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Sazetak

Radiolosko istrazivanje kvalitete kostane strukture mandibule jako je vazno u odre-
divanju svih oblika stomatoloske terapije, pa tako i ortodontske.

Svrha istrazivanja bila je linearnim radiomorfometrijskim indeksima odrediti deblji-
nu korteksa donjeg ruba mandibule i ustanoviti prije pocetka ortodontske terapije
je li u korelaciji s pacijentovom dobi, spolom i vrstom anomalije.

Sudjelovalo je sedamdeset i sedam ispitanika - 30 djecaka (42,8%) i 47 djevojci-
ca (57,2%).

Statisti¢ka analiza pokazala je da nema znatnih razlika izmedu izmjerenih vrijedno-
sti za mentalni i antegonialni indeks (p>0,05). Vrijednost gonialnog indeksa izmje-
renog na desnoj strani bila je znatno veca negoli na lijevoj (p<0,05). Vrijednosti line-
arnih radiomorfometrijskih indeksa povecavaju se s dobi. Debljina korteksa donjeg
ruba mandibule izmjerena na angulusu pokazala je najvece vrijednosti u skupini is-
pitanika s klasom 1l (p<0,01). Na temelju rezultata mozZe se zakljuciti da bi primjena
linerarnih radiomorfometrijskih indeksa mogla biti klini¢ki vazna za evaluaciju rasta
i razvoja mandibule i za pracenje rezultata ortodontske terapije.

Zaprimljen: 10. ozujka 2006.
Prihvacen: 22. svibnja 2006.

Adresa za dopisivanje

Dr. sc. Dubravka Knezovi¢ Zlataric¢
Zavod za stomatolosku protetiku
Stomatoloskog fakulteta u Zagrebu
Gunduli¢eva 5

10000 Zagreb

dkz@email.htnet.hr

Kljuéne rijeci
debljina korteksa; mandibula;
ortodontska anomalija

Uvod

Radiolosko istraZivanje kvalitete koStane struk-
ture mandibule vrlo je vaZno u planiranju svih obli-
ka stomatoloske terapije, pa tako i ortodontske.

U tu svrhu koriste se mnoge kvantitativne i kva-
litativne analize, primjerice denzitometrija (1-4)

Introduction

Radiographic assessment of “bone quantity* is
of great value in planning further dental treatment,
orthodontics included.

A large number of quantitative and qualitative
measurements of mandibular bone from radiograp-
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i morfometrija (1, 2, 4, 5), a najceS¢a rendgenska
snimka koja se koristi za dijagnozu i plan terapije u
svakodnevnoj praksi jest ortopanomogram.

Neki kvalitativni, ali 1 kvantitativni indeksi, kao
Sto su mandibularni kortikalni indeks (6), indeks
kvalitete koStanog tkiva (7), panoramski mandi-
bularni indeks (8) i debljina korteksa donjeg ruba
mandibule (8-10) koriste se na ortopamtomogrami-
ma kako bi se odredila kvaliteta kosti i prepoznali
simptomi resorpcije i osteoporoze.

U dosadasnjim istraZivanjima dokazani su utje-
caji dobi, spola i indeksa tjelesne mase na razlici-
te kvantitativne i kvalitativne mandibularne indekse
(1, 2, 4-6), ali nema studija u kojima bi se upozora-
valo na utjecaj razlicitih ortodontskih anomalija na
vrijednosti lineranih radiomorfometrijskih indeksa.

Svrha istrazivanja bila je linearnim radiomorfo-
metrijskim indeksima odrediti debljinu korteksa do-
njeg ruba mandibule i ustanoviti prije pocetka or-
todontske terapije je li u korelaciji s pacijentovom
dobi, spolom i vrstom anomalije.

Ispitanici i postupci

Uzorak

Kao uzorak odabrani su pacijenti Zavoda za or-
todontciju Klinike za stomatologiju KBC-a Zagreb.
Svima su rutinski, u dijagnosticke svrhe, snimlje-
ni ortopantomogrami i laterolateralne snimke gla-
ve. Eticko povjerenstvo Stomatoloskog fakultatu
odobrilo je to istraZivanje, buduéi da su rendgenske
snimke bile u dijagnosticke svrhe kako bi se pla-
nirala ortodontska terapija. Roditelji svih ispitanika
potpisali su pristanak.

Izabrani uzorak ¢inilo je 77 pacijenata - 30 dje-
caka (42,8%) i 47 djevojcica (57,2%). Svi su podi-
jeljeni su u tri dobne skupine prema stupnju dental-
ne zrelosti: prva skupina sastojala se od ispitanika
u dobi od 6 do 12 godina (26 ispitanika, 33,8%),
druga skupina od ispitanika dobi od 13 do 15 go-
dina (33 ispitanika, 42,9%) i u trecoj su skupini bi-
li ispitanici u dobi od 16 do 18 godina (18 ispitani-
ka, 23,4%).

Klasifikacija ortodontskih anomalija

Temeljem rendgenkefalometrijske analize is-
pitanici su podijeljeni u tri skupine skeletnih ano-
malija: klasa II/2 (20 pacijenata - 26%), klasa 111
(30 pacijenata - 35%) i skeletni otvoreni zagriz (27
pacijenata - 39%).
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hs have been devised for this purpose, including
densitometry (1-4) and morphometry (1, 2, 4, 5).
The most common radiographic method for appli-
cation in general practice is panoramic radiograph,
which is often used for the diagnosis and treatment
planning.

Some qualitative, as well as quantitative indices,
such as mandibular cortical index (6), bone quali-
ty index (7), panoramic mandibular index (8) and
mandibular cortical thickness measured at different
regions of the lower border of the mandible (8-10)
have been used on panoramic radiographs to assess
the bone quality and to find the signs of resorption
and osteoporosis.

Previous studies have already demonstrated the
influence of age, gender and body mass index on di-
fferent qualitative and quantitative mandibular indi-
ces (1, 2, 4-6) but there are no reports of the influen-
ce of different types of malocclusion on the values
of linear radiomorphometric indices.

The aim of this study was to assess the cortical
thickness of the lower border of the mandible and to
determine its correlation with different age, gender
and malocclusion category.

Materials and methods

The sample

The patient sample was selected from patients
at the Department of Orthodontics, School of Den-
tal Medicine, University of Zagreb. All patients had
panoramic radiograph (PR) and lateral cephalograms
prior to orthodontic treatment. Ethics Committee of
the School of Dental Medicine approved the inve-
stigation. The informed consent was signed by a pa-
rent.

There were 77 patients - 30 boys (42.8%) and 47
girls (5§7.2%). The patients were classified into three
different age groups according to the dental maturi-
ty: group 1 consisted of patients from 6 to 12 years
old (26 subjects, 33.8%), group 2 consisted of pa-
tients from 13 to 15 years old (33 subjects, 42.9%)
and group 3 consisted of patients from 16 to 18 ye-
ars old (18 subjects, 23.4%).

Classification of orthodontic anomalies

Cephalometric analysis was used to assess dif-
ferent types of skeletal malocclusions. The subjects
were classified in three malocclusion groups: Class
1172 (20 patients, 26%), Class III (30 patients, 35%)
and skeletal open bite (27 patients, 39%).
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Radiografsko istraZivanje

Ortopantomogrami svih ispitanika snimljeni su
pri stalnoj struji od 16 mA i ekspoziciji od 16 sekun-
di pod naponom od 65 do 78 kV (Siemens, Ortho-
pos, Germany). Slike su snimljene Kodakovim fil-
mom i razvijale su se 12 minuta u automatskoj
tamnoj komori (Diirr Dental XR 24 Nova).

Linearna radiomorfometrijska mjerenja

Za procjenu linearnih radiomorfometrijskih in-
deksa Celjusti ortopantomogrami su promatra-
ni na negatoskopu sa zamuéenim izvorom svjetlo-
sti. Mjerenja su obavljena povecalom s povecanjem
od 4x (Ghetaldus, Zagreb, Hrvatska) i pomi¢nom
mjerkom (MEBA, Zagreb, Croatia) s precizno$éu
od 0,01 mm.

Slika 1. CrtezZ prikazuje mjerenje mentalnog indeksa (MI).
Linija (b) povucena je kao okomica na tangentu
(a) donjeg ruba mandibule kroz srediste foramena
mentale. Sirina korteksa donjeg ruba mandibule
izmjerena je duz te linije.

Figure 1 Diagram showing the measurement of the mental
index (MI). A line (b) was drawn perpendicular
to the tangent (a) to the lower border of the
mandible and through the center of the mental
foramen. Measurement was made along this line
of cortical width.

Debljina korteksa donjeg ruba mandibule

Radiographic Examination

Dental PR was performed with a constant cu-
rrent of 16 mA and an exposure time of 16 sec; the
kV varied between 65 and 78 kV (Siemens, Ortho-
pos, Germany). Images were recorded using Kodak
film. All films were processed in an automatic dark
chamber processor (Diirr Dental XR 24 Nova) for
12 minutes.

Linear radiomorphometric assessment

To assess cortical thickness of the mandible, the
dental panoramic radiographs were viewed using a
flat view box in a room with subdued light. Mea-
surements of the linear radiomorphometric indices
were made using an x 4 magnifying loupe (Gethal-
dus, Zagreb, Croatia) and a precise caliper with the
precision of a 0.1 mm (MEBA, Zagreb, Croatia).

|I "-. \

Slika 2. Crtez prikazuje mjerenje antegonialnog indeksa
(Al) i gonialnog indeksa(Gl). Za Al, linija (b) je
povucena u produZetku prednjeg ruba uzlaznog
kraka manidbule do donjeg ruba mandibule. Linija
(c) povucena je okomito na tangentu (a) donjeg
ruba mandibule i duzZ te linije izmjerena je debljina
kortikalnog ruba. Za mjerenje Gl-a, povucena je
linija (d) okomito na tangentu (a) donjeg ruba
mandibule kroz gonion, te je na njoj izmjerena
sirina kortikalnog ruba.

Figure 2 Diagram showing the measurements of
antegonion (Al) and gonion (GI) indices. For Al,
line (b) best fitting on the anterior border of the
ascending ramus down to the lower border on
the mandible was drawn through the tangent (a)
to the lower border of the mandible. Line (c) was
drawn perpendicular to the tangent (a) and the
measurement was made along this line of cortical
width. For Gl, line (d) was drawn perpendicular
to the tangent (a) to the lower border of the
mandible and through the gonion. Measurement
was made along this line of cortical width.
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Sljedeci linearni radiomorfometrijski indeksi iz-
mjereni su na ortopantomogramima: debljina korti-
kalne kosti donjeg ruba mandibule ispod mentalnog
otvora (mentalni indeks - MI), na angulusu mandi-
bule (gonialni indeks — GI) i u projekciji prednjeg
ruba vertikalnog kraka mandibule na antegonionu
(antegonialni indeks — AI).

Ve¢ su opisane metode mjerenja debljine kortek-
sa na gonionu GI (8), antegonionu Al (9) ispod fo-
ramena mentale MI (10) na donjem rubu mandibu-
le. (Slike 1.1 2.).

Konzistencija ispitivaca

Indekse na ortopantomogramima odredivala su
Cetiri iskusna ispitivaca (ve¢ su radili s linearnim
radiomorfometrijskim indeksima) i Sest op¢ih sto-
matologa (bez iskustva, pa im je bilo potrebno dati
preliminarne upute o spomenutoj metodi). Sva mje-
renja ponovljena su za tjedan dana. Nije ustanovlje-
na statisti¢ki znatna razlika izmedu prvog i drugog
mjerenja (p=0,80 za opce stomatologe; p=0,89 za
stomatologe s iskustvom; t-test).

Statisticka analiza

Rezultati su analizirani pomocu statistickog pa-
keta SPSS 10,0 (SPSS for Microsoft Windows,
Academic Computing Facility, New York Univer-
sity, 1998.).

Za odredivanje normalnosti distribucije izmje-
renih varijabli koristio se Kolmogorov-Smirnovljev
test. Bududi da su rezultati pokazali normalnu dis-
tribuciju (p>0,05), za daljnju analizu su se koristili
parametrijski testovi.

Srednje vrijednosti linerarnih radiomorfometrij-
skih indeksa, izmjerenih na lijevoj i desnoj strani
mandibule, usporedene su pomocu t - testa.

T — test za nezavisne uzorke koristio se za us-
poredbu srednjih vrijednosti izmjerenih varijabli iz-
medu spolova (p<0,01).

One-way ANOVA i post—hoc Scheffeov test po-
sluZili su za odredivanje razlika izmedu izmjerenih
varijabli, ovisno o dobi i ortodontskoj anomaliji.

Rezultati

Sva mjerenja na ortopantomogramima obavlje-
na su obostrano.

T - test je pokazao da nema statisticki znatne razli-
ke za MI i Al izmedu desne i lijeve strane mandibule
(p>0,05). Statisticki znatne razlike pronadene su izme-
du vrijednosti lijevog i desnog Gl-a (t=-3,858; df=76;
p<0,05); GI na desnoj strani mandibule bio je statistic-
ki znatno veci nego na lijevoj strani (Slika 3.).
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The following linear radiomorphometric indices
on the lower border of the mandible were measured:
cortical thickness below the mental foramen (men-
tal index - MI), at the angle of the mandible (gonion
index - GI) and the projection of the vertical part of
the mandible on antegonion (antegonial index - AI).
The methods of measuring cortical width at gonion
GI (8), antegonion Al (9) and below the mental fo-
ramen MI (10), on the lower border of the mandible
have been described (Figures 1 and 2).

Observer consistency

Four experienced observers and six inexperi-
enced general dental practitioners assessed indices
on all dental panoramic radiographs and the mea-
surement was repeated after a week interval. There
was no significant difference between the first and
the second measurement (p= 0.80 for the general
practitioners, p=0.89 for the experienced obser-
vers; paired t-test).

Statistical Analysis

The data were analyzed by the SPSS 10.0 stati-
stical package (SPSS for Microsoft Windows, Aca-
demic Computing Facility, New York University,
1998).

One-sample Kolmogorov-Smirnov test was used
to analyze the normality of the distribution of all
the indices measured in this study. The results had
shown normal distribution (p>0.05) and parametric
tests were used in the further statistical analysis.

Paired-samples t-test was used to compare the
mean values of linear radiomorphometric indices
measured on the left and on the right side of the
mandible.

Independent t-test was used to compare all mean
values between gender (p<0.01).

One-way ANOVA and post — hoc Scheffee’s test
were used to test the significance of the mean valu-
es within the different age and malocclusion cate-
gories.

Results

All measurements in this study were made bila-
terally on the panoramic radiographs.

Paired-samples t-test revealed no statistically si-
gnificant difference for the MI and Al between the
left and the right side of the mandible (p>0.05),
but statistically significant difference was found
between the left and the right GI (t=-3.858; df=76;
p<0.05); GI on the right side of the mandible was si-
gnificantly higher than on the left side (Figure 3).
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Slika 3. Srednje vrijednosti (x) i standardne devijacije (s.d.) izmjerenih vrijednosti gonialnog indeksa (Gl), antegonialnog
indeksa (Al) i mentalnog indeksa (MI) na lijevoj i desnoj strani mandibule; left = lijevo; right = desno
Figure 3 Distribution of the gonion (Gl), antegonion (Al) and mental (M) indices measured on the left and the right side of the

mandible

Zbog toga su se srednje vrijednosti lijevog i de-
snog Ml-a i Al-a koristile za daljnju statisticku ana-
lizu.

Srednje vrijednosti i standardne devijacije men-
talnog (MI) i antegonialnog indeksa (Al), te lijevog
(GI-lijevi) i desnoga gonialnog indeksa (GI-desni),
ovisno o spolu i dobi predstavljene su na Slikama
4.-7.

Rezultati su pokazali da nema statisticki znatne
razlike za sve indekse ovisno o spolu (p>0,05), ali
je statisti¢ki znatna razlika pronadena za desni GI,
te Al i MI - ovisno o dobi, s time da je vrijednost in-
deksa rasla proporcionalno s dobi (Slike 4. - 7, Ta-
blica 1.) (p<0,01). Vrijednost desnoga Gl-a takoder
raste s dobi, ali razlike nisu dosegnule razinu znat-
nosti (p<0,01).

Therefore, the mean values of the right and the
left side MI and Al were used in all further statisti-
cal analyses.

Mean values and standard deviations of mental
(MI) and antegonion indices (Al), as well as left go-
nion (GI-left) and right gonion indices (GI-right),
dependent on gender and age groups are shown in
Figures 4 to 7.

The results revealed no statistically significant
differences for all indices dependent on gender
(p>0.05), but the statistically significant difference
was found for Gl-right, Al and MI dependent on the
age group with the values of the indices increasing
with age (Figures 4-7, Table 1) (p<0.01). The values
of Gl-left also increased with age, but they did not
reach the level of significance (p<0.01).

Tablica 1. Znatnost razlika izmedu lijevog i desnoga gonionalnog indeksa (GIL-lijevi, GID-desni), antegonionalnog indeksa (Al) i
mentalnog indeksa (M) za razli¢ite dobne skupine pacijenata (p<0,01).
Table 1 Significance of the differences in left and right gonion (GIL-left, GID-right), antegonion (Al) and mental (MI) indices

between age groups of the patients (p<0.01)

Linearni radiomorfometrijski | Stupnjevi Fovrii Razina
. N -vrijednost ® DI
indeksi ® Linear slobode © Fovalue znacajnosti ®
radiomorphometric indices Df p
GIL 2 2,391 0,099
GID 2 6,272 0,003*
Al 2 11,601 0*
MI 2 10,647 0*

* p<0.01

Uporabom post-hoc Scheffeova testa pronadene
su statisti¢ki znatne razlike za GI-desni izmedu prve
i tre¢e dobne skupine (6 -12 godina i 13 -15 godina)
te izmedu svih dobnih skupina za Al i MI.

Srednje vrijednosti i standardne devijacije za MI,
Al, Gl-lijevi i GI-desni, ovisno o ortodontskoj ano-
maliji, prikazane su na Slici 8. Najveca vrijednost
za lijevi 1 desni GI pronadena je kod ispitanika s
klasom III, a najmanja kod onih s klasom II/2 (Sli-
ka 8.).

Post-hoc Scheffe’s test for multiple comparisons
between different age groups showed statistically si-
gnificant differences between the first and the third
age group (6-12 years and 13-15 years) for GI-right
and between all age groups for Al and MI.

Mean values and standard deviations of MI,
Al, GI-left and GI-right dependent on malocclu-
sion groups are shown in Figure 8. The highest
mean values of the left and the right GI were fo-
und in the Class III malocclusions and the lowest
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Slika 4. Srednje vrijednosti (y-os) i standardne devijacije
izmjerenih vrijednosti mentalnog indeksa (mental
index) ovisno o spolu i dobi ispitanika
(boys = djecaci; girls = djevojcice)

Figure 4 Mean values (y-axis) and standard deviations
of mental index dependent on the gender and
different age groups of the patients

2,4

22

2,0

left gonial index (mm)

1=6-12yrs
2=13-15yrs
3=16-18yrs

—— Mean

1 2 3 1 2 3
T Meanz0,95 Conf. Interval

boys girls

Slika 6. Srednje vrijednosti (y-0s) i standardne devijacije
izmjerenih vrijednosti lijevoga gonialnog indeksa
(left gonial index) ovisno o spolu i dobi ispitanika
(boys = djecaci; girls = djevojcice)

Figure 6 Mean values (y-axis) and standard deviations of
left gonion index dependent on gender and age
groups of the patients
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Slika 5. Srednje vrijednosti (y-os) i standardne devijacije
izmjerenih vrijednosti antegonialnog indeksa
ovisno o spolu i dobi ispitanika (boys = djecaci;
girls = djevojcice)

Figure 5 Mean values (y-axis) and standard deviations of
antegonion index dependent on gender and age
groups of the patients
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Slika 7. Srednje vrijednosti (y-0s) i standardne devijacije
izmjerenih vrijednosti desnog gonialnog indeks
(right gonial index) ovisno o spolu i dobi
ispitanika (boys = djecaci; girls = djevojcice)

Figure 7 Mean values (y-axis) and standard deviations of
right gonion index dependent on gender and age
groups of the patients

a
X

@x
ms.d.
KL1I/2 =Klasa Il/2 e Class I1/2
Open bite = Otvoreni zagriz
KL 11l = Klasa Ill @ Class Il

KL 111

11/2
open
bite
KL 111

M

Slika 8. Srednje vrijednosti (X) i standardne devijacije (s.d.) izmjerenih vrijednosti desnog (Gl-right) i lijevoga (GI-left) gonialnog
indeksa, antegonialnog indeksa (Al) i mentalnog indeksa (MI) ovisno o vrsti ortodontske anomalije ispitanika
Figure 8 Mean values (X) and standard deviations (s.d.) of gonion left and right (Gl-left, Gl-right), antegonion (Al) and mental

(MI) indices dependent on malocclusion groups.
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Srednje vrijednosti Al-a podjednake su za sve
skupine anomalija, a malo su veée kod otvorenog
zagriza te klase III, u odnosu prema anomaliji klase
II/2. Najvece vrijednosti za MI izmjerene su kod is-
pitanika s klasom I1/2, zatim kod klase III, a najma-
nje u skupini ispitanika s otvorenim zagrizom (Sli-
ka 8.).

Statisticki znatne razlike pronadene su za razli-
Cite ortodontske anomalije samo za desni GI (df=2;
F=4,121; p=0,02), i to izmedu ispitanika s anomali-
jom klase II/2 i klase III (p<0,05).

Rasprava

Debljina korteksa donjeg ruba mandibule mo-
Ze se vidjeli odmah na svakom ortopantomogramu i
zbog toga je koristan parametar za odredivanje kva-
litete koStane supstancije mandibule.

U posljednje vrijeme autori studija upozorili
su na to da klini¢ari mogu na temelju analize or-
topantomograma predvidjeti kod starijih ljudi gubi-
tak zuba zbog parodontitisa ili osteoporoze. Za to
se koriste kvalitativni i kvantitativni indeksi ili ¢ak
denzitometrija osealne strukture mandibule (1, 2, 4,
5, 8 -11). No, u dosad dostupnoj literaturi jo§ nema
istraZivanja o mladim pacijentima kod kojih se ra-
diomorfometrijskim indeksima pratio rast i razvoj
mandibule.

Klinicka istrazivanja ve¢ su dokazala ulogu Zva-
¢ne muskulature na rast i razvoj orofacijalnog susta-
va (12). Aktivnost Zvacne muskulature, posebice m.
massetera, razlikuje se kod pojedinih ortodontskih
anomalija (2). Zbog razliitog opterecenja potpor-
ne kosti na mjestima hvatiSta miSica, povecava se ili
smanjuje debljina kortikalnog ruba celjusti.

Rezultati ovog istrazivanja pokazali su da ne-
ma statisticki znatne razlike izmedu vrijednosti in-
deksa izmjerenih s lijeve i desne strane mandibule
(p>0,05). Razlika je pronadena samo za vrijednost
gonialnog indeksa na angulusu mandibule, gdje
se nalazi hvatiSte m. massetera. Debljina korteksa
donjeg ruba mandibule na desnoj strani bila je veéa
(1,73 mm) u usporedbi s lijevom (1,56 mm) (Slika
5, p<0,05). Takav rezultat postignut je jer su veéina
ispitanika bili desni Zvakaci, $to su potvrdila i mno-
gobrojna elektromiografska istraZivanja. Naime,
ona su pokazala da su EMG-razine i masetera i tem-
poralnog misSica bile vece na radnoj strani u odnosu
prema balansnoj, a razlike su bile jaCe izrazene za
m. masseter (13).

Rezultati istraZivanja takoder upozoravaju na to
da su izmjerene vrijednosti linernih radiomorfome-
trijskih indeksa (Gl-lijevi, GI-desni, MI i Al) vece

Debljina korteksa donjeg ruba mandibule

in Class II division 2 malocclusion group (Figu-
re 8).

The mean Al values were almost the same for all
groups, with slightly higer values for open bite and
Class III than Class 11/2. The mean MI values were
the highest in the Class II/2, a little lower in Class
IIT and the lowest in open bite group (Figure 8).

Statistically significant difference was found
between different groups only for the right GI (df=2;
F=4.121; p=0.02), between the Class II division 2
and the Class III malocclusions (p<0.05).

Discussion

The cortical thickness of the lower border of the
mandible could be easily observed on each panoramic
radiograph and therefore it is a useful parameter for
the assessment of the status of the mandibular bone.

In some recent studies it was proven that the cli-
nician, using panoramic radiographs, may estima-
te the future risk of tooth loss in elderly individuals
with periodontitis and osteoporosis by assessment
of qualitative or quantitative indices, or even bone
mineral density of particular parts of the mandible
(1, 2, 4, 5, 8-11), but, there are no studies using li-
near radiomorphometric indices for the assessment
of the growth and development of the mandible in
young patients.

Clinical studies have already demonstrated the
role of masticatory muscle function in normal and
abnormal dentofacial development (12). It has been
proven that masticatory muscle activity, especially
masseter activity differs in different malocclusion
groups (2). Muscle activity is reflected by a diffe-
rent extent of strain forces to the bone at muscu-
lar attachments, thus affecting increase or decrase
of cortical tickness.

The results of this study revealed no significant
difference between the indices measured on the left
and the right side of the mandible (p>0.05), except
for GI at the angle of the mandible, masseter musc-
le attachment region. The right cortical thickness
was higher (1.73 mm) than the left (1.56 mm) (Fi-
gure 5, p<0.05). This finding can be attributed to the
fact that the majority of subjects prefer right side
chewing. Earlier studies indicated that the EMG le-
vels for both masseter and the temporal muscles we-
re normally higher on the working side. This diffe-
rence was more pronounced for the masseter muscle
(13).

The results of this study showed that values of
all linear radiomorphometric indices (Gl-left, GI-ri-
ght, MI and AI) were higher in older subjects (Figu-
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kod starijih ispitanika (Slike 3. - 7., Tablica 1.). To
je posljedica rasta i razvoja mandibule u dobi od Se-
ste do osamnaeste godine. U tom razdoblju takoder
se povecava vrijednost Zvacne sile, pa je i veée na-
prezanje na mjestima miSiénih insercija donjeg ruba

Poznato je da postoji korelacija izmedu jacine
Zvacne sile i spola, dobi, teZine, antropometrijskog
tipa grade, ortodontske terapije, simptoma tempo-
romandibularne disfunkcije i kefalometrijskih mje-
ra kod mladih ispitanika (14, 15). Jakost Zvacne sile
povecava se tijekom rasta i razvoja proporcionalno
s dobi, bez spolne specifi¢nosti (12).

Utjecaj spola i dobi na intenzitet mineralizacije
osealne strukture mandibule te kvaliteta kostiju kod
starijih ljudi, ve¢ su ranije bili predmet mnogobroj-
nih istraZivanja.

Von Wowern (16) je pronaSao da je gubitak mi-
nerala iz mandibule mnogo veci kod starijih Ze-
na (1,5% po godini) u odnosu prema muskarcima
(0,9% po godini).

Ulm je, pak, upozorio na znatne razlike u smanje-
nju mineralizacije ovisno o spolu (17), Sto je u skla-
du s rezultatima Dubravke Knezovié¢-Zlatari¢ (4).
Vrijednosti gustoée kostane strukture i linearnih ra-
diomorfometrijskih indeksa statisti¢ki su znatno ve-
¢e kod muskih ispitanika u odnosu prema Zenskima,
zbog utjecaja metabolizma spolnih hormona (18).

Rezultati ovog istraZivanja pokazuju takoder da
nema statisticki znatne razlike za izmjerene vrije-
dnosti linearnih radiomorfometrijskih indeksa iz-
medu djecaka i djevojCica (p>0,05). Razlog je dob
ispitanika manja od 18 godina, te to $to nema hor-
monalnog disbalansa. Utjecaj razli¢itih spolnih hor-
mona na strukturu i kvalitetu kostiju za tu dobnu
skupinu jo$ nije dosegnuo razinu znatnosti.

Poznato je da se elektrografski izmjerena aktiv-
nost miSi¢a Zvakaca razlikuje izmedu ispitanika s
normalnom okluzijom, u odnosu prema anomalija-
ma klase II 1 klase III (19, 20).

Deguchi i Iwahara pronasli su ve¢u kumulativnu
voltazu EMG-signala u m. masseteru kod ispitanika
s klasom III (21). Takoder su ustanovili mnogobroj-
ne nepravilnosti u Zvacnoj funkciji kod japanskih
adolescentica s anomalijom klase II, u odnosu pre-
ma normalnoj okluziji (20).

U ovom istrazivanju rezultati pokazuju da ispi-
tanici s anomalijom klase III imaju veée vrijednosti
Gl-a (statisticki znatno na desnoj strani mandibu-
le, p<0,05). Ispitanici s otvorenim zagrizom imaju
najvece vrijednosti za Al, a ispitanici s anomalijom
klase II/2 imaju najvece vrijednosti za MI. To po-
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res 3 to 7, Table 1). This finding is a result of growth
and development of mandible from 6™ to 18 ye-
ar of age. During this period bite forces increase,
resulting in higher masticatory muscle activity and
higher strain forces at muscular attachment zone at
the lower border of the mandible (masseter, bucci-
nator and other muscles).

Earlier studies reported correlations of maxi-
mum bite force with body type, gender, age, wei-
ght, history of prior orthodontic treatment, history
of TMJ symptoms, and various cephalometric mea-
surements for young subjects (14,15). The results of
those studies revealed that maximum bite force in-
creased throughout growth and development witho-
ut gender specificity (12).

Influence of gender and age on mineral content
and mandibular bone quality is a topic of a number
of studies on older populations.

Von Wowern (16) found that the bone mineral
loss in the mandibular bone was higher in old wo-
men (1.5% per year) than in old men (0.9% per ye-
ar).

Ulm reported the significant difference in bo-
ne mineral content between sexes (17) which is in
agreement with the results of Knezovié Zlataric (4).
Bone mineral density values, as well as linear ra-
diomorphometric indices, were significantly higher
in males, due to different sex-hormone metabolism
(18).

The results of this study showed that there was
no significant difference for all linear radiomorpho-
metric indices between boys and girls (Figures 4-
7) (p>0.05). This could be attributed to the fact that
this study group represented a typical range of yo-
ung boys and girls with no signs of any hormonal
disbalance. The influence of different sex-hormone
metabolism to the bone structure and bone quality
in those subjects had not yet reached the level of si-
gnificance.

The findings of previous studies revealed diffe-
rent electromyographic masticatory muscle activity
and coordination between subjects with normal occ-
lusion and subjects with Class II and Class III malo-
cclusion (19, 20).

Deguchi and Iwahara found higher mean cumu-
lative voltage of EMG signals in masseter muscle
on the working side in comparison to the same si-
de temporal muscle in Class III pretreatment stage
(21). They also found numerous masticatory abnor-
malities in Japanese female adolescents with Class
II malocclusions in comparison with normal occlu-
sion Japanese female adults (20).
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tvrduje ulogu razli¢ite Zvacne funkcije i prijenos si-
le i naprezanja na mjesta hvatista muskulature kod
razlicitih stanja okluzije. Zbog toga se i debljina
korteksa donjeg ruba mandibule razlikuje ovisno o
mjestu mjerenja za razli¢ite okluzije (p<0,05).

Zakljuc¢ak

Nema statisticki znatne razlike izmedu desne
i lijeve strane mandibula za vrijedosti MI-a i Al-a
(p>0,05). Vrijednost GI-a na desnoj je strani stati-
sticki znatno veca u odnosu prema lijevoj (p<0,05).

Vrijednosti svih lineranih radiomorfometrijskih
indeksa znatno rastu s porastom dobi.

Debljina korteksa donjeg ruba mandibule na
angulusu najveca je kod ispitanika s klasom III
(p<0,05).

Na temelju rezultata ovog istrazivanja, uporaba
linearnih radiomorfometrijskih indeksa mogla bi bi-
ti klini¢ki vrijedan pokazatelj rasta i razvoja man-
dibule te pomo¢ u pracenju rezultata ortodontske
terapije.

Debljina korteksa donjeg ruba mandibule

The results of the present study revealed that the
patients with Class III malocclusion demonstrated
the highest values of GI (statistically significant on
the right side of the mandible, p<0.05). Open bi-
te group demonstrated the highest values of Al and
Class II/2 group demonstrated the highest values
of MI. This confirmed the role of different masti-
catory muscle activity and their strain forces at the
muscular attachment zones in different malocclusi-
on groups. Therefore, the cortical thickness of the
lower border of the mandible varied at different re-
gions, depending on the type of occlusion (Figure
8, p<0.05).

Conclusion

No significant difference was found between the
right and the left side of the mandible for MI and Al
(p>0.05). The right GI was significantly higher than
the left GI (p<0.05).

All linear radiomorphometric indices increased
significantly with age.

The cortical thickness at the angle of the mandi-
ble demonstrated the highest value in Class III ma-
locclusion (p<0.05).

Based on the results of this study, assessment of
linear radiomorphometric indices could be clinically
valuable for the evaluation of the growth and deve-
lopment of the mandible and for the assessment of
the results in different orthodontic treatment proce-
dures.

Abstract

Received: March 10, 2006

Radiographic assessment of “bone quantity* is of great value in planning dental
treatment and it also has its applications in orthodontics.

The aim of this study was to assess the cortical thickness of the lower border of the
mandible using linear radiomorphometric indices, and to determine if it is correlat-
ed with different age, gender and malocclusion categories in orthodontic pretreat-
ment period of the patients.

Seventy seven patients - 30 boys (42.8%) and 47 girls (57.2%), participated in the
study.

The results of the statistical analysis revealed no significant difference between the
right and the left side measurements for mental and antegonial indices (p>0.05).
The right gonial index was significantly higher than the left (p<0.05). All linear radio-
morphometric indices increased with age. The cortical thickness at the angle of the
mandible demonstrated the highest value in Class Ill malocclusion group (p<0.01).
Based on the results of this study, assessment of linear radiomorphometric indices
could be clinically valuable for the evaluation of the growth and development of the
mandible and for assessing results of orthodontic treatment.
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