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Svrha: Zeljelo se usporediti stupanj fluktuirajuce asimetrije (FA) zubnih lukova izmedu pacijenata s Prihvacen: 8. svibnja 2018.
anomalijama klase I, Il i Ill. Ispitanici i metode: Uzorak je obuhvacao sluc¢ajno odabrane gipsane mod-

ele 131 pacijenta — 39 s klasom | (19 muskih i 20 Zenskih), 57 s klasom Il (23 muska i 34 Zenska) i
35 s klasom Ill (20 muskih i 15 Zenskih). Dentalni modeli skenirani su i digitalizirani skenerom ATOS
Il SO. Mjerenja zuba i zubnih lukova obavljena su softverom ATOS viewer verzije 6.A.2. Mjereno je
Sest Sirina i pet duzina zubnih lukova. FA je procijenjena u obliku slozenog indeksa ukupne tezinske
asimetrije (TWA). Za komparaciju razlika medu skupinama koristena je analiza varijance. Rezulta-
ti: Slozene TWA mijere fluktuirajuce asimetrije za varijable zubnih lukova bile su najvise u klasi Il i
najnize u klasi I. Ispitanici su pokazivali viSi stupanj asimetrije od ispitanica. Asimetrija zubnih lukova
bila je visa u mandibuli negoli u maksili u svim skupinama malokluzija. Zakljuéci: TWA vrijednosti bile
su niske, ali su se znacajno razlikovale medu skupinama malokluzija. Anomalija klase Ill pokazivala
je vise vrijednosti FA-e od onih u klasi | i klasi II. Visa FA-e zubnih lukova u Angleovoj klasi Ill moze se
smatrati indikatorom povecane razvojne nestabilnosti u slu¢aju te malokluzije zbog visokoga genet-
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Uvod

Ortodontske anomalije sve su ¢es¢a pojava u suvremenim
populacijama. Mnogobrojne malokluzije nastaju kao kombi-
nacija dentalne i skeletne disharmonije, ali najées¢i problem
je nedostatna potporna kost (veli¢ina zubnog luka) za smje-
$taj idealnog rasporeda zuba (veli¢ina zuba), $to rezultira dis-
krepancijom izmedu veli¢ine zuba i veli¢ine zubnih lukova
(1, 2). Edologija ortodontskih anomalija vrlo je kompleksna.
Smatra se da meziodistalne dimenzije zubnih kruna pridono-
se diskrepanciji izmedu veli¢ine zuba i veli¢ine zubnih lukova
i one pokazuju pozitivne korelacije sa zbijeno$¢u zuba. Me-
du mnogim etioloskim ¢imbenicima vazna je i diskrepancija
izmedu veli¢ina zuba i zubnih lukova i relativne veli¢ine zu-
ba (3 -5).

Razvoj normalne okluzije zahtijeva uravnotezen i pro-
porcionalan dentalni i kraniofacijalni rast. Razliciti okolis-
ni i genetski stresni ¢imbenici mogu uzrokovati otklon od
razvojnoga puta i pojavu ortodontske anomalije. Opéenito
se smatra da je malokluzija heterogeni entitet multifakeor-
ske etiologije kod kojega su itekako vazni genetski i okoli$ni
¢imbenici. Interakeija genetskih i okoli$nih ¢imbenika odgo-
vorna je za varijabilnost u ekspresiji malokluzija i Sirok spek-

malokluzija, asimetrija lica; zubni luk

Introduction

Malocclusion is an increasing phenomenon in contem-
porary populations. A large number of malocclusions may
result from a combination of dental and skeletal disharmo-
nies. However, they mostly occur due to insufficient support-
ing bone material (dental arch size) to accommodate the ideal
arrangement of teeth (teeth size), creating tooth-size arch-
size discrepancies (1, 2). The etiology of malocclusion is very
complex. Crown dimensions are considered to contribute to
tooth-size arch-size discrepancies and are positively correlated
with crowding. The tooth-size arch-size discrepancies and a
relative tooth size play an important role among a large num-
ber of etiological factors (3-5).

The development of normal occlusion requires a balanced
and proportional dental and craniofacial growth. Different
environmental and genetic stressors can cause deviations
from the typical developmental trajectory and occurrence of
malocclusion. In general, malocclusion is a heterogeneous
entity caused by multifactorial etiology in which both genetic
and environmental factors play an important role. The inter-
action of genetic and environmental factors is responsible for
the variability in expression of malocclusion and a wide spec-
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tar klinicke slike. Teski oblici malokluzija narusavaju izgled,
poremecene su mastikatorne funkcije i smanjena kvaliteta zi-
vota (1, 6, 7). Bolje razumijevanje temeljnog etioloskog me-
hanizma malokluzije vazno je za napredak u prevenciji i lije-
¢enju ortodontskih anomalija.

U mnogobrojnim istrazivanjima utvrdena je povezanost
izmedu veli¢ine zubnih lukova i malokluzija. Postoje razliciti
aspekti veli¢ina zuba i malokluzija. U suvremenim populaci-
jama zapazen je op¢i sekularni trend povecanja veli¢ine zuba i
nedostatne potporne kosti za njihov smjestaj (8).

Asimetrija zuba i zubnih lukova smatra se vaznim ¢imbe-
nikom koji pridonosi etiologiji malokluzija (9 — 11). Razliciti
razvojni poremecaji poticu pojavu razlicitih oblika asimetri-
je kao §to su usmjerena asimetrija (DA), fluktuirajuca asime-
trija (FA) ili antisimetrija (AS) (12 — 16). Neke asimetrije
vtlo su suptilne i zahtijevaju primjenu vrlo preciznih meto-
da za njihovu detekciju. To se posebno odnosi na usporedbu
parnih struktura kad se treba kvantificirati lijevo-desna asi-
metrija i prikazati kao usmjerena (DA) ili fluktuirajuca asi-
metrija (FA). FA bilateralno simetri¢nih struktura uvijek se
uzima kao indikator razvojne nestabilnosti. Razliciti stresni
¢imbenici mogu smanjiti stabilnost razvojnog procesa i ome-
sti o¢ekivani razvojni put. Kad adaptacijski kapacitet nekog
organizma ne uspije ublaziti utjecaj tih stresnih ¢imbenika,
razvojni proces rezultirat ¢e pove¢anim otklonom od savrse-
nog razvoja (15 - 19).

Smatra se da simetri¢an razvoj dentalnih i kraniofacijal-
nih struktura znaci ravnotezu i homeostazu s dobrim izgle-
dima za razvoj dobre okluzije. Povecani otkloni od simetri-
je znakovi su razvojne nestabilnosti koja povecava izglede za
razvoj malokluzije (4, 10, 11, 19 — 22). To zapazanje moze
imati klinicke implikacije jer pove¢ana asimetrija pridonosi
razvoju malokluzije.

FA se smatra potencijalnom mjerom veli¢ine stresa kojem
je neka osoba bila izlozena i odrazom genotipskog svojstva da
ublazi djelovanje toga stresa. Razvojna nestabilnost koja re-
zultira asimetrijom moze biti uzrokovana smanjenom genet-
skom kontrolom razvojnih procesa. Asimetrija struktura zu-
ba i zubnih lukova znaci odstupanje od harmoni¢nog razvoja
i moze takoder pridonijeti razvoju malokluzije. Neke osobe
mogu pokazivati visi stupanj genetske osjetljivosti na razlicite
okoli$ne stresore, $to ¢e se manifestirati kao povecana razina
fluktuirajuce asimetrije nekih kraniofacijalnih struktura. Ne-
ke varijable mogu pokazivati razlicitu razinu osjetljivosti na
okoli$ne utjecaje.

Cilj ovog istrazivanja bio je procijeniti fluktuiraju¢u asi-
metriju dimenzija zubnih lukova kod ortodontskih pacijena-
ta. Takoder se Zeljelo evaluirati veli¢inu i prirodu fluktuiraju-
¢e dentoalveolarne asimetrije kod ortodontskih pacijenata s
anomalijama klase I, IT i ITI.

Fluktuirajuca asimetrija i malokluzije .

trum of clinical pictures in affected individuals. Severe forms
of malocclusion lead to distorted appearance, impaired mas-
ticatory function, and decreased quality of life (1, 6, 7). Bet-
ter understanding of the underlying etiological mechanism of
malocclusion is important for the progress in prevention and
treatment of orthodontic anomalies.

Numerous reports have found an association between
the dental arch size and malocclusions. There are different
aspects of tooth size and malocclusion. In general, secular
trends toward increasing tooth size and insufficient support-
ing bone to accommodate teeth have been observed in recent
populations (8).

The asymmetry in tooth size and dental arch asymme-
try were recognized as important contributing factors to
the etiology of malocclusion (9-11). Different developmen-
tal disturbances lead to the emergency of different forms of
asymmetry such as directional (DA), fluctuating (FA) or an-
tisymmetry (AS) (12-16). Some asymmetries are subtle and
require the use of very precise methods for their detection.
It particularly relates to the comparison of paired structures
when left-right asymmetries have to be quantified and pre-
sented as either directional (DA) or fluctuating asymmetry
(FA). Fluctuating asymmetry of bilaterally symmetric struc-
tures is always taken as an indicator of developmental insta-
bility. Different stressors can diminish the stability of devel-
opmental process and interfere with expected developmental
path. When adaptive capability of an organism fails to buf-
fer the effects of disturbing stressors, the developmental pro-
cesses will result in increased deviation from perfect develop-
ment (15-19).

It is considered that symmetrical development of dental
and craniofacial structures means balance and homeostasis
with good chances for development of good occlusion. In-
creased deviations from symmetry are the signs of develop-
mental instability which increases the chance for develop-
ment of malocclusion (4, 10, 11, 19-22). This observation
can have clinical implication since an increased asymmetry
could contribute to the development of malocclusion.

FA is considered to be a potential measure of the degree
of stress experience by an individual, as well as a reflection of
the genotype’s ability to compensate for that stress. Devel-
opmental instability that results in asymmetry can be caused
by decreased genetic control over developmental processes.
Asymmetry of dental and dental arch structures means de-
viation from harmonious development and can also contrib-
ute to the development of malocclusion. Some individuals
can display higher degrees of genetic susceptibility to differ-
ent environmental stressors, which will manifest as an ele-
vated level of fluctuating asymmetry in some craniofacial
structures. Some variables may display different levels of sen-
sitivity to environmental influences.

The aim of this study was to assess the fluctuating asym-
metry of dental arch dimensions in orthodontic patients. The
objective was also to evaluate the extent and nature of fluctu-
ating dentoalveolar asymmetry in orthodontic patients with
Class I, II, and III malocclusions.
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Materijal i metode

Uzorak je obuhvacao slu¢ajno odabrane gipsane dental-
ne modele 131 pacijenta (62 muska i 69 zenskih) Zavoda za
ortodonciju Stomatoloskog fakulteta Sveucilista u Zagrebu.
Distribucija ispitanika prema spolu i tipu malokluzije prika-
zana je u tablici 1. Srednja dob ispitanika bila je od 14.9 + 2.1
godina za klasu I, 14.2 + 1.4 za klasu 11 i 17.8 + 2.9 za kla-
su III. Dentalni modeli skenirani su sustavom ATOS II SO
(small objects) (GoM mbh, Braunschweig, Njemacka) pre-
ma metodi koju je opisala dr. Slaj (23, 24). Stvoreni su 3D
virtualni modeli, a sve mjere izracunate su softverom ATOS
viewer, verzija 6.A.2.

Mjerenja veli¢ina zubnih lukova provedena su na virtu-
alnim trodimenzionalnim dentalnim modelima (slika 1.).
Sredi$nja nepcana linija u gornjoj ¢eljusti definirana je kao
spojnica tocaka koje oznacuju prednje rafe sa sjekuti¢nim
otvorom — foramen incisivum i najvidljivije posteriorne ozna-
ke medijalne palatinalne rafe. Mandibularna sredina dobive-
na je kao projekcija maksilarne sredisnje linije na mandibu-
larni model koriste¢i se prednjom i straznjom referentnom
tockom. Modeli su stavljeni u okluziju (slika 2.) i sredi$nja
palatinalna osovina s maksilarnog zubnog luka prenesena je
na mandibularni model da se odredi mandibularna sredisnja
linija. Sirine i duine zubnih lukova mjerene su prema meto-
di koju su opisali Cassidy i suradnici (21) (slika 3.). Sredi$nja
palatinalna rafa bila je referentna za transverzalne mjere. Si-
rine zubnih lukova izratunate su kao udaljenosti od mjernih
to¢aka na svakom zubu okomito na sredi$nju palatinalnu ra-
fu (slika 3. A). Duzine zubnih lukova mjerene su paralelno sa
sredi$njom palatinalnom rafom. Definirano je pet duZina za
kvantifikaciju razlicitih segmenata zubnog luka i ukupnoga
zubnog luka (slika 3. B).

Ukupna tezinska asimetrija (TWA) izra¢unata je primje-
nom jednadzbe koju su predlozili Palmer i Strobeck (14).
TWA $irine i duzine zubnih lukova analizirana je kao slozena
mjera ukupne fluktuirajuée asimetrije zubnih lukova. Asime-
trija je izratunata za svaku osobu na temelju razlika izmedu
aritmetickih sredina mjera prema formuli:

TWDA =Y (9 |L-R|/ (L + R/2).

Prema tome, TWA je suma apsolutnih tezinskih asimetri-
ja za sve mjere zubnih lukova kod svake osobe. Istaknuto je
da takva slozena mjera asimetrije moze biti mnogo ucinkovi-
tija u procjeni razvojne nestabilnosti od tradicionalnog pri-

Tablica 1. Struktura uzorka

Fluctuating Asymmetry and Malocclusions

Materials and methods

The samples comprised randomly selected plaster dental
casts of 131 patients (62 males and 69 females) from the De-
partment of Orthodontics, School of Dental Medicine, Uni-
versity of Zagreb, Croatia. The distribution of subjects ac-
cording to sex and malocclusion group is shown in Table 1.
The mean age of subject ranged from 14.9+2.1 year for Class
I, 14.2+1.4 for Class II, and 17.8+2.9 for Class III. Den-
tal models were scanned and digitized using ATOS 1I SO
(“small objects”) scanning technology (GoM mbh, Braunsch-
weig, Germany) according to the method described by Slaj
(23, 24). 3D virtual models were created, scanned and digi-
tized using ATOS viewer version 6.A.2 software.

Measurements of dental arch dimensions were taken
from virtual three-dimensional dental models (Figure 1). The
palatal symmetry axis was obtained by connecting the inci-
sive papilla with most visible posterior landmark over the me-
dian palatal raphe. The mandibular midline was obtained as a
projection of the maxillary midline to the mandibular model
using the anterior and posterior reference points. The mod-
els were placed into occlusion (Figure 2) and the midpalatal
axis from maxillary arch was transferred onto the mandibu-
lar model to determine the mandibular midline. Dental arch
widths and depths were measured according to the method
described by Cassidy et al. (21) (Figure 3). The median pal-
atal raphe was the reference point for transverse measure-
ments. Dental arch widths were calculated as a distance from
the landmarks on each tooth type orthogonal to midpalatal
raphe (Figure 3A). Arch depths were measured parallel with
the mid palatal raphe. Five depths were defined to quantify
various segments of the dental arch and the whole arch (Fig-
ure 3B). Total weighted asymmetry (TWA) was calculated
using equation suggested by Palmer and Strobeck (14). Total
weighted asymmetry (TWA) of dental arch width and dental
arch depth was analyzed as a composite measure of total fluc-
tuating asymmetry of dental arches. The asymmetry was cal-
culated for each individual based on the differences between
the antimeric teeth according to the following equation:

TWDA =Y (9 |L—R|/ (L + R/2).

Therefore, the TWA is the sum of absolute weighted asym-
metries for all dental arch measurements in each individual. It
was pointed out that such composite measures of asymmetry
may be a more effective means of assessing developmental in-

Table1  Structure of the sample
Spol ¢ Sex
Malokluzija ¢ Muski ® Males Zenski ® Females ngZOI;T?td
Malocclusion (N=62) (N =69)
n % n % n %

Class I 19 30.6 20 29.0 39 29.8
Class 11 23 37.1 34 49.3 57 43.5
Class IIT 20 32.3 15 21.7 35 26.7
Ukupno ¢ Total 62 100.0 69 100.0 131 100.0
- test 1 =2.496 df=2 P=0.287

Legenda: N — veli¢ina uzorka; n — broj ispitanika s malokluzijom
Legend: N — sample size; n — number of subjects with malocclusion
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stupa analize pojedina¢nih varijabli (4, 10, 12, 14, 19, 25).
Za komparaciju razlika medu skupinama koristena je analiza

varijance (ANOVA).

Rezultati

Usporedba ukupne tezinske asimetrije Sirina zubnih lu-
kova (TWW) prikazana je na tablici 2. Znacajno visa razina
fluktuirajuée asimetrije bila je u slucaju anomalije klase III
negoli anomalija klase I i klase II. Fluktuirajuca asimetrija u
mandibuli za sve tipove malokluzija bila je znacajno visa ne-

goli u maksili za oba spola (slika 4).

Fluktuirajuca asimetrija i malokluzije .

stability than the traditional approach of analysis of single vari-
ables (4, 10, 12, 14, 19, 25). The analysis of variance (ANO-
VA) was used to compare differences between the groups.

Results

The comparison of total weighted asymmetry of the widths
of dental arches (TWW) is presented in Table 2. The levels of
fluctuating asymmetry were found to be significantly higher in
Class III than in Class I and Class II malocclusion. Fluctuating
asymmetry in mandible for all types of malocclusion was con-
siderably higher than in maxilla in both sexes (Figure 4).

Tablica 2. Komparacija ukupne tezinske asimetrije Sirina zubnih lukova (TWW) izmedu razlicitih tipova malokluzija

Table2  Comparison of total weighted asymmetry of dental arch widths (TWW) between different malocclusion groups
" Maksila ® Maxilla Mandibula ® Mandible
l\l\j[[:ll(’klim].a * Muski ® Males Zenski © Females Muski ® Males Zenski ® Females
occlusion

N M s.d. N M s. d. N M s.d. N M s.d.
1) Klasa I * Class 18 0.464 0.053 18 0.446 0.053 18 0.678 0.107 18 0.789 0.789
2) Klas IT » Class 11 17 0.452 0.041 30 0.383 0.041 17 0.729 0.104 30 0.655 0.655
2) Klasa III ® Class III 12 0.514 0.063 13 0.503 0.063 12 0.964 0.113 13 0.974 0.974
Klasa I:1IT e t=2.313 t=2.731 t=7.015 t=4.175
Class I: IIT P=0.028 * P=0.011** P <0.0001 *** P =0.0002 ***
Klasa IT: IIT ® t=2.774 t=7.454 t=5.784 t=9.072
Class IT : I1I P =0.009 *** P <0.0001 *** P <0.0001 *** P <0.0001***

Legenda: N — veli¢ina uzorka; M — aritmeticka sredina FA-¢; s.d. — standardna devijacija

Legend: N — sample size; M — mean of FA; s.d. — standard deviation

Slika 1. Virtualni trodimenzionalni dentalni model s
oznacenim mjernim tockama

Figure 1. Virtualni three-dimensional dental model with
marked measuring points

Slika 2. 3D virtualni dentalni modeli u okluziji

Figure 2. 3D virtual dental models in occlusion

Slika 3. Mjerenje velicine zubnih lukova: A — Sirine zubnog
luka; B — duzine zubnog luka (Prema Cassidy i
sur., 1998)

Figure 3. Arch size measurements: A — dental arch widths; B
— dental arch depths (According to Cassidy at al.,
1998)
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Slika 4. Ukupna tezinska asimetrija Sirina zubnog luka
Figure 4. Total weighted asymmetry of dental arch widths

Slika 5. Ukupna tezinska asimetrija duzina zubnog luka
Figure 5. Total weighted asymmetry of dental arch depths

Tablica 3. Komparacija ukupne teZinske asimetrije duzina zubnih lukova (TWD) izmedu razlicitih tipova malokluzija

Table 3. Comparison of total weighted asymmetry of dental arch depths (TWD) between different malocclusion groups

e Maksila ® Maxilla Mandibula ® Mandible

oruzija Muski ® Male Zenski ® Female Muski ® Male Zenski * Female
Malocclusion
N M s.d. N M s.d. N M s. d. N M s.d.

1) Klasa I * Class 18 0.516 0.080 18 0.470 0.080 19 0.609 0.085 20 0.507 0,107
2) Klasa IT ¢ Class II 17 0.555 0.055 30 0.454 0.062 19 0.521 0.085 28 0.516 0.088
2) Klasa IIT * Class III 12 0.578 0.065 13 0.516 0.091 18 0.547 0.087 12 0.746 0.140
KlasaI:1IT ® t=1.939 t= 1.492 t=2.192 t=7.074
Class I : 11T P =0.0626 N.S. P =0.147 N.S. P=0.0351"* P <0.0001 ***
Klasa IT : IIT » t=0.709 t=2.604 t=0.919 t=38.086
Class IT : TIT P =0.484 N.S. P=0.0128 ** P =0.364 N.S. P <0.0001 ***

Legenda: N — veli¢ina uzorka; M — aritmeticka sredina FA-¢; s.d. — standardna devijacija

Legend: N — sample size; M — mean of FA; s.d. — standard deviation

Tablica 3. pokazuje razlike asimetrije dubine zubnih lu-
kova izmedu skupina malokluzija. Nisu utvrdene znacajne ra-
zlike u maksili, ali ispitanici su pokazivali ve¢u asimetriju od
ispitanica. U mandibuli su ispitanici pokazivali visi TWD u
klasi I, a ispitanice su pokazivale znaajno viSu asimetriju u
klasi IIT negoli u klasama I i II. Fluktuirajuca asimetrija bila
je visa za klasu III u obje ¢eljusti (slika 5.).

Rasprava

Sve mjere u ovom istrazivanju dobivene su na trodimenzi-
onalnim virtualnim modelima. Neka dosadasnja istrazivanja
pokazala su da se mjere dobivene na 3D virtualnim modeli-
ma mogu smatrati pouzdanima i komparabilnima s onima
dobivenima konvencionalno s pomo¢u digitalnih pomi¢nih
mjerki. Obje metode pokazuju visok stupanj podudarnosti i
reproducibilnosti (24, 26, 27).

U ovom istrazivanju izracunata je ukupna tezinska asime-
trija (TWA) kao zbroj asimetrija za pojedine mjere kod svake
osobe. Prema Palmeru i Strobecku (14) takva sloZena mjera
asimetrije mnogo je prikladnija za procjenu razvojne nesta-
bilnosti negoli mjere fluktuirajuce asimetrije za pojedina¢ne
varijable. Rezultati ovog istrazivanja nisu pokazali znacajnu
fluktuiraju¢u asimetriju za varijable zubnih lukova, ali su za-

Table 3 shows differences in asymmetry of dental arch
depths between malocclusion groups. It was found that there
was no significant difference in maxilla, but males displayed
greater asymmetry than females. Male subjects’ mandibles
showed higher TWD in Class I, while females displayed sig-
nificantly higher asymmetry in Class III than in Class I and
Class II. Fluctuating asymmetry was higher for Class III in
both jaws (Figure 5).

Discussion

All measurements in the present study were obtained
on three dimensional virtual models. Some previous studies
showed that measurements obtained on 3D models can be
considered reliable and comparable to those obtained with
digital calipers in conventional way. Both methods showed a
high degree of concordance and reproducibility (24, 26, 27).

In this study, a composite measure of total weighted den-
tal (luctuating) asymmetry (TWA) was calculated as the sum
of asymmetries for particular measurements in each individ-
ual. According to Palmer and Strobeck (14) such composite
measures of asymmetry are much more effective for assessing
developmental instability than measures of fluctuating asym-
metry for individual variables. The results of this study did
not show significant fluctuating asymmetry for dental arch
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pazene znacajne razlike u velicini fluktuirajuce asimetrije iz-
medu pojedinih tipova malokluzija te izmedu gornje i do-
nje Celjusti.

Neka dosadasnja istrazivanja pokazala su viSu asimetri-
ju maksilarnih u odnosu na mandibularne zuba (28 - 31).
Harris i Nweeia (28) pronaili su znacajno viSu asimetriju
zubnih veli¢ina kod ispitanica negoli ispitanika. Maksilarni
zubi bili su asimetri¢niji u meziodistalnim dimenzijama od
mandibularnih. Oni su zapazili da se uzorak asimetrije usko
podudara s morfogenetskim poljima zuba, $to upozorava na
vaznost genetskih i ontogenetskih uzoraka u humanoj denti-
ciji. Ujedno su zapazili visu FA-u distalnijih zuba u éeljusti
(premolara i molara) (28).

Fluktuiraju¢a asimetrija zubnih lukova pokazala je vise
vrijednosti u mandibuli negoli u maksili. Ukupna tezinska
asimetrija $irine zubnih lukova (TWW) bila je mnogo ve¢a u
mandibuli negoli u maksili u svim vrstama malokluzija. Vri-
jednosti TWW-a bile su najvise kod ispitanika s anomalijom
klase III. Anteroposteriorni stupanj asimetrije duzine maksi-
larnih zubnih lukova bio je ve¢i kod muskih negoli zenskih
ispitanika. Vrijednosti TWA-e u mandibuli za duzine zubnih
lukova bile su najvece za klasu III kod ispitanica. Rezultati
pokazuju da je donja ¢eljust osjetljivija na djelovanje okolis-
nog i genetskog stresa. Cini se da je gornja Celjust otpornija
na djelovanje stresa i pokazuje nizu razinu asimetrije.

Kaur i suradnici (32) analizirali su ukupnu tezinsku asi-
metriju zubnih kruna (TWDA) i uo¢ili znacajne korelacije s
transverzalnim maksilarnim dimenzijama. Slucajevi s pove-
¢anom TWDA-om imali su pove¢anu zbijenost zuba, asime-
triju oblika zubnih lukova i transverzalne devijacije u zubnim
lukovima. Pove¢anu TWDA pratila je pove¢ana zbijenost zu-
ba i asimetrija zubnih lukova koja se pripisuje pove¢anoj ra-
zvojnoj nestabilnosti.

Asimetrija dentalne okluzije moze biti pokazatelj poreme-
¢aja u genetskoj kontroli razvoja i/ili utjecaju okolisnih ¢im-
benika (33). Stupanj asimetrije odrazava stupanj genetskog
kanaliziranja dentoalveolarnog razvoja. Scanavini i suradni-
ci (34) utvrdili su visoku asimetriju dimenzija zubnih luko-
va u mandibuli i maksili. Isti rezultati dobiveni su i u nekim
drugim studijama (35, 36). Na mjere zubnih lukova utjecu
nasljede i okolis, ali ¢ini se da je uloga nasljeda u tome mno-
go veca. Istrazivanja pokazuju visoku genetsku kontrolu tran-
sverzalnih mjera zubnih lukova (Sirina zubnih lukova), ali je
utvrden i znadajan postnatalni doprinos okoli$nih ¢imbeni-
ka (21, 33). Cassidy i suradnici (21) ustanovili su da veli¢i-
na zubnog luka ima genetsku komponentu od 50 %. Najvisa
procjena nasljednosti od oko 60 % utvrdena je za Sirine zub-
nih lukova. Veli¢ine zubnih lukova pokazuju znacajne varija-
cije kod razlicitih tipova malokluzija. Utjecaj okolisnih ¢im-
benika na varijable zubnih lukova takoder je znacajan. Zubni
lukovi se mijenjaju nakon nicanja i pomicanja zuba zbog pri-
tiska misica i oralnih navika, $to zajedno pridonosi varijacija-
ma veli¢ine i oblika zubnih lukova (21).

Schaefer i suradnici (22) zapazili su razlike u veli¢ini fluk-
tuirajuée asimetrije zubnih lukova izmedu gornje i donje ce-
ljusti. Gornja celjust pokazivala je visu FA-u zbog povecane
osjetljivosti na razvojne smetnje u odnosu na donju ¢eljust.
Zbog toga oni zaklju¢uju da se fluktuirajuéa asimetrija po-
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variables. We have observed significant differences in magni-
tude of fluctuating asymmetry between malocclusion groups
and between the upper and lower jaws.

Some previous studies showed higher asymmetry of max-
illary than mandibular teeth (28-31). Harris and Nweeia (28)
found significantly higher scores of asymmetry in females
than males regarding tooth size. Maxillary teeth were more
asymmetric in MD dimensions than mandibular teeth. Har-
ris and Nweeia (28) observed that the pattern of asymmetry
corresponds closely with morphogenetic fields of teeth point-
ing to the importance of genetic and ontogenetic patterns in
human dentition. They also observed higher FA in more dis-
tal teeth (premolars and molars) (28).

The fluctuating asymmetry of dental arches showed high-
er asymmetry values in the mandible than in the maxilla. To-
tal weighted asymmetry for dental arch widths (TWW) was
much greater in the mandible than in the maxilla in all mal-
occlusion groups. The values of TWW were the highest for
subjects with Class III malocclusion. The anteroposterior de-
gree or asymmetry of maxillary arch depths was greater in
males than in females. TWA scores for dental arch depths in
mandible were the greatest for Class III malocclusion in fe-
males. The results imply that the lower jaw is more sensitive
to both environmental and genetic stress. The upper jaw ap-
pears to be better buffered and displays a lower amount of
asymmetry.

Kaur etal. (32) studied the total weighted asymmetry and
observed significant correlations with transverse maxillary di-
mensions. Cases with increased TWDA had increased crowd-
ing, arch form asymmetry and transverse deviations in den-
tal arches. Cases with increased TWDA displayed increased
crowding and arch form asymmetry due to developmental
instability.

Asymmetries in dental occlusion may reflect disturbances
in genetic control of development and/or influence of envi-
ronmental factors (33). The degree of asymmetry can reflect
the degree of genetic canalization of dentoalveolar develop-
ment. Scanavini et al. (34) found higher asymmetry in dental
arch dimensions in the mandible than in the maxilla. Similar
findings were obtained in some other studies (35, 36). Dental
arch measurements are influenced by heredity and environ-
ment but it seems that hereditary contribution plays much
greater role. The results of some studies show high levels of
genetic control for transverse arch measurements (dental arch
widths) but considerable postnatal influences of environment
was also established (21, 33). Cassidy et al. (21) stated that
dental arch size has 50% of genetic component. The high-
est heritability estimates, about 60% on average, were ob-
tained for dental arch widths. The size of dental arches shows
considerable variations within different types of malocclu-
sion. The influence of environmental factors on dental arch
variables is also significant. Dental arches change after teeth
emergence. The movement due to muscular pressures and
oral habits contribute to the variations in size and shape of
dental arches (21).

Schaefer et al. (22) observed differences in the magnitude
of fluctuating asymmetry for dental arches between the up-
per and lower jaw. The upper jaw displayed higher FA due
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vecava u obje Celjusti zbog okolisnog stresa, a genetski stres
dodatno povecava FA-u u donjoj ¢eljusti. Zapazanja u tom
istrazivanju da varijable zubnih lukova kod klase III poka-
zuju ve¢u FA-u, upucuje na povezanost s ve¢im stresom (ge-
netskim i/ili okoli$nim) tijekom ranog dentoalveolarnog ra-
zvoja. Povecana genetska osjetljivost na okolisni stres moze
rezultirati pove¢anom razvojnom nestabilno$¢u i pove¢anom
razinom FA-e u razlicitim strukturama kao $to su dimenzije
zubnih lukova. Livshits i Kobyliansky (18) isticu da neke ge-
javu asimetrije u razli¢itim strukturama, a vanjski ¢imbenici
utje¢u na stupanj u kojem ¢e se svaka strukturna asimetrija
manifestirati.

Prema Garnu i suradnicima (20) asimetrija moze biti
glavni ¢imbenik koji pridonosi pojavi malokluzije. Znacajna
asimetrija znadi disbalans, a vie uravnotezene i vise simetri¢-
ne osobe imaju ve¢u vjerojatnost za razvoj dobre okluzije. Pa-
cijenti s povecanom fluktuiraju¢om asimetrijom imaju zbije-
nije zube i mnogo izrazeniju ortodontsku anomaliju.

Sprowls i suradnici (4) utvrdili su pozitivne korelaci-
je ukupne dentalne asimetrije (TWDA) s polozajnom den-
talnom asimetrijom. Smatraju da pove¢ana asimetrija oblika
zubnih lukova moze biti povezana sa zbijenos¢u zuba i po-
vecanom razvojnom nestabilnosti. Osobe s ve¢om asimetri-
jom pokazuju jace izrazen oblik malokluzije zbog povecane
razvojne nestabilnosti i jaceg djelovanja okoli$nih perturbaci-
ja. Sprowls i suradnici (4) zapazili su pove¢anu dentalnu zbi-
jenost u slucajevima s povec¢anom fluktuiraju¢om dentalnom
asimetrijom. Oni smatraju da je utvrdivanje stupnja fluktu-
irajuce ili usmjerene asimetrije kod ortodontskih pacijenata
jednako vazno kao i utvrdivanje Boltonovih nerazmijera (4).

Schaefer i suradnici (22) zapazili su da se znacajna usmje-
rena asimetrija pojavljuje zajedno s fluktuiraju¢om asimetri-
jom u okolnostima povecanog stresa te zato smatraju da obje
asimetrije — FA i DA, mogu biti indikatori razvojne nesta-
bilnosti (15, 16, 22). Obje vrste asimetrije dinamicki su po-
vezane jer postoji mogucnost prelaska iz DA-e u FA-e (15,
22). Dodatnu potporu tome zapazanju daje nalaz povezano-
sti DA-e i FA-e u slucaju facijalne asimetrije sa specificnim
genima (37 - 39).

Weaver i suradnici (39) istrazivali su povezanost gena s
dentoalveolarnim fenotipima kod osoba s ortodontskim ano-
malijama. Ustanovili su snaznu povezanost BMP3, Latsl i
SATB2 gena s fluktuirajuéom asimetrijom zubnih lukova.
Utvrdeno je da je gen BMP3 povezan s lijevo-desnim obliko-
vanjem razvoja kod sisavaca te da je vazan za razvoj mandibu-
larnog prognatizma. Taj nalaz djelomi¢no pomaze objasniti
znacajno vecu fluktuirajuéu asimetriju kod osoba s mandibu-
larnim prognatizmom u odnosu na ostale skupine malokluzi-
ja. Potrebna su daljnja istrazivanja komparacije FA-e i DA-e
istih dentoalveolarnih varijabli u obje celjusti.
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to higher sensitivity to developmental disturbances than the
lower jaw. Schaefer et al. (22) concluded that fluctuating
asymmetry increased in both jaws with environmental stress.
However, genetic stress additionally increases FA in the low-
er jaw.

The observation in this study that dental arch variables in
Class I1I display greater FA suggests an association with great-
er stress (genetic and/or environmental) during early dento-
alveolar development. Increased genetic susceptibility to
environmental stress can lead to increased developmental in-
stability and elevated levels of FA in various structures such as
dental arch dimensions. Livshits and Kobyliansky (18) stated
that some genetic components could make an individual be-
come more susceptible to the pressure of asymmetry in vari-
ous structures. Besides, they stated that external factors could
influence the degree to which each structural asymmetry is
manifested.

According to Garn and coworkers (20) asymmetries may
be a major contributing factor to malocclusion. Significant
asymmetry means imbalance. More balanced and more sym-
metric patients have a greater likelihood for good occlusion.
Patients with an increased fluctuating asymmetry tend to
have more dental crowding and more severe malocclusion.

Sprowls et al. (4) obtained positive correlation of the
TWDA with the positional dental asymmetries. They be-
lieved that increased arch form asymmetry may be associated
with dental crowding and increased developmental instabili-
ty. Individuals with greater asymmetry displayed more severe
malocclusion due to developmental instability and higher
effect of environmental perturbation. They observed an in-
crease in dental crowding in cases with increased dental fluc-
tuating asymmetry. Sprowls et al. (4) stated that establishing
the degree of fluctuating or directional asymmetry in orth-
odontic patients is equally important as establishing Bolton
discrepancies.

Schaefer et al. (22) observed that significant directional
asymmetry co-occurred with fluctuating asymmetry in cir-
cumstances of increased stress. Therefore, they stated that
both FA and DA could be indicators of developmental insta-
bility (15, 16, 22). Both types of asymmetries are dynamical-
ly inter-related because there is possibility of transition from
DA to FA (15, 22). There is evidence to support the findings
of associations of DA and FA in facial asymmetry with spe-
cific genes (37-39).

Weaver et al. (39) performed the study of gene associa-
tion with dentoalveolar phenotypes in subjects with maloc-
clusions. They found strong associations of the BMP3, Lats],
and SATB2 genes with fluctuating asymmetry of dental arch-
es. The BMP3 gene was found to be associated with left
to right patterning in mammalian development. This gene
was found to be important for development of mandibular
prognathism. This finding partly helps to explain consider-
ably greater values fluctuating asymmetry in subjects with
mandibular prognathism compared to other malocclusion
groups. Further research is needed to compare both FA and
DA for the same dentoalveolar variables in both jaws.
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Zakljuéci

Vrijednosti TWA-e bile su niske, ali su se znacajno razli-
kovale izmedu skupina razlicitih malokluzija. Slozena mjera
fluktuirajuce asimetrije (TWA) za varijable zubnih lukova bi-
le su najvise za anomaliju klase III, a najnize za klasu 1. Kad
je rije¢ o razlikama izmedu zubnih lukova, utvrdeno je da su
asimetrije zubnih lukova znacajno ve¢e u mandibuli negoli u
maksili u svim skupinama malokluzija. Ispitanici su pokazi-
vali vedi stupanj asimetrije od ispitanica. Najvisa fluktuiraju-
¢a asimetrija u slu¢aju anomalije klase III upuéuje na to da su
pacijenti s tom malokluzijom izlozeni najvifoj razini genet-
skog i okoli$nog stresa tijekom ranog razvoja.

Sukob interesa

Fluktuirajuca asimetrija i malokluzije .

Conclusions

The TWA values were low but they differed significant-
ly between the groups of malocclusion. Composite measures
of fluctuating asymmetry (TWA) for dental and dental arch
variables were the highest in Class 111, and lowest in Class I
malocclusion. Regarding the inter-arch differences, the teeth
in the maxilla were more asymmetrical than the teeth in the
mandible. Dental arch asymmetry was considerably great-
er in the mandible than in the maxilla in all malocclusion
groups. Males displayed a higher degree of asymmetry than
females. The highest fluctuating asymmetry in Class III mal-
occlusion points to the fact that patients with Class III mal-
occlusion experienced the highest level of genetic and envi-
ronmental stress during early development.
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a composite index of total weighted asymmetry (TWA). The analysis of variance was used to deter-
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posite TWA measures of fluctuating asymmetry for dental arch variables were the highest in Class IlI,
and lowest in Class | malocclusion. Males displayed a higher degree of asymmetry than females. The
asymmetry degree was higher in the mandibular dental arches than in the maxillary dental arches
in all malocclusion groups. Conclusion: The TWA values were low but they differed significantly be-
tween the groups of malocclusion. Class Ill malocclusion displayed higher FA values than Class | and
Class Il malocclusion. Higher FA of dental arches in Angle’s Class Il can be considered an indicator
of increased developmental instability in this malocclusion due to high levels of genetic and environ-
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