their panoramic images
point to the conclusion that it is possible to use or-
thopantomography for linear measurements of ho-
rizontal variables only on one side of the mandible.
The data acquired in such a manner can be used as
reliable orientation with one observation: dimensi-
ons of the structures on the radiographic image are
similar to the actual dimensions of filmed structu-
res, as long as the distances measured do not tra-
verse the midline of the mandible.

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

Figure 1a,b, Figure 2. Horizontal measurements on dry mandi-
bles

1.  Co - Co = distance between the highest points of the left
and the right condylar process,

2 PM - PM = distance between the highest points of the
left and the right coronoid process,

3. Inc - Inc = distance between the lowest points of the left
and the right incisurae,

4. Go - Go = distance between the left and the right goni-
on point,

5% W,R - W,L = distance between the right and the left
anterior point of the ramus width,

6. W,R - W_L = distance between the right and the left

posterior point of the ramus width,

7a.

7b.

8a.

8b.

9a.

9b.

10a.
10b.
11a.

11b.

R.LBM(S.) - LBM(FM) = distance between the lower
border of the mandible in sagital line and the point whe-
re a perpendicularly drawn vertical line from the medial
opening of the right mental foramen crosses the lower
border of the right side of the mandible,

L.LBM(S.) - LBM(FM) = distance between the lower
border of the mandible in the sagital line and the point
where a perpendicularly drawn vertical line from the me-
dial opening of the left mental foramen crosses the lo-
wer border of the left side of the mandible,
R.LBM(S.) - LBM(8.) = distance between the lower bor-
der of the mandible in the sagital line and the point whe-
re a perpendicularly drawn vertical line from the distal
surface of the crown of the right third molar (or mesial
part of the trigonum retromolare in the edentulous jaws)
crosses the lower border of the right side of the mandi-
ble,

L.LBM(S.) - LBM(8.) = distance between the lower bor-
der of the mandible in the sagital line and the point whe-
re a perpendicularly drawn vertical line from the distal
surface of the crown of the left third (or mesial part of
the trigonum retromolare in the edentulous jaws) crosses
the lower border of the left side of the mandible,
R.LBM(S.) - Go = distance between the lower border
of the mandible in the sagital line and the gonion point
of the right side of the mandible,

L.LBM(S.) - Go = distance between the lower border of
the mandible in the sagital line and the gonion point of
the left side of the mandible,

R.W. = width of the right ramus,

L.W. = width of the left ramus,

R.Co.-PM = distance between the highest point of the
right condylar process and the highest point of the right
coronoid process,

L.Co.-PM = distance between the highest point of the left
condylar process and the highest point of the left coro-
noid process.
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