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DERLEME / REVIEW

Ortodontide Kullanilan Kayitlarin Standardizasyonu
Bolum 2: Bas ve Yiz Goruntileme Teknikleri

Standardization of Records in Orthodontics
Part 2: Craniofacial Imaging Techniques

| ..

GiRIS

Bas ve yiiz bolgesinin goriinttilenmesi,
ortodontik kayitlarin en 6nemli parcala-
rindan birisidir. Kayitlarin tekrarlanabilmesi
ve anatomisinin dogru olarak gosterilmesi,
ortodontik kayitlarin altin standardidir.
Gortntuleme, artikilatore alinmig model-
ler, cene hareketlerinin gozlenmesi ve
fonksiyonel analizleri iceren ortodontik
kayitlar gibi pek c¢ok teknoloji anatomik
ozellikleri tanimlamak icin kullanilir. Bas
ve ylz yapilarinin form ve boyutlarinin
olctimiinde ve kaydedilmesinde kullanilan
en vyaygin  yontemlerden  birisidir.
Gorunttleme teknikleri avantajli olmasina
ragmen klinik pratikte hasta Gzerindeki
fayda zarar hesabi Ulzerine yapilir. Bu
distincelerden dolayr, bas ve vyiz
bolgesinin t¢ boyutlu anatomik kayitlari
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INTRODUCTION

Imaging of the craniofacial region is an
important part of the orthodontic records.
The gold standard of orthodontic records is
attempted to achieve the accurate
reproduction or description of the anatomy.
Many technologies for example; imaging,
articulators, jaw tracking and functional
analyses, are used to describe anatomic
features. Imaging is one of the most
common methods to evaluate and record
the size and form of craniofacial structures.
Even though the imaging techniques are
valuable, in clinical practice cost and risk
balance on patients should be established.
Because of these considerations,
orthodontists routinely chose an array of
two-dimensional static imaging techniques
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icin, rutin olarak iki boyutlu statik
goruntileme teknikleri tercih edilmektedir
Ornegin anatomi; disler icin fotograf,
periapikal ve panoramik radyografiler,
temporomandibular eklem (TME) igin
tomografi ve magnetik rezonans gortintiile-
meleri (MRI) ve bas ve yilz iskeleti icin
sefalometrik radyografiler gibi spesifik
gortntilerle belirlenir (1). Ortodontik
gortntileme teknikleri yeterli de olsa,
tekrarlanabilir anatomik kayitlari olusturan
goriintt batinltgu bugtnkt teknoloji ile
sinirhdir.  Veri  tabani giinimize kadar
geleneksel sistemler ile olusturulmustur.
Tekrarlanarak yapilan eski sistemler dogru
kabul edilir, bu ytizden daha dogru metot
olsa da bu yontemin yerini almasi zordur.
Standart goriinttilemedeki bu kisitlamalar,
diagnoz ve tedavi plani icin yeterli olmayan
iki boyutlu kayrt sunarlar. idealinde, arzu
edilen doku ve bas ve yiiz bolgesini gosteren
hastaya 6zgl ¢ boyutlu dogru modeli
tretmek icgin, ¢coklu gorintt kurulumunun tg
boyutlu bir veritabaninda olmasi gerekir. Bu
detayli model, klinisyen tarafindan takip
edilen uygun bilgiyi gosterir nitelikte
olmalidir. Detayli model objelerin doku tipi,
doku reziliensi gibi anatomik o6zelliklerinin
yaninda, zaman ve ¢ boyutlu alan gibi ¢ok
boyutlu bilgileri icermelidir. Detayli model,
ceneleri, isaret noktalarini, TME diskini
bunun yaninda disleri ve dudaklar da
kapsayan yapilar arasindaki iliskiyi ve bu
iliskinin  zamana bagiml  G¢ boyutlu
lokalizasyonunu gostermelidir. Bas ve yiiz
gorintilemesi, cene yliz anatomisinin
gercege yakin gortinimind ve ortodonti
hastalarinin tedavi plani ve diagnozunda
daha fazla basar elde edilmesini saglar (1).

Goriintiileme Tekniklerinin
Klinik Amaclar
Bas ve ylz bolgesi gorintilemeleri,
asagidaki  kategoriler ile ilgili  bilgi
saglanmasinda, tedavi, gelisim ve birbiri
arasindaki kompleks iliskiyi yorumlamak
amaciyla veya problemlerin ¢ozimi igin
kullaniimaktadir (1).
e Normal ve anormal anatominin tespiti,
e Kok wuzunlugu ve kok seviyelerinin
belirlenmesi,
e Acisal veya boyutsal c¢ene iliskileri,
maksillomandibular iliskinin tespiti,
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to record the three-dimensional anatomy of
the craniofacial region. For example, the
anatomy is captured for particular site images
including photographs, panoramic and
periapical radiographs for teeth; tomography
and magnetic resonance imaging (MRI) for
temporomandibular joints (TMJ); and
cephalometric radiographs for the facial
skeleton (1). Although the use of imaging in
orthodontics has been adequate, the
completion of the replicating anatomic
records has been limited by the available
technology. Databases are generated by
traditional systems up to date. A legacy
system with repetitious using becomes the
truth and therefore is difficult to replace even
when a more accurate method exists. These
l[imitations in standard imaging have
presented inadequate two-dimensional
images for diagnosis and treatment planning.
The orthodontic records would present three-
dimensional location and interrelationships
of its adjacent structures, including the hard
tissues like jaws, TMJ discs, teeth, and soft
tissues. By this way, craniofacial imaging
would provide a correct anatomic truth
presentation and greater accuracy in the
diagnosis and treatment planning of
orthodontic patients (1).

Clinical Goals of Craniofacial Imaging

Craniofacial imaging is used for one or
more of the following categories to gain
information  or understand  complex
interrelationships  between  craniofacial

diagnosis, growth, and treatment effects (1).

e Diagnosis normal and abnormal anatomy.

¢ |dentify root length and root alignment.

e Determine the angular or linear jaw
dimensions, maxillomandibular spatial
relationships.

e Determine treatment effects on the
craniofacial anatomy.

e Determine the craniofacial growth
direction and amount.

e Determine condition of the TMJ.

e [dentify and localize impacted and
supernumerary teeth.

e Determine the alveolar bone loss.

e Diagnosis of the dental problems.
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e Tedavi etkilerinin bas ve ytiz bolgesindeki
anatomiye etkilerinin saptanmasi,

e Bas ve yiz bolgesindekiyapilarin biyiime
yoniiniin ve boyutunun tespiti,

e TME'nin durumunun tespiti ve hastalik-
larinin yorumlanmasi,

e Supernumerer ve gomiik dislerin tespiti ve
yerinin belirlenmesi,

e Alveolar kemik kayiplarinin tespiti,

e Diger dental problemlerin teshisi.

Dijital Goriintiileme

Dijital gortntilemede de geleneksel
yontemlerde oldugu gibi X-1$1N1
kullaniimaktadir; ancak goriinti rontgen filmi
yerine bilgisayar ekraninda olusur. Ayrica
gorunta, radyografideki
glimus halid kristallerinin yerine pikseller ya
da isiga duyarh kictk elemanlar tarafindan
olusturulur (2).

Piksel (picture element) dijital gortintiiniin
en kiictik parcasidir. Her pikselin bir boyutu,
rengi, yogunluk degeri ve gorlnti iginde bir
yeri vardir. Bir dijital gortntinin pikseli ne
kadar cok ise gortnti kalitesi de o kadar
iyidir (3).

ileri  teknolojili  bazi  goriintiileme
sistemleri 3 boyutlu (3D) gortintu olustururlar.
Voxel (volume element) 3 boyutlu bir
goruntinin en kucuk parcasidir. Her bir
voxelin yiksekligi, genisligi ve derinligi
vardir (4).

Dijital radyografide 1sik fotonlari sensorler
tarafindan algilanir ve bilgisayar ortaminda
gortntliye dondsttralir. Bu islem direk veya
indirek  sekilde  olur  (2).  Direkt
goruntilemede gortntt X 1sini ile ekranda
hemen olusur. Diger taraftan indirekt
goruntilemede ara bir faz vardir ve film
Uzerindeki gortinti lazer ile tarandiktan sonra
ekranda olusur. Dijital gortintilemede (g
cesit sensor kullanilmaktadir: a) Isikla
aktiflesen fosfor plaklart (PSP), b) Sarj ciftli
aygit (CCD) sensorleri ve ¢) tamamlayici
metal oksit yari iletken (CMQOS) silikon esasl
sensorler. En iyi gortinti CCD sensorleri ile
direkt gortintiilemede elde edilmektedir (5).

konvansiyonel

Dijital Radyografinin Avantajlar

Geleneksel radyografide goriunta  bir
rontgen filmi tizerinde elde edilir ve tizerinde
bir degisiklik yapilamaz; bunun yaninda
tasinmasi ve arsivlenmesi de zordur. Dijital
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Digital Imaging

X ray used in digital radiography like
conventional radiography but imaging is
constituted in computer screening instead of
roentgen film. Besides, digital imaging is
constituted by pixels or small elements which
has light sensitivity on the other hand, in
conventional radiography silver halid crystal
forms the imagine on films (2).

Pixel (picture element) is the smallest part
of the imaging. Each pixel has dimension,
color, density and position of a picture. If a
picture has greater number pixels, the quality
of picture will be good (3).

Some imaging systems with high
technology constitute 3 dimensional (3D)
images. Volume element (voxel) is the
smallest part of a 3D image. Each voxel has
height, width and depth (4).

In digital radiography, beam photons are
perceived by sensors and constituted by
computer. This process is gotten by direct and
indirect form (2). Imaging is formed
immediately in monitor by X ray. On the
other hand, intermediate phase is existed on
indirect imaging and image on the film is
formed in monitor after laser scanning. Three
types of sensors are used in digital imaging: a)
Photostimulable phosphor plates (PSP), b)
charge-coupled device (CCD) and c¢)
complementary metal oxide semiconductor
(CMOS) like silicon based sensors. The best
imaging is obtained from CCD sensors with
direct imaging (5).

Advantages of Digital Radiography

In conventional radiography, imagine is
formed on roentgen film and modification on
the film is not possible, besides transporting
and archiving is also difficult. In digital
radiography, imagine is copying, desired
modification can be made on obtained
images in computer and easily transported in
digital area. Unless positional error is made,
it is not necessary to retake the film.

It is easy to use. It is necessary to
conventional films to rigging like dark room
and film solution is not needed and therefore,
imagine is formed in short period (6). By the
way, cost would be reduced.
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radyolojide ise gortinti kaydedilmekte, elde
edilen gortuntt  Gzerinde bilgisayarda
istenilen degisiklikler yapilabilmekte ve
dijital ortamda kolayca tasinabilmektedir.
Pozisyon hatasi olmadigi muddetce film
tekrarina gerek yoktur.

Kullanimi kolaydir. Geleneksel filmler icin
gereken karanlik oda ve film soliisyonu gibi
donanima gerek yoktur ve dolayisiyla cok
kisa stirede gortintl elde edilir (6). Bu sayede
maliyet de azalmaktadir.

Capraz kontaminasyon riski de 6nemli
olctiide azalmistir ve herhangi bir kimyasal
atik olusmaz (2).

Dijital sensorlerin = X-isinlarina  karsi
geleneksel filmlerden daha duyarli olmasi
sebebiyle, hastaya verilen dozda %50’den
%95'e varan oranlarda azalma olur (7).

Substraksiyon gibi degisik yontemlerle
normalden farkl yogunluga sahip yapilar
gosterilebilmektedir.

Standardizasyon saglanmasiyla elektronik
kayit ve arsivleme yapilabilir. Boylece tedavi
oncesi ve tedavi sonrasi gorintiler
karsilastirilabilir.

iki Boyutlu (Geleneksel) Bas ve

Yuz Bolgesi Goruntiileme Yontemleri

Sefalometrik Filmler

Genel olarak lateral sefalometrik filmler
tim hastalardan tedavi oncesi, tedavi
sirasinda ve tedavi sonunda alinmaktadir
(Sekil 1) (8). iki asamali ortodontik tedavi,
hizli Ust cene genisletmesi, fonksiyonel
tedavi, cerrahi tedavi ve distalizasyon
tedavisinin etkilerini incelemek amaciyla bu
apareyler birakildiktan sonra da tedavinin ara
asamasinda alinmasi onerilmektedir. Buna
ilave olarak, cekim, alt ve (st keser
protriizyonu veya retraksiyon kararinin
verilmesinde lateral sefalometrik filmler
kullaniimahdir (3).

Guntmuzde sefalometrik radyografinin
sinirh kullanim alani bulunmasina ragmen,
hastalarin biyiime paterninin degerlendiril-
mesi, iskeletsel, dissel ve yumusak doku
morfolojisini  ve anomalilerinin  teshis
edilmesi, tedavi planlamasi, gelecek
donemlerdeki olusabilecek degisiklikleri
onceden tahmin edilmesi ve bireylerdeki
veya ornek toplumlardaki bas ve yiiz bolgesi
parametrelerinin incelenmesi icin hala
onemli bir klinik araci olarak kullaniimaya
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Cross contamination risk is also reduced
considerable and no chemical churn is
existed (2).

Received dose would be reduced from
%50 to %95, because digital sensors are
more sensitive to X ray than conventional
films (7).

Structures which have different density
would be demonstrated by different methods
like subtraction.

Electronic record and archiving can be
made by standardization. Therefore
pretreatment and post-treatment imagines
can be compared.

Two Dimensional (Conventional)

Imaging of Craniofacial Region

Lateral Cephalometric Radiography

Generally, lateral cephalometric films
should be obtained for all patients, before the
start of treatment, treatment process and end
of treatment (Figure 1) (8). For two phase
orthodontic  therapy, rapid maxillary
expansion, functional therapy, surgical
therapy and distalization therapy effects
lateral cephalometric films should be taken in
treatment process after finish these apparatus
off. In addition, the decision extraction and
lower, upper incisors protrusion or retraction
is used for lateral cephalometric films (3).

Today, despite the limited usage of
cephalometric radiography still remains a
crucial clinical tool that is used for gross
examination, to illustrate growth pattern of
patients, skeletal, dental, and soft tissue
morphology, to diagnose anomalies, to plan
treatment, to predict future changes, to
estimate growth and treatment results and to
quantify  craniofacial  parameters in
individuals or sample populations (9). The
most advantage of the cephalometry is that
practical quantitative method that permits the
analysis and evaluation of relationships
between cranial, dental structures and soft
tissue (1). Although criticized for its
incapability to exhibit three-dimensional
detail, cephalometric films give the highest
projection resolution than all other images,
including computed tomography. By using
these films fine detail in bony anatomy is
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devam edilmektedir (9). Sefalometrinin en
biyik avantaji, bas, dissel vyapilar ve
yumusak  doku arasindaki iliskinin
degerlendirilmesi ve analiz edilmesine imkan
saglayan pratik nicel bir metot olmasidir (1).
Uc boyutlu detaylari gostermedikleri icin
elestirilseler de  sefalometrik  filmler,
bilgisayarli tomografiler dahil diger tim
goruntileme yontemlerinden daha yiksek
gorinti ¢ozunurlagli sunmaktadirlar. Bu
filmler araciligiyla kemik anatomisindeki
ince detaylar anlasilabilir ve egitimli bir goz
ile 0,1 mm.den daha kicuk bazi yapilar fark
edebilir (10). Bir arastirma materyali olarak
sefalometrik filmler ortodonti calismalarinda
en genis kullanim alani bulan goriintileme
araclandir (11).

Sefalometrik filmler elle veya taranarak
(dijital ortamda) cizilebilir. Geleneksel filmler
ve dijital gorinttler; sert, yumusak doku ve
dental parametrelerdeki olctimlerde klinik
olarak gtivenilirdirler. Elde cizilen geleneksel
sefalometrik filmler ve bilgisayar yazilimlar
kullanilarak cizilen dijital resimler arasinda
klinik olarak 6énemli bir fark bulunmamistir
(12,3). Sinif 1 okluzal iliski ve ortognatik

Turkish Journal of Orthodontics 2012;25:167-187

Magnifikasyon
kontrol edilmeli

Yumusak doku net
gozlenmeli

Dudaklar istirahat
halinde, disler sentrik
iliskide olmahidir

clear, and the trained eye can notice some
structures smaller than 0.1 mm. (10) As a
research material, cephalometric films has
been the most widely used imaging modality
in orthodontic investigations (11).

Cephalometric films can be traced by
manual or scanned (digitized). Conventional
cephalometric films and digital images are
clinically reliable for measuring hard, soft
tissue and dental parameters. Between the
manual traced conventional films and storage
digital images analyzed using software; there
were no clinically significant differences
(12,3). Class | occlusal and orthognathic
profile relationship with nongrowing patients,
or patients whose plan of orthodontic
treatment is limited might not require this
films (8).

Lateral cephalomethry provide relevant
information about skeletal, dental, and soft
tissue morphology and relationships, whereas
posteroanterior cephalomethry is used
primarily to evaluate skeletal and dental
Although

asymmetries. posteroanterior

Sekil I. Sefalometrik film.

Figure I. Cephalometric film.
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profile sahip btytimesi tamamlanmis veya
sinirh ortodontik tedavi planlanan hastalarda
bu filmler gerekmeyebilir (8).

Lateral sefalometri; iskeletsel, digsel ve
yumusak doku ve iliskileri ile ilgili 6nemli
bilgiler verirken postero-anterior sefalometrik
filmlerde o©ncelikle, iskeletsel ve dissel
asimetrileri degerlendirmek icin kullanilirlar.
Postero-anterior filmler, sefalometriyle ilgili
hatalarin timine maruz kalsalar da, 6nemli
kisitlamalari daha cok metotlarla ilgili,
kafanin  tG¢  boyutlu  pozisyonundaki
oynamalardan meydana gelmektedir (1).

Panoramik Filmler

Teshis amacindan ¢ok tarama amach
kullanildiginda  ¢ok iyi bir aracidirlar.
Panoramik filmler diglerin genel durumu eksik
ya da fazla olmasi, digsel yas, siirme sirasi,
mandibular simetri, sinirli da olsa periodontal
saghk, sinusler, kok paralelligi ve TME
hakkinda bilgi verirler (Sekil 2). Panoramik
filmler ayni zamanda patolojik durum veya
normalden sapma oldugu zaman bunlarin
miktarini gostermek amaciyla da
kullanilabilirler. Onemli olan diger bir nokta
da panoramik radyografilerde ortaya c¢ikan
gorintilerin yerlerinin tespiti, boyutlar ve
sekli ile ilgili dogruluk ve gtivenilirligi ile ilgili
eksikliklere sahip olmalaridir. Genel bir cene
formu ve boyutunu uyumlu hale getirmek icin,
fokus bolgesi ya da bir fokal odak tarafindan
meydana getirilen panoramik gortntilerde
boyle farkliliklar ortaya ¢ikmaktadir. Bununla
birlikte, ¢cene formundaki bir varyasyonda
gortntt bozukluklari ¢enenin fokal odaga
odaklanamamasi ve gorintilerin  boyut,
lokalizasyon ve form agisindan gercek objeyle
karsilastinldiginda farkhliklar gézlenmesidir
(13). Panoramik odak noktasi ve goriintiilenen
anatomi arasindaki uyumsuzluga ilaveten,
horizontal ve vertikal x-ray 1sin acilarindaki
degisimler, anatomik dogrunun yanlis
algilanmasina neden olabilirler. Panoramik
filmler komsu dislerin koklerinin
seviyelenmesi ve meziodistal angulasyonu
degerlendirmek icin kullanildiginda, bu
fenomenin kliniksel 6rnegi meydana gelebilir.
Her iki arkta da kanin ve birinci premolar ve
mandibular kanin ile komsu lateral arasindaki
bolgede kok seviyelenmesinin en vyanlis
yorumlandigi bolgelerdir (14).

Ugar, Sekerci, Uysal, Bengi

cephalograms are subject to all of the errors
associated with cephalometrics, significant
limitations arise from internal orientation of the
head in 3D relative to the instrumentation (1).

Panoramic Films

Panoramic imaging has greater value for
screening than  diagnostic  purposes.
Panoramic radiographs provide some
information about; present, missing or
supernumerary teeth; dental age, eruption
sequence; mandibular symmetry and limited
information about gross periodontal health,
sinuses, root parallelism, and the TMJs (Figure
2). Panoramic projections can also display
the amount of pathology when the presence
of pathologic conditions and variations from
normal is existing. Another important point is
that panoramic radiography has many
shortcomings associated to the accuracy and
reliability of location, size, and form of the
images created. Because the panoramic
image is made by creating a focal through or
region of focus to adjust the basic jaw form
and size, such discrepancies take place.
However, any deviations from this basic jaw
form result in a structure that is not centered
within the focal through, and the resultant
image shows differences in size, location,
and form compared with the actual object
(13) In addition to the mismatch between
panoramic focal through and the imaged
anatomy, the variations in horizontal and
vertical x-ray beam angulations can lead to a
false perception of the anatomic truth. A
relevant  clinical example of this
phenomenon can occur when the panoramic
films is used for evaluation of mesiodistal
angulations and alignment of adjacent teeth
roots. Between the canine and first premolars
in both arches and between the mandibular
canines and the adjacent lateral incisors
which are the most susceptible regions to
false analysis of root alignment (14).

Buccolingual inclination of the roots may
cause the angular distortion on the image
especially in premolar extraction sites.
Changing buccolingual inclination in the
incisor area does not seem to affect the
appearance of root parallelism in panoramic

Tiirk Ortodonti Dergisi 2012;25:167-187
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Kondiller gorigtnmelidir

Koklerin bukkolingual yondeki egimleri
gorinttide ozellikle de cekim bolgesinde
agisal bozulmalara sebep olabilirler. Keser
bolgesindeki bukkolingual egim, panoramik
goruntilerdeki kok paralelligini etkilemez.
Eger bukkolingual egim degisirse, kanin ve
premolar bolgesindeki komsu dislerde en
buyuk agisal farklar gozlenir ve bu fark
maksiller arkta mandibular arka gore daha
belirgindir (15).

Panoramik film cekilirken dogal bas
pozisyonundan 5° sapmalarda bile énemli
farklar bulunmustur. 5° yukari rotasyonlarda
maksiller dis koklerinde 5° mezial egim ve 5°
asagi rotasyonlarda 5° distal
gozlenmistir. Sag ve sol rotasyonlarda ise
daha c¢ok mandibular 6n dis koklerinde
meziodistal yonde 4°-22°ye degisen oranda
egim farkhliklari gozlenmistir (16).

egim

Periapikal Filmler

Periapikal film serisi, periapikal, bite-wing
filmleri  icermektedir. Bu
gortntiileme tekniklerinin seciminde vakanin
durumunun temel alinmasi tavsiye edilir (11).
Acikgasi,  ozellikle yetiskin  hastalarda
periodontal durum ile kok uzunlugunun
belirlenmesi  bu  radyograflarin  temel
endikasyonlarindandir ~ (17).  Ortodontik
acidan; kok paralelligi, gomiik veya siirmekte
olan diglerin  pozisyonu, ankiloz gibi
durumlarda periodontal ligamentin
belirlenmesi, kok uzunlugu, sekli, formu ve
tim dissel ve periodontal sagligin belirlenmesi
gibi vyararli bilgiler saglarlar (17). Periapikal
radyografiler ayni zamanda, bazi karsik
dislenme analizlerinde de kullanilirlar (17).

ve okluzal

Turkish Journal of Orthodontics 2012;25:167-187

images. If the buccolingual inclination
changes, the largest angular differences
between adjacent teeth arise in the canine-
premolar area and this discrepancy would be
larger in the maxillary arch than the
mandibular arch (15).

When the panoramic film takes, even 5°
deviations from the natural head position
significant differences found. At the 5° upper
rotation roots of maxillary teeth 5° mesial
inclination and at the 5° lower rotation 5°
distal inclinations can occur. At the right and
left rotations, mandibular anterior teeth roots
it seems 4°-22°

mesiodistal direction (16).

inclination differences in

Periapical Projections

The periapical film series consist of
and  occlusal
this
technique is recommended on the case basis

periapical,  bite-wing

projections. Choosing of imaging
(11). Clearly, basic indications of these
radiographs are taken particularly in adult
patients to evaluate periodontal condition
(17). In

perspective, these images provide several

and root length orthodontic
benefits, including the ability to assess overall
dental and periodontal health; root length,
shape, and form; presence of periodontal
ligament such ankylosis case; positions of
teeth;

parallelism (17). Periapical radiographs also

impacted or erupting and root
are used along with some mixed dentition
analyses (17).

Combinations of the bitewing radiographs

and panoramic film were giving more

Sekil II. Panoramik film.

Figure II. Panoramic film.
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Horizontal ve vertikal kemik kayiplarinda
panoramik film ve bitewing radyograflarin
kombine kullanilmasi daha dogru sonuclar
vermektedir.  Periapikal filmler ayrica
furkasyon problemleri ve interproksimal
kemik defektlerini gostermede etkili olsalar
da, konik 1sinli bilgisayarli tomografi (CBCT)
bukkal ve lingual defektlerin tG¢ boyutlu
gorintisiinin  kaydedilmesinde periapikal
filmlerden daha etkilidir (17).

Artrografi

Artrografi  iyonize edilmis kontrast
ajanlarin TME boslugu icerisine enjeksiyonunu
takiben elde edilen radyografik gorintudir
(18). Artrografi, disk konumunun
belirlenmesine katkida bulunur. Dinamik
gortntiilemede, artrografi tst ve alt eklem
kompartmanlari ve adezyonlari arasindaki
perforasyonlarin tespitinde manyetik rezonans
(MR)’a gore avantajlidir; fakat radyasyon dozu,
alerjik reaksiyon potansiyeli gibi
dezavantajlar bulunmaktadir (1).

ileri (3 Boyutlu) Gortintiileme Teknikleri

Bilgisayar Tomografisi (BT)

Tomografi bir dokunun goériintisini kesit
seklinde saglar ve goriintileme tekniginde
kullanilan genel bir terimdir (19). TME,
maksilla ve mandibulanin kesitleri gibi
maksillo fasiyal yapilarin dogru goruntisi
tomografi ile elde edilebilir.

BT gorintileri es zamanl donen ince x-
1sini demeti ve  onun karsisina
konumlandirilmis sensoriin  es zamanl
hastanin etrafinda donerek elde ettigi
verilerin bilgisayar ortaminda islenmesiyle
elde edilirler (20). Hasta aksiyal diizlemde
seri sekilde alinan kesitlerle taranir ve bu
kesitler birlestirildiginde gortnti  olusur.
BT’de olusturulan ti¢ boyutlu (3D) gortintiiler
tzerinde dokularin  genislik-ytkseklik-
derinlik degerlendirmeleri yapilabilir (18).
Kesit alinmasi sebebiyle doku ve organlarin
stiperpozisyonu bu teknikte s6z konusu
degildir.

BT geleneksel radyografilerden bilgisayar
kullanimi ile resim olusturabildiginden
farklihk  gostermektedir.  Ozellikle sert
dokularin en iyi sekilde izlenmesi icin
tasarlanmis olan BT’ler, yumusak doku
kontrastlarinin  goriintilenmesinde  yetersiz-
dirler.

Ugar, Sekerci, Uysal, Bengi

accurate results in showing horizontal and
vertical crestal bone losses. Although
periapical radiographs were also effective in
showing furcation problems and
interproximal osseous defects, (cone-beam
computed to-mography) CBCT was superior
to periapical films in documenting 3-
dimensional imaging of buccal and lingual
defects (17).

Arthrography

Arthrography is radiographic image
followed by administration of an iodinated
contrast agents in TMJ space (18).
Arthrography has contributed to the find out
the disk position. In dynamic visualization,
arthrography has greater advantageous than
magnetic resonance imaging (MRI) to
recognize the perforations between the
inferior and superior joint compartments and
adhesions but has the disadvantages such as
radiation dosage, potential for allergic
reaction (1).

Advanced (Three Dimensional)

Imaging Techniques

Computed tomography (CT)

Tomography provides an image of a tissue
by getting layers and common term of an
imaging technique (19). Accurate imaging of
maxillofacial structures, including TMJs and
cross-sectional imaging of the maxilla and
mandible can be achieved by tomography

CT imagines are obtained from thin X ray
beam and opposite sensor that is synchronic
return to the patient and data are processed
in computer (20). Patients are scanned in
axial plane serially and these sections are
combined for imaging. Determination of
width, height and depth of tissue can be done
in 3D imaging received from CT (18).
Because of cross section, superimpositions of
tissue or organs are not possible in CT.

CT differs from traditional tomography by
the use of a computer in generating the
image. CT especially is designed for
visualization of hard tissues but it is
insufficient for producing suitable soft tissue
contrast.

Tiirk Ortodonti Dergisi 2012;25:167-187
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BT teknolojisindeki gelismelere ragmen,
aslinda radyasyon dozu oranda
degismemistir (21) (Tablo 1). Bunun yaninda
maliyet, egitim ve ulagim gibi olumsuzluklar; dis
hekimligindeki geleneksel BT incelemelerinin,
bas ve ytiz anomalilerinin teshisi ve tedavisinde
kullamimini kisittamaktadir. Diger taraftan bu
durum konik 1ginli voltimetrik tomografinin
ortaya cikisiyla hizla degismektedir.

onemli

Konik Isinli Bilgisayarli

(Voliimetrik) Tomografi (CBCT / CBVT)

Konik Isin tekniginde hastanin basi
etrafinda karsilikli konumda es zamanl
olarak 360° donen X-isini kaynagi ve yiizey
algilayicist - bulunmaktadir  (18). Donis
sirasinda  belirli  araliklarda  yapilan
isinlamalarla temel goruntiler elde edilir.
Olusan temel gortintilerin tamami izdtisimu
verileri Gelismis
algoritmaya sahip vyazilim programlari
tarafindan bu veriler aksiyal, sagittal ve
koronal duzlemlerde
sekillendirme islemlerinin yapilacagi g
boyutlu veri tabani haline donusturalir (22).
CBCT’nin en 6nemli 6zelligi hacimsel veriler
kullanilarak farkli dizlemlerde (aksiyal,
sagittal, koronal) karsilikli gorunttlerin
olusturulabilmesidir (22,25). Ayrica isinlama
ilgili bolgenin tamamini kapsadigindan hasta
etrafinda sadece bir kez donusi ile g
boyutlu gorintide kullanilacak veri tabani
elde edilebilmektedir (23,26).

olarak isimlendirilir.

yapilandirma ve

Medikal BT

X Isini Kaynagi

Turkish Journal of Orthodontics 2012;25:167-187

Fan (Yelpaze)
Seklinde Isin

Although significant advances in CT
technology, actually the radiation dose has
not essentially unchanged (21). (Table 1) In
addition, such as cost, education and access
of traditional CT examination in dentistry has
remained low and is limited to diagnosis of
craniofacial anomalies and comprehensive
treatments. However, this situation is
changing rapidly with the advent of cone

beam volumetric tomography.

Cone-Beam Computed

(Volumetric) Tomography (CBCT / CBVT)

X ray beam and plane sensor that is
synchronic return to 3600 the patient head
are found in cone beam technique (18).
During the return, basic imagines are
composed with determined interval beam.
Whole this basic imagines refer to projection
data. These data are changed to 3D data
which construction and stature process are
made in axial, sagittal, coronal plane by the
software programs which have developed
algorithm (22). The most attribute of the
CBCT is formation corresponding imagines
by using volumetric data in various planes
(23,24,25,22).
Besides, beams contains whole related

(axial, sagittal, coronal)
region, data base which is used for 3D
imagines can be acquired by only one spin

around the patient (23,26).

CBCT

Konik
Sekilde Isin

Dedektor

Sekil ITI. Medikal BT ve CBCT
calisma prensipleri: A-
Medikal BTdeki yelpaze
seklinde 1s51n demeti. B-
CBCTde konik 1s1n demeti.

Figure III. Principles of
Medical CT and CBCT: (A)
Fan type of Medical CT (B)
Conic beam of CBCT.
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Tablo I. Gortintiileme
tekniklerinin etkili doz

karsilastirmasi.

Table I. Comparison of
effective dose on imaging

techniques.

Ugar, Sekerci, Uysal, Bengi

GORUNTULEME Etkili Doz miktar (uSv)
IMAGING Effective Dose
BT /CT 1200-3300 uSv*

BT tim kafatasi /
CT skull

BT mandibula, maksilla, gozler /

CT mandible, maxilla, eyes

BT mandibula, maksilla /
CT mandible, maxilla,

BT dental mandibula/
CT dental mandible

BT dental maksilla /
CT dental maxilla

Cone Beam CT (CBCT)/
Cone Beam CT (CBCT)

Sefalogram /
Cephalogram

Geleneksel panoramik/
Convantional panoramic

Dijital Panoramik /
Digital panoramic

Full Mouth Periapikal Serisi/
Full Mouth Periapical Series

930 pSv

410 pSv

310 pSv

270 pSv

210 pSv

34 -68 uSv

30 pSv

30 uSv

4.7 -14.9 uSv

33-84 uSv

Geleneksel BT’lerde kullanilan X-igini
yelpaze biciminde (fan-beam) oldugu icin
hastadan icin
hastanin kademeli olarak cihazin iginde
hareket ettirilmesi gerekmektedir. CBCT’lerde
ise konik bicimli x-1sin1 kullanildigindan
cihazin tek bir dontstnde genis bir alan
taranabilmekte ve cok sayida kesit
alinabilmektedir (Sekil 3).

CBCT'ler, geleneksel BT'lere oranla daha
distk radyasyon dozuna ragmen, diger
dental radyografik incelemelerden daha
yuksek oranda radyasyon verilmesine neden
olmaktadirlar (22,27). Dozlar, geleneksel
sekilde, 40-50
microsieverts (Usv)'dir (28,29). Karsilastirma
yapilacak olursa panoramik incelemelerdeki
etkili radyasyon dozu (30) 29-96 psv
oraninda ve butin bir agiz ici serisinde
33’ten 84 psv'ye kadar degisen oranlardadir
(30-32). Radyasyon dozu acisindan, CBCT iyi
karsilanir, c¢iinkii BT’lerden kaynaklanan
radyasyon dozu son 10 yildir
azalmamaktadir, halbuki medikal

gortintinin  alinabilmesi

dental filmlerle benzer

Patient must be move in the device
progressively to take imagine, because x ray
used in fan type (fan beam) in conventional
CT. Conic like beam is used for CBCT, device
is turned only one and many slides can be
taken (Figure 3).

CBCT has smaller X ray dose than
conventional CT but it has more radiation
than dental radiograph (22,27). Doses are
like 40-50
microsieverts (psv) (28,29). In panoramic

similar to dental films
examination effective radiation dose is 2.9-
9.6 psv (30) and whole intraoral serigraphy is
change from 33 to 84 psv (30-32). CBCT is
good for radiation dose because radiation
dose in CT was not reduced in 10 vyears,
whereas other types of medical radiographs

was reduced by %30 (21) (Table 1).

Usage of CBCT in Orthodontics

Determine the accurate position of
ectopic canines, impacted teeth and intraoral
anomalies (Figure 4, 5) (33).

Tiirk Ortodonti Dergisi 2012;25:167-187
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radyografinin diger cesitlerinde radyasyon
dozu %30 kadar azaltilmigtir (21) (Tablo 1).

CBCT'nin Ortodontide Kulanim Alanlari

Ektopik kaninler, gomilu disler ve agiz ici
anomalilerin konumlarinin dogru bir sekilde
belirlenebilmesi (Sekil 4, 5)(33).

Havayolu analizi: CBCT teknolojisi ile
havayolu biyik gelisme
saglanmistir. sefalogramlar ile

analizinde
Lateral

karsilagtinldiginda st havayolu ve hacim

Turkish Journal of Orthodontics 2012;25:167-187

Airway analysis is highly provided with
CBCT
cephalogram, upper airway and volume

technology. Compare to lateral
dimensions displays mild correlation (34).

Determine the alveolar bone height and
volume and also assess the bone quality after
the alveolar bone surgery in cleft lip palate
patient (35)

TMJ morphology especially mandibular
condyle size, form, position and also joint

Sekil IV. Farkli agilardan
incelenebilen kesit

goriintiileri.

Figure IV. Sectional imaging

with different perspectives.

Sekil V. Kesitsel ve hacimsel
goriintiilerin kombinasyonu,
yarik damagin durumunu
anlamada hi¢ olmadig1 kadar

yardimaidir.
Figure V. Combination of

sectional and volumetric

imaging of cleft palate.
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Tablo II. Ortodontide

kullanilan goriintiileme

teknikleri ve goriintiileme

amaglarmin listesi. Her bir

goriintiileme tekniginin

kullanildig1 yere gore degeri.

Table I Imaging techniques

used in orthodontics and

display the list of goals.

According to the place value

of each imaging technique

178

used.

Ugar, Sekerci, Uysal, Bengi

Goriintileme amaci / Goal of imaging

Sefalometrik /

iki boyutlu gériintiileme / Two dimensional imaging

Panoramik / Periapikal / Tomografi /
Panoramic Periapical Tomography

Yiiz: yumusak dokular / Face: soft tissue

Dig kronlari / Tooth crown

Dis kokleri / Tooth roots

internal anatomi goriintiisii / Internal anatomic image
Anatomik yer tespiti / Detection of anatomy

Cene sinirlarinin belirlenmesi / detection of jaw border
TME (kemik) / TMJ (bone)

TME (disk) / TMJ (disc)

Havayolu / Airway

Yiiz alan geometrisi / Geometry of the face

Yiiz sekillendirilmesi / Face shaping

Cephalometry

*

* *

*k

*%

Ug boyutlu gériintiileme / Three dimensional imaging

Goriintileme amaci / Goal of imaging

CBCT/CBCT

Yapisal 1sik /

MRI/ MRI Structured light

Lazer / Laser

Yiiz: yumusak dokular / Face: soft tissue

Dis kronlari / Tooth crown

Dis kokleri / Tooth roots

internal anatomi goriintiisii / Internal anatomic image
Anatomik yer tespiti / Detection of anatomy

Cene sinirlarinin belirlenmesi / detection of jaw border
TME (kemik) / TMJ (bone)

TME (disk) / TMJ (disc)

Havayolu / Airway

Yiiz alan geometrisi / Geometry of the face

Yiiz sekillendirilmesi / Face shaping

Hkkk

*kkk

Kk

Kk

ok dkkk

~ Degeri yok, * Duslk deger, ** Orta seviyede deger, *** Yiksek deger, **** En yiksek deger / ~ No value, * Low value,

** Modarate value, *** High value, **** Highest value

Olciimleri arasinda orta dizeyde farklilik
gosterilmistir (34).

Alveoler kemik yiksekligi ve hacminin
degerlendirilmesi ortodontide dudak damak
yarikli hastalarda alveoler cerrahiyi takiben
kemik kalitesinin degerlendirilmesinde de
kullaniimaktadir (35) .

CBCT ile TME morfolojisi 6zellikle kondil
boyutlari, sekli pozisyonu ve ayrica eklem
boslugu degerlendirilebilmektedir  (36).
Lateral sefalometrik filmlerde kondil sadece
lateralden gortnttlenebilirken; CBCT’de
kondilin frontal ve de
alinabilmektedir. MRI ile eklem diskinin
goruntist agikca alinabilmesine ragmen
rutin de pahali bir yontemdir. CBCT, detayli
goruntilerin dusik radyasyon dozuyla elde
edilmesini saglar.

CBCT bilyume, tedavi etkilerinin ve
stabilitenin degerlendirilmesi amaciyla da
kullaniimaktadir. Ayrica CBCT, kok egimi ve
torku, mini-vidalarin
dustinulen vyerlerdeki kemik kalinhgi ve
morfolojisi, cerrahi planlamada osteotomi
bolgeleri hakkinda da bilgi vermektedir (36).
Uc boyutlu gorintiiler ayrica retraksiyon
sirasinda palatal kortikal kemige gore
maksiller keserlerin koklerinin pozisyonlari,

axial kesitleri

yerlestirilmesi

space can be assessed by CBCT (36). Lateral
cephalometric films display the only condyle
laterally but CBCT can display the condyle
Although  the
mandibular disc can be imagined in MRI

frontally and axially.
clearly; but it is more expensive in routine.
CBCT has lesser radiation doses for detailed
imaging (Table 2).

CBCT is also used for determination of
growth, treatment effects and stability. In
addition, CBCT

inclination and torque, bone quantity and

is explaining the root
morphology is used for mini screws and
Three
that
determination of palatal root position in

osteotomy regions for surgery (36).

dimensional imagines also states
palatal cortical bone, bone magnitude of
maxillary buccal segments during dental
the

maxillary sinus and maxillary roots, position

expansion, relationship  between
of mandibular anterior roots in mandible.
Recent year’s slides taken from CBCT device
can be constructed and acquired 3D models
stereolitografik models. Implant guided,
osteotomies and distraction vectors can be

rehearsed.

Tiirk Ortodonti Dergisi 2012;25:167-187
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dental ekspansiyon icin maksiller bukkal
segmentlerdeki mevcut kemik miktari,
maksiller  sintisle  maksiller  koklerin
komsulugu, mandibuler keser koklerinin
kemik icindeki pozisyonu gibi bircok konuda
onemli bilgiler vermektedirler. Son yillarda
CBCT cihazlanyla alinan kesitlerin islenmesi
ve 3 boyutlu somut  modellerin
(stereolitografik modeller) hazirlanmasiyla;
implant rehberleri, osteotomi ve distraksiyon
yonunin provasi yapilabilmektedir.

CBCT’nin Avantajlar (24,26)

Radyasyon dozunun azaltilmasi: CBCT
cihazlari igin etkin doz 52-1025 (pSv) degeri
arasinda olup, cihazin modeline, kesit
kalinhigina ve gorintilenen  bolgenin
bayiklugine gore degisebilmektedir. Bu
degerler yaklasik olarak bir panoramik film
dozunun 4 ila 77 katina karsihk gelir ve
medikal  BT’lerle elde edilen kafa
gorlntilenmesine kiyasla %51-%96
oraninda dustik doz degerine sahiptir(26).
Tarama hizi: CBCT cihazlari, tek bir dontsle
tim ham verileri elde ettigi icin tarama
zamani hizhidir ve hizlar cok kesitli CT'lerle
benzerdir (10-70 sn).

3D rekonstriiksiyon ozelligi: CBCT'den
elde edilen veri setleri kullanilarak; bilgisayar
ekraninda detayli ve hizli bir sekilde ¢
boyutlu, renklendirilebilen  gortntiler
olusturulabilir. Gortintiler tGzerinde implant
yonlendiriciler, yapay greft hacimlerinin
hesaplanmasi, otojen kemik greftlerinin
boyutlarinin belirlenmesi gibi operasyon
oncesi hazirlik yontemleri uygulanabilir

Goriinti kalitesi: CBCT ile elde edilen
goruntiler “voxel” adi verilen kubik sekilli
t¢ boyutlu yapilar halinde saklanir. Bu
voxellerin boyutlar goriintliniin
¢ozunurlaguna belirler. Geleneksel CT'lerde
voxeller dikdortgen seklindedir ve genellikle
aksiyal kesitlerden elde edilirler. Bu yiizden
voxellerin boyutlari es degildir. CBCT’de ise
voxeller her ¢ boyutu da (uzunlugu,
genisligi, derinligi) esit gorlnti verir. Bu
sayede detay ve gorinti kalitesi artar (26).
CBCT'ler yiiksek kontrasta sahip yapilarin
gorintilenmesini sagladigindan kemik ve
dislerin bulundugu bas ve yiiz bolgesindeki
yapilarin degerlendirilmesinde etkilidir (24).

Turkish Journal of Orthodontics 2012;25:167-187

Advantages of CBCT (24,26)

Reduced radiation dose: Effective dose of
CBCT is 52-1025 psv and this variation based
on the CBCT models, slide thickness and
magnitude of imaging region. These dose
approximately 4-77 folder of panoramic film
and when compare the medical CT, CBCT
has  reduced the radiation  dose
approximately %51-96 (26).

Scanning speed: CBCT is faster than
medical CT because of only one synchronic
return of the patient to 3600 and acquired
whole raw data (10-70 sc).

3D reconstruction feature: by using the
acquired cross section from CBCT data set,
3D imaging can be constituted and this
imagines can be colored. Preoperative
surgical preparation including implant
guidance, evaluate of synthetic graft volume,
determination of otogen bone grafts size can
be made on the imagines.

Imagine quality: Imagines taken from
CBCT are kept in 3D cubic pieces which is
named “voxel”. Size of the voxels determines
the imaging resolution. In conventional CT
voxels formed in rectangular and generally
acquired from axial slice. Thus size of voxels
is not equal. In CBCT, voxels present equaled
imaging in 3D (length, width, depth). By the
way detail and imaging quality advance (26).
Because CBCT provide imaging of high
density structures, it is efficient to determine
structures in craniofacial region including
bone and teeth (24).

Disadvantages of CBCT (5,23,37)

Apart from its capacity of taking soft
tissues image data is limited; CBCT’s being
the best way of imaging hard tissues is
indisputable. CBCT’s soft tissue imaging
capacity is poor due to its low contrast
resolution. In medical CT, high contrast
resolution makes soft tissue imaging more
qualified (23,37). CBCT soft tissue images
don’t resemble true color of skin. For
photographic quality, additional
manipulation of images is required (5).

Due to unwanted patient movements
image distortions can occur. For this reason,
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CBCT’nin Dezavantajlari (5,23,37)

Yumusak dokularin goriintiilenmesinde
elde edilen bilgilerin sinirli olmasi bir yana
birakilirsa; CBCT'ler bas ve yiiz bolgesinin
sert dokularinin incelenmesinde tartismasiz
bir yere sahiptirler. CBCT’nin kontrast
cozinarluliginun disik olmasina bagl
yumusak doku goriintist zayif olmaktadir.
Geleneksel BT cihazlarindaysa kontrast
cozunarlaluginun yuksekligi yumusak doku

gorintistiinin  daha  kaliteli  olmasini
saglamaktadir (23,37). CBCT yumusak doku
gorintileri,  derinin  gercek  rengini

yakalayamamaktadir. Bu yiizden fotografik
kalitede c¢ozunurlik icin  gortntilerin
manipulasyonu gerekmektedir (5).

istenmeyen hasta hareketleri nedeniyle
gorunti bozukluklar olusabilmektedir. Bu
amacla basin sabitlenmesi icin parcalar
gelistirilmistir.

Fiyatlari konvansiyonel rontgen cihazlarina
gore daha pahali olup, bu cihazlar icin daha
fazla yer gerekmektedir (5).

Radyasyon sacilimina bagl olarak noise
(gorintinin  izlenmesine engel olan,
radyografik  yogunluktaki istenmeyen
degisiklikler) meydana gelebilmektedir.

Ayrica gorlnttleri yorumlanabilmesi icin
egitime ihtiyag vardir.

CBCT'ye buyik olgide ilgi olmasina
ragmen, konik 1sin geometrisi, algilayici
hassasiyeti ve kontrast ¢coziintrliligine bagl
bazi kisithliklar teknigin dezavantajlarinin
olusmasina yol ag¢maktadir. CBCT'nin
gorunti kalitesini zayiflatan temel faktor
gorintt artifaktlandir.  Artifaktlar gortntu
kazanimi esnasindaki fiziksel islemlerdeki
kisithhklara bagl olusabilirler. X-isini bir
cisimden gectiginde dustk enerjili fotonlar
yiiksek olanlara gore daha fazla absorbe edilir.
Bu fiziksel duruma ‘beam hardening’
denilmekte ve sonucunda metalik cisimlerde
sekil bozuklugu ve distorsiyon, iki yogun cisim
arasinda cizgiler ve koyu bantlarin olusumu
gibi artifaktlar meydana gelmektedir (22).

Magnetik Rezonans Goriintiileme (MRI)

Yumusak dokularin ve MRI kullanilarak
TME cevresinin  gortnttilenmesi, doku
kontrast ¢cozinurlugu en yiksek olan tibbi
goruntileme teknigidir (Sekil 6) (38). Bu
inceleme tekniginde manyetik bir alan
icerisinde incelenmek istenilen bolgeye

Ugar, Sekerci, Uysal, Bengi

parts that help immobilizing patients head
are developed.

Their prices are higher than conventional x-
ray devices. They also require more space (5).

Due to radiation emission noise can
occur.

Also education is needed to read the
images.

Despite the high interest in CBCT, cone
beam scatinesses originating from beam
geometry, receiver sensitiveness and contrast
resolution constitutes disadvantages of the
technique. The primary factor making the
CBCT image less qualified is image artifacts.
Artifacts become from limitations during
physical procedures of image acquisition.
When x-ray is passed through an object, low
energy photons are more absorbed than high
energy photons. This physical phenomenon
is called “beam hardening”. Out of beam
hardening, form changes and distortion in
metal objects, lines between two dense
objects and dark bands take place (22).

Magnetic Resonance Imaging (MRI)

Imaging of the soft tissues in and around
the TMJs using MRI has coincided with and
created interest in the function and biology of
the TMJ. It is the highest tissue contrast
resolution medical imaging technique (Figure
6) (38). In this imaging technique desired
location to be imaged radio waves are sent in
a magnetic field. The energy of the hydrogen
atoms in the cells stimulated by the radio
waves are converted in to numbers and
processed with a computer then converted to
image.

Because x-ray-based imaging, including
CT scans and tomograms, is unable to show
intra articular soft tissues adequately (18),
MRI is the preferred imaging technique when
information regarding the articular disk,
presence of adhesions, perforations, or joint
effusion is desired. Magnetic resonance
imaging has the advantage of creating an
image without using ionizing radiation,
without pain, without distorting tissues, but
its use is not widespread in orthodontics
because of its expense.
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radyo dalgalari gonderilir. Radyo dalgalarinin
uyardigi htcrelerdeki hidrojen atomlarinin
trettigi enerji sayilara dondstirildikten ve
bir bilgisayarca islendikten sonra bir gortintu
olusur.

BT taramalarini iceren X-ray
gortntilemeleri, eklemler arasi yumusak
dokularin esit sekilde goriinmesi konusunda
yetersizdir (18). Artikiler disk, adezyon,
perforasyon durumu veya eklem eflizyonuyla
ilgili  bilgi istendiginde tercih edilen
gortntileme teknigi MRI'dir. MRI, iyonize
radyasyon, agri ve doku distorsiyonu
olmadan goriinti elde edilmesi acisindan
avantajlidir, ~ ama  maliyetinin  fazla
olmasindan dolayr ortodontide kullanimi
yayginlasmamuistir.

Gorinti  bosluk icinde herhangi bir
diizlemde elde edilebilir, bu yiizdende bu
teknikler anatomik bolgeye gore en uygun
sekilde kullanilabilir. MRI protokoliindeki

Turkish Journal of Orthodontics 2012;25:167-187

Imaging can be performed in any plane of

space, and therefore the acquisition
techniques can be optimized to the anatomy.
Variations in MRI protocols and the use of
paramagnetic contrast enhance the signal
contrast between adjacent tissues. T2-
weighted protocols (long echo time and long
repetition time) are used routinely to
determine joint effusion and inflammation,
changes in bone marrow caused by sclerosis,
inflammation, and other tissue replacement
processes. Tl-weighted protocols (short echo
time and short repetition time) are used to
disk-condyle-fossa

determine position,

morphology, internal composition, and
mobility. Recently, MRI spectrometry and
functional and dynamic MRI have been used
to supply clinical information about jaw

function. (39).

Sekil VI. MR goériintiisiinde
temporamandibular eklemin
(TME) disk pozisyonu (C =
kondil, E = artikiiler tiiberkiil)
(A) Agiz kapanmasinda disk
normal géziikmektedir. (B)
Sekil A’ nin TME goriintiisii
(A), maksimum ag1z
agikliginda disk (ok)
rediiksiyonu goriilmektedir.
(C) Ag1z kapandiginda
goriilen anterior disk
deplasmani (ok). (D) Sekil
C’de maksimum ag1z agiklig:
disk (ok) rediiksiyonu
goriilmektedir. (E) Ag1z
kapali, deformite ile birlikte
anterior disk deplasmani
goriilmektedir. (F) Sekil E’deki
hastada ag1z kapali ve disk
kondil éniinde bloke
oldugundan rediiksiyonsuz
disk deplasmani oldugu

distinilir.

Figure VL. Disc position of
temporomandibular joint
(TM]) is demonstrated by MRI
(C = condyle, E = articular
eminence) (A) Disc appears in
normal on mouth closed. (B)
In the same TMJ of (A),
reduction of the disc (arrow)
is seen in maximal mouth
open. (C) Anterior disc
displacement (arrow) is seen
in the mouth closed. (D)
Maximal mouth open in Fig.
C shows reduction of the disc
(arrow). (E) Disc anterior
displacement (arrow) with
deformity is found in mouth-
closed. (F) In the same TMJ of
Fig. E, maximal mouth open
shows that the disc is still
blocked in front of the
condyle (arrow) and anterior
disc displacement with non-

reduction is considered.
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varyasyonlar,  paramagnetik  kontrastin
kullanimi, komsu dokular arasindaki kontrast
miktarini arttirabilir. T2-agirhikli  protokol
(uzun eko zamani ve uzun tekrar zamani),
eklem eflizyon ve enflamasyonu, sklerozisin
sebep oldugu kemik iligi degisimi,
enflamasyon ve diger doku replasman
yontemlerini degerlendirmek icin kullanilir.
T1-agirhkli protokoller (kisa eko zamani ve
kisa  tekrar zamani) disk-kondil-fossa
pozisyonu, morfoloji, internal kompozisyon
ve mobiliteyi degerlendirmek icin kullanilir.
Son zamanlarda, MRI, spektromi ve
fonksiyonu ile dinamik MRI, cene
fonksiyonlari hakkinda klinik bilgi elde etmek
icin kullanthir (39).

MRI'in aciklamasi, kondil erezyonu,
osteopites ve disk pozisyonunun tespitinde
%90 veya daha buylk basar saglamaktadir
(40). Doku kontrasti, T1” den T2’ ye uzayan
agirlasma; protokol orani (nabiz diizlemi)
kullanimiyla  olusturulur. ~ Gri  skala
goruntiileme sonucu, ortadaki gri gorinim,
siyah gorinimli veya dustk sinyal ve beyaz
gorinimli yiksek sinyallerle nabzin alindigi
dokularin kaydini gosterir.

MRI'1n avantajlari:

Hastayr radyasyona maruz birakmadan,
mikemmel yumusak doku cozintrligi ile
disk pozisyonu ve morfolojisi hakkinda bilgi
verir.

Sinyal yogunluklarindaki farkliliklari
temel alarak osse6z dokulari da ayrintili
olarak gortintuleyebilmektedir.

Kontrast madde enjeksiyonu
gerektirmeden ve hasta repoze edilmeden
goruntilerin elde edilebilmesini saglar.

TME'deki enflamasyon ve skar dokularini
da inceleme imkani saglar.

Ancak tiim bu avantajlarina ragmen,

Pahali ve ileri ekipman gerektirmesi,

Klostrofobi  varliginda  kontraendike
olmasi da dezavantajlaridir (40,41,42,43).

Ortodontik  braketlerde  kullanilan
paslanmaz celigin ve diger metallerin MRI
gorintilerinde artefakt olusturdugu
bildirilmistir (44). Bu yizden ortodontik
tedavi goren hastalarin MRI ihtiyaclari cok iyi
degerlendirilmelidir.
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Interpretation of MRI has been able to
achieve 90% or greater accuracy in the
identification ~ of  condylar  erosions,
osteophytes, and flattening and disk position
(40). Tissue contrast is created using a range
of protocols (pulse sequence) extending from
Tl to T2 weighting. The resultant grayscale
images represent the recorded signals from
the pulsed tissues with the high signal
appearing white, intermediate signals
appearing gray and low signals or signal
voids appearing black.

Advantages of MRI:

Without radiation exposure, it is informed
about excellent soft tissue resolution with
disc position and morphology.

Osseous tissues are detailed imagined
based on signal density difference.

Without contrast matter injection and
patient reposition, imagines are obtained.

It is also provide to observe inflammation
and scar tissues in TMJ.

Although all these advantages,

It is demanded to expensive and
advanced equipment

It is contraindicated in patient with
claustrophobia (40-43).

It is notified to stainless steel and others
metals used in orthodontic braces causes
artifacts on MRI images (44). Therefore, it
should be well evaluated to MRI
requirements in orthodontic patient (Table 1).

Structured Light

The structured light system principle is
the projection of distorted surface that is used
to get three-dimensional information. Models
are varied from stripes, lines, grids and
circles. An example of this system, eyetronics,
that is used a 35-mm slide projector to get
grid pattern and record images from a digital
camera. Because this system capture images
from only one perspective, several images are
taken to obtain left, right and frontal views of
a face. For production of a full-face model
(from ear to ear) with this system, imagines
are taken different perspectives are combined
and this process called stitching. Stitching
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Yapisal Isik

Yapisal isik sisteminin prensibi, bozulmus
ylzeyin izdusimi ile ¢ boyutlu veri
saglamaktir.  Modeller, seritler, cizgiler,
kilavuz ve daire gibi tasarimlarda farklilk
gosterir. Bu sisteme 6rnek olarak, eyetronics,
kayit goriintileri icin yaygin bir dijital kamera
ve kilavuz paternin tasarlanmasi icin 3,5
mm.lik bir slayt projektor kullanan bir
sistemidir. Bu sistemlerde sadece bir agidan
gorunti alindigr igin, ylzin sol, sag ve
frontal yonden de birkag gortinta alinir. Bu
sistemde tim vytzin (kulaktan kulaga)
modelini elde etmek icin farkli acilardan
alinan goruntiler kombine edilir ve bu isleme
dikme (stitching) denir. Dikme manuel ya da
yari otomatik olarak kullanilabilir (45).

Model yiiz lzerine yansitilirsa, yiiz alani
(renk bilgisi), bu paternin bilgilerini icerir ve
bu rahatsiz edici olabilir. Bu nedenle ikinci
goriinti  cogunlukla, planlanan model
olmadan ayni pozisyonda alinir. Bu yolda,
planlanan modelde saglanan ytizey plani
daha gercek ti¢c boyutlu goriintii elde etmek
icin temiz bir yiz alani kullanilir. Ayrica, bu
esnada, yapisal 1sik gorintileme
sistemlerinin sadece biri, klinik kullanim igin
gecerli olabilir (45).

Lazer Taramasi

Uc boyutlu yiiz goriintiilemesinde kabul
edilen diger bir yontemde lazerdir. Lazer
tarayicilar, detayli model uretebilseler de,
tarama isleminde hastanin kafasi etrafinda
donerken, kisinin sabit pozisyonda durmasi
gerekir. Lazer, sadece ylizey kaydi saglar fakat
renk bilgisi saglamadigindan, renk verisi bu
bilgiyi saglayan lazer tarayicisiyla kaydedilir.
Plastik ve al¢i modellerin lazer taramasi
calismalarinda, antropometrik  noktalar
kullanildiginda, arastirmacilar t¢ eksende (x,
y ve z) 0,6 mm veya 0,5 mm.lik varyasyon
bildirmislerdir (4,46,47). Ayrica antropo-
metrik olctimler icin lazer sistemlerinin
kullanildigr daha kapsamli calismalarin
yarisinda da guivenilir olmadigi bulunmustur
(1,5 mm.den fazla hata) (48).

Ortodontide  kullanilan  gorintileme
teknikleri ve amaclarinin listesi Tablo 2’de
sunulmustur. Bu tabloda ayrica her bir
gorintileme tekniginin kullanildigi yere gore
degeri de ayrica belirtilmistir.
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can be performed manually or semi
automatically (45).

Because a model is projected onto the face,
the surface map (color information) contains
this pattern information and can be disturbing.
For this reason, a second image frequently is
taken with the subject in the same position
without the projected model. In this way the
surface map, derived from the projected
pattern, is used with a clean texture map to
produce more realistic three-dimensional
images. However, at this time only one of these
structured light imaging systems has been
validated for clinical use (45).

Laser Scanning

Another accepted method used for three-
dimensional facial imaging is lasers. Laser
scanners are talented for producing detailed
models; however, the scanning process
requires the subject to remain stabile position
while the scanner revolves around the
subject's head. Because the laser provides
only the surface record and cannot provide
color information, a color camera that is
recorded with the laser scanner provides
information. In studies about laser scanning
of plastic and plaster models, researchers
reported O,6- mm or 0.5 mm discrepancy of
localization in the three axis (x, y and z)
when using anthropometric landmarks
(4,46,47). However, more comprehensive
studies  using laser  systems  for
anthropometric measurements reported that
more than half of these were unreliable
(errors higher than 1.5 mm) (48).

A list of commonly used imaging
techniques and associated imaging goals
were shown in Table 2. Additionally, related
application values for each imaging
technique were also presented.

Stereophotogrammetry

Two dimensional (2D) cephalometry
focused on hard tissue, because their
reproducibility is better than soft tissue,
which defines the facial outline (10). By using
of reconstructions of CT and CBCT imaging
(23), facial laser scanning (47) and 3D
stereophotogrammetry (49) this limitation

183



167_faruk:muammer 26.12.2012 16:52 Page 184

184

Sterofotogrametri

iki boyutlu (2D) sefalometri sert doku
tzerine odaklanmistir; clinkti tekrarlana-
bilirligi yiz hatlarini belirleyen yumusak
dokudan daha iyidir (10). CT ve CBCT
goruntileri (23) ylzin lazer taramasi (47) ve
3D sterofotogrametri (49) kullanilarak bu
sinirlamanin tistesinden gelinmistir. 3D goriinti
verilerinin  birlestirilmesi  ile  olusturulan
goruntiler hastanin gercek bas modelini dogru
ve gercekgci olarak saglayabilme potansiyeline
sahiptir (49). 3D sert ve yumusak doku
analizleri CT tabanli referans dizlemine
dayanir (49). Bu analizler 3D fotograflar ile CT
taramalarinin  birlestirilmesinden  sonra
uygulanabilir (Sekil 7).

Bas ve ylz gorlintulemeleri igin
sterofotogrametrinin ~ kullanimiyla,  kuru
kafatasi kullanimi (50), yarik dudak ve damak
(51), vyuz olcim acilart ve dogrusal
olctimlerin gecerliligi ile niteligi rapor edilir
(1). Lokalize isaret noktalar icin Gretilebilen
hatalarin sonraki mutlak degerlerinde, agilar
icin 11,1°’lik ve T mm.lik mesafe rapor edilir
(1). Daha sonraki zamanlarda, iki enfrarujlu
sarj ciftinin birlestirildigi aygith sterofoto-
grametri, yliz noktalarinin otomatik olarak
lokalize edilmesini ve antropemetrik
noktalari  saglamak icin  kullanilirlar
(29,32,52). Nokta lokalizasyonu ve isaretlerin
uretilebilirligindeki hata 2 mm.den azdir.

Ag1z ici Tarayicilar

Agiz ici tarayicilar  son teknoloji
trtnleridir,  Cad-Cam  sistemleri ile
dentisyonun G¢ boyutlu gorintisini elde
ederek bilgisayar ortamina aktarabilmek-
tedirler (1). Agiz ici tarayici digler tzerinde
yavasca gezdirilirken olusan resimler video
kamera ile kaydedilir. Tarayici dis morfolojisi
ve andirkat bolgeleri bilgisayar ortamina
aktarir ve veriler kaydedilir. Bu esnada
bilgisayar ortaminda modeller olusturulur.
Hekim hastanin dis morfolojisini belirler ve
kayith olan diger dis morfolojileri ile
karsilastirarak hasta icin en uygun braket
sistemini secer (53).

Hasta modelleri bilgisayarda
olusturulduktan ~ sonra  hekim  model
analizlerini yazilim programi kullanarak
yapabilir. Simetrik veya asimetrik ark formlari
olusturabilir bununla birlikte G¢ boyutta da
her tirlt dis hareketinin simtlasyonunu
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can be ceased. Image fusions from 3D
imaging datasets have the potential to
provide a realistic and accurate virtual model
of a patient’s head (49). 3D imaging hard
tissue and soft tissue analyses, based on a CT-
based reference frame (49). These analyses
are applicable after superimposition of a 3D
photograph on the reconstructed CT scan
(Figure 7).

The use of stereophotogrammetry for
craniofacial imaging has been reported using
dry skulls, (50) cleft lip and palate, (51) and
for quantification and validation of the linear
and angular facial measurements (1). In the
latter the absolute value of the reproducibility
error for localizing the landmarks reported is
1 mm for distance and 1.1 degrees for the
angles (1). More recently, stereophoto-
grammetry with two infrared charge-coupled
device cameras was used to locate facial
landmarks automatically (labeled with retro
reflective markers) and provide
anthropometric information (linear distances
and angles) (29,32,52). The error in
reproducibility of a landmark and marker
location was less than 2 mm.

Intraoral Scanners

Intraoral scanners are products of new
technology, with the cad cam systems 3
dimensional imaging of dentition can be
transferred to the computer (1). While the
hand held scanner is passed over the
dentition and reflected images are recorded
with a video camera. The scanner transfers
the visualization of all tooth surfaces,
including undercut areas. During this time,
computer model of the dentition is produced.
The operator determines the teeth
morphology and then patient teeth is
compared with teeth in a library of dental
morphology and the operator chooses the
best bracket design for individual teeth (53).
After the 3-dimensional model of the
dentition is completed, clinician can make
model analyses. Clinician also creates
symmetric and asymmetric arch forms; as
well the teeth can be moved like independent
objects in 3 dimensions with the software
control and can be compared different
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yapabilir ve farkli tedavi planlamalarinin
karsilastirmasini yapabilir (53). Olusturulan
¢ boyutlu modellerde braketler dis tizerine
yerlestirilir ve indirekt bonding modelleri
olusturulabilir. Bununla birlikte bu sistem
icerisinde bulunan tel bukim robotlari ile
hastanin secilen ark formu ile uyumlu ve (¢
dizlemde bikim yapilabilir (53). Gelisen
teknoloji ile birlikte bas ve yiiz goriintiileme
teknikleri de gelismektedir. Bu sebeple bas ve
yluz gortntilemesi ile ilgili ortodontik
kayitlarin gtivenilirligi ve tekrarlanabilirligi de
gelisecektir.

SONUCLAR
Konvansiyonel veya ileri gortntileme
teknikleri ile alinan goruntilerin  ayni

seviyede olmasi ve ozelliklerinin daha iyi
anlasilabilmesi icin teknik donanim ve
yazilim bilinmesi
gerekmektedir. Bu sayede:

Farkl ortamlarda standart olarak alinan bas
ve boyun goriintileme kayitlari vakalarin
sunumunda ve karsilastinlmasinda kullanilabilir.

Bu gorintilerin standart hale getirilmesi
ile tedavi sirasinda olusan degisiklikler
sayisal verilere donustirtlebilir.

Ayrica bu kayitlar hastanin uzun dénem
takibinde, verilerin karsilastirilmasi acisindan
da onemlidir.

Randomize ¢ok merkezli klinik calisma-
larin popiler oldugu glinimizde kayitlarin

ozelliklerinin  iyi

standart hale getirilmesi verilerin toplanmasi
ve guvenilir sonuclarin elde edilmesi agisin-
dan 6nemlidir.
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treatment plans (53). Brackets are placed on
each tooth on the 3 dimensional models and
create the indirect bonding models. In this
system wire bending robots can a bend 3
order bending which is appropriate to patient
arch forms (53).By developing technology,
craniofacial imaging techniques will be
Therefore,

advanced. reliability — and

repetition of orthodontic records with

craniofacial imaging will be improved.

CONCLUSIONS

It should be well known technical
properties of equipments and software for
obtaining same levels imagines quality
delivered from conventional or advanced
imaging techniques. In this way:

Standard craniofacial imaging records
taken in different places are used for case
presentation and comparisons.

With standardization of these records,
changes during treatment may turn into
quantitative data.

Additionally, obtaining these standard
data is important for long term follow up.

A randomized multi-center clinical trials
are currently popular; thus, standardization of
imaging records is important for the data
collection and reliable results

Sekil VII. 3D ytizey

goriintiisiiniin elde edilmesi.

Figure VIL. Acquiring of 3D

surface imaging.
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