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GIRIS

Sefalometri ortodontik teshis, tedavi plani,
tedavi sonuclarinin degerlendirilmesi ve
biiyime tahmininde 6nemli bir aygittir (1).
Halen bir sefalogram almak ve sefalometrik
analiz kullanmak tedavi prosedirlerinin
degerlendirilmesi icin kaciilmazdir (2).
Fakat konvansiyonel metotlarla analiz
yapmak klinisyen ve ortodontistlerin ¢ok
vaktini alir ve ¢izimde, nokta belirlemede ve
degiskenlerin 6lcimiinde yiiksek hata riski
icerir (3, 4).

Son zamanlarda, teknolojik gelismeler
bilgisayar kullanarak sefalometrik ¢izim
yapmay! mimkin kilmaktadir. Bilgisayarlarin
tedavi planinda kullanimi bireysel hata
insidansini  dustrmekle kalmaz, yiksek
oranda tekrarlanabilirlikle birlikte
standardize edilmis, hizli ve dogru
degerlendirme saglar (5). Sonug olarak bircok
klinisyen teshis, tedavi plani ve gelisim
tahmininde bilgisayar kullanimina
basvurmaktadir.

Bugiine  kadar cesitli  bilgisayarl
sefalometrik program tanitilmistir ve bu
programlarin  olctimlerinin  dogrulugunu
karsilastirmak  icin  cesitli raporlar
yayinlanmaktadir (1,5-7). Roden-Johnson ve
arkadaslarina gore (6) sefalometrik noktalarin
elle ya da Quick Ceph 2000 ile dijital olarak
belirlenmesinde hicbir farkhlik yoktur. Polat-
Ozsoy ve arkadaslart (5) direk dijital
radyografilerin bilgisayarli ¢izimini, dijital
radyografi ¢iktilarinin elle ¢izilmis olanlari ile
karsilastirarak  sefalometrik  ol¢timlerin
dogrulugunu degerlendirmistir ve 2 metot
arasindaki farkliliklarin - minimal ve klinik
olarak kabul edilebilir oldugunu
bulmuslardir.

Bu c¢alismanin amaci konvansiyonel
sefalometrik analizin konvansiyonel metodu
ile Nemo Ceph NX 2006 kullanilan
bilgisayarli sefalometrik analiz metodunu
kargilagtirmakti.

BIREYLER ve YONTEM

31 hastanin lateral sefalometrik radyo-
grafisi (15 erkek 16 kiz) Karadeniz Teknik
Universitesi Ortodonti boliimii  arsivinden
rastgele secildi. Filmlerin tim iyi kalitedeydi
ve anatomik noktalarin yerini belirlemeye
engel olabilen herhangi bir artefakt yoktu.
Filmler tek operator tarafindan ayni X-ray

Celikoglu, Kilkis

INTRODUCTION

Cephalometry is an important tool in
orthodontic diagnosis, treatment planning,
evaluation of treatment results and prediction
of growth (1). Currently, taking a
cephalogram and using cephalometric
analysis are inevitable for evaluation of
treatment procedure (2). However, analyses
done with conventional methods take a lot of
time for clinicians and orthodontists and
include a high risk of error in tracing,
landmark identification and measuring the
variables (3, 4).

Recently, technological advances have
made it possible to perform cephalometric
tracing using computers. The use of
computers in treatment planning is not only
expected to decrease the incidence of
individual error but also to provide
standardized, fast, and accurate evaluation
with a high rate of reproducibility (5). Thus,
many clinicians have turned to use
computers for diagnosis, treatment planning
and prediction of the growth.

To  date, several computerized
cephalometric programs were introduced
and several reports have been published for
the comparison of accuracy of the
measurements with those programs (1, 5-7).
According to Roden-Johnson et al (6), there
was no difference in the identification of
cephalometric landmarks made manually vs
digitally with Quick Ceph 2000. Polat-Ozsoy
et al (5) evaluated the accuracy of
cephalometric measurements using
computerized tracing of direct digital
radiographs in comparison with hand tracing
of digital radiographic printouts and they
found that the differences between both
methods were minimal and clinically
acceptable.

The aim of the present was to compare
the conventional method of conventional
cephalometric analysis with a computerized
cephalometric analysis method using Nemo
Ceph NX 2006.

SUBJECTS and METHOD

Lateral cephalometric radiographs of 31
patients (15 males and 16 females) were
randomly selected from the archive of the
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makinesi ve sefalostat (Veraviewepocs;
Morita, Kyoto, Japan) kullanilarak standart
kosullarda alindi ve her metot ayni arastirici
(DK) tarafindan degerlendirildi.

Filmler ayni tarayici kullanilarak (Epson
Perfection V700) 300 dpi dijital formatta
tarandi. Sefalogramlarin degerlendirilme-
sinde 2 metot kullanildi: 1) Konvansiyonel; 2)
Nemo Ceph NX 2006 (Nemo Tec, Madrid,
Spain) sefalometrik analiz program. 6
boyutsal ve 8 acisal olcimden olusan 4
dissel,7 iskeletsel ve 3 yumusak doku
parametresi  olculdia  (Sekil  1).  Ayni
radyografiler ayni arastirici tarafindan 0,3
mm 2H kursun kalem ile mat asetat kagit
tzerine cizildi ve cetvel ile 6lguldu.

istatistiksel Analiz

Radyografik olctimler ile ilgili hatalar
belirlemek icin 15 radyografi rastgele secildi.
Noktalarin belirlemesi, cizim ve olcimler
ayni yazar tarafindan ilk olcimden 2 hafta
sonra tekrarlandi. Sinif i¢i korelasyon
katsayisi Olctimlerin guvenilirligini
degerlendirmek icin Houston tarafindan
tanimlandigr sekilde kullanildi.

Verilere  Kolmogorov-Smirnov  testi
uygulandi ve tim veriler normal dagilim
gostermisti  (P>0,05). Sonug¢ olarak her
metodun olctimleri eglestirilmis t testi ile
karsilastirildi. Istatistiksel analizler Windows
icin SPSS yazilimi kullanilarak (version 12.0,
SPSS, Chicago, ll) yapildi. Tim testler icin
onemlilik  derecesi P <.05 olarak
belirlenmistir.

BULGULAR

Sinif ici korelasyon katsayisi Houston
metoduna gore olcumlerin givenilirligini
degerlendirmek icin yapildi ve tablo 1 de
gosterildi. Intra-observer givenilirlik hem
konvansiyonel hem Nemo Ceph metotlari
icin kabul edilebilirdi. Her iki metoda denk
gelen intra-observer korelasyon katsayisi r2=
0,77’den buyukti. Birinci ve ikinci olctimler
arasi korelasyon katsayisi konvansiyonel
metotta 0,77-0,95 (ortalama 0,86), Nemo
Ceph metodunda 0,79-0,97 (ortalama 0,91)
arasindaydi.

Bu calhismada kullanilan Olciimlerin
ortalama ve standart sapmasi tablo 2 de
gosterilmistir.  Metotlar arasi istatistiksel
karsilastirmaya gore, SNA (°) (P=0,000), SNB
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Department of Orthodontics of Karadeniz
Technical University. All of the films were of
good quality and had no artefacts that might
interfere with the location of the anatomical
points. The films were taken in a standard
condition by one operator using the same X-
ray machine and cephalostat
(Veraviewepocs; Morita, Kyoto, Japan) and
were evaluated by the same investigator for
each method. The films were scanned into
digital format at 300 dpi using the same
scanner (Epson Perfection V700). For the
evaluation of the cephalograms, two methods
were used: 1) Conventional; 2) Nemo Ceph
NX 2006 (Nemo Tec, Madrid, Spain)
cephalometric analysis program. Four dental,
7 skeletal, and 3 soft tissue parameters, were
measured that consisted of 6 linear and 8
angular measurements (Figure 1). The same
radiographs were then traced by the same
examiner with a 0.3 mm 2H pencil on matte
acetate paper and measured using a ruler
protractor.

Statistical Analysis

To determine the errors associated with
radiographic measurements, 15 radiographs
were  selected randomly.  Landmark
identification, tracing, and measurements
were repeated two weeks after the first
measurements by the same author. Intra-class
correlation coefficients were performed to
assess the reliability of the measurements as
described by Houston (8).

Kolmogorov-Smirnov test was applied to
the data, and all data were found normally
distributed (P >.05). Thus, the measurements
of each method were compared with a paired
t-test. Statistical analyses were performed
using the SPSS software for Windows
(version12.0, SPSS, Chicago, Ill). The level of
signiScance for all tests was set at P <.05.

RESULTS

Intra-class correlation coefficients that
were performed to assess the reliability of the
measurements according to Houston method
were shown in Table 1. Intra—observer
reliability for both the conventional and
Nemo Ceph methods was acceptable. The
corresponding intra—observer correlation

107



105_mevlut:muammer 31.12.2012 09:03 Page 108

Sekil I. Calismada kullanilan

Olctimler.

Figure I. The measurements

used in the present study.

Tablo L. Konvansiyonel ve
Nemo Ceph metotlarindan
elde edilen 6l¢timlerin intra-

observer giivenilirlikleri.

Table L Intra-observer
reliability of the
measurements obtained from
the conventional and the

Nemo Ceph methods.
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(°) (P= 0,033), ANB (°) (P= 0,037), Witts
olctimi (mm) (P=0,001), FMA (°) (P= 0,026),
Overbite (mm) (P= 0,000), U1-PP (°) (P=
0,026) ve UL-E (mm) (P= 0,000) de 6nemli
farkliliklar gozlenmistir. Metotlar arasi diger

coefficients for both methods were greater
than r2= 0.77. The correlation coefficient
between the first and second measurements
ranged from 0.77 to 0.95 (average: 0.86) for
the conventional method and from 0.79 to

farkhliklar istatistiksel olarak 6nemsiz 0.97 (average: 0.91) for the Nemo Ceph

bulunmustur (P > 0,05). method.
e | .
SNA (°) 0.85 0.89
SNB (°) 0.83 0.93
ANB (°) 0.87 0.90
Witts (mm) 0.77 0.87
FMA (°) 0.78 0.89
SN-PP (°) 0.81 0.88
N-Me (mm) 0.84 0.91
Overjet (mm) 0.89 0.96
Overbite (mm) 0.88 0.95
U1-PP () 0.93 0.96
IMPA (°) 0.91 0.94
Nasolabial (°) 0.82 0.79
UL-E (mm) 0.92 0.97
LL-E (mm) 0.95 0.95

Tiirk Ortodonti Dergisi 2012;25:105-112
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Parametreler/ Konvansiyonel /

Nemo Ceph

Parameters Conventional
Mean SD Mean SD P

SNA (°) 78.34 3.93 79.35 3.98 0.000
SNB (°) 74.34 4.37 74.77 4.41 0.033
ANB (°) 4.00 2.09 458 1.93 0.037
Witts (mm) 2.89 214 1.37 2.79 0.001
FMA (°) 21.79 5.50 22.42 5.83 0.026
SN-PP (°) 8.89 2.49 9.04 3.09 0.790
N-Me (mm) 124.29 7.01 124.89 7.41 0.990
Overjet (mm) 6.02 2.72 6.18 2.38 0.304
Overbite(mm) 3.56 1.707 3.013 1.66 0.000
U1-PP (°) 110.71 7.07 109.76 6.95 0.026
IMPA (°) 96.07 4.94 96.56 6.21 0.389
Nasolabial (°) 120.50 11.26 121.47 10.24 0.136
UL-E (mm) -3.53 2.06 -3.00 1.69 0.000
LL-E (mm) -2.50 2.66 274 2.24 0.468

TARTISMA

Dijital gorunttilemenin konvansiyonel
radyografilere gore bircok avantajinin oldugu
gosterilmistir. Bilgisayarli
kullanimindan énce, tim olctimler kullanilan
spesifik analizle iliskili kemik ve yumusak
dokular cizildikten ve noktalar belirlendikten
sonra elle hesaplaniyordu. Ve sonug olarak
konvansiyonel teknik zaman kaybiydi. Hiz
avantajina ilaveten bilgisayarli sefalometrik
nokta arin ¢ift dijitasyonunu kolaylastirir ve
boylece guvenilirligini
derecede arttirir (9). Isaacson ve arkadaslari
(10) bu metodun diger avantajlarini
gostermistir.  Bunlar (a) saklama ve
sefalometrik degerlere ve olctimlere yeniden
erismede kolaylk; (b) sefalometrik kayitlarin
bilgisayar sistemine entegrasyonu ve (c)
hastanin dosya, foto ve dissel modelleri ile
sefalometrik datalarin kombinasyonudur.

Bilgisayarli sefalometrik sistemin bircok
avantajlart  nedeniyle bircok klinisyen
hastalarin verilerini cesitli nedenlerle elde
etmek icin  bilgisayar kullanmaktadir.
Ortodontide  bilgisayar  teknolojisinin
kullaniminin artisi bilgisayarli sefalometrik
programlarin dogrulugunu degerlendirme ve

sefalometrilerin

analiz onemli

Turkish Journal of Orthodontics 2012;25:105-112

The mean and standard deviations of the
measurements used in the present study were
shown in Table 2. According to the statistical
comparison between the methods, significant
differences were observed for SNA (°) (P=
0.000), SNB (°) (P= 0.033), ANB (°) (P=
0.037), Witts appraisal (mm) (P=0.001), FMA
(°) (P=0.026), Overbite (mm) (P= 0.000), U1-
PP (°) (P=0.026), and UL-E (mm) (P= 0.000).
Any other differences between the methods
were found to be statistically insignificant (P
> 0.05).

DISCUSSION
Digital imaging has been shown to offer
conventional

several advantages over

radiography. Before computerized

cephalometry was employed, all
measurements were calculated manually
after tracing the bone and soft tissues and
identifying the landmarks related to the
used. And thus the
conventional technique was time consuming.
In addition to the

computerized cephalometry facilitates the

specific analysis
speed advantage,

use of double digitization of the landmarks

Tablo II. Eslestirilmis t testi
kullanilarak gruplarin

karsilastirilmast.

Table II. Comparison of the

groups using Paired t-test.
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bu programlarin konvansiyonel cizim ile
karsilastirma ihtiyaci oldugunu goster-
mektedir (2).

Bircok yazar boyutsal ve agisal olcim
yapmak icin sefalometrik programlarin
guvenilirligine iliskin ~ farkli  sonuclar
gostermistir (1,11-13). Bu varyasyon dijital
radyografiler elde etmek icin cesitli metotlar
ve farkli bilgisayarli sefalometrik programlar
kullanimi nedeniyle  olabilir.  Dijital
radyografiler elde etmek ve onlarn
sefalometrik cizim programlarina transfer
etmek icin cesitli metotlar (direk ve indirek
metotlar) vardir. indirek metot konvansiyonel
makineden elde edilmis bir filme ihtiyac
duyar ve sonra film bir tarayici tarafindan
taranir ya da sefalometrik filmin dijital bir
fotografi alinir. Direk metot bilgisayar ile
direk olarak x ray makinesinden goriinti
almaya izin verir (6). Bu calismada indirek
metot kullanildi. Ayni makineden alinan
sefalometrik film ayni tarayicida tarandi ve
sonra ayni bilgisayar, tarayici varyasyonunu
azaltmak ve uygun Nemo Ceph’in uygun
kalibrasyonunu saglamak tim radyografileri
cizmek icin kullanildi. Bu caligmadaki tim
olcimler Houston tarafindan tanimlanan
ayni sartlar altinda hatayr minimize etmek
icin  tecrubeli bir arastirici tarafindan
yapilmistir (6).

Bu calismada, konvansiyonel ve Nemo
Ceph metotlart i¢in sinif ici korelasyon
katsayilar sirayla 0,77-0,95 (ortalama 0,86)
ve 0,79-0,97'dir (ortalama 0,91). Dustk
seviyede tekrarlanabilirlik elle ¢cizimde Witts
olctimii (0,77), FMA (0,78) ve Nemo Ceph’te
Nasolabial aci (0,79) icin belirlenmistir. Diger
olcuimlerin tekrarlanabilirlik yiiksek
bulunmustur. Bizim bulgularimiz ile uyumlu
olarak, Polat-Ozsoy ve arkadaslari (3) hem
konvansiyonel hem bilgisayarli metotlarin
tekrarlanabilirlik seviyesi nazolabial agi,
Witts 6lctimi, SN-PP gibi bazi l¢timler harig
her iki metot icin de yiksek bulunmustur.
Zamora ve arkadaslari (14) operatorin
calisma oncesi egitimini takiben
tekrarlanabilirligin yiksek oranda oldugunu
bulmustur. Bu calismada bazi ¢lctimler icin
disik gozlem ici uzlasma nedeni operatorin
onceki 6grenme streci eksikligi olabilir.

Her iki metotta gozlenen olctimleri
karsilastirdigimizda, SNA, SNB, ANB, Witts
olctimi, FMA, Overbite, UT-PP ve UL-E icin

Celikoglu, Kilkis

and thus significantly increases the reliability
of the analysis (9). Isaacson et al (10) showed
several other advantages of this method.
These include: (a) Easy storage and retrieval
of cephalometric values and tracings; (b)
integration of the cephalometric registrations
within an office-management computerized
system; and (c) combination of the
cephalometric data with patients’ files,
photographs, and dental casts.

Due to the many advantages of the
computerized cephalometry system, several
clinicians have been using computers for
obtaining the data of the patients for several
reasons. The increasing use of computer
technology in orthodontics has revealed the
need to evaluate the accuracy of the
computerized cephalometric programs and
compare those programs with conventional
tracing (2).

Several authors showed different results
regarding the reliability of cephalometric
programs to make linear and angular
measurements (1, 11-13). This variation
might be due to using different computerized
cephalometric  programs and various
methods to acquire digital radiographs. There
are several methods (direct and indirect
methods) to acquire digital radiographs and
transfer them to the cephalometric tracing
program. Indirect method needs a film to be
generated by a conventional machine, and
then the film is scanned by a scanner, or a
digital photograph of the cephalometric film
is taken. Direct method allows for the image
to be acquired by the computer directly from
the x-ray machine (6). In the present study,
indirect  method was used. The
cephalometric film, taken by the same
machine, was scanned on the same scanner
and then the same computer was used to
trace all radiographs to reduce the variation
of scanning machines and to ensure proper
calibration of Nemo Ceph. All measurements
in the present study were performed by one
experienced investigator to minimize error
under the same conditions as described by
Houston (6).

In the present study, intra-class correlation
coefficients for the conventional and Nemo
Ceph methods were between 0.77-0.95

Tiirk Ortodonti Dergisi 2012;25:105-112
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onemli farkliliklar gozlenmistir. En yiksek
farklhihk acisal ve linear ol¢imler igin
sirastyla SNA (1,01°) ve Witts ol¢iimiinde
(1,52 mm) gozlenmistir. ilaveten Sayinsu ve
arkadaslari (15) konvansiyonel ve bilgisayarli
metotlar arsinda FMA ve nazolabial ag¢i igin
onemli bir farklihk bulmustur. Arastiricilar
ayni zamanda bu calismada olciilmeyen
maksiller yukseklik, maksiller derinlik, y aksi
ve N perpendikuler mesafesi gibi 6lctimlerde
onemli  farkliliklar ~ bulmustur.  Yakin
zamandaki  bir ¢alismada, Chen ve
arkadaslari (16) konvansiyonel ve bilgisayarli
metot karsilastirnldiginda 26 6l¢imin
23’tinde farkliliklarin istatistiksel olarak
onemsiz bulundugunu gostermislerdir.

Konvansiyonel  sefalometrik  analiz
calismalari magnifikasyon, c¢izim, ol¢im,
kayit ve nokta belirlenmesinin hatalarin temel
kaynagi oldugunu rapor etmektedir(3,4).
Operatoriin noktalari lokalize edebilmesi ve
sefalometrik olctimleri elle ya da dijital
olarak yapmasi arastiricinin  bulgularini
etkileyebilen onemli bir faktordar (1,11).
Operatorler arasi hatayi elimine etmek icin,
biz 6lcilen parametreler ve tim c¢izimler igin
sadece 1 kisi kullandik. ilaveten yakin
zamandaki calismada 6l¢timler 1 arastiric
tarafindan yapilmistir (17,18). Bu, noktalarin
belirlenmesinde sistemik hatalarin
radyografilerin her 2 tipinde benzer oldugu
ve bu tip bir calisma icin 1 arastiricinin
olmasi gerektigini gosterdi (17).

SONUC

e Gozlemci ici  guvenilirlik  hem
konvansiyonel hem de Nemo Ceph
metodu icin kabul edilebilirdi.

e Konvansiyonel ve bilgisayarli metotlar
arasinda SNA, SNB, ANB, Witts ol¢cimd,
FMA, Overbite, U1-PP ve L(s)-S de 6nemli
farkliliklar gozlenmistir.

Turkish Journal of Orthodontics 2012;25:105-112

(average: 0.86) and from 0.79-0.97 (average:
0.91), respectively. Low levels of
reproducibility were determined for Witts
appraisal (0.77), FMA (0.78) using hand
tracing, and for Nasolabial angle (0.79) using
Nemo Ceph. The other measurements’
reproducibility was found to be high. In
agreement with our findings, Polat-Ozsoy et
al (3) found high levels of reproducibility for
both conventional and computerized
methods except for some measurements such
as nasolabial angle, Witts appraisal, SN-PP
for both methods. Zamora et al (14) found
high degree of intra-observer agreement
following the operator’s prior learning
process. The reason of the low intra-observer
agreement for some measurements in the
present study might be due to the lack of the
operator’s prior learning process.

When we compared the measurements
observed with both methods, significant
differences were observed for SNA, SNB,
ANB, Witts appraisal, FMA, Overbite, U1-PP
and L(s)-S. The highest difference was
observed for SNA (1.01°) and Witts appraisal
(1.52 mm) for angular and linear
measurements, respectively. In addition,
Sayinsu et al (15) found a difference between
conventional and computerized methods for
FMA and nasolabial angle. The authors also
found significant differences for the
measurements such as maxillary height,
maxillary depth, y-axis, and distance N
perpendicular that were not measured in the
present study. In a recent study, Chen et al
(16) showed that the measurement
differences of 23 out of the 26 measurements
were found to be statistically insignificant
when conventional and computerized
methods were compared.

Studies of conventional cephalometric
analysis have reported magnification, tracing,
measuring, recording, and landmark
identification to be the major sources of error
(3,4). The ability of the operators to locate the
landmarks and do the cephalometric
measurements manually or digitally is an
important factor that might affect the findings
of the investigations (1,11). To eliminate the
inter-operator error, we used only one
operator to perform all tracings and
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measuring the parameters. In addition, the

measurements were performed by one

observer in recent studies (17,18). It was

indicated that the systemic errors in the

identification of landmarks were the same for

both types of the radiographs and thus it was

justified to have one observer for this type of
a study (17).

CONCLUSION

Intra—observer reliability for both the
conventional and Nemo Ceph methods
was acceptable.
Significant differences between
conventional and computerized methods
were observed for SNA, SNB, ANB, Witts

appraisal, FMA, Overbite, U1-PP and L(s)-S.
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