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Genetik ve Malokluzyon
Genetics and Malocclusion

GiRis

icinde bulundugumuz yizyilda, deneysel
embriyoloji, gelisimsel ve molekdler biyoloji
ve biyolojik streclerin taklit edilmesine yo-
nelik calismalar diger alanlarda oldugu gibi
dis hekimliginde de giderek daha ¢ok 6nem
kazanmaktadir (1).

Malokluzyon, genetik ve cevresel faktorlerin
etkilesiminin orofasial bolgenin gelisimi tzerin-
deki bir gostergesidir. Ortodontistler, her hasta-
nin neden kendine 6zgu okluzyona sahip olduk-
larini anlamak icin genetikle ilgilenebilirler (2).

Malokluzyonlarin ¢cogu kemik kaideler ve
disler arasindaki uyumsuzluklardan kaynak-
lanir ve etiyolojileri cogunlukla multifaktori-
yeldir. Genler ve cevresel faktorlerin malok-
luzyon olusumu tzerindeki rolii hala tartisma
konusudur ancak dental anomalilerin olusu-
muyla ilgili olarak son yillarda genetik faktor-
lerin 6Gneminin farkina varilmistir (4). Modern
klinik diistince malokluzyonun nedeni olarak
heredite’nin Gzerinde durmaktadir (3).

Konjenital eksik disleri ya da diger dental
anomalileri olan ailelerdeki genetik mutas-
yonlarin belirlenmesi teshise yardimci olacak
ve daha iyi bir ortodontik tedavi yapilmasina
imkan verecektir (4).

Ailesel benzerliklerin arastinldigi kraniyo-
metrik ve sefalometrik calismalarda elde edi-
len kanitlarin biytk cogunlugu fasial formun
buyik olciide bireyin genotipi tarafindan
olusturuldugu hipotezini desteklemektedir
(5). Ayni zamanda dislerin boyut ve sekilleri
de genetik olarak belirlenmistir (5). Yine de
cesitli genetik ve cevresel faktorlerin etkileri-
nin ayirt edilmesinde bir takim zorluklar bu-
lunmaktadir (6-7).

Klinik ortodonti pratiginde, dental okluz-
yonun genetigi tizerine yapilan arastirmalarin
cok az etkisi vardir. Genlerin, okluzyonda
varyasyonlara neden oldugu bilinmesine rag-
men, tedavi hedefleri ve terapotik yontemler
hastalar arasindaki genetik farkliliklari yansit-
mamaktadir (8). Problem genetik ise, orto-
dontistler yapabilecekleri ya da degistirebile-
cekleri konusunda kisitlanabilirler.

Bu derlemenin amaci dentofasial yapilarin
genetik ve cevresel etkenlerden ne olctde ve
nasil etkilendiginin anlatilmasidir.

Molekiiler Biyoloji ve Genetik’in Temel

Konulari
Kalitsal bilginin deoksiribontkleik asit
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INTRODUCTION

Today, experimental embriology, develop-
mental and molecular biology and biomime-
tics are becoming more and more popular in
dentistry as it is in other fields (1).

Malocclusion is a manifestation of genetic
and environmental interaction on the deve-
lopment of the orofacial region. Orthodon-
tists may be interested in genetics to help un-
derstand why a patient has a particular occ-
lusion (2).

Most of the malocclusions result from the
discrepancy between the apical bases and te-
eth, and the etiology is multifactorial, most of
the time. The role of genes and environmen-
tal factors on malocclusion has been a matter
of discussion, however the important role of
genetics has been increasingly recognized in
recent years with respect to the understan-
ding of dental anomalies (4). Contemporary
clinical opinion emphasizes the role of here-
dity as a cause of malocclusion (3).

identification of genetic mutations in fami-
lies with tooth agenesis or other dental ano-
malies will enable preclinical diagnosis and
permit improved orthodontic treatment (4).

In craniometric and cephalometric studies
of familial similarities, the majority of the evi-
dence supports the hypothesis that facial
form is largely a product of person’s genoty-
pe and the shape and size of teeth are also
genetically determined (5). Nevertheless the-
re have been difficulties in seperating the va-
rious genetic and environmental effects (6-7).

Research on the genetics of dental occlu-
sion has had little impact on the daily practi-
ce of clinical orthodontics. Although it is re-
cognized that genes contribute to variation in
occlusion, treatment objectives and thera-
peutic methods do not reflect the genetic dif-
ferences among individual patients (8). If the
problem is genetic, then orthodontists may
be limited in what they can do or change.

The aim of this review is to tell how and
how much the dentofacial structures are af-
fected by genetic and environmental factors.

The main Points of Molecular Biology

and Genetics

Right after the discovery of DNA as the ge-
netic material in 1950s, the scientists, who
were working on proteins, started to focus
more on DNA. In fact, it was previously tho-
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(DNA) oldugunun 1950'li yillarda ispatlan-
masi ile onceleri proteinler tizerinde calisan
bilim adamlari hizla DNA’ya yogunlasmistir.
Aslinda 20 farkli amino asitin proteinlerde ge-
netik bilgileri tasiyabilecegi, DNA'nin ise alfa-
besindeki 4 niikleotidle (Adenin; A, Timin; T,
Guanin; G, Sitozin; C) bu gorevi tstleneme-
yecegi ve diinyadaki yaygin biyolojik cesitlili-
gi saglayamayacag dustntilmekteydi (1).

James Watson ve Francis Crick’in 1953 yi-
linda DNA'nin yapisal ozelliklerini bulmasi
ile genetik biliminde yeni bir doneme giril-
mistir (9). DNA, genetik ve saglik bilimleri ile
ugrasan tim bilim adamlarinin odak noktasi
olmustur. Medikal genetik alanindaki bu iler-
lemeler, saglikla ilgili tim disiplinlerde oldu-
gu gibi hizla gelisimini strduren dis hekimli-
ginde de yerini bulmustur (1).

Genetik bilimi, karakteristik ozelliklerin bi-
reyden bireye nasil aktanldigi ve genler ile
cevresel faktorler arasindaki etkilesim ile ilgi-
lenir. Genlerin etkileri, cevresel faktorler tara-
findan degistirilebildigi icin bu kavram medi-
kal genetik acisindan 6zellikle 6Gnemlidir (10).

Temel Tanimlar

ilerlemeden &nce molekiiler biyoloji ve
genetik ile ilgili bazi temel tanimlamalarin
yapilmasi yerinde olacaktir.

Deoksiriboniikleik asit (DNA), birbirleri-
ne fosfat molekdlleri ve deoksiriboz sekeri
aracthgiyla baglanmis, tekrarlayan niikleotid
birimlerinin (adenin, timin, sitozin ve gua-
nin) antiparalel cift helikslerinden olusmus
bir makromolekildir. DNA genleri olustu-
ran temel materyaldir ve cesitli heliks form-
larinda bulunabilir. DNA'nin, tip 1, tip Il ve
tip Il olmak tzere ¢ major formu bulun-
maktadir (11).

Ribontikleik asit (RNA), bir "Niikleik asit"
niikleik asittir, ribo "Nikleotit" niikleotitler-
den olusan bir "Polimer" polimerdir. Hicre-
lerde RNAnin 3 tipi bulunur. Bunlar mRNA,
rRNA ve tRNA’dir. mRNA, protein sentezi,
rRNA ve tRNA icin gerekli talimatlari sagla-
makla gorevlidir (12).

Gen, fonksiyonel polipeptidlerin ya da
RNA molekiltnin sentezi icin gerekli DNA
sekansi olarak tanimlanabilir (2).

Genotip, genellikle, bireyin tasidigi genle-
rin tamamini ifade eder, bireyin gen haritasi-
nin belirli bir bolgesindeki belirli alel ciftleri-
ni ifade etmek icin kullanilir (2).

Sakin, Kurt

ught that the twenty aminoacids, composing
the proteins, could carry the genetic informa-
tion while DNA, composed of only 4 nucle-
otides, could not be enough to explain the
biological diversity in the world (1).

With the discovery of the structural pro-
perties of DNA by James Watson and Francis
Crick in 1953, a new era has begun in the
science of genetics (9). DNA has been the fo-
cus of all scientists working in the field of
Genetic and Health Sciences. These impro-
vements in the field of Medical Genetics has
been important in all disciplines related to
health as well as rapidly developing area,
dentristy (1).

The science of genetics is concerned with
the inheritance of traits and with the interac-
tion of genes and the environment. This con-
cept is of particular relevance to medical ge-
netics, since the effects of genes can be mo-
dified by the environment (10).

Basic Definitions

Before we proceed, it will be helpful to
describe some of the basic components of
molecular biology and genetics.

Deoxyribonucleic acid (DNA), is a mac-
romolecule formed of an antiparallel double
helix of repeating nucleotide units- adenine,
thymine, cytosine and guanine- linked via in-
tervening units of phosphate and the pentose
sugar deoxyribose. DNA is the fundamental
material of which genes are composed and
can exist in different helix types. There are
three major forms of DNA and these are form
I DNA, form Il DNA and form 1ll DNA (11).

Ribonucleic acid (RNA), is a polymer of
ribonucleotides. There are three main types
of RNAs in the cell. These are mRNA, rRNA
and tRNA. The mRNA provides the instructi-
ons for protein synthesis, the various rRNAs
and the tRNAs (12).

A gene can be defined as the entire DNA
sequence necessary for the synthesis of a
functional polypeptide or RNA molecule (2).

The genotype generally refers to the set of
genes that an individual carries and in parti-
cular usually refers to the particular pair of al-
leles that a person has at a given region of the
genome (2).

Phenotypes are observable properties,
measurable features and physical characteris-
tics of an individual, as determined by the in-
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Fenotip, bireyin gozlenebilen 6zelliklerini,
Olculebilen ve fiziksel karakterlerini ifade et-
mek icin kullanilir, bireyin genotipi ve buyu-
digi cevredeki cevresel faktorler tarafindan
belirlenir (2).

Polijenik, fenotipik bir 6zelligin iki ya da
daha fazla gen tarafindan belirlenmesi de-
mektir, cevresel faktorlerin de etkisi mevcut-
tur, etki miktari degisken olup monojenik
ozelliklere gore daha fazladir (2).

Monojenik, yapisal bir 6zelligin tek bir gen
lokusu tarafindan belirlenmesi demektir (2).

Monozigot ikizler, dollenmis tek bir yu-
murtadan gelisen ve ayni genetik yapiya sa-
hip olan, goriinimleri de benzer olan ikizleri
ifade etmek icin kullanilir. Tek yumurta ikizi
de denir (10).

Dizigot ikizler, dollenmis iki ayri yumurta-
dan gelisen ikizleri ifade etmek icin kullanilir.
Cift yumurta ikizi de denir (10).

Ortodontik Anomalilerin Etiyolojik

Faktorleri

Guntimuz dis hekimliginde halen en sik
rastlanan t¢ problem dis ¢lrtgu, periodontal
problemler ve malokluzyondur (13).

Daha onceki arastirmalar genetik faktorle-
rin bu problemlerle iliskili oldugunu dogrula-
sa da arastirma bulgulariin klinik uygulama
tzerine etkisi ¢cok az olmustur (13).

Bu problemlerin genetik kokenlerini acik-
lamayr amaclayan iyi planlanmis ve uygulan-
mis bilimsel galismalar azdir. Bu durum kis-
men etiyolojilerin multifaktoriyel olmasi ve
iyi kontrol edilmis calisma dizaynlarini zor-
lagtirmasindan kaynaklanir (13).

Malokluzyon, normal ya da ideal okluz-
yon olarak tanimlanan durumdan belirgin bi-
¢imde sapmis okluzyon olarak tanimlanabi-
lir. Normal okluzyonun pek cok komponenti
vardir. Bunlardan en 6nemlileri:

Maksillanin boyutu,

Mandibulanin boyutu, (hem ramus hem

korpus boyutu),

iki iskeletsel kaide arasindaki iliskiyi be-

lirleyen faktorler,

Ark formu,

Dislerin boyut ve morfolojileri,

Mevcut dis sayisi,

Yumusak doku morfolojisi ve davranisi,

dudaklar, dil ve perioral kas yapisidir (14).

Genetik faktorlerin yapisal bir 6zelligi ya
da bozuklugu nasil etkilediginin tam olarak
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dividual’s genotype and the environment in
which the individual develops over a period
of time (2).

Polygenic inheritance refers to the inheri-
tance of a phenotypic characteristic that is
determined by the interaction of two or more
genes (2).

Monogenic inheritance, traits that deve-
lop because of the influence of a single gene
locus are monogenic (2).

Monozygotic twins, occur when a single
egg is fertilized to form one zygote which
then divides into two separate embryos. They
are the same sex and their traits and physical
appearances are very similar but not exactly
the same (10).

Dizygotic twins, usually occur when two
fertilized eggs are implanted in the uterine
wall at the same time (10).

The aetiology of Orthodontic

Malocclusions

The three most common problems in den-
tistry today remain dental caries, periodontal
diseases and malocclusion (13).

Early investigations confirmed genetic ba-
ses to dental caries, periodontal diseases and
malocclusion, but research findings have had
little impact on clinical practice (13).

It is true to say that well-planned and exe-
cuted scientific studies aimed at clarifying the
genetic basis of these conditions are few and
far between. This is partly because their aeti-
ologies are multifactorial, making it difficult
to design well-controlled studies (13).

Malocclusion may be defined as a signifi-
cant deviation from what is defined as nor-
mal or ideal occlusion. Many components
are involved in normal occlusion. The most
important are:

The size of the maxilla,

The size of the mandible, both ramus and

body,

The factors which determine the relati-

onship between the two skeletal bases,

The arch form,

The size and morphology of the teeth,

The number of teeth present,

Soft tissue morphology and behaviour,

lips, tongue, and peri-oral musculature

(14).

Several questions need to be answered be-
fore a complete understanding can be gained
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anlagilabilmesi igin cesitli sorularin cevap-
lanmasi gerekmektedir. Bunlar:
Genetik, insan farkhiliklari tzerinde ne
kadar etkilidir?
Genotip ve fenotip arasindaki yollarda
bulunan gen drinleri arasinda ne tir bir
etkilesim vardir?
Bir ozellik tizerindeki genetik etkiler cin-
siyetler arasinda tutarli midir?
Diger genlerle karsilastirildiginda bazi
genlerin daha usttin etkileri var midir?
Bu genler insan gen haritasi tizerinde yak-
lasik olarak nerede konumlanmistir? (15)

Dentofasial anomalilerin etiyolojisi hala
tam olarak bilinmemektedir. Etiyolojik faktor-
lerin dentofasial yapilari etkilemesi sonucu
malokluzyonlar olusmaktadir. Ortodontik
anomalilerin olusmasinda cogunlukla birden
fazla faktor rol oynar. Malokluzyonun belki
de en 6nemli etiyolojik faktorti, genetik fak-
torlerdir (16).

Morfolojik 6zellikler genlerle tasinmakta-
dir. Bireyin ailesinde bir anomali varsa gen-
lerle tasinabilir (16). Cene kemiklerinin bu-
yuklik, sekil ve konumlarinin; dislerin sayi,
sekil ve boyut anomalilerinin, dil buytkligu-
ntin kalitimsal oldugu bildirilmektedir (16).

Problemin nedenini anlamak o6nemlidir.
Genetikle ilgili ortodonti literattiriiniin cogu
genetik faktorlerin biytiimeye ve malokluz-
yon olusumuna katkisini degerlendirmektedir
ancak ortodonti ve genetik hakkindaki en
onemli soru su olmahidir. Farkli bireyler, teda-
viye, belirli genetik faktorlere baglh olarak
farkli sekillerde cevap verebilirler mi? (2)

Genetik Faktorlerin Kraniyofasial

Kompleksin Sekli ve Boyutlar1 Uzerindeki

Etkileri

Heredite’nin kraniyofasial morfoloji tizeri-
ne etkisini belirlemek amaciyla uygulanan
pek cok yontem arasinda bazi kisitlamalarina
ragmen ikiz calismalari kullanigh bulunmus-
tur. Kraniyofasial kompleksteki belirli bir ala-
nin, kompleksin timiine gore ya da farkl bir
bolgesine gore daha kalitsal olup olmadigini
belirlemeye yonelik adimlar atilmistir. Bu
adimlar terapotik islemlerle gevresel kosulla-
ri degistirip kraniyofasial kompleks’in morfo-
lojisini degistirmek isteyen klinisyenler icin
onemli bilgiler saglayacaktir (17).

Sakin, Kurt

about how genetic factors influence a feature
or disorder. These include:
How important are genetic effects on hu-
man differences?
What kinds of action and interaction oc-
cur between gene products in the path-
ways between genotype and phenotype?
Are the genetic effects on a trait consistent
across sexes?
Are there some genes that have particu-
larly outstanding effects when compared
with others?
Where abouts on the human gene map
are these genes located? (15).

The etiology of dentofacial anomalies is
still not known completely. Malocclusions re-
sults from the interaction between the etiolo-
gic factors and dentofacial structures. Mostly
there are several factors contributing to the
orthodontic anomalies and perhaps the most
important etiologic factor for malocclusion
is, genetic factors (16).

Morphologic features are inherited by ge-
nes. If the parents of an individual have an
anomaly, it might be transfered by genes (16).
It is reported that the size, shape and positi-
ons of the jaws; the tooth number, shape and
tooth size discrepancy, the size of the tongu-
e are all genetically determined (16).

To understand the cause of problem is im-
portant. Much of the literature in orthodon-
tics about genetics discussed the contribution
of genetic factors to growth and malocclusi-
on. The most important practical question re-
garding orthodontics and genetics is whether
different individuals respond to some degree
to a changed environment (treatment) in dif-
ferent ways according to the influence of the-
ir particular genetic factors (2).

Genetic Factors in the Shape and

Dimensions of the Craniofacial Complex

Of the varios methods employed to deter-
mine the influence of heredity on the crani-
ofacial morphology, the twin method has be-
en found to be particularly useful in spite of
limitations. Attempts have been made to de-
termine if a particular area of the craniofaci-
al complex is more heritable than the comp-
lex as a whole and whether one area is more
heritable than another area. These questions
are of considerable importance to those who

Tiirk Ortodonti Dergisi 2009,22:166-180



Genetik ve Malokluzyon
Genetics and Malocclusion

Lundstrom, kraniyofasial ol¢timlerin cogu
icin genetik faktorlerin non-genetik faktorler-
den daha etkili oldugunu belirtmistir (18). Ar-
ya ve ark.’nin yapmis olduklari ikiz ¢alisma-
larinda, mandibulanin uzunluk ve genisligi-
nin, yiksekligine oranla genetik faktorlerden
daha fazla etkilendigini bulmuslardir. Bu kar-
stlastirmadan mandibular ytiksekligin terapo-
tik kuvvetler gibi cevresel etkilere daha du-
yarli oldugu sonucu cikarilabilir (17).

Kraniyofasial kompleksin morfolojik 6zel-
liklerinin polijenik olduguna inaniimaktadir.
Mandibulanin boyutlari, sekli ve pozisyonu
icin genetik belirleme giicli ise ortopedik
kuvvetlerin etkisi minimal olacaktir ve bu bil-
gi ortodontik tedavi planlamasinda ve tedavi-
nin prognozunda en 6nemli bilgi haline gele-
cektir (19).

Kafatasinda, viicudumuzdaki pek cok ke-
mikte oldugu gibi, cesitliligin iki temel kay-
nagi vardir. Genetik ve cevresel faktorler. Kra-
niyofasial kompleksin eriskin boyut ve sekli-
nin belirlenmesinde bu faktorlerin ne kadar
rol oynadigi, ortodontide en tartismali ve en
onemli konulardan biridir (20).

Kraniyofasial biytimenin anlasiimasi ve
kraniyofasial kompleksteki cesitliligin etiyo-
lojisinin anlasilmasi ortodontist’e, hastasinin
biytme potansiyelini tahmin etme konusun-
da cok onemli bilgiler saglayacaktir. Bu da
dogru bir teshis ve tedavi planlamasi igin ge-
reklidir.

Literattirde fasial 6zellikler ve dentofasial
degiskenler icin farkli miktarlarda genetik ge-
¢is oldugu belirtilmistir. Bu oranlar %20 ile
%90 arasinda degismektedir. Ortalama ola-
rak vertikal degiskenler icin genetik gecis,
horizontal ve dental olanlardan daha fazla
bulunmustur (21).

Savoye ve ark’ nin model-fitting yontemini
uyguladiklari calismalarinda da vertikal oran-
larin yuksek oranda genetik olarak belirlendi-
gi belirtiimektedir (22). Genetik belirlenme-
nin dusik oldugu degiskenler ortopedik dii-
zeltim gibi cevresel etkilerden daha fazla et-
kilenirken buytk miktarda genetik faktorler-
den etkilenen degiskenler cevresel faktorlerle
kolaylikla degistirilemezler (22).

Dogru bir teshis ve biyiime tahmini yapa-
bilmek icin ortodontist, hastasinin fasial mor-
folojisinin belirlenmesinde genetigin rol oy-
nadigini distinmelidir. Yine de kraniyofasial
komplekste, genetik cesitliligin varligi ve
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wish to alter the morphology of the craniofa-
cial complex by changing environment thro-
ugh therapeutic procedures (17).

Lundstrom concluded that genetic factors
have greater influence than the nongenetic
factors for most of the craniofacial measure-
ments (18). Arya et al, in their twin study, ha-
ve found that the length and width dimensi-
ons of the mandible appeared to have a grea-
ter component of genetic variability than did
the height dimensions indicating that the lat-
ter dimensions are more susceptible to such
environmental influences as therapeutic pro-
cedures (17).

Morphologic characteristics of the craniofa-
cial complex are believed to be polygenic in
nature. If genetic determination is strong for
the size, shape, and position of the mandible,
then the influence of orthopedic forces may be
only minimal. This information will be of pa-
ramount importance in the design of an ortho-
dontic treatment plan and its prognosis (19).

In the skull, as in other parts of the skele-
ton, there are two major sources of variabi-
lity, genetic and environmental. The respecti-
ve importance of the roles of these factors in
determining the normal adult size and shape
of the craniofacial complex is one of the most
controversial and important problems in ort-
hodontics (20).

Understanding the craniofacial develop-
ment and the etiology of variability of crani-
ofacial complex, will provide important data
to orthodontist, while predicting the growth
potential of his patient and it is essential for a
correct diagnosis and treatment plan.

In the literature, different heritabilities have
been reported for facial characteristics and
dentofacial variables. Variations between 20%
and 90% are found. On average, higher heri-
tabilities have been found for vertical variables
than for horizontal and dental ones (21).

Savoye et al, in their study, indicated that,
high genetic determintation was found for all
the vertical proportions (22). Variables with a
lower genetic determination are more open
to influence by, for example, orthopedic cor-
rection than are variables with a high genetic
determination, which are not so easily chan-
ged by the environment (22).

In order to make an accurate diagnosis
and growth prediction the orthodontist sho-
uld consider the role that genetics has played
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onemi ile ilgili calismalar kisitl bir yaklagim-
dan ibarettir. Hereditenin etkilerinin deger-
lendirilmesinde ilerlemenin gecikmesine ne-
den olan en 6nemli faktor multifaktoriyel ka-
[itimin kompleks dogasidir (23).

Johnson, kopeklerde kafatasinin formunu
ve dental okluzyonu degerlendirdigi calisma-
sinda, fasial biytime tizerinde genetik faktor-
lerin gevresel faktorleri etkiledigi sonucuna
varmistir (24). Snodgrasse, ailesel kayitlarin,
tedavinin zorlugu ve basari icin prognozu
hakkinda ortodontist'in tahmin yapmasina
olanak saglayacagi sonucuna varmistir (25).

Horowitz, Osborne ve De George, lateral
sefalogramlar tizerinde lineer 6lgtimler kulla-
narak eriskin tek yumurta ve cift yumurta
ikizleriyle calismislar ve anterior cranial kai-
de, mandibular corpus uzunlugu, total yiiz
yuksekligi ve alt ytiz yuksekliginde kayda de-
ger oranda yiksek herediter varyasyonlar
bulmuslardir (26).

Multifaktoriyel kalitim tek bir gen lokusu-
nu degil birden fazla sayida gen bolgesini ifa-
de etmektedir. Bir 6zelligin fenotipik olarak
ifade edilmesi bu farkli genlerin ortak etkileri
ve cevresel faktorler ve bireysel esik degerle-
rinin etkisiyle belirlenmektedir (27). Polige-
netik kalitimda, cevresel faktorlerle etkilese-
bilen, farkli lokasyonlardaki ¢ok sayida gen,
fenotipik varyasyonlari belirlemektedir (28).

Terapotik agidan sagital apikal kaide iligki-
lerini degistirme ihtimalimiz vardir. Lunds-
trom, tedavi basinda “genetik olarak daha
iyi” olan hastalarin, ayni konumdaki diger
hastalara gore prognozlarinin daha iyi oldu-
gunu belirtmistir. Bu distinceler pratik agidan
az 6neme sahiptirler ancak morfolojik olarak
sagital cene iliskilerinde benzer deviasyonlar
gosteren hastalarin ayni tedaviye neden fark-
[i yanitlar verdiklerini anlamamiza yardimci
olacaktir (29).

Dentofasial kompleksin en kolay modifiye
edilebilen kismi alt ve (st cenelerin alveolar
kisimlaridir. Burda bile alveolar kemik mikta-
ri biylik oranda herediterdir ve buytimesinin
istenen miktarda stimile edilip edilemeyece-
gi sorusu tartismaya aciktir (30). Genetik fak-
torler tek bagina cevresel faktorlerin olustura-
bilecegi malokluzyonlar olusturabilirler ve
bunlari birbirinden ayirmak gictir (30).

Mandibulanin ve maksilofasial kemiklerin
cesitli kisimlarinin boyut ve konfigiirasyonla-
rindaki farkliliklarin %70-80'i herediterdir ve
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in determining the facial morphology of his
patient. However the study of the presence
and significance of genetic variation in the
craniofacial complex has been from a limited
approach. One of the major problems which
has delayed progress in the investigation of
the influence of heredity is the complex natu-
re of multifactorial inheritance (23).

Johnson, in a study of skull form and den-
tal occlusion in dogs, concluded that genetic
influences condition the environmental ef-
fects on facial growth (24). Snodgrasse conc-
luded that from his family-line study that fa-
milial records enable the orthodontist to anti-
cipate difficulty in treatment and the progno-
sis for success (25).

Horowitz, Osborne, and De George stu-
died fraternal and identical adult twin pairs
using linear measurements on lateral cepha-
lograms. An analysis of variance showed
that highly significant hereditary variations
occur in anterior cranial base, mandibular
body length, total face height and lower fa-
ce height (26).

Multifactorial inheritance denotes the in-
volvement of al number of gene sites, not just
a single genetic locus. The phenotypic ex-
pression of the trait is ultimately determined
by the collective action of these risk genes in
the individual, plus environmental factors
and individual thresholds (27). In polygenetic
inheritance, the interaction of a number of
genes at different loci that may interact with
environmental factors determine phenotypic
variation of the trait (28).

From a therapeutic aspect, it is possible for
us to change the sagittal apical base relati-
onship. Lundstrom indicated that patients
who are genetically better than their status at
the beginning of the treatment have a better
prognosis. These considerations are of little
practical significance, but perhaps they may
serve to explain, in part, the different respon-
ses to treatment displayed by patients having
morphologically similar deviations in sagittal
jaw relations (29).

The only parts of the dentofacial complex
which appear easy to modify are the alveolar
portions of the upper and lower jaws. Even
here the amount of alveolar bone is largely
hereditary and whether it can be stimulated to
grow to a particular desired point is very
much open to question (30). Heredity can and
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fonksiyonel diizeltimler uzun stire uygulanir-
larsa buytk degisiklikler olusturabilirler. Bu
bolgelerdeki biytimenin cevresel faktorler ve
mekanik araglarla ne kadar stimiile edilebile-
cegi stiphelidir (30).

Sinif 1l Divizyon | Malokluzyonlar

Sinif Il divizyon | malokluzyonlarin belirli
kraniyofasial parametrelerinin, genetik fak-
torlerle olan iliskisini belirlemek amaciyla
kapsamli sefalometrik calismalar yapilmistir.
Bu calismalarin sonuglarina gore sinif 1l bir
hastada mandibula, sinif | hastaya gore belir-
gin bicimde geride konumlanmistir, mandi-
bular corpus daha kuigtiktir ve mandibulanin
ttim boyutlari azalmistir. Ayrica bu calisma-
larda hasta ve ailesi arasinda, rastgele secil-
mis gruplara gore daha yuksek korelasyon
bulunmustur. Bu da sinif 1l divizyon | malok-
luzyonun polijenik kaliimla gecis gosterdigi
konseptini desteklemektedir (31-32).

Sinif [l Divizyon 2 Malokluzyonlar

Sinif 1 divizyon Il malokluzyonun ailesel
olusu ikiz ve tigliz calismalarini igeren gesitli
raporlarda belirtilmistir (33-34). Markovic, si-
nif I divizyon Il malokluzyonu olan 114 has-
ta Gzerinde (48 cift ikiz ve 6 grup tgtiz) klinik
ve sefalometrik calismalar yapmistir. Monozi-
got ve dizigot ikizlerde uyum-uyumsuzluk
oranlarini belirlemek icin grup ici ve gruplar
arasi karsilagtirmalar yapilmistir. Monozigot
ikiz ciftlerin hepsinde sinif Il divizyon Il ma-
lokluzyon igin uyum gozlenirken, dizigot ikiz
ciftlerinde neredeyse %90 uyumsuzluk goz-
lenmistir. Bu da gosteriyor ki sinif Il divizyon
Il malokluzyonun gelisimi i¢in temel etiyolo-
jik faktor genetiktir (34).

Ayni sekilde Graber ve Hotz da sinif Il di-
vizyon 2 malokluzyonun etiyolojisinde gene-
tik faktorlerin baskin rol oynadigini vurgula-
mislardir (35-36).

Sinif 11l Malokluzyonlar

Genetik bir 6zelligin insanlarda, ¢ok sayi-
da jenerasyon boyunca gecis gosterdigi belki
de en tinlt 6rnek, Hapsburg cenesidir. Stroh-
mavyer, Hapsburg ailesinin soy agacini detay-
[i bicimde inceledigi arastirmasinda, mandi-
bular prognatizm’in otozomal dominant kali-
timla gectigi sonucuna varmistir (37).

Schulze ve Weise, monozigot ve dizigot
ikizler tzerinde mandibular prognatizmi
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does produce almost identical conditions wit-
hout any evidence of environmental factors,
and these are difficult to distinguish (30).
Size and configuration of the several parts
of the mandible and of the maxillo-facial bo-
nes, the majority of differences (70-80%) are
hereditary; functional adjustments, if continu-
ed over long periods of time, can produce so-
me extensive changes. How much growth can
be stimulated in these areas by nurtural and by
mechanical means is questionable (30).

Class Il Division | Malocclusion

Extensive cephalometric studies have be-
en carried out to determine the heritability of
certain craniofacial para meters in Class Il di-
vision 1 malocclusions. These investigations
have shown that, in the Class Il patient, the
mandible is signi?cantly more retruded than
in Class | patients, with the body of the man-
dible smaller and overall mandibular length
reduced. These studies also showed a higher
correlation between the patient and his im-
mediate family than data from random pai-
rings of unrelated siblings, thus supporting
the concept of polygenic inheritance for
Class Il division 1 malocclusions (31-32).

Class Il Division I Malocclusion

Familial occurrence of Class Il division 2
has been documented in several published re-
ports including twin and triplet studies and in
family pedigrees (33-34). Markovic carried
out a clinical and cephalometric study of 114
Class Il division 2 malocclusions, 48 twin pa-
irs and six sets of triplets. Intra- and inter-pair
comparisons were made to determine con-
cordance/discordance rates for monozygotic
and dizygotic twins. Of the monozygotic twin
pairs, 100 per cent demonstrated concordan-
ce for the Class Il division 2 malocclusion,
whilst almost 90 per cent of the dizygotic twin
pairs were discordant. This is strong evidence
for genetics as the main aetiological factor in
the development of Class Il division 2 (34).

In the same way Graber and Hotz stressed
the predominant role of genetic factors in the
aetiology of Class Il division 2 malocclusions
(35-36).

Class lll Maloclusion
Probably the most famous example of a
genetic trait in humans passing through seve-
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arastirmislar ve monozigot ikizlerdeki gortl-
me sikliginin dizigot ikizlerden alti kat fazla
oldugunu rapor etmislerdir (38). Iwagaki,
mandibular prognatizm’in gen frekansini ve
insidansini anlamak icin 2000 Japon aile soy
agacini incelemis ve bu 6zelligin ailesel ol-
dugunu gozlemistir (39). Rubbrect, alti aile
soy agacini inceleyerek prognatizm’in du-
zensiz dominant kalitimla gectigi sonucuna
varmistir (40).

Genetik Faktorlerin Lokal Okluzal

Degiskenler Uzerindeki Etkileri

Hem cevresel hem de genetik belirleyici-
lerin okluzal 6zellikler Gizerindeki 6nemi in-
sanlar ve deney hayvanlari lizerinde yapilan
cesitli calismalar ile dogrulanmistir. Okluzal
ozellikler genellikle dis pozisyonlarindaki
varyasyonlarin kombinasyonuna ve iskeletsel
gelisime baghdir. Dis pozisyonlarindaki var-
yasyonlarin daha c¢ok cevresel, iskeletsel ge-
lisimin ise genetik faktorlerle etkilendigi du-
stintilmektedir (28). Cevresel faktorlerin 6ne-
mini gosteren en iyi 6rneklerden biri Weiland
ve ark. tarafindan yayimlanmistir. Weiland ve
ark. Avusturyali erkekler tizerinde son ylizyil-
da diet aliskanliklarindaki degisimlere bagli
olarak gozlenen malokluzyondaki degisimle-
ri gostermislerdir (41).

Malokluzyonun gelisiminde ayni sekilde
genetik faktorler de etkilidir. Tek-cift yumurta
ikizleri ve farkli poptlasyonlardan ¢ok sayida
aile tizerinde yapilan kalitim calismalarinda
0j, ark boyu, cross-bite ve bireysel dis malpo-
zisyonunun genetik komponentleriyle ilgili
saglam kanitlar bulunmustur (42-47). Genel
olarak herediter faktorlerin 6nemi malokluz-
yonun siddeti arttikga artmaktadir (44, 29).
Ne var ki bu calismalarin higbirinde benzer
siddetli malokluzyonlarda bile basit Mendel
kahtimiyla ilgili destek bulunamamuistir. Bu
da okluzal 6zelliklerin polijenik gecis goster-
digi hipotezine yol acmistir.

Genetik Faktorlerin Dig Sayi, Sekil,

Boyut, Pozisyon ve Eriipsiyonu

Uzerindeki Etkileri

Genel kani diglerin uygun bicimde siralan-
malari ve optimum okluzyon icin dis boyutla-
ri ile ark uzunlugu arasinda dengeli bir iliski-
nin olmasi gerektigidir aksi halde dental ark-
larda caprasiklik ya da diastemalar gordlir.
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ral generations is the Hapsburg jaw. Strohma-
yer concluded from his detailed pedigree
analysis of the Hapsburg family line that the
mandibular prognathism was transmitted as
an autosomal dominant trait (37).

Schulze and Weise also studied mandibu-
lar prognathism in monozygotic and dizygo-
tic twins and they reported that concordance
in monozygotic twins was six times higher
than among dizygotic twins (38). Iwagaki,
analyzed over two thousand Japanese family
pedigrees to ascertain the incidence and ge-
ne frequency of mandibular prognathism. He
observed that this trait was familial (39). Rub-
brect studied prognathism in six family pe-
digrees and concluded that the inheritance
was irregularly dominant (40).

Heritability of Local Occlusal Variables

A number of studies have confirmed the
importance of both environmental and gene-
tic determinants of occlusal traits in humans
and experimental animals. Occlusal traits are
generally dependent upon a combination of
variation in tooth position and skeletal deve-
lopment. The former is generally thought to
be more environmentally and the latter more
genetically influenced (28). One of the best
examples for the importance of environmen-
tal factors was reported by Weiland et al.
who showed secular changes in malocclusi-
on in Austrian men within the last century
that corresponded to changes in dietary ha-
bits (41).

Genetic factors are also significant in the
development of malocclusion. Studies of he-
ritability in monozygotic and dizygotic twins
and in large samples of families from different
populations reveal strong evidence of a gene-
tic component for overjet, arch size, cross-bi-
te, and individual tooth displacement (42-
47). The importance of hereditary factors ge-
nerally increases with the severity of malocc-
lusions (44, 29). Importantly, none of these
studies could find support for simple Mende-
lian inheritance, even in the most apparent
familial clustering of severe malocclusions.
This led to the hypothesis of polygenic trans-
mission of these traits.

Genetic influence on Tooth Number,

Size, Morphology, Position, and Eruption
It is generally accepted that, while harmo-
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Bugtine kadar dis boyu ve ark uzunlugu-
nun herediter 6zellikleri yerine daha ¢ok ara-
larindaki oransal iliski ya da ust digler ve alt
disler arasindaki iliski tGzerinde durulmustur
(48). Ancak dislerin konjenital eksikligi, go-
muli kalmalar ve pozisyon anomalileri, geli-
sim hizlari ve stirme paternleri % 85-90 ora-
ninda herediter faktorler ile olmaktadir (30).
Uzun zamandan beri dis genisliginin de here-
diter faktorler tarafindan kontrol edilen yapi-
sal bir 6zellik oldugu distintilmektedir (48).

Biyime ile gergeklesen, dentofasial
kompleksteki uyumsuzluklarin ve malokluz-
yonlarin ¢ogu gercek genetik farkliliklar gos-
termektedir. Ornegin siit ve daimi dentisyon-
daki dislerin her biri icin stirme yollari ve sr-
me siralari primer olarak kahtimla gegcmekte-
dir. Dahasi cevresel faktorlerle etkilenen mo-
difikasyon miktari ¢cok azdir. Dentisyonda ve
dentisyonun gelisiminde go6zlenen varyas-
yonlarin % 85'i herediter kosullar ile olus-
maktadir (30).

Lundstrom ikizlerde yaptigi arastirma so-
nucunda su Ozelliklerin kalitimsal oldugunu
soylemektedir: a) Dis buyukltgi, b) Dis kavsi
genislik ve uzunlugu, c) Dislerin caprasik ve
ya aralikli siralanmasi, d) Overjet miktari (42).

Osborne ve ark.’nin yapmis olduklari ikiz
calismalari da dislerin kron boyutlarinin here-
diter faktorlerle belirlendigini gostermistir (49).

Konjenital Dig Eksikligi

Bazi genetik aile ¢alismalari, konjenital dis
eksikliginin otozomal dominant gecis goste-
ren single-gen karakter oldugunu kabul et-
mektedir (50-52) Bazi calismalar da konjeni-
tal dis eksikligini polijenik kalitim ile iliski-
lendirmektedir (53,54).

Erken dis gelisimini etkileyen genler olan
PAX9, MSX1 ve AXIN2 genleri ailesel dis ek-
sikligi ve oligodonti ile iliskilidir (55). Yakin
zaman 6nce, MSXI geninin mutasyonunun
ikinci premolar ve tg¢lincii molarin otozomal
dominant eksikligine neden oldugu gosteril-
mistir (56).

Transpozisyonlar

Transpozisyon, iki komsu disin yer degis-
tirmesiyle karakterize bir stirme anomalisidir.
Alt lateral keser-kanin transpozisyonunun ge-
netik etkilerle olustugu bildirilmistir (57).
Peck ve ark’nin yapmis olduklari bir calisma-
da da maksiller kanin-premolar transpozisyo-
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nious relationship between tooth dimensions
and arch length results in the development of
a satisfactory alignment and optimum occlu-
sion of the teeth, disproportion between the
two elements predisposes toward crowding
or spacing in the arch.

Greater emphasis has been placed on as-
sessing the ratio, or proportional relationship
between the size of teeth and the length of
the bony arch and on the relationship betwe-
en the upper and lower teeth, than upon the
hereditary aspects of either tooth or bony
arch dimensions (48). However absence of
teeth, impactions and positional anomalies,
rates of growth and paterns of eruption can
all be ascribed to heredity by %85-90, in ra-
tio (30). it has long been assumed that tooth
breadth is a characteristic controlled by here-
ditary forces (48).

Many of the apparent discrepancies in the
dentofacial complex due to growth and the re-
sultant malocclusions represent real genetic
differences. it is pertinent to indicate a few of
these: The individual teeth in both the decidio-
us and permanent dentitions as well as the way
in which they grow and the order in which ther
erupt are primarily inherited. Further, the amo-
unt of modification induced by the environ-
ment is small. it is suggested that hereditary cir-
cumstances provide fully 85% of the variation
shown in the dentition and its growth (30).

Lundstrém, in his study with twins, has fo-
und that the following features are geneti-
cally determined. a) tooth size, b) dental arch
width and length, ¢) crowding or diastema, d)
overjet (42).

Twin studies by Osborne et al, also sho-
wed that crown dimensions of teeth are de-
termined by hereditary factors (49).

Congenitally Missing Teeth

Some genetic family studies have postula-
ted that tooth agenesis is an autosomal domi-
nant, single-gene trait with incomplete penet-
rance (50-52). Other studies have associated
congenital tooth absence with a polygenic
mode of inheritance (53, 54).

Genes affecting early tooth development
(PAX9, MSX1, and AXIN2) are associated
with familial tooth agenesis or oligodontia
(55). Recently, it was demonstrated that a mis-
sense mutation of MSXI, a human homeobox
gene, causes autosomal dominant agenesis of
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nunun multifaktoriyel kalittm modeliyle ge-
cen, genetik etkiler sonucunda olustugu bil-
dirilmektedir (27).

Palatinalde Gomiili Kaninler

Maksiller kaninlerin gomdalt kalmasi sik
karsilagilan bir durumdur. Maksiller kaninler
gesitli faktorlere bagh olarak bukkalde ya da
palatinalde gomiula kalabilirler. Maksiller ka-
ninin bukkalde konumlanmasi daha cok ark
boyu yetersizligi sonucunda olusur ve netice-
de cogu vakada strer fakat maksiller kaninin
palatal yer degistirmesi yeterli yer olmasina
ragmen gozlenebilen pozisyonel bir anomali-
dir ve st kanin ¢ekimi, cerrahi olarak o bolge-
nin agilmasi ve ortodontik tedavi gibi islemler
uygun zamanda yapilmadigi taktirde, kaninin
gomuli kalmasina neden olabilir (58).

Bazi arastirmacilar maksiller kaninin pala-
tinalde gomili kalmasinda hereditenin rolu
oldugunu belirtmigslerdir (59, 60). Peck ve
ark. cesitli kaynaklardan topladiklar verileri
analiz ettikleri yayimlarinda palatinalde go-
muli kaninlerin polijenik, multifaktoriyel ka-
litimla gecis gosterdigini belirtmislerdir (58).

Genetik Faktorlerin Dental Ark Formlari

ve Boyutlan Uzerindeki Etkisi

Dental arklarin boyutu ve formu insanlar
arasinda ¢ok degiskenlik gostermektedir. Ark
boyutu ve ark formunun belirleyicileri tam
olarak anlasilamamistir (61).

Cassidy ve ark. hereditenin ark boyu ve ark
formu tzerindeki etkilerini degerlendirdikleri
calismalarinda dislerin ark tzerindeki siralan-
malarinin birincil olarak cevresel faktorlerden
etkilendigini bulmuslardir (61). Goldberg, 15
cift tek yumurta ikizi tzerinde yaptigi cahs-
masinda ark formunun kalitimla gegtigini soy-
lemektedir. (62). Eguchi ve ark. dental ark ge-
nisligi, uzunlugu ve palatal yiikseklikte gozle-
nen varyasyonlarin yiiksek oranda genetik et-
kiyle olustugunu belirtmislerdir (63).

Dental arklarin boyut ve formunun belir-
lenmesinde genetik faktorlerin 6Gneminin de-
gerlendirilmesi, akademik bir egzersizden
daha fazlasidir. Ark formu birincil olarak ge-
notip tarafindan belirleniyorsa, o zaman te-
davi palyatif tedavi olacaktir. Eger cevresel
faktorler daha 6nemli rol oynuyorsa, arastir-
malar okluzyonun gelisimine olumsuz etki
eden faktorlerin aciklanmasi tizerinde yogun-
lagmalidir (61).

Sakin, Kurt

second premolars and third molars (56).

Transpositions

Tooth transposition is an anomaly of erupti-
on characterized by interchanged positions of
two adjacent teeth. It is found that mandibular
lateral- canine transposition is caused by ge-
netic influences (57). Peck et al, reported that
maxillary canine-premolar transposition is a
disturbance of tooth order and eruptive positi-
on resulting from genetic influences within a
multifactorial inheritance model (27).

The Palatally Displaced Canine

Orthodontists often encounter with une-
rupted maxillary canines. Maxillary canines
may be impacted facially or palatinally due
to several factors. Facial displacement of the
maxillary canine is usually due to inadequa-
te arch space and it eventually results in most
cases. In contrast, palatal displacement of the
maxillary canine is a positional anomaly that
generally occurs despite adequate arch space
and which characteristically lead to impacti-
on of the tooth, unless measures like deci-
duous canine extraction, surgical exposure
and orthodontic treatment are implemented
at appropriate times (58).

A few clinicians have referred to heredity
as an etiologic factor (59, 60). Peck et al, ha-
ve reported that, from the analysis of availab-
le evidence, palatally displaced canine appe-
ars to be a product of polygenic, multifactori-
al inheritance (58).

Genetic influence on Dental Arch Form

and Dimensions in Orthodontic Patients

The size and form of the dental arches ex-
hibit considerable variability within and
among human groupps. Determinants of arch
size and shape are not well understood (61).

Cassidy et al, have found that orientations
of the teeth are found to be affected primarily
by the environment (61). Goldberg, in his
study of 15 identical twins has reported that,
dental arch form is genetically determined
(62). Eguchi et al, have noticed that, dental
arch width and length, and the variations se-
en in the palatal heights are highly determi-
ned genetically (63).

Assessment of the relative importance of
genetics in defining size and shape of the arc-
hes is more than an academic exercise. If
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Genetik Aragtirmalar

Genetik arastirmalarda en sik ikizler, kar-
degler ve aileler kullanilir. Bununla birlikte
eski jenerasyonlarda gozlenen dis kayiplari,
restorasyonlar ya da ortodontik tedaviler bu
tir degerlendirmeleri zorlastirmaktadir. Bu
ytzden arastirmacilar, ebeveyn-cocuk yerine
kardesler arasindaki benzerlikleri arastirmak
durumunda kalmaktadir (46).

Kardegler birbirlerine benzerler, yalnizca
genlerini paylasmakla kalmaz ayni zamanda
benzer cevresel etkenlere maruz kalirlar. Bir
baska deyisle, ailesel benzerliklere katkida
bulunan iki genel faktor vardir: ortak genlerin
paylasimi ve ortak cevresel faktorler (46, 5).

Kardesler iskeletsel gelisimle ilgili benzer
cevresel etkenlere maruz kaldiklarr icin (diyet
aliskanliklari, yiyeceklerin hazirlanma bici-
mi, sosyo-ekonomik seviye, enerji harcama
paternleri ve ¢ocukluk hastaliklari gibi) ben-
zer okluzal o6zellikler gosterebilirler. Bu ben-
zerlik de ortodontik degerlendirme ve tedavi
planlamasinda yardimci olabilir (46, 5).

ikiz Caligmalar

ikiz calismalari insanlarda herediter tzel-
liklerin degerlendirilmesinde Galton’un za-
manindan beri kullanilmaktadir (64). Dental
ve ortodontik arastirmalarda da zaman za-
man kullanilan bu metot, belki de en fazla dis
boyutlari ve okluzyondaki degisikliklerin de-
gerlendirilmesinde kullanilmaktadir.

ikiz calismalarinda karsilagilan en temel
problem zigosite’in dogru tespitidir. Zigosite
tespiti son yillarda bir sorun olmaktan ¢ikmis-
tir ctink DNA teknolojisindeki gelismeler sa-
yesinde yuiksek olctide polimorfik DNA mar-
ker’lart kullanilarak zigosite tayini kolaylikla
yapilabilmektedir

ikiz ciftler arasindaki farkliliklarin karsi-
lagtirllmasi, eger ikiz ciftler benzer ortamlar-
da yetismislerse, herediter ve cevresel faktor-
lerin etkilerinin degerlendirilmesini saglar
(64). Tek yumurta ikizi ciftler cok nadir du-
rumlar disinda ayni genleri tasidiklari igin,
aralarindaki herhangi bir fark cevresel faktor-
lerin etkisini yansitacaktir (65).

Genetik ve cevresel faktorlerden hangisi-
nin daha fazla etkili oldugunu belirlemek
amaciyla klasik ikiz calismalari monozigot ve
dizigot ikizleri kapsar. Monozigot (MZ) ikiz
ciftleri arasindaki farklar cevresel faktorleri
yansitirken, dizigot (DZ) ikiz ciftleri arasinda-
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arch form were modulated predominately by
the genotype, then treatment is destined to be
palliative. If, in contrast, heritability is low
with the environment ought to focus on elu-
cidating those factors detrimental to develop-
ment of the occlusion, with the ultimate aim
of prevention (61).

Genetic Research

In genetic studies, twins, siblings, and pa-
rents are the most commonly used subjects.
However, tooth loss, restorative and ortho-
dontic treatment of older generations make
such investigations difficult. The researcher
is, then, generally restricted to the study of si-
milarities between siblings rather than betwe-
en parent and child (46).

Siblings resemble each other not only be-
cause they share approximately half their ge-
nes, but also because they experience very si-
milar pre-, peri-, and post-natal environments.
In other words, there are two general factors
that could contribute to familial resemblan-
ces: the sharing of common genes and the
sharing of common environments (46, 5).

Because siblings share the same maternal
environment, including a number of issues re-
levant to skeletal development (e.g. dietary
preferences, manner of food preparation, soci-
o-economic status, patterns of energy expendi-
ture, and childhood illnesses), they may show
similar occlusal traits. This resemblance bet-
ween siblings may be helpful in orthodontic
examination and treatment planning (46, 5).

Twin Studies

The twin-study method has been used in
the investigation of hereditary characteristics
in man since Galton’s time (64). The method
has been employed occasionally in dental
and orthodontic research, perhaps most fre-
quently for the investigation of inherited vari-
ation in tooth size and occlusion.

The central problem in any twin study is
the accurate diagnosis of zygosity. It is not a
problem anymore because with advances in
DNA technology, a small number of highly
polymorphic DNA markers can be used to es-
tablish zygosity with very high probability.

Comparisons of the between-twin pair diffe-
rences yielded relative assessments of the influ-
ence of heredity and environment if the twin
pairs were raised in relatively identical environ-
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ki farklar hem genetik hem cevresel nedenle-
re baglidir. Bu yiizden DZ ikiz ciftleri ile kar-
stlastirildiginda MZ ikiz ciftleri arasindaki
benzerliklerin fazla olmasi, ¢ahsilan yapisal
ozellik tizerinde genetik etkinin belirginligini
yansitabilir (13).

ikiz calismalari, genetik faktorlerin okluzal
ozelliklerdeki varyasyonlara cesitli oranlarda
etki ettigini dogrulamistir. Dis boyutlari ve
ark formu genetik faktorlerden daha ¢ok etki-
lenirken, ark ici degiskenlerden olan ob ve oj
daha az etkilenmektedir. Yine de bu bulgular
malokluzyonun dizeltilmesinde, klinik ola-
rak major degisikliklere neden olmamistir.
Yeni morfometrik analiz metotlarinin, longi-
tudinal ikiz calismalarindan elde edilen 3 bo-
yutlu kraniyofasial veriler ile birlestirilmesi
sayesinde genlerin normal biylime prosesini
nasil etkiledikleri ile ilgili bilgilerimiz arta-
caktir (65).

SONUC

Bu derlemede genetik faktorlerin kraniyofa-
sial biytime bozukluklari tizerine etkileri de-
gerlendirilmistir. Kraniyofasial varyasyonlarla
iliskili arastirma bulgulari, halihazirda orto-
dontik tedavi yaklagimlarini etkilemektedir.

Genetik ve gevresel faktorler tek bagina ya
da birlikte cok sayida varyasyon olusturabilir-
ler. Bunlardan bazilari istenen varyasyonlar-
dir, dentofasial uyumsuzluklari iceren bir kis-
mi da istenmeyen varyasyonlar olup dizeltil-
mesi gerekmektedir. Ortodontistin gorevi
bunlar diizeltmektir. Bunun icin de dogru ve
detayl bilgiye sahip olmasi gerekir.

Molekiiler genetik alanindaki ilerlemeler
sayesinde malokluzyonun oénlenmesi ve te-
davi edilmesiyle ilgili heyecan verici yeni im-
kanlar ortaya ¢ikabilir.

Sakin, Kurt

ments (64). Monozygotic twin pairs are matc-
hed perfectly for age and sex and, as they sha-
re the same genes except in very rare circums-
tances, any differences between them will nor-
mally reflect environmental effects (65).

The classical twin approach for separating
the effects of nature and nurture involves
comparing identical (monozygous) twins and
non-identical (dizygous) twins. Differences
between monozygous (MZ) twin pairs reflect
environmental factors, whereas differences
between dizygous (DZ) twin pairs are due to
both genetic and environmental factors. The-
refore, greater similarities between MZ twin
pairs compared with DZ twin pairs can be in-
terpreted as reflecting genetic influences on
the feature(s) being studied (13).

Twin studies have confirmed that genetic
influences contribute to variation in occlusal
traits to varying degrees, with tooth size and
arch shape displaying relatively high heritabi-
lities, whereas heritability estimates for inter-
arch variables such as overbite and overjet
are considerably lower. However, these fin-
dings have not led to major changes in the
clinical management of malocclusions. By
applying new morphometric methods of
analysis to 3D cranio-facial data derived
from longitudinal studies of twins, our un-
derstanding of how genes influence normal
growth processes will improve (65).

CONCLUSION

The effects of genetic factors on craniofa-
cial deformities are evaluated in this review.
Research findings related to cranio facial va-
riation are already influencing approaches to
orthodontic management.

Heredity and environment, singly and in
co-operation, provide many variations. Some
of these are desirable. Others, including den-
to-facial disturbances are undesirable and
need correction. The problem of the profes-
sional orthodontist is to correct. To do this he
needs to know; precisely and in detail.

With the advances in the field of molecu-
lar genetics, exciting new possibilities for
prevention and management of dental ma-
locclusion should arise.

Tiirk Ortodonti Dergisi 2009,22:166-180
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