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Dvoudimenzionalni versus trojdimenzionalni mereni
polohy palatinalné retinovanych $pi¢aku. Cast lIl.
Meéreni na kefalometrickém snimku, generovaném
kefalometrickém snimku a CBCT

2D vs. 3D measurements of the position of palatally
impacted canines. Part lll. Measurements in
cephalogram, generated cephalogram and CBCT
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Souhrn
Cil: Zjistit miru vzajemné zastupitelnosti 3 rliznych digitalnich rentgenogramd pro urc¢ovani polohy retinovanych hornich $picaka —
kefalometrického snimku, CBCT a kefalometrického snimku generovaného z CBCT pomoci uréeni opakovatelnosti a reprodukovatel-
nosti méreni pozice retinovaného zubu.

Materidl a metodika: Soubor tvofili pacienti ortodontického oddéleni Kliniky zubniho Iékafstvi LF UP a FN Olomouc a Stomatologické
kliniky UK a FN Hradec Kralové. Z nich byli vybrani pacienti s retenci horniho Spi¢aku, kde byl pfed Ié¢bou indikovén kefalometricky
a posléze i CBCT snimek, celkem 43 pacientli s 51 palatindlné retinovanymi $picaky. Na kefalometrickém snimku, CBCT a kefalomet-
rickém snimku generovaném z CBCT byla mérena vzddlenost hrotu Spi¢aku a uhel dlouhé osy retinovaného Spi¢aku k okluzni roviné.
Ke zjisténi spolehlivosti mérfeni na digitalnich rentgenovych snimcich a ke zjisténi miry vzajemné zastupitelnosti digitalnich rentgeno-
gram{ zhotovenych tfemi rGznymi zplsoby byla hodnocena opakovatelnost a reprodukovatelnost méfeni.

Vysledky: Byla prokdzéna dobra mira opakovatelnosti urceni polohy $pic¢aki pro vSechna tfi rentgenovéd zobrazeni. Reprodukova-
telnost méreni polohy retinovanych spic¢akd ur¢enim vertikalni vzdalenosti hrotu vGci okluzni roviné byla dobr3, ale vysledky méreni
reprodukovatelnosti sklonu dlouhé osy $pi¢aku k okluzni roviné se u jednotlivych rentgenovych snimkd lisily. Méfeni déle prokazala
velkou soustavnou odchylku (bias) naméfenych hodnot u thlovych méfeni mezi CBCT a digitalnimi kefalometrickymi snimky nebo
pocitacové generovanymi z CBCT snimkd.

Zavér: Méfeni sklonu dlouhé osy $pic¢dku k okluzni roviné neni mozné volné zaménit mezi CBCT a 2D kefalometrickymi snimky. Verti-
kalni vzdalenost hrotu $pi¢aku od okluzni roviny je jedinym parametrem, u kterého je mozné méreni na 2D a 3D rentgenech vzajemné
zameénit.

(Ortodoncie 2021, 30, €. 2, s. 85-99)

Abstract
Aims: We wanted to establish the degree of mutual substitutability of 3 different digital radiograms in defining location of impacted
upper canines — cephalogram, CBCT, and cephalogram generated from CBCT, with the help of repeatability and reproducibility of
measurement of an impacted tooth location.
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Material and method: The sample included patients of orthodontic departments of the Institute of Dentistry and Oral Sciences, Fa-
culty of Medicine and Dentistry, Palacky University and University Hospital Olomouc and the Clinic of Stomatology, Charles University
and University Hospital Hradec Kralové. We selected the patients with impacted upper canine with cephalogram and CBCT taken
prior to treatment — 43 patients, 51 palatally impacted canines. The distance between canine cusp and occlusal plane, and angle of
along axis of impacted canine to occlusal plane were measured in cephalograms, CBCTs and in cephalograms generated from CBCT.
To establish reliability of mesurement in digital radiographs and mutual substitutability of digital radiograms made by three different
techniques repeatability and reproducibility of measurement was evaluated.

Results: A good degree of repeatability of identification of canines location was proved in all three radiographic methods. Reproducibility
of measurement of impacted canines location by defining vertical distance between canine cusp and occlusal plane was good, however,
the results of reproducibility of canine long axis inclination to occlusal plane varied in different types of radiographs. Furthermore, measu-
rements showed a big bias of values of angular measurements between CBCT and digital cephalograms or generated from CBCT scans.

Conclusion: Measurement of canine long axis inclination to occlusal plane is different in CBCT and 2D cephalograms. Vertical distan-

ce between canine cusp and occlusal plane is the only parameter the measurements of which are substitutable (2D and 3D).

(Ortodoncie 2021, 30, €. 2, s. 85-99)
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Uvod

Presné urceni polohy retinovaného $picaku je dulezité
pro ziskani informaci o délce a obtiZznosti ortodontického
zarazeni zubu. Vertikalni vzdalenost nad 15 mm od okluz-
niroviny je povazovana za faktor vyrazné prodluzujici 1é¢-
bu [1, 2]. Cim apikalnéji a horizontalnéji je $picak ulozen,
tim horsi je prognéza jeho zarazenti [3].

2D boc¢ni kefalometricky snimek se zhotovuje za stan-
dardnich podminek, pri kterych jsou presné fixovany
hlava pacienta v kefalostatu, rtg lampa a jejich vzajem-
ny vztah je neménny [4]. Pfi témér kolmém dopadu rtg
paprskd na senzor je zkresleni a jednostranné zvétSeni
obrazu malé [5], proto je tento sumacni snimek metricky
zpracovatelny. Mezi jeho nevyhody vsak patfi prekryvani
jednotlivych anatomickych struktur, deformace obrazu
a rozdilné zvétSeni mezi pravou a levou stranou [6] diky
disparalelité rentgenovych paprska [7]. Jednostranné
zvétSeni vysledného obrazu je dano vzdalenosti mezi zdro-
jem, objektem a filmem - ¢im bliZze bude objekt u zdroje,
tim vétsi je zvétSeni. Diky tomu vzruastaji i vzdalenosti
mezi dvéma body a linearni méreni proto mohou byt ne-
presna [8]. Proto muze byt obtizné presné urcit polohu
retinovaného Spicaku kvuli prekryvani struktur, zejména
u oboustranné retence. Pro urceni polohy zubu musi byt
mozné presné urcit orientaci jak filmu, tak centralniho
paprsku v prostoru [9]. Gavel a Dermaut [10] ve své studii
zjiStovali prinos kefalometrického snimku v kombinaci
s OPG pri diagnostice retinovanych Spicaka - prokazali,
Ze z kKefalometrického snimku Ize odecist vertikalni a sa-
gitalni vzdalenost incizalniho hrotu, sklon k sagitalni
roviné a délku $pic¢aku. Ve studii Stefkové a Kaminka [11]
vertikalni vzdalenost hrotu $pi¢aku k okluzni roviné na
kefalometrickém snimku méla s dobou 1é¢by slabou ko-
relaci tésné pod hladinou signifikance. Dubovska [12] ve
svém vyzkumu neprokazala vztah mezi vzdalenosti hrotu

Introduction

An accurate identification of impacted canine loca-
tion is vital for information on duration and demands
of orthodontic alignment of the tooth. Vertical distance
from occlusal plane over 15 mm is considered to be the
factor significantly prolonging the treatment [1,2]. The
more apically and horizontaly the canine is located, the
worse prognosis of its alignment [3].

2D lateral cephalogram si taken under standard conditi-
ons - patient”s head is properly fixed in cephalostat, X-ray
tube and their mutual relationship is invariable [4]. When
x-rays fall almost perpendicularly to a sensor, the distor-
tion and unilateral magnification of an image is small [5],
and therefore, this summarizing image can be metrically
processed. Disadvantages include overlap of individual ana-
tomical structures, image distortion, and different magnifi-
cation on the right and left sides [6] due to disparallel x-rays
[7]. Unilateral magnification of the resulting image is given
by the distance between source of radiation, object and film
- the closer the object to the source, the greater the magni-
fication. Distance between two points increase, and there-
fore, linear measurements may be inaccurate [8]. Thus it is
often difficult to precisely determine location of impacted
canine, especially in bilateral impaction. To determine the
tooth location it is necessary to determine orientation of
the film and central x-ray in space [9]. Gavel and Dermaut
[10] dealt with the benefits of cephalogram combined with
OPG in diagnostics of impacted canines - they showed that
it is possible to read vertical and sagittal distance of incisal
cusp, inclination to sagittal plane, and canine length from
a cephalogram. Stefkova and Kaminek [11] proved weak co-
rrelation, just below the level of significance, betwen distan-
ce of canine cusp and occlusal plane in cephalogram, and
the length of treatment. In her research Dubovska [12] did
not prove the relationship between the distance of canine
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$picaku od linie okluze na kefalometrickém snimku a dél-
kou 1é¢by. Ke stejnému vysledku dospéla i Dospisilova [13].
Naopak Kurol[14], Adam [15], Hasund, Simsa[16] a McSher-
ry [17] uvadi, ze ¢im je Spicak naprimenéjsi, thel od okluz-
ni linie vétsi, tim je jeho prognoéza lepsi.

Pti CBCT rentgenovy paprsek vytvari kuzelovity svazek
paprsku, ktery je namiren pres zobrazovanou oblast do
Flat panelu umisténého kolmo na rentgenku a detekuji-
ciho zareni v jedné dobé. Béhem rotace jsou ziskany sek-
vencni planarni obrazy celé zobrazované oblasti. Vysledny
prostorovy obraz vznika pocitacovou rekonstrukci z téch-
to dvourozmérnych obrazud a je celistvy, bez prostorové
deformace [18, 19]. Pouzivani vysoko objemového (kranio-
facialniho) CBCT jako rutinniho radiologického vySetieni
pro ucely ortodontické terapie neni doporuceno [20, 21]
amusi byt indikovano jediné v pripadé, Ze tradicnim rent-
genem s nizsi radia¢ni davkou nelze uspokojivé zodpové-
dét vSechny pripadné otazky o patologickém procesu [22].
V pripadé hodnoceni polohy retinovaného $picaku neni
vzdy nutno zhotovovat CBCT celé maxilofacialni oblas-
ti. Zhotovenim snimku s mensim zobrazovacim polem
muzeme vyuzit vyssi zobrazovaci schopnost [23] (mensi
voxel) a zaroven snizit davku zareni [24], z CBCT s ome-
zenym FOV vsak nelze generovat kefalometricky snimek
a urceni presné polohy hrotu retinovaného Spicaku vuci
definovanym rovinam je problematické, kvuli ztizenému
urcenirovin. Na CBCT se poloha retinovaného Spi¢aku ur-
¢uje pomoci linearnich a thlovych parametrd a pomoci
urceni vzajemné polohy vici sousednim zubtim. MuiZe-
me hodnotit vzdalenost hrotu a sklon dlouhé osy $picaku
od okluzni a vertikalni roviny (v koronarnim i sagitalnim
fezu). Vzajemna poloha retinovaného Spi¢aku vuci sou-
sednim zubtim muze byt pouzita pro vypocet KPG indexu
pro presné urceni jeho pozice [25].

Z CBCT je mozné vygenerovat kefalometricky snimek
bez jednostranného zvétSeni a deformace obrazu. Zobra-
zeni zcela odpovida anatomické skutecnosti. Generovani
kefalogramu také umoznuje zobrazeni pravé a levé strany
lebky zvlast, ¢imz je mozné zabranit prekryvani struktur
a odstranit struktury, které jsou nezadouci [26]. V odborné
literature pfi mérenich raznych kraniometrickych para-
metrd na 2D kefalometrickych snimcich a generovanych
kefalogramech z CBCT nebyly mezi vyslednymi hodnota-
mi nalezeny rozdily [7, 26, 27]. Proto pokud je u pacienta
indikovano zhotoveni CBCT, je mozné jej vyuzit i pro kefa-
lometrickou analyzu.

Je vsak otazkou, zda opravdu muZzeme pouzit stejna
méreni, kterd pouzivime u kefalometrickych snimki,
a obzvlasté stejné referencni hodnoty pro diagnostiku
lokalizace retinovanych Spicakt na CBCT a kefalometric-
kém snimku generovaném na CBCT.

cusp and occlusal line in cephalogram and the treatment
length. The same conclusion is given by Dospisilova [13]. On
the contrary, Kurol [14], Adam [15], Hasund, Simsa [16], and
McSherry [17] state that the upright the canine and the big-
ger the angle of occlusal line, the better the prognosis.

In CBCT x-rays form a conical bundle of rays directed
through the depicted area to Flat panel placed perpendi-
cularly to x-ray tube and detecting radiation at one time.
During rotation sequence planar images of the whole
depicted area are obtained. Resulting spatial image origi-
nates through computer reconstruction from the two-di-
mensional images and is compact, without spatial defor-
mation [18,19]. The use of craniofacial CBCT as a routine
radiographic examination for orthodontic therapy is not
recommended [20,21] and must be indicated only when
conventional x-ray with lower radiation dose cannot solve
eventual questions about pathologies [22]. Evaluation of
impacted canine location does not always require CBCT of
the whole maxillofacial area. The scan of smaller area can
provide higher resolution [23] (smaller voxel) and at the
same time lower radiation dose [24]. However, from CBCT
with limited FOV a cephalogram cannot be generated, and
determination of a precise position of an impacted canine
cusp in relation to planes defined poses a problem, because
it is difficult to determine the planes. In CBCT the position
of an impacted canine is determined with the help of line-
ar and angular parameters and by its position to adjacent
teeth. We can also evaluate the cusp distance and inclina-
tion of canine long axis from occlusal and vertical planes
(in coronary and sagittal cross-section). The position of an
impacted canine to adjacent teeth can be used to calculate
KPG index in order to precisely establish its position [25].

From CBCT it is possible to generate cephalogram
without unilateral magnification and image distortion.
Image corresponds to anatomical reality. Generation of
cephalogram also enables separate image of the right and
left side of the skull, and thus we can avoid superimposi-
tion of structures, and can remove undesirable structures
[26]. The resulting values of measurements of individual
craniometric parameters in 2D cephalograms and in CB-
CT-generated cephalograms did not show any differen-
ces [7,26,27]. Therefore, if CBCT is indicated, it can be also
used in cephalometric analysis.

Nevertheless, there is still a dispute whether we can use
the same measurements applied in cephalograms and the
same reference values, in particular, in diagnostics of impac-
ted canine location in CBCT and in generated cephalogram.

Aim
The aim of the study was to establish the degree of sub-
stitutability of 3 different digital radiographs in determi-
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Cil prace

Cilem studie bylo zjisténi miry vzdjemné zastupitel-
nosti 3 raznych digitalnich rentgenogramu pro urcovani
polohy retinovanych hornich $pi¢aku - kefalometrického
snimku, CBCT a kefalometrického snimku generovaného
z CBCT pomoci ur¢eni opakovatelnosti a reprodukovatel-
nosti méreni pozice retinovaného zubu.

Material

Soubor tvorili pacienti ortodontického oddéleni Klini-
ky zubniho lékarstvi LF UP a FN Olomouc a Stomatologic-
ké kliniky UK a FN Hradec Kralové. Z nich byli vybrani ti
s palatindlni retenci horniho $pic¢aku, u kterych bylo kro-
mé OPG zhotoveno i CBCT kvili podezieni na resorpci
lateralniho fezaku a pro upresnéni kontaktu a pozice Spi-
¢aku vuci lateralnimu fezaku. Dentélni ¢i skeletalni klasi-
fikace neméla vliv na zafazeni do souboru. Pacienti s obli-
¢ejovymi syndromy ¢i s aplazii byli ze souboru vylouceni.

Kritéria pro zarazeni do souboru byla: dobfe Citelny
kefalometricky snimek bez distorze (znacka centrovana
uprostired kole¢ka, bez vyrazné stranové asymetrie v kon-
tufe dolni Celisti) a bez artefaktd s moznosti kalibrace
pomoci kalibra¢ni kiivky; CBCT bez artefakti s dostatec-
nym FOV, zhotovené s casovym odstupem maximalné
dva tydny. Tato kritéria splnovalo 43 pacient@ - 17 muzl
(39,5 %) a 26 Zen (60,5 %); pramérny veék 18 let 8 meésicli
(SD * 8,6 let; 9 let 11 mésict az 42 let 3 meésice). 8 pacientli
meélo oboustranné retinované $picaky, jednostranna pra-
vostranna retence byla u 19, levostranna u 16. Celkové bylo
tedy posuzovano 51 palatinalné retinovanych Spicakda.

Metodika

Pro hodnoceni byly pouzity kefalometrické snimky,
CBCT a generované kefalometrické snimky z CBCT. Kefa-
lometrické snimky byly zhotoveny na Planmeca Pro Max
a Vatech Pax Duo pfi davce zareni 68 kVp, proudu rent-
genky 10 mA. Veskeré 2D kefalometrické snimky byly ka-
librovany podle kalibra¢ni krivky piitomné na snimku.
Méreni na kefalometrickych snimcich byla realizovana
v programu DfW Digora pro Windows (Soredex) dle meto-
diky Stefkové a Kaminka [11].

CBCT snimky byly zhotoveny na Planmeca Pro Max
a Vatech Pax Duo s davkou 84 kVp, proud rentgenkou
byl 12 mA, tloustka rezu 0,2 mm; a ukladany ve formatu
DICOM 3. Hodnoceni probéhlo v programu EZ3D plus
premium. Pfed dal$i manipulaci byly jednotlivé snimky
orientovany dle referen¢nich rovin. Horizontalni rovina
probihala okluzni rovinou prochdazejici hornim fezako-
vym bodem a mezidlnimi hrbolky hornich prvnich mola-
ru. Vertikalni rovina probihala mezi dlouhymi osami hor-
nich stalych stfednich fezakl, podél raphe palatinae pres

ning the position of impacted upper canines - cephalo-
gram, CBCT, and cephalogram generated from CBCT - by
means of determination of repeatability and reproducibi-
lity of measurement of an impacted canine position.

Material

The sample included patients of the orthodontic de-
partments of the Institite of Dentistry and Oral Sciences,
Faculty of Medicine and Dentistry, Palacky University and
University Hospital Olomouc, and the Clinic of Stomatolo-
gy, Charles University and University Hospital Hradec Kra-
lové. Patients with palatally impacted maxillary canines
were selected. Apart from OPG, CBCT was taken because
of suspected resorption of lateral incisor, and in order to
specify the canine contact and position to lateral incisor.
Dental or skeletal classification did not affect the selec-
tion. Patients with facial syndromes or with aplasia were
excluded from the sample.

The criteria were the following: readable cephalogram
without distorsion (the sign centered in the middle of the
circle, no distinctive lateral asymmetries in the mandi-
ble contour) and without artifacts, enabling calibration
with calibration curve; CBCT without artifacts and with
sufficient FOV made within the interval of maximum
two weeks. The criteria were met by 43 patients - 17 males
(39.5%) and 26 females (60.6%); mean age was 10 years and
8 months (SD +8.6 yrs; 9 yrs 11 months - 42 yrs 3 months).
8 patients had bilaterally impacted canines, unilateral
right impacted canine was in 19, unilateral left impacted
canine in 16 patients. The total of 51 palatally impacted ca-
nines were assessed.

Method

Cephalograms, CBCT and cephalograms generated
from CBCT were used in evaluation. Cephalograms were
taken with Planmeca Pro Max and Vatech Pax Duo with
radiation of 68 kVp, x-ray tube current 10 mA. All 2D ce-
phalograms were calibrated according to calibration
curve in the image. DfW Digora for Windows software (So-
redex) was used for measurements according to Stefkova
and Kaminek methodology [11].

CBCTs were taken with Planmeca Pro Max and Vatech Pax
Duo with radiation of 84 kVp, x-ray tube current 12 mA, slice
thickness 0.2 mm, and were saved in DICOM 3 format. EZ3D
Plus premium software was used for evaluation. Individual
scans were oriented according to reference planes. Horizon-
tal plane ran through occlusal plane running through upper
incisal point and mesial cusps of upper first molars. Vertical
plane ran between long axes of upper permanent central
incisors, along raphe palatinae through spina nasalis ante-
rior and posterior. Sagittal plane ran through incisal point.
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spina nasalis anterior a posterior. Sagitalni rovina probi-
hala rezakovym bodem. Horizontalni, vertikalni a sagital-
ni rovina byly navzajem kolmé. Vycentrovany snimek byl
uloZen a pouzit pro generovani kefalometrického snimku
a jednotliva méreni.

Generovany kefalometricky snimek byl vytvoiren po
ofezani poloviny obrazu, ve které se nenachéazel retino-
vany $picak pomoci funkce Cephalo. Generované kefalo-
metrické snimky byly zhotoveny a méreny v programu
EZ3D Plus premium.

Méreni bylo provedeno jednim zkuSenym lékarem
(I. D.) zbéhlym v diagnostice a analyze polohy retinova-
nych $picaki. Opakovana méfeni byla provedena stejnym
lékafem s dvoumeésicnim odstupem po prvnim méfeni.
CBCT snimky byly hodnoceny jako prvni, za 4 meésice poté
byla provedena meérfeni na Kkefalometrickych snimcich
a za 4 mésice od hodnoceni kefalometrickych snimka
byla zmérena pozice retinovaného $picaku na generova-
ném kefalometrickém snimku. U kazdého pacienta byly
hodnoceny dva parametry: vertikdlni vzdalenost hrotu
Spicaku od okluzni roviny a sklon dlouhé osy Spic¢aku.

Vertikalni vzdalenost hrotu $pi¢aku od okluzni roviny (v mm)

Méreni na kefalometrickém a generovaném Kkefalo-
metrickém snimku

V pocitacovém programu DfW Digora pro Windows
(Soredex) pro kefalometricky snimek a v programu EZ3D
Plus premium pro generovany kefalometricky snimek
byla narysovana linie roviny okluze. Okluzni rovina hor-
niho zubniho oblouku byla proloZena incizalni hranou
hornich stfednich fezakud a stfedem mezi meziobukalni-
mi hrbolky hornich prvnich molart. Dale byla narysova-
na kolmice od hrotu $pi¢aku. 2D milimetrovym méiidlem
byla zmérena vzdalenost hrotu Spicaku od okluzni roviny
s presnosti na 0,01 mm.

M¢reni na CBCT

V pocitacovém programu EZ3D Plus premium byla zho-
tovena okluzni rovina horniho zubniho oblouku prolozena
incizalni hranou hornich stfednich fezakt a sttedem mezi
meziobukalnimi hrbolky hornich prvnich molari. Byla
shodna s axialni rovinou (zelenou). V koronarnim fezu
byla sagitalni rovina (oranzova) nastavena tak, aby zachy-
covala hrot $pi¢aku. Roz$ifenim zobrazeni sagitalni roviny
(oranzové) se zajistilo zobrazeni celé korunky spi¢aku. To
feni probihalo na sagitalnim fezu. Pro méreni kolmé na
rovinu okluze bylo potieba, aby axialni rovina probihala
rovné (v jejim prabéhu nebyly patrné schudky) (Obr. 1).

Pomoci tfibodového 2D Uhlu se vytvoril pravy uhel,
ktery se prilozil v misté hrotu Spicaku. 2D pravitkem

Horizontal, vertical and sagittal planes were perpendicular
to each other. Centered scan was saved and used to generate
cephalogram and for measurements.

CBCT-generated cephalogram was created after
cutting off a half of an image (without impacted canine)
with Cephalo function. EZ3D Plus premium software was
used to create and measure generated cephalograms.

Measurements were performed by one experienced
orthodontist (I.D.) skilled in diagnostics and analysis of
impacted canines location. Repeated measurements
were performed by the same orthodontist two months af-
ter the first one. CBCTs were evaluated first, 4 months la-
ter cephalograms were measured, and 4 months after eva-
luation of cephalograms the position of impacted canine
was measured in CBCT-generated cephalogram. In each
patient two parameters were evaluated: vertical distance
between canine cusp and occlusal plane, and canine long
axis inclination.

Vertical distance between canine cusp and occlusal plane
(in mm)

Measurements in cephalogram and generated cepha-
logram

In DfW Digora for Windows (Soredex) for cephalogram
and in EZ3D Plus premium for generated cephalogram the
line of occlusal plane was drawn. Occlusal plane of upper
dental arch was placed in incisal edge of upper central in-
cisors and the middle between mesiobuccal cusps of upper
first molars. Then a perpendicular from canine cusp was
drawn. 2D millimetre gauge was used to measure the dis-
tance between canine cusp and occlusal plane with the ac-
curacy of 0.01 mm.

Measurements in CBCT

In EZ3D Plus premium occlusal plane of the upper den-
tal arch placed in incisal edge of upper central incisors
and the middle between mesiobuccal cusps of upper first
molars was made. The occlusal plane was identical with
axial plane (green). In the coronary section sagittal plane
(orange) was set to show canine cusp. Expanded image of
sagittal plane (orange) facilitated image of the whole crown
of a canine. Thus the lowest point of canine cusp was not
overlooked. Measurements were taken in sagittal section.
For measurements perpendicular to occlusal plane axial
plane must run straight (there were no steps visible) (Fig. 1).

With three-point 2D angle a right angle was formed
that was placed at the site of canine cusp. 2D gauge was
used to measure the distance between canine and axial-
-occlusal plane (green). 2D millimetre gauge was used to
measure the distance between canine cusp and occlusal
plane with the accuracy of 0.01 mm (Fig. 2).
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Obr. 1./ Fig. 1.
Nastaveni axidlni roviny. / Establishing of axial plane.

Obr. 2. / Fig. 2.
Vertikdlni vzdalenost hrotu Spi¢dku od okluzni roviny v sagitalnim fezu na
CBCT. / Vertical distance between canine cusp and occlusal plane in sagittal
section in CBCT.

byla zmérena vzdalenost hrotu Spicaku kolmo na axial-
ni - okluzni rovinu (zelend). 2D milimetrovym meéridlem
byla zmérena vzdalenost hrotu Spi¢dku k okluzni roviné
s presnosti na 0,01 mm (Obr. 2).

Sklon (inklinace) dlouhé osy $pi¢aku k okluzni roviné
(ve stupnich)

Méreni na kefalometrickém a generovaném Kkefalo-
metrickém snimku

V pocitacovém programu DfW Digora pro Windows
(Soredex) pro kefalometricky snimek a v programu EZ3D
Plus premium byla narysovana linie roviny okluze. Dlou-
ha osa retinovaného Spic¢aku byla narysovana tak, aby se
s linii okluzni roviny protinala. 2D thlovym meéridlem
byl zméten uhel sklonu Spi¢aku k okluzni roviné horniho
zubniho oblouku s presnosti na 0,01°.

Méreni na CBCT

Sklon (inklinace) dlouhé osy $pi¢aku k okluzni roviné
(ve stupnich) v sagitalnim fezu byl méfen dle metodiky
Stefkové a Kaminka [11]. Ctyfbodovym 2D tihlovym mé-
fidlem v pocitacovém programu EZ3D Plus premium se
narysovala dlouhd osa s$pi¢aku a okluzni (axialni, zelena)

Obr. 3. / Fig. 3.

Sklon (inklinace) dlouhé osy $pic¢aku k okluzni roviné v sagitalnim fezu na
CBCT. / Inclination of canine long axis to occlusal plane in sagittal section
in CBCT.

Inclination of canine long axis to occlusal plane (in degrees)

Measurements in cephalogram and CBCT-generated
cephalogram

In DfW Digora for Windows (Soredes) for cephalogram
and in EZ3D Plus premium the line of occlusal plane was
drawn. The impacted canine long axis was drawn to inter-
sect the line of occlusal plane. 2D protractor was used to
measure the angle of canine inclination to occlusal plane
of upper dental arch with the accuracy of 0.01°.

Measurements in CBCT

The inclination of canine long axis to occlusal plane (in
degrees) in sagittal section was measured using methodo-
logy according to Stefkova and Kaminek [11]. Four-point
2D protractor was used to draw canine long axis and occ-
lusal (axial, green) plane in EZ3D Plus premium software.
The angle of canine inclination to occlusal plane was mea-
sured with 2D protractor with the accuracy of 0.01° (Fig. 3).

Statistical methods used

Measurement repeatability [28, 29] refers to the accu-
racy of measurements under the so-called set of conditi-
ons of measurement repeatability, i.e. the same procedu-
re of measurement, the same staff, the same measuring
system, the same working conditions, and the same place,
as well as repeated measurements in the same object or
similar object within a short time interval. Measurement
repeatability was quantified with technical error of mea-
surement (TEM) according to Dahlberg and the derived
relative error of measurement (relative TEM, coefficient
of variation (CV)) [28, 29]. Repeated measurements were
performed 2 months after the first one by the same ortho-
dontist in 10 randomly selected patients.
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rovina. Uhel sklonu $pi¢aku k okluzni roviné byl méfen
2D tihlovym méridlem s presnosti 0,01° (Obr. 3).

Pouzité statistické metody

Opakovatelnost mereni [28, 29] (measurement repeata-
bility) znamena preciznost méreni za tzv. souboru podmi-
nek opakovatelnosti méreni, tj. stejny postup méreni, stejny
obsluzny personal, stejny meéfici systém, stejné pracovni
podminky a stejné misto, a opakovani méreni na stejném
nebo podobnych objektech v kratkém ¢asovém useku. Opa-
kovatelnost méreni byla kvantifikovana technickou chybou
meéreni (technical error of measurement, TEM) metodou
dle Dalhberga a z ni odvozenou relativni chyba meéreni (re-
lative TEM, coefficient of variation CV) [28, 29]. Opakovana
meérfeni byla provedena 2 mésice po prvnim meéreni stejnym
lékarem na 10 ndhodné vybranych pacientech.

Reprodukovatelnost meéreni [30,31] (measurement re-
producibility) znamena preciznost méreni za raznych pod-
minek méfeni, tj: rlizna mista, obsluzny personal, mérici
systémy a opakovani mereni na stejném nebo podobnych
objektech. V nasem pripadé riizné podminky predstavuji
razné rentgenové snimky. Reprodukovatelnost meéreni
byla kvantifikovana koeficientem opakovatelnosti (coeffi-
cient of repeatability, CR) podle Blanda a Altmana spolu
s grafickou vizualizaci vystupu Bland-Altmanovymi rozdi-
lovymi grafy (Bland-Altman plots) [30, 31]. Rozdilovy graf
slouzi k postizeni pripadného vztahu mezi velikosti pri-
meéru obou méfeni a velikosti rozdilti mezi nimi (proporéni
chyba), k nalezeni systematické chyby (bias) pri srovnava-
ni dvou metod a k identifikaci odlehlych hodnot. Prameér
opakovanych meéreni je vynasen na osu x a rozdily dvojic
meéreni na osu y. Horizontalni linky na ose y (limity shody
opakovanych meéreni) znaci polohu primérného rozdilu
mezi obéma meérenimi. Pokud se pramérny rozdil lisi jen
nepatrné od nuly, nejevi se u srovnavanych metod nebo
pozorovatelll systematicka chyba, v opacném pripadé je
mozno provést odhad jeji velikosti.

Vysledky

Opakovatelnost méreni

Nejvéetsi technicka chyba dvojiho opakovaného méreni
byla zaznamenana u méreni sklonu dlouhé osy Spi¢aku
k okluzni roviné na kefalometrickych snimcich genero-
vanych z CBCT (TEM = 2,57°) i na dvourozmérnych kefalo-
metrickych snimcich (TEM = 1,25°). U meéreni vzdalenos-
ti k okluzni roviné nepfesahla technicka chyba meéreni
0,41 mm (Tab. 1).

Relativni chyba méreni (koeficient variability, CV) byla
nejvétsi u méreni vertikalni vzdalenosti hrotu Spicaku od
okluzni roviny na generovaném kefalometrickém snim-
ku (CV = 4,59 %) a CBCT (CV = 4,41 %). Relativni chyba mé-

Measurement reproducibility [30,31] refers to the ac-
curacy of measurements under different conditions of
measurement, i.e. various places, different staff, systems
of measurement, and repeated measurement in the same
object or in similar objects. In our case the different con-
ditions meant different radiographs. Measurement repro-
ducibility was quantified with coefficient of repeatability
(CR) according to Bland and Altman, together with graphic
visualization with Brand-Altman plots [30,31]. The plot is
used to represent eventual relationship between mean va-
lues of both measurements and the differences between
them (proportion error), to find systemic error (bias) when
comparing two methods, and to identify outliers. The
mean value of repeated measurements is plotted on x axis
and the differences of pair of measurements on y axis. Ho-
rizontal lines on y axis (limits of repeated measurements
concordance) represent the position of the mean differen-
ce between the two measurements. In case the mean diffe-
rence is close to zero, there is no systemic error between the
methods compared or between observers. If the opposite is
true, the extent of systematic error (bias) can be estimated.

Results

Measurement repeatability

The most distinct technical error (TEM) of double repea-
ted measurement was recorded in the inclination of cani-
ne long axis to occlusal plane in cephalograms generated
from CBCT (TEM = 2.57°) as well as in 2D cephalograms
(TEM = 1.25°). In measurements of the distance to occlusal
plane the technical error did not exceed 0.41 mm (Tab. 1).

Relative error of measurement (coefficient of variabili-
ty, CV) was most distinct in vertical distance between ca-
nine cusp and occlusal plane in generated cephalogram
(CV = 4.59%) and in CBCT (CV = 4.41%). Relative error of
measurement in measurements of the inclination of ca-
nine long axis to occlusal plane was most distinct in ce-
phalograms generated from CBCT (CV = 3.81%).

Measurement reproducibility

Reproducibility of measurements in digital radiographs
taken with digital orthopantomograph, measurements in
radiographs taken with CBCT, and measurements in digi-
tal cephalograms generated from CBCT scans, after exclu-
sion of three outliers, were quantified with coefficient of
repeatability (CR) according to Bland and Altman (Tab. 2)
together with graphic visualization of the outcome.

Vertical distance between canine cusp and occlusal
plane

Vertical distance between canine cusp and occlusal
plane in cephalograms is significantly different between
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feni u méreni sklonu dlouhé osy $picaku k okluzni roviné
byla nejveétsi na kefalometrickych snimcich generova-
nych z CBCT (CV = 3,81 %).

Reprodukovatelnost méreni

Reprodukovatelnost méreni na digitalnich rentgeno-
gramech zhotovenych na digitalnim orthopantomografu,
meéreni na rengenogramech zhotovenych na CBCT a mé-
feni na digitalnich kefalometrickych snimkt generova-
nych z CBCT snimki, po vylouceni tfech odlehlych hod-
not, byla kvantifikovana koeficientem opakovatelnosti
(coefficient of repeatability, CR) podle Blanda a Altmana
(Tab. 2) spolu s grafickou vizualizaci vystupu.

Vertikalni vzdalenost hrotu Spicaku od okluzni roviny

Vertikalni vzdalenost hrotu $pi¢dku od okluzni roviny
na kefalometrickych snimcich se ve statisticky vyznamné

mife soustavneé lisi mezi obéma planarnimi typy zobraze-
ni vzajemneé (soustavna chyba 0,5 mm, p <0.01). Mezi ke-
falometrickym snimkem porizenym na 2D rtg a CBCT je

Tab. 1./ Tab. 1. Opakovatelnost méfeni polohy Spicéku na digitalnich rentge-
nogramech: technické chyba méfenf (technical error of measurement, TEM)
metodou dle Dalhberga. / Repeatability of measurement of canine position

in digital radiographs: technical error of measurement (TEM) according to
Dahlberg.

N Men TEMGD OV(Y
2D 10

8,55 0,22 2,63

mmOL GEN 10 7,90 0,41 4,59
CT 10 8,66 0,38 4.4

2D 10 66,99 1,25 1,87

StOL GEN 10 67,51 2,57 3,81
CT 10 66,59 0,89 1,34

2D = kefalometrické snimky, CT = rengenogramy zhotovené na CBCT, GEN = digitdIni
kefalometrické snimky generované z CBCT snimkd; mmOL = vertikéIni vzdalenost hrotu
$picaku od okluzni roviny na kefalometrickych snimeich, StOL = sklon (inklinace) dlouhé
osy Spicaku k okluzni roviné na kefalometrickych snimcich; TEM (SD) = technicka chyba
méreni (TEM); CV (%) = koeficient variability (relative TEM).

both planar types of images (systematic error 0.5 mm,
p < 0.01). Systematic error between 2D cephalogram and
CBCT is only 0.2 mm (p>0.05), systematic error between
generated cephalogram and CBCT is 0.4 mm (p<0.05)
(Tab. 3, Fig. 4). In cephalograms and CBCT the distance
between canine and occlusal plane differs by less than
0.5 mm on the average. Bland-Altman reproducibility co-
efficient after exclusion of 3 outliers between the three
methods oscillated in the interval from 1.18 mm (between
generated and 2D cephalogram) to 2.35 mm (between
CBCT and 2D digital cephalogram).

Systematic error of reproducibility: in case the distan-
ce between impacted canine and occlusal line is small in
CBCT the canine appears farther from the occlusal plane
in 2D cephalogram than in CBCT. In case the distance in
CBCT is big the planar cephalogram shows lower value
than CBCT (Fig. 5).

Inclination of canine long axis to occlusal plane

Inclination of canine long axis to occlusal plane in cepha-
lohgrams and CBCT is significantly different only between
2D cephalogram and CBCT - systematic error is 2.7° (p<0.05).
Systematic error between generated cephalogram and
CBCT is only 1.2° (p>0.05), between the two cephalograms
the systematic error is 1.8° (p>0.05). In the two cephalograms
palatally impacted canine is located slightly more horizon-
tally than in CBCT (Tab.4, Fig.9). In cephalograms and CBCT
inclination of canine to occlusal plane differs by less than 3°
on the average. Bland-Altman reproducibility coefficient af-
ter exclusion of three outliers between the three methods of
imaging oscillated within the interval from 14.82° (between
generated and 2D cephalogram) to 15.26° (between CBCT
and generated cephalogram).

Systematic error of reproducibility: the lower the de-
gree of canine inclination to occlusal line in CBCT (canine
inclines more horizontally), the higher its value in planar
cephalogram (Fig. 10). The more upright the canine in

Tab. 2. / Tab. 2. Reprodukovatelnost méfeni na digitalnich rentgenogramech metodou dle Blanda a Altmana / Reproducibility of measurements in digital

radiographs according to Bland and Altman.

| Mean

2D GEN 48 0,48

mmOL CT 2D 48 0,16
CT GEN 48 -0,39

2D GEN 48 -1,78

StOL cT 2D 48 2,66
CT GEN 48 1,17

SD LLoA ULoA CR p-value
1,09 -2,61 1,66 1,18 0,004
1,20 2,19 2,51 2,35 0,365
1,16 -2,65 1,88 2,27 0,022
7,56 -16,60 13,04 14,82 0,109
7,57 -12,18 17,50 14,84 0,019
7,79 -14,09 16,43 15,26 0,294

2D = digitaini kefalometricky snimek, CT = rengenogramy zhotovené na CBCT, GEN = digitéIni kefalometrické snimky generované z CBCT snimkd; mmOL = vertikaini vzdélenost hrotu
$picaku od okluzni roviny na kefalometrickych snimcich, StOL = sklon (inklinace) dlouhé osy $picaku k okluzni roviné na kefalometrickych snimcich; Mean = primér rozdil(i opako-
vanych méfeni, SD = smérodatna odchylka rozdilt opakovanych méfeni, ULoA, LLoA = horni a dolni limit shody; p-value = statistickd vyznamnost rozdilu - soustavna chyba (bias),

analogie parového t-testu.
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soustavna chyba jen 0,2 mm (p> 0.05), mezi generovanym
kefalometrickym snimkem a CBCT je soustavna chyba
0,4 mm (p <0.05) (Tab. 3, Obr. 4). Vzdalenost Spicaku od
okluzni roviny se na kefalometrickych snimcich a CBCT
snimcich 1isi primérné o méné nez 0,5 mm. Bland-Alt-
manuv koeficient reprodukovatelnosti po vylouceni 3 od-
lehlych hodnot mezi vSemi tfemi metodami zobrazeni
kolisal v rozmezi od 1,18 mm (mezi generovanym a 2D
kefalometrickym snimkem) do 2,35 mm (mezi CBCT a 2D
digitalnim kefalometrickym snimkem).

Soustavna chyba v reprodukovatelnosti: pokud je na
CBCT vzdalenost retinovaného Spicaku od okluzni linie
mala, jevi se $picak na 2D kefalometrickém snimku dale
od roviny okluze nez na CBCT. Pokud je vzdalenost na
CBCT velka, bude planarni kefalometricky snimek ukazo-
vat hodnotu nizsi nez CBCT (Obr. 5).

Sklon (inklinace) dlouhé osy Spic¢aku k okluzni roviné

Sklon (inklinace) dlouhé osy $picaku k okluzni roviné
na kefalometrickych snimcich a CBCT se ve statisticky vy-
znamné mire soustavneé lisi pouze mezi kefalometrickym
snimkem pofizenym na 2D rtg a CBCT, kde je soustavna
chyba 2,7° (p <0.05). Mezi generovanym kefalometrickym
snimkem a CBCT je soustavna chyba jen 1,2° (p >0.05),
mezi obéma kefalometrickymi snimky vzajemné je sou-
stavna chyba 1,8° (p> 0.05). Palatinalné retinovany $pic¢ak
je na obou kefalometrickych snimcich ulozeny mirné ho-
rizontalnéji nez na CBCT (Tab. 4, Obr. 9). Sklon $pi¢aku od
okluzni roviny se na kefalometrickych snimcich a CBCT
snimcich 1isi praimérné o méné nez 3°. Bland-Altmantiv
koeficient reprodukovatelnosti po vylouceni 3 odlehlych
hodnot mezi vSemi tfemi metodami zobrazeni kolisal
v rozmezi od 14,82° (mezi generovanym a 2D kefalometric-
kym snimkem) az 15,26° (mezi CBCT a generovanym kefa-
lometrickym snimkem).

Soustavna chyba v reprodukovatelnosti: ¢im je stupen
sklonu Spicaku k okluzni linii na CBCT mensi (Spicak je
horizontalnéji sklonén), tim je na planarnim kefalomet-
rickém snimku jeho hodnota vétsi (Obr. 10). Cim je $picak
naprimenéjsi na CBCT, tim ma kefalometricky snimek
tendenci thel nedodimenzovat (je mensi). (CBCT - kefalo-
metricky snimek je negativni ¢islo).

Diskuse

Opakovatelnost méreni

Nejvetsi chyba meéreni byla zaznamenana u méfeni
sklonu dlouhé osy Spi¢aku k okluzni roviné na kefalo-
metrickych snimcich generovanych z CBCT (TEM = 2,57°).
U generovanych kefalometrickych snimkt muize byt chy-
ba zptisobena odliSnou pozici hlavy - pokud neni pacient
spravne vycentrovan, proces generace kefalometrického
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CBCT, the smaller the angle in cephalogram. (CBCT-ce-
phalogram is a negative number.)

Discussion

Measurement repeatability

The biggest error of measurement was recorded for
the inclination of canine long axis to occlusal plane in
cephalograms generated from CBCT (TEM = 2.57°). The
error may be due to a different head position - in case

Tab. 3. / Tah. 3. Soustavna chyba v reprodukovatelnosti méfeni na digital-
nich rentgenogramech [mm]. / Systematic error of measurement reproduci-
bility in digital radiographs (mm)

oo o
CT -0,4 0,2

Gen 0,4 0,5
20 02 05 |

CT = rengenogramy zhotovené na CBCT, Gen = digitéIni kefalogram generovany z CBCT
snimkd; 2D = digitalni kefalogram zhotoveny na 2D digitalnim rtg, mm k OL = vertikaIni
vzdalenost $pi¢aku od okluzni roviny na kefalometrickém snimku a CBCT.

Gen

BCT

oL

=N =

0,2 0,4

Obr. 4./ Fig. 4.

Soustavna chyba v reprodukovatelnosti méfeni vertikalni vzdalenosti hrotu
Spicdku od okluzni roviny na kefalometrickych snimcich a CBCT. / Systematic
error in reproducibility of measurement of vertical distance between canine
cusp and occlusal plane in cephalograms and in CBCT.

kef CBCT

CBCT kef

N

Obr. 5. / Fig. 5.

Pokud je na CBCT vzdalenost retinovaného $pic¢aku od okluzni linie malg, jevi
se Spicak na 2D kefalometrickém snimku (na 2D kefalometrickém snimku i
generovaném kefalometrickém snimku) dale od roviny okluze nez na CBCT.
Pokud je vzddlenost na CBCT velkd, bude planarni kefalometricky snimek uka-
zovat hodnotu niz$i nez CBCT. / Systematic error of reproducibility: in case the
distance between impacted canine and occlusal line is small in CBCT the canine
appears farther from the occlusal plane in 2D cephalogram (in 2D cephalogram
as well as in generated cephalogram) than in CBCT. In case the distance in CBCT
is big the planar cephalogram shows lower value than CBCT.
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Obr. 6. / Fig. 6.

Bland-Altman(v rozdilovy graf pro reprodukovatelnost méfeni vertikalni
vzdalenosti hrotu $picaku od okluzni roviny na 2D kefalometrickém snimku a
CBCT. Primér opakovanych méfeni mmOL_CT (vzdalenost hrotu $pi¢aku od
okluzni roviny na CBCT) je vynasen na osu x a rozdily dvojic méfeni mmOL-
-CT ammOL_2D (vzdélenost hrotu $pi¢éku od okluzni roviny na CBCT a na 2D
kefalometrickém snimku) na osu y. Horizontalni linky (na ose y) znaci polohu
primérného rozdilu mezi obéma méfenimi. Dal$i dvé horizontalni linky jsou
limity shody opakovanych méfeni. / Bland-Altman plot of reproducibility of
measurement of vertical distance between canine cusp and occlusal plane in
2D cephalogram and in CBCT. The mean of repeated measurements mmOL_
CT (the distance of canine cusp from occlusal plane in CBCT) is marked on
axis x and the differences of measurements mmOL-CT and mmOL_2D (the
distance of canine cusp from occlusal plane in CBCT and 2D in cephalogram)
in axis y. Horizontal lines (on y axis) represent the location of the mean
difference between the two measurements. The other two horizontal lines
represent limits of agreement between the repeated measurements.
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Obr. 8. / Fig. 8.

Bland-Altman(v rozdilovy graf pro reprodukovatelnost méfeni na 2D kefalo-
metrickém snimku a generovaném kefalometrickém snimku. / Bland-Altman
plot of reproducibility of measurement of vertical distance between canine

cusp and occlusal plane in 2D cephalogram and in generated cephalogram.
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Obr. 7./ Fig. 7.

Bland-Altman(v rozdilovy graf pro reprodukovatelnost méfeni vertikalni
vzdalenosti hrotu Spi¢aku od okluzni roviny na CBCT a generovaném kefalo-
metrickém snimku. / Bland-Altman plot of reproducibility of measurement
of vertical distance between canine cusp and occlusal plane in CBCT and
generated cephalogram.

Tab 4. / Tab. 4. Soustavnd chyba v reprodukovatelnosti méfeni na digitalnich
rentgenogramech [mm]. / Systematic error in reproducibility of measurement
in digital radiographs (mm).

| stoL o G W
CT 1,2 2,7

-1,2 1,8
20 27 18 |

CT = rengenogramy zhotovené na CBCT, Gen = digitaini kefalometricky snimek generova-
ny z CBCT snimkd; 2D = digitdIni kefalometricky snimek zhotoveny na 2D digitalnim rtg, St
k OL = sklon $pi¢éku od okluzni roviny na kefalometrickém snimku a CBCT.

Gen

CBCT

oL

Obr. 9. / Fig. 9.
Soustavna chyba v reprodukovatelnosti méfeni na digitélnich rentgenogramech. /
Systematic error in reproducibility of measurement in digital radiographs.
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snimku v programu EZ3D Plus premium neumoznuje
nejdfive vycentrovat snimek. Proto muize pfi tvorbé ge-
nerovaného kefalometrického snimku dochdazet k chy-
bam. Toto postaveni neni mozno zkontrolovat pomoci
kefalostatickych znacek jako na 2D kefalometrickém
snimku. Klinicky je tedy dlilezité pred generovanim kefa-
lometrického snimku zkontrolovat, jestli je pozice hlavy
pacienta spravne vycentrovana. Pokud neni, je mozné po-
uzit méreni pfimo na CBCT, kde chyba méreni v duasled-
ku generovani kefalometrického snimku bez inicidlniho

«

Obr. 10. / Fig. 10.

Cim je stuperi sklonu $picaku k okluznf linii na CBCT mensi ($picék je
horizontélnéji sklonén), tim je na planarnim kefalometrickém snimku jeho
hodnota vétsi. Cim je $picak napfimenéj$i na CBCT, tim mé kefalometricky
snimek tendenci thel nedodimenzovat (je mensi). / Systematic error of
reproducibility: the lower the degree of canine inclination to occilusal line
in CBCT (canine inclines more horizontally), the higher its value in planar
cephalogram. The more upright the canine in CBCT, the smaller the angle in
cephalogram.
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Obr. 12. / Fig. 12.

Bland-Altman(yv rozdilovy graf pro reprodukovatelnost méfeni sklonu Spic¢aku
od okluzni roviny na CBCT a generovaném kefalogramu. / Bland-Altman plot
for reproducibility of measurement of canine inclination to occlusal plane
in CBCT and generated cephalogram.

a patient is not properly centered the proces of cepha-
logram generation in EZ3D Plus premium software does
not allow for the scan centring. The position cannot be
checked with cephalostat marks (as it is possible in 2D
cephalograms). From the clinical viewpoint it is impor-
tant to check the correct centring of the head prior to
generation of cephalogram. In case the head is not pro-
perly centered, measurement can be performed in CBCT
where there is not an error of measurement due to ge-
neration of cephalogram without prior centring. In mea-
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Obr. 11./ Fig. 11.

Bland-Altmantv rozdilovy graf pro reprodukovatelnost méfeni sklonu
$pic¢aku od okluzni roviny na 2D kefalogramu a CBCT. / Bland-Altman plot for
reproducibility of measurement of canine inclination to occlusal plane in 2D
cephalogram and CBCT.
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Obr. 13. / Fig. 13.

Bland-Altman(v rozdilovy graf pro reprodukovatelnost méfeni sklonu $picéku
od okluzni roviny na 2D kefalometrickém snimku a generovaném kefalo-
metrickém snimku. / Bland-Altman plot for reproducibility of measurement
of canine inclination to occlusal plane in 2D cephalogram and generated
cephalogram.
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vycentrovani neni. U méreni vzdalenosti k okluzni roviné
nepresahla technicka chyba méreni 0,41 mm.

Relativni chyba méreni u mérfeni sklonu dlouhé osy
$picaku k okluzni roviné byla nejvétsi na kefalometric-
kych snimcich generovanych z CBCT (CV = 3,81 %). Kvuli
moznému posunu generovanych kefalometrickych snim-
ka vzhledem k nevycentrované poloze hlavy, byla relativ-
ni chyba méreni vertikalni vzdalenosti hrotu i sklonu $pi-
¢aku v rozsahu od 3 % do 5 %.

Relativni chyba méreni byla vétsi u méreni vertikalni
vzdalenosti hrotu Spicaku od okluzni roviny na genero-
vaném kefalometrickém snimku (CV = 4,59 %) a CBCT
(CV = 4,41 %) nez na digitalnim kefalometrickém snimku
(CV = 2,63 %). Dle Pittayapat [32] relativni chyba méreni
linearnich parametr pro CBCT byla nizsi (CV = 5,7 %) nez
u kefalometrického snimku (pro kefalometricky snimek
zhotoveny ze 3metrové vzdalenosti CV = 6,5 %, z 1,5metro-
vé vzdalenosti CV = 6,1 %). Dlvodem muze byt, Ze na roz-
dil od ného jsme mérili vzdalenost bodu k rovinég, a ne dva
body navzijem i na CBCT. Chyba méfeni mohla byt zpa-
sobena metodikou meéfeni a nutnosti prevést 3D rovinu
na 2D linii. Pro identifikaci roviny byl pouzit ofez roviny.
Klinicky chyba méreni do 0,41 mm neni relevantni.

Na druhé strané stejnou opakovatelnost meéreni na
CBCT a na 2D kefalometrickych snimcich potvrdil Gribel
[33], kdy intraclass corelation coeficient pro 3D byl 0,99
a pro 2D 0,98. Souhlasné s nasimi vysledky potvrdil Dam-
stra [34] vetsi ICC (0,99) pro 2D kefalometrické snimky nez
pro 3D (0,88). Stejny vysledek potvrdil i van Vlijmen [35].

Reprodukovatelnost méreni vertikalni vzdalenosti hro-

surements of the distance to occlusal plane the TEM did
not exceed 0.41 mm.

Relative error of measurement in measuring the in-
clination of canine long axis to occlusal plane was most
distinct in generated cephalograms (CV = 3.81%). Relative
error of measurement of the vertical distance of canine
cusp and canine inclination oscillated between 3% and
5%. The error was caused by the potential shift of cephalo-
grams due to not centered position of the head.

Relative error of measurement was the more distinct in
mesauring vertical distance between canine cusp and oc-
clusal plane in generated cephalogram (CV = 4.59%) and
in CBCT (CV = 4.41%); in digital cephalogram it was 2.63%.
According to Pittayapat [32] relative error of measure-
ment in measuring linear parameters was lower in CBCT
(CV = 57%) than in cephalogram (in cephalogram taken
at 3 meters distance CV = 6.5%, at 1.5 metres distance CV
= 6.1%). Unlike Pittayapat we measured the distance of the
point to the plane in CBCT, not between two points. Error
of measurement might be due to the method used and
due to the transfer of 3D plane to 2D line. To identify the
plane we used cropped plane. From the clinical viewpoint
error of measurement up to 0.41 mm is irrelevant.

The same repeatability of measurements in CBCT was
proved by Gribel [33] - intraclass correlation coefficient
for 3D was 0.99 and for 2D 0.98. Damstra [34] also proved
higher ICC (0.99) for 2D cephalograns compared to 3D
(0.88). The same results were proved by van Vlijmen [35].
These outcomes agree with our results.

Reproducibility of measurements of vertical distance

tu Spicaku od okluzni roviny

Vertikalni vzdalenost hrotu Spi¢dku od okluzni roviny
na kefalometrickych snimcich se ve statisticky vyznamné
mife soustavneé lisi mezi obéma planarnimi typy zobra-
zeni vzajemné. Tento rozdil je ale klinicky nevyznamny,
protoze vzdalenost Spicaku od okluzni roviny se na kefa-
lometrickych snimcich a CBCT snimcich 1i$i primérné
o méné nez 0,5 mm.

Bland-Altmantv Kkoeficient reprodukovatelnosti byl
nejlepsi ze vsSech statisticky zkoumanych parametra
a mezi vSemi tfemi metodami zobrazeni kolisal v rozme-
zi od 1,18 mm (mezi generovanym a 2D kefalometrickym
snimkem) do 2,35 mm (mezi CBCT a 2D digitalnim kefa-
lometrickym snimkem). To znamena klinicky vybornou
reprodukovatelnost. Vertikalni vzdalenost hrotu Spicaku
od okluzni roviny je tedy jedinym parametrem, u kterého
je mozné méreni na kefalometrickych snimcich a CBCT
vzajemneé zameénit.

Dle Pittayapat [32] reprodukovatelnost meéreni mezi
CBCT a oba druhy kefalometrickych snimki se vyznam-

between canine cusp and occlusal plane

Vertical distance between canine cusp and occlusal
plane in cephalograms differs significantly between the
two planar radiographs. However, the difference is clini-
cally insignificant because distance between canine and
occlusal plane differs in cephalograms and CBCT by less
than 0.5 mm on the average.

Bland-Altman reproducibility coefficient was the best
among all statistically examined parameters and between
the three methods of imaging it oscillated within the in-
terval from 1.18 mm (between generated and 2D cepha-
logram) to 2.35 mm (between CBCT and digital cephalo-
gram). This means clinically outstanding reproducibility.
Thus the vertical distance between canine cusp and occ-
lusal plane is the only parameter where CBCT and cepha-
lograms may be substituted.

According to Pittayapat [32] reproducibility of measu-
rement is significantly different (p<0.05) between CBCT
and the two cephalograms in all linear parameters. Mea-
surement reproducibility of linear parameters of a cepha-
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né 1isi (p <0,05) pro vSechny linearni parametry. Rovnéz
reprodukovatelnost kefalometrického snimku zhotove-
ného ze 3 metrl byla nizsi nez u CBCT nebo kefalometric-
kého snimku zhotoveného z 1,5 m pro linearni parametry.

Reprodukovatelnost méreni sklonu dlouhé osy Spicaku
k okluzni roviné

Nameéreny sklon palatinalné retinovaného $picaku je
na obou kefalometrickych snimcich mensi nez na CBCT.
LiSi se primérné o méné nez 3°. Vzajemny rozdil je velice
maly a klinicky nevyznamny. Tato diference miize byt u
klasickych snimkti zptisobena prekryvanim druhostran-
nych struktur, coz mtzeme u generovaného kefalometric-
kého snimku vyloucit, protoze jej vytvarime jen z poloviny
CBCT, kde je retinovany Spic¢ak lokalizovan. Reprodukova-
telnost méreni je ale mald, Bland-Altmantv koeficient
reprodukovatelnosti vyrazné Kkolisal v rozmezi od 14,82°
(mezi generovanym a 2D kefalometrickym snimkem) do
15,26° (mezi CBCT a generovanym kefalometrickym snim-
kem).

Varghese [36] publikoval v roce 2010 studii, ktera ukazo-
vala vétsi presnost CBCT nez 2D kefalometrickych snim-
k. Olmez [37] i Gribel [33] ukazali, ze neni signifikantni
rozdil mezi CBCT a fyzickym méfenim, kdeZto 2D méreni
na kefalometrickém snimku vykazuje signifikantni od-
chylku od fyzického méreni.

Ukolem nasi studie nebylo ici, které méfeni je spravné,
alejestli se vyznamné 1iSi. Z nasi studie vyplyva, Zze méreni
sklonu dlouhé osy $pi¢aku k okluzni roviné neni mozno
volné zaménit mezi CBCT a 2D kefalometrickymi snimky.
Vertikalni vzdalenost hrotu $pi¢dku od okluzni roviny je
tedy jedinym parametrem, u kterého je mozné mereni na
kefalometrickych snimcich a CBCT vzajemné zameénit.

Zaver

1. Byla prokazana dobra a klinicky uspokojivd mira
opakovatelnosti urceni polohy $pi¢akti pro vSechny sle-
dované typy rentgenogramu v linearnich i ihlovych cha-
rakteristikach jejich polohy.

2. Dobra a klinicky akceptovatelna reprodukovatelnost
meéreni byla zjisténa u urceni vzdalenosti hrotu Spicaku vaci
okluzni roviné pro vSechny sledované typy rentgenogramu.

3. Spatna a klinicky nedostate¢na reprodukovatelnost
byla u meéreni sklonu dlouhé osy $pi¢aku k okluzni rovine
pro vSechny sledované typy rentgenogramul.

4. Velka a klinicky podstatna soustavna odchylka (bias)
namérenych hodnot byla nalezena u uhlovych méreni
mezi tfidimenzionalnimi snimky celisti zhotovenymi na
CBCT a mezi kefalometrickymi snimky zhotovenymi na
digitalnim orthopantomografu nebo pocitacoveé genero-
vanymi z CBCT snimKk.

logram taken at 3 meters is lower than in CBCT or cepha-
logram taken at 1.5 m.

Reproducibility of measurement of the inclination of
canine long axis to occlusal plane

Inclination of palatally impacted canine is smaller
in both types of cephalograms than in CBCT (by less
than 3° on the average). The difference between the
two cephalograms is minor and clinically insignifi-
cant. The difference may be caused by superimposi-
tion of structures on the opposite side. However, this
does not hold for generated cephalogram as it is gene-
rated from that half of CBCT where an impacted cani-
ne is located. Measurement reproducibility is rather
low; Bland-Altman coefficient oscillated within the
interval from 14.82° (between generated and 2D cepha-
logram) to 15.26° (between CBCT and generated cepha-
logram).

In 2010 Varghese [36] published the study showing
better accuracy of CBCT than 2D cephalograms. Olmez
[37] as well as Gribel [33] proved that there is no significa-
nt difference between CBCT and physical measurement,
whilst 2D measurement in cephalogram shows significa-
nt deviation from a physical measurement.

The aim of our study was not to decide which type of
measurement is correct but to find out whether there are
significant differences between the individual types. Our
study suggests that we cannot substitute CBCT and 2D
cephalograms when measuring the inclination of canine
long axis to occlusal plane. Therefore, vertical distance
between canine cusp and occlusal plane is the only para-
meter where we can substitute measuring in CBCT and in
cephalograms.

Conclusion

1. Good and clinically sufficient degree of repeata-
bility of determination of canine location was proved
in all radiographs in linear as well as angular parame-
ters.

2. Good and clinically acceptable measurement re-
producibility was found in determining of the distance
between canine cusp and occlusal plane for all radio-
graphs assessed.

3. Bad and clinically insufficient reproducibility was
found in measuring of the inclination of canine long axis
to occlusal plane in all radiographs assessed.

4. Distinct and clinically sinificant bias of the values
measured was found in angular measurements between
3D scans of jaws taken with CBCT, and cephalograms
taken with digital orthopantomograph or generated from
CBCT scans.
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5. To znamena, zZe vysledky méreni sklonu dlouhé osy
$pic¢aku k okluzni roviné neni mozno volné zameénit mezi
CBCT a 2D kefalometrickymi snimKky.

6. Vertikalni vzdalenost hrotu $pic¢aku od okluzni rovi-
ny je jedinym parametrem, u kterého je mozné méreni na
kefalometrickych snimcich a CBCT vzajemné zaménit.

Autori nemaji komercni, vlastnické nebo financni zajmy na pro-
duktech nebo spolecnostech popsanych v tomto cldanku.

5. The above stated means that when measuring the
inclination of canine long axis to occlusal plane CBCT and
2D cephalograms are not substitutable.

6. Vertical distance between canine cusp and occlusal
plane is the only parameter where we can substitute mea-
surements in cephalograms with measurements in CBCT.

Authors have no commercial, proprietary or financial interests in
products or companies mentioned in the article.
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