Deneyimin ve Yorgunlugun Sefalometrik Olciim Hatalari

Uzerine Etkisi

Effect of Experience and Fatigue on Cephalometric

Measurement Errors

OZET

Bu galismanin amaglari, giinliik galis-
ma sartlarinin yarattigi yorgunlugun sefa-
lometrik 6lcim hatalarina olan etkisini
degerlendirmek ve ortodonti alaninda
farkli tecriibe seviyesine sahip 3 arastir-
mac tarafindan yapilan élgiimler arasin-
daki farklihgr arastrmak ve karsilastir-
maktir. Calisma amaciyla 30 adet lateral
sefalogram tzerinde siklikla kullanilan
32 parametre, her arastirmaci tarafindan
dijital ortama tasinarak tger kere élciil-
mustur. Birinci ve tGgtncd olgiimler he-
niiz giinlik olagan calismaya baslama-
dan énce, fiziksel ve zihinsel olarak insa-
nin ding oldugu sabah saatlerinde
(09:00); ikinci 6lgtim ise fiziksel ve zihin-
sel yorgunlugun iyice arttigi mesai saati
bitimine yakin (16:30) yapilmistir. Her bir
aragtirmacinin 1., 2. ve 3. élgtimleri ara-
sindaki fark tekrarlayan élgtimlerde Var-
yans analizi kullanilarak hesaplanmis, iic
arastirmaci arasinda fark olup olmadigi-
nin tespiti icin ise her arastirmacinin yap-
tigi birinci olgiimler, Varyans analizi kul-
lanilarak degerlendirilmistir. Sonug ola-
rak, 6l¢iim yapan 3 arastirmact sefalo-
metrik analizler sonucu incelenen 32 fak-
toriin tamaminda ayni degerlere ulagmis-
lar ve 3 arastirmac: arasinda istatistiksel
olarak bir fark bulunamamistir (P>0.05).
Her arastirmacinin yaptigi 3 él¢im (1., 2.
ve 3. olcumler) degerlendirildiginde, 6l-
ctimler arasinda bir farklilik bulunama-
mis, 6lgimii yapilan 32 faktériin tamami-
nin tekrarlanabilir oldugu gorilmistar
(P>0.05). Fiziksel ve zihinsel yorgun-
lugun ve ortodontide farkli tecribe
seviyelerinin sefalometfik analizlerin tek-
rarlanabilirligi Gzerine Gnemli bir etkisi
olmadigr goralmistiir.(Turk Ortodonti
Dergisi 2007,;20:25-34)

Anahtar Kelimeler: Sefalometrik
analiz, Olgtim hatast, Bireyler arasi fark-
lilik, Tekrarlanabilirlik, Yorgunluk.
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SUMMARY

The aims of this study were to quantify
the effect of fatigue due to daily hard
work on cephalometric measurement er-
ror (Intra-examiner) and to compare the
reproducibility of cephalometric measu-
rements (Inter-examiner) made by three
orthodontic residents with differing years
of experience. Thirty-two commonly
used cephalometric measurements were
done on 30 cephalograms. Each observer
digitized the radiographic images and
analyzed each lateral cephalogram for
three times. First and third measurements
were done in the morning before begin-
ning to the daily routine hard work at
09:00. The second measurement of each
examiner was done nearly at the end of
the working day at 16:30. Intra-examiner
errors were calculated using analysis of
variance on repeated measurements. Of
the 32 analysis investigated, reproducibi-
lity of results was satistactory for all para-
meters (P>0.05). No significant differen-
ces have been observed between three
measurements for three observers, which
were done at different times of working
day. For analysis of inter-examiner error,
the first measurement of each examiner
was used. The differences between each
observer were evaluated with analysis of
variance. It was found that, there was no
significance between each observer
(P>0.05) for all of parameters calculated.
The physical and mental fatigue due to
daily hard work and experience are not
important factors on reproducibility of
cephalometric measurements. (Turkish J
Orthod 2007;20:25-34)

Key Words: Cephalometric analysis,
Measurement error, [nter-examiner dif-
ferences, Reproducibility, Fatigue
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GIiRiS

Ortodontik tedaviye baglamadan 6nce has-
talarin dental-iskeletsel yapilari arasindaki ilis-
kilerin ve bunlarin yumusak dokular iizerinde-
ki etkilerinin degerlendirilmesi 6nemli bir ko-
nudur. Bu degerlendirmeden ayri olarak diag-
noz ve tedavi planlamasinda lateral sefalomet-
rik analizler énemli rol oynamaktadir. Biiyi-
menin ve ortodontik tedavi sonuglarinin belir-
lenmesi amaciyla sikhkla kullanilan radyogra-
filer ayni zamanda patolojik olusumlarin tespi-
tinde de hekimlere yardimeci olmaktadr.

Broadbent (1) 1931 yilinda kranyometrik
noktalan kaydedebilmek ve ortodonti pratigi-
ne antropometrik teknikleri uygulayabilmek
icin "rontgenosefalometri® teknigini gelistirmis-
tir. Daha sonraki yillarda ise lateral setalog-
ramlardan diagnostik bilgi edinmek amaciyla
gesitli sefalometrik analizler gelistirilmistir (2-
4). Sefalometrik analizler birtakim anatomik
referans noktalarinin belirlenmesi ile yapil-
makta, bu noktalar sefalometrik analizlerde
veya ortodontik tedavinin farkli safhalarinda
alinan radyogramlarin gakistinlmasi esnasinda
kullaniimaktadir.

Bazi anatomik referans noktalarinin belir-
lenmesi zor oldugundan bu esnada birtakim
farkhliklar ortaya c¢ikabilmektedir. Referans
noktalarindan hangilerinin tekrarlanabilir ol-
dugunun tespit edilebilmesi icin yapilan 6l-
¢Gmlerin tekrarlanmasi sonucu elde edilen de-
gerlerin karsilastinlmasindan yararlanilabilir
(5). Referans noktalarinin tekrarlanabilirliligi,
temel olarak yansitim hatalar ve tammlamada
ki yanhshklar olmak tizere iki kategoriye ayri-
labilir. Bunun yani sira, referans noktalari 6zel-
likle bulug cagi déneminde kafa kaidesi iceri-
sinde yer degistirmesine bagl olarak da tekrar-
lanan olgtuimlerde farkli degerlere ulagilabilir.
Arat ve ark. (6) calismalarinda bulug cagi do-
neminde bittin sefalometrik referans noktalari-
nin 6nemli oranlarda yer degistirdiklerini gos-
termiglerdir.

Sefalometrik analizler sirasinda yasanan
problemlerden biri de, bazi anatomik yapilarin
gorantilerinin gakismasi, bazi noktalarin ise
yuzin her iki tarafinda da bulundugundan cift
goruntl olusturmasidir. Bu gibi durumlarda re-
ferans noktalarinin yerlesimi tam olarak yapi-
lamamaktadir. Ancak bazi referans noktalar
kafa kaidesinin dig sinirlari Gzerinde yer aldi-
gindan, yerlerinin belirlenmesi ¢cok daha kolay
olmaktadir (7-9). Baumrind ve Frantz’a gore
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INTRODUCTION

In the beginning of orthodontic treat-
ment, it is important to assess the relations-
hips between a patient’s skeletal and dental
components and to determine how these
components affect the soft tissues. Analysis
of lateral cephalometric radiographs plays a
major role in the diagnosis and treatment
plan of orthodontic patients. Longitudinal
radiographs are frequently used to evaluate
growth and results of orthodontic treatment.
Radiographs are also usetul tools to reveal
pathologic conditions.

Broadbent in 1931 (1) developed the ro-
entgenocephalometric technique to record
craniometrical landmarks and to apply anth-
ropometric techniques te the orthodontic
practice. In following years, clinicians and
researchers have developed numerous num-
bers of analyses to interpret the diagnostic
information supplied from lateral cephalog-
rams (2-4). Cephalometric analysis is based
on the identification of anatomic landmarks.
These landmarks can be used as registration
marks for measurements or for superimposi-
tion of films taken at different stages of ort-
hodontic treatment.

It is known that, it is very difficult to iden-
tify some of anatomic landmarks and also
differences can occur during localization.
By comparing the variation in a number of
measurements of different landmarks, it is
possible to identify which landmarks are
most reproducible (5).

The reproducibility of cephalometric
landmarks can be mainly affected by two
factors; errors of projection and errors in
identification. Furthermore, displacement of
landmarks due to growth, especially during
puberty is also play an important role on
identification error. In an important study by
Arat et al. (6), it was showed that all the cep-
halometric landmarks were displaced by
significant amounts during the puberty peri-
od.

The difficulty in identifying cephalomet-
ric landmarks is associated with the fact that
the images of anatomic structures overlap

Tiirk Ortodonti Dergisi 2007;20:.5- 34
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(10) anatomik yapinin kenar kisimlarinda yer
alan Nasion ve Menton gibi referans noktalari-
nin belirlenmesi kolayken; genis acili egriler
tizerindeki noktalarin tespitinde daha fazla ha-
ta olmaktadir. Yazarlara gore noktalarin tespi-
tindeki hatalar, agisal ve dogrusal faktorler 6l-
culdugiinde daha belirgin hale gelmektedir.
Ancak noktalarin ayrintili tanimlanmasi ile yo-
rum hatalari azalmaktadir. Ayrica 6lgim yapan
arastirmacilarin zamanla anatomi bilgisinin ve
Ol¢iim yaptikga radyografik gorintilere asina-
liginin artmasi ile sefalometrik analiz konusun-
da tecriibesi de artacak, dolayisiyla referans
noktalarinin dogru olarak tespiti hususunda
daha basari yorumlar yapabilecektir.

Bu ¢alismanin amaclari:

1- iki, dort ve sekiz yillik olmak tizere, farkli
diizeylerde ortodonti tecriibesine sahip
arastirmacilarin, ayni lateral sefalometrik
filmler Gzerinde yaptiklari sefalometrik 6l-
gamlerin sonuglarini belirlemek ve karsi-
lastirmak,

2- Gunluk galismaya bagh gelisen fiziksel ve
zihinsel yorgunlugun sefalometrik 6lgtim-
lerin tekrarlanabilirligi Gzerine etkisini de-
gerlendirmektir.

GERECLER ve YONTEM

Calisma igin rasgele segilmis 30 ortodonti
hastasina ait lateral sefalogramlar kullanilmis-
tir. Calismada kullanilan tim sefalogramlar ay-
ni standartta ayni teknisyen (Z.K.) tarafindan
Planmeca (PM 2002, Helsinki, Finlandiya)
rontgen makinesi ile Kodak film kullanilarak
66-70 kvP, 12 mA de, 0.7 saniyede gekilmistir.
Calismada kullanilacak 30 adet lateral sefalo-
metrik filmin tamami 40 giin igerisinde gekil-
mis sefalogramlardan segilmistir.

Calisma amaciyla, lateral sefalometrik film-
lerin analizlerini yapmak tzere klinigimizde
gorev yapan ortodonti alaninda 2, 4 ve 8 yillik
tecriibeye sahip ¢ arastirmaci secilmistir (A,
B, C). Dijital ortama tasinan lateral sefalogram-
lar her arastirmaci tarafindan Gger kere olgiil-
miustir. Birinci ve Uglncu olgumler heniiz
gunluk rutin galismaya baslamadan once, fi-
ziksel ve zihinsel olarak insanin ding oldugu
sabah saatlerinde (09:00); ikinci olcim ise fi-
ziksel ve zihinsel yorgunlugun iyice arttigi me-
sai saatinin bitimine yakin (16:00) yapilmistir.
Ancak, arastirmacilarin konsantrasyonun bo-
zulmamasi amaciyla, her bir 6l¢iim icin yapil-
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and that some landmarks are paired with
one found on each side of face. Consequ-
ently, they often appear as double, coinci-
ding images may not be seen on lateral radi-
ographs. Superimposition of other structu-
res, including soft tissue over the area of the
landmark, are also reduces the ease of iden-
tification. However, some of the landmarks
are located on the outlines of the cranium
and are comparatively easy to identify due
to the sharpness in contrast of the roentge-
nogram (7-9). Baumrind and Frantz (10) ha-
ve found that landmarks such as Nasion and
Menton which placed on anatomically for-
med edges are easy to identify, whereas
landmarks which are placed on curves with
wide radii show proportionally greater er-
rors of measurements. They also showed
that uncertain landmark identification was
significant when transmitted to angular and
linear measurements. Precise written defini-
tions describing the landmarks, reduces the
change of interpretation error.

Operator experiences also play an impor-
tant factor since increased knowledge of
anatomy and tamiliarity with the radiograp-
hic appearance of the subject reduces in-
terpreted errors.

The aims of this study were

1- to examine and compare the cephalo-
metric measurement errors between
three orthodontic residents with different
years of experience (inter-examiner),

2- to evaluate the effect of fatigue due to
daily work, on reproducibility of cepha-

lometric measurements (intra-examiner).

MATERIALS and METHODS

The study comprised 30 randomly selec-
ted lateral cephalograms from the tiles of
orthodontic patients. All cephalograms used
in the study were exposed with a time inter-
val of 40 days by the same technician (Z.K.)
on a cephalometric machine (Planmeca
2002, Helsinki, Finland), with the settlings
standardized at 66-70 kvP, 12mA for 0.7 se-
conds and the exposed radiographs were
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masi gereken 30 sefalogramin analizi ayni
giinde yapilmanus, bir giin icerisinde sadece
10 sefalometrik analiz yapilmistir. Ornegin,
her bir arastirmacinin yaptigi birinci ol¢tim 1
giinde degil, her sabah 10’ar adet olmak (ize-
re toplam 3 giinde bitirilmistir. Ikinci ve ticiin-
ci 6lgumler de ayni sekilde yapilmistir. Her se-
falogram her bir arastirmaci tarafindan 2 kere
sabah bir kerede aksam olmak Gzere 3 kere
analiz edilmis, sonug olarak ¢alisma igin 270
adet olgum tablosu elde edilmistir. Her rad-
yogramda en sik kullantlan 15 sefalometrik re-
ferans noktas: belirlenmis ve klinigimizde rutin
olarak kullanilan 32 parametre 6lgulmusgtiir.

Sefalogramlarin analizi igin Quick Ceph
Image Sistemi (Quick Ceph 2000, San Diago,
ABD) kullanilmistir. Analiz igin radyogramlar
dijital ortama gorintu ¢ozindriugu 150 DPI, 8
Bit olacak sekilde, A4 masausti tarayict (EP-
SON 1600 Sony, Japonya) ile aktariimistir. Re-
ferans noktalan ekranda sayisallastiriimis sefa-
logramlar Uzerinde fare yardimiyla belirlen-
mistir.

Her bir arastirmacinin 1., 2. ve 3. dlguimle-
ri arasi farklan (Olglimun tekrarlanabilirligini)
degerlendirmek igin SPSS programi ile Tekrar-
layan Olciimlerde Varyans Analizi; 3 arastir-
macinin olgimleri arasindaki farkhiliklarin be-
lirlenmesi igin ise Varyans analizi (ANOVA)
kullanilmistir. Aragtirmacilar arasindaki farki
degerlendirirken her arastirmacinin sadece bi-
rinci Slgtimleri kullanitmistir.

BULGULAR

Her bir arastirmacinin yaptigi 1., 2. ve 3.
analizler kendi igerisinde degerlendirilmis ve
incelenen 32 parametrenin hi¢ birinde istatis-
tiksel agidan fark bulunamamistir (P>0.05)
(Tablo LIl ve HI). Arastirmacilar arasinda fark
olup olmadiginin belirlenmesi amaciyla, her
arastirmacinin yapmis oldugu birinci analizler
karsilastiriimig, olgumui yapilan 32 faktor de-
gerlendirildiginde her Gg aragtirmaci arasinda
istatistiksel agidan bir fark olmadigr goralmiis-
tur (P>0.05) (Tablo IV).

TARTISMA

Sefalometrik analiz sonucu elde edilen her-
hangi bir degerin gecerliligi, biyik 6lciide kul-
lanilan sefalometrik referans noktalarinin tek-
rarlanabilirliligine baghdir. (11,12) Ayni sefalo-
metrik filmin ayni arastirmac tarafindan farkli
zamanlarda analizi yapildiginda farkli sefalo-
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developed and fixed under similar conditi-
ons by the same technician.

Three orthodontic residents (A, B, C) ac-
cording to their experience in orthodontics
were chosen from our clinic for the analy-
ses. Each observer digitized the radiograp-
hic images and analyzed each lateral cepha-
logram for three times. First and third me-
asurements were done in the morning befo-
re beginning to the daily routine hard work
at 09:00. The second measurements were
done nearly at the end of the working day at
16:00. However, alt 30 lateral cephalograms
were not analyzed at the same day to preser-
ve orthodontic resident’s concentration. Ten
of 30 cephalograms were analyzed in one
day. Each measurement of 30 cephalogram
was finished in 3 days. A total of 270 tra-
cings were obtained for this study. For each
radiographic image, 15 most commonly
used cephalometric landmarks were pointed
and 32 routinely used measurements in our
clinic were analyzed.

The Quick Ceph System (Quick Ceph
2000, San Diego, USA) was used to digiti-
zed and analyze the cephalograms. This
system uses an A4 Desktop Scanner (Epson
1600 Sony, Japan) with a transparent adap-
ter to digitize the radiographic images. The
digital image resolution was 150 DPI, 8 Bits.
Landmarks were located with the mouse po-
inter directly on the digitized radiographic
image on the screen.

A repeated measures analysis of variance
was used to test reproducibility of the me-
asurements for each observer. The difteren-
ces for the factors observed in the measure-
ment between each observer was assessed
with analysis of variance (ANOVA) for three
or more paired samples by using SPSS. Only
first measurements of each observer were
used to clarify the inter-examiner measure-

ment error.

RESULTS
There were no statistically differences
between 3 measurements of each examiner

(Intra-examiner) for all parameters analyzed

Tirk Ortodonti Dergisi 2007;20:25-34
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Aragtrmaci A/ L.OIgim / 1st .Olgim / 2nd .8lgim / 3rd F degeri / F degeri/P
Examiner A Measurement Measurement Measurement value value
Birim / Unit Ort./Mean SD Ort./Mean SD Ort./Mean SD
SNA 78,2 4,2 78,3 42 78,6 40 0,088 0,916
SNB ° 751 4,0 75,0 3,8 753 36 0,043 0,958
ANB ° 3,0 2,8 3,3 27 33 2,8 0,102 0,903
A-N-IFH mm -3.3 3,5 -3,4 43 -3,6 4,0 0,044 0,957
Pog - N-I FH mm -10,8 8,0 -11,5 8,0 -11,9 84 0,146 0,865
Wits app. mm -1,0 3.8 -1,3 4.4 -1,0 45 0,046 0,955
FMA ° 29,7 7.0 30,1 7.5 30,5 6.9 0,095 0,909
GO-GN-SN e 38.8 7.2 391 7.7 39,0 6,9 0,011 0,989
Y-axis 2 62,2 4.1 62,5 43 62,7 44 0,074 0,929
Saddle < 125,3 5.9 125,4 57 124,3 6,0 0,298 0,743
Articulare ° 142,9 6,0 1419 8,2 143,7 7.0 0,526 0,593
Gonion ° 130.6 8,4 131,7 9.8 131,0 9,0 0,106 0,899
Maxillomand. Fark / Diff. mm -9,1 35 -9,0 34 -8,5 3.6 0,288 0,75
ANS-Menton mm 75,8 6,6 76.8 52 75,2 54 0,589 0,557
Nasion-Menton mm 135,1 8,8 136,1 7,2 133,9 7.6 0,581 0,562
Maxillary derinlik / depth mm 87,3 29 87,3 34 871 33 0,053 0,948
Mx 1-SN ° 100,8 9,1 99,7 9,9 101,3 9,6 0,207 0,814
Mx 1-FH S 109.9 8,7 105,4 10,6 109,8 9,3 0,928 0,399
Mx 1-NA (mm) mm 6,2 9,3 5,6 45 59 4,0 0,193 0,825
Mx 1-NA () N 22,7 9,1 21,4 8.8 22,7 10,0 0,158 0,854
Md 1-NB (mm) mm 6,7 2,6 6,6 2,5 6,4 2,5 0,165 0,848
Md 1-NB () 2 249 53 24,7 43 242 47 0,157 0,855
IMPA ° 90,9 7.1 90,6 6,7 89,9 6.5 0,186 0,831
Interincisor angle = 1294 10,0 130,6 10,2 129,8 10,0 0,103 0.902
Overjet mm 48 23 4.8 2,3 52 25 0,253 0,777
Overbite mm 29 2,6 2,8 2,6 2,8 27 0,029 0,971
Nasolabial angle ° 11,2 8.8 112,3 11,8 110,5 9,5 0,244 0,784
Est.plane-Upp.lip mm -3,5 3,0 3,5 3,0 -3,6 3,0 0,011 0,989
Est.plane-Low.lip mm -1,4 3,2 -1,5 3.3 -1,3 30 0,022 0,979
Facial axis ° 85,2 4,4 84,9 46 85,0 48 0,033 0,967
Convexity mm 45 6.9 53 6,8 5,2 7.0 0,119 0,888

metrik degerlere ulasilmasi veya ayni sefalo-
metrik film farkli arastirmacilar tarafindan ana-
liz edildiginde farkli degerler bulunmasi, za-
man zaman karsilagilan ve ortodontik tedavi
karari verirken ortodontisti tereddiitte birakan
bir durumdur.

Bireyler arasi olcuim farkhhklarini arastir-
mak tizere bugtine kadar yapilan galismalann
bircogunda bireyler arasinda farkliliklar oldu-
gu gortimustir. Bu farkhliga neden olarak rad-
yografilerin kalitesi, 6l¢imlerin hangi kosullar-
da yapildigi, 6lciim yapan bireyin deneyim ve
bilgi durumu gibi faktorler sayilabilir (11-14).
Lau ve ark. (14) ortodonti ve cerrahi klinikle-
rinden sectikleri farkli klinik tecriibeye sahip
ikiser arastirmaci kullanarak yaptiklari calis-
mada, ayni lateral sefalogramlar aragtirmaci-
lara analiz ettirip Gzerinde 27 tane sefalomet-
rik faktoriin 6lctimind yaptirmuslar, yapilan 6l-
cumleri karsilastirdiklarinda 6lcimi yapilan
27 parametrenin yaklasik yarisinin 4 arastirma-
ci tarafindan farkl degerlerde 6lcildugiini bil-
dirmislerdir. Sonug olarak, ¢izim sirasinda ya-
pilan hata miktarinin egitim veya deneyimden
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(P>0.05) (Tables I, Il and Ill). For the evalu-
ation of inter-examiner differences, the first
measurements of each examiner were com-
pared and no statistically significance was
found between three examiners (P> 0.05)
(Table V).

DISCUSSION

The validity of cephalometric measure-
ment is mostly depends on the reproducibi-
lity of the anatomic landmark identitication
(11,12). When a cephalometric film is analy-
zed by an observer at different times or
when various observers analyzed the same
cephalogram, the results may not coincide
every time. This is a hesitant situation for an
orthodontist.

In studies performed to evaluate the cep-
halometric measurement error between va-
rious observers, the existence of variability
was shown. There are several tactors affec-
ting the magnitude of error in landmark

Tablo I: A arastirmacisinin

vaptig1 3 6lgimiiniin

karsilagtirmasi.

Table I: Comparison of three

different measurements by

Examiner A.
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Arastrmaci B / ExaminerB 1.OIglim / 1st 1.8Igim / 2nd .Slgim / 3rd F degeri/F P degeri/P
Measurement Measurement Measurement value value
Birim / Unit Ort./Mean SD Ort./Mean SD Ort./Mean SD
SNA e 79,7 3,8 80,0 4,0 79,8 3.9 0,066 0,936
SNB N 76,5 41 76,8 4,2 76,5 4,2 0,069 0,934
ANB ° 3.2 2,6 3.2 2,7 3.3 2,8 0,021 0,98
A-N-IFH mm -2,3 3,6 -1.6 4,0 -3.1 3.6 1,25 0,29
Pog - N-I FH mm -9,2 8,8 -8,8 8.9 -11,5 8,6 0.842 0,434
Wits app. mm -0,5 4,0 11 4,7 4,7 4.8 0,506 0,605
FMA ° 29,2 6,7 28,1 6,9 28,9 6,9 0,2 0,819
GO-GN-SN . 37,6 6,6 36.8 6.9 36,5 6,6 0,216 0,806
Y-axis ° 61,8 41 61,2 46 62,3 44 0,429 0,652
Saddle N 123,2 6,7 123,9 6,7 123,1 6.3 0,146 0,864
Articulare N 144 4 6,1 143,2 7.3 145,0 71 0,509 0,603
Gonion ° 1301 8.0 129,7 9,2 1284 9,5 0,282 0,755
Maxillomand. Fark / Diff. mm -8,5 3,6 -8,7 3.3 -7.6 3,3 0,925 04
ANS-Menton mm 74,3 5,6 751 5,6 74,9 5.8 0,175 0,84
Nasion-Menton mm 131,4 7.2 131,9 7.6 1319 7.6 0,043 0,958
Maxillary derinlik / depth mm 88,0 3.1 88,7 3,3 87,4 3,1 1,361 0,262
Mx 1-SN > 103,3 10,6 103,3 10.8 104,0 10,1 0,047 0,954
Mx 1-FH J 11,7 9,9 108,7 21,3 111,6 9,3 0,412 0,664
Mx 1-NA (mm) mm 5,2 39 52 43 5,0 39 0,016 0,984
Mx 1-NA () 2 23,7 10,6 23,3 10,7 24,3 10,0 0,063 0,939
Md 1-NB (mm) mm 6,4 1,9 6.4 2,2 6,3 2,0 0,016 0,904
Md 1-NB () ° 24,5 4.4 24,2 45 249 43 0,239 0,788
IMPA ° 90,5 5.8 90,5 6.1 92,0 6.3 0,591 0.556
Interincisor angle ° 128,6 10,5 129.4 10,5 127,6 10,3 0,226 0,798
Overjet mm 4,2 1.9 41 2,4 41 2.1 0,018 0,982
Overbite mm 2.4 2.8 2.1 2,7 2,2 29 0,093 0,911
Nasolabial angle ° 113.6 10.8 110.6 8,5 11,1 10,7 0,741 0,48
Est.plane-Upp.lip mm -3,3 3.2 -3,6 3,1 -3,4 3.3 0,064 0,938
Est.plane-Low.lip mm -1,2 3.2 -0.9 3,3 -1,2 3.4 0,086 0,918
Facial axis N 85,4 49 84,8 49 85,1 4,6 0,115 0.892
Convexity mm 55 6,6 5,6 7,0 55 6,7 0,003 0,997

Tablo II: B aragtirmacisimin
yaptig1 3 olgumunun

karsilagtirmasi.

Table II: Comparison of three
different measurements by

Examiner B
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cok, bireylerin referans noktalarinin yerlerini
algilamalarindaki farkliliga bagh oldugunu bil-

identification. These are; the quality of the
radiographs, the conditions under which

dirmislerdir. Bagka bir gahsmada Silveria ve
Silveria (13) toplam 40 adet sefalometrik filmi
3 farkh radyoloji kliniginde analiz ettirmis ve
o6lcilen 32 faktérden sadece 4 tanesinin (SNA,
SN- Okluzal Diizlem, U1-NPog acisi, Yumu-
sak doku profili) 3 klinik tarafindan ayni bulun-
dugunu, tekrarlanabilir oldugunu bildirmisler-
dir. Kamoen ve ark. (15), sefalometrik filmlerin
tekrarlanabilirliligini 6l¢mek icin birkag farkl
arastirmacinin yaptig élgtimleri karsilastirms-
lar, aragtirmacilar arasinda anatomik referans
noktalarinin tespitinde belirgin farkliliklar ol-
dugunu bildirmislerdir.

Cahsmamiz sonucunda 2, 4 ve 8 yillik ol-
mak tzere farkh diizeylerde ortodontik tedavi
tecriibesine sahip aragtirmacilarin ayni filmler
tizerinde yaptiklar analiz sonucu él¢iimi ya-
pilan tim parametrelerde ayni sefalometrik
degerlere ulastiklan gorildi. Ortodonti egiti-
minin ilk yillar genellikle en ¢ok hasta alinan
ve bu hastalann vaka raporlarini hazirlamak
lizere ¢ok sayida sefalometrik élctim yapilan
yillardir. Egitiminin ikinci senesinin sonuna

measurements are made, and the skill and
the training of the person who traces the
cephalogram (11-14). Lau et al. (14), in the-
ir study, argued the effect of experience on
this topic. They chose two observers with
different clinical experience from orthodon-
tics department and two from surgery de-
partment and found that nearly half of the
27 parameters were measured ditferently by
the observers. In an other study, Silveria and
Silveria (13), sent 40 cephalometric films to
three different radiology clinics at different
times for cephalometric analyzing. Radi-
ology clinics measured these 32 factors and
only four of the factors (SNA, SN-Occ, U1-
NPog angle, soft tissue profile) were found
to be same. Kamoen et al. (15) studied the
reproducibility of inter-examiner cephalo-
metric tracings and concluded that there
were significant differences in identification
of anatomic landmarks.
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Sefalometrik Olciim Hatalar

Cephalometric Measurement Errors

Aragtirmaci C / Examiner C LOlglim / 1st I.Olglim / 2nd 11.Olgiim / 3rd F degeri/ F P degeri /P
Measurement Measurement Measurement value value
Birim / Unit Ort.’Mean SD Ort./Mean SD Ort./Mean SD
SNA N 79,2 3,7 79,8 3,9 79,5 43 0,157 0,855
SNB ° 76,1 34 76,4 3.8 76,6 4,4 0,112 0.894
ANB s 3,0 2,8 3,4 2,8 3,0 25 0,22 0,803
A-N-IFH mm -3,7 4,6 -4,1 3,8 -2,9 46 0,638 0,531
Pog - N-1 FH mm -9,2 12,2 -12,7 9,0 9,9 9,9 0,95 0,391
Wits app. mm 0,1 49 0,3 4.8 -0,3 53 0,114 0,892
FMA N 29.8 7.0 30,5 58 29,5 6.4 0,183 0,883
GO-GN-SN = 375 6,3 373 6,1 37,7 6,6 0,026 0,975
Y-axis ° 62,2 49 62,9 42 61,6 4,6 0,584 0,56
Saddle ° 1255 6,3 125,8 5.9 125,0 7.0 0,129 0,879
Articulare N 142,9 6,8 142,1 6.6 1435 6.4 0,356 0,702
Gonion ° 129,2 8,1 129,5 7.7 129,3 8,2 0,01 0,99
Maxillomand. Fark / Diff. mm 7.8 44 6.3 42 -8,2 3.9 1,763 0,178
ANS-Menton mm 75.7 7.0 75,6 6,5 75,5 6,5 0,004 0,996
Nasion-Menton mm 134,4 9,3 133,9 8.2 134,5 8,7 0,038 0,963
Maxillary derinlik / depth mm 86.9 3,9 86,6 3,1 87,7 3,7 0,758 0,472
Mx 1-SN ° 101,6 8.6 102,4 9.3 102,6 8,9 0,116 0,891
Mx 1-FH ° 109,3 8,7 145,3 12,6 110,8 9,0 0,921 0,402
Mx 1-NA (mm) mm 54 4,4 5.6 44 6,3 3.9 0,364 0,696
Mx 1-NA () N 22,4 9.2 22,7 9.1 23,1 8,9 0,05 0,951
Md 1-NB (mm) mm 6,1 2,1 6,4 2.4 6,3 23 0,101 0,904
Md 1-NB () & 24,3 3,9 24,3 43 249 4,2 0,179 0,837
IMPA N 90.6 6,6 90,7 7.0 90.6 6.5 0,001 0,999
Interincisor angle & 130,3 9,1 129.6 9,7 129,0 9,0 0,14 0,87
Overjet mm 45 24 50 2,9 50 2.5 0,473 0,625
Overbite mm 1,8 2,5 1.9 2,6 1,5 2,5 0,26 0,771
Nasolabial angle ° 115,9 10,0 115,4 10,4 116,8 10,5 0,145 0,865
Est.plane-Upp.lip mm -3,6 34 -3,4 3,4 -3.4 37 0,018 0,982
Est.plane-Low.lip mm -1,1 3,9 -1,5 3,8 -1,4 3.6 0,087 0917
Facial axis ° 86.9 55 86,0 42 86,2 4,4 0,294 0,746
Convexity mm 4,0 7.0 4,7 6.5 4,1 6,3 0,09 0,914

gelmis bir ortodonti asistanin yaklasik 100-150
civarinda sefalometrik film 6lcimi yaptig
soylenebilir ki bu da sefalometrik noktalarin
tespit edilebilmesi ve bu konuda tecriibe kaza-
nilabilmesi icin fazla olmasa da yeterli sayila-
bilecek bir rakamdir. Ortodonti alaninda farkh
tecriibeye sahip 3 arastirmaci arasinda farklili-
gin olmamasinin diger bir nedeni, 3 arastirma-
cinin da benzer bir ortodonti egitiminden gec-
mis olmasidir. Calismamiza katilan aragtirma-
cilarin hepsi "Ortodontide Sefalometri" konu-
sunu ayni egitmen araciligiyla 6grenmislerdir.
Arastirmacilanin her birinin yaptigi farkh za-
manlarda yaptigi 3 ol¢im kendi icerisinde de-
gerlendirildiginde, istatistiksel olarak anlamh
bir fark bulunamamigtir. Her bir aragtirmaci ta-
rafindan yapilan ol¢timler kendileri arasinda
degerlendirildiginde 1. 2. ve 3. dl¢imler ara-
sinda istatistiksel agidan fark bulunamamis, 6l-
gtlen 32 parametrenin tamami her 3 él¢iimde
de benzer bulunmus, dolayisiyla 6l¢iimlerin
tekrarlanabilir oldugu gorilmstar.
Calismamiza baglamadan 6nce temel ola-
rak 2 amacimiz vardi. Birincisi 2, 4 ve 8 yillik

Turkish Journal of Orthodontics 2007:20:25-34

In our study, three orthodontic residents
with different years of experience, analyzed
the same 30 cephalograms and reached to
the similar values for all parameters investi-
gated. In the first two years of post graduate
orthodontics education, postgraduate stu-
dents analyzes nearly 100 cephalometric
films and become experienced enough to
identify the anatomic landmarks. And also,
in our department, all the observers had be-
en received the same cephalometric tra-
ining. Furthermore by means of experienced
colleagues sharing their knowledge with
inexperienced colleagues, similarity betwe-
en residents’ identification of cephalometric
landmarks become inevitable.

For assessment of intra-examiner error,
three measurements made on different time
of day of each observer were evaluated and
it was seen that there was no statistically sig-
nificant difference between three measure-
ments of each examiner.

Tablo III: C aragtirmacisinin

yaptig1 3 olcimunun

kargilagtirmas.

Table III: Comparison of three

different measurements by

Examiner B.
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Aragtirmact A/ Examiner A

Arastirmaci B/ Examiner B

Aragtirmaci C / Examiner C

F degeri / F P degeri/P

value value
Birim / Unit Ort. / Mean SD Ort. / Mean SD Ort. / Mean SD

SNA & 782 42 79,7 3,8 79,2 3,7 1,166 0,316
SNB ° 76,1 40 76,5 4,1 76,1 3,4 1,004 0,371
ANB ° 3,0 2,8 32 2,6 3,0 2,8 0,041 0,959
A-N-1FH mm -3,3 3,5 2,3 3,6 -3,7 46 1,064 0,35
Pog - N-1 FH mm -10.8 8,0 -9,2 8.8 9,2 12,2 0,255 0,775
Wits app. mm -1,0 38 0,5 4,0 -0,6 49 0,442 0,644
FMA ° 297 7,0 29,2 6,7 29,8 7,0 0,061 0,941
GO-GN-SN N 388 72 37,6 6,6 37,5 6,3 0,36 0,698
Y-axis N 62,2 41 61,8 41 62,2 49 0,09 0,914
Saddle ° 125,3 59 123,2 6,7 125,5 6,3 1,268 0,287
Articulare N 142,9 6,0 1444 6,1 142,9 6,8 0,519 0,597
Gonion ° 130,6 8.4 130,1 8,0 129,2 8,1 0,243 0,784
Maxillomand. Fark / Diff. mm -9,1 35 -8,5 3,6 -7.8 44 0,938 0,395
ANS-Menton mm 75,8 6,6 74,3 5,6 75,7 7,0 0,524 0,594
Nasion-Menton mm 135,1 8.8 1314 72 134,4 9.3 1,568 0,214
Maxillary derinlik / depth mm 87,3 29 88,0 3.1 86.9 3.9 0,86 0,427
Mx 1-SN ° 100,8 9,1 103,3 10,6 101,6 8,6 0,549 0,58
Mx 1-FH = 109,9 8.7 11,7 9,9 109,3 8,7 0,539 0,586
Mx 1-NA (mm) mm 6,2 38 52 3,9 54 4,4 0,573 0,566
Mx 1-NA () ° 22,7 9,1 23,7 10,6 22,4 9,2 0,14 0,869
Md 1-NB (mm) mm 6,7 2,6 6,4 1,9 6,1 2,1 0,615 0,543
Md 1-NB () ° 24,9 5,3 245 44 243 3.9 0,13 0,878
IMPA ° 90,9 71 90,5 58 90,6 6,6 0,04 0,961
Interincisor angle ° 129.4 128,6 10,5 130,3 9,1 0,209 0,811
Overjet mm 48 2,3 42 1,9 45 2,4 0,659 0,52
Overbite mm 2,9 2,6 2.4 2,8 1,8 2,5 1,333 0,269
Nasolabial angle ° 11,2 8.8 113,6 10,8 115,9 10,0 1,712 0,187
Est.plane-Upp.lip mm -35 3,0 -3,3 32 -3,6 34 0,08 0,923
Est.plane-Low.lip mm -1,4 3,2 -1,2 3,2 -1,1 3,9 0,059 0,943
Facial axis ° 85,2 44 85.4 49 86,9 55 1,057 0,352
Convexity mm 45 6,9 5.5 6,6 40 7,0 0,356 0,702

Tablo IV: 3 arastirmacisimin

First aim of this study was to examine and

32

yaptig: 1. Sl¢limlerin

karsilastirmasi.

Table I'V: Evaluation of
differences among three

examiners.

ortodontik tecriibeye sahip 3 farkli arastirmaci-
ya ayni lateral sefalogramlari analiz ettirip bul-
duklart sonuglan karsilastirmakti. Burada he-
deflenen, az, orta ve ok tecriibeye sahip aras-
tirmacilarin ayni sefalometrik degerleri bulup
bulamayacag: ve incelenen 32 faktérden han-
gilerinde farkli sonuglara ulasacaklarinin tespi-
tiydi. Yukarida anlatildigi zere, arastirmacilar
arasinda istatistiksel bir fark olmadigi, hepsinin
yaptiklari 6lgiimler sonucu incelenen 32 faktor
icin de ayni sefalometrik degerleri bulduklari
goriuldu. ikinci amacimiz ise, giin icerisinde
hasta tedavisi, dis hekimligi 6grencilerinin staj
ici egitimi, velileri bilgilendirme, laboratuar is-
leri, akademik galisma yapmak vb. rutin ak-
tivitelerin yol actigi zihinsel ve fiziksel yorgun-
lugun sefalometrik dlcim yaparken herhangi
bir hataya yol agip agmayacaginin arastiril-
mastydi. Bu amagla, ¢alisma icin secilen 30
lateral sefalogram uizerinde her bir arastirmaci
tarafindan gunlik rutin islere baslamadan 6n-
ce, fiziksel ve zihinsel olarak insanin ding ol-
dugu sabah saatlerinde (09:00) 2 kez, fiziksel
ve zihinsel yorgunlugun iyice arttifi mesai
saati bitimine yakin saatlerde (16:00) 1 kez ol-

compare the cephalometric measurement
errors between three orthodontic residents
with different years of experience (inter-exa-
miner). As it was mentioned above, our re-
sults showed that there was no significant
difference among the measurements of three
residents. The second aim of our study was
to evaluate the effect of fatigue on reprodu-
cibility of cephalometric measurements (int-
ra-examiner). Thereupon 30 cephalograms
were analyzed (by each observer) two times
in the morning before beginning to daily ro-
utine hard work at 09:00 and one time ne-
arly at the end of the working day at 16:00.
By this way, we aimed to evaluate the diffe-
rence between the morning measurements
and the evening measurement. Before be-
ginning, we thought that there would not be
any difference between the morning measu-
rements; however we expected to found sig-
nificant difference between the morning and
the evening measurements due to the loss of

Tiirk Ortodonti Dergisi 2007;20:. 5-34



Sefalometrik Olgiim Hatalari
Cephalometric Measurement Errors

mak Uzere toplam 3 6lgim yapildi. Burada
hedeflenen dinlenmis bicimde yapilmig olan
sabah 6lcumleriyle daha yorgun bir durumda
yaptlmig olan aksam ol¢uiml arasinda fark
olup olmadiginin belirlenmesiydi. Calismaya
baslamadan evvel disiincemiz, sabah yapilan
2 6lcim arasinda (1. ve 3. olgumler) fark
olamayacag fakat sabah olcimleriyle aksam
olcimi (2. olguim) arasinda gun igerisindeki
yorgunlugun neden olabilecegi muhtemel
konsantrasyon kaybina bagli olarak olgilen
bazi parametrelerin farkli bulunabilecegi
yoniindeydi. Ancak elde edilen sonuglar her
bir arastirmaci tarafindan yapilan 3 6l¢iim
arasinda fark olmadigini ortaya koymustur. As-
linda gunlik hayatta fiziksel ve zihinsel yor-
gunlugun konsantrasyon kaybina yol agtigi
herkes tarafindan bilinen ve kabul edilen bir
durumdur. Ortodonti de dishekimliginin diger
branglar gibi hastalar, veliler ve 6grencilerle
ayr ayri ilgilenmeyi, zaman zaman hasta
basinda hig kalkmadan uzun streli ¢alismayt,
dolayisiyla basanli olmak igin gin igerisinde
oldukga fazla efor sarfini gerektiren bir bilim
dalidir. Gun igerisinde yasanan yorgunluga
ragmen c¢alismaya katilan arastirmacilarin
sefalometrik analiz yaparken dikkatlerini top-
layabildiklerini, dogru ve tekrarlanabilir 6l-
climler yapabildiklerini soyleyebiliriz.

SONUC

Ayni klinikten segilen, ortodonti alaninda 2,
4 ve 8 yillik tecriibeye sahip 3 arastirmaciya
30 adet lateral sefalogram Gzerinde 32 tane
agisal ve lineer parametreyi hesaplamak Gzere
sefalometrik analiz yaptinlmis ve 3 arastir-
macinin da 32 faktorin tamaminda ayni
degerleri bulduklar, 3 arastirmaci arasinda
fark olmadigi goralmustar.

Gun igerisindeki ¢alisma temposuna bagli
olarak olusan fiziksel ve zihinsel yorgunlugun,
sefalometrik analiz yaparken herhangi bir
hataya yol acip agmayacagini degerlendirmek
amaciyla 2 kere sabah ve 1 kere aksam olmak
Gzere her bir aragtirmaci tarafindan toplam 3
olcim yapilmig, elde edilen sonuglar deger-
lendirildiginde, 3 6lcim arasinda herhangi bir
fark bulunamamistir. Boylece, gun igerisinde
yasanan yogun calisma temposunun arastir-
macilarin dikkatini dagitmadigi, tekrarlanabilir
sefalometrik analiz yapabildikleri sonucuna
vartlmistir.

Turkish ournal of Orthodontics 2007;20:25-34

concentration at the end of the day.
However, there couldn’t found any differen-
ce among three measurements. Actually,
there is a belief that physical and mental
fatigue causes a decrease in concentration.
Like the other branches of dentistry, in ort-
hodontics, the residents deal with students,
patients and their family one by one. Also
they have to treat many patients. However,
although they spent too much effort in a day,
the observers did not lose their concent-
ration during analyzing of cephalograms
and the measurements became correct and
reproducible.

CONCLUSION

Three orthodontic residents (A, B, C)

chosen according to their experience in ort-
hodontics analyzed 30 lateral cephalograms
to define 32 angular and linear parameters
and have reached to the same results for all
of the parameters.

Three measurements of the same cep-
halograms were carried out to define whet-
her physical and mental fatigue due to daily
hard work causes a mistake during analy-
zing of cephalograms. Two of them were
done in the morning before beginning to
daily routine hard work at 09:00 and the ot-
her one was done nearly at the end of the
working day at 16:30. The results showed
that there was no statistically significant dif-
ference among the measurements. The
examiners were not affected by daily routine
hard work and all could made reproducible
cephalometric analysis.

(v
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